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PREFACE 

This Remedial Investigation for Waste Area Grouping (WAG) 28 at the Paducah Gaseous Diffusion 
Plant, Paducah, Kentucky (Vol. 4. Baseline Risk Assessment) (DOE/ORJ07-1846N4&D2) was prepared 
in accordance with the requirements under the Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA) of 1980 and the Resource Conservation and Recovery Act (RCRA) and 
utilizes and references information found in Vols. I, II, and m of this report. This document provides 
information on the baseline risks posed to human health and the environment from contamination at 
WAG 28 that will be used to evaluate the need for remedial action in WAG 28 and to assist in the 
selection of the remedial alternatives. This report was prepared under Work Breakdown Structure 
1.4.12.07.1.27.03 (Activity Data Sheet OR45301). 

In accordance with Section IV of the draft Federal Facilities Agreement for the Paducah Gaseous 
Diffusion Plant, this integrated technical document was developed to satisfy both CERCLA and RCRA 
corrective action requirements. It is noted that the phases of the investigation process are referenced by 
CERCLA terminology within this document to reduce the potential for confusion . 
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EXECUTIVE SUMMARY 

In 1999, the U.S. Department of Energy (DOE) conducted a Remedial'Investigation (RI)lResource 
Conservation and Recovery"Act Facility Investigation for Waste Area Grouping (WAG) 28. WAG 28 
includes Solid Waste Management Units (SWMUs) 99; 193, 194, and Area of Concern (AOe) 204 at the 
Paduc~l:t Gaseous Diffusion Plant (PGDP) in Paducah, Kentucky, SWMUs 99 and 193 were further 
subdivided into units based upon area and historical use (99a, 99b, 193a, 193p, and f93c.) The overall 
purpose of this investigation was to determine the presence, nature, and extent of contamination at 
SWMUs 99a, 99b, 193a, 193b, 193c, 194 and AOC 204. The primary focus of the RI was to collect 
sufficient information about surface soil, subsurface soil, and the shallow groundwater of the Upper 
Continental Recharge System (UCRS) contamination to support an assessment of risks to human health 
and the environment and the selection of remedial actions to reduce these risks. In addition, 
contamination in the Regional. Gravel Aquifer (RGA) and McNairy Formation groundwater was 
characterized to determine .if contamination in the sites acted as a secondary source of contamination to 
groundwater. 

This baseline risk assessment utilizes information collected during the recently completed RI of 
WAG 28 and the results of previous risk assessments for sites in WAG 28 to characterize the baseline 
risks posed to human health and the environment from contact with contaminants in soil and 
groundwater. In addition, this baseline risk assessment uses results of fate and transport modeling to 
estimate the baseline risks posed to human health through contact with media impacted by contaminants 
migrating off site from the various sources in WAG 28. The ecological assessment focuses on exposure to 
contaminants in surface soil. Evaluation .of off-site streams is deferred to the surface water operable unit. 
Baseline risks are those that may be present now or in the future in the absence of corrective or remedial 
actions. Methods used for fate and transport modeling are presented in Sect. 5 of Vol. 1 and Appendix B 
of Vol. 4. 

Consistent with regulatory guidance and agreements contained in the approved human health risk 
assessment methods document (DOE 1996a), the baseline human health risk assessment (BHHRA) 
evaluates scenarios that encompass current use and several hypothetical future uses of the WAG 28 sites 
and the areas to which contaminants may migrate. The following scenarios are assessed: 

• Current industrial--direct contact with surface soil (0-1 ft below ground surface) 

• Future industrial--direct contact with surface soil and use of groundwater drawn from aquifers below 
WAG 28 

• Future excavation scenario-direct contact with surface and subsurface soil (0-15 ft below ground 
surface) 

.' Future recreational user-ingestion of game exposed to contaminated surface soil 

• Future on-site rural resident~irect contact with surface soil, use of groundwater drawn from 
,aquifers below WAG 28, and ingestion of vegetables grown in this area 

• . Off-site rural resident-use of groundwater drawn from aquifers at the PGDP fence boundary 

Also consistent with regulatory guidance and the strategy for the ecological risk assessment of 
source units (DOE 1993, EPA 1998c), the baseline ecological risk assessment (BERA) evaluates risks 
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under both current and potential future conditions to several nonhuman receptors that may come into--
contact with contaminated media at or migrating from sources in WAG 28. As with the BHHRA, '. 
information collected during the recently completedRI and from the fate and transport information in 
Sect 5 of Vol. 1 and in the baseline risk assessment in Appendix B of Vo1. 4 was used in the BERA. 

. . • I • 

, Not every medium was presentJor the assessment of every land use for'each of the sites assessed for 
risks to human' health. The land uses and media assessed for risks to human health' for each site in 
wAG i8 are presented in Table ES.l. Table ES.2 indicates the scenarios for which human ,health risk 
exceeds de minimis levels. Tables ES.3-ES.9 summarize the risk characterization results' for:each, site. 

Information collected during the WAG 28 RI will also be used in the plant-wide BHHRA and BERA 
for PGDP. These assessments will be completed at a future date as discussed in Site Management Plan, 
Paducah Gaseous Diffusion Plant, Paducah, Kentucky (DOE/ORl07-1207&D2) (DOE 1996b). 

Table ES.l. Land uses and media assessed for WAG 28 sites 

Location 
Land ,use scenario SWMU SWMU SWMU SWMU SWMU SWMU AOC 

99a 99b 193a 193b 193c' ,194 204 
CXurentindusbialworker 

SUrface soil X X X X 

Current terresbial biota X 

Future industrial worker 
Surface soil X X X X 
RGA groundwater X X X X X X 
McNairy groundwater X X X X 

Future excavation worker 
Surface and subsurface soil X X X X X X X 

Future recreational user 
Soil (game) X X X X 

Future on-site rural resident 
Surface soil X X X X 
RGA groundvvater X X X X X 
McNairy groundwater X, X X X X 

Off-site rural resident 
, Groundwater X X X X X X 

Future terrestrial biota X X X X 

Notes: Scenarios that were assessed in this baseline risk assessment are marked with an "X." 

Major conclusions and observations of the BHHRA and BERA are presented below. 

General 

For all sites, the cumulative human health excess lifetime cancer risk (ELCR) and systemic toxicity 
exceed the accepted standards of the Kentucky Department of Environmental Protection (KDEP) and the 
U.S. Environmental Protection Agency (EPA) for one or more scenarios when assessed using default 
exposure parameters. The scenarios for which risk exceeds de minimis levels [i.e., a cumulative ELCR of 
IE-6 or a cumulative hazard index (HI) of I] are summarized in Table ES:2. This information is taken 
from the risk summary tables (Tables ES.3-ES.9), which present the cumulative risk values for each 
scenario, the chemicals of concern (COCs), and the pathways of concern (POCs). 
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• Table ES.2. Scenarios for which human health risk exceeds de minimis levels 

Site 
Scenario SWMU SWMU SWMU SWMU SWMU SWMU AOC 

99a 99b 193a 193b 193c 194 204 

Systemic toxicity8 

Current industrial worker 
, Exposure to soil . NA Xb .:xc NA NA 

Future,industrial worker 
. Exposure to soil NA Xb Xc NA NA 

Exposure to RGA groundwater d Xb Xb Xb Xb NA Xb X 
Exposure to McNairy groundwater Xb NA Xb Xd NA NA 

Future on-site rural resident8 

Exposure to soil Xb NA Xb Xb Xd NA NA 
Exposure to RGA groundwater Xd Xb Xb Xb Xb NA Xb 

Exposure to McNairy groundwater Xb NA Xb Xb Xd NA NA 

Off-site rural resident 
Exposure to groundwater" X· X· X· Xe Xe 

Future recreational user8 

Exposure to soil NA :xc NA NA 

Future excavation worker 
Exposure to soil Xd Xb Xd Xc 

Excess lifetime cancer risk 

Current industrial worker 

• Exposure to soil X NA X X NA NA 

Future industrial worker 
Exposure to soil X NA X X NA NA 
Exposure to RGA groundwater X X X X X NA X 
Exposure to McNairy groundwater X NA X X NA -NA 

Future on-site rural residentf 

Exposure to soil X NA X X NA NA 
Exposure to RGA groundwater X X X X X NA X 
Exposure to McNairy groundwater X NA X X X NA NA 

Off-site rural resident 
Exposure to groundwater" Xe 

Future recreational userf 

Exposure to soil X NA X NA NA 

Future,excavation worker 
Exposure to soil X X X X X X X 

Notes: Scenarios where risk exceeded benchmark levels (HI of llELCR ofIE~6) are marked with an "X." 
Scenarios where risk did not exceed a benchmark level are marked with a "-." 
"NA" indicates that the scenario/land,use combination is not appropriate. 

8 For the ftitiJre recreational user and the future on-site rural resident, the results for a child are presented. 
b These scenarios are of concemeven though lead was not detected. 
c If contribution from lead is not considered; the total HI falls below I, andthe scenario is not of concern. 
d Lead is present, and the scenario is of concern whether or not the elementis included in the assessment. 
• Based on the results of contaminant transport modeling, "X" indicates that the location contains a.source of unacceptable . 

off-site contamination. 

• f For excess lifetime cancer risk regarding the future recreational user and the future on-site rural resident, the valves are 
for lifetime exposure. 
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Table ES.3. Summary of human health risk characterization for SWMU 99a without lead asa cope 
. 

% % % % 
Total Total Total Total Total 

.. 
Total 

Receptor ELCR COCs ELCR POCs ELCR HI COCs HI POCs HI 

Current industrial worker at 3.IE-4 Beryllium 70 Incidental ingestion 2 HI<I - - - -
current concentrations (soil Benzo(a)pyrene 6 Dermal contact 81 
only) Benzo(b )anthracene I External exposure 17 

Benzo(b )fluoranthene I 
Cesium-137 3 
Dibenz(a,h)anthracene 3 
Indeno( I ,2,3-cd)pyrene I 
Neptunium-237 . 9 
Uranium-238 5 

Future industrial worker at 3.IE-4 Beryllium 70 Incidental ingestion 2 HI< I - - - -
current concentrations (soil Benzo(a)pyrene 6 Dermal contact 81 
only) Benzo(b )anthracene I External exposure 17 

Benzo(b )fluoranthene I 
Cesiuim-137 3 
Dibenz(a,h)anthracene 3 
Neptuniurri-237 9 
Uranium-238 5 

Future industrial worker at 5.6E-4 1,I-Dich10r0ethene 14 Incidental ingestion 44 5.11 Aluminum 2 Ingestion 73 
current concentrations Arsenic 5 Dermal contact 12 Arsenic 4 Dermal contact IS 
(RGA groundwater only) Beryllium 38 Inhalation of 43 Chromium 10 Inhalation of 12 

Trichloroethene 8 vapors/particles Iron IS vapors/particles 
Radon-222 35 Manganese 8 

Trichloroethene 42 
Vanadium 14 

Future industrial worker at 7.6E-5 I.I-Dichloroethene 61 Ingestion 52 1.64 cis-I,2- II Ingestion 53 
current concentrations Carbon tetrachloride 2 Dermal contact 10 Dichloroethene Dermal contact 17 
(McNairy groundwater Trichloroethene 37 Inhalation of 38 Trichloroethene 84 Inhalation of 29 
only) vapors/particles Carbon tetrachloride 4 . vapors/particles 

Future child rural resident NA NA NA NA NA 17.2 Barium 19 Ingestion I 
at current concentrations Beryllium 4 Dermal contact 18 
(soil only) Chromium 28 Ingestion of vegetables 81 

PCB-IOJ6 18 
PCB-12S4 26 
Pyrene < I 
Zinc 4 
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• • Table ES.3. (Continued) 

% % % 
c. 

% 
Total Total Total Total Total Total 

Receptor ELCR COCs ELCR POCs ELCR HI COCs HI. , POCs HI 

Future child rural resident NA NA NA NA NA 97.3 I,I-Dichloroethene I IilgeStion 26 
at current concentrations Aluminum I Dermal contact 2 
(RGA groundwater only) Arsenic 2 Inhalation of 51 

Barium <I vapors/particles 
Beryllium <I Ingestion of vegetables 21 
Chromium 5 
cis-I ,2- < 1 

Dichloroethene 
Cobalt <I 
Copper < 1 
Iron 9 
Lithium <I 
Manganese 3 
Mercury <i 
Nickel <I 
Trichloroethenc 68 
Vanadium 6 
Zinc <I 

Future child rural resident NA NA NA NA NA 53.1 I,I-Dichloroetherie I Ingestion 11 
at current concentrations Carbon tetrachloride 5 ' Dermal contact I 
(McNairy groundwater cis-I,2- 13 Inhalation of 73 
only) Dichlofuetherie . vapors/particles 

Trichloroethene 80 Ingestion of vegetables 15 

Future adult rural resident > IE-2' Beryllium <I Ingestion <I 5.05 Barium 19 Dermal contact 12 
at current concentrations Benz(a)anthracene <I Dermal Contact <I Beryllium 3 Ingestion of vegetables 88 
(soil only) Benzo(a)pyrene <I External cExposure <I Chromium 25 

Benzo(a)f1uoranthene <I Ingestion ofVegetables 99 PCB-IOI6 20 
Cesium <I PCB-I 254 28 
Chrysene < I Zinc 4 
Dibenz(a,h)anthracene < I 
lndeno( 1,2,3-cd)pyrene <I 
Neptunium-237 <I 
PCB-1016 <I 
PCB-I 254 <1 
PCB-I 260 <I 
Technetium-99 96 
Thorium-234 < 1 
Uranium-234 < I 
Uranium-238 < I 

, 



Table ES.3. (Continued) 

% % % % 
Total Total Total Total Total Total 

Receptor ELCR COCs ELCR POCs ELCR HI COCs HI ! POCs HI 

Future adult rural resident 5.6E-3 I,I-Dichloroethene 40 Ingestion 24 28.3 I,I-Dichloroethene I !ngestion 37 
at cunent concentrations Arsenic 4 Dermal contact 3 Aluminum 2 Dermal contact 4 
(RGA groundwater only) Beryllium 26 Inhalation of 45 Arsenic 3 Inhillation of 36 

bis(2-Ethylhexyl)pthalate <I vapors/particles Barium < I vapors/particles 
Trichloroethene II Ingestion of vegetables 28 Beryllium < I Ingestion of vegetables 23 
Radon-222 9 Chromium 7 .' 

Technetium-99 9 cis-I.2- < I 
Dichloroethene 

Iron 11 
Lithium < I 
Manganese 4 
NIckel I 
Tricholoroethene 59 
Vanadium 9 

Future adult rural resident t.7E-3 I.I-Dichloroethene 75 Ingestion 12 13.3 I,I-Dichloroethene I Ingestion. 18 
at cunent concentrations Carbon tetrachloride I Dermal contact I cis-I,2- 13 Dermal contact 3 
(McNairy groundwater Trichloroethene 24 Inhalation of 70 Dichloroethene Inhalation of 60 
only) vapors/particles Carbon tetrachloride 5 . vapors/particles 

Ingestion of vegetables 17 Trichloroethene 80 Ingestion of vegetables 19 

Future child recreational NA NA NA NA NA HI< I - - - -
user at current 
concentrations (soil only) 

Future teen recreational NA NA NA NA NA HI<I - - - -
user at current 
concentrations (soil only) 

Future adult recreational 2.7E-6 Dibenz(a,h)anthracene 38 Ingestion of venison 11 HI<I - - - -
user at current Ingestion of rabbit 72 
concentrations (soil only) Ingestion of quail 11 

• • • 



• . Table ES.3. (Continued) 

% % .. 
Total Total Total 

Receptor EttR COCs ELCR POCs ELCR 

Future excavatiOn. worker 2.1E-4 Aldrin < I Ingestion 
at current concentrations .. Arsenic 5 Dermal contact 

Benz(a)anthracene < I Inhalation of 
Benzo(a)pyrene 11 vapors/particles 
Benzo(b )f1uoranthene I External exposure 
Beryllium 35 
bis(2-chloroethyl)ether < I 
Cesium-137 3 
Diberiz (a,h) anthracene 7 
Dieldrin < I 

. HexachlOrobenzene I 
Indeno (I .2,3-cd) pyrene < I 
Neptunium-237· II 
N-nitroso-di-n-propylamine 8 
Thorium-234 < I 
Toxaphene < I 
Uranium-234 < 1 
Uranium-238 7 

Notes: NA = ECLR not applicable to child and teen cohorts. Values for adult include exposure as child and teen. 
none = ELCR or HI is above the benchmark, but no COCs or POCs fulfill the selection criteria. 
NO = N~ Data (no samples were taken from the medium under consideration). . . . . 
- = There are no COCs or pOCs. . . 

21 
63 
< I 

16 

'= The ELCR is approximate b~ause the linearized multistage model returns imprecise values at risks> I E-2. 

.-
% % 

Total Total Total 
HI COCs HI , POCs HI 

1.46 2-Nitroaniline 8 Ingestion. 13 
Antimony 35 Dermal contact 83 
Chromium 16 Inhalation of 3 
Manganese. 14 vapors/particles 
Aluminum ·6 
Arsenic 5 .' 

Barium 3 
Beryllium 2 
Cadmium 2 

.. : 



tr.I en 
I 

00 

Receptor 

Current industrial worker at 
current concentrations (soil 
only) 

Future industrial worker at 
current concentrations (soil 
only) 

Future industrial worker at 
current concentrations 
(RGA groundwater only) 

Future industrial worker at 
current concentrations 
(McNairy groundwater 
only) 

Future child rural resident 
at current concentrations 
(soil only) 

Future child rural resident 
at current concentrations 
(RGA groundwater only) 

Future child rural resident 
at current concentrations 
(McNairy groundwater 
only) 

Future adult rural resident. 
at current concentrations 
(soil only) 

Future adult rural resident 
at current concentrations 
(RGA groundwater only) 

• 

Table ES.4. Summary of human health risk characterization for SWMU 99b without lead as a COPC 

% % % 
Total Total Total Total Total 
ELCR COCs ELCR POCs ELCR HI COCs HI 

NO NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO 

2.6E-4 Radon-222 47 Ingestion 31 7.00 Chromium 3. 
Trichloroethene 53 Dermal contact 12 Trichloroethene 94 

Inhalation of 57 
vapors/particles 

NO NO NO NO NO NO NO NO 

'. 

NAINO NAINO NAINO NAINO NAINO NO NO NO 

NA NA NA NA NA 208 Barium <I 
Chromium I 
Iron <1 
Manganese <I 
Trichloroethene 98 

NAINO NAIND NAINO NAINO NAINO NO NO NO 

NO NO NO NO NO NO NO NO 

2.3E-3 Radon-222 13 Ingestion 19 52.9 Barium < I 
Trichloroethene 87 Dermal contact 4 Chromium 2 

Inhalation of 58 Iron < I 
vapors/particles Manganese < I 

Ingestion of 20 Trichloroethene 97 
vegetables 

• 

% , 
Total 

POCs HI 

NO NO 

; NO NO 

Ingestion 54 
Dermal contact 19 
Inhalation of 26 
vapors/particles 

NO NO 

NO NO 

Ingestion 12 
Dermal. contact 2 
Inhalation of 71 
vapors/particles 

Ingestion of vegetables 15 

NO NO 

NO NO 

Ingestion 20 
Qerri1a1 contact 4 
Inhaiatiori of 58 

vapors/particles 
Ingestion of vegetables 18 

• 



trJ 
.m 

I 

• 
Receptor 

Future adult rural resident 
at current concentrations 
(McNairy groundwater 
only) 

Future child recreational-
user at curren t 
concentrations (soil only) 

Future teen recreational 
user at current 
concentrations (soil only) 

Future adult recreational 
user at current 
concentrations (soil only) 

Future excavation worker 
at current concentrations 

Total 
ELCR COCs 

NO NO 

NAINO NAINO 

NAINO NAINO 

NO NO 

2.IE-4 Arsenic 
Beryllium 

• TableES.4. (Continued) 

% % 
Total Total 
ELCR POCs ELCR 

NO NO NO 

NAINO NAINO NAND 

NAINO NAINO NAINO 

NO NO ND 

7 Ingestion 5 
93 Dermal contact 95 

Inhalation of <I 
vapOrs/particles 

\C Notes: NA = ECLR not applicable to child and teen cohOrts. Values for adult include exposure as child and teen. 
none = ELCR or HI is above the benchmark, but no COCs or POCs fulfill the selection criteria. 
NO = No Data (no samples were taken from the medium under consideration); 
- = There are no COCs or POCs. -

• 
--_. 

% % 
Total , Total Total 

HI COCs HI POCs HI 

NO NO NO NO NO 

NO NO NO , NO NO 

NO NO NO NO NO 

NO NO NO NO NO 

HI< 1 - - - -



trl 
en 
I -o 

Reeeptor 

Current industrial worker at 
current concentrations (soil 
only) 

Future industrial worker at 
current concentrations (soil 
only) 

Future industrial worker at 
current concentrations 
(RGA groundwater only) 

Future industrial worker at 
current concentrations 
(McNairy groundwater 
only) 

Future child rural resident 
at current concentrations 
(soil only) 

Future child rural resident 
at current concentrations 
(RGA groundwater only) 

Future child rural resident 
at current concentrations 
(McNairy groundwater 
only) 

Future adult rural resident 
at current concentrations 
(soil only) 

• 

Table ES.5. Summary of human health risk characterization for SWMU 193a withoutJead as a COPC 

% % % 
Total Total Total Total Total 
ELCR COCs ELCR POCs ELCR HI COCs HI 

1.5E-5 Benzo(a)pyrene 60 Dermal contact 97 HI<I - -
Dibenz(a,h)anthracene 31 Ingestion 4 

1.5E-5 Benzo(a)pyrene 60 Dermal contact 97 HI<I - -
Dibenz(a,h)anthracene 31 Ingestion 4 

·2.6E-5 Pentachlorophenol 45 Ingestion 48 1.64 Iron 62 
Technetium-99 6 Dermal contact 42 Trichloroethene 33 
Trichloroethene 42 Inhalation 9 F1uroide 4 
I,I-Dichloroethene 3 
bis(2-Ethylhexyl)phthalate 3 

l.IE-6 none - None - 4.69 Iron 94 
cis-I,2- 6 

Dichloroethene 

NA NA NA NA NA 6.25 Chromium 99 

NA NA NA NA NA 28.6 Fluoride 2 
Iron 39 
Trichloroethene 58 
cis-I,2- < I 

Trichloroethene 

NA NA NA NA NA 59.9 cis-I,2- 17 
Dichloroethene 

Iron 82 
Trichloroethene < I 

7.IE-4 Benz(a)anthracene 4 Ingestion < I 1:66 Chromium .99 
Benzo(a)pyrene 60 Dermal contact 6 
Benzo(b )f1uoranthene I Ingestion of vegetables 93 
Dibenz(a,h)anthracene 31 
Indeno(I,2,3-cd)pyrene 4 

• 

% 
" 

Total 
. POCs HI 

- -

.' - -

Ingestion 82 
Dermal contact 9 
Inhalation of 9 
vapors/particles 

Ingestion 96 
Dermal contact 2 
Inhalation of 2 

vapors/particles 

Dermal contact 40 
Ingestion of vegetables 59 

Ingestion 32 
Dermal contact 1 
Inhalation of 43 
vapors/particles 

Ingestion of vegetables 24 

Ingestion 51 
Dermal contact < I 
Inhalation of 13 
vapors/partie les 

Ingestion. of vegetables 36 

Dermal contact 29 
Ingestion of vegetables 70 

• 



tr:I 
tZl 
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• Table ES.5. (Continued) 

% % 
Total Total Total 

Receptor ELCR COCs ELCR POCs ELCR 

Future adult rural resident 2.4E,3 ),) -Dichloroethene I Ingestion 3 
at current concentrations bis-(2-Ethylhexyl) phthalate <I Dermal contact I 
(RGA groundwater only) Pentachlorophenol 2 Inhalation of 4 

Technetium-99 90 vapors/particles 
Trichloroethene 7 Ingestion of vegetables 92 

Future adult rural resident 4.IE-4 Technetium-99 98 Ingestion I 
at current concentrations Tricholorethene <I Inhalation of < I 
(McNairy groundwater Uranium-238 <I vapors/particles 
only) Ingestion of vegetables 99 

Future child recreational NA NA NA NA NA 
user at current 
concentrations (soil only) 

Future teen recreational NA NA NA NA NA 
user at current 
concentrations (soil only) 

Future adult recreational 3.6E-6 Benzo(a)pyrene 35 Ingestion of v.enison 31 
user at current Dibenz(a,h)anthracene 59 Ingestion of rabbit 57 
concentrations (soil only) Ingestion of quail 12 

Future excavation worker 1.7E-4 Beryllium 91 Ingestion 4 
at current concentrations . Benzo(a)pyrene 5 Dermal contact 96 

Dibenz(a,h)anthracene 3 

Notes: NA = ECLR not applic~ble to child and teen cohorts. Values for adult include exposure as child and teen. 
none =ELCRor iII is above the benchmark, but no COCs or POCs fulfill the selection criteria. 
ND =. No Data (no sa~les were taken from the medium under consideration). 
- = There. are no COCsor pots. 

• 
% % 

Total Total Total 
HI COCs HI , POCs HI 

8.69 Fluoride 2 Ingestion 43 
Iron 49 Dermal contact 2 
Trichloroethene 48 Inhalation of 29 

vapors/particles 
Ingestion of vegetables 25 

21.2 cis-I,2- 12 Ingestion 59 
Dichloroethene Dermal con tact <I 

Iron ·87 . Inhalation o~ 7 
vapors/particles 

Ingestion of vegetables 33 

HI<I - ..,. - -

HI<1 - - - -

HI< I - - - -

.. 

HI< I - - - -



tI:1 
CI) 
I -N 

Receptor 

Current industrial worker at 
current concentrations (soil 
only) 

Future industrial worker at 
current concentrations (soil 
only) 

Future industrial worker at 
current concentrations 
(RGA groundwater only) 

Future industrial worker at 
current concentrations 
(McNairy groundwater 
only) 

Future child rural resident 
at current concentrations 
(soil only) 

Future child rural resident 
at current concentrations 
(RGA groundwater only) 

Future child rural resident 
at current concentrations 
(McNairy groundwater 
only) 

Future adult niral resident 
at CUrrent concentrations 
(soil only) 

Future adult rural resident 
at current concentrations 
(RGA groundwater only) 

• 

Table ES.6. Summary of human health risk characterization for SWMU 193b without lead as a COPC 

% % % 
Total Total Total Total Total 
ELCR COCs ELCR POCs ELCR HI COCs HI 

5.IE-4 Beryllium 100 Iitgestion <1 5.25 Beryllium 3 
Dermal contact 100 Chromium 60 

Vanadium 37 

5.1E-4 BeryI\ium 100 Ingestion <1 5.25 BeryI\ium 3 
Dermal contact 100 Chromium 60 

Vanadium 37 

4.4E-5 1, I -Dichloroethene 16 . Ingestion 59 1.74 Carbon 8 
Carbon tetrachloride 8 Dermal contact 18 tetrachloride 
Trichloroethene 74 Inhalation of 23 Trichloroethene 90 

vapors/particles 

<IE-6 - - - - HI< I - -

NA NA NA NA NA 66.7 BeryI\ium 3 
Chromium 68 
Vanadium 30 

NA NA NA NA NA 55.5 I ;I-Dichloroethene <I 
Acetone I 
Carbon 9 

tetrachloride 
cis-I,2- <I 

Dichloroethene 
Trichloroethene 88 

NA NA NA NA NA 2.69 cis-I,2- 53 
Dichloroethene 

Trichloroethene 47 

3.0E-3 BeryI\ium 100 Ingestion 1 17.3 BeryI\ium 2 
Dermal contact 50 Chromium 69 
Ingestion of vegetables 49 Vanadium 28 

I.OE-3 I,I-Dichloroethene 20 Ingestion 14 13.9 Acetone I 
Carbon tetrachloride 5 Dermal contact 2 Carbon 9 
bis(2-Ethylhexyl)phthalate <I Inhalation of 40 tetrachloride 
Technetium-99 29 vaPors/particles cis-I,2- < 1 
Trichloroethene 46 Ingestion of vegetables 44 Dichloroethene 

Trichloroethene 88 

• 

% , Total 
POCs HI 

Dermal contact 100 

Dermal contact 100 

Ingesti.on 52 
Dermal contact 19 
Inhalation of 29 
vapors/particles 

- -

Ingestion < I 
Dermal contact 46 
Ingestion of vegetables 53 

Ingestion 11 
Di:imaI contact 2 
Inhalation of 73 
vapors/particles 

Ingestion of vegetables 15 

Ingestion II 
Inhalation of 71 
vapors/panicles 

Ingestion of vegetables 17 

Dermal contact 34 
> Ingestion of vegetables 65 

Ingestion 18 
Deririal contact 3 
Inhahitioilof 60 
. vaporS/particles 
Ingestion of vegetables 18 

• 



• • Table ES.6. (Continued) 

~ ~ 

% 
Total Total 

Receptor, ELCR COCs ELCR POCs 
~ ~ ... ~ 

Future adult rural resident f.2E-5 Trichloroethene 100 Ingestion 
atcu~tconcentrations Dermal contact 
(McNairy groundwater Inhalation of 
only) vapors/partiCles 

Ingestion of vegetables 

Future child recreational NA NA NA NA 
useratcu~t 

concentrations, (soil only) 

Future teen recreational NA NA NA NA 
user at c~urrent 
concentrations (soil only) 

Future adult recreational < IE-6 - - -
useratcu~t 

concentrations (soil only) 

Future excavation worker 1.7E-4 Beryllium 100 Ingestion 
at cu~t concentrations Dermal contact 

tTl 
~ Notes: NA = ECLR not applicable to child and teen cohorts. Values for adult include exposure as child and teen. 
;::; none = ·'ELCR or HI is above the benchmark, but no COCs or POCs fulfill the selection criteria. 

NO = No Data (no samples were taken from the medium under consideration). 
- = There'are no COCs or POCs. 

% 
Total 
ELCR 

22 
4 
50 

23 

NA 

NA 

-

2 
98 

• 
% % 

Total Total Total 
HI COCs HI , POCs HI 

H1< I - - - -

.' 

HI< I - - - -

HI< I - - - -

HI<\ - - - -

1.75 Chromium 59 Dermal contact 97 
Vanadium 37 Ingestion 3 



Table ES.7. Summary of human health risk characterization for SWMU 193c without lead as a cope 

% % % % 
Total Total Total Total Total 

, 
Total 

Receptor ELCR COCs ELCR POCs ELCR HI COCs HI POCs HI 

Current industrial worker at < IE-6 - - - - HI<I - - - -
current concentrations (soil 
only) 

! 

.. 

Future industrial worker at <IE-6 - - - - HI<I - - ~ -
current concentrations (soil 
only) 

Future industrial worker at 1.0E-5 Trichloroethene 100 Ingestion 59 1.46 I ,2~DichlorOethene 65 Ingestion 60 
current concentrations Dennal contact 23 Trichloroethene 35 Dermal contact 7 
(RGA groundwater only) Inhalation of 18 Inhalation of 33 

vapors/particles vapors/particles 

Future industrial worker at 4.2E-4 I,I-Dichloroethene 3 Ingestion 71 9.92 Aluminum 4 Ingestion 86 
current concentrations 1,2-Dichloroethane <I Dermal contact 15 Antimony 33 Dermal contact 14 
(McNairy groundwater Arsenic 15 Inhlilation of 14 Arsenic 4 
only) Beryllium 54 vapors/particles Cadmium 10 

Carbon tetrachloride <1 Chromium 6 
Tetrachloroethene <I Iron 20 
Radon-222 11 Manganese 3 
Vinyl chloride 16 Vanadium 16 

Future child rural resident NA NA NA NA NA 3.04 Chromium 91 . Dennal contact 37 
at current concentrations Zinc 9 Ingestion of 62 
(soil only) vegetables 

Future chiidrural resident NA NA NA NA NA 80.7 1,2-Dichloroethene 80 IngeStion 7 
at current concentrations Trichloroethene 26 Dermal contact. <I 
(RGA gi-oundwater only) In ha,lation of 48 

. vapors/particles 
Ingestion of 45 

vegetables 

• • • 



trl 
C/.l 
I -VI 

• 
Receptor, 

Future child rural resident 
at current concentrations 
(McNairy groundwater 
only) 

.. 

Future adult rural resident 
at current concentrations 
(soil only) 

Future adult rural resident 
at current concentrations 
(RGA groundwater only) 

Total 
ELCR COCs 

NA NA 

" 

< IE-6 -

I.SE-4 Trichloroethene 

• Table ES.7. (Continued) 

% % 
Total Total Total 
ELCR POCs' ELCR HI 

NA NA NA 103 

- - - HJ< I 

100 Ingestion 22 22 
Dermal contact 4 
Inhalation of 50 
vapors/particles 

Ingestion of vegetables 23 

• 
% % 

Total Total 
COCs HI , POCs HI 

1,1,2-Trichloroethane <I Ingestion 56 
I,I-Dichloroethene <I Dermal contact 4 
1,2-Dichloroethane < I Inhalation of 4 
Aluminum 4 vapors/particles 
Antimony 33 Ingestion of 37 
Arsenic 4 ' vegetables 
Barium < I 
Benzene <I 
Beryllium < I 
Cadmium 7 
Carbon tetrachloride 2 
Chromium 5 
Chloroform <I 
cis-I,2-Dichloroethene '<I, 
Cobalt < 1 
Iron iJ 
Manganese 2 
Molybdenum I 
Nickel < I 
trans-I,2- < I 

Dichloroethene 
Trichloroethene < I 
Silver < I 
Uranium < I 
Vanadium 14 

- - - -

1,2-Dichloroethene 82 Ingestion 11 
Trichloroethene i8 oerinal contact <I 

Inhalation of 36 
' vapors/particles 
Ingestion of 52 
vege.tables ' 



Table ES.7. (Continued) 

% % 
Total Total Total 

Receptor ELCR COC! ELCR POCs ELCR 

Future adult rural resident 4.0E-3 1,1,2-Trichloroethane < I Ingestion 41 
at current concentrations I,I-Dichloroethene 8 DemisI contact 4 
(McNairy groundwater 1,2-Dichloroethane <I Inhalation of 16 
only) Arsenic 14 vapors/particles 

Benzene <1 Ingestion of vegetables 39 
Beryllium 39 
Bromodichloromethane < 1 
Carbon tetrachloride <1 
Chloroform <1 
Polychlorinated biphenyl <1 
Radon-222 3 
Tetrachloroethene <1 
Trichloroethene . < I 
Vinyl chloride 34 

Future child recreational NA NA NA NA NA 
user at current 
concentrations (soil only) 

Future teen recreational NA NA NA NA NA 
user at current 
concentrations (soil only) 

Future adult recreational <IE-6 - - - -
user at current 
concentrations (soil only) 

Future excavation worker 1.7E-4 Beryllium 100 Ingestion 2 
at current concentrations Dermal contact 98 
(soil only). 

Notes: NA = ECLR not applicable to child and teen cohorts. Values for adult include exposure as child and teen. 
none = ELCR or HI is above the benchmark, but no COCs or'POCs fulfill the selection criteria. 
NO = No Data (no samples were taken from the medium under consideration). 
- = There are no COCs or POCs . 

• • 

% % 
Total Total Total 

HI COCs HI , POCs HI 

38.5 Aluminum 4 Ingestion . 62 
Antimony 33 Dennal contact 5 
Arsenic 4- Inhalation of 2 
Barium <1 . vapors/particles 
Benzene < I IngeStion of 31 
Beryllium < 1 -vegetableS 
Cadmium 8 
Carbon Tetrachloride 1 
Chromium 5 - . 
Iron 21 
Manganese 3 
Molybdenum I 
Nickel < I 
Silver 1 
Vanadium 14 

HI< 1 - - - -

HI<I - - - -

HI< I - - - -

2.09 Chromium 28 Ingestion 12 
Iron 31 Dermal contact 88 
Manganese 17 
Vanadium 14 

• 



• • • 
Table ES.8. Sunimary of human health risk characterization for SWMU 194 without lead as a COPC 

0/0 Total 0/0 Total 0/0 0/0 
T~tal ELCR ELCR ELCR Total Total 

, 
Total 

Receptor COCs POCs HI COCs HI POCs HI 

Current industrial worker. at NO NO NO NO NO NO NO NO NO NO 
current concentrations (soil 
only) 

Future industrial worker at NO NO NO NO NO NO NO NO , NO NO 
current concentrations (soil 
only) 

Future industrial worker at NO NO NO NO NO NO NO NO NO NO 
current concentrations 
(RGA groundwater only) 

Future industrial worker at NO NO NO NO NO NO NO NP NO NO 
current concentrations 
(McNairy groundwater 
only) 

Future child rural resident NAINO NAINO NAINO NAINO NAINO NO NO NO NO NO 
at current concentrations 
(soil only) 

Future child rural resident NAINO NAINO NAINO NAINO NAINO NO NO NO NO NO 
at current concentrations 
(RGA groundwater only) 

Future child rural reSident NAINO NAINO NAINO NAINO NAINO NO NO NO NO NO 
at c\lrren.t concentrations 
(McNairy groundwater 
only) 

Future aqult rural resid.ent NO NO NO NO NO NO NO NO NO NO 
at cUrre.tl.t concen~t.i.ons 
(soil only) 

Future adult rural resident NO NO' NO NO NO NO NO NO NO NO 
at current c()n.c~en~tions 
(RGA groundwat~ ()nly) .. ,_ .. -
Future adult rural resident NO NO NO NO NO NO NO NO NO NO 
at current coni:entratioris 
(McNairy groundwater ,. 

only) 
" 



Table ES.S. (Continued) 

% Total % Total 
TotalELCR ELCR ELCR 

Receptor COCs POCs 

Future child recreational NNNO NNNO NNNO NNNO NNNO 
user at c~rrent 
concentrations (soil only) 

Future teen recreational NNNO NNND ·NNNO NNNO NNNO 
user at current 
concentrations (soil only) 

Future adult recreationill NO NO NO ND NO 
user at current 
concentrations (soil only) 

Future excavation worker 3.IE-4 BerylIium 100% Ingestion 2 
at current concentrations Dermal contact 98 

Notes: NA = ECLR not applicable to child and teen cohorts. Values for adult include exposure as child and teen. 
none = ELCR Or HI is above the benchmark, but no COCs or POCs fulfill the selection riteria . 

. NO =No Data (no samples were taken from the medium under consideration). 
m ..:. = There are no COCs Or roCs. 
t/) , .... 

·00 

• • 

% % 
Total Total Total 

HI COCs HI , POCs HI 

NO NO NO NO NO 

NO NO NO NO . NO 

, 

NO NO NO NO NO 
, 

Hl<1 - - - -

o· 

• 
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• 
Receptor 

Current industrial \VOTker at 
current concentrations (soil 
only) 

Future industrial worker at 
current concentrations (soil 
only) 

Future industrial worker at 
current concentrations 
(RGA groundwater only) 

Future industrial worker at 
current concentrations 
(McNairy groundwater 
only) 

Future ch.iJd rural, resident 
at current concentrations 
(soil only) 

Future chil,d r:ur.ll residj:llt 
at currellt concentrations 
(RGA groundwater only) 

Future child rural resident 
at current concentrations 
(McNairy gro~ndwater 
only) 

Future adult rural resident 
at current concentrations 
(soil) 

• 
Table ES.9. Summary of human health risk characterization for AOC 204 without lead as a COPC 

% Total % Total % 
Total ELCR ELCR Total Total 
ELCR COCs POCs HI COCs HI 

ND NO NO NO NO NO NO NO 

NO NO NO NO NO NO NO NO 

1.3E-3 1,l-Dichloroethene 13 Ingestion 40 33.3 1,2-Dichloroetharie 2 
PCB-1254 6 Dermal contact 53 PCB-l 254 88 
PCB-l 260 14 Inhalation of 8 Tetrachloroethene 4 
Polychlorinated 43 vapors/particles Trichloroethene 5 
biphenyls, 

Tetrachloroethene 21 
Trichloroetliene 3 

NO NO NO NO NO NO NO NO 

NAINO NAINO NAINO NAINO NAINO NO NO NO 

NA NA NA NA NA ,279 l,l-Oichloroethane 9 
l,l-Oichloroethene I 
cis-I,2- < I 

Dichloroethene 
PCB-1254 66 
Tetrachloroethene 5 
Trichloroethene 19 

NAINO NAINO NAINO NAINO NAINO NO NO NO 

NO NO NO NO NO NO NO NO 

• 
% , 

Total 
POCs HI 

NO NO 

NO NO 

Ingestion 43 
Derinal contact 55 
Inhala~on of 2 

vapors/particles 

NO NO 

NO NO 
, 

Ingestion 35 
Perinal contact 18 
Inhalatiori of 21 
vapors/particles 

Ingestion of vegetables 27 

NO NO 

NO NO 

I 



Table ES.9. (Continued) 

% Total % Total 
Total ELCR ELCR 

Receptor ELCR COC! POCs 

Future adult rural resident > lE-2· 1,l-Dichloroethene 33 Ingestion 19 
at current concentrations PCB-1254 6 Dermal contact 12 
(RGA groundwater only) PCB-1260 7 Inhalation of 28 

Polychlorinated 38 vapors/particles 
biphenyls Ingestion of 41 

Tetrachloroethene \1 vegetables 
TrichloTOethene 3 
Vinyl chloride <I 

Future adult rural resident ND ND ND ND ND 
at current concentrations 
(McNairy groundwater 
only) 

Future child recreational NAIND NAIND NAIND NAINO NAIND 
user at current 
concentrations (soil only) 

Future teen recreational NAIND NAIND NAINO NAINO NAINO 
user at current 
concentrations (soil only) 

Future adult recreational ND ND NO NO NO 
user at current 
concentrations (soil only) 

Future excavation worker I.1E-6 none - none -
at current concentrations 

Notes: NA = ECLR not applicable to child and teen cohorts. Values fOT adult include exposure as child and teen: 
none = ELCR or HI is above the benchmark, but no COCs or POCsJulfill the selection criteria. 
NO = No Data (no samples were taken from the medium under consi·deration). 
- = There are no COCs or POCs . 
• =.The ELCRis approximate because the linearized multistage model returns imprecise values at risks> 1 E-2 . 

• 

.% % 
Total Total Total 

HI COCs HI , POCs HI 

102 1,l-Dichloroethane 6 Ingestion .. 39 
1,l-Dichloroethene 1 Dcimal contact 25 
PCB-1254 74 Inhalation of \1 
Tetrachloroethene 5· vapoTslparticles 
Trichloroethene 13 Ingestion of vegetables 24 

.' 

ND ND ND ND ND 

ND NO NO ND NO 

NO NO ND ND NO 

NO NO NO NO NO 

HI<I - - - -

• 
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. For the BERA, the conceptual model defined in the approved WAG 28 work plan (DOE 1998a)-
defined the potential sources of contamination in SWMU 194 and AOC 204 as being contained within 
subsurface soil (i.e., drainfields and buried debris pile). Consequently surface soils are not impacted and 

. do not require an ecological evaluation to be performed. 

Lack of quality habitat in the industrial setting of WAG 28 sites within the fence boundaries limits 
exposure of ecological receptors at most sites under current .conditions (with the exception of SWMU 

. 193a). "However, an assessment of potential risks in the future, assuming conditions change so that 

. suitable habitat becomes available for ecological receptors, was conducted. Several contaminants in 
surface soils were found to be at concentrations greater than levels that are protective of future nonhuman 
receptors. 

BHHRA-Specijic 

As a measure of the threat of systemic toxicological effects ansmg through contact with 
contaminated media at WAG 28, values for HIs were, for the most part, greater than 1000 when lead was 
retained as a chemical of potential concern (COPC). Such high values are related to the use of a 
provisional reference dose (RID) provided by KDEP, an approach that may overemphasize the potential 
threat of this contaminant. Accordingly, in this assessment, HIs for all receptor/land use combinations 
were routinely calculated with lead both included and excluded from the determinations, thereby 
permitting an evaluation of the overall threat to human health of other contaminants at WAG 28 for sites 
where lead is present. 

In an effort to reduce the uncertainty surrounding the assessment of systemic toxicity at sites at 
WAG 28 where lead is present, two further analytical approaches are included in this. risk assessment. 
Risks to exposed children were estimated using EPA's Integrated Exposure Uptake Biokinetic (IEUBK) 
model, and the reasonable maximum exposure (RME) concentrations of lead in soil and groundwater 
samples were compared to KDEP and EPA screening values. 

Applying the biokinetic model for lead indicates that the concentration of the element in McNairy 
Formation groundwater at SWMU 193c (250 1J.g/L) and in RGA groundwater at SWMU 99a (81.3 1J.g/L) 
results in a greater than 5 percent probability of a child having blood lead levels greater than 10 lJ.g/dL 
(84 percent probability for SWMU 193c McNairy and 38 percent for SWMU 99a RGA). These findings 
are consistent with the respective lead-driven HIs of 278,000 and 90,600, as calculated for an on-site 
resident child exposed to contaminants in these aquifers. 

The RME lead concentrations in SWMU 193c McNairy and SWMU 99a RGA are also greater than 
the KDEP and EPA screening level concentrations for this element (4 and 15 1J.g/L, respectively); 
therefore, when these findings are considered together, there is qualitative agreement on the potential 
hazards of prevailing lead concentrations in the groundwater at these sites. 

Where the element was detected in surface or subsurface soil, lead-driven HIs of greater· than 
1000 contrast with very low probabilities « 0.02 percent) of children having blood levels greater than 
10 :1lg/dL, as determined by the IEUBK model. Furthermore, lead concentrations in subsurface soil at 
SWMUs 99a, 193c, and 194 do not exceed the soil screening values specified by either agency; ,however, 
as illustrated in Exhibit 139, the concentration of lead in surface soil at SWMU 193c exceedstheKDEP 
benchmark but not that of EPA (20 < 24.9 < 400 mg/kg). 

Because the risks calculated using the provisional lead RID are so uncertain, . all observations 
presented in Tables ES.3-ES.9 exclude the quantitative contribution from lead. 

ES-21 



Exposure Routes 

When the major contributions of each applicable exposure route to the overall risk or hazard posed 
by all sites in WAG 28' are' considered,dermal contact appears to contribute the largest proportion of the 
threat from contact with soil. This observation holds good irrespective ·of toxicological endpoint (i.e., 

. systemic toxicity or carcinogenicity) and is also irrespective of the applicable land use scenario; however, 
asignificartt portion of the threat to the, future on-site rural resident from soil constituents comes also 
froni irigestion of vegetables grown in contaminated soil. 

By. contrast, a plurality of the hazard or cancer risk arising from contact with contaminants in 
groundwater comes from ingestion, 'again irrespective of toxicological endpoint; however, inhalation of 
vapors (while showering and/or during household use) and ingestion of vegetables irrigated with 
contaminated groundwater make significant contributions to the overall hazard or risk to the future on-site 
rural resident. 

Contaminants 

A measure of the. relative importance of different media contaminants to the overall hazard and risk 
that arises from contact with soil and groundwater may be obtained by ranking by occurrence the priority 
COCs across WAG 28 as a whole. When all sites are considered, the priority COCs contributing 
10percerit or more to the total HI or ELCR at one or more of the sites can be ranked according to the 
number of sites at which the contaminant is a priority COC, as follows: 

Soil sarriples-· 

Beryllium 
Chromium 
Polycyclic Aromatic Hydrocarbons 
Polychlorinated Biphenyls (PCBs) 
Vanadium 
Manganese 
Antimony 

Groundwater samples-

Trichloroethene 
cis-l,2-Dichloroethene 
1,1-Dichloroethene 
Radon-222 
Iron, 
Technetium-99 
Beryllium 
Vanadium 
1,2-Dichloroethene 
Vinyl chloride 

Scenario Hazards/Risks 

(6/7) 
(4/7) 
(2/7) 
(2/7) 
(2/7) 
(2/7) 
(1/7) 

(6/6) 
(3/6) 
(3/6) 
(3/6) 
(3/6) 
(2/6) 
(2/6) 
(2/6) 
(1/6) 
(1/6) 

Iron (1/7) 
Technetium-99 (1/7) 
Neptunium-234 (117) 
Barium (1/7) " 
1,I-Dichloroethene (117) 
Tetrachloroethene (1/7) 
Trichloroethene (1/7) 

PCBs (1/6) 
Tetrachloroethene (1/6) 
PCB-12S4 (1/6) 
Antimony (1/6) 
Cadmium (1/6) 
Chromium (1/6) 
Pentachlorophenol (1/6) 
Arsenic (1/6) 
Uranium-238 (1/6) 

The overall extent of the threats of systemic toxicity or induction of carcinogenicity presented by 

• 

• 

sites in WAG 28 is indicated by the following ranges of SWMU-specific HIs and ELCRs that were • 
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• calculated for each primary on-site receptor. Also listed are the number of sites for each receptor/land use .~
combination in which the overall ELCR is greater than lE-4 or where the HI is greater than 1. 

ill 

Receptor Medium 

Future ·on-site rural resident . ·GrOlmdwater· 
Soil' 

Future industrial worker Groundwater 
SoH 

Future excavation worker Subsurface soil 

ELCR 

Receptor Medium 

Future on-site rural resident Groundwater 
Soil 

Future industrial worker Groundwater 
Soil 

Range of values 

278,000 - 2.69 
247,000 - 6.25 

·25,100 - <0.1 
3620-0A32 

250 -< 0.1 

Range of values . .' 

> lE-2 -:4.1E-4 
> lE-2·- 1.1E-9 

1.3E-3 - 8.4E-7 
5.1E-4 - 1.7E-I0 

Sites> 1 

10110 
4/4 

9110 
2/4 

4/7 

Sites> lE-4 

10110 
3/4 

9110 
2/4 

• Future excavation worker Subsurface soil 3.1E-4 - 1.1E-6 6/7 

• 

·(The ELCR is approximate because the linearized multistage model returns imprecise values at risks > IE~2.) 

These data clearly demonstrate that for both the default "worst-case" scenario (future on-site rural 
resident) and the most likely future receptor (industrial worker), most sites had HIs and ELCRs greater 
than the EPA's range of concern. 

When considered in detail, the most plausible future use scenario, future industrial worker, has total 
HIs andELCRs exceeding de minimis levels at all sites except SWMU 194, for which this scenario/land 
use combination did not apply. As discussed in the BHHRA, the future industrial land use scenario is 
identical to the current industrial land use scenario except that the future industrial land use scenario also 
evaluates use of RGA and McNairy groundwater. Addition of groundwater as a medium of exposure adds 
significantly to the risk for this scenario. If groundwater contribution is removed from the risk totals, the 
primary pathwaysafe identical to the current industrial use scenario. . 

The driving contaminants contributing to more than 10 percent of total HIs for the future industrial' 
. worker at.SWMU 99a (excluding lead) in RGA groundwater are trichloroethene, chromium, iron, and 
vanadium, with ingestion as the primary pathway. The driving contaminant contributing to more than 
10 percent of total HIs at SWMU99b is trichloroethene, with ingestion as the primary pathway. The 
driving contaminants contributing. to more than 10 percent of total HIs at SWMU 193a are, iron arid 
trichloroethene~ with ingestion as the primary pathway. The driving contaminant contributing to more 
than 10 percent of total HIs at SWMU 193b is trichloroethene,with ingestion as the primary pathway, 
The driving contaminants contributing to more than 10 percent of total HIs at SWMU. 193'care 
1,2-dichloroethene and trichloroethene, with ingestion as the.primary pathway. 'fhedriving contaminants 
contributing to more than 10 percent of total HIs atAOC 204 are PCBs with.dermal contact and ingestion 
as the primary pathways. . 
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The driving contaminants contributing to more than 10 percent of total ELCR for the future industrial. __ 
worker exposed to RGA groundwater at SWMU 99a are 1,I-dichloroethene, beryllium, and radon-222, • 
with incidental ingestion and inhalation of vapors and particulates as the primary pathways. The driving 
contaminants contributing to more than 10 percent of total ELCR at SWMU 99b are trichloroethene and 
radon-222, with inhalation as the primary pathway. The driving contaminants contributing to more than 
1 0 p~rcentof totalELCR at SWMU 193a are pentachlorophenol and trichloroethene, with ingestion and 
dermal contact as the primary·pathways. The driving .contaminants contributing to more than 10 percent 
of total ELCR at SWMU 193b are trichloroethene and 1,I-dichloroethene, with ingestion as· the primary 
pathway. The driving contaminant contributing to more than 10 percent oftotal.ELCR atSWMU 193c is 
trichloroethene, with ingestion as the driving pathway. The driving contaminants contributing to more 
than 10 percent of total ELCR at AOC 204 are PCBs, trichloroethene, and 1, I-dichloroethene, with 

. dermal contact as the primary pathway. . 

The COCs for analytes migrating from sources in WAG 28 soil and groundwater as determined by 
risk estimates for off-site residential groundwater users are chromium, lithium, manganese, strontium, 
technetium-99, and trichloroethene. 

BERA-Specific 

The conceptual model defined in the approved WAG 28 work plan (DOE 1998a) defined the 
potential sources of contamination in SWMU 194 and ACO 204 as being contained within subsurface soil 
(i.e., drainfields and buried debris pile). Consequently surface soils are not impacted and do not require 
an. eC_QIQgical evaluation to be performed;· - . - ... --

Lack of quality habitat in the industrial setting of WAG 28 sites within the fence boundaries limits 
exposure of ecological receptors at most sites under current conditions (with the exception of • 
SWMU 193a); however, an assessment of potential risks in the future, assuming conditions change so that 
suitable habitat becomes available for ecological receptors, was conducted. Several contaminants in 
surface soil were found to be at concentrations greater than levels protective of future I}onhuman 
receptors. 

Chemical and radionuclide contaminants were evaluated for surface soil from SWMUs 99a, 193a, 
193b, and 193c. Detectable concentrations that exceeded background were evaluated for the potential of 
inducing adverse ecological effects to a representative set of receptor species that potentially could inhabit 
the WAG 28 area. Table ES.lO. summarizes chemicals of potenti~l ecological concern (COPECs) that 
were identified based on the results of screening contaminant concentrations against ecological 
benchmarks. Risks for ecological receptors were not evaluated at SWMUs 99b, 194,or ACO 204 
because it was previously determined that surface soil was not a medium of concern at these sites. 

Six nonradionuclide COPECs, all inorganics, exceed background and benchmarks for at least one 
receptor group (Table ES.I0). The inorganics are boron, barium, chromium, lead, vanadium, and zinc; 
however, chromium and lead are near background levels (maximum of 1.05 and 1.53x background, 
respectively). Confidence in the benchmarks for boron and chromium is low. Potential risks from 
chromium are largely based on chromium being present as the more toxic Cr(VI) rather than the more 
likely Cr(III); however, chromium exceeds benchmarks for plants and soil invertebrates at all four sites 
with the highest concentrations occurring at SWMUs 99a and 193b. Barium is only a potential concern 
for plants at SWMU 99a, and the concern is driven by a maximum detected concentration more than an 
order of magnitude higher than other detects in that SWMU. Lead is only a concern for plants in SWMU 
193c, but the lead concentration is near background levels. Zinc· is a potential concern for plants at 
SWMU 193c and plants and soil invertebrates at SWMU 99a but, as with lead, concentrations are near 
background levels. Vanadium is a potential concern for plants and wildlife at.8WMU 193b. The potential • 
for adverse effects to ecological receptors exposed to chemicals in surface soil from WAG 28 sites is low. 
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Table ES.I0. Summary of chemicals with maximum detected or reasonable maximum 
exposure concentrations resulting in ecological hazard .quotients. greater 

than 1 for one or more nonhuman ~eceptor groups 

SWMUd 

Receptor group 99a· 193a 193b 193c 
.. PlantsD. barium, chromium, chromium . chromium, boron, chromium, 

zinc~ technetium-99C
' vanadium lead, zinc 

Soil fuvertebratesb . chromium, zinc, chromium . chromium chromium . 
technetium~99c 

.. Terrestrial wildIifed none none vanadium none 

n Surface soil was not a medium of concern at SWMUs 99b, 194, or Aoe 204; therefore, ecological risks were not evaluated at 
these sites. 

b Plant and soil invertebrate results are based on maximum detected concentrations or activities. 
C See text for discussion of situation resulting in unusually high activity for technetium-99. 
d Terrestrial wildlife results are based on reasonable maximum exposure concentrations or activities. 

Estimated doses from exposure to radionuclides in soil are below recommended dose rate limits for 
all receptors in all sites except for plants and soil invertebrates at SWMU 99a, in which technetium-99 is 
the radionuclide of concern. 

The following paragraphs and Table ES.10 summarize analytes of potential concern and receptors 
potentially at risk should future exposures occur. 

SWMU 99a. While chromium and zinc exceed benchmarks for plants and soil invertebrates and 
barium exceeds benchmarks for plants, potential risks to plant and soil invertebrate communities from 
future exposure to surface soil at this site appear low. The barium risk is due to a location (station 
099-014) where the concentration is more than an order of magnitude higher than at other stations. Zinc 
is near background levels and results in low exceedances of benchmarks. There is cOl!siderable 
uncertainty in the benchmarks for chromium, which is based on the more toxic Cr(VI) rather than the 
more likely Cr(IlI). 

Estimated doses from exposure to radionuclides in soil are below recommended dose rate limits for 
wildlife, but dose rates for plants and soil invertebrates are higher than the recommended dose rate limit 
of I rad/day. Technetium-99 is the radionuclide of concern based on its occurrence in a single sample. 

SWMU 193a. Risks to terrestrial receptors are not expected from current or future exposures at this 
site. No radionuclides were detected, and only chromium, for which toxicological benchmarks are likely 
highly conservative, exceeds levels of potential concern for plants and soil invertebrates. 

SWMU 193b. Potential future risks from exposure of plants; soil invertebrates, and wildlife to 
chromium or vanadium were identified. While there is considerable uncertainty associated with the 
benchmarks available for chromium, concentrations of both chromium and vanadium are elevated relative 
to other areas in WAO·28, indicating a greater potential to cause adverse effects. 

SWMU 193c. Potential future risks from exposure of plants to boron, chromium, lead; and zinc and 
exposure of soil invertebrates to chromium were identified, but there is considerable uncertainty 
associated with the benchmarks available for boron and chromium. Lead and zinc are near background 
levels, . and chromium concentrations are lower at this site than in other areas in WA028. Lower 
chromium concentrations relative to other areas in WAG 28 do not necessarily equate with no risk, but 
potential risks from chromium are lower. 
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The purpose of this assessment was to evaluate the likelihood that adverse ecological effects may, -- ,. 
occur or are occurring as a result of exposures at WAG 28. For sites within the fence boundaries, under 
current conditions, complete exposure pathways are not expected for terrestrial biota, except at SWMU 
193a, and even this area is within the industrialized portion of the plant. Thus, this evaluation focused on 
hypothetical future exposul'es assuming loss of industrial controls and buildings and development of a 

, larger area of ,suitable habitat Analytes that were retained as COPECs may require further study to 
detetmine whether adverse ecological effects are likely if decisions for remedial actions will be based on 
ecological concerns. -Uncertainty concerning the future condition, thebioavailability or form of various 
metals (e.g., boron, ba rium, chromium, lead, vanadium, and zinc ), anduse of only one line of evidence 
(comparison of exposures to single chemical toxicity values) may have lead to an overestimate of 
potential future ecological 'risks. 
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1. BASELINE HUMAN HEALTH RISK ASSESSMENT 

This baseline human health risk assessment (BHHRA) utilizes information collected during the 
recently completed remedial investigation (RI) of Waste Area Grouping (WAG) 28 to characterize the 
baseline risks posed to human health from contact with contaminants in soil and water at Solid Waste 
Management Units (SWMUs) 99, 193, 194, and Area of Concern (AOC) 204 in WAG 28 at the Paducah 
Gaseous Diffusion Plant (pGDP) in Paducah, Kentucky. SWMUs 99 and 193 were further subdivided 
into units based upon area and historical use (99a, 99b, 193a, 193b, and 193c.) The overall purpose of the 
RI was to determine the presence, nature, and extent of contamination at each of the SWMUs and AOC 
204. The primary focus of the RI was to collect sufficient information about surface soil, subsurface soil, 
and groundwater of the Upper Continental Recharge System (UCRS) contamination to support an 
assessment of risks to human health and the environment and the selection of actions to reduce those 
risks. In addition, contamination in the Regional Gravel Aquifer (RGA) and McNairy Formation 
groundwater was characterized to determine if contamination in the RGA acted as a secondary source of 
contamination to groundwater. 

The methods and presentations used in this BHHRA are consistent with those presented in the 
U.S. Department of Energy's (DOE) Methods for Conducting Human Health Risk Assessments and Risk 
Evaluations at the Paducah Gaseous Diffusion Plant (DOE 1996a), as modified by regulatory comments, 
which is henceforth referred to as the "Methods Document." This document integrates human health risk 
assessment guidance from the U.S. Environmental Protection Agency (EPA) and the Kentucky 
Department of Environmental Protection (KDEP) and incorporates instructions contained in regulatory 
agency comments on earlier risk assessments performed at PGDP. The Methods Document received final 
approval from the Commonwealth of Kentucky for use in environmental investigations and restoration 
activities at PGDP in February 1998 (KDEP 1998) . 

Consistent with the Methods Document, this BHHRA is presented in eight sections. Section 1.1 
reviews the r~sults of previous risk studies that are useful in understanding the risks posed"'to human 
health from contaminants at, or migrating from, the WAG 28 area. This section also presents sources of 
information that were used to complete the exposure assessment contained· in the BHHRA. Section 1.2 
describes the evaluation of data collected during the WAG 28 field investigation and under other 
programs and identifies chemicals of potential concern (COPCs) for WAG 28. Section 1.3 documents the 
exposure assessment for W AO 28, including the characterization of the exposure setting, identification of 
exposure pathways, consideration of land use, determination of potential receptors, delineation of 
exposure points and routes (including developmerit of the conceptual site model), and calculation of 
chronic daily intakes (CDIs). Section 1.4 presents the toxicity assessment, including information on the 
noncarcinogenic and carcinogenic effects of the COPCs and the uncertainties regarding toxicity 
information. Section I.S reports the results of the risk characterization for current and various future land 
uses and identifies contaminants, pathways, and land use scenarios of concern. Section 1.6 contains 
qualitative and qUantitative analyses of the uncertainties affecting the results of the BHHRA. Section 1.7 
summarizes the methods used in the BHHRA and presents conclusions and observations. Section 1.8 uses 
the results ·ofthe BHHRA to develop site-specific, risk-based remedial goal options (ROOs). Chapter 3 
. contains references. 

Because of their length, all tables cited within the BHHRA are presented in Appendix A of this 
volume (Vol. 4). The BHHRA also includes exhibits within the text that summarize much of the material 
presented in the tables. All figures cited are presented in the text. 
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1.1 RESULTS OF PREVIOUS STUDIES 

The following three reports contain risk assessment results that are useful in understanding the risks 
to human health posed by exposure to contaminants present at, or migrating from, the WAG 28 area: 

• Results of the Site Investigation, Phase L at the Paducah Gaseous Diffusion Plant, Paducah, 
. K.e!Jtucky (CH2~ Hill 1991a) 

• Results of the Public Health and Ecological Assessment, Phase II, at the Paducah Gaseous Diffusion 
Plant, Paducah, Kentucky (CH2M Hil11991b), Vol. 6 in Results of the Site Investigation, Phase II, 
Paducah Gaseous Diffusion Plant, Paducah, Kentucky (CH2M Hill 1992) 

• Comparison of Trichloroethene (TCE) Concentrations at Area of Concern (AOC) 204 to Human 
Health Risk-Based Concentrations, Paducah Gaseous Diffusion Plant, Paducah, Kentucky (ORNL 
1996) 

In addition, the following studies containing historical data pertaining to WAG 28 were used in the 
preparation of this BHHRA. These studies are not summarized in detail in this report: 

• Results of the Site Investigation, Phase IL Paducah Gaseous Diffusion Plant, Paducah, Kentucky 
(CH2M Hill 1992) 

• Report of the Paducah Gaseous Diffusion Plant Groundwater Investigation, Phase IlL Paducah, 
Kentucky (Clausen et a1. 1992) 

• Groundwater Phase IV Investigation as presented in the Northeast Plume Preliminary 
Characterization Summary Report, Paducah Gaseous Diffusion Plant, Paducah, Kentucky, Vols. 1 
and 2 (DOE 1995a) 

• Sampling and Analysis Plan for a Site Evaluation at the Outfall 011 and 012 Areas, Paducah 
Gaseous Diffusion Plant, Paducah, Kentucky (Carter et a1. 1995) 

• Final Site Evaluation Report for the Outfall 010, 011 and 012 Areas, Paducah Gaseous Diffusion 
Plant, Paducah, Kentucky (DOE 1995b) 

Finally, the following studies containing information regarding the environmental conditions around 
WAG 28 were used in the preparation of this BHHRA. These studies were primarily used to complete the 
exposure assessment step of the BHHRA and are not sununarized in detail here: 

• Integrated Remedial Investigation/Feasibility Study Work Plan for Waste Area Grouping 27 at 
Paducah Gaseous Diffusion Plant, Paducah, Kentucky (DOE 1998b) 

• . Remedial Investigation Report for Waste Area Grouping 27 at the Paducah Gaseous Diffusion Plant, 
Paducah, Kentucky, Vol. 4 of 4, Baseline Risk Assessment (DOE 1999) 

• Environmental Investigations at the Paducah Gaseous Diffusion Plant and Surrounding Area, 
McCracken County, Kentucky (COE 1994a) 

• Work Plan for Waste Area Grouping 28 Remedial Investigation/Feasibility Study and Waste Area 
Grouping 8 Preliminary Assessment/Site Investigation at the Portsmouth Gaseous Diffusion Plant, 
Paducah, Kentucky (DOE 1998a) 
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1.1.1 Results of the Site Illvestigatioll, Phase I, at the Paducah Gaseous Diffusioll Plallt, Paducah, 
Kelltucky (CH2M Hill 1991a) • 

The Phase I investigation evaluated the nature and extent of off-site contamination originating at 
PGDP and determined risk presented by this contamination to off-site receptors. In the investigation, risks 
from chemicals and radionuclides found off site were characterized using methods described in EPA's 

. Risk Ass~sment Guidance for Sup(!Ifund. Volume I: Human Healtlt Evaluation Manual (Part A. Baseline 
Risk Assessment) (RAGS) (EPA 1989a). Although this guidance document is primary among those used 
in preparation of the Methods Document, the methods used in the Phase I assessment are not consistent 
with those in the Methods Document. The primary reason for this is that the methods used in the 
assessment in the Phase I investigation do not incorporate guidance developed later by the regulatory 
community [e.g., Supplemental Guidance to RAGS: Region 4 Bulletins, Human Health Risk Assessment, 
Interim (EPA 1995a) and Risk Assessment Guidance (KDEP 1995)]. 

The results of the risk assessment of groundwater usage are discussed in Sect. 6.5, "Risk 
Characterization," of the Phase I report and tabulated in Appendix 6C and 6D of that report. Risk results 
of the Phase I report are summarized in Exhibits 1.1 and 1.2. 

Exhibit 1.1. Excess lifetime cancer risk and hazard indices from chemicals 
in groundwater-residential use scenario (CU2M Hill 1991a) 

Well category and exposure Excess lifetime cancer risk Hazard index 
assum2tions· Ingestion Inhalationli Total Ingestion Inhalationli Total 
Average exposure assumptions 
Residential 2E-5 2B-5 4E-5 0.6 0.3 0.9 
Monitoring lE-5 6E-6 2E-5 1.1 <0.1 1.1 
TVA 5E-5 7B-7 6B-5 0.5 <0.1 0.5 
Maximum exposure assumptions 
Residential 3E-4 4E-4 7E-4 2.0 0.7 2.7 
Monitoring lE-4 9E-5 2E-4 3.8 0.1 3.9 
TVA 7E-4 2E-5 7E-4 1.7 <0.1 1.7 

a See Chap. 4 in CH2M Hill (1991a) for a description of well categories. The residential well category may include wells not 
completed in the RGA. See Table 6-29 and the discussion in Sect. 6.4.5.1 in CH2M Hill (1991a) for descriptions of 
exposure assumptions and dosecalcu1ations. 

b The dose from inhalation was estimated using dose from ingestion. See Sect 6.4.5.1 in CH2M Hill (1991a). 

Exhibit 1.2. Excess total cancer incidence from radionuclldes in groundwater
residential use scenario (CH2M Hill 1991a) 

Average exposure Maximum exposure 
Well category' assumptionsb assumptions 

Residential 4E-6 5E-5 

Monitoring 3E-6 5E-5 

TVA lE-5 3E-4 

a See Chap. 4 in CH2M Hill (1991a) for a description of well categories. The residential well category m!lY include 
wells not completed in the RGA. 

b See Table 6-51 and the discussion in Sect. 6.5.2.2 in CH2M Hill (199Ia) for descriptions of exposure assumptions 
and dose calculations. 

• 

As shown in Exhibit 1.1, total excess lifetime cancer risk (ELCR) from residential use of off-site • 
groundwater exceeds the de minimis level defined in the Methods Document (i.e., lE-6) for all well 
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categories under average and maximum exposure assumptions. Hazard indices (HIs) for all weII
categories exceed the de minimis level defined in the Methods Document (i.e., 1) for all well categories 
under maximum exposure assumptions, but only for the monitoring well category under average exposure 
assumptions. 

The contaminants in groundwater contributing most significantly to ELCRs and HIs are relatively 
consistent among well categories [i.e., residential, monitoring, and Tennessee Valley Authority (TVA) 
wells}: For ELCR, the primary contaminants for all well categories are trichloroethene, arsenic, and 
bis(2-ethylhexyl)phthalate. For HIs, the primary contaminants for all well categories are various metals, 
carbon tetrachloride, and bis(2-ethylhexyl)phthalate. 

As shown in Exhibit 1.2, total cancer incidence from ingestion of radionuclides in groundwater 
during residential use exceeds de minimis levels for all well categories under both average and upper 
bound exposure assumptions. The primary contaminants in groundwater for all well categories are 
uranium-234, uranium-238, and teclmetium-99. 

Uncertainties in the Phase I risk assessment and the effects of uncertainty on the risk characterization 
are presented in Table 6-66 of the Phase I report. Most uncertainties discussed are common to all risk 
assessments (e.g., uncertainties related to cancer potency factors, toxicity values, effect of absorption, 
magnitude of exposure factors, and assumption of additive effects); however, the following four specific 
uncertainties make the results of the Phase I assessment differ significantly from those presented later in 
thisBHHRA. 

• The exposure assessment in the Phase I assessment did not consider all possible pathways and routes 
of exposure. For example, dermal contact with groundwater was not assessed quantitatively. 
Although this pathway often contnbutes little to cumulative risk in most risk assessments, its absence 
reduced the estimate of cumulative risk. Similarly, the exposure assessment did not consider ingestion 
of foods raised using contaminated groundwater. 

• Current concentrations were used to determine potential future risk. Because the source of 
contamination was not determined before the Phase I assessment was performed, it was not possible 
to determine how much contaminant concentrations may increase or decrease in the future; therefore, 
there is considerable uncertainty in the estimate of future risk. 

• Because measured concentrations were used to develop the representative concentrations of 
contaminants in groundwater, all sources of contamination at PGDP were integrated in the risk 
estimates (i.e., the results are not specific to contamination originating at WAG 28). 

• The groundwater sampling methods used during the Phase I investigation did not incorporate the use 
of low-flow teclmologies. Groundwater was collected during the WAG 28 RI using low-flow 
technologies that greatly reduced the turbidity of the samples collected. With low turbidity, the metals 
concentrations are markedly lower. 

1.1.2 Results of the Public Health and Ecological Assessment, Phase II, at the Paducah Gaseous 
Diffusion Plant, Paducah, Kentucky, Vol. 6 (CH2M Hill 1991b) in Results of the Site 
Investigation, Phase II, Paducah Gaseous Diffusion Plant (CH2M Hill 1992) 

The Phase IT investigation, Public Health and Ecological Assessment (pHEA) (CH2M Hill 1991b) 
further evaluated the nature and extent of off-site contamination originating from PODP and characterized 
on-site units by identifying contaminant migration routes that may contribute to off-site contamination. 
The Phase IT investigation used this information to develop a baseline risk assessment (BRA) as part of 
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the PHEA. As with the other assessments that contain information relevant to the WAG 28 investigation, -
risk from chemicals and radionuclides were characterized using methods described in EPA's Risk • 
Assessment Guidancefor Supel'1fzmd (RAGS); however, as with the assessment reviewed in Sect. 1.1.1, 
the methods used are not consistent with those in the Methods Document. Again, the methods used in this 
assessment do not incorporate guidance developed later by the regulatory community [e.g., Supplemental 
Guidance to RAGS: Region 4 Bulletins, Human Health Risk Assessment, Interim (EPA 1995a) and Risk 

. Assessmellt Guidance (KDEP 1995)]. 

The results of the risk assessment of off-site groundwater usage are discussed in Sect. 3.3, "Risk 
Characterization," of the Phase II report and tabulated in Appendix H of that report. Risk results of the 
Phase II report are summarized in Exhibits 1.3-1.5. 

Exhibit 1.3. Excess lifetime cancer risk and hazard indices from chemicals 
in groundwater-residential use scenario (CUlM Uill1991b) 

Excess lifetime cancer risk Hazard index 
Well category- Ingestion Inhalationb Total Ingestion Inhalationb Total 
Maximum exposure assumptionsC 

Residential 
Off-site monitoring 
TVA 

4E-4 
4E-4 
3E-3 

3E-4 
4E-S 
3E-7 

7E-4 
SE-4 
3E-3 

2.4 0.9 
2.5 0.08 
8.8 0.04 

3.3 
2.6 
8.8 

8 See Sect. 3.2.3.2 in CH2M Hill (1991b) for a description of well categories. The residential well category may include wells 
not completed in the RGA. 

b The dose from inhalation was estimated using dose from ingestion. See Sect. 3.2.3.3 in CH2M Hill (1991 b). 
C See Table 3-10 and the discussion in Sect. 3.2.3 in CH2M Hill (1991b) for descriptions of exposure assumptions and dose 

calculations. . 

Exhibit 1.4. Excess total cancer Incidence from radionucUdes in 
groundwater-residential use scenario (CHlM Hill 1991b) 

Well catego~ 
Residential 
Off-site monitoring 
TVA 

Maximum exposure 
assumptionsb 

2E-S 
2E-S 
6E-S 

8 See Sect. 3.2.3.2 in CH2M Hill (1991 b) for a description of well categories. The 
residential well category may include wens not completed in the RGA. 

b See Table 3-10 and the discussion in Sect. 3.2.3 in CH2M Hill (1991b) for descriptions of 
exposure assumptions and dose calculations. 

Exhibit 1.5. Excess lifetime cancer risk and hazard indices from chemicals and radionuclides 
. in off-site soll-residendal use' (CH2M Hill 1991b) 

Maximum exposure 
assumptionsb 

Excess lifetime cancer risks 
Chemical Radiological 

Hazard index 
Adult Child 

Ingestion 
Dermal absorption 
Sum of risks 

3E-S SE-7 
lE-4 NCC 
2E-4 SE-7 

0.04 0.39 
0.03 NC 
0.07 NC 

8 Not SWMU-specific information. 
b See Table 3-10 and the discussion in Sect. 3.2.3 in CH2M Hill (1991b) for descriptions of exposure assumptions and dose 

• 

~~ • 
C Not calculated. 
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As shown in Exhibit 1.3, total ELCRs from residential use of groundwater exceed the de minimis·
level for all well categories under maximum exposure assumptions. HIs for all well categories exceed the 

• de minimis level for all well categories under maximum exposure assumptions. 

• 

• 

The contaminants in groundwater contributing most significantly to ELCRs and HIs are relatively 
consistent among well categories. For ELCR, the primary contaminants for all well categories are 
trichloroethene, arsenic, and beryllium. For HIs, the primary contaminants for all well categories are 
various metals and carbon tetrachloride. 

As shown in Exhibit 1.4, total cancer incidence from ingestion of radionuclides in groundwater 
during residential use exceeds de minimis levels for all well categories under maximum exposure 
conditions. The primary contaminants in groundwater over all well categories are uranium-234, -
uranium-238, neptunium-237, plutonium-239 and technetium-99. 

Off-site chemical and radiological risks associated with surface soil are discussed in Sect. 3.3.4, 
"Risk Characterization," of the Phase n report and tabulated in Appendix H of that report. Risk results are 
summarized in Exhibit 1.5. 

As shown in Exhibit 1.5, total ELCRs associated with surface soil exceed the de minimis level for 
chemical exposures under maximum exposure assumptions. Total ELCRs for radiological exposures do 
not exceed de minimis levels. HIs associated with surface soil do not exceed the de minimis level under 
maximum exposure assumptions. 

The primary contributors to carcinogenic risks are various polycyclic aromatic hydrocarbon (p AH) 
constituents, arsenic, and beryllium. The primary contributors to noncarcinogenic hazards are arsenic and 
manganese. 

Uncertainties in this assessment and the effects of uncertainty on the risk characterization are 
summarized in Sect. -3.4 and Table 3-33 of the PHEA. The uncertainties important to the' final risk 
estimates in this assessment are similar to those discussed for other assessments. 

1.1.3 Comparison ofTrichloroethene (TCE) Concentrations at Area of Concern (AOC) 204 to Human 
Health Risk-Based Concentrations (ORNL 1996) 

The purpose of this investigation was to determine if current concentrations of trichloroethene at 
AOC 204 exceeded human health risk-based concentrations (RBCs) and if future trichloroethene 
concentrations at their associated compliance points may exceed human health RBCs. The results were to 
be used as part of the documentation to determine if further action was required for AOC 204. The 
authors conciuded the following: 

• For the industrial worker, current exposure to trichloroethene in soil does not exceed the IE-6 RBC; 
current exposure to trichloroethene in groundwater exceeds the IE-4 RBC; future exposure to 
trichloroethene in groundwater does not exceed the 1 E-6 RBC. 

• For the industrial surveillance worker, current exposure to trichloroethene in sediment does not 
exceed the 'lE-6 RBC; current exposure to trichloroethene in surface water does not exceed the 
lE-4 RBC (use of personal protel?tive equipment would eliminate dermal exposure and reduce risk by. 
an order of magnitude). 

• For the recreational visitor, current exposure to trichloroethene in sediment does not exceed the 
lE-6 RBC; current exposure to trichloroethene in surface water exceeds the IE-4 RBC. 
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1.1.4 Preliminary COPCs Identified in the Work Plan for WAG 28 

As part of the production of the WAG 28 work plan (DOE 1998a), maximum detected 
concentrations of analytes in samples collected during previous investigations were screened against a 
series of values to develop a'preliminary list of COPCs. Sources of screening values are presented in 
Exhibit 1.6, The preliminary COPCs identified as the result of the screening are presented by unit in 

_ Exhibjt 1 ~7. Note that the preliminary COPC list is based on sampling conducted before the recently 
completed field investigation. Because the earlier sampling was limited for some areas, the list in 
Exhibit 1.7 differs from the list of copes presented later in the BHHRA. 

Exhibit 1.6. Screening values used in the WAG 28 work plan to identify preliminary COPCs 

Soil 
Site-specific risk-based concentration-

residential use 
Commonwealth of Kentucky soil screening 

value 
Background value 

Water 
Site-specific risk-based concentration-
residential use 

Screening values for soil 
Source 
Methods Document (DOE 1996a) 

Risk Assessment Guidance (KDEP 1995) 

Background Levels of Selected Radionuc1ides and Metals in 
Soil and Geologic Media at the Paducah Gaseous Diffusion 
Plant. Paducah, Kentucky (DOE 1997) 

Methods Document (DOE 1996a) 

Commonwealth of Kentucky water screening Risk Assessment Guidance (KDEP 1995) 
value . . 

Background value 
Maximum contaminant level (MCL) 

Methods Document (DOE 1996a) - RGA only 
. Chemical-specific Applicable or Relevant and Appropriate 
Requirements (ARARs): Federal/Kentucky (Energy Systems 
1996) 
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Exhibit 1.7. Preliminary COPCs identified in the WAG 28 work plan 

SWMU 998 (groundwater) 
Organics: trichloroethene 
Inorganics: aluminum, barium, iron, and manganese 
Radionuclides: iecluietium-99 
SWMU 998 (soil) 

. Organics: trichloroethene 
Inorganics: antimony, barium, beryllium, cadmium, chromium, iron, lead, manganese, and 

vanadium 
Radionuclides: technetium-99 
SWMU 1938 (groundwater) 
Organics: l,2-dichloroethane, cis-l,2-dichloroethene, and trichloroethene 
Inorganics: none 
Radionuclides: none 
SWMU 1938 (soil) 
Organics: trichloroethene 
Inorganics: cadmium, chromium, and lead 
Radionuclides: none 
SWMU 194 (soil only) 
Organics: none 
Inorganics: cadmium, chromium, and lead 
Radionuclides: none 
AOC 204 (groundwater) 
Organics: trichloroethene 
Inorganics: not analyzed 
Radionuclides: not analyzed 
AOC 204 (soli) 
Organics: 
Inorganics: 
Radionuclides: 

trichloroethene 
not analyzed 
not analyzed 

a SWMUs 99 and 193 were not subdivided for the WAG 28 work plan. 
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1.2 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN 

This section describes the processes used to determine the COPCs in both the BHHRA and the 
baseline ecological risk assessment (BERA) (Chap. 2). Specifically, the sources of data, the procedures 
used to screen the data, and the methods used to derive representative concentrations in environmental 
media and biota under both current and future conditions are described. Additionally, this section 
describes the site characterization data used in the exposure assessment performed in Sect. 1.3. 

" . 

1.2.1 Sources of Data 

Data used in the BHHRA and BERA describing current contaminant concentrations in soil and 
groundwater are from the recently completed field investigation at WAG 28 and previous investigations. 
These data and the manner in which they were generated are described in Chaps. 4 and 5 of Vol. 1 ofthis 
report. The data sets presented in the RI and the risk assessments may differ in minor details due to 
different assessment methodology (e.g., spatial versus statistical). Data from the Comprehensive 
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) Phases I and IT Site 
Investigations and Phases m and IV Groundwater Investigations (Clausen .et al. 1992, DOE 1995a) are 
used in Chap. 4 of Vol. 1 to describe the nature and extent of contamination at WAG 28 and in Chap. 5 of 
Vol. 1 to determine the environmental fate and transport of contaminants at·WAG 28. The analytical 
results of the environmental fate and transport modeling are used in the BHHRA to determine future 
contaminant concentrations in groundwater at points of exposure to which contaminants may migrate. 
Additionally, the current contaminant concentration data are used in this BHHRA to model contaminant 
concentrations in animals and vegetables. The methods and models used to determine contaminant 
concentrations in biota are described in Sect. 1.3 of the BHHRA. 

SWMUs 99, 193, and 194 and AOC 204 were investigated as specific areas of contamination within 
WAG 28. SWMUs 99 and 193 were further subdivided into units based upon area and historical use 
(99a, 99b, 193a, 193b, and 193c). 

A list of sampling stations (by site) used in this BHHRA and BERA is presented in Table 1.1. 
Because these sites are not contiguous, neither the BHHRA nor the BERA include evaluations of 
WAG 28 soil and groundwater data as a whole. Groundwater data from the RGA are evaluated separately. 
from groundwater data from the underlying McNairy Formation. 

1.2.2 General Data Evaluation Considerations 

Data were evaluated to ensure appropriateness for use in the BRAs. A general description of this 
evaluation is provided in this section. A graphical presentation of this eval~tion is shown in Fig. 1.1. 

Data evaluation was performed in eight steps: 

(1) Evaluation of sampling-Data were examined to ensure that sampling methods were adequate for 
determining the nature and extent of contamination. 

(2) Evaluation of analytical methods-Methods used to analyze samples were evaluated to determine 
. if they were approved by EPA. 

(3) Evaluation of sample quantitation limits (SQLs)-The SQLs for each analyte and sample were 
examined to determine if these limits were below the concentration or activity at which the analyte 
may pose a risk or hazard to human health or the environment. If the maximum SQL for an analyte 
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Aggregate data and separate by 
medium-type 

Determine Ifsampllng 
methods and locations were 
adequate to characterize the 
nature and extent of 
contamination. 

Determine If appropriate 
analytical methods were 
used. 

Evaluate sample 
quantltatlon limits to 
determine If enalytlcal 
results approprtate for risk 
assessment. 

Evaluate data qualltflera and 
codes. Remova data that are 
not property qualified using 
rules In RAGS. 

Eliminate all chemicals never 
detected In at least one 
sample at an approprtata 
sample quantltatlon limit. 

Compara maximum 
detacted concantratlon to 
human health RBCs. Not 
applicable to chemicals with 
BAF[Flsh] > 100. 

No 

Data are not used 
quantitatively In the 
baseline risk assessment 
because not 
representative of site. 

Data are used qualitatively 
In the baseline risk 
asseasment becau811 
quantltatlon limite are too 
great. 

Chemical Is not a COPC 
for the data aggravate and ... ___________ -l~lls not quantitatively 
evaluated In the baseline 
risk a_ssment. 

Fig. 1.1. Data evaluation steps 
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quantitatively In the 
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aggregate to background 
concentrations. 
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(4) 

(5) 

over all samples within a medium was greater than the concentration or activity that may pose a __ 
threat to human health or the environment, and that analyte was not detected in any sample, the data 
for that analyte were deemed of insufficient quality, and only a qualitative assessment for that 
analyte is presented iIi this assessment. The maximum SQL for the chemical was used in 
developing the qualitative assessment for such analytes if historical or process knowledge indicated 
that the chemical could potentially be present. If historical or process knowledge indicated that the 
chemical was not expected to be present, one-half of the SQL was used in the qualitative 
"assessment. -

Evaluation of data qualifiers and codes-The data used in the risk assessment were tagged with 
various qualifiers and codes that are defined in Sect. 2.8.2 of Vol. 1. Tagged data were evaluated 
following rules in Exhibits 5-4 and 5-5 of RAGS (EPA 1998b). Radionuclides with negative 
activity values were retained. 

Elimination of chemicals not detected-For each sample, any analyte not detected in at least one 
sample using an appropriate SQL was eliminated from the data set. 

(6) Examination oftoxicity of detected analyte§--A comparison of the analyte's maximum detected 
concentration to that analyte's residential use human health RBC was performed for the data set 
created for the BHHRA. The human health RBCs used in this comparison are derived according to 
equations in the Methods Document (see Appendix A, Tables 1.12-1.38 in this volume) using the 
most recent toxicity values available [http://riskllsd.oml.gov/toxlrap_hp.shtml(DOEI998c)].To 
ensure that the human health risk-based screening criteria used in this step were conservative, the 
exposure routes used to develop the criteria for chemicals were (1) ingestion of potentially 
contaminated media, (2) dermal contact with potentially contaminated media, and (3) inhalation of 
vapors and particulates emitted by potentially contaminated media. "Direct contact exposure routes 
used to develop screening criteria for radionuclides were (1) ingestion of potentially contaminated 
media, (2) inhalation of vapors and particulates emitted by potentially contaminated media, and 
(3) external exposure to ionizing radiation emitted by potentially contaminated media. ~ 

(7) 

The target ELCRs and target HIs used in calculating the criteria for chemicals were established by 
regulatory agreement in the Methods Document as lE-7 and 0.1, respectively. The target cancer 
risk used in calculating the criteria for radionuclides is lE-6. In this screen, the lower of the human 
health risk-based screening criteria calculated for cancer effects from lifetime exposure and for 
systemic toxicity in children was used. In addition, per regulatory agreement in the Methods 
Document, this screen was not applied to those analytes known to accumulate significantly in biota 
[i.e., not used for analytes with a bioaccumulation factor (BAF) for fish greater than 100]. 

Comparison of maximum analyte concentrations and activities detected in site samples to 
analyte concentrations and activities detected in background sample§--Background 
concentrations for soil were taken from Background Levels of Selected Radionuclides and Metals in 
Soils and GeolQgic Media at the Paducah Gaseous Diffusion Plant, Paducah, Kentucky (DOE 
1997) and were compared to the maximum detected analyte concentration over all site samples. 
The background concentrations for soil are presented in Table 1.2. 

Background data sets for RGA and McNairy Formation groundwater were not available for this 
assessment because these values are undergoing revision; therefore, a comparison between 
maximum detected concentrations in groundwater and background concentrations was not 
performed. Since the publication of the DO version of this document, provisional (i.e.," draft) 
groundwater background values have become available and are presented in Table 1.2 (Bonczek 
1999). 
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(8) Comparison of analyte maximum concentrations that are essential human nutrients to 
Recommended Dietary Allowances (RDAs) for children-For the data set developed for the • 
BHHRA, the maximum detected concentration of analytes known to be essential nutrients were 
compared to their respective RDAs for children to determine if it would be appropriate to remove 
any essential nutrients from the data set. Generally, analytes whose potential intakes based on the 
maximum detected concentrations were less than one-fifth of the RDA for children were removed 
from the data set, as agreed upon by the Commonwealth of Kentucky and EPA in the Methods 
Document. Seven analytes known to be essential nutrients and known to be toxic only at extremely 
high concentrations can be removed from the data set on the basis of regulatory guidance (EPA 
1995a). These analytes are calcium, chloride, iodine, magnesium, potassium, sodium, and 
phosphorous. Three essential nutrients, chromium, manganese, and zinc, are not screened using this 
process because of toxic effects seen from exposure to these chemicals at low concentrations. 

1.2.3 Risk Assessment-Specific Data Evaluation 

The specific processes used to evaluate data and calculate exposure concentrations under 
both current and future conditions are described in this section. Section 1.2.3.1 summarizes the evaluation 
performed to determine representative concentrations of COPCs under current conditions. Section 1.2.3.2 
summarizes the evaluation performed to determine modeled representative concentrations of COPCs 
under future conditions. 

1.2.3.1 Current conditions 

The specific processes used to evaluate data and calculate exposure concentrations under current 
conditions are described in this section. The Statistical Analysis System (SAS~ (SAS 1990) was used to 
input and evaluate the data. The following material summarizes the actions performed by various 
programs during the evaluation. The complete programs are presented in Appendix C of this volume. 

First SAS® Program (Data Consolidation). The first program read the data set developed from 
sampling during the recently completed field investigation into SAS®. This program read the data into 
fields to produce a data set with a uniform format to facilitate further data handling. The following are the 
specific functions performed by this program: 

• Eliminated all groundwater data except that from the RGA and McNairy FormatioJr
Groundwater data from samples collected from the UCRS were eliminated because this groundwater 
is not available for use because of poor yields from wells completed in the UCRS (see Chap. 4 of 
Vol. 1). While the UCRS was not evaluated as a drinking water source in this assessment, 
contamination in the UCRS was evaluated as a source of contamination for groundwater drawn from 
the RGA and McNairy Formation. 

• Segregated soil samples into surface [collected 0-1 ft below ground surface (bgs)], subsurface 
(O-IS ft bgs), and deep (greater than 15 ft bgs) classes-These soil sample depth classes were 
developed because they were the classes used for the sele~ted exposed populations discussed in 
Sect. l.3. In previous risk assessments at PGDP, the subsurface class only contained samples 
collected from 0 to 10ft bgs. The ending depth was increased to 15 ft in this assessment because 
many of the utilities in the WAG 28 area are at or below lOft bgs. 

• Assigned each sampling station to a site-See Table 1.1. 
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• Checked spelling of all analytes and their association with chemical abstracts service (CAS)-
registry numbers--This screen allows the SAS® program to accurately merge contaminant and 
toxicity information later in the assessment. 

• . Converted units of measure to those units used in the calculation of CDIs--All chemical 
concentrations were converted to units of mg/kg or mg/L, and all radionuclide activities were 
converted to units of pCi/g or pCiIL. This conversion places all chemical information upon a common 

. basis and allows -SAS® to accurately calculate the representative exposure concentrations used in the 
derivation of contaminant doses. In addition, the units of measure to which chemicals are converted 
are the same as those in the toxicity value database; therefore, this conversion allows SAS® to merge 
the contaminant and toxicity information correctly during risk characterization. 

• Distinguished between and coded observations as detects and nondetects--Because specific rules 
must be followed when investigating nondetects, this program performed two filters. The first filter 
converted the nondetected concentration for analytes not believed to be site-related contaminants to 
one-half the SQL, and the nondetected concentration for analytes believed to be site-related 
contaminants to the SQL. Site-related analytes are trichloroethene and its degradation products 
(1,2-cis-dichloroethane, l,2-trans-dichloroethane, 1,2-cis-clichloroethene, 1,2-trans-dichloroethene, 
and vinyl chloride), polychlorinated biphenyls (PCBs), uranium isotopes, metallic uranium, 
technetium-99, and fluoride. The second filter eliminated those observations that had nondetected 
concentrations exceeding an analyte's maximum SQL. 

Second SAS® Program (precursor Program). This program organized all the subroutines that 
were run in the third SAS® program. 

Third SASe Program (Summary Statistics Preparation). This program calculated summary 
statistics for the data set prepared by the first SASe program. The following are included in the summary 
(see Tables 1.3, "Data summary for all analytes", and 1.4, "Data summary for detected analytes" in 
Appendix A): analyte name, frequency of detection, range of detected values, range of nondetected values 
(i.e., the range of the SQLs used in samples in which the analyte was not detected), form of the 
distribution of the data, arithmetic means of the detected concentrations, and units· of measure for the 
analyte. In addition, this program created a permanent SAS® data set. 

Fourth SASe Program (Residential Use Human Health RBC). This program compared the 
maximum detected concentration of each analyte in each medium to the analyte's medium-specific 
residential use human health RBC (see Table 1.5). Even though land use at WAG 28 is currently 
industrial, the residential use human health risk-based screening criteria were used to comply with 
previous agreements with the regulatory agencies specified in the Methods Document. The data set used 
in the BERA was not treated in this manner, because human health RBCs are not applicable to nonhuman 
receptors. The exposure routes included in the calculations of the RBCs were (1) ingestion ofa potentially 
contaminated medium, (2) inhalation of emissions from a potentially contaminated medium, and 
(3) dermal contact with a potentially contaminated medium. The exposure routes included in the 
calculations of the RBCs for radionuclides were (1) ingestion of a potentially contaminated medium, 
(2) inhalation of emissions from a potentially contaminated medium, and (3) external exposure to ionizing 
radiation emitted from a potentially contaminated medium. 

As discussed in the Methods Document. the target HI and ELCR used in the calculation ofRBCs for 
chemicals were 0.1 and IE-7, respectively, and the target ELCR used in the calculation of RBCs for 
radionuclides was IE-6. Also, per regulatory agreement, the lesser (i.e., more conservative) of an 
analyte's hazard and cancer risk-based screening criteria was used when performing the comparisons. 
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Analytes known to bioaccumulate or bioconcentrate significantly were not removed from the data -
set based upon this comparison. The benchmark used to determine if an analyte bioaccumulates • 
significantly was the BAF for fish. The factor was used per regulatory agreement (Methods Document) 
because of the known propensity of fish to bioaccumulate contaminants and because data on chemical 
bioaccumulation in fish are readily available. Specifically, if an analyte's BAF for fish exceeded 100, 
that analyte was not eligible for removal from the data set based on the toxicity screen. The results of the 

. BAF scre~ are not reported individually in Table 1.5. 

Fifth SAS® Program (Background and RDA Screen). This program compared the maximum 
detected concentration of each analyte in soil against its respective background concentration and 
compared the maximum detected concentration of essential nutrients in soil and groundwater to one-fifth 
of that nutrient's RDA for children. The background values used in this comparison were taken from 
Background Levels of Selected Radionuclides and Metals in Soils and Geologic Media at the Paducah 
Gaseous Diffusion Plant, Paducah, Kentucky (DOE 1997) and are presented in Table 1.2. The results of 
the comparison are shown in Table 1.6. The RDAs are used in this comparison are shown in Table 1.7, 
and the results are shown in Table 1.8. The data set developed for the ecological risk assessment was not 
compared against RDAs because the RDAs are not relevant for exposure of nonhuman receptors. 

As discussed in the Methods Document, before comparing an analyte' s maximum detected 
concentration to one-fifth of the analyte's RDA, the analyte's concentration was converted to a daily 
intake for a child. For soil, this conversion was performed by mUltiplying the analyte's maximum 
detected concentration in soil by an intake of 200 mglday and then converting this result to a g/day dose. 
For water, this conversion was performed by mUltiplying the maximum detected concentration by an 
intake of 1 Llday and then converting this result to a g/day dose. 

Per regulatory agreement (Methods Document), seven analytes known to be essential nutrients and • 
known to be toxic only at extremely high concentrations can be removed from the data set on the basis of 
regulatory guidance (EPA 1995a). These analytes are calcium, chloride, iodine, magnesium, potassium, 
sodium, and phosphorous. Three essential nutrients, chromium, manganese, and zinc, are not screened 
using this process because of toxic effects from exposure to these chemicals at low concentrations. 

Sixth SAS® Program (Toxicity Values). This program determined the COPCs based on the 
previous screening steps, then merged the chemical-specific information [e.g., toxicity values (see Sect. 
1.4 and http://risk.lsd.om1.gov/toxlrap_hp,shtml) such as RIDs and slope factors, Henry's Law constant, 
toxicity equivalency factor, soil uptake factor, etc.] necessary to run the forward risk equations. 

Seventh SAS® Program (Output Production). This program compiled the results of the previous 
programs and produced the following tables: 

Table 1.3 

Table 1.4 

Table 1.5 

Table 1.6 

Table 1.7 

Data summary for all analytes by location and medium 

Data summary for detected analytes by location and medium 

Comparison of maximum detected concentrations and activities· to human health risk
based screening criteria by location and medium 

Comparison of maximum detected concentrations and activities to background 
concentrations by location and medium 

RDAs of essential human nutrients 
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Table 1.8 

Table 1.9 

Table 1.10 

Comparison of maximum detected concentrations of essential nutrients to RDAs for .. 
children 
Chemicals of potential concern 

Summary of data evaluation 

Table 1.10 is a complete summary of the data evaluation process and lists all detected analytes by 
location and medium. This table also contains the analyte's frequency of detection, range of non detected 
values, range of detected values, arithmetic mean of detected values, background value, human health 
systemic toxicity and ELCR-based concentrations, RDA (one-fifth value shown), and units of measure. 
The last column of this table indicates whether the analyte is a human health COPC and, if the analyte is 
selected as a COPC, the basis for its selection. Codes used to indicate the basis are "p," "B," "E," "Qual," 
and "Bio." In some cases, an analyte's basis of selection may include more than one code. The following 
are definitions of these codes: 

• P-Analyte is a COPC because the maximum detected concentration is greater than a human health 
RBC. 

• B--Analyte is a COPC because the maximum detected concentration is greater than the background 
concentration. 

• E--Analyte is an essential nutrient but its maximum concentration results in a daily dose that is 
greater than one-fifth of the RDA for children. 

• Qual--Analyte is retained as a cope because screening criteria used in the data evaluation were not 
available. 

• Blo-Analyte is retained because of a high potential to bioaccumulate in fish (i.e., BAF greater than 
100). 

1.2.3.2 Evaluation of modeled concentrations for groundwatel'--future condition 

As reported in Chap. 5 of Vol. 1, the Multimedia Environmental Pollutant Assessment System 
(MEPAS) model was used to estimate potential concentrations of selected COPCs in groundwater at the 
security fence and the DOE property boundary. Appendix B of this volume presents the results of the 
MEPAS model. 

Exhibit 1.8 presents the maximum nonzero modeled concentrations of the COPCs at the PGDP fence 
boundary and the contaminant's sources, compares the concentrations to residential use human health 
RBCs, and reports the chemicals with maximum detected concentrations that exceed RBCs. As shown in 
Exhibit 1.8, the maximum concentrations of the analytes cobalt, neptunium-237, and plutonium-239 do 
not exceed their respective RBCs; therefore, these contaminants can be removed from the list of COPCs 
that may migrate from WAG 28 sites. 

Exhibit 1.9 summarizes the sources and maximum nonzero modeled concentrations for contaminants 
that have a source within a WAG 28 site that exceeds an RBC. This exhibit is similar to Exhibit 1.8 
except it shows all modeled sources of a contaminant. As shown in this table, there are four inorganic 
chemcials, one organic chemical, and one radionuclide that may migrate from sources in WAG 28 sites to 
the PGDP fence boundary at concentrations that exceed RBCs. There was only one contaminant, 
chromium, with multiple sources within a site, and it did not exceed its RBC. 
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Exhibit 1.8. Comparison between maximum nonzero modeled concentrations at the PGDP fence 
boundary and residential use RBCs 

Residential use RBciI 
Maximum 

Contaminant" Sourceb concentrationC Cancer 
Inorganic chemicals (mg/L) 
. Chromium. SWMU 194 VCRS soil 7.24E+l NY 
Cobalt SWMU 193c VCRS soil 3.56E-2 NY 
Lithium SWMU 194 VCRS soil 6.7E+l NY 
Manganese SWMU 193c VCRS soil 5.l1E+0 NY 
Strontium SWMU 194 VCRS soil 1.05E+l NY 
Organic chemicals (mg/L) 

1.428E+l' Trichloroethene AOC 204 VCRS soil 1.4E-4 
Radionuclides (PCiIL)!! 
Neptunium-237 SWMU 99a VCRS soil 3.86E-2 1.31E-l 
Plutonium-239 SWMU 99a VCRS soil 1.23E-I0 1.22E-2 
Technetium-99 SWMU 998 surface soil 1.81E+2 2.8E+l 

a All contaminants with an identified source and 8 modeled concentration are listed. 
b Media for each site in which the sou~e contributing the maximum modeled concentration is located. 
e Maximum modeled contaminant concentration among all sources modeled. 

Systemic 
toxicity 

4.2E-3 
9.1E-2 
3.0E-2 
6.7E-2 
9.0E-l 

1.2E-3 

NV 
NY 
NV 

Exceed?e 

ST 
None 

ST 
ST 
ST 

Both 

None 
None 

Cancer 

d All residential use RBCs were taken from Table 1.10 in Appendix A. All cancer RBCs are based on a 40-year exposure; all 
systemic toxicity RBCs are based on chronic exposure by a child age 1-7 years. Both cancer and systemic toxicity RBCs 
integrate exposure through ingestion of water, inhalation ofvapors emitted by water (showering and household use), and 
dermal contact with water (showering). Target risk for all cancer RBCs is I B-7 because more than five contaminants are 
present. Target HI for all systemic toxicity RBCs is 0.1 because more than five contaminants are present. "NV" indicates an 
RBC for the endpoint is not available because toxicity information is lacking. The RBC for chromium is for exposure to 

• 

Cr(VI). The RBCs for radionuclides include contributions from short-lived daughters. • 
C "Cancer" indicates that the modeled concentration exceeds the cancer RBC. 

"ST' indicates that the modeled concentration exceeds the systemic toxicity RBC. 
"Both" indicates that the modeled concentration exceeds both the cancer and systemic toxicity RBC. 
''None" indicates that neither RBC is exceeded by the maximum modeled concentration. 

, The computed maximum concentration is greater than the designated initial concentration at the source (1.42B-7 mg/L). The 
current receptor is located too close to the source, creatingB near-field condition that cannot be properly assessed by a flux 
boundary condition model; therefore, concentrations have been truncated to the initial dissolved concentration. 

S The RBCs for radionuclides include contributions from short-lived daughters. 
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Exhibit 1.9. Summal'Y of sources and maximum nonzero modeled concentrations for contaminants 
that have a source within 'VAG 28 exceeding a residential use RBC 

Residential Use RBCD 

Maximum Systemic 
Contaminantn Sourceb concentrationC Cancer toxicity Exceed?e 
Inorganic chemicals (mg/L) 
Chromium SWMU 194 UCRS soil 7.24E+l NY 4.2E-3 ST 

SWMU 193a UCRS soil 3.803E+0 NY 4.2E-3 ST 
SWMU 193b surface soil 2.02E-3 NY 4.2E-3 None 
SWMU 99a surface soil 2.08E-18 NY 4.2E-3 None 
SWMU 99a UCRS soil 9.40E-20 NY 4.2E-3 None 

Lithium SWMU 194 UCRS soil 6.7E+l NY 3.0E-2 ST 
SWMU 99a UCRS soil 4.686E+l NY 3.0E-2 ST 
SWMU 193c UCRS soil 3.805E+1 NV 3.0E-2 ST 
SWMU 99a surface soil 5.632E+O NY 3.0E-2 ST 
SWMU 193c surface soil 2.085E+O NY 3.0B-2 ST 

Manganese SWMU 193c UCRS soil S.l1E+O NY 6.7E-2 ST 
Strontium SWMU 194 UCRS soil 1.0SE+l NY 9.0E-l ST 

SWMU 193c UCRS soil 7.453E+O NY 9.0B-l ST 
SWMU 99a UCRS soil 3.782E+O NV 9.0B-l ST 
SWMU 99a surface soil 2.214E+O NY 9.0E-l ST 
SWMU 193c surface soil 2.S2E-l NY 9.0E-l None 

Organic chemicals (mgIL) 
1.428E+l f Trichloroethene AOC 204 UCRS soil 1.4E-4 1.2E-3 Both 

Radionuclides (pCi/L)1I 
Technetium-99 SWMU 99a surface soil 1.81E+2 2.8E+l NY Cancer 

a Only contaminants that have a maximum modeled contaminant concentration over all sources that exceed either RBC are 
listed. 

b Maximum modeled concentration reported for sources within a site. Sites not listed do not contain a source of the contaminant. 
C Maximum modeled contaminant concentration for source. 
d All residential use RBCs were taken from Table 1.10 in Appendix A. All cancer RBCs are based on a 40-year exposure; all 

systemic toxicity RBCs are based on chronic exposure by a child age 1-7 years. Both cancer and systemic toxicity RBCs 
integrate exposure through ingestion of water, inhalation of vapors emitted by water (showering and household use), and 
dermal contact with water (showering). Target risk for all cancer RBCs is 1 E-7 because more than five contaminants are 
present. Target HI for all systemic toxicity RBCs is 0.1 because more than five contaminants are present. "NY" indicates an 
RBC for the endpoint is not available because toxicity information is lacking. 

e "Cancer" indicates that the modeled concentration exceeds the cancer RBC. 
"Both" indicates that the modeled concentration exceeds both the cancer and systemic toxicity RBC. 
"ST" indicates that the modeled concentration exceeds the systemic toxicity RBC. 
"Both" indicates that the modeled concentration exceeds both the cancer and systemic toxicity RBC. 
"None" indicates that neither RBC is exceeded by the maximum modeled concentration. 

r The computed maximum concentration is greater than the designated initial concentration at the source (1.42E-7 mg/L). The 
current receptor is located too close to the source, creating a near-field condition that cannot be properly assessed by a flux 
boundary condition model; therefore, concentrations have been truncated to the initial dissolved concentration. 

g The RBCs for radionuclides include contributions from short-lived daughters. 
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The number of years from the present required to attain maximum concentrations, assuming current -. 
releases from each of the sources, is shown in Exhibit 1.10. The organic chemical, trichloroethene, if • 
released from its sources today, will take 111 years to attain its maximum modeled concentration. The 
inorganic chemicals, with the exception of lithium (20-78 years), generally will take much longer to 
attain maximum modeled· concentrations, with times ranging from 56 to 15,655 years from present. Risks 
from exposure to these chemicals are characterized in Sect. 1.5. 

Exhibit 1.10. Summary of years required to attain maximum modeled concentrations at 
the PGDP fence boundary for contaminant sources within WAG 28 that contribute 

maximum contaminant concentrations exceeding residential use RBCs 

Contaminant8 Sourceli Maximum concentrationC yearil 
Inorganic chemicals (mgIL) 
Chromium SWMU 194 UCRS soil 7.24E+l 3783 

SWMU 193a UCRS soil 3.803E+0 5929 
SWMU 193b surface soil 2.02E-3 5929 
SWMU 99a surface soil 2.08E-18 9904-15,654 
SWMU 99a UCRS soil 9.40E-20 9904-15,655 

Lithium SWMU 194 UCRS soil 6.7E+l 20 
SWMU 99a UCRS soil 4.686E+l 67 
SWMU 193c VCRS soil 3.805E+l 49 
SWMU 99a surface soil 5.632E+O 78 
SWMU 193c surface soil 2.085E+0 46 

Manganese SWMU 193c VCRS soil 5.11E+0 2655 
Strontium SWMU 194 UCRS soil 1.05E+l 56 

SWMU 193c UCRS soil 7.453E+0 9854-10,834 
SWMU 99a UCRS soil 3.782E+0 8953 
SWMU 99a surface soil 2.214E+0 8953 
SWMU 193c surface soil 2.52E-l 9854-10,834 

Organic chemicals (mg/L) 
Trichloroethene AOC 204 UCRS soil 1.428E+le 111 
Radionuclides (pCi/L)1 
Technetium-99 SWMU 99a surface soil 1.81E+2 1570 

8 Only contaminants that have a maximum modeled contaminant concentration over all sources that exceed either RBC are 
listed. 

b Maximum modeled concentration reported for sources within a site. Site sectors that contain a source are listed. 
C Maximum modeled contaminant concentration for source. 
d All dates taken from MEP AS modeling results and are years from present. 
e The computed maximum concentration is greater than the designated initial concentration at the source (J .42E-7 mg/L). The 

current receptor is located too close to the source, creating a near-field condition that cannot be properly assessed by a flux 
boundary condition model; therefore, concentrations have been truncated to the initial dissolved concentration. 

1.2.4 Evaluation of Data from Other Sources 

This section describes results of the Phase I groundwater user survey, agricultural extension agent 
interviews, Kentucky Department of Fish and Wildlife Resources (KDFWR) information, deer range 
information, exposure unit information for workers, and site size information. This information was used 
to develop the exposure assessment in Sect. 1.3. 
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1.2.4.1 Groundwater user survey Phase I (CH2M Hill 1991a) 

In response to the discovery of groundwater contamination in residential wells near PGDP, a survey 
of groundwater and surface water users in the vicinity of PGDP was conducted in February and March 
1990. The two objectives of the survey were to (1) estimate the number of residents using water wells that 
may be affected by groundwater contamination originating at PGDP and (2) determine the number of 
surface water intakes on the Ohio River within 15 miles downstream of PGDP. The groundwater user 
sUrVe)'-included residences and businesses with wells within a 4-rnile radius of the plant; therefore, this 
survey included parts of McCracken and Ballard counties in Kentucky and part of Massac County in 
Illinois. A questionnaire was mailed to local residents to identify well water users. State agencies and 
major industrial facilities were contacted to identify surface water users. The information provided by 
respondents was developed into a database, which is summarized in the following text. 

A total of 1988 surveys were delivered, and 44 percent (872) of these were returned. Of the 
respondents, 58 percent used well water for some purpose. Eighty-four percent used well water as their 
sole water supply. Eighty-five percent used well water for drinking; 47 percent used well water for 
irrigation; 29 percent used well water for watering livestock; and 80 percent used well water for domestic 
uses such as laundry, washing cars, etc. The total depth of wells in the study area (i.e., the area 
investigated by this survey) was reported to range from 15 ft to 245 ft; however, 21 percent of residents 
did not report total depth. The most frequently reported total depth was 40 ft (26 respondents), followed 
by 30 ft (21 respondents) and 100 ft (20 respondents). Fifty-four percent of wells were reported to be 
20-60 ft deep. Plastic and tile were the predominant construction materials; however, steel, brick, and 
concrete were also reported. 

Unfortunately, the questionnaire used in this survey did not determine frequency of groundwater use. 
See Chap. 1 of Appendix 5 in the Methods Document for a reproduction of the questionnaire. As 
indicated earlier, these data were used qualitatively in the exposure assessment to develop the site 
conceptual model and reduce the level of uncertainty of the exposure assessment in the BHHRA. 

1.2.4.2 Agricultural extension agent Interviews 

To gather site-specific agricultural information, the Agricultural Extension Agents for Ballard and 
McCracken counties were contacted in February 1994. Information on population, gardening, crop 
farming, livestock farming, and fish fanning was requested. Summaries of the interviews are presented in 
Chap. 2 of Appendix 5 of the Methods Document. Data gathered from the agents were used qualitatively 
in the exposure assessment to develop the site conceptual model and reduce the level of uncertainty of the 
exposure assessment in the BHHRA. 

1.2.4.3 KDFWR information 

During the development of the site conceptual model, it was determined that wildlife may also serve 
as an important exposure pathway to humans. To determine the level of importance of this pathway, 
requests were made for reports on harvest of deer, ducks, geese, and turkey in Ballard and McCracken 
counties. Information on these game species was solicited because they are the most widely hunted 
animals in the area and require specific licenses and check-in procedures. Harvest information is provided 
in Chap. 3 of Appendix 5 of the Methods Document. 

1.2.4.4 Site size information 

To accurately represent exposure to contaminated soil or sediment in each of the sites, the size of 
each site was determined (see Exhibit 1.11). These sizes were subsequently integrated with the exposure 
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unit infonnation presented in Sects. 1.2.4.5, 1.2.4.6, and 1.2.4.7 when calculating the daily intake or daily -
dose for each COPe. Methods used to integrate exposure unit size and site size are presented along with • 
the exposure equations presented in Sect. 1.3. 

Exhibit 1.11. Areas of WAG 28 sites 

Sites Area (sq. ft) 
SWMU99a 
SWMU99b 
SWMU 193a 
SWMU 193b 
SWMU 193c 
SWMU 194 
AOC204 

1.2.4.5 Exposure unit information for workers 

104,544 
13,068 
757,944 
187,308 

3,789,720 
1,816,307 
492,090 

Area (acres) 
2.4 
0.3 

17.4 
4.3 

87.0 
41.7 

. 11.3 

During the development of the site conceptual model, it was detennined that the size of a site 
was directly proportional to the time that a worker would be directly exposed to potentially contaminated 
soil at a site. To account for this, an exposure unit representing the reasonable area that an industrial 
worker would occupy in a day's time was selected. This value was 0.5 acres as presented in Chap. 5 of 
Appendix 5 of the Methods Document. 

1.2.4.6 Exposure unit information for residents 

Similarly, it was determined that the size of a site was directly proportional to the time that a resident 
would be exposed to potentially contaminated soil at a site. An exposure unit representing the reasonable 
area that a rural resident would occupy in a day's time was selected. This value was the same as the area 
of the average residential garden in ~estem Kentucky (0.25 acres). This area was detennined from 
interviews with local agricultural extension agents as presented in Chap. 2 of Appendix 5 of the Methods 
Document. 

1.2.4.7 Wildlife range information 

It was determined that the size of a site was directly proportional to the time that a wildlife receptor 
would be exposed to potentially contaminated soil and vegetation at a site. The exposure unit size for deer 
was based on the average home range of deer in the United States, which is 494 acres. The means by 
which this value was detennined is presented in Chap. 4 of Appendix 5 of the Methods Document. The 
exposure unit size for rabbit is 7.7 acres (EPA 1993a). This value was based on the average home ranges 
of cottontail rabbits, male and female, in Wisconsin and Pennsylvania. The exposure unit size for quail is 
25.S acres (EPA 1993a). This value was based on the average home ranges for individual quail, male and 
female, and coveys in Iowa, lllinois, and Tennessee. 

1.2.5 Summary of COPCs 

A general summary of COPCs in soil by depth class for each site and in RGA and McNairy 
Fonnation groundwater is presented in Exhibit 1.12. Table 1.9 contains a detailed summary listing the 
cOPCs individually. In Table 1.9, analytes marked with an asterisk lack toxicity information [i.e., a 
toxicity value is not in the EPA's Integrated Risk Information System (IRIS) (EPA 1998a) or Health 

• 

Effects Assessment Summary Tables (HEAST) (EPA 1998b) and is not available from the alternate • 
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approved sources listed in the Methods Document]. Finally, Table 1.10 summarizes each detected __ 
analyte, including the reason for the retention of an analyte as a COPC. 

• A comparison between the COPCs listed in Table 1.9 and the preliminary list of COPCs shown in 

• 

• 

Exhibit 1.7 shows that Table 1.9 is far more extensive than Exhibit 1.7; however, all COPCs listed in 
Exhibit 1.7 are included in Table 1.9. 

Exhibit 1.12 General summary of COPCs by location, medium, and analyte type 

AnalIte tyl!e 
Location Mediumll Metals Organics Radionulides 
SWMU99a Surface soil 4 19 6 

Subsurface soil 11 84 6 
RGA groundwater 18 4 2 
McNairy groundwater 0 4 0 

SWMU99b Subsurface soil 4 1 0 
RGA groundwater 8 1 1 

SWMU 193a Surface soil 1 13 0 
Subsurface soil 3 13 0 
RGA groundwater 6 5 1 
McNairy groundwater 1 3 2 

SWMU 193b Surface soil 3 0 0 
Subsurface soil 3 0 0 
RGA groundwater 0 7 1 
McNairy groundwater 0 2 0 

SWMU 193c Surface soil 3 0 0 
Subsurface soil 10 1 0 
RGA groundwater 0 2 0 
McNairy groundwater 21 15 -1 

SWMU 194 Subsurface soil 6 1 0 
AOC204 Subsurface soil 0 6 0 

RGA groundwater 0 9 0 

a Media are listed by groups used in the risk assessment. A brief list is provided below. A complete discussion is found in 
Sect. 1.3 of this assessment. 
Surface soil (0-1 ft bgs)-Receptors are the current and future industrial worker, future excavation worker, future rural 
resident, and future recreational user. 
Subsurface soil (0-J 5 ft bgs)-The receptor is the future excavation worker. 
RGA-The receptors are the future industrial worker and future on-site rural resident. 
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1.3 EXPOSURE ASSESSMENT 

Exposure is the contact of an organism with a chemical or physical agent. The magnitude of 
exposure (i.e., dose) is determined by measuring or estimating the amount of an agent available at 
exchange boundaries (e.g., gut, skin) durIng a specified period. Exposure assessment is a process that uses 
information about the exposure setting and human activities to develop conceptual site models for current 
and potential future conditions. This section introduces the general methods used in exposure assessment, 
applies these methods to WAG 28 to develop a conceptual site model, and presents the doses for the 
COPCs resulting from this application. . 

The first step in the exposure assessment is to characterize the exposure setting. This includes 
describing the activities of the human population on or near the site that may affect the extent of exposure 
and the physical characteristics of the site. During this process, sensitive sUbpopulations that may be 
present at the site or that may be exposed to contamination migrating from the site are also considered to 
determine if the BHHRA should address these populations. Generally, site characterization results in a 
qualitative evaluation of the site and the surrounding population. 

The second step in the exposure assessment is to identify exposure pathways. Exposure pathways 
describe the path a contaminant travels from its source to an individual. A complete exposure pathway 
includes all links between the source and the exposed population; therefore, a complete pathway consists 
of the source of release, a mechanism of release, a transport medium, a point of potential human contact, 
and an exposure route. 

The third step in the exposure assessment is to calculate dose by quantifying the magnitude, 
frequency, and duration of exposure for the populations for the exposure pathways selected for 
quantitative evaluation. This step involves estimating exposure or representative concentrations for 

• COPCs and quantifying pathway-specific intakes. 

• 

All exposure estimates in this BHHRA represent normalized exposure rates that are evaluated for 
sources of uncertainty such as variability in data, modeling results, and/or parameter assumptions. 
Specifically, in this BHHRA, the exposure estimate is an estimation of the reasonable maximum exposure 
(RME) that can be ·expected to occur under current or future site conditions. As defined in RAGS, an 
RME estimate is a conservative estimate of exposure that falls within the upper bound of the range of all 
possible exposure estimates. In situations where populations are exposed through multiple pathways, 
RME estimates are calculated for both individual and multiple pathways. 

The focus of the exposure assessment for WAG 28 at PGDP is to determine chronic intake or dose. 
The chronic exposure estimate is used because it allows for estimation of health consequences that result 
from long-term or unrestricted exposure to contaminants at sources in WAG 28. Subchronic exposures 
receive less attention, because these exposures require the use of assumptions concerning restrictions on 
rates of contact with contaminated media. 

1.3.1 Characterization of Exposure Setting 

The first step in .evaluating exposure is to characterize surface features, meteorology, geology, 
demography and land use, ecology, hydrology, and hydrogeology of the area inhabited by potential 
receptors. These aspects are fully discussed in Chaps. 1, 2, and 3 of Vol. I of this report. Physical 
descriptions and photographs (Figs. 1.2-1.8) of the WAG 28 sites are included within this exposure 
assessment to support later discussions of the conceptual model and its uncertainties. The following 
sections present physical descriptions of the sites. Two of the sites (i.e., SWMU 99 and SWMU 193) 
have been subdivided into areas within the site that best define potential releases and exposures. 
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Figure 1.3. Photographs of SWMU 99b 
(Note: Only a small portion of grass in tbe foreground is within SWMlJ 99b.) 
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• Fig. 1.4. Photographs of SWMU 193a 

• Fig. 1.5. Photogrllph of SWMU 193b 
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1.3.1.1 Physical description of SWMU 99a 

SWMU 99a, site of the former C-745 Kellogg Buildings, is located along the eastern edge ofPGDP, 
south of Building C-360, immediately north of Tennessee Avenue, and west of Patrol Road 3. The 
buildings were constructed in 1951 as support facilities during construction of the PGDP cascade 
facilities. Degreasing operations using trichloroethene possibly occurred on this site. The buildings have 
been demolished, and the area now serves as the C-746-C Classified Scrap Yard and the C-745-E 
uranium hexafluoride (UF6) Cylinder Storage Yard. SWMU 99a was identified as a possible source area 
due to past practices on the site. At some time, a layer of gravel was placed over the soil on most of site to 
improve drainage, improve site access, and control weeds. SWMU 99a includes the area bound by 
Tennessee Avenue on the south, the PDGP security fence on the east, the security fence to Building C-
360 on the north, and 18th Street on the west. The total area is approximately 2.4 acres. See Fig. 1.2 for 
photographs of SWMU 99a and Fig. 3.6 in Vol. 1 for detailed diagrams. 

The percentages of each site covered by concrete/asphalt, gravel, or grass/trees/shrubs are presented 
in Exhibit 1.13. Approximately 40 percent of SWMU 99a is covered by concrete/asphalt and 60 percent 
by gravel. 

Exhibit 1.13. Surface cover in the WAG 28 Sites 

Area Cover type and 2ercent of total area covered· 
(acres)b Site 

SWMU99a 2.4 

SMWU99b 0.3 

SMWU 193a 17.4 

SWMU 193b 4.3 

SWMU 193c 87.0 

SWMU 194 41.7 

AOC204 11.3 

a All percentages are estimates. 
b Includes ditches. 
C Includes areas of buildings. 

Concrete/asphaltC 

40% 

0% 

0% 

0% 

15% 

0% 

0% 

1.3.1.2 Physical description of SWMU 99b 

Gravel Grass/trees/shrubs 

60% 0% 

80% 20% 

10% 90% 

100% 0% 

80% 5% 

0% 100% 

0% 100% 

SWMU 99b, a fonner septic tank and leaching field used by the Kellogg Buildings, is located 
immediately outside the east guard house of the plant. The tank and the associated field, which is 
connected to the Kellogg Buildings by a vitreous clay drain line, are located approximately 350.,-400 ft 
southeast of the building site in the gravel parking lot east of Patrol Road 3. Although lateral lines for the 
leaching field were found intact when encountered during construction activities in late 1994, they were 
not located during RI field activities. The suspected location is situated under a gravel-covered parking 
area between the contractor staging area to the north and AOC 204 to the south. The total area is 
approximately 0.3 acres. See Fig. 1.3 for photographs of SWMU 99b and Fig. 3.6 in Vol. 1 for detailed 
diagrams. An estimated 80 percent of SWMU 99b is covered by gravel and 20 percent by grass 
(Exhibit 1.13). 
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1.3.1.3 Physical description of SWMU 193a 

SWMU 193a, the former Millwright Shop, is the outside perimeter of Building C-333 located in the 
western portion of SWMU 193 north of Michigan Avenue arid west of 13th Street. The shop is no longer 
standing, and all that remains-is a concrete pad. The site does not include Building C-333 but includes the 
property directly west of the building. The site is bound on the south by Michigan Avenue, on the west by 
Patrol ~~ad 5, on the north by Ohio Avenue, and on the east by 13th Street. The area is drained by the 
plant storm drain system, which eventually exits the plant through Kentucky Pollutant Discharge 
Elimination System (KPDES) Outfall 009. The total area is approximately 17.4 acres. See Fig. 1.4 for 
photographs of SWMU 193a and Fig. 3.7 in Vol. 1 for detailed diagrams.- An estimated 90 percent of 
SWMU 193a is covered by grass (Exhibit 1.13) and 10 percent by gravel. 

1.3.1.4 Physical description of SWMU 193b 

SWMU 193b, the former Pipe Fabrication Shop, is the outside northern perimeter of Building C-333 
located in the northern portion of SMWU 193. The site does not include Building C-333 but includes the 
property directly north of the building. The site is bound on the south by Building C-333, on the north by 
Ohio Avenue, on the west by 13th Street, and on the east by 16th Street. The area is drained by the plant 
storm drain system, which eventually exits the plant through KPDES Outfall 009. The total area is 
approximately 4.3 acres. See Fig. 1.5 for photographs of SWMU 193b and Fig. 3.7 in Vol. 1 for detailed 
diagrams. An estimated 100 percent of SWMU 193b is covered by gravel (Exhibit 1.13). 

1.3.1.5 Physical description of SMWU 193c 

• 

SWMU 193c is located on the south side of the C-333 building. The site formerly consisted of 
temporary buildings used during the construction of PGDP, including the electrical warehouse, general • 
warehouse, sheet metal shop, light and heavy equipment shops, acetylene shop, paint shop, civil 
engineering testing laboratory, filling station, and steel fabrication shop. A leaching field was located in 
the southwest comer of the site. The leaching field consists of 4-in. drain tiles in shallow soil. CUrrently, 
the site is used to store UF6 cylinders. The site is bound on the north by Michigan Avenue, on the south 
by Patrol Road 4, on the east by 21st Street, and on the west by Patrol Road 5. The area is drained by the 
plant storm drain system, which eventually exits the plant through KPDES Outfall 011. The total area is 
approximately 87.0 acres. See Fig. 1.6 for photographs ofSWMU 193c and Fig. 3.7 in Vol. 1 for detailed 
diagrams. An estimated 15 percent of SWMU 193c is covered by concrete/asphalt, 80 percent by gravel, 
and 5 percent by grass (Exhibit 1.13). 

1.3.1.6 Physical description of SWMU 194 

SWMU 194 is located in the southwest portion of the plant directly outside the security fence. 
SWMU 194 was the site of the administrative portion of the McGraw construction facilities and consisted 
of an administration building (105,500 tt2), cafeteria (10,200 tt2), security guard headquarters (5,360 if), 
hospital (4,480 tt2), purchasing building (12,000 ftl), paper and stationary warehouse (3,900 tt2), a boiler 
house, and two leaching fields located west of Hobbs Road. All of the buildings have been demolished. 
The site is bound on the north by Curlee Road, on the south by Patrol Road 4, on the east by Patrol 
Road 5, and extends west of Hobbs Road. The total area is approximately 41.7 acres. See Fig. 3.9 for 
photographs of SWMU 194 and Fig. 4.19 in Vol. 1 for detailed diagrams. An estimated 100 percent of 
SMWU 194 is covered by grass (Exhibit 1.13). 
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1.3.1.7 Physical description of AOC 204 

Aoe 204 is located on the eastern side of PGDP and bound on the north and south by KPDES 
Outfalls 010 and 011 and on the east and west by Dyke Road and the security fence. It is suspected that 
Aoe 204 was used as a staging area or construction debris burial ground associated with the original 
construction of the plant. The surface of AOe 204 is undulating, with elevations ranging from 364 to 
382 ft above mean sea level. The area is covered with heavy vegetation and a young stand of trees. A 
small·stand ditch (approximately 4 ft wide and 3 ft deep) is situated across the mound from north to south. 
The total area is approximately 11.3 acres. See Fig. 1.8 for photographs and Fig. 3.10 in Vol. 1 for 
detailed diagrams. An estimated 50 percent of AOe 204 is covered by grass and 50 percent by 
trees/shrubs (Exhibit 1.13). 

1.3.2 Demography and Land Use 

As indicated in the physical descriptions presented, current land use of all WAG 28 sites within the 
fence is industrial. Under current use, only plant workers and authorized visitors are allowed access to 
SWMUs 99a and 193a, b, and c because of security arrangements. SWMUs 99b and 194. and AOC 204 
are located outside the security fence but within DOE property and are accessible to the pUblic. As 
discussed in the PGDP Site Management Plan (DOE 1996b), foreseeable future land use of the area· is 
expected to be industrial as well; however, alternative uses in the future are possible as shown by the 
current use of areas surrounding PGDP. 

At present, both recreational and residential land uses occur in areas surrounding PGDP. 
Recreational use occurs in the Western Kentucky Wildlife Management Area (WKWMA). WKWMA is 
used primarily for hunting and fishing, but other activities include horseback riding, field trials, hiking, 
and bird watching. An estimated 5000 fishermen visit the area annually, according to KDFWR, manager 
of WKWMA. Residential use near the plant generally is rural residential and includes agricultural 
activities; however, more urban residential use occurs in the villages of Heath, Grahamville, and Kevil, 
which are within 3 miles of DOE property boundaries. The closest major urban area is the municipality of 
Paducah, Kentucky, which has a population of approximately 28,000 and is approximately 10 miles from 
PGDP. Other municipalities in the region near PGDP are Cape Girardeau, Missouri, which is 
approximately 40 miles west of the plant, and the cities of Metropolis and Joppa, lllinois, which are 
across the Ohio River from PGDP. Total population within a 40-mile radius of the plant is approximately 
500,000, with about 50,000 people living within 10 miles, based on 1990 census data. The population of 
McCracken County, in which PGDP is located, is an estimated 63,000 people. 

In the area near PGDP and in western Kentucky in general, the economy has historically been 
agriCUlturally based; however, industry has increased in recent years. PGDP is a major employer with 
approximately 1800 workers. Another major employer near PGDP is the TVA Shawnee Steam Plant that 
employs approximately 500 people. 

1.3.3 Identification of Exposure Pathways 

Exposure pathways describe how a contaminant travels from its source to an individual. A complete 
exposure pathway includes all links between the source and the exposed population. That is, a complete 
pathway consists of a source of release, a mechanism of release, a transport medium, a point of potential 
human contact, and an exposure route. Sources of release, mechanisms of release, and transport media are 
discussed completely in Chap. 5 of Vol. 1 of this report. The following discussions focus on points of 
potential human contact, types of receptors, and exposure routes. 
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1.3.3.1 Points of human contact-land use considerations 

As discussed previously, sites in WAG 28 are located in or around heavily industrialized property. 
The current land use for sites within the security fence is industrial. According to KDEP and EPA 
agreement (Methods Document), this land use limits the current exposure medium for a receptor to the 
first 1 ft of surface soil. The current land use for sites outside the security fence is also industrial but may 

. be used fQr recreational activities by trespassers. 

The current land use at WAG 28 is expected to continue in the foreseeable future. That is, the most 
plausible future land use of the WAG 28 area is also industrial and recreational; however, uses of areas 
surrounding PGDP indicate that it would be prudent to examine a range of land uses to provide managers 
with estimates of the risk that may be posed to humans under these alternative uses. In addition, 
consideration of a range of land uses is consistent with requirements outlined in the Commonwealth of 
Kentucky's Risk Assessment Guidance (KDEP 1995). Alternative land uses considered in this assessment, 
in order of their plausibility, are industrial, excavation, recreational, and rural residential. As with 
industrial land use and per agreement with KDEP and EPA (Methods Document), soil exposure for the 
industrial worker (future conditions), rural resident, and recreational user is limited to the first 1 ft of 
surface soil; therefore, materials in lines or in line-bedding materials are assumed to be unavailable for 
direct contact for these land use scenarios. For the excavation worker, the first 15 ft of soil are assumed 
to be available for direct contact. The Methods Document directs that the excavation worker scenario 
consider soil to a depth of 10 ft. This assessment uses soil to a depth of 15 ft for the excavation worker, 
because many of the utility lines in the WAG 28 area are at or near this depth. In addition, per the site 
descriptions contained in Vol. 1 and per agreement with KDEP and EPA in the Methods Document, both 
the future industrial worker and future rural resident are assumed to use groundwater drawn from the 
RGA and McNairy Formation underlying sites in WAG 28. 

The assessment assumes that residents are the individuals most likely to partake in recreational 
activities at WAG 28 and near PGDP. That is, in addition to exposure from rural residential actiyities, a 
resident may also be exposed during recreational activities. This assumption means that it is possible that 
the exposure of a tuml resident may be greater than that reported in this BHHRA if the rural resident also 
receives exposure through the recreational routes of exposure. To address this issue, the reader may wish 
to combine the exposure values from the recreational user scenario with those from the rural resident 
scenario. 

1.3.3.2 Potential receptor populations 

As noted previously, the receptor popUlations are industrial workers under current conditions and 
industrial workers, excavation workers, recreational users, and rural residents under potential future 
conditions. Within these broad categories, the recreational users and rural residents contain age cohorts 
that require consideration (Methods Document). For the recreational users, the cohorts considered are the 
child (age 1-7 years), teen (age 8-20 years), and the adult (older than 21 years). For rural residents, the 
cohorts considered are children (age 1-7) and older individuals (termed adults in this assessment). The 
recreational user and the rural resident population may also contain sensitive subpopulations such as 
pregnant women, young children (age 0-1 year), the elderly, and the infirm. In this assessment, exposures 
to these subpopulations are not quantified, because much of the information needed is not available; 
however, these subpopulations are considered qualitatively in the uncertainty discussion included in this 
assessment. Also, as noted earlier, this assessment assumes that the recreational user is a rural resident 
who has repeated access to the study area. Recreational users not residing in the study area are not 

• 

• 

considered separately because nearby residents were determined to be the individuals most likely to take • 
part in recreational activities at PGDP on a continual basis. In addition, the exposure assessment 
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detennined that little useful infonnation would be obtained by including a separate visiting recreational-
user in the assessment. 

1.3.3.3 Delineation of exposure points and exposure routes 

As previously discussed, human health risks are assessed by detennining exposure points and 
exposure routes. Exposure points are locations where human receptors can contact contaminated media. 
ExposUre routes are the processes by which human receptors contact contaminated media. The exposure 
routes considered during the exposure assessment per agreement with the regulatory agencies (Methods 
Document) are listed in the following paragraphs. This material also presents reasons for selecting or not 
selecting each exposure route for each of the potentially exposed populations. Not all exposure routes 
presented in the following list are quantitatively evaluated in the BHHRA; after all possible exposure 
routes were extensively reviewed, only the probable exposure routes were quantified. 

• Ingestion of groundwater as a drinking water source-Residential and industrial use of 
groundwater is common in western Kentucky. Potential ~eceptors for this pathway are rural residents 
and industrial workers. 

• Inhalation of volatile constituents emitted while using groundwater-As noted, residential and 
industrial use of groundwater is common in western Kentucky. Rural residents and industrial workers 
are potential receptors for this exposure route. 

• Dermal contact with groundwater while showering-As noted, residential and industrial use of 
groundwater is common in western Kentucky. Rural residents and industrial workers are potential 
receptors for this exposure route. 

• External exposure to ionizing radiation emitted by constituents in groundwater while 
showering-As noted, residential and industrial use of groundwater is common in western J<entucky. 
Rural residents and industrial workers are potential receptors for this exposure route. . 

• Inhalation of volatile constituents while irrigating with groundwater-In the Midwest, irrigation 
of farmland with groundwater using center pivot irrigation is common. Rural residents are potential 
receptors for this exposure route. 

• Incidental ingestion of soil (soil and waste)-Industrial processes at WAG 28 have contaminated 
the soil. Recreational users may ingest soil during recreational activities, and residents may ingest soil 
while gardening. Industrial workers may ingest soil while working outdoors, and excavation workers 
may ingest soil while digging. Recreational users, rural residents, industrial workers, and excavation 
workers are potential receptors for this exposure route. 

• Dermal contact with soil (soil and waste)-Industrial processes at WAG 28 have contaminated the 
soil. Recreational users may get soil on their skin during recreational activities, and residents may get 
soil on their skin while gardening. Industrial workers may get soil on their skin while working 
outdoors, while excavation workers may get soil on their skin while digging. Recreational users, rural 
residents, industrial workers, and excavation workers are potential receptors for this exposure route. . . 

• Inhalation of particulates emitted from soil (soil and waste)-Industrial processes at WAG 28 
have contaminated the soil, and this soil may release particulates to the air when the soil is dry and 
disturbed. Recreational users may inhale these particulates during recreational activities, and residents 
may inhale these particulates while gardening. Industrial workers may inhale these particulates 
while working outdoors, and excavation workers may inhale these particulates while digging. 
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Recreational users, rural residents, industrial workers, and excavation workers are potential receptors • 
for this exposure route. 

• Inhalation of volatile constituents emitted from soil (soil and waste)-Industrial processes at 
WAG 28 have contaminated the soil. Some of these contaminants may be volatile and released to the 
air as vapors. Recreational users may inhale these vapors during recreational activities, and residents 
may. inhale these vapors while gardening. Industrial workers may inhale these vapors while working 
outdoors, and excavation workers may inhale these vapors while digging. Recreational users, rural 
residents, industrial workers, and excavation workers are potential receptors for this exposure route. 

• External exposure to ionizing radiation emitted by constituents in soil (soil and waste)
Industrial processes at WAG 28 have contaminated the soil. Radionuclides present in contaminated 
soil undergo decay and emit ionizing radiation. Recreational users may be exposed to this ionizing 
radiation during recreational activities, and residents may be exposed to it while gardening. Industrial 
workers may be exposed to ionizing radiation while working outdoors, and excavation workers may 
be exposed to it while digging. Recreational users, rural residents, industrial workers, and excavation 
workers are potential receptors for this exposure route. 

• Incidental ingestion of water while swimming in privately owned fishponds filled with 
groundwater-Construction of fishponds was determined to be a viable future agricultural land use. 
The Agricultural Extension Agents for Ballard and McCracken counties noted that "pay-to-fish" lakes 
filled with groundwater exist in Ballard County and that the Agriculture Extension Office has actively 
promoted the construction of commercial ponds (see Chap. 2 of Appendix 5 of the Methods 
Document). Although the agents disagreed on how profitable this form of farming could be in 
western Kentucky, the presence of "pay-to-fish" lakes filled with groundwater in Ballard County • 
indicates that aquaculture is a viable alternative rural residential land use in the study area. Because 
open bodies of water are often attractive for recreation, swimming and wading in these ponds by 
residents is reasonable to assume. Residents could incidentally ingest water while swimming. Rural 
residents are potential receptors for this exposure route. 

• Dermal contact with water while swimming or wading in privately owned fishponds filled with 
groundwater-The rationale for considering ponds is presented in the previous paragraph. During 
recreational use (e.g., swimming or wading), residents would have dermal contact with water. Rural 
residents are potential receptors for this exposure route. 

• External exposure to ionizing radiation emitted by constituents in water while swimming or 
wading In privately owned fishponds filled with groundwater-The rationale for considering 
ponds is presented previously. During recreational use, residents could be exposed to ionizing 
radiation emitted by radionuclides in water. Rural residents are potential receptors for this exposure 
route. 

• Incidental ingestion of sedimellt while swimming or wading in privately owned fishponds iIlled 
with groundwater-The rationale for considering ponds is presented previously. During recreational 
activities, residents could incidentally ingest sediment contaminated by constituents in groundwater. 
Rural residents are potential receptors for this exposure route. 

• Dermal contact with sediment while swimming or wading in privately owned fishponds filled 
with groundwater-The rationale for considering ponds is presented previously. During recreational 
use, residents could have dermal contact with sediment contaminated by constituents in groundwater . 
Rural residents are potential receptors for this exposure route. 
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• External exposure to ionizing radiation emitted by constituents in sediment while swimming or-
wading in privately owned fishponds filled with groundwater-The rationale for considering 
ponds is presented previously. During use, residents could be exposed to ionizing radiation emitted by 
radionuclides in sediment. Rural residents are potential receptors for this exposure route. 

• Ingestion of fish raised in privately owned fishponds filled with groundwater-The fish raised in 
ponds could be ~xposed to contaminants in groundwater and may accumulate some contaminants in 

. their edible tissues. These fish, caught in either a ''pay-to-fish'' or a commercial pond by residents, 
could reasonably be expected to be consumed. Rural residents are potential receptors for this 
exposure route. 

• Incidental ingestion of surface water from creeks or ponds-Open bodies of water, such as Bayou 
Creek or settling ponds, are attractive for recreation (e.g., swimming and wading) and must be 
maintained. Although such bodies of water are not included in the assessment of the WAG 28 area, 
contaminants may migrate from WAG 28 to these areas. Incidental ingestion of water could occur 
while a person is swimming. Recreational users and industrial workers are potential receptors for this 
exposure route. Surface migration to off-site locations is not believed to be an important pathway of 
migration at WAG 28 as discussed in Chap. 5 of Vol. 1. 

• Dermal contact with surface water while swimming or wading in creeks or ponds-The rationale 
for considering open bodies of water is presented in the previous paragraph. During recreational use, 
a person would have dermal contact with water. Although such bodies of water are not included in 
this assessment of the WAG 28 area, contaminants may migrate from WAG 28 to these areas. 
Recreational users and industrial workers are potential receptors for this exposure route. Surface 
migration to off-site locations is not believed to be an important pathway of migration at WAG 28 as 
discussed in Chap. 5 of Vol. 1. 

• External exposure to ionizing radiation emitted by constituents in surface w&Jer while 
swimming or wading in creeks or ponds-The rationale for considering open bodies of water is 
presented previously. During recreational use, exposure to ionizing radiation emitted by radionuclides 
in water could occur. Although such bodies of water are not included in this assessment of the 
WAG 28 area, contaminants may migrate from WAG 28 to these areas. Recreational users and 
industrial workers are potential receptors for this exposure route. Surface migration to off-site 
locations is not believed to be an important pathway of migration at WAG 28 as discussed in Chap. 5 
of Vol. 1. 

• Incidental ingestion of sediment while sWimlnlng or wading in creeks or ponds-The rationale 
for considering open bodies of water is presented previously. During recreational use, a person could 
incidentally ingest sediment. Although such bodies of water are not included in this assessment of the 
WAG 28 area, contaminants may migrate from WAG 28 to these areas. Recreational users 
and 'industrial workers are potential receptors for this exposure route. Surface migration to off-site 
locations is not believed to be an important pathway of migration at WAG 28 as discussed in Chap. 5 
of Vol. 1. 

• Dermal contact with sediment whne swimming or wading in creeks or ponds-The rationale for 
considering open bodies of water is presented previously. During recreational use, a person could 
have dermal contact with sediment. Although such bodies of water are not included in this assessment 
of the WAG 28 area, contaminants may migrate from WAG 28 to these areas. Recreational users and 
industrial workers are potential receptors for this exposure route. Surface migration to off-site 
locations is not believed to be an important pathway of migration at WAG 28 as discussed in Chap. 5 
of Vol. 1. 
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• External exposure to ionizing radiation emitted by constituents in sediment while swimming or • 
wading in creeks or ponds-The rationale for considering open bodies of water is presented 
previously. During recreational use, a person could be exposed to ionizing radiation emitted by 
sediment. Although such bodies of water are not included in this assessment of the WAG 28 area, 
contaminants may migrate from WAG 28 to these areas. Recreational users and industrial workers are 
potential receptors for this exposure route. Surface migration to off-site locations is not believed to be 
an important pathway of migration at WAG 28 as discussed in Chap. 5 of Vol. 1. 

• Ingestion of fish from creeks and ponds containing surface water-Fish living in Bayou Creek or 
settling ponds may accumulate contaminants in surface water in their edible tissues. Although such 
bodies of water are 'not included in this assessment of the WAG 28 area, contaminants may migrate 
from WAG 28 to these areas. Recreational users and residents may catch and consume fish from the 
potentially impacted surface water bodies. Potential receptors for this route of exposure are 
recreational users. Surface migration to off-site locations is not believed to be an important pathway 
of migration at WAG 28 as discussed in Chap. 5 of Vol. 1. 

• Ingestion of vegetables and produce raised in contaminated soil (soil and waste)-As noted in 
Chap. 2 of Appendix 5 of the Methods Document, crop fanning and gardening are common activities 
near PGDP, and this land use pattern may be expanded to the WAG 28 area in the future after the 
industrial infrastructure is removed. Because industrial use of WAG 28 has contaminated the soil, 
plants raised in this soil may accumulate these contaminants. Finally, humans may consume 
contaminated produce. Potential receptors for this route of exposure are rural residents. 

• Ingestion of vegetables and produce irrigated with contaminated water-As noted in the 
previous paragraph, crop fanning and gardening are common activities near PGDP, and this land use • 
pattern may be expanded to the WAG 28 area in the future after the industrial infrastructure is 
removed. Because industrial use of WAG 28 has contaminated the groundwater, plants irrigated with 
contaminated groundwater may accumulate these contaminants. Finally, humans may consume 
contaminated produce. Potential receptors for this route of exposure are rural residents. 

• Ingestion of beef from cattle contaminated by consuming vegetation (pasture and concentrates) 
irrigated with groundwater, consuming soil (soil and waste) contaminated through irrigation or 
industrial use while on pasture, and drinking groundwater-During interviews, Agricultural 
Extension Agents for Ballard and McCracken counties indicated that small-scale cow-calf operations 
are common in western Kentucky (see Chap. 2 of Appendix 5 of the Methods Document). They 
further noted that slaughtering feeder cattle for home consumption is common. In the study area, such 
beef may be contaminated by incidental ingestion of soil while on pasture, by ingestion of 
contaminated vegetation (pasture and concentrate), and by ingestion of contaminated groundwater. 
Residents may eat this beef. Potential receptors for this route of exposure are rural residents. 

• Ingestion of dairy products (i.e., milk) from cows contaminated by consuming vegetation 
(pasture or concentrates) irrigated with groundwater, consuming soil (soil and waste) 
contaminated through industrial use while on pasture, and drinking groundwater-During 
interviews, Agricultural Extension Agents for Ballard and McCracken counties noted that dairy 
farming still occurs in their counties (see Chap. 2 of Appendix 5 of the Methods Document). 
Furthermore, the agents stated that these cattle are fed stored feed and are allowed to graze on pasture. 
As noted previously, the soil at WAG 28 is contaminated, and the vegetation may become 
. contaminated. Dairy cattle raised at WAG 28 after the industrial infrastructure is removed may 
become contaminated through incidental ingestion of soil while on pasture, ingestion of contaminated • 
vegetation, and ingestion of contaminated groundwater. Residents could in tum consume products 
made from milk from these cows. Potential receptors for this route of exposure are rural residents. 
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• Ingestion of pork from swine fed contaminated feed and groundwater-During interviews, 
Agricultural Extension Agents for Ballard and McCracken counties noted that both large commercial 
and small hog farms exist in their counties (see Chap. 2 of Appendix 5 of the Methods Document). 
Furthermore, they indicated that swine on both types of farms were fed locally raised feed and, on the 
smaller farms, farmers consumed that farm-raised pork. Swine raised may be contaminated through 
ingestion of contaminated feed and groundwater, and rural residents may eat this pork. Rural 

. residents are potential receptors for this pathway. 

• Ingestion of poultry given groundwater to drink-During interviews, Agricultural Extension 
Agents for Ballard and McCracken counties noted that commercial broiler production occurs in their 
counties but not near PGDP (see Chap. 2 of Appendix 5 of the Methods Document). Home flocks for 
both meat and eggs were noted as being uncommon. Furthermore, they stated that broilers were fed 
purchased feed (not locally raised), that normal resident time in poultry houses was two months, and 
that commercial distribution of the product occurs; however, the agents did note that the birds are 
most likely watered with groundwater. Broilers may become contaminated through ingestion of 
contaminated groundwater. For this exposure assessment, the receptor assumed to consume the 
contaminated poultry is the rural resident. 

• Ingestion of game contaminated by ingestion of vegetation grown in contaminated soil (soil and 
waste) and ingestion of groundwater-As indicated in the Methods Document and discussed 
earlier, hunting of game is common around the study area. Potential game species include deer, 
rabbits, ducks, geese, quail, and wild turkey. Each of these species may be contaminated by ingestion 
of contaminated vegetation, soil, or groundwater. Potential receptors for this route of exposure are 
recreational users. 

Thirty-one routes of exposure, including those that consider biota, are possible for WAG 28; 
however, not all of these routes are quantified in this assessment. The routes quantified are presented in 
Exhibit 1.14. The models and parameters used to quantify intakes of chemicals and radionucliaes for the 
various exposure routes are presented in Tables 1.12-1.34. To determine the representative concentrations 
ofCOPCs in biota, the models in Tables 1.35-1.38 were used. Chemical-specific parameters used in these 
models, such as biotransfer factors, are listed in Table 1.39. Table 1.40 presents the representative 
concentrations of COPCs in biota derived from these models. 

1.3.3.4 Rationale for elimination of exposure points/exposure routes 

As noted previously, there are several potential routes of exposure that are not quantified in this 
assessment. The exposure routes not quantified and the reasons they were not selected are presented in the 
following discussion. This information is summarized in Table 1.41. Exhibit 1.15 presents the media and 
analyte classes retained for analysis. 
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Exhibit 1.14. Exposure routes quantified, by location, in the baseline human health risk assessment 

Exposure route 

Residential user 

Ingestion of groundwater as a drinking water source (SWMUs 99a,b; 193a,b,c; and AOe 204) 

Dermal contact witll. groundwater while showering (SWMUs 99a,b; 193a,b,c; and AOe 204) 

- Inhalation ·ofvolatiles in groundwater while showering (SWMUs 99a,b; 193a,b,c; and 
AOe204) 

Inhalation of volatiles in groundwater during household use (SWMUs 99a,b; 193a,b,c;and 
AOC204) 

Incidental ingestion of surface soil (SWMUs 99a, and 193a,b,c) 

Dermal contact with surface soil (SWMUs 99a, and 193a,b,c) 

Inhalation of volatiles and particulates emitted from surface soil (SWMUs 99a, and 193a,b,c) 

External exposure to ionizing radiation emitted from surface soil (SWMUs 99a, and 193a,b,c) 

Ingestion of homegrown vegetables and produce irrigated with contaminated groundwater 
and/or grown in contaminated soil (SWMUs 99a,b; 193a,b,c; and AOe 204) 

Recreational user 

Ingestion of venison ranging in study area (SWMUs 99a, and 193a,b,c) 

Ingestion of rabbit ranging in study area (SWMUs 99a, and 193a,b,c) 

Ingestion of quail ~ging in study area (SWMUs 99a, and 193a,b,c) 

Industrial worker (current worker-fiioll only, future worker --soli and groundwater) 

Ingestion of groundwater as a drinking water source (SWMUs 99a,b; '193a,b,c; and AOe 204) 

Dermal contact with groundwater while showering (SWMUs 99a,b; 193a,b,c; and Aoe 204) 

Inhalation of volatile compounds in groundwater while showering (SWMUs 99a,bj 193a,b,cj 
and AOC 204) 

Incidental ingestion of surface soil (SWMUs 99a, and 193a,b,c) 

Dermal contact with surface soil (SWMUs 99a, and 193a,b,c) 

Inhalation of volatile compounds and particulates emitted from surface soil (SWMUs 99a, and 
193a,b,c) 

External exposure to ionizing radiation emitted from surface soil (SWMUs 99a, and 193a,b,c) 

Excavation worker 

Incidental ingestion of surface and subsurface soil (SWMUs 99a,b; 193a,b,c; 194; and 
AOe204) 

Dermal contact with surface and subsurface soil (SWMUs 99a,b; 193a,b,c; 194j and AOe 204) 

Inhalation of volatile compounds and particulates emitted from surface and subsurface soil 
(SWMUs 99a,b; 193a,b,c; 194j and AOe 204) 

External exposure to ionizing radiation emitted from surface and subsurface soil (SWMUs 
99a,bj 193a,b,c; 194, and AOe 204) 

• Table in Appendix A in which equation and exposure parameters are displayed. 

1-48 

TableD 

Table 1.12 

Table 1.13 

Table 1.14 

Table 1.15 

Table 1.16 

Table 1.17 

Table 1.18 

Table 1.19 

Table 1.20 

Table 1.21 

Table 1.22 

Table 1.23 

Table 1.24 

Table 1.25 

Table 1.26 

Table 1.27 

Table 1.28 

Table 1.29 

Table 1.30 

Table 1.31 

Table 1.32 

Table 1.33 

Table 1.34 
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Exhibit 1.15 Media and analyte class retained for analysis in this BHHRA 

• Site Metals Organic compounds Radionuclides 

SWMU99a 

Surface soil Yes Yes Yes 

Subsurface soil Yes Yes Yes 
On-site RGA grouridwater Yes Yes Yes 
On-site McNairy groundwater No Yes Yes 
Off-site RGA groundwater Yes Yes Yes 
Off-site McNairy groundwater No Yes Yes 

SWMU99b 

Subsurface soil Yes Yes Yes 

On-site RGA groundwater Yes Yes' Yes 

Off-site RGA groundwater Yes Yes Yes 

SWMU193a 

Surface soil Yes Yes Yes 

Subsurface soil Yes Yes Yes 

On-site RGA groundwater Yes Yes Yes 

On-site McNairy groundwater Yes Yes Yes 

Off-site RGA groundwater Yes Yes Yes 

Off-site McNairy groundwater Yes Yes Yes 

SWMU193b Yes Yes Yes • Surface soil Yes Yes Yes 

Subsurface soil Yes Yes Yes' 

On-site RGA groundwater No Yes Yes 

On-site McNairy groundwater No Yes Yes 

Off-site RGA groundwater No Yes Yes 

Off-site McNairy groundwater No Yes Yes 

SWMU193c 

Surface soil Yes No No 

Subsurface soil Yes Yes Yes 

On-site RGA groundwater No Yes No 

On-site McNairy groundwater Yes Yes Yes 

Off-site RGA groundwater No Yes No 

Off-site McNairy groundwater Yes Yes Yes 

SWMU194 

Subsurface soil Yes Yes Yes 

AOC204 

Subsurface soil No Yes Yes 

On-site RGA groundwater No Yes Yes 

Off-site RGA groundwater No Yes Yes 

• 
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Three exposure routes for external exposure to ionizing radiation were not quantified in the 
BHHRA: 

• external exposure to groundwater while showering, 

• external exposure to groundwater while swimming in a privately owned pond filled with 
groundwater, and -

• external exposure to surface water while swimming or wading in creeks or ponds. 

These routes were not quantified because radionuclide slope factors for external exposure to ionizing 
radiation emitted by radionuclides in water are currently not available from EPA, and the information 
needed to quantify these routes is not sufficient. 

Four routes of exposure involving contact by recreational users with contaminated soil were not 
quantitatively evaluated in the BERA: 

• incidental ingestion of contaminated surface soil by recreational users, 

• dermal contact with contaminated surface soil by recreational users, 

• inhalation of volatiles and particulates emitted from surface soil by recreational users, and 

• external exposure to ionizing radiation emitted from surface soil by recreational users. 

• 

The exposure assessment and previous studies indicated that repeated contact by recreational users • 
with soil at the sites in WAG 28 would be unlikely and exposure time would be minimal. 

Six routes of exposure involving contacts with media in privately owned ponds filled with 
groundwater were not quantitatively evaluated in the BHHRA: 

• incidental ingestion of groundwater while swimming or wading in a privately owned pond filled with 
groundwater, 

• incidental ingestion of sediment while swimming or wading in a privately owned pond filled with 
groundwater, 

• dermal contact with groundwater while swinuning or wading in a privately owned pond filled with 
groundwater, 

• dermal contact with sediment while swimming or wading in a privately owned pond filled with 
groundwater, 

• external exposure to sediment while swimming in a privately owned pond filled with groundwater, 
and 

• ingestion of fish raised in privately owned ponds filled with groundwater. 
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These routes were not quantified because the detennination was made that these pathways would be-
best quantified when considering the Groundwater Operable Unit (OU) as a whole. This decision is 
consistent with guidance in the Methods Document. 

Six routes of exposure involving contact with media in open bodies of surface water were not 
quantitatively evaluated in the BHHRA: 

• - incidental ingestion of surface water while swimming or wading in creeks or ponds, 
• incidental ingestion of sediment while swimming or wading in creeks or ponds, 
• dennal contact with surface water while swimming or wading in creeks or ponds, 
• dennal contact with sediment while swimming or wading in creeks or ponds, 
• external exposure to sediment while swimming or wading in creeks or ponds, and 
• ingestion offish from creeks or ponds containing contaminated surface water. 

These routes were not quantified because no surface waters or sediments are present at WAG 28 
sites; therefore, these are incomplete pathways. 

Four routes of exposure involving ingestion of livestock products by a rural resident were not 
quantitatively evaluated in the BHHRA: 

• ingestion of beef, 
• ingestion of dairy products, 
• ingestion of pork, and 
• ingestion of poultry and eggs. 

These were not quantified because it was determined that the industrial nature of WAG 28 sites 
would prevent livestock production in this area in the foreseeable future (DOE 1999). In addition, the 
belief is that the contaminant concentrations in soil may change markedly by the time the, industrial 
infrastructure is removed, making any calculations using current contaminant concentration meaningless; 
however, the reader should recognize that past assessments at PGDP have shown that dose from the 
livestock pathways may be significant. The exclusion of the livestock production pathways and exposure 
routes is consistent with guidance in the Methods Document. In the current Methods Document, the 
assessor is directed to quantify these pathways only in assessment of integrator Units (i.e., the 
groundwater, surface water, and surface soil integrator (OUs). The various pathways to be evaluated in 
BHHRAs for the PGDP will be reevaluated when the Methods Document is revised; however, it may be 
appropriate to change the Methods Document so that domestic livestock pathways are always assessed for 
the larger OU investigations. 

One route involving inhalation of volatile organic compounds (VOCs) emitted by groundwater was 
not quantified: 

• inhalation of volatiles emitted from groundwater during irrigation. 

This route was not quantified because a qualitative evaluation in Baseline Risk Assessment and 
Technical Investigation Report for the Northwest Dissolved Phase Plume, Paducah Gaseous Diffusion 
Plant, Paducah, Kentucky (DOE 1994) indicates that the volume of air in which mixing could occur 
outdoors resulted in potential intakes that were very small and insignificant compared to those from 
ingestion. Second, the determination was made that the potential importance of vapor emission would be 
more conservatively estimated using the indoor pathways (i.e., inhalation of vapors while using 
groundwater in a shower). 
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1.3.3.5 Development of conceptual site models 

Using the information presented in the previous sections, a conceptual site model was developed for 
WAG 28 sites. This conceptual site model (Fig. 1.9) illustrates all sources, pathways of migration, and 
routes of exposure for p6tenfial receptors in WAG 28. Site-specific conceptual site models have been 
developed for each of the sites under investigation and are provided in Figs. 1.10-1.16. 

1.3.3.6 Calculation of representative concentrations of COPCs 

The representative concentrations of COPCs in each medium under current conditions for each 
sector were determined before the intake models were used to calculate the CDIs used in the risk 
calculations. The representative concentrations for COPCs in surface soil, subsurface soil, and RGA and 
McNairy groundwater are presented in Table 1.11. The program used to calculate these values is SAS® 
Program 3 in Appendix C of this volume. 

• 

In all cases, the representative concentration for a COPC within a medium was the lesser of the 
maximum detected concentration of the COPC in the medium and the 95% upper confidence limit (VCL) 
on the arithmetic mean concentration of the COPCin the medium (EPA 1992a, DOE 1996a). In deriving 
the 95% UCL concentrations for COPCs expected at WAG 28, the surrogate concentration used for 
samples in which the COPC was not detected was the detection limit of the COPC in the medium. For 
COPCs not expected at WAG 28, the surrogate concentration used when calculating the 95% UeL 
concentration for samples in which the COPC was not detected was one-half the detection limit of the 
COPC in the medium. After surrogate concentrations were assigned and before calculating the 
representative concentration, the form of the distribution of the concentrations for each COPC within a 
medium was determined. In this analysis, the two distribution forms against which data were compared 
were the normal distribution and the lognormal distribution (EPA 1992a). The test used for the •. 
comparisons was the W-test contained in the Univariate Procedure of SAS® (SAS 1990). If data were 
determined to be normally distributed, the following equation was used to calculate the 95'Yo UeL 
(EPA 1992a, DOE 1996a). . 

where: 

95%UCL=X +{in)] 
95% VeL = the upper 95 percent confidence limit on the mean 
X = the arithmetic mean 
t = the Student's t value for the appropriate number of degrees of freedom 
s = the standard deviation of the sample data 
n = the number of observations 

If data were determined to be lognormally distributed, the following equation was used to calculate 
the 95% UCL (EPA 1992a). 

where: 
95% VCL = the upper 95 percent confidence limit on the mean 
e = the base of the natural log 
X = the arithmetic mean of the log-transfonned values 
S2 = the variance of the log-transformed sample data 
H = the H-statistic 
n = the number of observations 
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After the 95% UCL concentration of the cope was determined, this value was compared to the-
maximum detected concentration of the COPC. As noted previously, the representative concentration of 
each COPC in each medium was the lessor of the maximum detected concentration and the appropriate 
95% UCL concentration (RAGS). 

1.3.3.7 Chronic daily intakes 

Using the human exposure models, the conceptual site models, and the representative concentrations 
and uptake models, CDls of each of the COPCs were determined. The SAS® program used to calculate 
the CDls is Program 8 as described in Appendix C; these CDls are presented in Tables 1.42-1.57. In this 
presentation, the CDls used to estimate current systemic toxicity at current concentrations (i.e., 
noncarcinogenic effects) are presented first, and the values used to estimate current ELCR at current 
concentrations follow. Next, CDls used to estimate future systemic toxicity at current concentrations are 
presented, and the values used to estimate future ELCR at current concentrations follow. Within each of 
these broad classifications, CDls are presented by location, exposure scenario, and medium. 

1.3.3.8 Summary of exposure assessment 

Media available for contact at one or more of the sites are soil, groundwater, and biota. Industrial 
land use currently characterizes WAG 28. Current on-site receptors are industrial workers. Future 
potential on-site receptors are industrial workers, excavation workers, recreational users (children, teens, 
and adults), and rural residents (children and adults). Potential off-site human receptors are rural 
residents (children and adults). 

Several potential routes of exposure exist. Routes quantified for the current and potential future 
industrial worker are ingestion of soil, dermal contact with soil, inhalation of volatile compounds and 
particulates emitted from soil, and external exposure to ionizing radiation emitted from soil. In addition, 
routes quantified for future industrial workers are ingestion' of groundwater, dermal contact with 
groundwater, and inhalation of volatile compounds while showering. 

Routes quantified for the potential future excavation worker are ingestion of surface and subsurface 
soil, dermal contact with surface and subsurface soil, inhalation of volatile compounds and particulates 
emitted from surface and subsurface soil, and external exposure to ionizing radiation emitted from surface 
and subsurface soil (i.e., 0-15 ft bgs). 

Routes quantified for the potential future recreational user are ingestion of venison, rabbit, and quail 
ranging in the study area, arising from hypothetical hunting activities. Even though game may currently 
visit sites outside the security fence (SWMU 194 and AOe 204), current recreational use was not 
assessed because surface soils (potentially contaminated medium to which game may be exposed) were 
not sampled at those sites. In developing the conceptual site model for WAG 28 sites, historical use 
suggested that the surface soils at SWMU 194 and AOe 204 were unlikely to be impacted. The 
conceptual model i~ the approved WAG 28 work plan (DOE 1998a) define4 the potential sources of 
contamination in SWMU 194 and AOe 204 as being contained within subsurface soil (i.e., drainfields 
and buried debris pile). Because game ranging in these sites are unlikely to be exposed to potentially 
contaminated subsurface soil, the current and future recreational use scenarios were excluded from 
evaluation. Surface water and sediment exposure routes were not quantified, as these media do not exist 
on WAG 28 sites, and contaminant migration to off-site surface water is not a viable pathway. Sediment 
transport modeling was not undertaken to assess off-site contaminant transport via this pathway. 

Routes quantified for the potential future on-site rural resident are ingestion of groundwater as a 
drinking water source, dermal contact with groundwater while showering, inhalation of volatiles in 
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groundwater while showering, inhalation of volatiles in groundwater during household use, incidental 
ingestion of soil, dermal contact with soil, inhalation of volatiles and particulates emitted from soil, • 
external exposure to ionizing radiation emitted from soil, and ingestion of homegrown vegetables and 
produce raised in contaminated soil and/or irrigated with contaminated groundwater. Routes evaluated for 
the potential off-site rural resident are ingestion of groundwater as a drinking water source, dermal 
contact with groundwater while showering, inhalation of volatiles in groundwater while showering, and 

. inhalatiQI) of volatiles in groundwater during household use. 

• 

• 
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1.4 TOXICITY ASSESSMENT 

This section summarizes the potential toxicological effects of the copes on exposed populations. 
Many of the toxicological effects summaries and nearly all of the toxicity values included in this section 
(except lead and· a' few others) were obtained from infonnation drawn from 
http://risk.lsd.ornl.gov/toxlrap_hp.shtml.This web site (DOE 1998c) is the Risk Assessment Information 
System (RAIS) prepared by the Toxicology and Risk Analysis Section (TARA) of Oak Ridge National 
Laboratory (ORNLf and the University of Tennessee for DOE. This site is a compilation of toxicity 
values taken from EPA's most recent IRIS database (EPA 1998a) and the HEAST database (EPA 1998b). 
For those chemicals not profiled in RAIS, a brief summary of information drawn from Agency for Toxic 
Substances and Disease Registry (ATSDR) or other library research sources is included in this section. 
Note that the last paragraph of each profile contains the toxicity values used in this BHHRA. 

The toxicity information considered in the assessment of potential carcinogenic risks includes (1) a 
weight-of-evidence classification and (2) a slope factor. The weight-of-evidence classification 
qualitatively describes the likelihood that an agent is a human carcinogen, based on the available data 
from animal and human studies. A chemical may be placed in one of three groups to indicate its potential 
for carcinogenic effects: Group A, a known human carcinogen; Group B, a probable human carcinogen; 
and Group C, a possible human carcinogen. Group B is divided into Subgroups Bland B2. Assignment 
of a chemical to Subgroup B 1 indicates that the judgment that the chemical is a probable human 
carcinogen is based on limited human data,and assignment of a chemical to Subgroup B2 indicates that 
the judgment that the chemical is a probable human carcinogen is based on animal data because human 
data are lacking or inadequate. Chemicals that cannot be classified as human carcinogens because of a 
lack of data are categorized in Group 0, and those for which there is evidence of noncarcinogenicity in 
humans are categorized in Group E. . 

The slope factor for chemicals is defined as a plausible upperbound estimate of the probability of a 
response (i.e., development of cancer) per unit intake of a chemical over a lifetime (EPA 1989a). Slope 
factors are specific for each chemical and route of exposure. Slope factors are currently available for 
ingestion and inhalation pathways. The slope factors used for oral and inhalation routes of exposure for 
the COPCs considered in this report are shown in Table 1.58. 

Toxicity values used in risk calculations also include the chronic reference dose (RID), which is used 
to estimate the potential for systemic toxicity or noncarcinogenic risk. The chronic RID is defined as "an 
estimate of a daily exposure level for the human population, including sensitive subpopulations, that is 
likely to be without an appreciable risk of deleterious effects during a lifetime" (EPA 1989a). RID values 
are specific to the route of exposure. The RIDs used for oral and inhalation routes of exposure for the 
COPCs considered in this report are presented in Table 1.59. 

For the dermal routes of exposure (i.e., dermal exposure to contaminated water during swimming or 
bathing or dermal contact with contaminated soil), it is necessary to consider the absorbed dose received 
by a receptor. This is reflected by the addition of an absorption coefficient in the equations used to 
calculate the COl for these pathways. Because the CDI is expressed as an absorbed dose, it is necessary to 
use RIDs and slope factors that are also expressed in terms of absorbed dose. Currently, EPA has not 
produced lists of RIDs and slope factors based on absorbed dose. However, EPA has produced guidance 
concerning the estimation of absorbed dose RIDs and slope factors from administered dose RIDs and 
slope factors. This guidance is found in Risk Assessment Guidance for Supeifund, Volume I: Human 
Health Evaluation Manual, Supplemental Guidance: Dermal Risk Assessment, Interim Guidance 
(EPA 1992b) and states that to convert an administered dose slope factor to an absorbed dose slope factor, 
the administered dose slope factor is divided by the gastrointestinal absorption efficiency of the 

• contaminant. Alternatively, to convert an administered dose RID to an absorbed dose RID, the 
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administered dose RID is multiplied by the gastrointestinal absorption efficiency of the contaminant. The • 
absorbed dose slope factors and RIDs and the information used in their derivation are presented in 
Tables 1.60 and 1.61, respectively. 

EPA has adopted a toxicity equivalency factor (TEF) methodology for carcinogenic P AHs on the 
Target Compourid List as described in Supplemental Guidance/rom RAGS: Region 4 Bulletills, Human 

- Health Risk Assessment, Interim Guidance (EPA 1995a). These TEFs are based on the potency of each 
compound relative to that ofbenzo(a)pyrene (BaP). Exhibit 1.161ists the TEFs that were used to convert 
each PAH concentration to an equivalent concentration ofBaP. 

Exhibit 1.16. Toxicity equivalency factors8 (TEFs) used for carcinogenic PAHs 

Carcinogenic P AH TEF 
Benzo(a)pyrene 1.0 

Benzo(a)anthracene 0.1 

Benzo(b )f1uoranthene 0.1 

Benzo(k)f1uoranthene 0.01 

Chrysene 0.001 

Dibenzo(a,h)anthracene 1.0 

Indeno( 1 ,2,3-cd)pyrene 0.1 

a All TEFs taken from Supplemental Guidance/rom RAGS: Region" Bulletins, Human Health Risk 
Assessment (Interim Guidance) (EPA 1995a). 

1.4.1 Inorganic Compounds 

1.4.1.1 Aluminum (CAS 007429-90-5) (RAIS) 

Aluminum is a silver-white flexible metal with a vast number of uses. It is poorly absorbed and 
efficiently eliminated; however, when absorption does occur, aluminum is distributed mainly in bone, 
liver, testes, kidneys, and brain (ATSDR 1990a). 

Aluminum may be involved in Alzheimer's disease (dialysis dementia) and in Amyotrophic Lateral 
Sclerosis and Parkinsonism-Dementia Syndromes of Guam (Guam ALS-PD complex) (ATSDR 1990a, 
Goyer 1991). Aluminum content of brain, muscle, and bone increases in Alzheimer's patients. 
Neurofibrillary tangles are found in patients suffering from aluminum encephalopathy and Alzheimer's 
disease. Symptoms of "dialysis dementia" include speech disorders, dementia, conwlsions, and 
myoclonus. People of Guam and Rota have an unusually high incidence of neurodegenerative diseases. 
The volcanic soil in the region of Guam where the high incidence of ALS-PD occurs contains high levels 
of aluminum and manganese. Neurological effects have also been observed in rats orally exposed to 
aluminum compounds. 

The respiratory system appears to be the primary target following inhalation exposure to aluminum. 
Alveolar proteinosis has been observed in guinea pigs, rats, and hamsters exposed to aluminum powders 
(Gross et al. 1973). Rats and guinea pigs exposed to aluminum chlorohydrate exhibited an increase in 
alveolar macrophages, increased relative lung weight, and multifocal granulomatous pneumonia 
(Cavender et a1. 1978). 
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No decrease in reproductive capacity, hormonal abnormalities, or testicular histopathology was-

observed in male rats exposed to aluminum in drinking water for 90 days (Dixon et a1. 1979) . 

However, male rats exposed to aluminum (as aluminum chloride) via gavage for 6 months exhibited 
decreased spermatozoa counts and sperm motility, and testicular histological and histochemical changes 
(Krasovskii et a1. 1979). 

Subchronic and chronic RIDs and reference concentrations (RfCs) have not been derived for 
aluminum. 

Male rats exposed to drinking water containing aluminum (as aluminum potassium sulfate) for a 
lifetime exhibited increases in unspecified malignant and nonmalignant tumors (Schroeder and Mitchener 
1975a), and similarly exposed female mice exhibited an increased incidence ofleukemia (Schroeder and 
Mitchener 1975b). Rats and guinea pigs exposed via inhalation to aluminum chlorohydrate developed 
lung granulomas (Cavender et a1. 1978), while granulomatous foci developed in similarly exposed male 
hamsters (Drewet a1. 1974). 

The EPA has not evaluated aluminum or aluminum compounds for carcinogenicity, and a weight-of
evidence classification is currently not assigned. 

Subchronic and chronic RIDs and RfCs have not been officially released by EPA in IRIS or HEAST. 
In addition, EPA has not evaluated aluminum or its compounds for carcinogenicity, and a weight-of
evidence classification is currently not assigned. However, an oral RID of 1.00E+0 mglkg-day was used 
based on EPA 1996. The gastrointestinal absorption factor is 0.1, and the corresponding absorbed 
reference dose is 1.00E-Ol mglkg-day. 

• 1.4.1.2 Ammonia (CAS 007664-41-7) (RAIS) 

• 

Ammonia is a colorless·gas and a common molecule given offby living organisms and in water. It is 
used in making fertilizer, plastics, dyes, animal foods, glues, explosives and textiles. It is also used in the 
treatment and refining of metals. It may enter the environment through natural organic matter 
decomposition, run-off from agricultural fields or feedlots, municipal waste treatment plant discharges, 
oil refinery and chemical manufacturing effluents, or atmospheric fallout. 

Acute toxic effects may include the death of animals, birds, or fish. Contact can cause severe skin 
burns and can cause severe burns of the eyes, leading to permanent damage. Breathing ammonia can 
irritate the mouth, nose, and throat. Higher levels may irritate the lungs, causing coughing and/or 
shortness of breath. Very high exposures can cause a buildup of fluid in the lungs (pulmonary edema), 
which can result in death. 

Ammonia has not been evaluated for carcinogenicity and has not been tested for its ability to 
adversely affect reproduction. No RIDs are available for oral or dermal routes. The inhalation RID value 
used in this BIDIRA is 2.86E-2mg/kg-day and the inhalation RfC is 1.00E-1 mg/m3 

• 

1.4.1.3 Antimony (CAS 007440-36-0) (RAIS) 

Antimony is a naturally occurring metal that is used in various manufacturing processes. It exists in 
valence states of 3 and 5 (Budavari et at 1989, ATSDR 1990b). Antimony is a common urban air 
pollutant (Beliles 1979). Exposure to antimony may be via inhalation, oral and dermal routes 
(ATSDR 1990b) . 
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Antimony is sparingly absorbed following ingestion or inhalation (Felicetti et a1. 1974a, Gerber et a1. 
1982, ATSDR 1990b). Both gastrointestinal and pulmonary absorption are a function of compound • 
solubility. Antimony is transported in the blood, its distribution varying among species and dependent on 
its valence state (Felicetti et a1. 1974b). Antimony is not metabolized but may bind to macromolecules 
and react covalently with sulThydryl and phosphate groups (ATSDR 1990b). Excretion of antimony is 
primarily via the urine and feces, and is also dependent upon valence state (Cooper et a1. 1968, 

. Ludersdorfet a1. 1987, ATSDR 1990b). 

Acute oral exposure of humans and animals to high doses of antimony or antimony-containing 
compounds (antimonials) may cause gastrointestinal disorders (vomiting and diarrhea), respiratory 
difficulties, and death at extremely high doses (Bradley and Frederick 1941, Beliles 1979, ATSDR 
1990b). Subchronic and chronic oral exposure may affect hematologic parameters (ATSDR 1990b). 
Long-term exposure to high doses of antimony or antimonials has been shown to adversely affect 
longevity in animals (Schroeder et a1. 1970). Limited data suggest that prenatal and postnatal exposure of 
rats to antimony interferes with vasomotor responses (Marmo et a1. 1987, Rossi et a1. 1987). 

Acute inhalation exposure of humans may cause gastrointestinal disorders (probably due to ingestion 
of airborne antimony) (ATSDR 1990b). Exposure of animals to high concentrations of antimony and 
antimonials (especially stibine gas) may result iIi pulmonary edema and death (Price et a1. 1979). Long
term occupational exposure of humans has resulted in electrocardiac disorders, respiratory disorders, and 
possibly increased mortality (Renes 1953, Breiger et a1. 1954). Antimony levels for these occupational 
exposure evaluations ranged from 2.2 to 11.98 mg Sb/m3

• Based on limited data, occupational exposure 
of women to metallic antimony and several antimonials has reportedly caused alterations in the menstrual 
cycle and an increased incidence of spontaneous abortions (Belyaeva 1967). Reproductive dysfunction 
has been demonstrated in rats exposed to antimony trioxide (Belyaeva 1967). 

No data were available indicating that dermal exposure of humans to antimony or its compounds 
results in adverse effects. However dermal application of high doses of antimony oxide (1,584 mg Sb/kg) 
resulted in the death of rabbits within one day (mTL 1972). Eye irritation due to exposure to stibine gas 
and several antimony oxides has been reported for humans (Stevenson 1965, Potkonjak and Pavlovich 
1983). 

EPA (EPA 1998a, 1998b) calculated subchronic and chronic oral RID based on decreased longevity 
and alteration of blood chemistry in rats chronically exposed to potassium antimony tartrate in the 
drinking water (5 ppm equivalent to 0.35 mg Sblkg-day). An uncertainty factor of 1000 was applied: 10 
for extrapolation from a lowest-observed-adverse-effect level (LOAEL) to a no-observed-adverse-effect 
level (NOAEL), 10 for extrapolation from animal data, and 10 for protection of sensitive popUlations. 

The primary target organ for acute oral exposure to antimony appears to be the gastrointestinal tract 
(irritation, diarrhea and vomiting) and targets for long-term exposure are the blood (hematological 
disorders) and liver (mild hepatotoxicity) (ATSDR 1990b). Inhalation exposure to antimony affects the 
respiratory tract (pneumoconiosis and restrictive airway disorders), with secondary targets being the 
cardiovascular system (altered blood pressure and electrocardiograms) and kidneys (histological changes) 
(Renes 1953, Breiger et a1. 1954). Only limited evidence exists for reproductive disorders due to 
antimony exposure (Belyaeva 1967). 

Although some data indicate that long-term exposure of rats to antimony trioxide and trisulfide 
increased the incidence oflung tumors (Wong et a1. 1979, Watt 1980, Groth et a1. 1986, Bio/dynamics 

• 

1989), EPA has not evaluated antimony or antimonials for carcinogenicity and a weight-of-evidence • 
classification is currently unavailable. 
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EPA has calculated subchronic and chronic oral RIDs of 4.00E-4 mglkg-day based on decreased
longevity and alteration of blood chemistry in rats chronically exposed to potassium antimony tartrate in 
drinking water. A chronic absorbed RID of 8.00E-6 was calculated from the oral dose assuming a 
gastrointestinal absorption factor of 2 percent. A chronic inhalation RID was not found. Although some 
data indicate that long-tenn exposure ofrats to antimony trioxide and trisulfide increased the incidence of 
lung tumors, EPA has not evaluated antimony or antimonials for carcinogenicity, and a weight-of
evide~~e classificati<?n is currently unavailable. 

1.4.1.4 Arsenic (CAS 007440-38-2) (RAIS) 

The toxicity of inorganic arsenic (As) depends on its valence state (-3, +3, or +5) and also on the 
physical and chemical properties of the compound in which it occurs. Trivalent (As +3) compounds are 
generally more toxic than pentavalent (As +5) compounds, and the more water-soluble compounds are 
usually more toxic and more likely to have systemic effects than the less soluble compounds, which are 
more likely to cause chronic pUlmonary effects if inhaled. One of the most toxic inorganic arsenic 
compounds is arsine gas (AsH). Laboratory animals are generally less sensitive than humans to the toxic 
effects of inorganic arsenic. In addition, in rodents the critical effects appear to be immunosuppression 
and hepato-renal dysfunction, whereas in humans the skin, vascular system, and peripheral nervous 
system are the primary target organs. 

Water-soluble inorganic arsenic compounds are absorbed through the gastrointestinal tract 
(> 90 percent) and lungs; distributed primarily to the liver, kidney, lung, spleen, aorta, and skin; and 
excreted mainly in the urine at rates as high as 80 percent in 61 hr following oral dosing (EPA 1984a, 
ATSDR 1989a, Crecelius 1977). Pentavalent arsenic is reduced to the trivalent form and then methylated 
in the liver to less toxic methylarsinic acids (ATSDR 1989a). 

Symptoms of acute inorganic arsenic poisoning in humans are nausea, anorexia, vomiting, epigastric 
and abdominal pain, and diarrhea. Dermatitis (exfoliative erythroderma), muscle cramps, cardiac 
abnormalities, hepatotoxicity, bone marrow suppression and hematologic abnormalities ~ (anemia), 
vascular lesions, and peripheral neuropathy (motor dysfunction, paresthesia) have also been reported 
(USAF 1990a, ATSDR 1989a, Franzblau and Lilis 1989, EPA 1984a, Armstrong et a1. 1984, Hayes 
1982a, Mizuta et a1. 1956). 

Oral doses as low as 20-60 glkg-d8y have been reported to caus~ toxic effects in some individuals 
(ATSDR 1989a). Severe exposures can result in acute encephalopathy, congestive heart failure, stupor, 
conwlsions, paralysis, coma, and death. The acute lethal dose to humans has been estimated to be about 
0.6 mglkg-day (ATSDR 1989a). General symptoms of chronic arsenic poisoning in humans are 
wealmess, general debility and lassitude, loss of appetite and energy, loss of hair, hoarseness of voice, 
loss of weight, and mental disorders (Hindmarsh and McCurdy 1986). Primary target organs are the skin 
(hyperpigmentation and hyperkeratosis) (Terada et a1. 1960, Tseng et a1. 1968, Zaldivar 1974, Cebrian et 
a1. 1983, Huang et a1. 1985), nervous system (peripheral neuropathy) (Hindmarsh et a1. 1977 and 1986, 
Valentine et a1. 1982, Heyman et a1. 1956, Mizuta et a1. 1956, Tay and Seah 1975), and vascular system 
(Tseng et a1. 1968, Borgano and Greiber 1972, Salcedo et a1. 1984, Wu et a1. 1989, Hansen 1990). 
Anemia, leukopenia, hepatomegaly, and portal hypertension have also been reported (Terada et a1. 1960, 
ViaIlet et a1. 1972, Morris et a1. 1974, Datta 1976). In addition, possible reproductive effects include a 
high male to female birth ratio (Lyster 1977). 

In animals, acute oral exposures can cause gastrointestinal and neurological effects (Heywood and 
Sortwell 1979). Oral lethal dose for 50 percent of a population (LDso) values range from about 10 to 
300 mglkg (ASTDR 1989a, USAF 1990a). Low subchronic doses can result in immunosuppression 
(Blakely et a1. 1980) and hepato-renal effects (Mahaffey et a1. 1981, Brown et a1. 1976, Woods and 
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Fowler 1977 and 1978, Fowler and Woods 1979, Fowler et a1. 1979). Chronic exposures have also 
resulted in mild hyperkeratosis and bile duct enlargement with hyperplasia, focal necrosis, and fibrosis • 
(Baroni et a1. 1963, Byron et a1. 1967). Reduction in litter size, high male/female birth ratios, and 
fetotoxicity without significant fetal abnormalities occur following oral exposures (Schroeder and 
Mitchener 1971, Hood et at.' 1977, Baxley et a1. 1981); however, parenteral dosing has resulted in 
exencephaly, encephaloceles, skeletal defects, and urogenital system abnormalities (Ferm and Carpenter 

. 1968, Hood and Bishop. 1972, Beaudoin 1974, Burk and Beaudoin 1977). 

Acute inhalation exposures to inorganic arsenic can damage mucous membranes, cause rhinitis, 
pharyngitis and laryngitis, and result in nasal septum perforation (EPA 1984a). Chronic inhalation 
exposures, as occurring in the workplace, can lead to rhino-pharyno-Iaryngitis, tracheobronchitis, 
(Lundgren 1954); dermatitis, hyperpigmentation, and hyperkeratosis (Perry et a1. 1948, Pinto and McGill 
1953); leukopenia (Kyle and Pease 1965, Hine et a1. 1977); peripheral nerve dysfunction as indicated by 
abnormal nerve conduction velocities (Feldman et a1. 1979, Blom et a1. 1985, Landau et a1. 1977); and 
peripheral vascular disorders as indicated by Raynaud's syndrome and increased vasospastic reactivity in 
fingers exposed to low temperatures (Lagerkvist et a1. 1986). Higher rates of cardiovascular disease have 
also been reported in some arsenic-exposed workers (Lee and Fraumeni 1969, Axelson et a1. 1978, 
Wingren and Axelson 1985). Possible reproductive effects include a high frequency of spontaneous 
abortions and reduced birth weights (Nordstrom et a1. 1978a, b). Arsine gas (AsH), at concentrations as 
low as 3-10 ppm for several hours, can cause toxic effects. Hemolysis, hemoglobinuria, jaundice, 
hemolytic anemia, and necrosis of the renal tubules have been reported in exposed workers (ACGm 
1986a, Fowler and Weissberg 1974). 

Animal studies have shown that intratracheal instillation of inorganic arsenic, can cause pulmonary 
inflammation and hyperplasia (Webb et a1. 1986. 1987), lung lesions (pershagen et a1. 1982). and 
immunosuppression (Hatch et a1. 1985). Long-term inhalation exposures have resulted in altered • 
conditioned reflexes and central nervous system (CNS) damage (Rozenshstein 1970). Reductions in fetal 
weight and in the number of live fetuses, and increases in fetal abnormalities due to retarded osteogenesis 
have been observed following inhalation exposures (Nagymjtenyi et al. 1985). 

Subchronic and chronic RfCs for inorganic arsenic have not been derived. 

Epidemiological studies have revealed an association between arsenic concentrations in drinking 
water and increased incidences of skin cancers (including squamous cell carcinomas and multiple basal 
cell carcinomas), as well as cancers of the liver, bladder, respiratory and gastrointestinal tracts (EPA 
1987a, IARC 1987, Sommers and Manus 1953, Reymann et a1. 1978, Dobson et a1. 1965, Chen et al. 
1985 and 1986). Occupational exposure studies have shown a clear correlation between exposure to 
arsenic and lung cancer mortality (IARC 1987, EPA 1991a). EPA (1991a) has placed inorganic arsenic in 
weight-of-evidence group A, human carcinogen. A drinking water unit risk of 5.0E-5(llg/L)-1 has been 
proposed (EPA 1991 a) derived from drinking water unit risks for females and males that are equivalent to 
slope factors of 1.00E-3 (Ilglkg/dayrl (females) and 2.00E-3 (Ilglkg/dayr l (males) (EPA 1987a). For 
inhalation exposures, a unit risk of 4.30E-3 m3/llg (EPA 1991a) and a slope factor of 5.00E+1 (mglkg
dayr l have been derived (EPA 1998b). 

The RID for chronic oral exposures, 3.00E-4 mg/kg-day, is based on a NOAEL of 8.00E-4 mglkg
day and a LOAEL of 1.40E-2 mg/kg-day for hyperpigrnentation, keratosis, and possible vascular 
complications in a human population consuming arsenic-contaminated drinking water (EPA 1991a). 
Because of uncertainties in the data. EPA (1991a) states that "strong scientific arguments can be made for 
various values within a factor of2 or 3 of the currently recommended RID value." The subchronic RID is • 
the same as the chronic RID. 3.00E-4 mglkg-day (EPA 1998b). The absorbed reference dose value is 
1.23E-4 mg/kg-day based on a GI absorption factor of 41 percent. EPA has placed inorganic arsenic in 
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weight-of-evidence classification Group A, human carcinogen. Cancer slope factors for arsenic are-
available. The values used in the BHHRA are 1.50E+0, 5.00E+ I, and 3.66E+0 (mglkg-dayr l for the oral, 
inhalation, and dermal exposure routes, respectively. The slope factor for the dermal exposure route was 
calculated by assuming a gastrointestinal absorption factor of 41 percent. 

1.4.1.5 Barium (CAS 007440-39-3) (RAIS) 

the soluble saits of barium, an alkaline earth metal, are toxic in mammalian systems. They are 
absorbed rapidly from the gastrointestinal tract and are deposited in the muscles, lungs, and bone. Barium 
is excreted primarily in the feces. 

At low doses, barium acts as a muscle stimulant and at higher doses affects the nervous system 
eventually leading to paralysis. Acute and subchronic oral doses of barium cause vomiting and diarrhea, 
followed by decreased heart rate and elevated blood pressure. Higher doses result in cardiac irregularities, 
wealrness, tremors, anxiety, and dyspnea. A drop in serum potassium may account for some of the 
symptoms. Death can occur from cardiac and respiratory failure. Acute doses around 0.8 grams can be 
fatal to humans. 

Subchronic and chronic oral or inhalation exposure primarily affects the cardiovascular system 
resulting in elevated blood pressure. A LOAEL of 0.51 mg barium/kg-day based on increased blood 
pressure was observed in chronic oral rat studies (perry et a1. 1983). whereas human studies identified a 
NOAEL of 0.21 mg bariumlkg-day (Wones et a1. 1990, Brenniman and Levy 1984). EPA used human 
data were used by the EPA to calculate a chronic and subchronic oral RID of 7.00E-2 mg/kg-day (EPA 
1998b, 1995b). In the Wones et a1. study, human volunteers were given barium up to 10 mgIL in drinking 
water for 10 weeks. No clinically significant effects were observed. An epidemiological study was 
conducted by Brenniman and Levy in which human populations ingesting 2 to 10 mgIL of barium in 
drinking water were compared to a population ingesting 0 to 0.2 mgIL. No significant individual 
differences were seen; however, a significantly higher mortality rate from all combined cardiovascular 
diseases was observed with the higher barium level in the 65+ age group. The average barium 
concentration was 7.3 mgIL, which corresponds to a dose of 0.20 mg/kg-day. Confidence in the oral RID 
is rated medium by EPA. 

Subchronic and chronic inhalation exposure of human populations to barium-containing dust can 
result in a benign pneumoconiosis called ''baritosis.'' This condition is often accompanied by an elevated 
blood pressure but does not result in a change in pulmonary function. Exposure to an air concentration of 
5.2 mg barium carbonate/rnl for 4 hours/day for 6 months has been reported to result in elevated blood 
pressure and decreased body weight gain in rats (Tarasenko et a1. 1977). Reproduction and developmental 
effects were also observed. Increased fetal mortality was seen after untreated females were mated with 
males exposed to 5.2 mg/ml of barium carbonate. Similar results were obtained with female rats treated 
with 13.4 mg barium carbonate/ml. The NOAEL for developmental effects was 1.15 mg/ml (equivalent t'o 
0.8 mg barium/ml). EPA calculated an RiC of 5.00E-3 mg/ml for subchronic and 5.00E-4 mg/rnl for 
chronic exposure based on the NOAEL for developmental effects (EPA 1998b). These effects have not 
been substantiated in humans or other animal systems. 

EPA has not evaluated barium for evidence of human carcinogenic potential (EPA 1995b). No slope 
factors were used in BHHRA for barium. 

Subchronic or chronic oral or inhalation exposure primarily affects the cardiovascular system, 
resulting in elevated blood pressure. An LOAEL of 5.1 OE-l mg bariumlkg-day based on increased blood 
pressure was observed in chronic oral rat studies, whereas human studies identified a NOAEL of 2.1 E-l 
mg/kg-day. EPA used human data to calculate a chronic and subchronic oral RID of7.00E-2 mg/kg-day. 
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EPA also has released an inhalation RID of 1,43E-4 mg/kg-day. A gastrointestinal absorption factor of -. 
7 percent was used to calculate an absorbed RID of 4.90E-3 mglkg-day. 

1.4.1.6 Beryllium (CAS_007~40-41-7) (RAIS) 

Beryllium is present in the earth's crust, in emissions from coal combustion, in surface water and 
_ soil, and in house dust, Iood, drinking water, and cigarette smoke (EPA 1987b). However, the highest risk 

for exposure occurs among workers employed in beryllium manufacturing, fabricating, or reclamation 
industries (ATSDR 1988a). Workers encounter dusts and fumes of many different beryllium compounds; 
the current occupational standard for worker exposure to beryllium is 2 glm3 during an 8-hour work shift 
(OSHA 1989). 

Inhaled beryllium is absorbed slowly and localizes mainly in the lungs, bone, liver and kidneys 
(Stiefel et a1. 1980, Reeves et a1. 1967, Reeves and Vorwald 1967, Zorn et al. 1988, Tepper et a1. 1961, 
Meehan and Smyth 1967). Ingested beryllium undergoes limited absorption and localizes in liver, 
kidneys, lungs, stomach, spleen, and the large and small intestines (Crowley et a1. 1949, Furchner et a!. 
1973, Watanabe et a1. 1985). Significant absorption of beryllium or its compounds through intact skin is 
unlikely because of its chemical properties (EPA 1987c). Beryllium per se is not biotransfonned, but 
soluble salts may be converted to less soluble compounds in the lung (EPA 1987c). Most orally 
administered beryllium passes through the gastrointestinal tract unabsorbed and is excreted in the feces 
(Reeves 1965), whereas inhaled water-soluble beryllium salts are excreted mainly by the kidneys (Zorn et 
a1. 1988). 

Limited data indicate that the oral toxicity of beryllium is low. No adverse effects were noted in 
mice given 5 ppm beryllium in drinking water in a lifetime bioassay (Schroeder and Mitchener 1975a,b). • 
The dose (converted to 5.40E-l mg/kg bwfday) was the NOAEL used in the calculation of the chronic 
oral RID for beryllium of 5.00E-3 mglkg-day (EPA 1991 b). 

In contrast, the toxicity of inhaled beryllium is well-documented. Humans inhaling "massiv~" doses 
of beryllium compounds (such as the water-soluble sulfate, fluoride, chloride, and oxide) may develop 
acute berylliosis (Constantinidis 1978). ATSDR (1988a) estimated that, based on existing data, the 
disease could develop at levels ranging from approximately 2-1000 g Befm3

• This disease usually 
develops shortly after exposure and is characterized by rhinitis, pharyngitis, and/or tracheobronchitis and 
may progress to severe pulmonary symptoms. The severity of acute beryllium toxicity correlates with 
exposure levels, and the disease is now rarely observed in the United States because of improved 
industrial hygiene (Zorn et a1. 1988, Kriebel et a1. 1988). 

Humans inhaling beryllium may also develop chronic berylliosis which, in contrast to acute 
berylliosis, is highly variable in onset, is more likely to be fatal, and can develop in a few months to 
greater than 20 years after exposure (Constantinidis 1978, Hall et a1. 1959, Kriebel et a1. 1988). Chronic 
beryllium disease is a systemic disease that primarily affects the lungs and is characterized by the 
development of noncaseating granulomas. The disease most likely results from a hypersensitivity 
response to beryllium as evidenced by positive patch tests- (Nishimura 1966) and positive lymphocyte 
transformation tests (Williams and Williams 1983) in exposed individuals. Granulomas may also appear 
in the skin, liver, spleen, lymph nodes, myocardium, skeletal muscles, kidney, bone, and salivary glands 
(Kriebel et a1. 1988, Freiman and Hardy 1970). 

Epidemiologic studies have suggested that beryllium and its compounds could be human 
carcinogens. In a study that covered 15 regions of the United States, Berg and Burbank (1972) found a • 
significant correlation between cancers of the breast, bone, and uterus and the concentration and detection 
frequency of beryllium in drinking water. However, imperfect analytical and sampling methods used in 
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the study prompted the EPA (1986a) to conclude that these results are not proof of cause-and-effect
relations?ips between cancer and beryllium in drinking water. Studies in workers exposed to beryllium, 
mostly Vla inhalation, have shown significant increases in observed over expected lung cancer incidences 
(Bayliss et al. 1971, Bayliss and Lainhart 1972, Bayliss and Wagoner 1977, Wagoner et a1. 1980, 
Mancuso 1970, 1979, and 1980). EPA (1986b), in evaluating the total database for the association oflung 
cancer with occupational exposure to beryllium, noted several limitations but concluded that the results 
must be considered _ to be at least suggestive of a carcinogenic risk to humans. In laboratory studies, 
beryllium sulfate caused increased incidences of pulmonary tumors in rats and rhesus monkeys (Vorwald 
1953, 1962, 1968; Vorwald et a1. 1955 and 1966; Schepers et a1. 1957; Reeves and Deitch 1969). 

Based on sufficient evidence for animals and inadequate evidence for humans, beryllium has been 
placed in the EPA weight-of-evidence classification B2, probable human carcinogen (EPA 1991b). For 
inhalation exposure, the unit risk value is 2.40E-3 (flg/m3rl, and the slope factor is 8.40E+O (mg!kg-dayrJ 

(EPA 1991b). For oral exposure, the unit risk value is 1.20E-4 (flgILrl and the slope factor is 
4.30E+0 (mglkg-dayrJ (EPA 1991b). 

A chronic oral RIDs of2.00E-3 mglkg-day, was used in this BHHRA. A gastrointestinal absorption 
factor of 1 percent was used to calculate absorbed dose RIDs of 2.00E-5 and 5.00E-5 mg!kg-day for 
chronic and subchronic exposures. The chronic inhalation RID is 2.00E-2 mglkg-day with a chronic 
inhalation RfC of 2.00E-2 (mg/m3). An oral, inhalation and absorbed dose slope factor of 4.30E+0, 
8.40E+O, and 4.30E+2 (mg!kg-dayrl was used in this BHHRA, respectively. A gastrointestinal 
absorption factor of 1 percent was used to calculate an absorbed dose slope factor. 

1.4.1.7 Cadmium (CAS 007440-43-9) (RAIS) 

Cadmium is a naturally occurring metal that is used in various chemical forms in metallurgical and 
other industrial processes and in the production of pigments. Environmental exposure can occur via the 
diet and drinking water (ATSDR 1989b). 

Cadmium is absorbed more efficiently by the lungs (30-60 percent) than by the gastrointestinal 
tract, the latter being a saturable process (Nordberg et a1. 1985). Cadmium is transported in the blood and 
widely distributed in the body but accumulates primarily in the liver and kidneys (Goyer 1991). Cadmium 
burden (especially in the kidneys and liver) tends to increase in a linear fashion up to about 50 or 60 years· 
of age, after which the body burden remains somewhat constant. Metabolic transformations of cadmium 
are limited to its binding to protein and nonprotein sulfhydryl groups and various macromolecules, such 
as metallothionein, which is especially important in the kidneys and liver (ATSDR 1989b). Cadmium is 
excreted primarily in the urine. 

Acute oral exposure to 20-30 g has caused fatalities in humans. Exposure to lower amounts may 
cause gastrointestinal irritation, vomiting, abdominal pain, and diarrhea (ATSDR 1989b). An 
asymptomatic period of one-half to one hour may precede the onset of clinical signs. Oral LDso values in 
animals range from 63 to 1125 mg/kg, depending on the cadmium compound (USAF 1990b). Longer 
term exposure to cadmium primarily affects the kidneys, resulting in tubular proteinosis, although other 
conditions such as "itai-itai" disease may involve the skeletal system. Cadmium involvement in 
hypertension is not fully understood (Goyer 1991). 

Inhalation exposure to cadmium and cadmium compounds may result in effects including headache, 
chest pains, muscular weakness, pulmonary edema, and death (USAF 1990b). The I-minute and 
10-minute lethal concentration of cadmium for humans has been estimated to be about 2500 and 
250 mg/ml, respectively (Barrett et al. 1947, Beton et al. 1966). An 8-hour time-weighted-average (TWA) 
exposure level of 5 mg/m3 has been estimated for lethal effects of inhalation exposure to cadmium, and 
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exposure to 1 mg/m3 is considered to be immediately dangerous to human health (Friberg 1950). Renal 
toxicity (tubular proteinosis) may also result from inhalation exposure to cadmium (Goyer 1991). • 

Chronic oral RIDs of 5.00E-4 and 1.00E-3 mg/kg-day have been established for cadmium exposure 
via drinking water and· food; respectively (EPA 1998b). Both values reflect incorporation of an 
uncertainty factor of 10. The RIDs are based on an extensive database regarding toxicokinetics and 

. toxicity in both human .and animals, the critical effect being renal tubular proteinuria. Confidence in the 
RID and database is high. Inhalation RfC values are currently not available. 

The target organ for cadmium toxicity via oral exposure is the kidney (Goyer 1991). For inhalation 
exposure, both the lungs and kidneys are target organs for cadmium-induced toxicity (ATSDR 1989b, 
Goyer 1991). 

There is limited evidence from epidemiologic studies for cadmium-related respiratory tract cancer 
(ATSDR 1989b). An inhalation unit risk of 1.80E-3 (f..I.glm3r l and an inhalation slope factor of 6.1 OE+O 
(mg!kg-dayrl are based on respiratory tract cancer associated with occupational exposure (EPA 1998a). 
Based on limited evidence from multiple occupational exposure studies and adequate animal data, 
cadmium is placed in weight-of-evidence Group Bl-probable human carcinogen. 

Cadmium has two variations of toxicity values. The first variation is termed cadmium-water. An oral 
RID of 5.00E-4 mg!kg-day was used in this BHHRA for cadmium-water. A gastrointestinal absorption 
factor of 1 percent was used to calculate an absorbed dose RID of 5.00E-6 mg/kg-day for cadmium-water. 
No inhalation RID is available; however, an inhalation reference dose of 5.71E-5 mg/kg-day was used 
based on EPA (1998b) for both diet and water exposures. 

The second variation is termed cadmium-diet. Cadmium-diet is used for exposure to soil and food. • 
An oral RID of 1.00E-3 mg/kg-day was used in this BHHRA for cadmium-diet. A gastrointestinal 
absorption factor of 1 percent was used to calculate an absorbed dose RID of 1.00E-5 mg/kg..day for 
cadmium-diet. The same inhalation RID was used for cadmium-diet as for cadmium-water. The only 
slope factor available for cadmium was for inhalation, 6.10E+0 (mg/kg-dayr l

• 

1.4.1.8 Chromium m (CAS 016065-83-1) and Chromium VI (CAS 018540-29-9) (RAIS) 

Elemental chromium (Cr) does not occur in nature but is present in ores, primarily chromite 
(FeOCr203) (Hamilton and Wetterhahn 1988). Only two of the several oxidation states of chromium, 
Cr(llI) and Cr(Vl), are reviewed in this report based on their predominance and stability in the ambient 
environment and their toxicity in humans and animals. 

Chromium plays a role in glucose and cholesterol metabolism and is thus an essential element to 
man and animals (Schroeder et a1. 1962). Nonoccupational exposure to the metal occurs via the ingestion 
of chromium-containing food and water. whereas occupational exposure occurs via inhalation (Langard 
1982, Pedersen 1982). Workers in the chromate industry have been exposed to estimated chromium levels 
of 10-50 glm3 for Cr(lll) and 5-1000 glm3 for Cr(VI); however, improvements in the newer chrome
plating plants have reduced the Cr(VI) concentrations 10- to 40-fold (Stem 1982). 

Chromium(Ill) is poorly absorbed, regardless of the route of exposure, whereas chromium(VI) is 
more readily absorbed (Hamilton and Wetterhahn 1988). Humans and animals localize chromium in the 
lung, liver, kidney, spleen, adrenals, plasma, bone marrow, and red blood cells (Langard 1982, ATSDR 
1989c, Bragt and van Dura 1983, Hamilton and Wetterhahn 1988). There is no evidence that chromium is • 
biotransformed, but Cr(VI) does undergo enzymatic reduction, resulting in the formation. of reactive 
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intennediates and Cr(Ill) (Hamilton and Wetterhahn 1988). The main routes for the excretion of-· 
chromium are via the kidneys/urine and the bile/feces (Guthrie 1982, Langard 1982). 

Animal studies show that Cr(VI) is generally more toxic than Cr(llI), but neither oxidation state is 
very toxic by the oral route. In long-tenn studies, rats were not adversely affected by approximately 
1.90E+0 g/kg-day of chromic oxide [Cr(llI)] (diet), 2.40E+0 mg/kg-day of Cr(III) as chromic chloride 
(drinking water), or 2.40E+0 mg/kg-day of Cr(VI) as potassium dichromate (drinking water) (lvankovic 
and Preussmann 1975, MacKenzie et al. 1958). 

The respiratory and dennal toxicity of chromium are well-documented. Workers exposed to 
chromium have developed nasal irritation (at < 0.01 mg/m3

, acute exposure), nasal ulcers, perforation of 
the nasal septum (at approximately 2 glrn3

, subchronic or chronic exposure) (Hamilton and Wetterhahn 
1988, ATSDR 1989c, Lindberg and Hedenstiema 1983) and hypersensitivity reactions and "chrome 
holes" of the skin (pedersen 1982, Burrows 1983, USAF 1990c). Among the general population, contact 
dennatitis has been associated with the use of bleaches and detergents (Love 1983). 

Compounds of both Cr(VI) and Cr(lll) have induced developmental effects in experimental animals 
that include neural tube defects, malformations, and fetal deaths (lijima et al. 1983, Danielsson et a1. 
1982, Matsumoto et a1. 1976). 

The subchronic and chronic oral RID value is 1.00E+0 mg/kg-day for Cr(III). The subchronic and 
chronic oral RID values for Cr (VI) are 2.00E-2 and 5.00E-3 mg/kg-day, respectively (EPA 1991c, 
1998b). The subchronic and chronic oral RID values for Cr(VI) and cr(m) are derived from NOAELsof 
1.47 g/kg-day Cr(lll)and 25 ppm of potassium dichromate (Cr[V!]) in drinking water, respectively 
(Ivankovic and Preussmann 1975, MacKenzie et a1. 1958). The inhalation rue values for both Cr(ill) and 
Cr(Vl) are currently under review by an EPA workgroup. 

• The inhalation of chromium compounds has been associated with the development of cancer in 
workers in the chromate industry. The relative risk for developing lung cancer has been calculated to be 
as much as 30 times that of controls (Hayes 1982, Leonard and Lauwerys 1980, Langard 1983). There is 
also evidence for an increased risk of developing nasal, pharyngeal, and gastrointestinal carcinomas 
(Hamilton and Wetterhahn 1988). Quantitative epidemiological data were obtained by Mancuso and 
Hueper (1951), who observed an increase in deaths (18.2 percent; p < 0.01) from respiratory cancer 
among chromate workers compared with 1.2 percent deaths among controls. In a follow-up study. 
conducted when more than 50 percent of the cohort had died, the observed incidence for lung cancer 
deaths had increased to approximately 60 percent (Mancuso 1975). The workers were exposed to 
1-8 mglm3/year total chromium.' Mancuso (1975) observed a dose response for total chromium exposure 
and attributed the lung cancer deaths to exposure to insoluble [Cr(III)], soluble [Cr(VI)], and total 
chromium. The results of inhalation studies in animals have been equivocal or negative (Nettesheim et a1. 
1971, Glaser et al. 1986, Baetjer et a1. 1959, Steffee and Baetjer 1965). 

Based on sufficient evidence for humans and animals, Cr(Vl) has been placed in the EPA weight-of
evidence classification A, human carcinogen (EPA 199Ic). For inhalation exposure, the unit risk value is 
1.20E-2 (J.1g/m3rt and the slope factor is 4.10E+Ol (mg/kg-dayrJ (EPA 1991c). . 

For estimation of risk from exposure to chromium, the toxicity values associated with Cr(VI) were 
used. Cr(III) values were not used because most analytical results were not specific for this ionic species. 
The uncertainty in using Cr(III) versus Cr(VI) in the risk assessment is discussed in Sect. 1.6. 

An inhalation cancer slope factor for chromium of 4.10E+Ol (mglkg-dayrJ was used in this 
• BHHRA. No slope factors were available for oral and dennal routes. The oral and dermal RIDs used are 
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3.00E-3, and 6.00E-5 mg/kg-day, respectively. The dennal route RID is based on the oral RID and a -
gastrointestinal absorption factor of 2 percent. The inhalation RID factor is 2.86E-5 mg/kg-day. • 

1.4.1.9 Cobalt (CAS 00~440:-48-4) (ATSDR) 

Cobalt is a steel-gray, shiny, hard metal that occurs naturally in soil. Cob~lt and cobalt-containing 
- compounds are used widely in industry, and cobalt undergoes environmental redistribution through 

industrial processes, such as the burning of coal and oil and exhaust from cars. Cobalt is a component of 
Vitaritin B!2. 

Acute exposure to cobalt salts can lead to histological changes in the kidneys, lungs, liver, and 
adrenal glands. Cobalt is a sensitizer, and many occurrences of cobalt hypersensitivity have been 
documented in occupationally exposed individuals. The effects observed among cobalt-exposed workers 
include allergic dermatitis, eczema, and changes in white blood cells. Chronic inhalation exposure has 
produced hard-metal pneumoconiosis and other lung diseases in humans, as well as lung damage in 
experimental animals. Some evidence in humans suggests an association between high levels of cobalt 
exposure and cardiomyopathy (ATSDR 1990c). 

When cobalt metal was tested in vitro, a weak mutagenic response was noted, probably due to cobalt 
complexes that formed. Cobalt has been reported to be genotoxic in other test systems but antimutagenic 
in bacteria. Adverse teratogenic and reproductive effects have been observed experimental1y in animals; 
however, teratogenic or reproductive effects have not been reported in humans following oral, dermal, or 
inhalation exposure to cobalt (Angerer et a1. 1988, ATSDR 1990c). 

An oral RID of 6.00E-2 mg/kg-day was used in this BHHRA. A gastrointestinal absorption factor of 
8 percent was used to calculate an absorbed dose RID of 4.80E-2 mg/kg-day. No inhalation RID is used • 
in this BHHRA. No slope factors were available. -

1.4.1.10 Copper (CAS 007440-50-8) 

Copper occurs naturally in elemental form and as a component of many minerals. Because of its high 
electrical and thermal conductivity, it is widely used in the manufacture of electrical equipment. Common 
copper salts, such as sulfate, carbonate, cyanide, oxide, and sulfide, are used as fungicides, as components 
of ceramics and pyrotechnics, for electroplating, and for numerous other industrial applications (ACGm 
1986b). Copper can be absorbed by the oral, inhalation, and dennal routes of exposure. It is an essential 
nutrient that is normally present in a wide variety of tissues (ATSDR 1990d, EPA 1987d). 

In humans, ingestion of gram quantities of copper salts may cause gastrointestinal, hepatic, and renal 
effects with symptoms such as severe abdominal pain, vomiting, diarrhea, hemolysis, hepatic necrosis, 
hematuria, proteinuria, hypotension, tachycardia, convulsions, coma, and death (USAF 1990d). 
Gastrointestinal disturbances and liver toxicity have also resulted from long-term exposure to drinking 
water containing 2.2-7.8 rng CulL (Mueller-Hoecker et al. 1988, Spitalny et a1. 1984). The chronic 
toxicity of copper has been characterized in patients with Wilson's disease, a genetic disorder causing 
copper accumulation in tissues. The clinical manifestations of Wilson's disease include cirrhosis of the 
liver, hemolytic anemia, neurologic abnormalities, and corneal opacities (Goyer 1991, ATSDR 1990d, 
EPA 1987d). In animal studies, oral exposure to copper caused hepatic and renal accumulation of copper, 
liver and kidney necrosis at doses of greater than or equal to 100 mg/kg-day and hematological effects at 
doses of 40 mg/kg-day (EPA 1986c; Haywood 1985, 1980; Rana and Kumar 1978; Gopinath et a1. 1974; 
Kline et a1. 1971). 
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Acute inhalation exposure to copper dust or fumes at concentrations of 0.075-0.12 mg Cu/m3 mayo. 
cause metal fume fever with symptoms such as cough, chills, and muscle ache (USAF 1 990d). Among the 
reported effects in workers exposed to copper dust are gastrointestinal disturbances, headache, vertigo, 
drowsiness, and hepatomegaly (Suciu et a1. 1981). Vineyard workers chronically exposed to Bordeaux 
mixture (copper sulfate and lime) exhibit degenerative changes of the lungs and liver. Dermal exposure to 
copper may cause contact dermatitis in some individuals (ATSDR 1990d). 

oral or intravenous administration of copper sulfate increased fetal mortality and developmental 
abnormalities in experimental animals (Lecyk 1980, Ferm and Hanlon 1974). Evidence also indicates that 
copper compounds are spermicidal (ATSDR 1990d, Battersby et a1. 1982). 

An RID for elemental copper is not available (EPA 1998b). However, EPA established an action 
level of 1300 J.l.g/L for drinking water (56 Federal Register 26460, June 7, 1991). Data were insufficient 
to derive an RfC for copper. 

No suitable bioassays or epidemiological studies are available to assess the carcinogenicity of 
copper. Therefore, EPA (1991d) has placed copper in weight-of-evidence Group D, not classifiable as to 
human carcinogenicity. 

No RIDs or slope factors are available for copper. However, a provisional oral RID of 4.00E-2 
mglkg-day was used to estimate noncarcinogenic risk. This oral value was used with a gastrointestinal 
absorption factor of 30 percent to calculate an absorbed RID of 1.20E-2. 

1.4.1.11 Fluorine (Soluble Fluoride) (CAS 007782-41-4) 

Fluoride is the soluble form of fluorine and is a naturally occurring compound. In surface water, 
levels of naturally occurring fluoride usually range from 0.01 to 1.5 mg/l, and the level of fluoride in soils 
is usually between 200 and 300 mg/kg. Fluorides are commonly added to municipal water supplies and 
toothpaste to aid in the prevention of dental cavities. Fluoride is also used to help make steel, chemicals, 
pesticides, ceramics, lubricants, and plastics. 

Dermal exposure to fluorides (in the form of fluoride or hydrogen fluoride) may produce severe 
irritation. Teeth mottling occurs in children chronically exposed to fluoride at doses above 2 mg/kg during 
the development of their deciduous and permanent teeth. The skeletal system is the primary target system 
for. intermediate and chronic exposures because of fluoride deposition. Humans chronically exposed to 
2.4 to 6.0 mglm3 had serious bone damage throughout their bodies. Exposure to high levels of fluoride 
may also cause disturbances in calcium metabolism which is necessary for the functional integrity of the 
voluntary and autonomic nervous system. Cardiac arrhythmias have been observed in fluoride poisonings. 

The optimal level for water fluoridation is 0.7-1.2 mg/l, with primary and secondary contaminant 
levels of 4 and 2 mg/l, respectively (ATSDR 1991). 

An oral cancer slope factor for fluoride is not available; therefore, neither the oral route nor the 
dermal route can be quantitatively assessed for carcinogenicity. In addition there is no inhalation cancer 
slope factor. The oral RID used in the BHHRA is 6.00E-2 mglkg-day. The dermal route RID based on the 
oral RID and a gastrointestinal absorption factor of 97 percent permits a value for the absorbed oral RID 
of5.80E·2 mglkg-day (ATSDR 1991) to be derived . 
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1.4.1.12 Iron (CAS 007439-89-6) 

Iron is one of the most abundant metals in the environment and is used in many industrial processes. 
It is an essential element in the human diet. More than 80 percent of the iron present in the body is 
involved in the support of red blood cell production. In addition, it is also an essential component of 
myoglobin and various enzymes. Iron deficiency is the most common cause of anemia (Goodman and 
Gilman .1985). Exposure to excessive levels of iron may cause gastrointestinal damage and dysfunction 
and enlargement of the liver and pancreas (Goodman and Gilman 1985). 

No cancer slope factors for iron were found. Therefore, carcinogenicity due to exposure to iron is not 
included in the BHHRA. The oral RID used in the BHHRA is 3.00E-1 mg/kg-day and is taken from 
RAlS. The dermal route RID used in the BHHRA, based on the oral RID and a gastrointestinal absorption 
factor of 15 percent, is 4.50E-2 mg/kg-day. An inhalation RID for iron is not available, and based on the 
localized effects on the gastrointestinal tract as discussed previously, it would not be appropriate to 
extrapolate an inhalation RID from the oral RID. . 

1.4.1.13 Lead (CAS 007439-92-1) (RAIS) 

Lead occurs naturally as a sulfide in galena. It is a soft, bluish-white, silvery-gray, lllal1eable metal 
with a melting point of 327 .5C. Elemental lead reacts with hot boiling acids and is attacked by pure water. 
The solubility of lead salts in water varies from insoluble to soluble, depending on the type of salt (IARC 
1980, Goyer 1988, Budavari et al. 1989). 

Lead is a natural element that is persistent in water and soil. Most of the lead in environmental media 

• 

is of anthropogenic sources. The mean concentration is 3.9 J.1g/L in surface water and 0.005 J.1g/L in sea • 
water. River sediments contain about 20,000 flg/g and coastal sediments about 100,000 J.1g/g. Soil content 
varies with the location, ranging up to 30 J.1g/g in rural areas, 3000 J.1g/g in urban areas, and 20,000 flg/g 
near point sources. Human exposure occurs primarily through diet, air, drinking water, and ingestion of 
dirt and paint chips (EPA 1989b,c and ATSDR 1993a). 

The efficiency of lead absorption depends on the route of exposure, age, and nutritional status. Adult 
humans absorb about 10-15 percent of ingested lead, whereas children may absorb up to 50 percent, 
depending on whether lead is in the diet, dirt, or paint chips. More than 90 percent of lead particles 
deposited in the respiratory tract are absorbed into systemic circulation. Inorganic lead is not efficiently 
absorbed through the skin; consequently, this route does not contribute considerably to the total body lead 
burden (EPA 1986d). 

Lead absorbed into the body is distributed to thr~e major compartments: blood, soft tissue, and bone. 
The largest compartment is the bone, which contains about 95 percent of the total body lead burden in 
adults and about 73 percent in children. The half-life of bone lead is more than 20 years. The 
concentration of blood lead changes rapidly with exposure, and its half-life of only 25-28 days is 
considerably shorter than that of bone lead. Blood lead is in eqUilibrium with lead in bone and soft tissue. 
The soft tissues that take up lead are liver, kidneys, brain, and muscle. Lead is not metabolized in the 
body, but it may be conjugated with glutathione and excreted primarily in the urine (EPA 1986d, 1986e, 
ATSDR 1993a). Exposure to lead is evidenced by elevated blood lead levels. 

The systemic toxic effects of lead in humans have been well-documented by the EPA (EPA 
1986d-h, 1989c, 1990a) and ATSDR (1993a), who extensively reviewed and evaluated data reported in 
the literature up to 1991. The evidence shows that lead is a multi targeted toxicant, causing effects in the • 
gastrointestinal tract, hematopoietic system, cardiovascular system, central and peripheral nervous 
systems, kidneys, immune system, and reproductive system. Overt symptoms of sUbencephalopathic CNS 
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effects and peripheral nerve damage occur at blood lead levels of 40-60 J.lgldL, and nonovert symptoms, . 
such as peripheral nerve dysfunction, occur at levels of 30-50 J.lgldL in adults; no clear threshold is 
evident. Cognitive and neuropsychological deficits are not usually the focus of studies in adults, but there 
is some evidence of neuropsychological impairment (Ehle and McKee 1990) and cognitive deficits in lead 
workers with blood levels Of 41-80 Jlg/dL (Stollery et al. 1991). 

~lthough similar effects occur in adults and children, children are more sensitive to lead exposure 
than are adults. Irreversible brain damage occurs at blood lead levels greater than or equal to 100 Jlg/dL in 
adults and at 80-100 JlgldL in children; death can occur at the same blood levels in children. Children 
who survive these high levels of exposure suffer permanent severe mental retardation. 

As discussed previously, neuropsychological impairment and cognitive (lQ) deficits are sensitive 
indicators of lead exposure; both neuropsychological impairment and IQ deficits have been the subject of 
cross-sectional and longitudinal studies in children. One of the early studies reported IQ score deficits of 
four points at blood lead levels of 30-50 J.lgldL and one to two points at levels of 15-30 J.lgldL among 
75 black children of low socioeconomic status (Schroeder and Hawk 1986). 

Very detailed longitudinal studies have been conducted on children (starting at the time of birth) 
living in Port Pirie, Australia (Vimpani et al. 1985,1989; McMichael et al. 1988; Wigg et a1. 1988; 
Baghurst et al. 1987, 1992), Cincinnati, Ohio (Dietrich et al. 1986, 1991, 1992, 1993), and Boston, 
Massachusetts (Bellinger et a1. 1984, 1987a, 1987b, 1990, 1992; Stiles and Bellinger 1993). Various 
measures of cognitive performance have been assessed in these children. Studies of the Port Pirie children 
up to 7 years of age revealed IQ deficits in 2-year-old children of 1.6 points for each 10-Jlg/dL increase in 
blood lead, deficits of 7.2 points in 4-year-old children, and deficits of 4.4 to 5.3 points in 7-year-old 
children as blood lead increased from 10-30 JlgldL. No significant neurobehavioral deficits were noted for 
children, 5 years or younger, who lived in the Cincinnati, Ohio, area. In 6.5-year-old children, 
performance IQ was reduced by 7 points in children whose lifetime blood level exceeded 20 J.lg/dL. 

Children living in the Boston, Massachusetts, area have been studied up to the age of 10 years. 
Cognitive performance scores were negatively correlated with blood lead in the younger children in the 
high lead group (greater than or equal to 10 f.lg/dL), and improvements were noted in some children at 
57 months as their blood lead levels became lower. However, measures of IQ and academic performance 
in lO-year-old children showed a 5.8-point deficit in IQ and an 8.9-point deficit in academic performance 
as blood lead increased by 10 f.lg/dL within the range of 1-25 f.lg/dL. Because of the large database on 
subclinical neurotoxic effects of lead in children, only a few of the studies have been included. However, 
EPA (EPA 1986e, 1990a) concluded that there is no clear threshold for neurotoxic effects of lead in 
children. 

In adults, the cardiovascular system is a very sensitive target for lead. Hypertension (elevated blood 
pressure) is linked to lead exposure in occupationally exposed subjects and in the general population. 
Three large population-based studies have been conducted to study the relationship between blood lead 
levels and high blood pressure. The British Regional Heart Study (BRHS) (Pocock et a1. 1984), the 
NHANES II study (Harlan et a1. 1985, Pirkle et a1. 1985, Landis and Flegal 1988, Schwartz 1991, EPA 
1990a), and Welsh Heart Programme (Ellwood et a1. 1988a, 1988b) comprise the major studies for the 
general popUlation. The BRHS study showed that systolic pressure greater than 160 mm Hg and diastolic 
pressure greater than 100 mm Hg were associated with blood lead levels greater than 37 JJ.g/dL (Pocock 
et a1. 1984). An analysis of 9933 subjects in the NHANES study showed positive correlations between 
blood pressure and blood lead among 12-74-year-old males but not females (Harlan et a1. 1985, Landis 
and Flegal et a1. 1988), 40-59-year-old white males with blood levels ranging from 7-34 JJ.g/dL (pirkle et 
a1. 1985), and males and females greater than 20 years old (Schwartz 1991). In addition, left ventricular 

1-77 



hypertrophy was also positively associated with blood lead (Schwartz 1991). The Welsh study did not -. 
show an association among men and women with blood lead of 12.4 and 9.6 J.lg/dL, respectively • 
(Ellwood et a1. 1988a, 1988b). Other smaller studies showed both positive and negative results. The EPA 
(EPA 1990a) concluded that increased blood pressure is positively correlated with blood lead levels in 
middle-aged men, possibiy at concentrations as low as 7 J.lg/dL. In addition, the EPA estimated that 
systolic pressure is increased by 1.5-3.0 mm Hg in males and 1.0-2.0 rnrn Hg in females for every 

.' doubling -of blood lead concentration. 

The hematopoietic system is a target for lead as evidenced by frank anemia occurring at blood lead 
levels of 80 J.l.gldL in adults and 70 J.l.gldL in children. The anemia is due primarily to reduced heme 
synthesis, which is observed in adults having blood levels of 50 J.l.g/dL and in children having blood levels 
of 40 J.l.g/dL. Reduced heme synthesis is caused by inhibition of key enzymes involved in the synthesis of 
heme. Inhibition of erythrocyte -aminolevulinic acid dehydrase (ALAD) activity (catalyzes formation of 
porphobilinogen from -aminolevulinic acid) has been detected in adults and children having blood levels 
of less than 10 J.lgldL. ALAD activity is the most sensitive measure of lead exposure, but erythrocyte zinc 
protoporphyrin is the most reliable indicator of lead exposure because it is a measure of the 
toxicologically active fraction of bone lead. The activity of another erythrocyte enzyme, pyrimidine
S-nucleotidase, is also inhibited by lead exposure. Inhibition has been observed at levels below 5 J.l.gldL; . 
no clear threshold is evident. 

Other organs or systems affected by exposure to lead are the kidneys, immune system, reproductive 
system, gastrointestinal tract, and liver. These effects usually occur at high blood levels, or the blood 
levels at which they occur have not been sufficiently documented. 

The EPA has not developed an RID for lead because it appears that lead is a nonthreshold toxicant, 
and it is not appropriate to develop RIDs for these types of toxicants. Instead the EPA has developed the 
Integrated Exposure Uptake Biokenetic Model to estimate the percentage of the population of children up 
to 6 years of age with blood lead levels above a critical value, 10 J.l.g/dL. The model determines the 
contribution of lead intake from multimedia sources (diet, soil and dirt, air, and drinking water) on the 
concentration of lead in the blood. Site-specific concentrations of lead in various media are used when 
available; otherwise default values are assumed. The EPA has established a screening level of 400 ppm 
(J.lglg) for lead in soil (EPA 1994a). 

Inorganic lead and lead compounds have been evaluated for carcinogenicity by the EPA (EPA 
1989b, c, 1993a). The data from human studies are inadequate for evaluating the potential carcinogenicity 
of lead. Data from animal studies, however, are sufficient based on numerous studies showing that lead 
induces renal tumors in experimental animals. A few studies have shown evidence for induction of tumors 
at other sites (cerebral gliomas; testicular, adrenal, prostate, pituitary, and thyroid tumors). A slope factor 
was not derived for inorganic lead or lead compounds. 

As noted previously, neither slope factors nor RIDs for lead are available from the EPA. However, 
KYDEP has provided provisional RIDs for oral, dermal, and inhalation toxicity; they are 1.00E-7, 
1.50E-8, and 2.86E-4 mg/kg-day, respectively. A gastrointestinal absorption factor of IS percent can be 
derived from the oral and dennal RIDs. In addition, three classes of benchmarks are available and are 
used in this BInIRA. These are the benchmarks applied by the Integrated Exposure Uptake Biokinetic 
Model (10 J.l.g/dL); the EPA screening values of 400 mg/kg and 15 J.l.g/1 for soil and water, respectively 
[Office of Solid Waste and Emergency Response (OSWER) Dir. No. 9344.4-12]; and the Commonwealth 
of Kentucky screening values of20 mglkg and 4 J-lg/l for soil and water, respectively (KDEP 1995) . 
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1.4.1.14 Lithium (CAS 007439·93-2) 

Lithium is an alkali metal similar to magnesium and sodium in its properties (Birch 1988, Arena 
1986) and has a molecular weight of6.941 (Beliles 1994). It does not occur in nature in its free form but 
is found in minerals such as spodumene, petalite, and eucryptite (Beliles 1994). Lithium compounds are 
found in natural waters and in some foods. The average dietary intake is estimated to be about 2 mg per 
day (~~liles 1994). _ 

Inorganic salts or oxides of lithium have many uses. Lithium carbonate is used extensively as a 
therapeutic agent in the treatment of manic depressive affective disorders (Ellenhom and Barceloux 
1988). Elemental lithium is a component of metal alloys; lithium hydride is used as a nuclear reactor 
coolant. Lithium hydroxide is used in alkaline storage batteries; lithium carbonate and lithium borate are 
used in the ceramic industry; and lithium chloride and fluoride are used in welding and brazing fluxes 
(Beliles 1994). Lithium forms covalent bonds in organometallic compounds such as lithium stearate. 
Organo·lithium compounds are used as Inultipurpose greases, particularly in the automotive industry 
(Beliles 1994). 

Most common inorganic lithium compounds are water soluble to some extent: i.e., chloride, 454 gIL; 
carbonate, 13.3 gIL; hydroxide, 223 gIL; oxide, 66.7 gIL (Beliles 1994). Lithium hydride reacts with 
water to form a very basic solution of lithium hydroxide. 

Soluble lithium compounds are readily absorbed through the gastrointestinal tract but not the skin; 
distribution is rapid to the liver and kidneys but slower to other organ systems (Jaeger et a1. 1985). 
Lithium crosses the human placenta (ACGm 1991) and can also be taken up by infants through breast 
milk. Lithium is not metabolized and is excreted primarily in the urine. 

The oral toxicity of most lithium compounds is relatively low; oral LDso values for several 
compounds and animal species range from 422-1165 mg/kg. Case histories described by Gosselin et a1. 
(1984) indicate that doses of 12-60 g (171-857 mg/kg-day for a 70 kg person) can resulf in coma, 
respiratory and cardiac complications, and death in humans. A single oral dose of 40 mg/kg produced 
toxic lithium blood levels in a patient with a history of prior lithium use (Marcus 1980). In contrast, for 
chronic therapeutic use,the standard dose oflithium carbonate is 1-2 g1day (14-28 mg/kg·day). 

Signs and symptoms of lithium toxicity include anorexia; 'nausea; diarrhea; alopecia; weight gain; 
thirst; pretibial edema (sodium retention); polyuria; glycosuria; aplastic anemia; tremors; acne; muscle 
spasm; and, rarely, dysarthria, ataxia, impaired cognition, and pseudotumor cerebri (Arena 1986; 
Ellenhom and Barceloux 1988). Toxic effects that may appear· after prolonged therapeutic use may 
include neurological symptoms, changes in kidney function, hypothyroidism, and leukocytosis. 

The nervous system is the primary target organ of lithium toxicity. Neurologic effects occurring 
during prolonged therapy often include minor effects on memory, motor activity, and associative 
productivity (Kocsis et a1. 1993). Movement disorders (myoclonus, choreoathetosis), proximal muscle 
weakness, fasciculations, gait disturbances, incontinence, corticospinal tract signs, and a Parkinsonian 
syndrome (cogwheel rigidity, tremor) have been reported (Sansone and Ziegler 1985). Cases of severe 
lithium neurotoxicity, which may occur during chronic therapy as a result of increased lithium retention, 
may be characterized by disorientation, incoherence, paralysis, stupor, seizure, and coma (Hall et a1. 
1979). Permanent brain damage has occurred in several patients on long-term lithium therapy (Gosselin et 
a1. 1984). 

During chronic lithium therapy, changes in kidney function may appear as transient natriuresis, 
polydipsia/polyuria, nephrogenic diabetes insipidus, partial renal tubular acidosis, minimal change 



disease, and nephrotic syndrome (Ellenhorn and Barceloux 1988). Degenerative changes may occur in the --. 
glomeruli or in the distal convoluted tubules or collecting ducts (Richman et a1. 1980, Hestbech et al. 
1977). In rare cases, acute renal failure may occur (Fenves et al. 1984). 

Cohort studies indicate that the risk of major congenital malformations among women receiving 
lithium during early pregnancy is slightly higher (4-12 percent) than that among control groups 

- (2-4 per-cent) (Cohen et al. 1994). Evidence also suggests that women on lithium therapy may have a 
higher risk of premature births. In animals, reproductive and developmental effects (decrease in litter size, 
decrease in live pups, reduced growth, and increased incidence of cleft palate) have been reported in 
rodents exposed to lithium salts during gestation (Marathe and Thomas 1986, Sechzer et al. 1992, Szabo 
1970, Chernoff and Kavlock 1982). Subchronic and chronic oral RIDs have not been derived for lithium. 

Limited information is available on the inhalation toxicity of lithium compounds. Lithium hydride is 
a respiratory tract irritant. In occupationally exposed workers, concentrations between 1 and 5.0 mg/m3 

caused severe eye and nasal irritation as well as skin irritation; concentrations of 0.025 mg/m3 or less 
caused no adverse effects (Beliles 1994). In animal studies, concentrations above 10 mg/m3 for 4-7 hours 
resulted in inflammation of the eyes, partial sloughing of mucosal epithelium of the trachea, lesions of the 
nose and forepaws, and erosion of the nasal septum (Spiegl et a1. 1956). 

Lithium combustion aerosols are also respiratory tract irritants. In a study in which rats were 
exposed for 4 hours to an aerosol consisting of 80 percent lithium carbonate and 20 percent lithium 
hydroxide, signs of toxicity included anorexia, dehydration, respiratory difficulty, perioral and perinasal 
encrustatiort, ulcerative or necrotic laryngitis, focal to segmental ulcerative rhinitis often accompanied by 
squamous metaplasia, and in some animals, suppurative bronchopneumonia or aspiration pneumonia, 
probably secondary to laryngeal lesions (Greenspan et a1. 1986). The LCso (after 14 days) was estimated • 
to be 1700 mg/m3 for males and 2000 mg/m3 for females. In a second study in which rats were exposed 
for 4 hours to an aerosol containing mostly lithium monoxide, some lithium hydroxide, and 12 percent 
lithium carbonate, the LCso value (after 14 days) was 940 mg/m3 (Rebar et a1. 1986). Four-hour exposure 
to an aerosol containing primarily lithium hydroxide with 23 percent lithium carbonate resulted in an LCso 
of 960 mg/m3 (Rebar et al. 1986). 

Little information was found in the available literature on the carcinogenicity of lithium compounds. 
However, three patients on chronic lithium therapy developed leukemia, and one developed a thyroid 
tumor. Lithium has not been classified by EPA as to its potential carcinogenicity. 

No information was found in the available literature on the subchronic, chronic, or 
developmental/reproductive toxicity of lithium compounds by the inhalation route. In addition, 
subchronic and chronic inhalation RfCs have not been derived for lithium. 

The oral RID used in this BHHRA is 2.00E-2 mglk.g-day. The dermal route RID based on the oral 
RID and a gastrointestinal absorption factor of 8 percent is 1.60E-2 mg/kg-day. No slope factors were 
found. Inhalation toxicity values were not available. 

1.4.1.15 Manganese (CAS 007439-96-5) (RAIS) 

Manganese is an essential trace element in humans that can elicit a variety of serious toxic responses 
upon prolonged exposure to elevated concentrations either orally or by inhalation. The CNS is the 
primary target. Initial symptoms are headache, insomnia, disorientation, anxiety, lethargy, and memory 
loss. These symptoms progress with continued exposure and eventually include motor disturbances, • 
tremors, and difficulty in walking, symptoms similar to those seen with Parkinsonism. These motor 
difficulties are often irreversible. Based on human epidemiological studies, 0.8 mglkg-day for drinking 
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water exposure and 0.34 mg/mJ in air for inhalation exposure have been estimated LO . .l\ELs for eNS
effects. 

Effects on reproduction (decreased fertility, impotence) have been observed in humans with 
inhalation exposure and in animals with oral exposure at the same or similar doses that initiate the central 
nervous system effects. An increased incidence of coughs, colds, dyspnea during exercise, bronchitis, and 
altered lung ventilatC?ry parameters have also been seen in humans and animals with inhalation exposure. 
A possible effect on the immune system may account for some of these respiratory symptoms. 

Because of the greater bioavailability of manganese from water, separate RIDs for water and diet 
were calculated. A chronic (EPA 1995c) and subchronic RID (EPA 1998b) for drinking water has been 
calculated by EPA from a human NOAEL; the NOAEL was determined from an epidemiological study of 
human populations exposed for a lifetime to manganese concentrations in drinking water ranging from 
3.6 to 2300 J.lglL (Kondakis et a1. 1989). A chronic (EPA 1995c) and subchronic RID (EPA 1998b) for 
dietary exposure has been calculated by EPA from a human NOAEL, which was determined from a series 
of epidemiological studies (Schroeder et a1. 1966, WHO 1973, NRC 1989). Large popUlations with 
different concentrations of manganese in their diets were examined. No adverse effects that were 
attributable to manganese were seen in any of these groups. For both the drinking water and dietary 
values, the RID was derived from these studies without uncertainty factors since manganese is essential in 
human nutrition and the exposure of the most sensitive groups was included in the populations examined. 
EPA (1995c) indicates that the chronic RID values are pending change. 

A RiC of 0.05 J.lg/ml (EPA 1995c) for chronic inhalation exposure was calculated from a human 
LOAEL of 0.05 mg/ml for impairment of neurobehavioral function from an epidemiological study by 
Roels et a1. (1992). The study population was occupationally exposed to airborne manganese dust with a 
median concentration of 0.948 mg/ml for 0.2 to 17.7 years with a mean duration of 5.3 years. 
Neurological examinations, psychomotor tests, lung function tests, blood tests, and urine tests were used 
to determine the possible effects of exposure. The LOAEL was derived from an occupational-lifetime 
integrated respirable dust concentration of manganese dioxide expressed as mg manganeselrnl x years. 
Confidence in the inhalation rue is rated medium by the EPA. 

Some conflicting data exist on possible carcinogenesis following injections of manganese chloride 
and manganese sulfate in mice. However, the EPA weight-of-evidence classification is Group D, not 
classifiable as to human carcinogenicity based on no evidence in humans and inadequate evidence in 
animals (EPA 1995c). 

As noted previously, no cancer slope factors for manganese are available. Therefore, carcinogenicity 
from exposure to manganese is not included in this BHHRA. The oral RIDs used are 4.60E-2 and 
1.40E-l mglkg-day for the exposure through aqueous media and diet, respectively. The dermal route RID 
based on the oral RID for exposure to aqueous media and diet and a gastrointestinal absorption factor of 4 
percent permits the derivation of absorbed RID values of 1.84E-3 and S.60E-03 mglkg-day, respectively. 
The manganese RID for inhalation exposure used is 1.43E-S mglkg-day for aqueous media and diet. 

1.4.1.16 Mercury (CAS 007439-97-6) (RAIS) 

Mercury is a naturally occurring element existing in mUltiple forms and in various oxidation states. It 
is used in a wide variety of products and processes. In the environment, mercury may undergo 
transformations among its various forms and among its oxidation states. Exposure to mercury may occur 
in both occupational and environmental settings, the latter primarily involving dietary exposure (ATSDR 
1989d). 
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Absorption, distribution, metabolism, and excretion of mercury is dependent upon its form and -
oxidation state (ATSDR 1989d, Goyer 1991). Organic mercurials are more readily absorbed than are • 
inorganic forms. An oxidation-reduction cycle is involved in the metabolism of mercury and mercury 
compounds by both animals and humans (ATSDR 1989d). The urine and feces are primary excretory 
routes. The elimination half~life is 35-90 days for elemental mercury and mercury vapor and about 
40 days for inorganic salts (Goyer 1991). 

Ingestion of mercury metal is usually without effect (Goldwater 1972). Ingestion of inorganic salts 
may cause severe gastrointestinal irritation, renal failure, and death with acute lethal doses in humans 
ranging from 1 to 4 g (ATSDR 1989d). Mercuric (divalent) salts are usually more toxic than are 
mercurous (monovalent) salts (Goyer 1991). Mercury is also mown to induce hypersensitivity reactions 
such as contact dermatitis and acrodynia (pink disease) (Mathesson et a1. 1980). Inhalation of mercury 
vapor may cause irritation of the respiratory tract, renal disorders, CNS effects characterized by 
neurobehavioral changes, peripheral nervous system toxicity, renal toxicity (immunologic glomerular 
disease), and death (ATSDR 1989d). 

Toxicity resulting from subchronic and chronic exposure to mercury and mercury compounds 
usually involves the kidneys and/or CNS, the specific target and effect being dependent on the form of 
mercury (ATSDR 1989d). Organic mercury, especially methyl mercury, rapidly enters the CNS reSUlting 
in behavioral and neuromotor disorders (ATSDR 1989d, Goyer 1991). The developing CNS is especially 
sensitive to this effect, as documented by the epidemiologic studies in Japan and Iraq where ingestion of 
methyl mercury-contaminated food resulted in severe toxicity and death in adults and severe central 
nervous system effects in infants (Bakir et a1. 1973, Amin-Zaki et a1. 1974, Harada 1978, Marsh et a1. 
1987). Blood mercury levels ofless than 10 J.1g1dL and 300 J.1g1dL corresponded to mild effects and death, 
respectively (Bakir et a1. 1973). Teratogenic effects due to organic or inorganic mercury exposure do not 
appear to be well-documented for humans or animals, although some evidence exists for mercury-induced • 
menstrual cycle disturbances and spontaneous abortions (Derobert and Tara 1950, Amin-Zaki et a1. 1974, 
ATSDR 1989d). 

A sub chronic and chronic oral RID of 1.00E-4 mglkg-day for methyl mercury is based on a 
benchmark dose of 1.10 J.1g1kg-day relative to neurologic developmental abnormalities in human infants 
(EPA 1998a, 1998b). A subchronic and chronic oral RID of 3.00E-4 mglkg-day for mercuric chloride is 
based on immunologic glomerulonephritis (EPA 1998a). An LOAEL of 6.30E-l mg Hglkg-day for 
mercuric chloride was identified (EPA 1987e). NOAELs were not available for oral exposure to inorganic 
mercury or methyl mercury. A subchronic and chronic inhalation RiC of 3.00E-4 mg Hglm3 for inorganic 
mercury (EPA 1998a, 1998b) is based on neurological disorders (increased frequency of intention 
tremors) following long-term occupational exposure to mercury vapor (Fawer et a1. 1983.). The LOAELs 
for subchronic and chronic inhalation exposures to inorganic mercury are 0.32 and 0.03 mg Hglm3

, 

respectively. NOAELs were unavailable. An inhalation RiC for methyl mercury has not been determined. 

No data were available regarding the carcinogenicity of mercury in humans or animals. EPA has 
placed inorganic mercury in weight-of-evidence classification D, not classifiable as to human 
carcinogenicity (EPA 1998a). Weight-of-evidence classifications of C (possible human carcinogen) have 
been assigned to mercuric chloride and methyl mercury by EPA (1998a) based upon limited evidence of 
carcinogenicity in rodents. No slope factors have been calculated. 

The oral RID used in this BHHRA is 3.00E-4 rnglkg-day. The absorbed RID based on the oral RID 
and a gastrointestinal absorption factor of 7 percent is 2.10E-5 mg/kg-day. The RID for inhalation 
exposure used in the BHHRA is 8.S7E-5 mg/kg-day. 
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1.4.1.17 Molybdenum (CAS 007439-98-7) (RAIS) 

Molybdenum occurs naturally in various ores, the principal source being molybdenite (MoS;!) 
(Stokinger 1981a). Molybdenum compounds are used primarily in the production of metal alloys. 
Molybdenum is considered an essential trace element; the provisional recommended dietary intake is 
75-250 g/day for adults and older children (NRC 1989) . 

. Water-soluble molybdenum compounds are readily taken up through the lungs and gastrointestinal 
tract, but insoluble compounds are not. Following absorption, molybdenum is distributed throughout the 
body with the highest levels generally found in the liver, kidneys, spleen, and bone (Wennig and Kirsch 
1988). Limited data suggest that 25-50 percent of an oral dose is excreted in the urine, with small 
amounts also eliminated in the bile. Biological half-life may vary from several hours in laboratory 
animals to as much as several weeks in humans (Friberg and Lener 1986, Jarrell et a1. 1980, Stokinger 
1981a, Vanoeteren et a1. 1982, Venugopa\ and Luckey 1978). 

Data documenting molybdenum toxicity in humans are limited. The physical and chemical state of 
the molybdenum, route of exposure, and compounding factors such as dietary copper and sulfur levels 
may all affect toxicity. Mild cases of molybdenosis may be clinically identifiable only by biochemical 
changes (e.g., increases in uric acid levels due to the role of molybdenum in the enzyme xanthine 
oxidase). Excessive intake of molybdenum causes a physiological copper deficiency, and conversely, in 
cases of inadequate dietary intake of copper, molybdenum toxicity may occur at lower exposure levels. 

There is no information available on the acute or subchronic oral toxicity of molybdenum in humans. 
In studies conducted in a region of Armenia where levels of molybdenum in the soil are high (77 mg 
Molkg), 18 percent of the adults examined in one town and 31 percent of those in another town were 
found to have elevated concentrations of uric acid in the blood and urine, increased blood xanthine 
oxidase activity, and gout-like symptoms such as arthralgia, articular defonnities, erythema, and edema 
(Kovalskii et a1. 1961). The daily molybdenum intake was estimated to be 10-15 mg. An outbreak of 
genu valgum (knock-knees) in India was attributed to an increase in Mo levels in sorgum, the main staple 
food of the region. The estimated daily Mo intake was 1.5 mg (Jarrell et a1. 1980). 

In animals, acutely toxic oral doses of molybdenum result in severe gastrointestinal irritation with 
diarrhea, coma, and death from cardiac failure. Oral LDso values of 125 and 370 mg Molkg for 
molybdenum trioxide and ammonium molybdate, respectively, have been reported in laboratory rats 
(Venugopal and Luckey 1978). Subchronic and chronic oral exposures can result in gastrointestinal 
disturbances, growth retardation, anemia, hypothyroidism, bone and joint deformities, sterility, liver and 
kidney abnormalities, and death (Lloyd et a1. 1976, Venugopal and Luckey 1978, Valli et al. 1969, 
Fairhall et al. 1945, Rana and Kumar 1980). Fatty degeneration of the liver occurred in rabbits dosed with 
50 mglkg-day for 6 months (Asrnangulyan 1965) and in rats dosed with 5 mglkg-day as ammonium 
molybdate for 1 year (Valjcuk and Sramko 1973). Male sterility was reported in rats fed diets containing 
80 or 140 ppm molybdenum (Jeter and Davis 1954). Teratogenic effects have not been observed in 
mammals, but embryotoxic effects, including reduced weight gain, reduced skeletal ossification, nerve 
system demyelinization, and reduced survival of offspring have been reported (Wide 1984, Earl and Vish 
1979, Schroeder and Mitchener 1971). 

The chronic oral RID for molybdenum and molybdenum compounds is 5.00E-3 mglkg-day, based 
on biochemical indices in humans (EPA 1998b). The subchronic RID is also 5.00E-3 mglkg-day (EPA 
1998b). 

Information on the inhalation toxicity of molybdenum in humans following acute and subchronic 
exposures is not available. Studies of workers chronically exposed to molybdenum indicate a high 
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incidence of weakness, fatigue, headache, irritability, lack of appetite, epigastric pain, joint and muscle --. 
pain, weight loss, red and moist skin, tremor of the hands, sweating, and dizziness (Akopajan 1964, 
Ecolajan 1965, Walravens et a1. 1979). Elevated levels of molybdenum in blood plasma and urine and 
high levels of ceruloplasmin and uric acid in blood serum were reported for workers exposed to 
molybdenum (8-hour TWA 9".5 mg molybdenurnlmJ

) (Walravens et a1. 1979). Occupational exposure to 
molybdenum may also result in increased serum bilirubin levels and decreased blood IgA/IgG ratios due 

. to a rise. in alpha-immunoglobulins (Avakajan 1966, 1968). Direct pulmonary effects of chronic exposure 
to molybdenum have been reported in only one study in which 3 of 19 workers exposed to molybdenum 
and Mo03 (1-19 mg/mJ

) for 3-7 years were symptomatic and had X-ray findings indicative of 
pneumoconiosis (Mogilevskaya 1963). Adverse reproductive or developmental effects have not been 
observed in molybdenum workers (Metreveli et a1. 1985). 

In animal studies, inhalation exposures to molybdenum compounds have resulted in respiratory tract 
irritation, pulmonary hemorrhages, perivascular edema, and liver and kidney damage (Mogilevskaya 
1963, Fairhall et a1. 1945). Other effects reported in animals include diarrhea, muscle incoordination, loss 
of hair, loss of weight (Fairhall et a1. 1945), changes in ECG, increased arterial blood pressure, increased 
serum lactate dehydrogenase, increased cardiac adrenaline and noradrenaline levels (Babayan et a1. 1984), 
and inflammation ofthe uterine horns with necrotic foci and endometrial atrophy (Metreveli and Daneliya 
1984). Some molybdenum compounds, such as molybdenum trioxide and sodium molybdate (Na2Mo04), 
are strong eye and skin irritants; however, others, such as calcium and zinc molybdates, are not primary 
irritants. 

Subchronic and chronic rue for molybdenum are not available. 

Information on the oral or inhalation carcinogenicity of molybdenum compounds in humans was not 
available, and animal data indicate that molybdenum may have an inhibitory effect on esophageal (Luo et • 
a1. 1983, van Rensburg et a1. 1986, Komada et a1. 1990) and mammary carcinogenesis (Wei et a1. 1987). 
However, intraperitoneal injections of MoOJ in mice produced a significant increase in the nUlDber of 
lung adenomas per mouse and an insignificant increase in the number of mice bearing tumors (Stoner et 
a1. 1976). Molybdenum is placed in EPA Group D, not classifiable as to carcinogenicity in humans. (EPA 
1990b) and calculation of slope factors is not possible. 

A chronic oral RID of 5.00 E-3 mglkg-day was used in the BHHRA. The absorbed RID based on 
the oral RID and a gastrointestinal absorption factor of 38 percent is 1.90E-3 mg/kg-day (RAIS). No 
inhalation RID was available. 

1.4.1.18 Nickel (CAS 007440-02-0) (RAIS) 

Nickel is a naturally occurring element that may exist in various mineral forms. It is used in a wide 
variety of applications including metallurgical processes and electrical components, such as batteries 
(ATSDR 1988b, USAF 1990e). Some evidence suggests that nickel may be an essential trace element for 
mammals. 

The absorption of nickel is dependent on its physicochemical form, with water soluble forms being 
more readily absorbed. The metabolism of nickel involves conversion to various chemical forms and 
binding to various ligands (ATSDR 1988b). Nickel is excreted in the urine and feces with relative 
amounts for each route being dependent on the route of exposure and chemical form. Most nickel enters 
the body via food and water consumption, although inhalation exposure in occupational settings is a 
primary route for nickel-induced toxicity. 
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In large doses (> 0.5 g), some forms of nickel may be acutely toxic to humans when taken orally.
(Daldrup et a1. 1983, Sunderman et a1. 1988). Oral LDso values for rats range from 67 mg nickellkg 
(nickel sulfate hexahydrate) to > 9000 rng nickellkg (nickel powder) (ATSDR 1988b). Toxic effects of 
oral exposure to nickel usually involve the kidneys with some evidence from animal studies showing a 
possible developmental/reproductive toxicity effect (ATSDR 1988b, Goyer 1991). 

Inhalation exposure to some nickel compounds will cause toxic effects in the respiratory tract and 
imimitie system (Smialowicz et al. 1984, 1985, 1987; ATSDR 1988b; Goyer 1991). Inhalation LCso 
values for animals range from 0.97 mgnickellm3 for rats (6-hour exposure) to 15 mg nickel/m3 for guinea 
pigs (time not specified) (USAF 1990e). Acute inhalation exposure of humans to nickel may produce 
headache, nausea, respiratory disorders, and death (Goyer 1991, Rendall et a1. 1994). Asthmatic 
conditions have also been documented for inhalation exposure to nickel (Goyer 1991). Soluble nickel 
compounds tend to be more toxic than insoluble compounds (Goyer 1991). In addition, nickel carbonyl is 
known to be extremely toxic to humans upon acute inhalation exposure (Goyer 1991). 

Data on nickel-induced reproductive/developmental effects in humans following inhalation exposure 
are equivocal. No clinical evidence of developmental or reproductive toxicity were reported for women 
working in a nickel refinery (Warner 1979), but Chashschin et a1. (1994) reported possible reproductive 
and developmental effects in humans of occupational exposure to nickel (0.13-0.2 mg nickel/m3). 
Although not validated by quantitative epidemiologic data or statistical analyses, the authors reported an 
apparently abnormal increase in spontaneous and threatening abortions (16-17 percent in nickel-exposed 
workers versus 8-9 percent in nonexposed workers), and an increased incidence of non-specified 
structural malformations (17 percent versus 6 percent) was reported also. Furthermore, sensitivity 
reactions to nickel are well documented and usually involve contact dermatitis reactions resulting from 
contact with nickel-containing items such as cooking utensils, jewelry, coins, etc. (ATSDR 1988b). 

A chronic (EPA 1995d) and subchronic (EPA 1998b) oral RID of 2.00E-2 mg/kg-day for soluble 
nickel salts is based on changes in organ and body weights of rats receiving dietary nickel sulfate 
hexahydrate (5 mg/kg-day) for 2 years. A NOAEL and LOAEL of 5 mg/kg-day and 50 mg/kg-day, 
respectively, were reported in the key study (Ambrose et al. 1976). An uncertainty factor of 300 reflects 
interspecies extrapolation uncertainty, protection of sensitive populations, and a modifying factor of 3 for 
a database deficient in reproductive/developmental studies. An inhalation RfC for soluble nickel salts is 
under review by the RIDlRfC Work Group (EPA 1995d) and currently is not available. 

The primary target organs for nickel-induced systemic toxicity are the lungs and upper respiratory 
tract for inhalation exposure and the kidneys for oral exposure (ATSDR 1988b, Goyer 1991). Other target 
organs include the cardiovascular system, immune system, and the blood. 

Epidemiologic studies have shown that occupational inhalation exposure to nickel dust (primarily 
nickel subsulfate) at refineries has resulted in increased incidences of pulmonary and nasal cancer (NAS 
1975, Enterline and Marsh 1982, ATSDR 1988b). Inhalation studies using rats have also shown nickel 
subsulfate or nickel carbonyl to be carcinogenic (Sunderman et al. 1959, Sunderman and Donnelly 1965, 
Ottolenghi et a1. 1974). Based on these data, the EPA (1995d) has classified nickel subsulfate and nickel 
refinery dust in weight-of-evidence group A, human carcinogen. Carcinogenicity slope factors of 1. 70E+O 
and 8.40E-l (mglkg-dayrl and unit risks of 4.80E-4 (~g/m3rl and 2.40E-4 (~g/m3rl have been calculated 
for nickel subsulfide and nickel refinery dust, respectively (EPA 1998b, 1995d). Based on an increased 
incidence of pulmonary carcinomas and malignant tumors in animals exposed to nickel carbonyl by 
inhalation or by intravenous injection, this compound had been placed in weight-of-evidence Group B2, 
probable human carcinogen (EPA 1995d). No unit risk 'values were available for nickel carbonyl. 
Recent analyses of epidemiologic data, however, indicate that definitive identification of a specific 
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nickel compound as the causative agent is not yet possible (Easton et a1. 1994, Langflrd 1994, Roberts -.• 
et a1. 1994). 

No cancer slope factors for soluble nickel salts were found. Therefore, carcinogenicity due to 
exposure to soluble nickel salts is not included in the BHHRA. The oral RID used in the BHHRA is 
2.00E-2 mglkg-day. The dermal route RID used in the BHHRA, based on the oral RID and a 

. gastroin~~stinal absorp~ion factor of 27 percent, is 5.40E-3 mglkg-day. An inhalation RID for soluble 
nickel salts was not found. 

1.4.1.19 Silica (CAS 007631-86-9) 

Information on the toxicity of silica was not found in the available literature. When information 
becomes available, it will be included in this report. 

Neither slope factors nor RIDs for any route of exposure were found for silica. Therefore, neither 
carcinogenicity nor systemic toxicity resulting from silica exposure is included in the BHHRA. 

1.4.1.20 Silver (CAS 007440-22-4) (RAIS) 

Silver is a relatively rare metal that occurs naturally in the earth's crust and is released to the 
environment from various industrial sources. Human exposure to silver and silver compounds can occur 
orally, dermally, or by inhalation. Silver is found in most tissues but has no known physiologic function. 

In humans, accidental or intentional ingestion of large doses of silver nitrate has produced corrosive 
damage of the gastrointestinal tract, abdominal pain, diarrhea, vomiting, shock, convulsions, and death • 
(EPA 1985a). Respiratory irritation was noted following acute inhalation exposure to silver or silver 
compounds. Silver nitrate solutions are highly irritating to the skin, mucous membranes, and eyes 
(Stokinger 1981b). 

Ingestion, inhalation, or dermal absorption of silver may cause argyria, the most common indicator 
oflong-term exposure to silver or silver compounds in humans. Argyria is a gray or blue-gray, permanent 
discoloration of the skin and mucous membranes that is not a toxic effect per se but is considered 
cosmetically disfiguring. Chronic inhalation exposure of workers to silver oxide and silver nitrate dusts 
resulted in upper and lower respiratory irritation, deposition of granular silver-containing deposits in the 
eyes, impaired night vision, and abdominal pain (Rosenman et a1. 1979). Mild allergic responses have 
been attributed to dermal contact with silver (ATSDR 1990e). 

In long-term oral studies with experimental animals, silver compounds have produced slight 
thickening of the basement membranes of the renal glomeruli, growth depression, shortened lifespan, and 
granular silver-containing deposits in skin, eyes, and internal organs (Matuk et a1. 1981; Olcott 1948, 
1950). Hypoactivity was seen in rats subchronicaUy exposed to silver nitrate in drinking water (Rungby 
and Danscher 1984). 

An RID of 5.00E-3 mglkg-day for subchronic and chronic exposure was calculated from an LOAEL 
of 1.40E-2 mg/kg-day for argyria observed in patients receiving intravenous injections of silver 
arsphenamine (EPA 1998a,b). Data are presently insufficient to derive an RfC for silver (EPA 1998a). 

Data adequate for evaluating the carcinogenicity of silver to humans or animals by ingestion, 
inhalation, or other routes of exposure were not found. Based on EPA guidelines, silver is placed in • 
weight-of-evidence Group D, not classifiable as to human carcinogenicity (EPA 1998a). 
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The oral RID used in this BHHRA is 5.00E-3 mglkg-day. The dennal route RID based on the oral-
RID and a gastrointestinal absorption factor of 18 percent is 9.00E-4 mglkg-day. The RID for inhalation 
exposure has not been detennined. 

1.4.1.21 Sulfate (CAS 014808-79-8) (RAIS) 

The sulfate ion, S04, is one of the major anions occurring in natural waters (Daniels 1988). The 
majority of sulfates are soluble in water with the exception of lead, barium, and strontium sulfates. Thus, 
dissolved sulfate is considered to be a pennanent solute of water (WHO 1984a). 

The major health effect observed with sulfate ingestion is laxative action (Daniels 1988, NAS 1977), 
and the cation associated with the sulfate appears to have some effect on the salt's potency as a laxative 
(Daniels 1988). Sulfate itself slowly penetrates mammalian cellular membranes and is rapidly eliminated 
through the kidneys (WHO 1984a). Pursuant to the Safe Drinking Water Act, the EPA has proposed 
maximum contaminant level (MCl) goals of either 400 or 500 mgIL to protect infants (based on Chien et. 
a1. 1968, Peterson 1951, and Moore 1952), and has identified a LOAEl of630 mg/L based on diarrhea in 
infants receiving formula made with high-sulfate water (EPA 1990c). The Drinking Water Standards of 
the U.S. Public Health Service recommend that sulfate in water should not ex~eed 250 mg/L, except when 
no more suitable supplies are or can be made available. 

Sulfates can contribute to an undesirable taste in water. The taste threshold for the sulfate ion in 
water is 300--400 mgIL (NAS 1977), and a guidance value of 400 mgIL based on aesthetic quality has 
been suggested (WHO 1984b). The current EPA national Secondary MCl for sulfate, based on 
organoleptic effects, is 250 mgIL (EPA 1990c). 

No toxicity information was found (e.g., slope factors, RIDs, RK:s) for any route of exposure for 
sulfate. Therefore, quantitative estimates of carcinogenicity and systemic toxicity due to sulfate exposure 
are not included in the BHHRA. 

1.4.1.22 Tetraoxo-sulfate (CAS 012143-45-2) 

Information on the toxicity of tetraoxo-sulfate (1-) was not found in the available literature. When 
information becomes available, it will be included in this report. 

Neither slope factors nor RIDs for any route of exposure were found for tetraoxo-sulfate (1-). 
Therefore, neither carcinogenicity nor systemic toxicity resulting from tetraoxo-sulfate (1-) exposure is 
included in the BHHRA. 

1.4.1.23 Thallium (CAS 007440-28-0) (RAIS) 

This report is an update of the Toxicity Summary for Thallium (CAS Registry No. 7440-28-0). The 
onginal summary for this chemical was submitted in 1991. The update was performed by incorporating 
any new human health toxicity data published since the original submittal of the report. Pertinent 
pharmacokinetic, toxicologic, carcinogenic, and epidemiologic data were obtained through on-line 
searches of the TOXLINE database from 1991 through 1994. In addition, any changes to EPA-approved 
toxicity values (RIDs, RfCs, or cancer slope factors) from the IRIS (current as of December 1998) and/or 
the HEAST, Annual FY-94 and July Supplement No.1, for this chemical were incorporated in this 
update. 

Thallium, a naturally occurring elemental metal, is commonly found in minerals and as thallium 
salts. It can also be released into the environment from industrial sources. Atmospheric thallium 

1-87 



contaminates surface soils by deposition, allowing for the exposure of humans by oral, dermal, or 
inhalation routes. The most common nonoccupational sources of thallium exposure are contaminated food • 
crops and tobacco. Although normally present in the urine of humans, elevated urine thallium 
concentrations have been associated with adverse health effects. 

The primary targets of thallium toxicity are the nervous, integumentary, and reproductive systems. In 
. humans, .. acute exposures produce paresthesia, retrobulbar neuritis, ataxia, delirium, tremors, and 
hallucinations. This implies central, peripheral, and autonomic nervous system involvement (Stokinger 
1981c, de Groot and Van Heijst 1988, Kazantzis 1986). Human and animal chronic exposures result in 
alterations of the brain, spinal cord, and peripheral nerves (Stokinger 1981c, Manzo et a1. 1983). In both 
humans and animals, alopecia is the most common indicator of long-term thallium poisoning (Stokinger 
1981c, Manzo et a!. 1983). 

An increased incidence of congenital malfonnations was found in children of parents exposed to 
thallium through the consumption of home grown fruits and vegetables. However, a causal relationship 
between these effects and thallium exposure could not be confirmed (Dolgner et a1. 1983). In animal 
studies, thallium compounds produced testicular effects in male rats and slight fetotoxicity and significant 
impairment of learning ability in the offspring of treated female rats (Formigli et a1. 1986, Roll and 
Matthiaschk 1981, Bornhausen and Hagen 1984). 

RIDs have been calculated for subchronic and chronic oral exposure to several thallium compounds. 
The values, derived from a single study where thallium treatment increased AST and LDH activities in 
rats, are based on NOAELs ranging from 2.30E-l to 2.80E-l mglkg-day (EPA 1986i). The subchronic 
RIDs are 8.00E-04 (thallium sulfate, chloride, and carbonate) or 9.00E-4 mglkg-day (thallium nitrate and 
acetate) (EPA 1998b), and the chronic RIDs are 8.00E-5 (thallium sulfate, chloride, and carbonate) or • 
9.00E-5 mg/kg-day (thallium nitrate and acetate) (EPA 1994b-f). 

Data suitable for evaluating the carcinogenicity of thallium to humans or animals by ingestion, 
inhalation, or other routes of exposure were not found. Thallium sulfate, selenite, nitrate, chloride, 
carbonate, and acetate have been placed in EPA's weight-of evidence Group D, not classifiable as to 
human carcinogenicity based on inadequate human and animal data (EPA 1994b-g). 

Neither slope factors nor chronic RIDs for any route of exposure were found for thallium. Therefore, 
neither carcinogenicity nor systemic toxicity due to thallium (soluble salt) exposure is included in the 
BHHRA. A gastrointestinal absorption factor of 15 percent is available for thallium-soluble salts. 

1.4.1.24 Uranium (metal and soluble salts) (CAS 007440-61-1) 

Uranium is a hard, silvery-white amphoteric metal and is a radioactive element. In its natural state it 
consists of three isotopes: uranium-234, uranium-235, and uranium-238. More than 100 uranium minerals 
exist; those of commercial importance are the oxides and oxygenous salts. The processing of uranium ore 
generally involves extraction then leaching either by an acid or a carbonate method. In addition, the metal 
may be obtained from its halides by fused salt electrolysis. The primary use of natural uranium is in 
nuclear energy as a fuel for nuclear reactors, in plutonium production, and as feeds for gaseous diffusion 
plants; it is also a source of radium salts. Uranium compounds are used in staining glass, glazing 
ceramics, and enameling; in photographic processes; for alloying steels; and as a catalyst for chemical 
reactions, radiation shielding, and aircraft counterweights (Sittig 1981). 

The primary route of exposure to uranium metals and salts is through dermal contact. Uranium • 
soluble compounds act as a poison to cause kidney damage under acute exposure and pneumoconiosis or 
pronounced blood changes under chronic exposure conditions. Furthermore, it is difficult to separate the 
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toxic chemical effects of uranium and its compounds from their radiation effects. The chronic radiation-
effects are similar to those produced by ionizing radiation. Reports now confirm that carcinogenicity is 
related to dose and exposure time. Cancer of the lung, osteosarcoma, and lymphoma have all been 
reported (Sittig 1985a). An EPA weight-of-evidence classification for uranium metal was not located in 
the available literature; 

The oral and d~rmal RID for chronic exposures is 3.00E-3 and 2.55E-3 mglkg-day, respectively for 
uranium. A gastrointestinal absorption factor of 85 percent was used. No slope factors are available for 
uranium. 

1.4.1.25 Vanadium (CAS 007440-62-2 for metal) (RAIS) 

Vanadium is a metallic element that occurs in six oxidation states and numerous inorganic 
compounds. Some of the more important compounds are vanadium pentoxide (V 20S), sodium 
metavanadate (Na VOl), sodium orthovanadate (Nal V04), vanadyl sulfate (VOS04), and ammonium 
vanadate ~ VOl)' Vanadium is used primarily as an alloying agent in steels and nonferrous metals 
(ATSDR 1990f). Vanadium compounds are also used as catalysts and in chemical, ceramic or specialty 
applications. 

Vanadium compounds are poorly absorbed through the gastrointestinal system (0.5-2 percent of 
dietary amount) (NRCC 1980, ICRP 1960, Byrne and Kosta 1978), but slightly more readily absorbed 
through the lungs (20-25 percent) (ICRP 1960, Davies and Bennett 1983). Absorbed vanadium is widely 
distributed in the body, but short-term localization occurs primarily in bone, kidneys, and liver (Vouk 
1979, Roshchin et a1. 1980, Parker et aI. 1980, Sharma et a1. 1980, Wiegmann et a1. 1982). In the body, 
vanadium can undergo changes in oxidation state interconversion of vanadyl (+4) and vanadate (+5) 
forms, and it can also bind with blood protein (transferin) (Harris et a1. 1984). Vanadium is excreted 
primarily in the feces following oral exposures and primarily in the urine following inhalation exposures 
(Tipton et a1. 1969, ATSDR 1990f). 

The toxicity of vanadium depends on its physicochemical state, particularly on its valence state and 
solubility. Based on acute toxicity, pentavalent NIl. VOl has been reported to be more than twice as toxic 
as trivalent VCh and more than 6 times as toxic as divalent VI2• Pentavalent V 20S has been reported to be 
more than 5 times as toxic as trivalent V 20l (Roshchin 1967). In animals, acutely toxic oral doses cause 
vasoconstriction, diffuse desquamative enteritis, congestion and fatty degeneration of the liver, congestion 
and focal hemorrhages in the lungs and adrenal cortex (Gosselin et a1. 1984). Minimal effects seen after 
subchronic oral exposures to animals include diarrhea, altered renal function, and decreases in erythrocyte 
counts, hemogloblin, and hematocrit (Domingo et a1. 1985, Zaporowska and Wasilewski 1991). In 
humans, intestinal cramps and diarrhea may occur following subchronic oral exposures. These studies 
indicate that, for subchronic and chronic oral exposures, the primary targets are the digestive system, 
kidneys, and blood. 

RIDs for chronic oral exposures are: 7.00E-3 mglkg-day for vanadium; 9.00E-3 mglkg-day for 
vanadium pentoxide; 2.00E-2 mg/kg-day for vanadyl sulfate; and 1.00E-3 mglkg-day for sodium 
metavanadate (EPA 1987f, 1991e, 1998b). The subchronic RIDs for these compounds are the same as the 
chronic RIDs, except for sodium metavanadate, which is 1.00E-2 mglkg-day (EPA 1987f, 1991e, 1998b). 

Inhalation exposures to vanadium and vanadium compounds result primarily in adverse effects to the 
respiratory system (Sax 1984, ATSDR 1990f). In laboratory studies, minimal effects (throat irritation and 
coughing) occurred after an 8-hour exposure to 0.1 mg V/m3 (Zenz and Berg 1967). In studies on workers 
occupationally exposed to vanadium, the most common reported symptoms were irritation of the 
respiratory tract, conjunctivitis, dermatitis, cough, bronchospasm, pulmonary congestion, and bronchitis 
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(Symanski 1939; Sjoberg 1950, 1951, 1955, 1956; Vintinner et a1. 1955; Lewis 1959; Tebrock and --
Machle 1968; Roshchin 1968; Kiviluoto et a1. 1981). Quantitative data are insufficient to derive a • 
subchronic or chronic inhalation RfC for vanadium or vanadium compounds. 

There is little eviderice tnat vanadium or vanadium compounds are reproductive toxins or teratogens. 
There is also no evidence that any vanadium compound is carcinogenic; however, very few adequate 

_ studies are available for evaluation. Vanadium has not been classified as to carcinogenicity by the EPA 
(1998b). 

The oral RID used in this BHHRA is 7.00E-3 mglkg-day. The dermal route RID based on the oral 
RID and a gastrointestinal absorption factor of 1 percent is 7.00E-5 mglkg-day. The RID for inhalation 
exposure has not been determined. No slope factors are available for metallic vanadium. 

1.4.1.26 Zinc (CAS 007440-66-6 for metal) (RAIS) 

Zinc is used primarily in galvanized metals and metal alloys, but zinc compounds also have wide 
commercial applications as chemical intermediates, catalysts, pigments, vulcanization activators and 
accelerators in the rubber industry, ultraviolet stabilizers, and supplements in animal feeds and fertilizers. 
They are also used in rayon manufacture, smoke bombs, soldering fluxes, mordants for printing and 
dyeing, wood preservatives, mildew inhibitors, deodorants, antiseptics, and astringents (Lloyd 1984, 
ATSDR 198ge). In addition, zinc phosphide is used as a rodenticide. 

Zinc is an essential element with RDA ranging from 5 mg for infants to 15 mg for adult males (NRC 
1989). 

Gastrointestinal absorption of zinc is variable (20-80 percent) and depends on the chemical • 
compound as well as on zinc levels in the body and dietary concentrations of other nutrients (EPA 1984c). 
In individuals with normal zinc levels in the body, gastrointestinal absorption is 20-30 percent (ATSDR 
198ge). Information on pUlmonary absorption is limited and complicated by the potential for 
gastrointestinal absorption due to mucociliary clearance from the respiratory tract and subsequent 
swallowing. Zinc is present in all tissues with the highest concentrations in the prostate, kidney, liver, 

. heart, and pancreas. Zinc is a vital component of many metalloenzymes such as carbonic anhydrase, 
which regulates CO2 exchange (Stokinger 1981d). Homeostatic mechanisms involving metallothionein in 
the mucosal cells of the gastrointestinal tract regulate zinc absorption and excretion (ATSDR 198ge). 

In humans, acutely toxic oral doses of zinc cause nausea, vomiting, diarrhea, and abdominal cramps 
and in some cases gastric bleeding (Elinder 1986, Moore 1978, ATSDR 198ge). Ingestion of zinc chloride 
can cause burning in the mouth and throat, vomiting, pharyngitis, esophagitis, hypocalcemia, and elevated 
amylase activity indicative of pancreatitis (Chobanian 1981). Zinc phosphide, which releases phosphine 
gas under acidic conditions in the stomach, can cause vomiting, anorexia, abdominal pain, lethargy, 
hypotension, cardiac arrhythmias, circulatory collapse, pulmonary edema, seizures, renal damage, 
leukopenia, and coma and death in days to weeks (Mack 1989). The estimated fatal dose is 40 mglkg. 
Animals dosed orally with zinc compounds develop pancreatitis, gastrointestinal and hepatic lesions, and 
diffuse nephrosis. 

Gastrointestinal upset has also been reported in individuals taking daily dietary zinc supplements for 
up to 6 weeks (Samman and Roberts 1987). There is also limited evidence that the human immune system 
may be impaired by subchronic exposures (Chandra 1984). In animals, gastrointestinal and hepatic 
lesions (Allen et a1. 1983, Brink et a1. 1959); pancreatic lesions (Maita et a1. 1981, Drinker et a1. 1927); • 
anemia (ATSDR 198ge, Fox and Jacobs 1986, Maita et a1. 1981); and diffuse nephrosis (Maita et a1. 
1981, Allen et a1. 1983) have been observed following subchronic oral exposures. 
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Chronic oral exposures to zinc have resulted in hypochromic microcytic anemia associated with-
hypoceruloplasminemia, hypocupremia, and neutropenia in some individuals (Prasad et a1. 1963, Porter et 
a1. 1977). Anemia and pancreatitis were the major adverse effects observed in chronic animal studies 
(Aughey et a1. 1977, Drinker et a1. 1927, Walters and Roe 1965, Sutton and Nelson 1937). Teratogenic 
effects have not been seen-in animals exposed to zinc; however, high oral doses can affect reproduction 
and fetal growth (Ketcheson et a1. 1969, Schlicker and Cox 1967 and 1968, Sutton and Nelson 1937). 

The RID for chronic oral exposure to zinc is under review by EPA; the currently accepted RID for 
both subchronic and chronic exposures is 3.00E-l mglkg-day based on clinical data demonstrating zinc
induced copper deficiency and anemia in patients taking zinc sulfate for the treatment of sickle cell 
anemia (EPA 1998b). The chronic oral RID for zinc phosphide is 3.0E-4 mglkg-day (EPA 1991 f), and the 
sub chronic RID is 3.00E-3 mg/kg-day (EPA 1998b). 

Under occupational exposure conditions, inhalation of zinc compounds (mainly zinc oxide fumes) 
can result in a condition identified as "metal fume fever," which is characterized by nasal passage 
irritation, cough, rales, headache, altered taste, fever. weakness, hyperpnea, sweating, pains in the legs 
and chest, leukocytosis, reduced lung volume, and decreased diffusing capacity of carbon monoxide 
(ATSDR 198ge, Bertholf 1988). Inhalation of zinc chloride can result in nose and throat irritation. 
dyspnea, cough. chest pain, headache, fever. nausea and vomiting. and respiratory disorders such as 
pneumonitis and pulmonary fibrosis (ITn 1988, ATSDR 198ge, Nemery 1990). Pulmonary inflammation 
and changes in lung function have also been observed in inhalation studies on animals (Amur et a1. 1982, 
Lam et a1. 1985, Drinker and Drinker 1928). 

Although "metal fume fever" occurs in occupationally exposed workers, it is primarily an acute and 
reversible effect that is unlikely to occur under chronic exposure conditions when zinc air concentrations 
are less than 8-12 mg/m3 (ATSDR 198ge). Gastrointestinal distress, as wellas enzyme changes indicative 
of liver dysfunction, have also been reported in workers occupationally exposed to zinc (NRC 1979, 
Stokinger 1981d, EPA 1991f, Guja 1973. Badawy et al. 1987); however, it is unclear as to what extent 
these effects might have been caused by pulmonary clearance and subsequent gastrointestinal absorption. 
Consequently, there are no clearly defined toxic effects that can be identified as resulting specifically 
from pulmonary absorption following chronic low level inhalation exposures. Animal data for chronic 
inhalation exposures are not available. 

An inhalation rue has not been derived for zinc or zinc compounds (EPA 1998b). 

No case studies or epidemiologic evidence has been presented to suggest that zinc is carcinogenic in 
humans by the oral or inhalation route (EPA 1991f). In animal studies, zinc sulfate in drinking water or 
zinc oleate in the diet of mice for a period of one year did not result in a statistically significant increase 
in hepatomas, malignant lymphomas, or lung adenomas (Walters and Roe 1965); however, in a 3-year, 
5-generation study on tumor-resistant and tumor-susceptible strains of mice, exposure to zinc in drinking 
water resulted in increased frequencies of tumors from the Fo to the F4 generation in the tumor-resistant 
strain (from 0.8 to 25.7 percent versus 0.0004 percent in the controls) and higher tumor frequencies in two 
tumor-susceptible strains (43.4 percent and 32.4 percent versus 15 percent in the controls) (Halme 1961). 

Zinc is placed in weight-of-evidence Group D, not classifiable as to human carcinogenicity due to 
inadequate evidence in humans and animals (EPA 1991f). 

The oral RID used in this BHHRA is 3.00E-l mglkg-day. The dermal route RID based on the oral 
RID and a gastrointestinal absorption factor of 20 percent is 6.00E-2 mg/kg-day. The RID for inhalation 
exposure has not been determined. 
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1.4.2 Organic Compounds 

1.4.2.1 1,1,2-Trichloroethane (CAS 000079-00-5) (RAIS) 

1,1,2-Trichloroethane, aiso known as vinyl trichloride, is a nonflammable liquid that is used in the 
manufacture of 1, I-dichloroethene; as a solvent for fats, waxes, resins, and alkaloids; and in organic 

. synthesis.(Budavari et a1. 1989, EPA 1980a). 

1,1,2-Trichloroethane is released to the environment as a result of anthropogenic activity. The 
chemical has been identified in the United States at 45 of 1177 hazardous waste sites on the National 
Priorities List. Based on release patterns of related chemicals, it is estimated that 70-90 percent of the 
total release is to air, 10-30 percent to land, and a few percent to water. Removal of 1, 1,2-trichloroethane 
from the atmosphere is thought to occur by reaction with photochemically produced hydroxyl radicals 
(estimated half-life 49 days) and from washout by precipitation; however, most of the 
1,1,2-trichloroethane removed by washout is expected to reenter the atmosphere by volatilization. If 
released to soil, 1,1 ,2-trichloroethane is expected to partially leach into groundwater and to partially 
volatilize. In surface water, volatilization is the primary removal process (ATSDR 1989f). 

1,1,2-Trichloroethane is rapidly absorbed, widely distributed in organs and tissues, and extensively 
metabolized. Major metabolites include chloroacetic acid, S-carboxymethylcysteine, and thiodiacetic 
acid. 1,1,2-Trichloroethane andlor its metabolites are primarily excreted through the lungs and urine 
(Morgan et a1. 1970, 1972; Kronevi et a1. 1977; Mitoma et a1. 1985a). 

Very limited human data were available to evaluate the toxicity of 1,1,2-trichloroethane. The 

• 

chemical exerts a narcotic action at "low" concentrations and is irritating to the eyes and mucous • 
membranes of the respiratory tract. When in contact with skin, 1,1,2-trichloroethane may cause cracking 
and erythema (lARC 1979a). 

The oral LDso for mice (378-491 mglkg) (White et a1. 1985a) indicates that, in animals, the acute 
oral toxicity of 1, I ,2-trichloroethane is moderate. 1,1,2-Trichloroethane is a CNS depressant, inducing 
sedation in mice at oral doses of 378 mg/kg (White et a1. 1985a) and drowsiness, incoordination, and 
narcosis in dogs at 289 mg/kg (Wright and Schaffer 1932). Male and female CD-I mice ingesting 
384 mglkg in drinking water for 90 days exhibited alterations in serum enzyme and hepatic microsomal 
enzyme activities, indicating adverse liver effects. In addition, depressed immune function in both sexes 
and decreased hemoglobin and hematocrit values in females were noted (Sanders et a1. 1985, White et a1. 
1985b). Decreased survival was reported in female B6C3F1 mice exposed to 1.95E+2 or 3.90E+2 mglkg
day for 78 weeks (NCI 1978a). 

Bonnet et a1. (1980) reported an inhalation LCso of 1654 ppm for rats exposed to 
1,1,2-trichloroethane for 6 hours, while another study found that a single 7-hour exposure to 250 or 
500 ppm resulted in the death of more than half of the exposed female rats, with surviving animals 
exhibiting marked liver and kidney damage (Torkelson 1994). As noted previously, 1,1,2-trichloroethane 
is a CNS depressant inducing narcosis; death results from respiratory arrest (ACGm: 1991). In mice, a 
concentration of 3750 ppm for 30 minutes produced eNS depression and significantly increased liver 
enzyme activity within 18 minutes and death in half the animals within 10 hours (Gehring 1968). No 
adverse effects were observed in rats, guinea pigs, and rabbits exposed to 15 ppm for 7 hours/day, 
5 days/week for 6 months, but female rats exposed to 30 ppm (16 exposures; 7 hours/day, 5 days/week) 
exhibited minor hepatic effects (Torkelson 1994). Repeated topical applications of 0.1 mL 
1,1,2-trichloroethane produced erythema, edema, fissuring, and scaling of rabbit and guinea pig skin • 
(Wahlberg 1984). 
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An oral RID for subchronic exposure of 4E-2 (EPA 1998b) and for chronic exposure (EPA 1998a) to--
1,1,2-trichloroethane was calculated based on a NOAEL of 3.90E-0 mg/kg-day and a LOAEL of 
44 mg/kg-day from a 90-day drinking water study with mice (White et a1. 1985a, Sanders et a1. 1985). 
Clinical chemistry alterations indicative of liver damage were identified as critical effects. An inhalation 
RiC for 1,1 ,2-trichloroethane is under review by EPA (EPA 1998a). 

No epidemiologic studies or case reports addressing the carcinogenicity of 1,1 ,2-trichloroethane in 
humans were avaihible. In a rodent bioassay, 1,1,2-trichloroethane was administered by gavage to 
Osborne-Mendel rats (46 or 92 mglkg-day) and B6C3F1 mice (195 or 390 mglkg-day), 5 days/week for 
78 weeks (NCI 1978a). No effects on tumor development were noted in rats. Treated mice had 
significantly (p < O.Ot) increased incidences of hepatocellular carcinomas. The tumor incidences in 
treated males were 37 percent and 76 percent in the low- and high-dose groups, respectively, compared 
with 10 percent in vehicle controls, and 33 percent and 89 percent in females, respectively, compared to 
no observed tumors in vehicle controls. An increased incidence of adrenal pheochromocytomas was also 
observed in male and female mice. In a cancer initiation/promotion study with rats, 1, I ,2-trichloroethane 
did not exhibit tumor initiating or promoting activity (Story et a1. 1986). 

Based on EPA guidelines, 1,1 ,2-trichloroethane was assigned to weight-of-evidence Group C, 
possible human carcinogen. For oral exposure, the slope factor is 5.70E-2 (mglkg-dayrl

, and the unit risk 
for drinking water is 1.60E-6 (llg/L)-1 (EPA 1998a). The inhalation slope factor and unit risk are 
5.70E-2 (mglkg-dayyl (EPA 1998b) and 1.60E-5 (llg/m3rl, respectively (EPA 1998a). 

The oral, dermal, and inhalation cancer slope factors used in the BHHRA for 1, t,2-trichloroethane 
are 5.70E-2, 7.04E-2, and 5.70E-2 (mg/kg-dayr l

, respectively. The oral and dermal RIDs used in the 
BHHRA are 4.00E-3 and 3.24E-3 mg/kg-day. An inhalation RID was not found, and based on the 
localized effects discussed previously, it would not be appropriate to extrapolate an inhalation RID from 
the oral RID. Both the dermal cancer slope factor and the dermal RID were derived from their respective 
oral toxicity value using a gastrointestinal absorption factor of 81 percent. 

1.4.2.2 l,l-Dichloroethane (CAS 000075-34-3) (RAIS) 

1,1-Dichloroethane is used primarily as an intermediate in manufacturing vinyl chloride and 
1,1,I-trichloroethane; it is also used as a cleaning agent and degreaser and as a solvent for plastics, oils, 
and fats (ATSDR 1990g). 

The available evidence indicates that 1, 1-dichloroethane can be readily absorbed following 
inhalation and oral exposures (ATSDR 1990g). The anesthetic effects of 1,1-dichloroethane are evidence 
that the chemical reaches the CNS. Acetic acid is a major metabolite, and 2,2-dichloroethanol, 
chloroacetic acid, and dichloroacetic acid are minor metabolites (McCall et a1. 1983). In animal studies, 
orally administered 1,I-dichloroethane was excreted primarily in expired air as the unmetabolized 
chemical (Mitoma et at 1985b). 

No information is available on the oral toxicity of 1,I-dichloroethane to humans. In animals, a 
drinking water concentration of up to 2500 mg/L for 52 weeks caused no adverse effects in male mice 
(Klaunig et at 1986), and maximum gavage doses of 764 mglkg-day (male Osborne-Mendel rats), 
950 mg/kg (female Osborne-Mendel rats), 2885 mg/kg (male B6C3F1 mice), and 3331 mg/kg (female 
B6C3F1 mice), 5 days/week for 78 weeks (3 weeks on, 1 week off) resulted in no histopathological 
changes (NCI 1978b). A subchronic oral RID of 1.00E+0 mg/kg-day and a chronic oral RID of 
1.00E-l mg/kg-day (based on an inhalation study in rats and route-to-route extrapolation) are listed in 
HEAST (EPA 1998b); however, an oral RID is currently not found in IRIS. EPA reassessment ofthe oral 

• RID is pending (EPA 1998b). 
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At high vapor concentrations (26,000 ppm), l,l-dichloroethane induces anesthesia and can cause --. 
cardiac arrhythmia in humans, but no fatalities have occurred (ATSDR 1990g). Adverse effects following 
subchronic or chronic exposures to humans have not been reported. In animal studies, 1,l-dichloroethane 
did not cause developmet:ltal 9r reproductive effects but did delay rib ossification in rats (Schwetz et a1. 
1974a). Kidney damage was observed in cats exposed to 2025 mg/ml (6 hours/day, 5 days/week) for 
13 weeks followed by 4050 mg/ml for an additional 13 weeks; however, similar effects were not seen in 

- rats, rabbits, or guinea pigs. A subchronic rue of 5 mg/ml and a chronic RfC of 0.5 mg/ml are listed in 
HEAST (EPA 1998b). These RfCs are based on the adverse renal effects in cats following sub chronic 
inhalation exposure. An rue for l,l-dichloroethane is not currently on IRIS, although an EPA 
reassessment of the compound is pending (EPA 1993b). 

1,1-Dichloroethane is placed in Group C, possible human carcinogen (EPA 1993b), based on no 
human data and limited evidence of carcinogenicity in two animal species (rats and mice), as shown by an 
increased incidence of mammary gland adenocarcinomas and hemangiosarcomas in female rats and an 
increased incidence of hepatocellular carcinomas and benign uterine polyps in mice (EPA 1993b). Slope 
factors and unit risks have not been calculated. The RID used in this BHHRA is 1.00E-l mg/kg-day for 
the oral and dermal routes and 1.43E-1 mg/kg-day for the inhalation route. The dermal was derived from 
the oral toxicity value using a gastrointestinal absorption factor of 100 percent. 

1.4.2.3 1,I-Dichloroethylene (CAS 000075-35-4) (RAIS) 

1,1-Dichloroethylene, also known as 1, 1-dichloroethene and vinylidine chloride, is a colorless liquid 
that is used primarily in the production of polyvinylidine chloride (PVC) copolymers and as an 
intermediate for synthesis of organic chemicals. The major application for PVC copolymers is the 
production of flexible films for food packaging such as Saran® wrap (ATSDR 1993b). 

1,1-Dichloroethylene does not occur naturally (IARC 1986a) but is found in the environment due to 
releases associated with its production and transport and with the production of its polymers. Because of 
its high volatility, releases to the atmosphere are the greatest source of ambient 1, I-dichloroethylene. 
Smaller amounts are released to surface waters and soils (ATSDR 1993b). Loss of 1,1-dichloroethylene 
from water and soils is primarily due to volatilization. In the atmosphere, reaction with photochemically 
generated hydroxyl radicals is expected to be the predominant removal mechanism (EPA 1987g). Human 
exposure to 1,I-dichloroethylene is potentially highest in workplace settings and in the vicinity of 
hazardous waste sites where the compound may contaminate environmental media (ATSDR 1993b). 

The primary effect of acute exposure to high concentrations (approximately 4000 ppm) of 
1,1-dichloroethylene vapor in humans is CNS depression, which may progress to unconsciousness 
(Gosselin et al. 1984). Occupational exposure has been reported to cause liver dysfunction in workers 
(Tierney et a!. 1979). 1,I-Dichloroethylene is irritating when applied to the skin, and prolonged ~ontact 
can cause first degree burns (Tierney et a1. 1979). Direct contact with the eyes may cause conjunctivitis 
and transient corneal injury (lARC 1986a). 

In experimental animals, the liver and kidneys are target organs for the toxic effects of 
l,l-dichloroethylene. Subchronic oral exposure for 90 days to 1, I-dichloroethylene in drinking water 
produced slight hepatotoxic effects at 200 ppm (Rampy et a1. 1977), and chronic oral exposure to drinking 
water for 2 years produced hepatocellular changes in males at greater than or equal to 100 ppm and in 
females at greater than or equal to 50 ppm (Quast et a1. 1983). Gavage administration of 10 mg/kg-day, 
5 days/week for 2 years produced chronic inflammation of the kidney in male and female rats and liver 

• 

necrosis in male and female mice (NTP 1982b). Exposure by inhalation to 55 ppm 1,I-dichloroethylene, • 
6 hours/day, 5 days/week for up to 1 year produced fatty liver changes in rats and focal degeneration and 
necrosis in mice (Lee et al. 1977). 
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In a three-generation study, no treatment-related effects on reproduction or neonatal development--· 
were seen in male and female Sprague-Dawley rats administered up to 200 ppm of 1, I-dichloroethylene 
in the drinking water (Nitschke et a1. 1983). However, inhalation exposure during gestation produced 
increased resorptions and minor skeletal alterations in rodents at concentrations that caused maternal 
toxicity. These effects were reported in rats and mice at greater than or equal to 15 ppm (Short et a1. 1977) 
and in rats and rabbits at greater than or equal to 80 ppm and greater than or equal to 160 ppm, 

. respectively (Murray et a1. 1979a). 

An oral RID of9.00E-3 mg/kg-day was derived for chronic exposure (EPA 1998a) and subchronic 
exposure to 1,I-dichloroethylene (EPA 1998b), based on liver lesions seen in rats in a 2-year drinking 
water study (Quast et a1. 1983). The oral RID is currently under review and may be subject to change. An 
inhalation rue for 1,I-dichloroethylene is under review (EPA 1998a). 

An epidemiology study using a small cohort found no association between the occurrence of cancer 
or cancer mortality and exposure to 1, I-dichloroethylene (Ott et a1. 1976). Oral carcinogenicity bioassays 
(drinking water or gavage exposures) with experimental animals gave generally negative results (NTP 
1982b; Quast et a1. 1983; Maltoni et al. 1984, 1985). In one inhalation study (Mal toni et a1. 1985), 
statistically significant increases in renal adenocarcinomas were noted in male Swiss mice exposed to 
25 ppm for 12 months. Also observed were statistically significant increases in mammary gland 
carcinomas in females and lung tumors in both sexes. Results of other inhalation studies with rats, mice, 
and hamsters have been negative (Hong et a1. 1981, Maltoni et a1. 1984, Quast et a1. 1986). 

Based on EPA guidelines, 1, I-dichloroethylene was assigned to weight-of-evidence Group C, 
possible human carcinogen. For oral exposure, the slope factor is 6.00E-l (mg/kg-dayr l

, and the unit risk 
is 1.70E-S (ug!Lrl (EPA 1998a). The inhalation slope factor and unit risk are 1.20E+0 (mg/kg-dayr l and 
S.OOE-S m3/f.1g (EPA 1998a), respectively . 

The oral, dermal, and inhalation cancer slope factors used in the BHHRA for 1, I-dichloroethene are 
6.00E-l, 1.20E+O, and 1.20E+O (mglkg-dayr l

, respectively. The oral, dermal.and inhalation RIDs used in 
the BHHRA was 9.00E-3 mg/kg-day for all three routes. Both the dermal cancer slope factor and the 
dermal RID were derived from their respective oral toxicity value using a gastrointestinal absorption 
factor of 100 percent. 

1.4.2.4 1,2,4-Trichlorobenzene (CAS 000120-82-1) 

There are no carcinogenic slope factors used in the BHHRA for 1,2,4-trichlorobenzene due to it 
being assigned a weight-of-evidence class D. 

A chronic oral RID of 1.00E-2 mg/kg-day is used in this risk assessment for 1,2,4-trichlorobenzene. 
The dermal route chronic RID used in the BHHRA is 9. 70E-3 mg/kg-day and the inhalation RID is 
S.71E-2. The chronic inhalation rue is 2.00E-l mg/m3

• . 

1.4.2.5 1,2-Dichlorobenzene (CAS 000095-50-1) 

There are no carcinogenic slope factors used in the BHHRA for 1,2-dichlorobenzene due to it being 
assigned a weight-of-evidence class D. 

A chronic oral reference dose, of 9.00E-2 mglkg-day is used in this risk assessment for 
1,2-dichlorobenzene. The dermal route chronic RID used in the BHHRA is 7.20E-2 mglkg-day. The 
chronic inhalation rue is 2.00E-l mg/m3

, and the inhalation RID is 5.70E-2 mglkg-day . 
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1.4.2.6 1,2-Dichloroethane (CAS 000107-06-2) (RAIS) 

l,2-Dichloroethane is used primarily in the manufacture of vinyl chloride, as well as in the synthesis 
of tetrachloroethylene, trichloroethylene, l,l,l-trichloroethane, vinylidene chloride, aziridines, and 
ethylenediamines (USAF 1989a, ATSDR 1992a). It is added to gasoline as a lead-scavenging agent, and, 
in the past, has been used as a metal degreasing agent; a solvent; and a fumigant for grain, upholstery, and 

. carpets. ~! has also be~n used in paints, coatings, adhesives, varnishes, finish removers, soaps, and 
scouring agents (USAF 1989a, ATSDR 1992a). 

l,2-Dichloroethane is expected to be highly mobile in most soils and, consequently, contamination 
of groundwater is possible. Adsorption to soil particles is low, particularly for soils with a low organic 
carbon content. Volatilization from soils and surface waters may be an important transport process. 
Microbial biodegradation is not expected to be significant. 

l,2-Dichloroethane is absorbed through the lungs, gastrointestinal system, and skin (ATSDR 1992a). 
It is distributed throughout the body but may be concentrated in adipose ·tissue. The compound can also 
accumulate in breast milk (Urusova 1953) and may cross the placenta (Withey and Karpinski 1985, 
Vozovaya 1977). Metabolism of l,2-dichloroethane most likely involves conjugation with glutathione 
(ATSDR 1992a). Urinary metabolites are likely to include thiodiglycolic acid, chloroacetic acid, and N
acetyl-S-carboxymethyl-L-cysteine (NTP 1991). Excretion occurs primarily through elimination of 
soluble urinary metabolites (Reitz et a1. 1982, Spreafico et a1. 1980). 

• 

Bronchitis, hemorrhagic gastritis and colitis, hepatocellular damage, renal tubular necrosis, CNS 
depression, and histopathological changes in the brain have been reported in cases of acute oral poisoning 
of humans (ATSDR 1992a, NIOSH 1976). Animal data indicate that short-term exposures may produce 
immune system deficiencies (Munson et a1. 1982a), and subchronic or chronic oral exposures may affect • 
the liver or kidney (NTP 1991, Alumot et a1. 1976). Subchronic or chronic oral RIDs for 
1,2-dichloroethane have not been adopted by EPA (EPA 1993c); however, a provisional RID of 
0.03 mglkg-day has been calculated by the Superfund Health Risk Technical Support Center (EPA 
1994h) from a NOAEL of 26 mglkg-day for rats tested in a subchronic gavage study (NTP 1991). Use of 
this value in risk assessment reports for specific sites must be approved by the Support Center. 

Acute inhalation exposures tO/l,2-dichloroethane (75-125 ppm) can result in irritation of the eyes, 
nose and throat. dizziness, nausea, vomiting, increasing stupor, cyanosis, rapid pulse. delirium, 
anesthesia, partial paralysis, loss of tactile sense, degenerative changes in the myocardium, abnormal 
electroencepthalogram, liver and kidney damage, pulmonary edema, and hemorrhages throughout the 
body (NIOSH 1976, CEC 1986, ATSDR 1992a. Nouchi et a1. 1984). Short-term exposures to animals 
have resulted in CNS depression (inactivity or stupor, tremors, uncertain gait, narcosis); pulmonary 
congestion; renal tubular degeneration; fatty degeneration of the liver and, less commonly, necrosis and 
hemorrhage of the adrenal cortex; chronic splenitis; fatty infiltration of the myocardium; and immuno
deficiency (Spencer et a1. 1951, Heppel et a1. 1946, Storer et a1. 1984a, Sherwood et a1. 1987). Chronic 
occupational exposure to 1,2-dichloroethane may result in CNS effects including irritability, 
sleeplessness, and decreased heart rate; loss of appetite; nausea; vomiting; epigastric pain, as well as 
irritation of the mucous membranes; and liver and kidney impairment (NIOSH 1976). Subchronic or 
chronic inhalation exposures to animals resulted in pathological lesions in the kidney, liver, heart, lungs, 
and testes (Heppel et a1. 1946, Spencer et a1. 1951, Cheever et a1. 1990). A subchronic or chronic 
inhalation RiC for 1,2-dichloroethane has not been adopted and verified by EPA (EPA 1993c); however, 
a provisional RiC of S.00E-3 mg/m3 has been calculated by the Superfund Health Risk Technical Support 
Center (EPA 1994h) from a LOAEL (gastrointestinal disturbances and liver and gallbladder disease) of 
10 mg/ml for occupationally exposed workers (Kozik 1957). Use of this value in risk assessment reports • 
for specific sites must be approved by the Support Center. 
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1,2-Dichloroethane is classified by EPA in Group B2 as a probable human carcinogen by both the _~_ 

oral and inhalation exposure routes, based on evidence for the induction of several types of tumors in rats 
and mice. Male rats treated by gavage with 1,2-dichloroethane exhibited increased incidences of fibromas 
of the subcutaneous tissue; hemangiosarcomas of the spleen, liver, pancreas, and adrenal gland; and 
squamous-cell carcinomas _of the forestomach. Female rats treated by gavage developed mammary 
adenocarcinomas. Increased incidences of hepatocellular carcinomas and pulmonary adenomas were 
observed in male mice treated by gavage, and increased incidences of mammary adenocarcinomas, 
pulmonary adenocarcinomas, and endometrial polyps and sarcomas were observed in female mice (NCI 
1978b). Mice treated by topical application of 1,2-dichloroethane exhibited an increased incidence of 
lung papillomas (Van Duuren et a1. 1979). The oral slope factor for 1,2-dichloroethane is 9.10E-2 (mglkg
daYrl, and the drinking water unit risk is 2.60E-6 (Ilg/Lrl. The inhalation slope factor is 9.1 OE-2 (mglkg
daYrl, and the inhalation unit risk is 2.60E-5 m3/Jlg (EPA 1993c, 1998b). 

The oral, dermal, and inhalation cancer slope factors used in the BHHRA for 1,2-dichloroethane are 
9.10E-2 (mglkg-dayrl. The inhalation RID used in the BHHRA is 2.86E-3 mglkg-day. Oral and dermal 
RIDs were not found. A gastrointestinal absorption factor of 100 percent was used to derive the dermal 
slope factor. 

1.4.2.7 cis- and trans-l,2-Dichloroethene (CAS 000156-59-2 and CAS 000156-60-5) (RAIS) 

1,2-Dichloroethene exists in two isomeric fonns, cis-l,2-dichloroethene and trallS-
1,2-dichloroethene, that are colorless, volatile liquids with a slightly acri~ odor. Although not used 
extensively in industry, 1,2-dichloroethene is used in the production of other chlorinated solvents and as a 
solvent for dyes, perfumes, and lacquers (Sax and Lewis 1989, Budavari et a1. 1989). Humans are 
exposed to 1,2-dichloroethene primarily by inhalation, but exposure can also occur by oral and dermal 
routes. 

• Limited information exists on the absorption, distribution, and excretion of 1,2-dichloroethene in 
either humans or animals. In vitro studies have shown that the mixed function oxidases will metabolize 
1,2-dichloroethene; the final metabolic products are dependent on the initial isomer of 1,2-dichloroethene 
(Costa and Ivanetich 1984, Henschler 1977, Liebman and Ortiz 1977). 

• 

Information on the toxicity of 1,2-dichloroethene in humans and animals is limited. Workers 
exposed to 1,2-dichloroethene have been reported to suffer from drowsiness, dizziness, nausea, fatigue, 
and eye irritation (ATSDR 1990h). Acute and subchronic oral and inhalation animal studies of 
trans-l,2-dichloroethene and acute inhalation animal studies of cis-l,2-dichloroethene suggest that the 
liver is the primary target organ. The toxicity is expressed in increased activities of liver-associated 
enzymes, fatty degeneration, and necrosis (McCauley et a1. n.d., Barnes et a1. 1985, Freundt et a1. 1977). 
Secondary target organs include the CNS and lung. 

Based on an unpublished study describing decreased hemoglobin and hematocrits in rats treated by 
gavage for 90 days, EPA (1998a,b) assigned a subchronic and chronic oral RID for cis-l,2-dichloroethene 
of 1.00E-Ol mglkg-dayand 1.00E-02 rng/kg-day, respectively. The RIDs were derived from a NOAEU 
LOAEL of32 mg/kg-day. An inhalation rue for cis-l,2-dichloroethene has not been derived. 

Subchronic and chronic RIDs of 2.00E-Ol mg/kg-day and 2.00E:,02 mglkg-day, respectively, for 
trans-l,2-dichloroethene have been calculated (EPA 1998a,b). The RIDs were derived from a LOAEL of 
1.75E+2 mglkg-day that was based on increased serum alkaline phosphatase activity in mice that received 
trans-l,2-dichloroethene in their drinking water (EPA 1998a,b). An rue for trans-l ,2-dichloroethene has 
not been derived . 
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No infonnation was available concerning the chronic, developmental, or reproductive toxicity of __ -
cis-I,2-dichloroethene or trans-l,2-dichloroethene. No cancer bioassays or epidemiological studies • 
were available to assess the carcinogenicity of 1,2-dichloroethene. EPA (1998b) has placed both 
cis-l,2-dichloro-ethene and trans-l,2-dichloroethene in weight-of-evidence Group D, not classifiable as 
to human carcinogenicity, "based on the lack of human or animal carcinogenicity data and on essentially 
negative mutagenicity data. Oral and inhalation slope factors have not been calculated for these isomers. 

"" " 

No cancer slope factors for cis- or trans-l,2-dichloroethene are available; therefore, carcinogenicity 
from exposure could not be quantified in the BHHRA. The oral and dennal chronic RIDs for 
cis-l,2-dichloroethene used in the BHHRA are 1.00E-2 and 1.00E-2 mg/kg-day, respectively. The oral 
and dermal chronic RIDs for trans-l,2-dichloroethene used in the BHHRA are 2.00E-2 and 
2.00E-2 mglkg-day, respectively and the inhalation RID was also 2.00E-2 mg/kg-day. The dermal RID 
for trans- and cis-l,2-dichloroethene was derived from the oral toxicity value using a gastrointestinal 
absorption factor of 100 percent. 

1.4.2.8 1,3-Dichlorobenzene (CAS 000541-73:-1) 

There are no carcinogenic slope factors used in the BHHRA for 1,3-dichlorobenzene due to it being 
assigned a weight-of-evidence classification ofD. No reference doses are available. 

1.4.2.9 1,4-Dichlorobenzene (CAS 000106-46-7) (RAIS) 

1,4-Dichlorobenzene, also referred to as para-DCB~ p-DCB, paracide, Paramoth®, Parazene®, PDB, 
and Santochlor®, has a benzene ring with two chlorine atoms attached at the 1 and 4 carbon atoms; it 
does not occur naturally (ATSDR 1993c). 1,4-Dichlorobenzene is used to make mothballs, deodorant 
blocks used in restrooms, and in animal holding facilities to control odors (ATSDR 1993c). It also has • 
applications in fumigants, insecticides, lacquers, paints, and seed disinfection products (Leber and Benya 
1994). Of the 1300 sites on the EPA National Priorities List, 1,4-dichlorobenzene has been identified on 
at least 244 sites. Drinking water samples from U.S. surface water sources, environmental haiardous 
waste sites, and food have been reported to contain 1,4-dichlorobenzene (ATSDR 1993c). 

Detectable concentrations of 1,4-dichlorobenzene were found in adipose tissue and blood samples 
taken from Tokyo residents (Morita and Ohi 1975, Morita .et a1. 1975). A national survey of various 
volatile organic chemicals demonstrated 1,4-dichloroberiZene in the three adipose tissues sampled. In 
addition, studies have shown that babies can receive 1,4-dichlorobenzene from mother's milk (ATSDR 
1993c). 1,4-Dichlorobenzene is absorbed by experimental animals via inhalation, gavage, or 
subcutaneous injection (Hawkins et a1. 1980). Data from oral administration of 1,4-dichlorobenzene to 
rabbits indicated oxidation to 2,5-dichlorophenol, which was found in the urine as a conjugate of 
glucuronic and sulfuric acids (Azouz et a1. 1955). Other metabolites identified in the blood and urine of 
rats were 2,5-dichlorophenyl methyl sulfoxide and 2,5-dichlorophenyl methyl sulfone. 

Severe hypochromic, microcytic anemia with excessive polychromasia, marginal nuclear 
hypersegmentation of the neutrophils, and a small number of red blood cells with Heinz bodies developed 
in a pregnant woman (21 years old) who consumed 1-2 blocks of 1,4-dichlorobenzene toilet air freshener 
per week throughout her pregnancy (Campbell and Davidson 1970). A 19-year-old female who consumed 
4-5 moth pellets containing 1,4-dichlorobenzene on a daily basis for 2.5 years developed symmetrical, 
well-demarcated areas of increased pigmentation over various parts of her body, which disappeared over 
a 4-month period after discontinuing the ingestion (Frank and Cohen 1961). 

In rats, 13-week gavage studies resulted in decreased hematocrit levels, red blood cell counts, and • 
hemoglobin concentrations at 300 mg/kg-day (NTP 1987a). Oral administration of 1200 and 
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1500 mg/kg-day resulted in degeneration and necrosis of rat hepatocytes. Increased incidences of~
hepatocellular degeneration and individual cell necrosis were observed in male and female mice gavaged 
with 600-1800 mg/kg-day. 

Rats exposed via inhalation to 96-341 ppm of l,4-dichlorobenzene intermittently for 5-7 months 
had cloudy swelling and degeneration of hepatic parenchymal cells in the central zone of the liver. 
Incre~s.ed liver weights in the male and/or female rats occurred above 96 ppm (Hollingsworth et a1. 1956). 
During a 2-generation study, adult rats exposed to 538 ppm exhibited tremors, ataxia, and hyperactivity; 
decreased grooming behavior; and an unkempt appearance (Tyl and Neeper-Bradley 1989). Both 
generations of offspring in the 538 ppm group had lower body weights at lactation day 4, and average 
litter size and survival were decreased. Selected animals from the first filial generation still had reduced 
body weights at 5 weeks postexposure. 

No epidemiologic studies or case reports addressing the carcinogenicity of 1,4-dichlorobenzene in 
humans were available. In a 2-year study, female rats and male and female mice were gavaged with 300 
and 600 mg/kg-day, and male rats were gavaged with 150 and 300 mg/kg-day (NTP 1987a). 
Nephropathy, epithelial hyperplasia of the renal pelvis, mineralization of the collecting tubules in the 
renal medulla, and focal hyperplasia of the renal tubular epithelium were noted in male rats receiving 150 
and 300 mg/kg-day. Female rats gavaged with 300 and 600 mg/kg-day had an increased incidence of 
nephropathy and minimal hyperplasia of the renal pelvis or tubules. The following tumors were described 
as being present in the animals: renal tubular adenocarcinomas in male rats (controls, 2 percent; low dose, 
6 percent; high dose, 14 percent), a marginal increase in mononuclear cell leukemia in male rats (control, 
10 percent; low dose, 14 percent; high dose, 22 percent), hepatocellular carcinomas in male mice 
(controls, 28 percent; low dose, 22.5 percent; high dose, 64 percent) and in female mice (controls, 10 
percent; low dose, 10.4 percent; high dose, 38 percent), and hepatocellular adenomas in male mice 
(controls, 10 percent; low dose, 26.2 percent; high dose, 32 percent) and in female mice (controls, 20 
percent; low dose, 12.5 percent; high dose, 42 percent). In this National Toxicology Program (NTP) 
study, the tumor incidence in female controls was higher than the historical control. In both male and 
female mice, hepatocellular degeneration with resultant initiation of tissue repair was present. These 
findings resulted in a speculation by NTP (1987a) that l,4-dichlorobenzene was acting as a tumor 
promotor for liver tumors in male and female mice. 

RfCs of 2.5 mglm3 (0.42 ppm) for subchronic inhalation exposure (EPA 1998b) and 0.8 mglm3 

(0.13 ppm) for chronic inhalation exposure for l,4-dichlorobenzene were derived (EPA 1998a) based on 
increased liver weights in the PI males exposed via inhalation to l,4-dichlorobenzene from the study of 
Tyl and Neeper-Bradley (1989). The NOAEL was 301 mglm3 (50 ppm). The LOAEL was 902 mglm3 

(150 ppm) (EPA 1998a). l,4-Dichlorobenzene has been classified as Group C, possible carcinogen to 
humans (EPA 1998b). For oral exposure, the slope factor was 2.40E-2 (mg/kg-dayr l

, and the unit risk 
was 6.80E-7 (J,1g1Lrl (EPA 1998b). 

An oral slope factor of 2.40E-2 (mglkg-dayr l was used for l,4-dichlorobenzene. For inhalation 
exposure, the inhalation unit risk is not available. The absorbed dose slope factor is 2.67E-2 
(mglkg-dayrl

. 

An oral RID is not available for l,4-dichlorobenzene. The dermal route RID is also not available. 
The inhalation RfC is 8.0E-l mglm3 and the RID is 2.29E-l mglkg-day. 

1.4.2.10 2,4,5-Trichlorophenol (CAS 000095-95-4) 

There are no carcinogenic slope factors used in the BHHRA for 2,4,5-trichlorophenol due to a lack 
of carcinogenic toxicity information. 
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An oral and inhalation RID of I.OOE-l mg/kg-day is used in this risk assessment for __ -
2,4,5-trichlorophenol. The dennal route RID used in the BHHRA is 5.00E-2 mglkg-day. An inhalation • 
RiC for 2,4,5-trichlorophenol is not available. 

1.4.2.11 2,4,6-Trichlorophenol (CAS 000088-06-2) 

There are no RIDs. used in the BHHRA for 2,4,6-trichlorophenol due to a lack of noncarcinogenic 
toxicity infonnation. 

An oral slope factor of 1.10E-2 (mg!kg-dayr1is used in this risk assessment for 2,4,6-
trichloropheno1. The dermal route slope factor used in the BHHRA is 2.20E-2 (mglkg-dayr l . The 
inhalation slope factor is 1.00E-2 (mg!kg-dayr l

• The ingestion unit risk is 3.1 OE-7 (J.Lg/L)"I. The 
inhalation unit risk is 3.1E-6 (J.Lg/m3r l

• 

1.4.2.12 2,4-Dinitrotoluene (CAS 000121-14-2) (RAIS) 

The chemical 2,4-Dinitrotoluene (2,4-DNT; I-methyl-2,4-dinitrobenzene; CAS Reg. No. 121-14-2) 
is a yellow crystalline solid and one of six possible chemical forms of dinitrotoluene (DNT). Technical 
grade DNT (t-DNT) is typically composed of 78 percent 2,4-DNT, 19 percent 2,6:.DNT, and small 
amounts of 3,4-DNT, 2,3-DNT, and 2,5-DNT (Dunlap 1978). 2,4-DNT is primarily used as a chemical 
intermediate in the manufacture of polyurethanes but also serves as a component of military and 
commercial explosives, as an intermediate in dye processes (Etnier 1987. Hawley 1981), and as a 
propellant additive (Sears and Touchette 1982). . 

The DNTs are absorbed through the gastrointestinal tract, respiratory tract, and skin in most species 
(EPA 1986j). The initial acute toxic effects of2,4-DNT in humans include methemoglobinemia, cyanosis, • 
and headache. Symptoms indicative of neurotoxicity are impaired reflexes, tremors, nystagmus, dizziness, 
and sleepiness (EPA 1980b). Subchronic and chronic oral toxicity studies with experimental animals 
indicate that the blood, liver, nervous system, and reproductive system are targets affected by 2,4-DNT. 
These effects were generally observed at doses of 5 mglkg-day in rats and at 10 mg!kg-day in dogs. The 
most common hematological findings were methemoglobinemia, anemia, reticulocytosis, and an increase 
in Heinz bodies. Hepatotoxic effects included liver discoloration and proliferative alterations of 
hepatocytes and bile duct epithelium. Neuromuscular effects, ranging from tremors and ataxia to 
convulsions, were more severe in dogs than in rodents. Reproductive effects consisted of decreased 
spennatogenesis, testicular atrophy, and ovarian dysfunction (Lee et a1. 1985; Ellis et a1. 1985, 1979; Lee 
et a1. 1978b). 

The major route of exposure to DNT in the occupational setting is by inhalation. Effects reported in 
workers exposed to t-DNT andlor 2,4-DNT included ischemic heart disease, hematological effects 
characterized by cyanosis, anemia, and leukocytosis, and neurological effects such as dizziness, insomnia, 
nausea, and tingling pains in extremities (Levine et a1. 1986, McGee et a1. 1942). The evidence for 
potential reproductive effects (reduction of sperm counts) in male workers exposed to a mixture ofDNT 
isomers and diaminotoluene is equivocal (Hamill et a1. 1982, Ahrenholz 1980). 

An oral RID of 2.00E-03 mglkg-day has been calculated for chronic (EPA 1995e) and subchronic 
exposure to 2,4-DNT (EPA 1998b), based on a NOAEL of 0.2 mglkg-day derived from a chronic oral 
study with dogs conducted by Ellis et a1. (1985). Data are inadequate for the calculation of an inhalation 
RiC (EPA 1995e). 

An association between DNT exposure and increased risk of hepatobiliary cancer was found in a • 
retrospective mortality study involving 4989 workers exposed to DNT (isomer composition not specified) 
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and 7436 unexposed controls at an U.S. Anny munitions facility (Stayner et a1. 1993). The carcinogenic _~
activity of 2,4-DNT and t-DNT has been studied in several chronic bioassays and in less than lifetime 
studies (Leonard et a1. 1987, CIIT 1982, Ellis et a1. 1979, NCI 1978c). 2,4-0NT (containing small 
amounts of 2,6-DNT) induced an increased incidence of hepatocellular carcinomas and subcutaneous 
tumors in rats and renal tumors in male mice (Ellis et a1. 1979). In two rat studies, t-ONT induced 
hepatocellular carcinomas (Leonard et a1. 1987, CllT 1982). However, conclusions drawn from the 
isomer-specific carcinogenicity study by Leonard et a1. (1987) and tumor-initiation/promotion assays by 
Popp "and Leonard (1982) suggest that 2,6- rather than 2,4-DNT is the primary hepatocarcinogen in t
DNT. Although EPA has not evaluated pure 2,4-DNT for evidence of human carcinogenic potential, the 
dinitrotoluene mixture (containing 2,4-DNT and 2,6-DNT) was classified as a B2 chemical carcinogen, 
probable human carcinogen (EPA 1995f). A slope factor of6.8E-l (mg!kg-dayr l was calculated for oral 
exposure to the dinitrotoluene mixture. The drinking water unit risk is 1.9E-5 (J.1g1Lr l (EPA 1995f). 

The oral and dermal cancer slope factors used in the BHHRA are 6.80E-l and 
8.00E-l (mg!kg-dayr l

, respectively. An inhalation cancer slope factor was not found. The oral and 
dermal RIDs used in the BHHRA are 2.00E-3 and 1.70E-3 mg/kg-day, respectively. The inhalation RID 
is 2.00E-3 mg!kg-day. When calculating the dermal route RID and slope factor from the oral value, a 
gastrointestinal absorption factor of 85 percent was used. 

1.4.2.13 2,6-Dinitrotoluene (CAS 000606-20-2) (RAIS) 

2,6-0initrotoluene (2,6-DNT; 2-methyl-l,3-dinitrobenzene; CAS Reg~ No. 606-20-2) is a pale 
yellow crystalline solid and one of six possible chemical forms of dinitrotoluene (ONT). Technical grade 
DNT (t-DNT) is typically composed of 78 percent 2,4-DNT, 19 percent 2,6-DNT, and small amounts of 
3,4-DNT, 2,3-DNT, and 2,5-DNT (Dunlap 1978). DNT is primarily used as a chemical intermediate in 
the manufacture of polyurethanes. It is also used as a component of military and commercial explosives, 
as an intermediate in dye processes (Etnier 1987, Hawley 1981), and as a propellant additive (Sears and 
Touchette 1982). 

The DNTs are absorbed through the gastrointestinal tract, respiratory tract, and skin in most species 
(EPA 1986j). Human data regarding potential health effects of 2,6-DNT are very limited. A significant 
increase in the death rate due to ischemic heart disease has been associated with occupational exposure to 
t-DNT (Levine et a1. 1986). The evidence for potential reproductive effects (reduction of sperm counts) in 
male workers exposed to a mixture ofDNT isomers is equivocal (Hamill et a1. 1982, Ahrenholz 1980). 

Oral subchronic toxicity studies with rats, mice, and dogs indicate that the blood, liver, and 
reproductive system are targets affected by 2,6-DNT in all three species (Lee et a1. 1976). These effects 
were generally observed at doses of 35 mg!kg-day in rats, 51 mg!kg-day in mice, and 20 mg/kg-day in 
dogs. The primary hematologic effect in all three species was methemoglobinemia with sequelae such as 
Heinz bodies, reticulocytosis, anemia, and extramedullary hematopoiesis. Also seen in all three species 
were bile duct hyperplasia, decreased spermatogenesis, and testicular atrophy. In addition, dogs exhibited 
neurotoxic effects (incoordination, wealmess, tremors, and paralysis) as well as inflammatory and 
degenerative kidney changes. 

According to EPA (1998b), available data are inadequate for the calculation of a RID or RfC for 
2,6-DNT. 

In a I-year carcinogenesis bioassay, 2,6-DNT at oral doses of 7 and 14 mg/kg-day, respectively, 
produced hepatocellular carcinomas in 85 percent and 100 percent of male rats. t-DNT, containing about 
76 percent 2,4-DNT and 19 percent 2,6-DNT, also yielded a positive hepatocarcinogenic response 

• (Leonard et a1. 1987). In another study on the effects of t-DNT, dietary doses of 14 mg/kg-day induced 
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hepatocellular carcinomas in rats (CnT 1982). Initiating and promoting activities of 2,6-DNT in rat liver 
have been reported (Popp and Leonard 1982). Although EPA has not evaluated 2,6-DNT for evidence of • 
human carcinogenic potential, the dinitrotoluene mixture (containing 2,4- and 2,6-DNT) has been 
classified as a B2 carcinogen, probable human carcinogen (EPA 1998b, 1991g). A slope factor of 
6.80E-l (mg/kg-dayr l was·calculated for oral exposure to dinitrotoluene mixture. The drinking water unit 
risk is l.9E-5 (~g/L)-I (EPA 1991g). 

The oral and dermai cancer slope factors used in the BHHRA are 6.80E-l and 8.0E-l (mglkg-dayr l , 

respectively. An inhalation cancer slope factor was not found. The oral and dermal chronic RIDs used in 
the BHHRA are l.00E-3 and 8.50E-4 mg/kg-day, respectively. The inhalation RID was 1.00E-3 
mglkg-day. When calculating the dermal route RID and slope factor from the oral value, a gastrointestinal 
absorption factor of 85 percent was used. 

1.4.2.14 2-Chloronaphthalene (CAS 000091-58-7) 

There are no carcinogenic slope factors used in the BHHRA for 2-chloronaphthalene due to a lack of 
carcinogenic toxicity information. 

An oral RID of 8.00E-2 mg/kg-day is used in this risk assessment for 2-chloronaphthalene. The 
dermal route RID used in the BHHRA is 4.00E-2 mglkg-day. An inhalation RfC is not available; 

1.4.2.15 2-Hexanone (methyl butyl ketone) (CAS 000591~78-6) (ATSDR), 

2-Hexanone, also known as methyl n-butyl ketone, is a flammable, colorless liquid with a pungent 
acetone-like odor. It is known to occur in nature in very low concentrations (HSDB 1993). 2-Hexanone 
has been used as a solvent for lacquers, dye printing, ink and paint thinners, resins, oils, fats and waxes • 
(HSDB 1993, Klaassen et a1. 1986). 2-Hexanone is no longer made in the United States, and its uses have 
been restricted because of its harmful health effects (ATSDR 1990i). 2-Hexanone is a waste product of 
wood pulping, coal gasification, and oil shale operations (ATSDR 1990i). 2-Hexanone is very soluble in 
water and is mobile in water and soil. Biodegradation may occur slowly in water and soil, but 
bioconcentration is not expected (ATSDR 1990i). 

Inhalation, 'ingestion, and dermal absorption are possible routes of exposure. The most common 
effect of 2-hexanone is weight loss, or in the case of developing animals, decreased weight gain. 
Neurological effects have been observed in humans that were occupationally exposed to 2-hexanone, and 
animal studies have shown neurological effects as well as possible hematological and reproductive effects 
(ATSDR 1990i). 2-Hexanone applied to the eyes of rabbits resulted in inoderate corneal necrosis, and 
when applied to skin, it caused irritation (ATSDR 1990i). 

Neither slope factors nor RIDs for any route of exposure were found for 2-hexanone. Therefore, 
neither carcinogenicity nor systemic toxicity due to 2-hexanone exposure is included in the BHHRA. 

1.4.2.16 2-Methyl-4,6-dinltropbenol (CAS 000534-52-1) 

No toxicity information was found (e.g., slope factors, RIDs, RfCs) for any route of exposure for 
2-methyl-4,6-dinitrophenol. Therefore, quantitative estimates of carcinogenicity and systemic toxicity due 
to 2-methyl-4,6-dinitrophenol exposure is not included in the BHHRA. 
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1.4.2.17 2-Methylnaphthalene (CAS 000091-57-6) 

No toxicity information was found (e.g., slope factors, RIDs, RfCs) for any route of exposure for 
2-methylnaphthalene. Therefore, quantitative estimates of carcinogenicity and systemic toxicity due to 
2-methylnaphthalene exposure is not included in the BHHRA. 

1.4.2.18 2-Nitroaniline (CAS 000088-74-4) 
.. . 

There are no carcinogenic slope factors used in the BHHRA for 2-nitroaniline due to a lack of 
carcinogenic toxicity. 

The oral, inhalation and dermal RIDs are 6.00E-5, 571E-5 and 3.00E-5 mg/kg-day respectively. 

1.4.2.19 2-Nitropbenol (CAS 000088-75-5) 

No toxicity information was found (e.g., slope factors, RIDs, RfCs) for any route of exposure for 
2-nitrophenol. Therefore, quantitative estimates of carcinogenicity and systemic toxicity due to 
2-nitrophenol exposure are not included in the BHHRA. 

1.4.2.20 3,3'-Dicblorobenzidine (CAS 000091-94-1) 

An oral slope factor of 4.50B-l (mglkg-dayrl was ~sed for 3,3'-dichlorobenzidine. For inhalation 
exposure, the inhalation unit risk is not available. The absorbed dose slope factor is 9.00E-
1 (mglkg-dayrl. The oral unit risk is 1.30E-5 (J,lgILrl. 

There are no RIDs or RfCs used in the BHHRA for 3,3'-dichlorobenzidine due to a lack of systemic 
toxicity and noncarcinogenic risk information. 

1.4.2.21 3-~itroaniline (CAS 000099-09-2) 

No toxicity information was found (e.g., slope factors, RIDs, RfCs) for any route of exposure for 
3-niroaniline. Therefore, quantitative estimates of carcinogenicity and systemic toxicity due to 
3-niroaniline exposure are not included in the BHHRA. 

1.4.2.22 4,4'-DDD (CAS 000072-54-8) 

An oral slope factor of 2.40E-l (mg/kg-dayrl was used for 4,4'-DDD. For inhalation exposure, the 
inhalation unit risk is not available. The absorbed dose slope factor is 3.43E-l (mglkg-dayrl. The oral 
unit risk is 6.90E-6 (J,lgIL)"l. 

There are no RIDs or RfCs used in the BHHRA for 4,4'-DDD due to a lack of systemic toxicity and 
noncarcinogenic risk information. 

1.4.2.23 4,4'-DDE (CAS 000072-55-9) 

An oral slope factor of 3.40E-l (mg/kg-dayrl was used for 4,4'-DDE. For inhalation exposure, the 
inhalation unit risk is not available. The absorbed dose slope factor is 4.86E-l (mg/kg-dayr

l
. The oral 

unit risk is 9. 70E-6 (J,lgILrl. 

There are no RIDs or RfCs used in the BHHRA for 4,4'-DDE due to a lack of systemic toxicity and 
• noncarcinogenic risk information. 
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1.4.2.24 4,4'-DDT (CAS 000050-29-3) 

An oral slope factor of 3.40E-l (mglkg-dayyl was used for 4,4'-DDT. For inhalation exposure, the 
inhalation slope factor is 3.40E-l (mglkg-dayrl, and the inhalation unit risk is 9.70E-5 m3/J.l.g. The 
absorbed dose slope factor"is 4:86E-l (mglkg-dayrl. 

. An Qt:al RID of 5.00E-4 mglkg-day is used in this risk assessment for 4,4'-DDT. The dermal route 
RID used in the BHHRA is 3.50E-4 mglkg-day. The inhalation RfC is not available. 

1.4.2.25 4-Bromophenyl-phenylether (CAS 000101-55-3) 

No toxicity information was found (e.g., slope factors, RIDs, RfCs) for any route of exposure for 
4-bromophenyl-phenylether. Therefore, quantitative estimates of carcinogenicity and systemic toxicity 
due to 4-bromophenyl-phenylether exposure are not included in the BHHRA. 

1.4.2.26 4-Chloro-3-methylphenol (CAS 000059-50-7) 

No toxicity information was found (e.g., slope factors, RIDs, Rfl:s) for any route of exposure for 
4-chloro-3-methylpheno1. Therefore, quantitative estimates of carcinogenicity and systemic toxicity due 
to 4-chloro-3-methylphenol exposure are not included in the BHHRA. 

1.4.2.27 4-Chlorophenyl-phenylether(CAS 007005-72-3) 

No toxicity information was found (e.g., slope factors, RIDs, RfCs) for any route of exposure for 

• 

4-chlorophenyl-phenylether. Therefore, quantitative estimates of carcinogenicity and systemic toxicity • 
due to 4-chlorophenyl-phenylether exposure are not included in the BHHRA. 

1.4.2.28 4-Nltroaniline (CAS 000100-01-6) 

No toxicity information was found (e.g., slope factors, RIDs, RfCs) for any route of exposure for 
4-nitroaniline. Therefore, quantitative estimates of carcinogenicity and systemic toxicity due to 
4-nitroaniline exposure are not included in the BHHRA. 

1.4.2.29 Acenaphthene (CAS 000083-32-9) (RAIS) 

Acenaphthene, also known as l,2-dihydroacenaphthylene or 1,8-ethylenenaphthalene, is a tricyclic 
aromatic hydrocarbon that occurs in coal tar. It is used as a dye intennediate, in the manufacture of some 
plastics, and as an insecticide and fungicide (EPA 1980c). Acenaphthene has been detected in cigarette 
smoke, automobile exhausts, and urban air; in effluents from petrochemical, pesticide, and wood 
preservative industries (EPA 1980c); and in soils, groundwater, and surface waters at hazardous waste 
sites (ATSDR 1990j). 

No absorption data are available for acenaphthene; however, by analogy to structurally related 
P AHs, it would be expected to be absorbed from the gastrointestinal tract and lungs (EPA 1988a). The 
anhydride of naphthalic acid was identified as a urinary metabolite in rats treated orally with 
acenaphthene (Chang and Young 1943). 

Although a large body of literature exists on the toxicity and carcinogenicity of P AHs, primarily 
benzo(a)pyrene, toxicity data for acenaphthene are limited. Acenaphthene is irritating to the skin and • 
mucous membranes of humans and animals (Sandmeyer 1981, Knobloch et a1. 1969). Acute toxicity data 
for animals include oral LDsos of 10 glkg for rats and 2.1 g/kg for mice (Knobloch et a1. 1969) and an 
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intraperitoneal LDso of 600 mglkg for rats (Reshetyuk et a1. 1970). Oral exposure of rats to daily'"-
2-g doses of acenaphthene for 32 days produced peripheral blood changes, mild liver and kidney damage, 
and pulmonary effects (Knobloch et a1. 1969). Subchronic oral exposure to acenaphthene at doses of 
greater than or equal to 350 mglkg for 90 days produced increased liver weights, hepatocellular 
hypertrophy, and increased cholesterol levels in mice. Reproductive effects included decreased ovary 
weights at doses of greater than or equal to 350 mglkg and decreased ovarian and uterine activity as well 
as smaller and fewer corpora lutea at 700mglkg-day (EPA 198ge). Adverse effects on the blood, lungs, 
and glandular tissues were reported in rats exposed daily to 12 mg/m3 of acenaphthene for 5 months 
(Reshetyuk et a1. 1970). 

An RID of 6E-l mglkg-day for subchronic oral exposure (EPA 1998b) and 6E-2 mg/kg-day for 
chronic oral exposure to acenaphthene (EPA 1998a) was calculated from a NOAEL of 175 mg/kg-day 
from a 90-day gavage study with mice. The critical effect was hepatotoxicity. Data were insufficient to 
derive an inhalation RfC fOf acenaphthene (EPA 1998a and b). 

No oral bioassays were available to assess the carcinogenicity of acenaphthene. A limited inhalation 
study in which rats were exposed to 12 mg/m3 acenaphthene for 5 months and observed an additional 
8 months provided no evidence of carcinogenicity (Reshetyuk et a1. 1970). EPA has not assigned a 
weight-of-evidence classification for carcinogenicity to acenaphthene (EPA 1998a and b). 

No cancer slope factors were used in the BHHRA for acenaphthene. The oral, inhalation and dermal 
RIDs used in the BHHRA are 6.00E-2, 6.00E-2 and 1.86E-2 mglkg-day, respectively. When calculating 
the dennal route RID from the oral value, a gastrointestinal absorption factor of 31 percent was used. 

1.4.2.30 Acenaphthylene (CAS 000208·96-8) 

Neither slope factors nor RIDs for any route of exposure were found for acenaphthylene. Therefore, 
neither carcinogenicity nor systemic toxicity due to acenaphthylene exposure is included in the BIrnRA. 

" 

1.4.2.31 Acetone (CAS 000067-6~1) (RAIS) 

Acetone is a clear, colorless, highly flammable liquid with a vapor pressure of 182 nun Hg at 20De 
(Morgott 1993). It is completely miscible in water and soluble in organics such as benzene and ethanol 
(ATSDR 1994). Its log octanol-water partitioning coefficient has been estimated to be ·0.24 (ATSDR 
1994). Acetone is used primarily as a solvent and chemical intermediate, and it is also found in some 
consumer products such as nail polish remover (Inoue 1983, Kumai et a1. 1983). 

Acetone may be released into the environment as stack emissions and/or fugitive emissions and in 
wastewater effiuents from facilities involved in its production and use as a chemical intennediate and 
solvent (HSDB 1995). Acetone is also a natural metabolic by-product found in and released from plants 
and animals. Much of the acetone released into the environment will volatilize into the atmosphere where 
it will be subject to photo-oxidation (average half·life is 22 days). Volatilization from surface waters is 
moderately rapid (estimated half-life about 20 hours from a model river). If released onto the ground, 
acetone will both volatilize and leach into the soil, and relatively little will be adsorbed to soil particles 
(HSDB 1995). Acetone has been detected in groundwater and drinking water. 

Acetone can be absorbed through the lungs, digestive tract, and the skin (Morgott 1993). It is rapidly 
transported throughout the body and is not preferentially stored in any body tissue (Morgott 1993). The 
liver is the major organ of acetone metabolism, and excretion occurs mainly through the lungs and in the 
urine. 
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Acute toxic effects following ingestion of 50 mL or more may include ataxia, sedation, and coma; 
respiratory depression; gastrointestinal disorders (vomiting and hematemesis); hyperglycemia and • 
ketonemia; acidosis; and hepatic and renal lesions (Krasavage et a1. 1982). Ingestion of 10-20 mL 
(7.9-15.8 g) generally is not toxic (HSDB 1995), and consumption of 20 g/day for several days resulted 
in only slight drowsiness ·(Morgott 1993). The minimum lethal dose for a 150-lb man is estimated to 
be 100 mL (79.1 g). No information is available on the subchronic or chronic oral toxicity to humans . 
. In animal.studies, subchronic oral exposures were associated with kidney damage and hematological 
changes. 

The RID for chronic oral exposures, 0.1 mg/kg-day (EPA 1995g), is based on increased liver and 
kidney weights and nephrotoxicity in rats (EPA 1986k). The subchronic oral RID of 1 mg/kg-day (EPA 
1998b) is based on the same rodent study. 

Information on the inhalation toxicity of acetone to humans is derived from occupational and 
laboratory studies. Typical symptoms of inhalation exposure are CNS depression and irritation of the 
mucous membranes of the eyes, nose, and throat (Morgott 1993). CNS effects can range from subtle 
neurobehavioral changes to narcosis depending on the magnitude and length of exposure. 
Neurobehavioral changes have been reported at concentrations as low as 237 ppm (574 mffm3

) (Dick et 
a1. 1989). Irritant effects have been reported at concentrations of 500 ppm (1210 mglm) and higher. 
Transient effects were reported in workers exposed to 600-2150 ppm (1452-5203 mglm3

) (EPA 1995g). 
Extremely high concentrations (> 29 glm3

) can cause dizziness, confusion, unsteadiness, and 
unconsciousness (ATSDR 1994). Prolonged occupational exposures to acetone vapors have not been 
associated with chronic systemic disorders (Morgott 1993). 

Studies have shown that acetone vapor concentrations in excess of 8000 ppm (19.36 mglm3
) are 

generally re~uired to produce signs of CNS depression in animals, but concentrations as low as 500 ppm • 
(1210 mglm ) may cause subtle behavioral changes (Morgott 1993, ATSDR 1994). Little information is 
available on subchronic or chronic inhalation toxicity in animals. 

An inhalation RiC has not been derived for acetone (EPA 1995 g). 

Animal data indicate that acetone is not teratogenic; however, adverse reproductive effects may 
occur at high concentrations. Drinki:n:g water concentrations equl!-l to doses> 3 g/kg-day during pregnancy 
were associated with spermatogenic effects, reduced reproductive index, and decreased pup survival of 
rodents (Larsen et a1. 1991, EHRT 1987). Inhalation exposure to 11,000 ppm resulted in reduction in 
maternal body weight gain, a decrease in uterine and extragestational weight gain, and a significant 
reduction in fetal weight of rats but no adverse effects on reproduction or development (Mast et al. 1988). 
In the latter study, incidence of malformations was not increased by exposure to acetone. 

No evidence is available that suggests acetone is carcinogenic in humans or animals (Morgott 1993). 
Negative results have been reported in occupational exposure studies and in rodent skin painting studies. 
Although acetone has not been tested in a 2-year rodent bioassay; in vitro tests for mutagenicity, 
chromosome damage, and deoxyribonucleic acid (DNA) interaction indicate that acetone is not genotoxic 
except under severe conditions (Morgott 1993). Acetone is classified by EPA in weight-of-evidence 
Group D, not classifiable as to human carcinogenicity (EPA 1995g). 

There are no carcinogenic slope factors used in the BHHRA for acetone due to a lack of carcinogenic 
toxicity information. 
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An oral RID of 1.00E-I mglkg-day is used in this risk assessment for acetone. The dermal route .~
RID used in the BHHRA is 8.30E-2 mg/kg-day and the inhalation RID was 1.00E-I mglkg-day. The 
inhalation RfC is not available. 

1.4.2.32 Aldrin (CAS 000309-00-2) 

An oral slope factor of 1.70E+l (mglkg-dayrl was calculated for aldrin. For inhalation exposure, 
the inhalation unit risk is 4.90E+O m3/g. The absorbed dose slope factor is 3~40E+ 1 (mglkg-dayrl . 

An oral and inhalation RID of 3.00E-5 mglkg-day is used in this risk assessment for aldrin. The 
dermal route RID used in the BHHRA is l.S0E-5 mgIkg-day. The inhalation RfC is not available. 

1.4.2.33 alpha-BBC (CAS 000319-84-6) 

There are no carcinogenic slope factors used in the BHHRA for alpha-benzene hexachloride (BHC) 
due to a lack of carcinogenic toxicity information. 

An oral RID of 6.30E+O mg/kg-day is used in this risk assessment for alpha-BHC. The dermal route 
RID used in the BHHRA is 6.49E+O mg/kg-day. The inhalation RfC is 1.80E+0 mg/m3• 

1.4.2.34 alpha-Chlordane (CAS 005103-71-9) 

The oral, inhalation and dermal slope factors for alpha-chlordane and gamma-chlordane used in the 
BHHRA were 3.S0E-I, 1.30E+O and 7.0E+O (mglkg-dayrl.respectively". The oral and dermal route RIDs 
were S.OOE-4 mg/kg-day and 2.SE-4 mg/kg-day respectively and the inhalation RID was 2.00E-4 mg/kg
day. 

1.4.2.35 Anthracene (CAS 000120-12-7) (RAIS) 

Anthracene, also referred to as paranaphthalene or green oil, is a P AH derived from coal tar and is 
primarily used as an intermediate in the production of dyes. It has also been used in the production of 
smoke screens. Anthracene is ubiquitous in the environment as a product of incomplete combustion of 
fossil fuels. Although a large body of literature exists on the toxicity and carcinogenicity of a number of 
PARs, toxicity data for anthracene are limited. 

Evidence indicates that anthracene is absorbed following oral and dermal exposure. Targets for 
anthracene toxicity are the skin, hematopoietic system, lymphoid system, and gastrointestinal tract. 
Adverse dermatologic effects have been observed in humans and animals in conjunotion with acute and 
subchronic exposure to anthracene. In humans, anthracene may cause acute dermatitis with symptoms of 
burning, itching, and edema. Prolonged dermal exposure produces pigmentation, cornification of skin 
surface layers, and telangiectasis (Volkova 1983). Anthracene is photosensitizing, potentiating skin 
damage elicited by exposure to ultraviolet (UV) radiation (EPA 1987h, Dayhaw-Barker et a1. 1985, 
Forbes et a1. 1976). Hematologic toxicity was observed in patients receiving intraperitoneal injections of 
anthracene-containing chemotherapeutic agents (Falkson et a1. 1985) and in rats exposed to anthracene by 
oral gavage and by inhalation (Volkova 1983). Mice receiving subcutaneous injections of anthracene 
exhibited adverse lymphoid effects (Hoch-Ligeti 1941). Long-term use of anthracene -containing laxatives 
produced melanosis of the colon and rectum (Badiali et al. 1985). Human exposure to anthracene has also 
been associated with headache, nausea, loss of appetite, inflammation of the gastrointestinal tract, slow 
reactions, and weakness (Volkova 1983). 
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An RID of 3 mglkg-day for subchronic oral exposure and 0.3 mglkg-day for chronic oral exposure to __ -
anthracene was calculated from a NOAEL of 1000 mglkg-day derived from a 90-day gavage study with • 
mice (EPA 198ge). Data were insufficient to derive an inhalation RiC for anthracene (EPA 1991h and i). 

Carcinogenicity bioassays with anthracene generally gave negative results. Studies involving oral 
administration (Druckrey and Schmahl 1955, Schmahl 1955) or intrapulmonary implantation in rats 
. (Stanton .~t a1. 1972) or_ implantation into the brain of rabbits (Russell 1947) provided no evidence of 
carcinogenicity. Negative results were also obtained when anthracene was tested in mice by skin 
application (Wynder and Hoffman 1959a, Pollia 1939, Kennaway 1924a and b) and in mouse-skin 
initiation assays (LaVoie et a1. 1979, Scribner 1973). However, skin application of anthracene 
followed by exposure to UV radiation or visible light induced a high incidence of skin tumors ·in mice 
(Heller 1950). 

Based on no human data and inadequate data from animal bioassays, EPA (1991h and i) has placed 
anthracene in weight-of-evidence Group D, not classifiable as to human carcinogenicity. 

No cancer slope factors were used in the BHHRA for anthracene. The oral and dermal RIDs used in 
the BHHRA are 3.00E-l and 2.28E-l mglkg-day, respectively. The inhalation RID was 3.00E-l 
mglkg-day. When calculating the dermal route RID from the oral value, a gastrointestinal absorption 
factor of 76 percent was used. . 

1.4.2.36 Benz(a)anthracene (CAS 000056-55-3) (RAIS) 

Benz(a)anthracene, along with a number of other PAHs, are natural products produced by the 
incomplete combustion of organic material. The arrangement of the aromatic rings in the 
benz(a)anthracene molecule gives it a "bay region" often correlated with carcinogenic properties. In • 
general, the bay-region P AHs and some of their metabolites are mown to react with cellular 
macromolecules, including DNA, which may account for both their toxicity and carcinogenicity. The 
inducible mixed-function oxidase enzymes oxidize benz(a)anthracene to form metabolites with increased 
water solubility that can be efficiently excreted in the urine. A minor product of this oxidation, a bay-
region diol epoxide, reacts readily with DNA and has been shown to be highly carcinogenic (EPA 1980d, 
1984d; Jerina et a1. 1977). 

The toxic effects of benz(a)anthracene and similar P AHs are primarily directed toward tissues that 
contain proliferating cells. Animal studies indicate that exposure to bay-region P AHs can damage the 
hematopoietic system, leading to progressive anemia as well as agranulocytosis (Robinson et al. 1975, 
Cawein and Sydnor 1968). The lymphoid system can also be affected, resulting in lymphopenia. Toxic 
effects have been observed in the rapidly dividing cells of the intestinal epithelium, spermatogonia and 
resting spermatocytes in the testis and primary oocytes of the ovary (Philips et a1. 1973; Mackenzie and 
Angevine 1981; Kraup 1970; Ford and Huggins 1963; Mattison and Thorgeirsson 1977; EPA 1980d, 
1984d). Most of these effects have occurred following both oral and parenteral exposure. Epithelial 
proliferation and cell hyperplasia in the respiratory tract have been reported following subchronic 
inhalation exposure (Reznik-Schuller and Mohr 1974, Saffiotti et a1. 1968). However, because of the lack 
of quantitative data, neither a RID nor RiC have been derived (EPA 1991j). 

The primary concern with benz(a)anthracene exposure is its potential carcinogenicity. There is no 
unequivocal, direct evidence of the carcinogenicity of the compound to humans. However, 
benz(a)anthracene and other known carcinogenic P AHs are components of coal tar, soot, coke oven 
emissions, and tobacco smoke. There is adequate evidence of its carcinogenic properties in animals. Oral • 
exposures of mice to benz(a)anthracene have resulted in hepatomas, pulmonary adenomas and 
forestomach papillomas (Klein 1963, Bock and King 1959, EPA 1991j). The EPA weight-or-evidence 
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classification is B2, probable human carcinogen, for both oral and inhalation exposure based on adequate _~
animal evidence and no human evidence (EPA 1991j). A slope factor has not been derived specifically for 
benz(a)anthracene by EPA (EPA 1991j). However, an oral slope factor of 7.3 (mg!kg-dayr l has been 
calculated for benzo(a)pyrene based on the incidence of stomach tumors in mice treated with 
benzo(a)pyrene (Neal and -Rigdon 1967; EPA 1980d, 1984d, 1992c). A drinking water unit risk of 
2.1E-4 (J,lgILr l has also been calculated forbenzo(a)pyrene (EPA 1992c). 

The oral, dermai, and inhalation cancer slope factors used in the BHHRA for benz(a)anthracene are 
7.30E-l, 2.35E+O, and 3.10E-l (mg/kg-dayrl

, respectively. These were derived from the values for 
benzo(a)pyrene using the relative potency factors recommended by EPA. The dermal slope factor was 
derived from the oral slope factor using a gastrointestinal absorption factor of 31 percent. No RIDs for 
benz(a)anthracene were found; therefore, noncancer effects due to exposure to benz(a)anthracene could 
not be estimated in the BHHRA. 

1.4.2.37 Benzene (CAS 000071-43-2) (RAIS) 

Benzene is absorbed via ingestion, inhalation, and skin application. Experimental data indicate that 
animals can absorb up to 95 percent of oral doses and that humans can absorb Up to 80 percent of inhaled 
benzene (after 5 minutes of exposure) (Sabourin et a1. 1987, Srobova et a1. 1950). Humans may absorb 
benzene vapors through the skin as well as the lungs; of the total dose absorbed by the two routes, an 
estimated 22-36 percent, enters the body through the skin (Susten et a1. 1985). 

; 

Autopsy of a youth who died while sniffmg benzene revealed that the chemical was distributed to 
the urine, stomach, bile, liver, kidney, abdominal fat, and brain (Winek and Collum 1971). The depots for 
benzene and its metabolites in animals are similar to those in humans and, in addition, include the fetus 
and placenta, bone marrow, Zymbal gland, and oral and nasal cavities (Ghantous and Danielsson 1986, 
Rickert et a1. 1979, Low et a1. 1989). 

Numerous studies indicate that the metabolism of benzene is required for its toxicity (Kalf et a1. 
1987). The liver is the main site for the metabolism of benzene; the bone marrow, a minor site (ATSDR 
I 992b ). Phenol, hydroquinone, catechol, and benzene oxide are the major metabolites (Kalf et a1. 1987, 
Snyder 1987). The metabolite(s) of benzene that are responsible for its toxicity have not been positively 
identified, but likely candidates include muconaldehyde, quinones, and free radicals generated by 
oxidizing enzymes (Henderson et a1. 1989, Snyder 1987). 

Benzene is eliminated either unchanged in expired air or as metabolites in the urine (ATSDR 
1992b). The proportions of the administered dose excreted by each route and the half-times for excretion 
are dependent on route, dose, and duration of exposure. 

Lethal oral doses of benzene are estimated to be 10 mL in humans; oral LDso values for benzene in 
rats range from 0.93 to 5.96 g/kg (Cornish and Ryan 1965, Withey and Hall 1975). These data indicate 
that benzene is of low acute toxicity (O'Bryan and Ross 1988). 

Limited data show that nonlethal oral doses of benzene can impact the nervous, hematological, and 
immunological systems. Ingested benzene produces symptoms of neurotoxicity at acute doses of 2 mL for 
humans and 325 mg/kg for rats (Thienes and Haley 1972, Clayton and Clayton 1981, Cornish and Ryan 
1965). A 4-week exposure of mice. to greater than or equal to 8 mg of benzenelkg/day in drinking water 
induced synthesis and catabolism of monoamine neurotransmitters and produced dose-related decreases 
in red blood cell parameters and lymphocyte numbers (Hsieh et a1. 1988). Rats and mice that were treated 
with benzene by gavage for 103 weeks developed a dose-related lymphocytopenia (LOAEL, 25 mg/kg-
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day), and mice had hyperplasia of the bone marrow and lymphoid depletion of the splenic follicles and -- - • 
thymus (100 mglkg-day) (Huff et a1. 1989). 

Inhalation of benzene vapor concentrations of 20,000 ppm for 5-10 minutes can be fatal to humans; 
death results from CNS depression (Clayton and Clayton 1981). The estimated LDso value for the rat is 
13,700 ppm (Drew and Fouts 1974). 

As with orally administered benzene, the targets for nonlethal concentrations of inhaled benzene 
include the nervous, hematological, and immunological systems. Neurological symptoms in humans may 
appear at exposure concentrations of 700 ppm (Clayton and Clayton 1981). In animals, 1 week of 
exposure to 300 ppm induced behavioral effects (Drew and Fouts 1974), and 1-4 weeks of exposure to 
benzene concentrations ranging from 21-50 ppm suppressed the bone marrow (NOAEL, 10 ppm) 
(Cronkite et a1. 1985, Toft et a1. 1982), the cellular immune response (NOAEL, 10 ppm) (Rosenthal and 
Snyder 1985), and the humoral immune response (LOAEL, 50 ppm) (Aoyama 1986). 

Sub chronic and chronic exposures to benzene vapors induce a progressive depletion of the bone 
marrow and dysfunction of the hematopoietic system. Early symptoms of bone marrow depression 
include leukopenia, anemia or thrombocytopenia, or a combination of the three (Snyder 1984). A group of 
workers exposed to benzene concentrations of 30 and 150 ppm for 4 months to 1 year had increased 
incidences of pancytopenia (Aksoy et at 1971, Aksoy et a1. 1972, Aksoy and Erdem 1978). A group of 
patients who had been exposed to benzene concentrations of 150-650 ppm for 4 months to 15 years 
exhibited severe blood dyscrasias and 8 of the 32 patients died with thrombocytopenic hemorrhage and 
infection (Aksoy et a1. 1972). The human data are supported by animal data showing bone marrow 
suppression in mice and rats exposed to benzene concentrations ranging from 10 ppm for 24 weeks to 
300 ppm for 13 weeks (Baarson et a1. 1984, Ward et a1. 1985). 

Benzene may also have long-term effects on the CNS. Workers exposed to benzene for 0.5-4 years 
exhibited EEG changes and atypical sleep activity consistent with neurotoxicity (Kellerova 1985).~Others 
exposed to benzene concentrations· of 210 ppm for 6-8 years had peripheral nerve damage (Baslo and 
Aksoy 1982).· 

In humans, benzene crosses the placenta and is present in the cord blood in amounts equal to those in 
maternal blood (Dowty et a1. 1976); however, studies of the effects of benzene on human reproduction 
and development have been confounded by the presence of other chemicals in the environment (USAF 
1989b). Benzene does produce developmental effects (fetal toxicity, but not malformations) in the 
offspring of treated animals, mostly at maternally toxic doses (Nawrot and Staples 1979, Seidenberg et a1. 
1986, Keller and Snyder 1988). 

RIDs and RiCs for benzene have not been established. An oral risk assessment for benzene will be 
reviewed by an EPA work group, and an inhalation risk assessment is currently under review (EPA 
1992d). . 

Benzene is carcinogenic in humans and animals by inhalation and in animals by the oral route of 
exposure. Occupational exposure to benzene has been associated mainly with increased incidences of 
acute myeloblastic or erythroblastic leukemias and chronic myeloid and lymphoid leukemias among 
workers (Aksoy 1989). Workers at risk were exposed in one study to 8-hour TWA concentrations ranging 
from 10 to 100 ppm (Rinsky et a1. 1981) and in another to 8-hour TWA concentrations ranging from less 
than 2 to greater than 25 ppm (Ott et a1. 1978). In Ii historical prospective mortality study of chemical 

• 

workers, Yin et a1. (1987) described a dose-response relationship between exposure to benzene and • 
lymphatic and hematopoietic cancers, which adds strength to the association between exposure in the 
workplace and cancer development. Studies in animals have demonstrated an association between oral 
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and inhalation exposure to benzene and the development of a variety of tumors, including lymphoma and _~
carcinomas of the Zymbal gland, oral cavity, mammary gland, ovaries, lung, and skin (Huff et al. 1989, 
Maltoni et al. 1989). In one study, C57BIIBNL mice had increased incidences of leukemia, lymphoma, 
and solid tumors after exposure to 300 ppm for only 16 weeks (Cronkite et a1. 1985, Cronkite 1986). 

Based on several studies of increased incidence of nonlymphocytic leukemia from occupational 
exposure, increased incidence of neoplasia in rats and mice exposed by inhalation and gavage, and some 
supporting data, berizene has been placed in the EPA weight-of-evidence classification A, human 
carcinogen (EPA 1991d). 

The oral and inhalation slope factors for benzene are 2.90E-2 (mg!kg-dayr l , and the oral and 
inhalation unit risk values are 8.30E-7 (j.1g1Lrl and 8.3E-6 (llglm3r ' , respectively, based on the studies of 
Ott et a1. (1978), Rinsky et a1. (1981), and Wong et a1. (EPA 1992d, 1998b). No oral and dermal RIDs 
were found. The inhalationRfD is 1.71E-3 mg/kg-day. 

1.4.2.38 Benzo(a)pyrene (CAS 000050-32-8) (RAIS) 

Benzo(a)pyrene is a PAH that can be derived from coal tar. Benzo(a)pyrene occurs ubiquitously in 
products of incomplete combustion of fossil fuels and has been identified in ambient air, surface water, 
drinking water, wastewater, and char-broiled foods (!ARC 1983a). Benzo(a)pyrene is primarily released 
to the air and removed from the atmosphere by photochemical oxidation and dry deposition to land or 
water. Biodegradation is the most important transformation process in soil or ~ediment (ATSDR 1990k). 

Benzo(a)pyrene is readily absorbed following inhalation, oral, and dermal routes of administration 
(ATSDR 1990k). Following inhalation exposure, benzo(a)pyrene is rapidly distributed to several tissues 
in rats (Sun et al. 1982, Weyand and Bevan 1986). The metabolism of benzo(a)pyrene is complex and 
includes the formation of a proposed ultimate carcinogen, benzo(a)pyrene 7,8 diol-9,10-epoxide (IARC 
1983a). The major route of excretion is hepatobiliary followed by elimination in the feces (EPA 1991k). 

No data are available on the systemic (noncarcinogenic) effects of benzo(a)pyrene in humans. In 
mice, genetic differences appear to influence the toxicity of benzo(a)pyrene. Subc~onic dietary 
administration of 120 mg/kg benzo(a)pyrene for up to 180 days resulted in decreased survival due to 
hematopoietic effects (bone narrow depression) in a ''nonresponsive'' strain of mice (i.e., a strain whose 
cytochrome P-450 mediated enzyme activity is not induced as a consequence of PAH exposure). No 
adverse effects were noted in ''responsive'' mice (i.e., a strain capable of inducing increased cytochrome 
P-450 mediated enzyme activity as a consequence of PAH exposure) (Robinson et al. 1975). 
Immunosuppression has been reported in mice administered daily intraperitoneal injections of 40 or 
160 mglkg of benzo(a)pyrene for 2 weeks, with more pronounced effects apparent in ''nonresponsive'' 
mice (Blanton et a1. 1986, White et a1. 1985b). In utero exposure to benzo(a)pyrene has produced adverse 
developmentaVreproductive effects in mice. Dietary administration of doses as low as 10 mg/kg during 
gestation caused reduced fertility and reproductive capacity in offspring (Mackenzie and Angevine 1981), 
and treatment by gavage with 120 mglkg-day during gestation caused stillbirths, resorptions, and 
malformations (Legraverend et a1. 1984). Similar effects have been reported in intraperitoneal injection 
studies (ATSDR 1990k). Neither a RID nor a RiC has been derived for benzo(a)pyrene. 

Numerous epidemiologic studies have shown a clear association between exposure to various 
mixtures of PAHs containing benzo(a)pyrene (e.g., coke oven emissions, roofing tar emissions, and 
cigarette smoke) and increased risk oflung cancer and other tumors. However, each of the mixtures also 
contained other potentially carcinogenic PAHs; therefore, it is not possible to evaluate the contribution of 
benzo(a)pyrene to the carcinogenicity of these mixtures (IARC 1983a, EPA 1991k). An extensive 
database is available for the carcinogenicity of benzo(a)pyrene in experimental animals. Dietary 
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administration of benzo(a)pyrene has produced papillomas and carcinomas of the forestomach in mice • 
(Neal and Rigdon 1967), and treatment by gavage has produced mammary tumors in rats (McCormick et 
al. 1981) and pulmonary adenomas in mice (Wattenberg and Leong 1970). Exposure by inhalation and 
intratracheal instillation has resulted in benign and malignant tumors of the respiratory and upper 
digestive tracts of hamsters (Ketkar et a1. 1978, Thyssen et a1. 1981). Numerous topical application 
studies have shown that benzo(a)pyrene induces skin tumors in several species, although mice appear to 
be the. m.~st sensitive species. Benzo(a)pyrene is a complete carcinogen and also an initiator of skin 
tumors (lARC 1973a, EPA 1991k). Benzo(a)pyrene has also been reported to induce tumors in animals 
when administered by other routes, such as intravenous, intraperitoneal, subcutaneous, intrapulmonary, 
and transplacental. 

Based on EPA guidelines, benzo(a)pyrene was assigned to weight-of-evidence group B2, probable 
human carcinogen. For oral exposure, the slope factor and unit risk are 7.30E+0 (mglkg-dayyl and 
2.10E-4 (ug/L)-I, respectively (EPA 1998a). 

The oral, d~rmal, and inhalation cancer slope factors used in the BHHRA for benzo(a)pyrene are 
7.30, 2.35E+1, and 3.10E+0 (mg/kg-dayrl, respectively. The dermal slope factor was derived from the 
oral slope factor using a gastrointestinal absorption factor of 31 percent. No RIDs for benzo(a)pyrene 
were found; therefore, noncancer effects due to exposure to benzo(a)pyrene could not be estimated in the 
BHHRA. 

1.4.2.39 Benzo(b )fluoranthene (CAS 000205-99-2) (RAIS) 

Benzo(b)fluoranthene, a crystalline solid with a chemical formula ofC2oHI2 and a molecular weight 
of 252.32 (Lide 1991), is a PAH with one five-membered ring and four six-membered rings. There is no 
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mainstream cigarette smoke; urban air; gasoline engine exhaust; emissions from burning coal and from 
oil-fired heating; broiled and smoked food; oils and margarine (lARC 1983b); and in soils, grolindwater, 
and surface waters at hazardous waste sites (ATSDR 1990j). 

No absorption data were available for benzo(b)fluoranthene; however, by analogy to structurally 
related P AHs, primarily benzo(a)pyrene, it would be expected to be absorbed from the gastrointestinal 
tract, lungs, and skin (EPA 1991k). Major metabolites ofbenzo(b)fluoranthene formed in vitro in rat liver 
include dihydrodiols and monohydroxy derivatives (Amin et a1. 1982) and monohydroxy derivatives in 
mouse epidermis (Geddie et a1. 1987). 

No data were found concerning the acute, subchronic, chronic, developmental, or reproductive 
toxicity of benzo(b )fluoranthene. No data were available for the derivation of an oral RID or inhalation 
RfC (EPA 1998a). 

No long-term oral or inhalation bioassays were available to assess the carcinogenicity of 
benzo(b)fluoranthene. Benzo(b)fluoranthene was tested for carcinogenicity in dermal application, lung 
implantation, subcutaneous injection, and intraperitoneal injection studies. Dermal applications of 
0.01-0.5 percent solutions of benzo(b )fluoranthene for life produced a high incidence of skin papillomas 
and carcinomas in mice (Wynder and Hoffmann 1959b). In initiation-promotion assays, the compound 
was active as an initiator of skin carcinogenesis in mice (LaVoie et a1. 1982a, Amin et a1. 1985a). 
Sarcomas and carcinomas of the lungs and thorax were seen in rats receiving single lung implants of 
0.1-1 mg benzo(b)fluoranthene (Deutsch-Wenzel et a1. 1983). Newborn mice receiving 0.5 umol • 
benzo(b )fluoranthene via intraperitoneal injection developed liver and lung tumors (LaVoie et al. 1987), 
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and mice administered three subcutaneous injections of 0.6 mg benzo(b}fluoranthene developed injection,-
site sarcomas (!ARC 1983). 

Based on no human data and sufficient evidence for carcinogenicity in animals, EPA has assigned a 
weight-of-evidence classification of B2, probable human carcinogen, to benzo(b }fluoranthene (EPA 
1998a). 

. The oral, dermal, and inhalation cancer slope factors used in the BHHRA for benzo(b )fluoranthene 
are 7.30E-l, 2.35E+0, and 3.10E-l (mg!kg-day)"I, respectively. The inhalation unit risk is 8.80E-2 m3/J,lg. 
These were derived from the values for benzo(a)pyrene using the relative potency factors recommended 
by EPA. The dermal slope factor was derived from the oral slope factor using a gastrointestinal 
absorption factor of 31 percent. No RIDs for benzo(b }fluoranthene were found; therefore, noncancer 
effects due to exposure to benzo(b }fluomnthene could not be estimated in the BHHRA. 

1.4.2.40 Benzo(g,b,i)perylene (CAS 000191-24-2) (RAIS) 

Benzo(g,h,i)perylene, also known as l,12-benzoperylene, is a P AH with six aromatic rings. There is 
no known commercial production or use of benzo(g,h,i}perylene. It occurs naturally in crude oils and is 
present ubiquitously in products of incomplete combustion and in coal tar (EPA 1987i). 

No absorption data were available for benzo(g,h,i}perylene; however, by analogy to other PAHs, 
primarily benzo(a}pyrene, it would be expected to be absorbed from the gasn:ointestinal fmct, lungs, and 
skin (EPA 1991k). 

No human or animal data were available to evaluate the toxicity ofbenzo(g,h,i}perylene. Because of 
the lack of data, EPA has not derived an oral RID or inhalation RfC (EPA 1998a). 

No oral or inhalation bioassays were available to assess the carcinogenicity ofbenzo(g,h,i)perylene. 
Negative results were reported in dermal application studies (Hoffmann and.Wynder 1966, Vah Duuren 
and Goldschmidt 1976) and in initiation-promotion assays for skin tumorigenesis in mice (Hoffmann and 
Wynder 1966, Van Duuren et a!. 1970). However, when benzo(g,h,i)perylene was administered 
simultaneously with benzo(a)pyrene to the skin of mice, an increased incidence of skin tumors was 
observed compared to the tumor incidence in mice treated with benzo(a)pyrene alone, indicating possible 
cocarcinogenic activity of benzo(g,b,i)perylene (Van Duuren et al. 1973). Although a few pulmonary 
tumors were observed in Osborne-Mendel rats when benzo(g,h,i)perylene was administered as single lung 
implants of greater than or equal to 83 mg (Deutsch-Wenzel et al. 1983), the tumors may have been 
caused by impurities in the test compound (IARC 1983c). In subcutaneous injection studies, 
benzo(g,h,i)perylene did not produce injection site tumors in mice (Muller 1968). 

Based on no human data and inadequate data with experimental animals, EPA has classified 
benzo(g,h,i)perylene in weight-of-evidence Group D, not classifiable as to human carcinogenicity (EPA 
1998a). 

Neither slope factors nor RIDs for any route of exposure were found for benzo(g,h,i}perylene. 
Therefore, neither carcinogenicity nor systemic toxicity due to benzo(g,h,i}perylene exposure is included 
in the BHHRA. 

1.4.2.41 Benzo(k}fluorantbene (CAS 000207-08-9) (RAIS) 

Benzo(k)fluoranthene, a crystalline solid with a chemical formula of C2olil2 and a molecular weight 
of 252.32 (Lide 1991). is a PAH with one five-membered and four six-membered rings. There is no 

1-113 



commercial production or mown use ofthis compound (lARC 1983b). Benzo(k)fluoranthene is found in -- -
fossil fuels and occurs ubiquitously in products of incomplete combustion (IARC 1983b) and in soils, • 
groundwater, and surface waters at hazardous waste sites (ATSDR 1990j). 

No absorption or excretion data were available for benzo(k)fluoranthene; however, by analogy to 
structurally related PAHs, primarily benzo(a)pyrene, it would be expected to be absorbed from the 
.gastroint~~tinal tract, lungs, and skin (EPA 1991k). Rat liver micro somes have been shown to metabolize 
benzo(k)fluoranthene to dihydrodiol, 8,9-dihydro-8,9-dihydroxy benzo(k)fluoranthene (LaVoie et al. 
1980). 

No data were found concerning the acute, subchronic, chronic, developmental, or reproductive 
toxicity of benzo(k)fluoranthene. Because of a lack of toxicity data, an oral RID or inhalation Rft: have 
not been derived (EPA 1998a). 

No long-term oral or inhalation bioassays were available to assess the carcinogenicity of 
benzo(k)fluoranthene. Benzo(k)fluoranthene was tested for carcinogenicity in dermal application, 
subcutaneous injection, lung implantation, and intraperitoneal injection studies. Dermal applications of 
0.5 percent solutions of benzo(k)fluoranthene for life produced only a few skin papillomas in mice 
(Wynder and Hoffmann 1959b), but in initiation-promotion assays, benzo(k)fluoranthene was active as an 
initiator of skin carcinogenesis (LaVoie et al. 1982a, Amin et al. 198sb). Injection site sarcomas 
developed in mice given three subcutaneious injections of 0.6 mg benzo(k)fluoranthene (Lacassagne et al. 
1963), and dose-related increases of epidermoid carcinomas of the lungs were reported in rats receiving 
single lung implants of 0.16-4.15 mg benzo(k)fluoranthene (Deutsch-Wenzel et al. 1983). In a short-term 
assay, hepatic and lung tumors occurred in newborn mice receiving 2.1 umol benzo(k)fluoranthene via 
intraperitoneal injection (LaVoie et a1. 1987). 

Based on no human data and sufficient evidence for carcinogenicity in animals, EPA has assigned a 
weight-of-evidence classification of B2, probable human carcinogen, to benzo(k)fluoranthene_ (EPA 
1~8~ , -. 

The oral, dermal, and inhalation cancer slope factors used in the BHHRA for benzo(k)fluoranthene 
are 7.30E-2, 2.3sE-l, and 3.10E-2 (mg/kg-day)"l, respectively. These were derived from the values for 
benzo(a)pyrene using the relative potency factors recommended by EPA. The dermal slope factor was 
derived from the oral slope factor using a gastrointestinal absorption factor of 31 percent. No RIDs for 
benzo(k)fluoranthene were found; therefore, noncancer effects due to exposure to benzo(k)fluoranthene 
could not be estimated in the BHHRA. 

1.4.2.42 beta-DBC (CAS 000319-85-7) 

An oral slope factor of 1.80E+O (mg/kg-day)"l was used for beta-BHC. For inhalation exposure, the 
inhalation unit risk is S.30E-l m3/J.Lg. The absorbed dose slope factor is 1.98E+O (mg/kg-dayr1

• 

There are no RIDs or RfCs used in the BHHRA for beta-BHC due to a lack of systemic toxicity and 
noncarcinogenic risk information. 

1.4.2.43 bls(2-Chloroethoxy)methane (CAS 000111-91-1) 

No toxicity information was found (e.g., slope factors, RIDs, RfCs) for any route of exposure for 

• 

bis(2-chloroethoxy)methane. Therefore, quantitative estimates of carcinogenicity and systemic toxicity • 
due to bis(2-chloroethoxy)methane exposure is not included in the BHHRA. 
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1.4.2.44 bis(2-Chloroethyl)ether (CAS 000111-44-4) 

An oral slope factor of I.IE+O (mglkg-dayr' was used for bis(2-chloroethyl)ether. For inhalation 
exposure. the inhalation unit risk is 3.30E-4 (~g/m3r'. The absorbed dose slope factor is 2.20E+O 
(mg/kg-dayr' . .-

There are no RIDs or RfCs used in the BHHRA for bis(2-chloroethyl)ether due to a lack of systemic 
toxicity and noncarcinogenic risk information. 

1.4.2.45 bis(2-Chloroisopropyl)ether (CAS 039638-32-9) 

There are no slope factors used in the BHHRA for bis(2-chloroisopropyl)ether due to a lack of 
carcinogenic risk information. 

A chronic oral RID of 4.00E-2 mglkg-day was used for bis(2-chloroisopropyl)ether. The chronic 
absorbed RID is 2.00E-2 mg/kg-day and the inhalation RID is 4.00E-2 mg/kg-day. 

1.4.2.46 bis(2-Ethylbexyl)phthalate (CAS 000117-81-7) (RAIS) 

bis(2-Ethylhexyl)phthalate is a colorless. oily liquid that is extensively used as a plasticizer in a wide 
variety of industrial, domestic, and medical products. It is an environmental contaminant and has been 
detected in groundwater. surface water. drinking water, air, soil, plants, fish, and animals (Sittig 1985b, 
Sandmeyer and Kirwin 1978). It is rapidly absorbed from the gastrointestinal tract primarily as 
mono(2-ethylhexyl)phthalate (Pollack et a1. 1985, Teirlynck and Belpaire 1985). The diester can be 
absorbed through the skin and from the lungs (Elsisi et a1. 1989, Pegg 1982). It is rapidly metabolized in 
the blood and tissues to the monoester, which can be excreted as a glucuronide conjugate or further 
hydrolyzed to phthalic acid and excreted (Kluwe et a1. 1982, Albro et a1. 1982). 

Animal studies have indicated that the primary target organs are the liver and kidneys (Carpenter et 
a1. 1953, EPA 1987j,k); however, higher doses are reported to result in testicular effects and decreased 
hemoglobin and packed cell volume (Kluwe et a1. 1982, Gray et al. 1977). The primary intracellular 
effects of bis(2-ethylhexyl)phthalate in the liver and kidneys are an increase in the smooth endoplasmic 
reticulum and a proliferation in the number and size of peroxisomes (Kluwe et al. 1982, Reddy and 
Lalwani 1983, Tomaszewski et a1. 1986). An epidemiological study reported no toxic effects from 
occupational exposure to air concentrations ofbis(2-ethylhexyl)phthalate up to 0.16 mg/m3 (Thiess et al. 
1978). Other studies on occupational exposures to mixtures of phthalate esters containing 
bis(2-ethylhexyl)phthalate have reported polyneuritis and sensory-motor polyneuropathy with decreased 
thrombocytes, leukocytes, and hemoglobin in some exposed workers (Milkov et a1. 1973, Gilioli et al. 
1978). Developmental toxicity studies with rats and mice have shown that bis(2-ethylhexyl)phthalate is 
fetotoxic and teratogenic when given orally during gestation (Wolkowski-Tyl et al. 1984a, 1984b; Shiota 
and Mirna 1985). Oral exposure has also been shown to result in decreased sperm count in rats (Siddipui 
and Srivastava 1992). 

An RID of 2.00E-2 mg/kg-day for both subchronic and chronic oral exposure was calculated from a 
LOAEL of 19 mg/kg-day based on increased relative liver weight in guinea pigs given 0, 19, or 64 mg 
bis(2-ethylhexyl)phthalatelkg/day for 12 months in their diet (Carpenter et a1. 1953, EPA 1998a,b). An 
RfC for inhalation exposure is not available (EPA 1998b). 

bis(2-Ethylhexyl)phthalate is known to induce the proliferation of peroxisomes, which has been 
associated with carcinogenesis (Rao and Reddy 1991). Dose-dependent, statistically significant increases 

• in the incidences of hepatocellular carcinomas and combined carcinomas and adenomas were seen in 
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mice and rats exposed to bis(2-ethylhexyl)phthalate in their diet for 103 weeks (Kluwe et a1. 1982). An -- _. 
increased incidence of neoplastic nodules and hepatocellular carcinomas was also reported in rats (Rao et • 
a1. 1990). 

Based on EPA guidelines; bis(2-ethylhexyl)phthalate was assigned to weight-of-evidence Group B2, 
probable human carcinogen, on the basis of an increased incidence of liver tumors in rats and mice. A 
.carcinog~~icity slope fa~tor (ql*) of 0.014 (mg!kg-dayrl for oral exposure was based on the combined 
incidence of hepatocellular carcinomas and adenomas in male mice (Kluwe et a1. 1982., EPA 1998b). A 
drinking water unit risk of 4.0E-7 (J..Lg/L)-1 was calculated based on the ql·' A quantitative estimation of 
carcinogenic risk from inhalation exposure is not available (EPA 1998b). 

The oral and dermal cancer slope factors used in the BHHRA for bis(2-ethylhexyl)phthalate are 
1.40E-2 and 7.35E-2 (mg/kg-dayrl, respectively. An inhalation cancer slope factor was not found; 
however, based . on the whole body effects discussed previously, the oral slope factor, 
1.40E-2 (mg!kg-day)' I , is used as a surrogate inhalation slope factor in the uncertainty discussion in 
Sect. 1.6. The oral and dermal RIDs used in the BHHRA are 2.00E-2 and 3.80E-3 mg!kg-day, 
respectively. A inhalation RID was not found; however, based on the whole body effects discussed 
previously, the oral RID, 2.00E-2 mg!kg-day, is used as a surrogate inhalation RID in the uncertainty 
discussion in Sect. 1.6. When calculating both the dermal route cancer slope factor and dermal route RID 
from their respective oral values, a gastrointestinal absorption factor of 19 percent was used. 

1.4.2.47 Bromodichloromethane (CAS 000075-27-4) 

Bromodichloromethane is a colorless liquid that boils at 89.2D-90.6°C. It is soluble in water, alcohol, 
ether, acetone, benzene, and chloroform. Bromodichloromethane is used in the synthesis of organic 
chemicals and as a reagent in laboratory research (EPA 1980a, Sittig 1985a). It has also been used to • 
separate minerals and salts, as a flame retardant, in fire extingishers, and as a solvent for waxes, fats, and 
resins (HSDB 1995). . 

There is sufficient evidence for the carcinogenicity of bromodichloromethane in experimental 
animals (NTP 1987b). When administered by gavage, bromodichloromethane increased the incidences of 
tubular cell adenomas and adenocarcinomas in the kidney and adenocarcinomas and adenomatous polyps 
in the large intestine in rats of both sexes. When administered by gavage, bromodichloromethane 
increased the incidences of tubular cell adenomas and adenocarcinomas in the kidney of male mice and 
increased the incidences of hepatocellular adenomas and carcinomas in female mice (NTP 1987b, 
ATSDR 1989). . 

The oral and dermal and inhalation RIDs for bromodichlormethane are 2.00E-2 mg/kg-day, 
1.96E-2 mglkg-day, and 2.00E-2 mglkg-day respectively. The oral and dermal slope factors used in the 
BHHRA are 6.20E-2 and 6.33E-2 (mg!kg-dayrl, respectively. An inhalation slope factor was not found. 

1.4.2.48 Butyl benzyl phthalate (CAS 000085-68-7) 

Butyl benzyl phthalte is also known as BBP; n-butyl benzyl phthalate; 1,2-benzenedicarboxylic acid 
butyl phenylmethyl ester; benzyl butyl phthalate; benzyl n-butyl phthalate; butyl phenylmethyl 
1,2-benzenedicarboxylate; santicizer 160; palatinol bb; sicol 160; and unimoll bb. 

No cancer slope factors were used in the BHHRA for butyl benzyl phthalate. The oral and dermal 
RIDs used in the BHHRA are 2.00E-l and 1.22E-l mg!kg-day, respectively. An inhalation RID 
equivalent to the oral RID of 2.00E-1 mg/kg-day was used. When calculating the dermal route RID from • 
the oral value, a gastrointestinal absorption factor of 61 percent was used. 
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1.4.2.49 Carbon tetrachloride (CAS 000056.23·5) (RAIS) 

Humans are sensitive to carbon tetrachloride intoxication by oral, inhalation, and dermal routes. Oral 
and inhalation exposure to high concentrations of carbon tetrachloride results in acute CNS effects 
including dizziness, vertigo, headache, depression, confusion, incoordination and, in severe cases, 
respiratory failure, coma, and death. Gastrointestinal problems, including nausea, abdominal pain, and 
diarrhea, often accompany these narcotic effects. Liver and kidney damage can appear after the acute 
symptoms subside. All symptoms can occur following a single oral or inhalation exposure. Milder 
narcotic effects followed by liver and kidney damage have been reported following dermal exposure. 
Although an inhalation exposure of about 1000 ppm for a few minutes to hours will cause the narcotic 
effects in 100 percent of the population, large variations in sensitivity are seen. Alcohol intake greatly 
increases human sensitivity to carbon tetrachloride; consequently, exposure to 250 ppm for 15 minutes 
can be life- threatening to an alcoholic. 

Subchronic and chronic exposure to doses as low as 10 ppm can result in liver and kidney damage 
(Sax and Lewis 1989, ATSDR 1989g). Lung damage has also been reported in animals and humans but is 
not route specific and is believed to be secondary to kidney damage (Sax and Lewis 1989). Prolonged 
exposure has been observed to cause visual effects in both humans and animals. Changes in the visual 
field, reduced corneal sensitivity, subnormal dark adaption, and changes in color perception have been 
reported in humans exposed by inhalation to a minimum concentration of 6.4 ppm, 1 hour/day for an 
average of 7.7 years. Increased hepatic enzyme activities indicative of liver damage have also been 
observed (Smyth et a1. 1936, Barnes and Jones 1967, Moeller 1973, ATSDR ~.989g). 

Maternal toxicity and fetotoxic effects have been reported in rats following oral or inhalation 
exposure to carbon tetrachloride during gestation (Wilson 1954, Schwetz et a1. 1974a). Repeated 
inhalation exposure of male rats to carbon tetrachloride concentrations of 200 ppm or greater has been 
reported to cause degeneration of the testicular germinal epithelium as well as severe liver and kidney 
damage (Adams et a1. 1952). 

A subchronic reference dose (RIDs) of 0.007 rnglkg-day has been calculated for oral exposure from a 
NOAEL of 0.71 mg/kg-day determined in a 12-week rat study (EPA 1998b). Significantly higher doses 
caused minimal liver damage (Bruckner et a!. 1986). A dose of 7.1 mg/kg-day was considered a LOAEL. 
A chronic reference dose (RIDe) of 0.0007 mglkg-day was calculated by adding an additional uncertainty 
factor of 10 to account for the use of a sub chronic study. EPA (1998a) rates confidence in the oral RID 
values as medium. 

EPA is currently developing RIDe or RIDs for inhalation exposure. 

Although data for the carcinogenicity of carbon tetrachloride in humans are inconclusive, there is 
ample evidence in animals that the chemical can cause liver cancer. Hepatocellular carcinomas have been 
induced in hamsters, rats, and mice after oral carbon tetrachloride treatment for 16-76 weeks. Liver 
tumors have also been demonstrated in rats following inhalation exposure, but the doses were not 
quantitatively established. The EPA weight-of-evidence classification for both oral and inhalation 
exposure is B2, probable human carcinogen, based on adequate animal evidence. Carcinogenicity slope 
factors of 0.13 (mg/kg-dayrl for oral exposure and 0.053 (mg/kg-dayrl for inhalation exposure have been 
calculated from the oral exposure experiments with hamsters, rats, and mice (EPA 1998a, 1998b; Della 
Porta et al. 1961; Edwards et a!. 1942; NCI 1976a, 1976b; and Weisburger 1977). A drinking water unit 
risk of 3.7E-6 (j.LglLrl and an inhalation unit risk of 1.5E-5 (j.Lg/m3r l have also been calculated by EPA 
(1998a) . 
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The oral and dermal cancer slope factors used in the BHHRA for carbon tetrachloride are 1.30E-l -- -. 
and 2.00E-l (mglkg-dayr', respectivelY. An inhalation cancer slope factor of 5.30E-2 (mglkg-dayr' is 
used. The oral and dermal RIDs used in the BHHRA are 7.00E-4 and 4.55E-4 mg!kg-day, respectively. A 
provisional inhalation RID of 5.71 E-4 mglkg-day was used to estimate the noncarcinogenic hazard from 
the inhalation pathway. When calculating both the dennal route cancer slope factor and dermal route RID 
from their respective oral values, a gastrointestinal absorption factor of 65 percent was used . 

. . 
1.4.2.S0 Chloroform (CAS 000067-66-3) (RAIS) 

Chloroform is a colorless, volatile liquid that is widely used as a general solvent and as an 
intermediate in the production of refrigerants, plastics, and pharmaceuticals (Torkelson et a1. 1976,!ARC 
1979b). Chloroform is rapidly absorbed from the lungs and the gastrointestinal tract and, to some extent, 
through the skin. It is extensively metabolized in the body with carbon dioxide as the major end product. 
The primary sites of metab~lism are the liver and kidneys. Excretion of chloroform occurs primarily via 
the lungs, either as unchanged chloroform or as carbon dioxide (ATSDR 1989h). 

Target organs for chloroform toxicity are the liver, kidneys, and CNS. Liver effects (hepatomegaly, 
fatty liver, and hepatitis) were observed in individuals occupationally exposed to chloroform (Bomski et 
al. 1967). Several subchronic and chronic studies by the oral or inhalation routes of exposure documented 
hepatotoxic effects in rats, mice, and dogs (Palmer et a1. 1979, Munson et a1. 1982, Heywood et a1. 1979). 
Renal effects were reported in rats and mice following oral and inhalation exposures (Roe et a1. 1979, 
Reuber 1979, Torkelson et a1. 1976), but evidence for chloroform-induced renal toxicity in humans is 
sparse. Chloroform is a CNS depressant, inducing narcosis and anesthesia at high concentrations. Lower 
concentrations may cause irritability, lassitude, depression, gastrointestinal symptoms, and frequent and 
burning urination (ATSDR 1989h). 

Developmental toxicity studies with rodents indicate that inhaled and orally administered chloroform 
is toxic to dams and fetuses. Possible teratogenic effects were reported in rats and mice exposed to 
chloroform by inhalation (Schwetz et a1. 1974c, Murray et a1. 1982b). Chloroform may cause" sperm 
abnormalities in mice and gonadal atrophy in rats (Palmer et a1. 1979, Reuber 1979, Land et a1. 1981). 

An RID of 1.00E-2 mg/kg-day for subchronic and chronic oral exposure was calculated from a 
LOAEL of 15 mglkg-day based on fatty cyst formation in the liver of dogs exposed to chloroform for 
7.5 years (Heywood et a1. 1979). Development of an inhalation RfC is presently under review (EPA 
1992e). 

Epidemiological studies indicate a possible relationship between exposure to chloroform present in 
chlorinated drinking water and cancer of the bladder, large intestine, and rectum. Chloroform is one of 
several contaminants present in drinking water, but it has not been identified as the sole or primary cause 
of the excess cancer rate (ATSDR 1989h, EPA 1985b). In animal carcinogenicity studies, positive results 
included increased incidences of renal epithelial tumors in male rats, hepatocellular carcinomas in male 
and female mice, and kidney tumors in male mice (Jorgensen et a1. 1985, Roe et a1. 1979, NCI 1976c). 

Based on EPA guidelines, chloroform was assigned to weight-of-evidence Group B2, probable 
human carcinogen, on the basis of an increased incidence of several tumor types in rats and in three 
strains of mice. The carcinogen slope factor (q,.) for chloroform is 6.1E-3 (mglkg-dayr' for oral exposure 
(EPA 1992e) and 8.1E-2 (mglkg-dayr' for inhalation exposure (EPA 1998b). An inhalation unit risk of 
2.3E-5 (J.l.g1m3r' is based on hepatocellular carcinomas in mice in an oral gavage study (EPA 1992e). 

• 

The oral and dermal cancer slope factors used in the BHHRA for chloroform are 6.10E-3 and • 
3.05E-2 (mglkg-dayr', respectively. An inhalation cancer slope factor of 8.1 OE-2 (mglkg-dayr' is used. 
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The oral and dermal RIDs used in the BHHRA are 1.00E-2 and 2.00E-3 mg/kg-day, respectively. An .-
inhalation RID is not used. When calculating both the dermal route cancer slope factor and dennal route 
RID from their respective oral values, a gastrointestinal absorption factor of 20 percent was used. 

1.4.2.51 Chrysene (CAS oo0218-01-9) (RAIS) 

Chrysene, a P AH, is a ubiquitous environmental contaminant formed primarily by the incomplete 
combustion of organic compounds. Although present in coal and oil, the presence of chrysene in the 
environment is the result of anthropogenic activities such as coal combustion and gasification; gasoline 
exhaust; diesel and aircraft exhaust; and emissions from coke ovens, wood burning stoves, and waste 
incineration (IARC 1983c, ATSDR 19901). Chrysene is not produced or used commercially, and its use is 
limited strictly to research applications. 

Little information on the absorption, distribution, metabolism, and excretion of chrysene in humans 
is available. Animal studies have shown that approximately 75 percent of the administered chrysene may 
be absorbed by oral, dermal, or inhalation routes (Grimmer et al. 1988, Modica et al. 1983, Chang 1943). 
Following its absorption, chrysene is preferentially distributed to highly lipophilic regions of the body, 
most notably adipose and mammary tissue (Bartosek et a1. 1984, Modica et a1. 1983). Phase I metabolism 
of chrysene, whether in the lung, skin, or liver, is mediated by the mixed function oxidases. The 
metabolism results in the formation of 1,2-,3,4-, and 5,6-dihydrodiols as well as the formation of 1-,3-, 
and 4-phenol metabolites (Sims 1970, Nordquist et a1. 1981, Jacob et a1. 1982 and 1987). Additional 
Phase I metabolism of chrysene 1,2-dihydrodiol forms chrysene 1,2-dihydrodiol-3,4-epoxide and 
9-hydroxychrysene 1,2-diol-3,4-oxide. These metabolites were shown to have mutagenic and alkylating 
activity (Hodgson et a1. 1983, Wood et a1. 1977, Wood et al. 1979). Phase n metabolism of cbrysene 
results in the formation of glucuronide and sulfate ester conjugates; however, glutathione conjugates of 
diol- and triol-epoxides are also formed (Sims and Grover 1974 and 1981, Hodgson et a1. 1986, 
Robertson and Jemstr6m 1986). Hepatobiliary secretion with elimination in the feces is the predominant 
route of excretion (Schlede et a1. 1970, Grimmer et a1. 1988). 

Human or animal systemic, developmental, and reproductive health effects following exposure to 
chrysene were not identified. Because of the lack of systemic toxicity data, the RID and the RiC for 
chrysene have not been derived (EPA 1994i and 1998b). Target organs have not been described, although 
chrysene may induce immunosuppression similar to certain other P AHs. Oral and inhalation carcinogenic 
bioassays were not identified. In mouse skin painting studies, chrysene was an initiator of papillomas and 
carcinomas. In addition, intraperitoneal injections of cbrysene have induced' liver adenomas and 
carcinomas in male CD-l and BLUilia Swiss mice. Although oral and inhalation slope factors have not 

. been derived, EPA (1994i and 1998b) has classified chrysene in weight-of-evidence Group B2, probable 
human carcinogen, based on the induction of liver tumors and skin papillomas and carcinomas following 
treatment and the mutagenicity and chromosomal abnormalities induced in in vitro tests. 

The oral, dermal, and inhalation cancer slope factors used in the BHHRA for chrysene are 7.30E-3, 
2.35E-2, and 3.10E-3 (mglkg-day)'l, respectively. The inhalation unit risk is 8.80E-7 m3/J..Lg. These were 
derived from the values for benzo(a)pyrene using the relative potency factors recommended by EPA. The 
dermal slope factor was derived from the oral slope factor using a gastrointestinal absorption factor of 
31 percent. No RIDs for chrysene were found; therefore, noncancer effects due to exposure to cbrysene 
could not be estimated in the BHHRA. 

1.4.2.52 cis-1,2-Dichloroethene 

See Sect. 1.4.2.7 . 
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1.4.2.53 cis-l,3-Dichloropropene (CAS 010061-01-5) 

No toxicity infonnation was found (e.g., slope factors, RIDs, RfCs) for any route of exposure for 
cis-l,3-dichloropropene. Therefore, quantitative estimates of carcinogenicity and systemic toxicity due to 
cis-l,3-dichloropropene exposure is not included in the BHHRA . 

. 1.4.2.54 .tlelta';'BHC (CAS 000319-86-8) 

No toxicity infonnation was found (e.g., slope factors, RIDs, RfCs) for any route of exposure for 
delta-BHC. Therefore, quantitative estimates of carcinogenicity and systemic toxicity due to delta-BHC 
exposure is not included in the BHHRA. 

1.4.2.55 Dibenz(a,h)anthracene (CAS 000053-70-3) (RAIS) 

Dibenz(a,h)anthracene is a PAll with five aromatic rings. No commercial production or use of 
dibenz(a,h)anthracene is mown. It occurs as a component of coal tars, shale oils, and soots (IARC 1985) 
and has been detected in gasoline engine exhaust, coke oven emissions, cigarette smoke, charcoal broiled 
meats, vegetation near heavily traveled roads, and surface water and soils near hazardous waste sites 
(ATSDR 1993d,!ARC 1983e). 

Dibenz(a,h)anthracene is poorly absorbed from the gastrointestinal tract and is primarily excreted via 
feces (Chang 1943). Following absorption, dibenz(a,h)anthracene is distributed to various tissues, with 
highest accumulation in the liver and kidneys (Daniel et a1. 1967). Dibenz(a,h)anthracene is metabolized 
by mixed function oxidases to dihydrodiols. Epoxidation of the 3,4-dihydrodiol may lead to the formation 

• 

of a diol-epoxide, the putative ultimate carcinogenic metabolite of dibenz(a,h)anthracene (Buening et a1. • 
1979a). 

No human studies were available to evaluate the toxicity of dibenz(a,h)anthracene. In animals, 
depressed immune responses were observed in mice following single or multiple subcutaneous injections 
of dibenz(a,h)anthracene (White et a1. 1985b). Weekly subcutaneous injections of 0.05 percent 
dibenz(a,h)anthracene for 40 weeks produced lymphoid tissue changes, decreased spleen weights, and 
liver and kidney lesions in mice (Hoch-Ligeti 1941). Weekly intramuscular injections of 20 mg/kg 
promoted the development of arteriosclerotic plaques in chickens (penn and Snyder 1988). 

EPA has not derived an oral RID or inhalation RiC for dibenz(a,h)anthracene (EPA 1998a). 

No epidemiologic studies or case reports addressing the carcinogenicity of dibenz(a,h)anthracene in 
humans were available. In animals, dibenz(a,h)anthracene has produced tumors by different routes of 
administration, having both local and systemic carcinogenic effects. 

After oral administration, dibenz(a,h)anthracene produced tumors at several sites. Male and female 
mice fed dibenz(a,h)anthracene (0.85 mg/day for males, 0.76 mg/day for females) in an aqueous olive oil 
emulsion developed pulmonary adenomatosis, alveologenic carcinomas of the lung, hemangio
endotheliomas of the pancreas and mesentery/abdominal lymph nodes, and mammary carcinomas 
(females) after 200 days (Snell and Stewart 1962). A single oral dose of 1.5 mg dibenz(a,h)anthracene in 
polyethylene glycol produced a low incidence of forestomach papillomas in mice (Berenblum and Haran 
1955). Mammary carcinomas developed in mice treated by gavage with a total dose of 15 mg over a 
IS-week period (Biancifiori and Caschera 1962). 

Carcinogenic as well as tumor-initiating activity of dibenz(a,h)anthracene has been demonstrated in • 
topical application studies with mice. Repeated dermal application of 0.001-0.01 percent solutions 
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produced a high incidence of skin papillomas and carcinomas in mice (Wynder and Hoffmann 1959b, --
Van Duuren et a1. 1967). In initiation-promotion assays, the compound was active as an initiator of skin 
carcinogenesis in mice (Buening et a1. 1979a, Platt et a1. 1990). However, no skin tumors were observed 
in Syrian golden hamsters that received topical dibenz(a,h)anthracene applications over a 10-week period 
(Shubik et a1. 1960); Injection site sarcomas developed in mice injected subcutaneously with 
dibenz(a,h)anthracene (Pfeiffer 1977). In newborn mice, a single subcutaneous injection of 
dibenz(a,h)anthracene induced local sarcomas and lung adenomas (Platt et a1. 1990), and three 
intraperitoneal injections induced a high incidence of pulmonary tumors (Buening et aI. 1979a). A 
number of earlier studies have also demonstrated the carcinogenicity of dibenz(a,h)anthracene when 
administered by various parenteral routes in several animal species (IARC 1973b). 

Based on no human data and sufficient evidence for carcinogenicity in animals, EPA has assigned 
dibenz(a,h)anthracene a weight-of-evidence classification of B2, probable human carcinogen (EPA 
1998a). 

The oral, dermal, and inhalation cancer slope factors used in the BHHRA for dibenz(a,h)anthracene 
are 7.30E+O, 2.35E+l, and 3.10E:K) (mglkg-dayr l

, respectively. The inhalation unit risk is 
8.80E-4 m3/~g. These were derived from the values for benzo(a)pyrene using the relative potency factors 
recommended by EPA. The dermal slope factor was derived from the oral slope factor using a 
gastrointestinal absorption factor of 31 percent. No RIDs for dibenz(a,h)anthracene were found; therefore, 
noncancer effects because of exposure to dibenz(a,h)anthracene could not be estimated in the BHHRA. 

1.4.2.56 Dibenzofuran (CAS 000132-64-9) 

There are no carcinogenic slope factors used in the BHHRA for dibenzofuran due to a lack of 
carcinogenic toxicity information . 

An oral reference dose of4.00E-3 mg/kg-day is used in this risk assessment for dibenzofuran. The 
dermal route RID used in the BHHRA is 2.00E-3 mglkg-day. The inhalation RfC is 1.40E-2 mg/m3

• 

L4.2.57 Dieldrin (CAS 000060-57-1) 

An oral slope factor of 1.6E+l (mg/kg-dayr l was calculated for dieldrin. For inhalation exposure, 
the inhalation unit risk is 4.60E-3- m~/llg. The absorbed dose slope factor is 3.20E+ 1 (mg!kg-dayr l

• 

An oral RID of 5.00E-5 mglkg-day is used in this risk assessment for dieldrin. The dermal route 
RID used in the BHHRA is 2.50E-5 mglkg-day. The inhalation RID is S.00E-5 mglkg-day. 

1.4.2.58 Di-D-butyl phthalate (CAS 84-74-2) 

Di-n-butyl phthalate is also mown as DBP; dibutyl phthalate; n-butylphthalate; 
I,2-benzenedicarboxylic acid dibutyl ester; phthalic acid dibutyl ester; o-benzenedicarboxylic acid, 
dibutyl ester; benzene-o-dicarboxylic acid di-n-butyl ester; dibutyl I,2-benzenedicarboxylate; celluflex 
dpb; elaol; hexaplas m1b; palatinol c; polycizer dbp; PX 104; staflex dbp; witcizer 300; 
benzenedicarboxylic acid, dibutyl ester; and dibutyl-o-phtbalate. 

No cancer slope factors were used in the BHHRA for di-n-butyl phthalate. The oral and derinal RIDs 
used in the BHHRA are I.OOE-l and 1.00E-l mglkg-day, respectively. An inhalation RID was not found. 
When calculating the dermal route RID from the oral value, a gastrointestinal absorption factor of 
100 percent was used . 
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1.4.2.59 Di-n-octylphthalate (CAS 000117-84-0) 

Di-n-octylphthalate is also Imown as bis(n-octyl) phthalate, DNOP; dinopol NOP; n-dioctyl 
phthalate; 1,2-benzenedicarboxylic acid dioctyl ester; n-octyl phthalate; 1,2-benzenedicarbonic acid, 
dioctyl ester; benzenedicarbo)tylic acid, di-n-octyl ester; vinicizer 85; dioctyl o-benzenedicarboxylate; 
celluflex dop; polycizer 162; and PX-138. 

.. . 
There are no cancer slope factors used in the BHHRA for di-n-octylphthalate. The oral and dennal 

RIDs used in the BHHRA are 2.00E-2 and 1.80E-2 mglkg-day, respectively. The inhalation RID is 
2.00E-2 mglkg-day. When calculating the dermal route RID from the oral value, a gastrointestinal 
absorption factor of 90 percent was used. 

1.4.2.60 Endosulfan I (CAS 000959-98-8) 

No toxicity information was found (e.g., slope factors, RIDs, rut::s) for any route of exposure 
therefore, quantitative estimates of carcinogenicity and systemic toxicity due to Endosulfan I exposure is 
not included in the BHHRA. An oral RID of 6.00E-3 mglkg-day was used in the BHHRA. The 
inhalation RID was 6.00E-3 mglkg-day and the dermal route RID was 3.00E-3 mglkg-day. 

1.4.2.61 Endosulfan n (CAS 033213-65-9) 

• 

No toxicity information was found (e.g., slope factors, RIDs, RfCs) for any route of exposure for 
Endosulfan II. Therefore, quantitative estimates of carcinogenicity and· systemic toxicity due to 
Endosulfan II exposure is not included in the BHHRA. An oral RID of 6.00E-3 mglkg-day was used in 
the BHHRA. The inhalation RID was 6.00E-3 mg/kg-day and the dennal route RID was 3.00E-3 mg/kg-

~ • 
1.4.2.62 Endosulfan sulfate (CAS 001031-07-8) 

No toxicity information was found (e.g., slope factors, RIDs, RfCs) for any route of exposure for 
endosulfan sulfate. Therefore, quantitative estimates of carcinogenicity and systemic toxicity due to 
endosulfan sulfate exposure is not included in the BHHRA. An oral RID of 6.00E-3 mg/kg-day was used 
in the BHHRA. The inhalation RID was 6.00E-3 mg/k:g-day and the dermal route RID was 3.00E-
3 mg/kg-day. 

1.4.2.63 Endrin (CAS 000072-20-8) 

There are no carcinogenic slope factors used in the BHHRA for endrin due to a lack of carcinogenic 
toxicity information. 

An oral RID of 3.00E-4 niglkg-day is used in this risk assessment for endrin. The dermal route RID 
used in the BHHRA is 6.00E-6 mg/kg-day. The inhalation RfC is not available. 

1.4.2.64 Endrin ketone (CAS 053494-70-5) 

No toxicity information was found (e.g., slope factors, RIDs, RfCs) for any route of exposure for 
endrin ketone. Therefore, quantitative estimates of carcinogenicity and systemic toxicity due to endrin 
ketone exposure is not included in the BHHRA. 
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1.4.2.65 Ethylbenzene (CAS 000100-41-4) (RAIS) 

Ethylbenzene is a colorless, flammable liquid with a pungent odor (Cavender 1994). The water 
solubility of ethylbenzene is 0.014 g/IOO rnL, and its vapor pressure is 10 rnm Hg at 25°C (Budavari et a1. 
1989). Ethylbenzene is commonly used as a solvent, chemical intermediate in the manufacture of styrene 
and synthetic rubber, and as an additive in some automotive and aviation fuels (Cavender 1994). 
Occupational expos~e to ethylbenzene may occur during production and conversion to polystyrene and 
during production and use of mixed xylenes (Fishbein 1985). The public can be exposed to ethylbenzene 
in ambient air as a result of releases from vehicle exhaust and cigarette smoke (Fishbein 1985). 

Ethylbenzene can be absorbed through the lungs, digestive tract, and skin (Fishbein 1985). It also 
crosses the placenta (Cavender 1994). The liver is the major organ of ethylbenzene metabolism. In 
humans the major metabolites of ethylbenzene are mandelic acid (64-70 percent) and phenylglyoxylic 
acid (25 percent) (Bardodej and Bardodejova 1970, Fishbein 1985, Cavender 1994); however, these 
compounds are only minor metabolites in laboratory animals (EPA 1995h). Excretion occurs primarily in 
the urine (NTP 1992, Climie et al. 1983). 

Ingestion of sublethal amounts of ethylbenzene is likely to cause CNS depression, oro-pharyngeal 
and gastric discomfort, and vomiting (HSDB 1995); however, specific experimental data are not 
available. Animal studies indicate that the primary target organs following chronic oral exposures are 
likely to be the liver and kidney. The oral RID for chronic exposures is 0.1 mg/kg-day, based on increased 
weight and histopathological changes in the liver and kidneys of rats (EPA 1996b). . 

Acute exposures to high atmospheric concentrations of ethylbenzene may cause eye and respiratory 
tract irritation and CNS effects (e.g., coordination disorders, dizziness, vertigo,narcosis, convulsions, 
pulmonary irritation, and conjunctivitis) (Ivanov 1962). Concentrations of 1000 ppm (434 mg/m3

) can be 
highly irritating to the eyes of humans (Vant et a1. 1930); the threshold for eye irritation has been reported 
to be 200 ppm (879 mg/m3

) (Grant 1986). No evidence is available to suggest that occupational exposures 
to ethylbenzene result in chronic toxic effects (Fishbein 1985); however, histopathological changes in the 
liver and kidney have been observed in experimental animals following prolonged inhalation exposures. 
Laboratory studies also indicate that exposure to ethylbenzene (4340 mg/m3

) during gestation results in 
adverse developmental effects in rats (skeletal variants) and rabbits (reduced number of live offspring per 
litter). The NOAEL for developmental effects was reported to be 434 mg/m' . The inhalation RiC for 
chronic exposures is 1 mg/m', based on developmental effects (EPA 1996b). 

No epidemiological information is available on the potential carcinogenicity of ethylbenzene in 
humans following oral or inhalation exposures. A statistically significant increase in total malignant 
tumors was observed in female rats dosed orally with ethylbenzene (Maltoni et a1. 1985); however, 
because of study limitations, these results cannot be considered conclusive. Although ethylbenzene has 
been tested by NTP in a two-year rodent bioassay, the results of that study are not yet available (NTP 
1995). Ethylbenzene is placed by EPA in Group D, not classifiable as to human carcinogenicity, based on 
a lack of data in humans and animals (EPA 1996b). 

There are no carcinogenic slope factors used in the BHHRA for ethyl benzene due to a lack of 
carcinogenic toxicity information. 

No cancer slope factors were used in the BHHRA for ethylbenzene. The oral, inhalation, and dermal 
RIDs used in this BHHRA are 1.00E-l, 2.86E-l, and 9.7E-2 mg!kg-day, respectively. When calculating 
the dermal route RID from the oral value, a gastrointestinal absorption factor of 97 percent was used . 
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1.4.2.66 Fluoranthene (CAS 000206-44-0) (RAIS) 

Fluoranthene is a PAR that can be derived from coal tar. Occurring ubiquitously in products of 
incomplete combustion of.foss.il fuels, fluoranthene has been identified in ambient air; surface, drinking, 
and waste water; and in char-broiled foods. Currently, there is no commercial production or use of this 
compound (IARC 1983f). 

Fluoranthene can be absorbed through the skin following dermal exposure (Storer et a1. 1984b) and, 
by analogy to structurally related PARs, would be expected to be absorbed from the gastrointestinal tract 
and lungs (EPA 1988b). An in vitro study identified 2-methylfluoranthene and 3-methylfluoranthene and 
their dihydrodiols as metabolites offluoranthene (La Voie et a1. 1982b). 

Although a large body of literature exists on the toxicity and carcinogenicity of P AHs, primarily 
benzo(a)pyrene, toxicity data for phenanthrene are very limited. No human data were available that 
addressed the toxicity offluoranthene. Acute toxicity data for animals include an oral LDso of2000 mglkg 
for rats; a dermal LDso of 3180 mg/kg for rabbits (Smyth et a1. 1962); and an intravenous LDso of 
100 mglkg for mice (RTECS 1993). Subchronic oral exposure to fluoranthene at doses of greater than or 
equal to 250 mg/kg produced nephropathy, increased liver weights, and increased liver enzyme levels in 
rats (EPA 1988b). A single intraperitoneal injection of fluoranthene to pregnant rats caused an increased 
rate of embryo resorptions (Irvin and Martin 1987). Fluoranthene was photosensitizing, enhancing 
erythema elicited by ultraviolet radiation in guinea pig skin (Kochevar et a1. 1982) and was irritating to 
the eyes of rabbits (Grant 1986). 

• 

An RID of 4.00E-01 mg/kg-day for subchronic oral exposure and 4.00E-02 mg/kg-day for chronic 
oral exposure to fluoranthene was calculated from a NOAEL of 125 mg/kg-day and a LOAEL of 
250 inglkg-day derived from a 13-week gavage study with mice (EPA 1998a and b). The critical effects • 
were nephropathy, increased liver weights, and changes in clinical and hematological parameters. Data 
were insufficient to derive an inhalation rue for fluoranthene (EPA 1998a and b). 

No oral or inhalation bioassays were available to assess the carcinogenicity of fluoranthene. 
Bioassays by other exposure routes generally gave negative results. Studies involving topical application 
to the skin of mice (Horton and Christian 1974, Hoffmann et a1. 1972, Wynder and Hoffmann 1959b, 
Suntzeff et a1. 1957) and subcutaneous injection in mice (Shear 1938) provided no evidence of 
carcinogenicity. Fluoranthene was also inactive in mouse skin initiation and promotion assays (Van 
Duuren and Goldschmidt 1976, Hoffmann et a1. 1972). However, fluoranthene has been shown to be 
active as a cocarcinogen when applied with benzo(a}pyrene to mice by skin application (Van Duuren and 
Goldschmidt 1976) and was active as a complete carcinogen in a short-term lung tumor assay with 
newborn mice (Busby et a1. 1984). 

Based on no human data and inadequate data from animal bioassays, EPA (1998a, 1998b) has placed 
fluoranthene in weight-of-evidence group D, not classifiable as to human carcinogenicity. 

The oral and dermal RIDs used in the BHHRA are 4.00E-2 and 1.24E-2 mglkg-day, respectively. the 
inhalation RID is 4.00E-2 mglkg-day. When calculating the dermal route RID from the oral value, a 
gastrointestinal absorption factor of 31 percent was used. No cancer slope factors are available. 

1.4.2.67 Fluorene (CAS 000086-73-7) 

Fluorene is also mown as 9H-fluorene; o-biphenylenemethane; diphenylenemethane; 
2,2'-methylenebiphenyl; o-biphenylmethane; 2,3-benzindene; and alpha-diphenylenemethane-9H- • 
fluorene. 
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No cancer slope factors were used in the BHHRA for fluorene. The oral and dermal RIDs used in the --
BHHRA are 4.00E-2 and 2.00E-2 mglkg-day, respectively. The inhalation RID was 4.00E-2mg!kg-day. 
When calculating the dermal route RID from the oral value, a gastrointestinal absorption factor of 
50 percent was used. 

1.4.2.68 gamma-BHC (Lindane) (CAS 000058-89-9) 

. An oral slope factor of 1.30E+O (mg!kg-dayr l was calculated for gamma-BHC. For inhalation 
exposure, the inhalation unit risk is not available. The absorbed dose slope factor is 1.34E+0 
(mg!kg-dayr l

• 

An oral RID of 3.0E-4 mglkg-day is used in this risk assessment for gamma-BHC. The dermal route 
RID used in the BHHRA is 2.91E-4 mg/kg-day. The inhalation Rft: is 1.0SE-3 mg/m3

• 

1.4.2.69 gamma-Chlordane (CAS 005103-74-2) 

See Sect. 1.4.2.34. 

1.4.2.70 Heptachlor (CAS 000076-44-8) (RAIS) 

Heptachlor, a cyclodiene insecticide, was extensively used until the 1970s for control ofa variety of 
insects. At the present time, its only permitted commercial use in the United States is fire ant control in 
power transformers. Heptachlor is converted to heptachlor epoxide and other ·degradation products in the 
environment. The epoxide degrades more slowly and, as a result, is more persistent than heptachlor. Both 
heptachlor and heptachlor epoxide are bioconcentrated in terrestrial and aquatic organisms. Heptachlor is 
subject to long-range transport and removal from the atmosphere by wet deposition (ATSDR 1993e, 
Leber and Benya 1994). 

Heptachlor is absorbed from the gastrointestinal tract, lungs, and skin. It is distributed to various 
tissues with highest levels occurring in adipose tissue. Transplacental transfer to the fetus has been 
reported (EPA 19861). Metabolism produces primarily heptachlor epoxide, which is more toxic than its 
parent compound. Heptachlor and its metabolites are eliminated primarily via feces (Tashiro and 
Matsumara 1978). 

The primary adverse health effects associated with hePtachlor are CNS and liver effects. For 
humans, acute oral exposure has resulted in abnormal behavior, hyperirritability, tremors, and convulsions 
(Leber and Benya 1994). Various CNS effects such as hyperexcitability, incoordination, tremors, muscle 
spasms, and seizures have also been reported in animals following acute and subchronic oral exposure 
(Akay and Alp 1981, Buck et a!. 1959, EPA 1985c). Oral LDso values for rabbits, rats, sheep, and calves 
are 2000, 90-160, 50, and 20 mg/kg, respectively (lARC 1979c, Leber and Benya 1994). Although 
hepatic effects have not been reported in humans, chronic dietary exposure of rodents to 10 ppm 
heptachlor or to 10 ppm ofa 25:75 mixture of heptachlor /heptachlor epoxide for 18 months has produced 
increased liver weights, liver lesions, and decreased body weight gains (Velsicol Chemical Corporation 
1955, IRDC 1973). 

Other effects reported in humans include blood dyscrasias as a result of exposure to heptachlor 
during home termite treatment (Epstein and Ozonoff 1987) and increased mortality from cerebrovascular 
disease in workers manufacturing pesticides. However, cardiovascular effects were not seen in a cohort of 
pesticide applicators with potentially high exposures to heptachlor (Wang and MacMahon 1979a and b). 
Reduced fertility, increased resorptions, and decreased survival of offspring was noted in rats fed diets 

• containing 0.25 mg!kg-day for 60 days prior to mating, with treatment continuing through gestation for 
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the females (Green 1970). Reduced fertility and an increased incidence of cataracts, particularly in -- -- • 
offspring, was reported in rats fed 6 mg/kg-day over an IS-month period (Mestitzova 1967). 

An oral RID of 5E-4 mglkg-day for subchronic (EPA 1998b) and chronic exposure (EPA 1998a) to 
heptachlor was calculated ·based on a NOAEL of 0.15 mglkg-day and a LOAEL of 0.25 mg/kg-day from 
a 2-year dietary study with rats (Velsicol Chemical Corporation 1955). Increased relative liver weight was 

. identifie4 .as the critical ~ffect. An inhalation RfC for heptachlor has not been derived. 

Existing epidemiological studies on heptachlor are inadequate to establish a clear assessment of 
heptachlor exposure and human risk of developing cancer. Large-scale occupational cohort studies on 
workers engaged in the manufacture of heptachlor and pesticide applicators have not identified 
significantly increased cancer deaths (Wang and McMahon 1979a and b). Several bioassays have shown 
that heptachlor can cause liver cancer in mice. Bioassays with rats were generally negative. Benign liver 
tumors and hepatocellular carcinomas developed in both sexes of C3H mice fed 10 ppm heptachlor for 
2 years; hepatocellular carcinomas developed in both sexes of B6C3F1 mice fed 6-18 ppm technical 
grade heptachlor for 80 weeks; and nodular hyperplasia benign hepatomas and hepatocellular carcinomas 
developed in CD-l mice fed 5 ppm (both sexes) or 10 ppm (males) of a 25:75 heptachlorlheptachlor 
epoxide mixture for 18 months (Epstein 1976, NCI 1977a). 

Based on EPA guidelines, heptachlor was assigned to weight-of -evidence group B2, probable human 
carcinogen. For oral exposure, the slope factor is 4.50 (mg!kg-day)"1 and the unit risk is 1.3E-4 (J.lg/L)-1 
(EPA 1998a). The inhalation slope factor and unit risk are 4.50 (mglkg-day)"I (EPA 1998b) and 
1.30E-3 m3/J.lg (EPA 1998a), respectively. 

An oral slope factor of 4.50E+0 (mglkg-day)"1 was calculated for heptachlor. For inhalation 
exposure, the inhalation unit risk is 1.30E-3 m3/J.lg. The absorbed dose slope factor is 6.25E+O (mglkg- • 
day)"l. 

An oral RID of 5.00E-4 mg/kg-day is used in this risk assessment for heptachlor. The dermal route 
RID used in the BHHRA is 3.60E-4 mg/kg-day. The inhalation RfC is 1.3E+0 mg/m3

• 

1.4.2.71 Heptachlor epoxide (CAS 001024-57-3) (RAIS) 

Heptachlor epoxide, an oxidation product of the cyclodiene insecticide heptachlor, is not produced 
commercially in the United States and is not known to occur naturally (ATSDR 1993e, IARC 1979c). In 
the environment, heptachlor is converted to the epoxide, a chemical that degrades more slowly and, as a 
result, is more persistent than heptachlor. Both compounds adsorb strongly to sediments and are 
bioconcentrated in terrestrial and aquatic organisms; biomagnification of both is significant. Heptachlor 
epoxide has been identified in at least 87 of the 1300 hazardous waste sites on EPA's National Priorities 
List (NPL) (ATSDR 1993e). 

In the body, heptachlor epoxide is formed by epoxidation of heptachlor. It is distributed to various 
tissues with highest levels occurring in adipose tissues where it may persist for prolonged periods. 
Heptachlor epoxide has been found in human fat, milk, and also in blood and fat of stillborn infants, 
indicating transplacental transfer to the fetus (IARC 1979c, EPA 19861). 

No studies were available regarding the toxic effects in humans after exposure to heptachlor 
epoxide. In laboratory animals, the liver and CNS are the primary target organs for heptachlor epoxide 
toxicity. Acute oral LDsos for rats, mice, and rabbits range from 39 to 144 mg/kg (ATSDR 1993e), • 
indicating moderate acute oral toxicity. Hypoactivity, ruffled fur, and increased mortality occurred in 
mice given a single oral dose of 30 mglkg of a 25:75 heptachlor:heptachlor epoxide mixture (Arnold et a1. 
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1977), and muscle spasms in the head and neck region and convulsive seizures were observed in young .~. 
calves fed 2.5 mglkg-day of a heptachlor epoxide preparation for 3 days (Buck et a1. 1959). Increased 
liver weights and hepatocytomegaly were reported in male and female CD-l mice fed a diet containing 
1-10 ppm ofa 25:75 heptachlor:heptachlor epoxide mixture for 18 months (IRDC 1973). Increased liver 
weights were also seen in dogs administered diets containing 0.5-7.5 ppm heptachlor epoxide for 
60 weeks (Dow Chemical Company 1958) . 

. An oral RID of1.3E-5 mglkg-day for subchronic (EPA 1998b) and chronic exposure (EPA 1998a) 
to heptachlor epoxide was calculated based on a LOAEL of 0.0125 mglkg-day from a 60-week dietary 
study with dogs (Dow Chemical Company 1958). Increased relative liver weight was identified as the 
critical effect. An inhalation RfC for heptachlor epoxide has not been derived. 

No epidemiological studies or case reports addressing the carcinogenicity of heptachlor epoxide in 
humans were available. Studies with laboratory animals demonstrated that heptachlor epoxide causes 
liver cancer in mice and rats. Liver carcinomas developed in C3H mice fed 10 ppm heptachlor epoxide 
for 2 years (Davis 1965). Hepatic hyperplasia, hyperplastic nodules, and liver carcinomas developed in 
CD-I mice fed 0.1-10 ppm ofa 25:75 heptachlor:heptachlor epoxide mixture for 18 months (IRDC 1973) 
and in CFN rats fed 0.5-10 ppm heptachlor epoxide for 108 weeks (Epstein 1976). 

Based on EPA guidelines, heptachlor epoxide was assigned to weight-of-evidence Group B2, 
probable human carcinogen (EPA 1998a). For oral and inhalation exposure, the slope factor is 
9.1 (mglkg-dayrl (EPA 1985c). The unit risk is 2.60E-4 (J,lg/Lrl for oral exposure and 2.60E-3 (J,lg/m3r l 

for inhalation exposure (EPA 1998a). 

An oral slope factor of 9.1 OE+O (mg/kg-dayr l was calculated for heptachlor epoxide. For inhalation 
exposure, the inhalation unit risk is 2.6E-3 (J,lg/m3r l

• The absorbed dose slope factor is 
1.26E+ 1 (mg/kg-dayrl

. 

An oral RID of 1.30E-5 mglkg-day is used in this risk assessment for heptachlor epoxide. The 
dermal route RID used in the BHHRA is 9.30E-6 mglkg-day'- The inhalation RfC is not available. 

1.4.2.72 Hexachlorobenzene (CAS 000118-74-1) 

An oral slope factor of 1.60E+O (mg/kg-dayrl was calculated for hexachlorobenzene. For inhalation 
exposure, the inhalation unit risk is 4.60E-4 m3/J1g. The absorbed dose slope factor is 
3.20E+O (mg/kg-dayrl

. 

An oral RID of 8.00E-4 mg/kg-day is used in this risk assessment for hexachlorobenzene. The 
dermal route RID used in the BHHRA is 4.00E-4 mglkg-day and the inhalation route RID is 
8.00E-4 mglkg-day. The inhalation rue is not available. 

1.4.2.73 Hexachlorobutadlene (CAS 000087-68-3) 

An oral slope factor of 7.80E-2 (mg/kg-dayr1 was calculated for hexachlorobutadiene. For 
inhalation exposure, the inhalation unit risk is 2.20E-5 ml /J1g. The absorbed dose slope factor is 
1.56E-l (mglkg-daYrl. 

An oral RID of 2.00E-4 mglkg-day is used in this risk assessment for hexachlorobutadiene. The 
dermal route RID used in the BHHRA is 1.00E-4 mglkg-day and the inhalation RID is 2.00E-4 mglkg
day The inhalation rue is not available . 
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1.4.2.74 Hexachlorocyclopentadiene (CAS 000077-47-4) 

There are no carcinogenic slope factors used in the BHHRA for hexachlorocyclopentadiene due to a 
. lack of carcinogenic toxicity information. 

An oral RID of 7.00E-3 mg/kg-day is used in this risk assessment for hexachlorocyclopentadiene. 
"The d~~l and inhalation route RIDs used in the BHHRA are 3.SE-3 mglkg-day and 7.00E-3 mg/kg-day 
respectively. The inhalation RfC is 7.00E-S mg/ml. . 

1.4.2.75 ~exachloroethane (CAS 000067-72-1) 

An oral slope factor of 1.40E-2 (mg/kg-dayr l was calculated for hexachloroethane. For inhalation 
exposure, the inhalation unit risk is 4.00E-3 m3/,...g. The absorbed dose slope factor is 
2.80E-2 (mg/kg-dayrl

• . 

An oral RID of 1.00E-3 mg/kg-day is used in this risk assessment for hexachloroethane. The dermal 
route RID used in the BHHRA is S.OOE-4 mg/kg-day and the inhalation route RID is 1.00E-3 mglkg-day. 
The inhalation RfC is not available. 

1.4.2.76 Indeno(I,2,3-cd)pyrene (CAS 000193-39-5) (RAIS) 

Indeno(1,2,3-cd)pyrene, a crystalline solid with a chemical formula of C22HI2 and a molecular 
weight of 276.3, is a P AH. There is no commercial production or mown use of this compound (IARC 
1983g). Indeno(I,2,3-c,d)pyrene is found in fossil fuels and occurs ubiquitously in products of incomplete 
combustion (IARC 1983g) and has been identified in soils, groundwater, and surface waters at hazardous 
waste sites (ATSDR 1990j). 

No absorption data were available for indeno(I,2,3-cd)pyrene; however, by analogy to structurally 
related PAHs, primarily benzo(a)pyrene, it would be expected to be absorbed from the gastrointestinal 
tract, lungs, and skin (EPA 1991k). In vivo metabolites identified in mouse skin include the trans-
1,2-dihydrodiol and 8- and 9-hydroxy forms of indeno(I,2,3-cd)pyrene (Rice et a1. 1986). Similar 
metabolites were formed in vitro in rat liver microsomes (Rice et a1. 1985). 

No data were found concerning the acute, subchronic, chronic, developmental, or reproductive 
toxicity of indeno(1,2,3-cd)pyrene. Because of a lack of toxicity data, an oral RID or inhalation RfC has 
not been derived (EPA 1998a). 

No long-term oral or inhalation bioassays were available to assess the carcinogenicity of 
indeno(1,2,3-cd)pyrene. The compound was tested for carcinogenicity in dermal application, lung 
implant, subcutaneous injection, and intraperitoneal injection studies. Dermal application of 
0.1-0.S percent solutions ofindeno(I,2,3-cd)pyrene in acetone produced skin papillomas and carcinomas 
in mice (Hoffmann and Wynder 1966). In initiation-promotion assays, indeno(I,2,3-cd)pyrene was active 
as an initiator of skin carcinogenesis (Hoffmann and Wynder 1966, Rice et a1. 1986). Dose-related 
increases of epidermoid carcinomas of the lungs were reported in rats receiving single lung implants of 
0.16-4.1S mg indeno(I,2,3-cd)pyrene (Deutsch-Wenzel et a1. 1983). Injection site sarcomas developed in 
mice given three subcutaneous injections of 0.6 mg indeno(I,2,3-cd)pyrene (Lacassagne et a1. 1963). The 
compound was not' tumorigenic when newborn mice received 2.1 mol indeno(1,2,3-cd)pyrene via 
intraperitoneal injection (LaVoie et a1. 1987). 
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Based on no human data and sufficient evidence for carcinogenicity in animals, EPA has assigned a .~
weight-of-evidence classification Of B2, probable human carcinogen,' to indeno( 1 ,2,3-cd)pyrene (EPA 

• 1998a). 

• 

• 

The oral, dermal, and inhalation cancer slope factors used in the BHHRA for ideno(1,2,3-cd)pyrene 
are 7.30E-l, 2.3SE+Q, and 3.10E-l (mglkg-dayrl

, respectively. The inhalation unit risk is 8.80E-5 m3/f.lg. 
These were derived from the values for benzo(a)pyrene using the relative potency factors recommended 
by EPA. The dermal slope factor was derived from the oral slope factor using a gastrointestinal 
absorption factor of 31 percent. No RIDs for ideno(1,2,3-cd)pyrene were found; therefore, noncancer 
effects due to exposure to ideno(1,2,3-cd)pyrene could not be estimated in the BHHRA. 

1.4.2.77 Methoxychlor (CAS 000072-43-5) 

There are no carcinogenic slope factors used in the BHHRA for methoxychlor because of a lack of 
carcinogenic toxicity information. 

An oral RID of S.00E-3 mg/kg-day is used in this risk assessment for methoxychlor. The dennal 
route RID used in the BHHRA is 2.S0E-3 mglkg-day and the inhalation route RID is S.00E-3 mglkg-day. 
The inhalation rue is not available. . 

1.4.2.78 Methylene chloride (CAS 000075-09-2) (RAIS) 
, 

Methylene chloride, also known as dichloromethane, is a colorless, volatile liquid with a penetrating, 
ether-like odor. In industry, methylene chloride is widely used as a solvent in paint removers, degreasing 
agents, and aerosol propellants; as a polyurethane foam-blowing agent; and as a process solvent in the 
pharmaceutical industry. The compound is also used as an extraction solvent for spice oleoresins, hops, 
and caffeine (ATSDR 1989i, IARC 1986b). 

Methylene chloride is readily absorbed from the lungs, the gastrointestinal tract, and to saine extent 
through the skin. Metabolism of methylene chloride produces CO2 and CO, which readily binds with 
blood hemoglobin to form carboxyhemoglobin (CO-Hh). The primary adverse health effects associated 
with methylene chloride exposure are CNS depression and mild liver effects. Neurological symptoms 
described in individuals occupationally exposed to methylene chloride included headaches, dizziness, 
nausea, memory loss, paresthesia, tingling hands and feet, and loss of consciousness (Welch 1987). Major 
effects following acute inhalation exposure .include fatigue, irritability, analgesia, narcosis, and death 
(ATSDR 1989i). CNS effects have also been demonstrated in animals following acute exposure to 
methylene chloride (Weinstein et a1. 1972, Berger and Fodor 1968). 

Impaired liver function has been associated with occupational exposure to methylene chloride 
(Welch 1987). Liver effects have also been documented in a number of inhalation studies with laboratory 
animals. Subchronic exposure of rats, mice, dogs, and monkeys caused mild hepatic effects such as 
cytoplasmic vacuolization and fatty changes (EPA 1983, Haun et a1. 1972, Weinstein and Diamond 1972, 
Heppel et al. 1944). Hepatocellular foci, fatty changes, and necrosis were reported following chronic 
inhalation exposure of rats and mice (Nitschke et al. 1988a, NTP 1986a). Chronic oral exposure to 
methylene chloride via drinking water resulted in histopathological alterations of the liver in rats and mice 
(NCA 1983). In addition, inhalation exposure of rats caused nonspecific degenerative and regenerative 
changes in the kidneys (EPA 1983, Haun et a1. 1972). 

An RIDs and oral RIDe of 6E-2 mglkg-day for methylene chloride has been calculated by EPA 
(1998a,b). This value is based on a NOAEL of 5.85 mglkg-day derived from a chronic drinking water 
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study with rats (NCA 1983). This same study was adapted for the derivation of the subchronic and -- - • 
chronic RfC of3E+0 mg/m3 (NOAEL, 694.8 mg/m) (EPA 1998b). 

Studies of workers exposed to methylene chloride have not recorded a significant increase in cancer 
cases above the number of cases expected for nonexposed workers (Hearne et a1. 1987, Ott et a1. 1983, 
Friedlander et a1. 1978). However, long-tenn inhalation studies with rats and mice demonstrated that 

_ methyle~~ chloride c~uses cancer in laboratory animals. Mice exposed via inhalation to high 
concentrations of methylene chloride (2000 or 4000 ppm) exhibited a significant increase of malignant 
liver and lung tumors compared with nonexposed controls (NTP 1986a). Rats of both sexes exposed to 
concentrations of methylene chloride ranging from 500 to 4000 ppm showed increases of benign 
mammary tumors (Nitschke et a1. 1988a, NTP 1986a, Burek et a1. 1984). An inhalation study with rats 
and hamsters revealed sarcomas of the salivary gland in male rats, but not in female rats or hamsters 
(Burek et a1. 1984). Liver tumors observed in rats and mice that ingested methylene chloride in drinking 
water for 2 years provided suggestive· evidence of carcinogenicity (NCA 1983). Based on inadequate 
evidence of carcinogenicity in humans and on sufficient evidence in animals, EPA (1998a) has placed 
methylene chloride in weight-of-evidence group B2, probable human carcinogen. A slope factor and unit 
risk of7.5E-3 (mg/kg-dayr l and 2.1E-7 (ug/Lr ,respectively (EPA 1998a), was derived for oral exposure 
to methylene chloride. The. inhalation unit risk is 4.7E-7 m3/Jlg (EPA 1998a). 

The oral and dermal cancer slope factors used in the BHHRA are 7.s0E-3 and 
7.89E-3 (mg/kg-dayrl

, respectively. An inhalation cancer slope factor of 1.65E-3 (mg/kg-dayr l was used. 
The oral and dermal RIDs used in the BHHRA are 6.00E-2 and 5.70E-2 mg/kg-day, respectively. An 
inhalation RID of 8.57E-Ol mg/kg-day was used. When calculating both the dermal route cancer slope 
factor and dermal route RID from their respective oral values, a gastrointestinal absorption factor of 
95 percent was used. 

1.4.2.79 Napthalene (CAS 000091-20-3) (RAIS) 

Naphthalene, a white solid with a characteristic odor of mothballs, is a P AH composed of tWo fused 
benzene rings. The principal end use of naphthalene is as raw material for the production of phthalic 
anhydride. It is also used as an intermediate for synthetic resins, celluloid, lampblack, smokeless powder, 
solvents, and lubricants. Naphthalene is used directly as a moth repellant, insecticide, anthelmintic, and 
intestinal antiseptic (ATSDR 1990m, EPA 1986m). 

Naphthalene can be absorbed by oral, inhalation, and dermal routes of exposure and can cross the 
placenta in amounts sufficient to cause fetal toxicity. The most commonly observed effect of naphthalene 
toxicity following acute oral or inhalation exposure in humans is hemolytic anemia associated with 
decreased hemoglobin and hematocrit values, increased reticulocyte counts, presence of Heinz bodies, 
and increased serum bilirubin levels (ATSDR 199Om). Hemolytic anemia has been observed in an infant 
dennally exposed to naphthalene (Schafer 1951) and in infants whose mothers were exposed to 
naphthalene during pregnancy (Anziulewicz et a1. 1959, Zinkham and Childs 1958). Infants and 
individuals having a congenital deficiency of erythrocyte glucose-6-phosphate dehydrogenase are 
especially susceptible to naphthalene-induced hemolytic anemia (Wintrobe et al. 1974). 

• 

Acute oral and subchronic inhalation exposure of humans to naphthalene has resulted in neurotoxic 
effects (confusion, lethargy, listlessness, vertigo), gastrointestinal distress, hepatic effects (jaundice, 
hepatomegaly, elevated serum enzyme levels), renal effects, and ocular effects (cataracts, optical 
atrophy). Cataracts have been reported in individuals occupationally exposed to naphthalene (Ghetti and 
Mariani 1956) and in rabbits and rats exposed orally to naphthalene (Van Heyningen and Pirie 1976, 
Fitzhugh and Buschke 1949). A number of deaths have been reported following intentional ingestion of • 
naphthalene-containing mothballs (ATSDR 1990m). The estimated lethal dose of naphthalene is 5-15 g 

1-130 



• 

• 

• 

for adults and 2-3 g for children. Naphthalene is a primary skin irritant and is acutely irritating to the eyes -~
of humans (Sandmeyer 1981). 

Increased mortality, clinical signs of toxicity, kidney and thymus lesions, and signs of anemia were 
observed in rats treated- by gavage with 400 mg/kg of naphthalene for 13 weeks (NTP 1980a). No adverse 
effects occurred at 50 mg/kg. Transient clinical signs of toxicity were seen in mice exposed by gavage to 
53 mg/kg for 13 weeks (NTP 1980b). Subchronic oral exposure to 133 mglkg-day for 90 days produced 
decreased spleen weights in female mice (Shopp et a1. 1984). Reduced numbers of pupsllitter were 
observed when naphthalene was administered orally to pregnant mice (pflasterer et a1. 1985). Negative 
results in a 2-year feeding study with rats receiving 10-20 mg naphthalenelkg-day (Schmahl 1955) and 
equivocal results in a mouse lung tumor bioassay (Adkins et a1. 1986) suggest that naphthalene is not a 
potential carcinogen. 

An RIDs and-oral RIDe of 2E-2 mglkg-day for naphthalene has been calculated by EPA (1998b). 
These values are based on a NOAEL of 50 mglkg-day derived from a subchronic oral toxicity study with 
rats (NTP 1980a). The RID is currently under review by EPA and may be subject to change (EPA 1998b). 
A Rf(; for chronic inhalation exposure has not been derived by EPA. Available cancer bioassays were 
insufficient to assess the carcinogenicity of naphthalene. Therefore, EPA (1991 m, 1998b) has placed 
naphthalene in weight-of-evidence Group D, not classifiable as to human carcinogenicity. 

No cancer slope factors were used in the BHHRA for naphthalene. The oral inhalation and dermal 
RIDs used in the BHHRA are 2E-2, 8.57E-4 and 1.6E-2 mglkg-day, respectively. When calculating the 
dermal route RID from the oral value, a gastrointestinal absorption factor of 80 percent was used. 

1.4.2.80 N-nitroso-di-n-propylamine (CAS 000621-64-7) 

N-nitroso-di-n-propylamine is also known as n-nitrosodipropylamine; n-Nitroso-n-propyl-l
propanamine; dipropylnitrosamine; DPNA; NDPA; di-n-propylnitrosamioe; nitrosodiproyylamine; 
N-nitroso-n-dipropylamine; nitrous dipropylamide; and DPN. 

The oral and dermal cancer slope factors used in the BHHRA are 7.00E+0 and 2.80E+l 
(mg!kg-dayr', respectively. An inhalation cancer slope factor was not found. No RID's were found for 
n-nitroso-di-n-propylamine. When calculating the dermal route cancer slope factor from the oral value, a 
gastrointestinal absorption factor of 25 percent was used. 

1.4.2.81 N-nitrosodiphenylamine (CAS 000086-30-6) 

N-nitrosodiphenylamine is also known as diphenyl, n-nitrosoamine; n-nitroso-n-phenylaniline; 
diphenylnitrosamine; Redax; N-nitroso-N-phenylbenzenamine; nitrosodiphenylamine; vulcatard; nitrous 
diphenylamide;N,N-diphenylnitrosamine; curetard a; delac_ j; naugard tjb; NDPHA; retarder j; TJB; 
vulcalent a; vulcatard a; vultrol; and phenyl-N-nitrosoamine. 

The oral and dermal cancer slope factors used in the BHHRA are 4.90E-3 and 1.96E-2 
(mg!kg-dayr', respectively. Inhalation cancer slope factors were not found. No RIDs were found for 
N-nitrosodiphenylamine. When calculating the dermal route cancer slope factor from the oral value, a 
gastrointestinal absorption factor of 25 percent was used. 
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1.4.2.82 Pentachlorophenol (CAS 000087-86-5) (RAIS) 

Pentachlorophenol, a man-made organic biocide, is often contaminated with other toxic organic 
chemicals such as chlorinated phenols, dioxins, and dibenzofurans (Williams 1982, USAF 1989c, 
ATSDR 1992c). 

Pen~~chlorophenol. is readily absorbed following oral or inhalation exposure and is widely and 
rapidly distributed throughout the body (Wagner et al. 1991, ATSDR 1992c, Jorens and Schepens 1993). 
Human and animal studies have provided evidence indicating that pentachlorophenol is metabolized to 
various conjugated metabolites. Both the parent compound and the conjugates are excreted in the urine 
(Braun et al. 1979). 

Assessing the potential toxicity of technical (commercial) grade pentachlorophenol is complicated 
by the presence of the toxic impurities that are usually present, and the effects resulting from occupational 
exposure are often difficult to attribute to a specific route of exposure (Jorens and Schepens 1993). The 
effects in humans following acute oral exposure include increased heart and respiratory rates, elevated 
temperature, increased basal metabolic rate, and death (29 and 401 mg/kg) (RTECS 1989). 

Human fatalities and toxic effects including tachycardia, jaundice, and other hematologic alterations 
have been reported for acute and subchronic occupational (e.g., sawmill workers, herbicide sprayers) 
inhalation exposures to pentachlorophenol. Upper respiratory tract inflammation and bronchitis were 
reported for sawmill workers chronically exposed to pentachlorophenol (Baader and Bauer 1951, Menon 
1958, ATSDR 1992c). However, dose-terms for these exposures were not available, and concurrent 
exposures to other chemicals make defmitive assessments impossible. 

----. 

Data regarding the dermal exposure of humans to pentachlorophenol are anecdotal or equivocal, lack • 
dose terms, and are compromised by concurrent exposures to other chemicals, including the known 
contaminants in technical-grade pentachlorophenol. Acute exposure to 0.4 percent pentachlorophenol 
produced localized irritation (Bevenue et al. 1967), and subchronic exposures have caused chloracne 
(Baader and Bauer 1951, O'Malley et a1. 1990) and possibly renal damage (ATSDR 1992c). Dermal 
lesions including pemphigus and chronic urticaria have been reported for humans chronically exposed to 
pentachlorophenol-treated wood (Lambert et al. 1986). There currently are no definitive data regarding 
reproductive toxicity in humans exposed to pentachlorophenol. 

Acute oral exposure of animals to pentachlorophenol affects the liver, kidneys, cardiovascular 
system, and the peripheral and CNS. Oral LDso values for laboratory animals range from 27 to 230 mglkg 
(Borzelleca et al. 1985, USAF 1989c, ATSDR 1992c). Definitive data regarding the effects of subchronic 
or chronic oral exposure of humans to pentachlorophenol are not available. However, subchronic 
exposure (1-8 months) of rats to pentachlorophenol at doses ranging from 5 to 40 mglkg-day has 
produced cardiovascular, hematotoxic, renal, hepatic, and immunologic responses (Schwetz et a1. 1974b, 
1978; USAF 1989c; ATSDR 1992c). Evidence of reproductive/developmental toxicity (increased 
resorptions, embryo lethality, embryotoxicity, and teratogenicity) have also been observed in rats given 
pentachlorophenol during gestation (Larsen et al. 1975, 1976; Schwetz et al. 1978). 

Because the most significant acute toxic effect of pentachlorophenol is elevated metabolism, a 
specific target organ or tissue is difficult to identify. However, for subchronic and chronic exposures, 
toxicity data indicate that the liver, kidney, and cardiovascular system are targets for some of the toxic 
effects of pentachlorophenol. 
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Both the RIDe and RFDs for pentachlorophenol are 3.00E-02 mglkg-day based on a NOAEL of _"-
3 mglkg-day and a LOAEL of 10 mglkg-day for histopathologic findings in the liver and kidneys of rats 
given pentachlorophenol in the diet. for 2 years (EPA 1998a, 1998b; Schwetz et a1. 1978). 

The RiC for pentachlorophenol is under review (EPA 1998a). 

Based upon increased incidences of hepatocellular adenomas and carcinomas, adrenal medulla 
pheocnromocytomas,- malignant pheochromocytomas, and hemangiosarcomas/hemangiomas in mice, 
pentachlorophenol is classified by the EPA as a probable human carcinogen weight-of-evidence 
classification B2 and has an oral slope factor of 1.2E-Ol (mglkg-dayr l and an oral unit risk of 3.0E-06 
(J,lg/L)-1 (EPA 1998a, 1998b). The potential carcinogenicity of pentachlorophenol following inhalation 
exposure has not been evaluated. 

An oral slope factor of 1.2E-l (rnglkg-dayr l was calculated for pentachlorophenol. For inhalation 
exposure, the inhalation unit risk is not available. The absorbed dose slope factor is 1.2E-l (mglkg-day)"'. 

An oral RID of 3.0E-2 mg/kg-day is used in this risk assessment for pentachlorophenol. The dermal 
route RID used in the BHHRA is 3.0E-2 mglkg-dayand the inhalation RID is also 3.0E-2 mglkg-day. 
The inhalation Rf(; is not available. 

1.4.2.83 Phenanthrene (CAS 000085-01-8) (RAIS) 

Phenanthrene is a P AH that can be derived from coal tar. Currently, there is no commercial 
production or use of this compound (EPA 19871). Phenanthrene is ubiquitous in the environment as a 
product of incomplete combustion of fossil fuels and wood and has been identified in ambient air, surface 
and drinking water, and foods (EPA 1988a,!ARC 1983h). 

Phenanthrene is absorbed following oral and dermal exposure (Storer et al. 1984b, Chang 1943). 
Data from structurally related P AHs suggest that phenanthrene would be absorbed from the lungs (EPA 
19871). Metabolites of phenanthrene identified in in vivo and in vitro studies indicate that metabolism 
proceeds by epoxidation at the 1-2, 3-4, and 9-10 carbons, with dihydrodiols as the primary metabolites 
(Nordquist et al. 1981, Chaturapit and Holder 1978, Sims 1970, Boyland and Sims 1962, Boyland and 
Wolf 1950). 

Although a large body of literature exists on the toxicity and carcinogenicity of P AHs, primarily 
benzo(a)pyrene, toxicity data for phenanthrene are very limited. No human data were available that 
addressed the toxicity of phenanthrene. Single intraperitoneal injections of phenanthrene produced slight 
hepatotoxicity in rats (Yoshikawa et a1. 1985). Data regarding the subchronic, chronic, developmental, or 
reproductive toxicity in experimental animals by any route of exposure could not be located in the 
available literature. 

Data were insufficient to derive an oral RID or inhalation RiC for phenanthrene (EPA 1988a). The 
chemical is not currently listed in nus or HEAST (EPA 1998a,b). 

No inhalation bioassays were available to assess the carcinogenicity of phenanthrene. A single oral 
dose of phenanthrene did not induce mammary tumors in rats (Huggins and Yang 1962), and a single 
subcutaneous injection did not result in treatment-related increases in tumor incidence in mice (Steiner 
1955). Neonate mice administered intraperitoneal or subcutaneous injections of phenanthrene also did not 
develop tumors (Buening et a!. 1979b). No skin tumors were reported in two skin painting assays with 
mice (Roe and Grant 1964, Kennaway 1924b). Phenanthrene was also tested in several mouse skin 

• initiation-promotion assays. It was active as an initiator in one study (Scribner 1973), inactive as an 
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initiator in four others (LaVoie et a1. 1981, Wood et a1. 1979, Roe 1962, Salaman and Roe 1956), and • 
inactive as a promoter in one study (Roe and Grant 1964). 

Based on no human data and inadequate data from animal bioassays, EPA (1998a and 19871) has 
placed phenanthrene in weight.=of-evidence Group D, not classifiable as to human carcinogenicity. 

Neither slope factors nor RIDs for any route of exposure were found for phenanthrene. Therefore, 
neither carcinogenicity nor systemic toxicity due to phenanthrene exposure is included in the BHHRA. 

1.4.2.84 Polychlorinated biphenyl (CAS 001336-36-3) (RAIS) 

Aroclor-1254 is a PCB mixture containing approximately 21 percent C12H6CI4, 48 percent C'2HsC1s. 
23 percent C'2H4CI6. and 6 percent C'2H3Ch with an average chlorine content of 54 percent (USAF 
1989d). PCBs are inert, thermally and physically stable, and have dielectric properties. In the 
environment, the behavior of PCB mixtures is directly correlated to the degree of chlorination. 
Aroclor-1254 is strongly sorbed to soil and remains immobile when leached with water; however, the 
mixture is highly mobile in the presence of organic solvents (USAF 1989d). PCBs are resistant to 
chemical degradation by oxidation or hydrolysis. However, biodegradation, especially of lower 
chlorinated PCBs, can occur (USAF 1989d). PCBs have high bioconcentration factors, and because of 
lipophilicity, especially of highly chlorinated congeners, tend to accumulate in the fat of fish, birds, 
mammals, and humans (ATSDR 1995). 

PCBs are absorbed after oral, inhalation, or dermal exposure and are stored in adipose tissue. The 
location of the chlorine atoms on the phenyl rings is an important factor in PCB metabolism and 
excretion. The major route of PCB excretion is in the urine and feces; however, more important is the 
elimination in human milk. Metabolites are predominately found in urine and bile, while small amounts • 
of the parent compound are found in the feces. Biliary excretion appears to be the source of fecal 
excretion (ATSDR 1995). 

Accidental human poisonings and data from occupational exposure to PCBs suggest initial dermal 
and mucosal disturbances followed by systemic effects that may manifest themselves several years post
exposure. Initial effects are enlargement and hypersecretion of the Meibomian gland of the eye, swelling 
of the eyelids, pigmentation of the fingernails and mucous membranes, fatigue, and nausea. These effects 
were followed by hyperkeratosis; darkening of the skin; acneform eruptions; edema of the arms and legs; 
neurological symptoms, such as headache and limb numbness; and liver disturbance (USAF 1989d). 

Hepatotoxicity is a prominent effect of Aroclor-1254 that has been well characterized (EPA 1995j). 
Effects included hepatic microsomal enzyme induction, increased serum levels of liver-related enzymes 
indicative of hepatocellular damage, liver enlargement, lipid deposition, fibrosis, and necrosis. Groups of 
16 adults (11.1 +/-4.1 years at study initiation) female rhesus monkeys ingested gelatin capsules 
containing 0,0.005,0.02,0.04, or 0.08 mglkg-day Aroclor-1254 daily for more than 5 years (Arnold et 
a1. 1993a and b, Truelove et a1. 1990). Treated monkeys were observed to have increases in the incidence 
of inflamed andlor prominent Meibomian glands; increased incidences of ocular exudate; changes in 
finger andlor toe nails; decreases in IgG and IgM antibody levels; decreases in' the percent of helper 
T -lymphocytes; increases in suppressor T -lymphocyte count; a decrease in helper/suppressor ratio; and 
decreases in reticulocyte count, serum cholesterol, total bilirubin, and alpha-1+ alpha-2-globulins. 
An chronic oral RID of 2E-05 mglkg-day for Aroclor-1254 was calculated from a LOAEL of 
0.0005 mglkg-day derived from the above study (EPA 1995j). The oral RIDs is SE-OS mglkg-day (EPA 
1995i). 
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Data are suggestive but not conclusive concerning the carcinogenicity of PCBs as a group in _-
humans. EPA has not determined a weight-of-evidence classification or slope factor for Aroclor-1254 
specifically. However, hepatocellular carcinomas in three strains of rats and two strains of mice have led 
EPA (1995j) to classify PCBs as Group B2, probable human carcinogen. Carcinogenicity slope factors of 
2E+0 (high risk), 4.00E-l (low risk), and 7E-2 (lowest risk) (mglkg-dayrl have been dervied for PCBs as 
a group, based on an increase of hepatocellular tumors in female Sprague-Dawley rats treated with 
Aroclor-1260. A dri~king water unit risk of lE-5 (J.l.g/L)' I (low risk) for PCBs was calculated based on 
the ql;'; (EPA 1995j). 

An oral slope factor of 2.00E+O (rnglkg-day)'1 was used for Aroclor-l016, -1221, -1232, -1242, 
-1248, 1254, and -1260. For inhalation exposure, the inhalation unit risk is 5.71E-4 (/lg/m3rl was used 
for these. The absorbed dose slope factor is 2.22E+O (mglkg-dayrl. 

An oral RID of7.00E-5 and 2.00E-5 mglkg-day is used in this risk assessment for Aroclor-l016 and 
1254 respectivly. The dermal route RID for Aroclor 1016 used in the BHHRA is 6.30E-5 mglkg-day. 
The inhalation RiC is 2.45E-4 mg/m3

• 

There are no RIDs or RfCs used in the BHHRA for Aroclor, -1221, -1232, -1242, and -1248 because 
of a lack of systemic toxicity and noncarcinogenic risk information. 

1.4.2.85 Pyrene (CAS 000129-00-1) (RAIS) 

Pyrene, also referred to as benzo(def)phenanthrene and -pyrene, is a PAH that can be derived from 
coal tar. Currently, there is no commercial production or use of this compound. Pyrene is ubiquitous in 
the environment as a product of incomplete combustion of fossil fuels and has been identified in surface 
and drinking water, numerous foods, and ambient air (EPA 1988a and 1987m, IARC 1983i). 

Although a large body of literature exists on the toxicity and carcinogenicity of P AHs, toxicity data 
for pyrene are limited. No human data were available that addressed the toxicity of pyrene. Subchronic 
oral exposure to pyrene produced nephropathy, decreased kidney weights, increased liver weights, and 
slight hematological changes in mice (TRL 1989) and produced fatty livers in rats (White and White 
1939). A single intraperitoneal injection of pyrene produced swelling and congestion of the liver and 
increased serum aspartate amino transferase (AST) and bilirubin levels in rats (Yosliikawa et a1. 1985). 
No data were available concerning the toxic effects of inhalation exposure to pyrene or data regarding 
teratogenicity or other reproductive effects by any route of exposure. 

An RID of 3E-l mglkg-day for subchronic (EPA 1998b) and 3E-2 mglkg-day for chronic oral 
exposure (EPA 1998a) to pyrene was calculated from a NOAEL of 75 mglkg-day in a 13-week gavage 
study with mice (TRL 1989). Data were insufficient to derive an inhalation RiC for pyrene (EPA 
1998a,b). 

No oral or inhalation bioassays were available to assess the carcinogenicity of pyrene. Studies 
involving other routes of exposure (intratracheal, dermal, and subcutaneous) generally gave negative 
results. Intratracheal administration of pyrene in combination with Fe203 particles did not induce tumors 
in hamsters (Sellakumar and Shubik 1974). Skin painting assays evaluating complete carcinogenesis in 
mice (Van Duuren and Goldschmidt 1976, Horton and Christian 1974, Roe and Grant 1964, Wynder and 
Hoffman 1959b); or initiating (Roe and Grant 1964); or promoting capacity (Wood et a!. 1980, Scribner 
1973, Salaman and Roe 1956) have been negative or inconclusive. Mice injected subcutaneously with 
pyrene did not develop tumors (Shear and Leiter 1941), but there is evidence that pyrene enhances the 
tumorigenicity of topically applied benzo(a)pyrene (Slaga et a1. 1979, Van Duuren and Goldschmidt 
1976, Goldschmidt et a!. 1973). 
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Based on no human data and inadequate data from animal bioassays, EPA (1998a,b) has placed -- - • 
pyrene in weight-of-evidence Group D, not classifiable as to human carcinogenicity. 

No cancer slope factors were used in the BHHRA. The oral and dermal RIDs used in the BHHRA 
are 3.00E-2 and 9.30E-3 rng/Kg-day, respectively. An inhalation reference dose of 3.00E-2 mg/kg-day 
was also used. When calculating the dermal route RID from the oral value, a gastrointestinal absorption 

. factor 001 percent was. used. 

1.4.2.86 Tetrachloroethylene (CAS 000127-18-4) (RAIS) 

Tetrachloroethylene is a halogenated aliphatic hydrocarbon with a vapor pressure of 17.8 mm Hg at 
25°C (EPA 1982). The chemical is used primarily as a solvent in industry and, less frequently, in 
commercial dry-cleaning operations (ATSDR 1990n). Occupational exposure to tetrachloroethylene 
occurs via inhalation, resulting in systemic effects, and via dermal contact, reSUlting in local effects. 
Exposure to the general population can occur through contaminated air, food, and water (ATSDR 1990n). 

The respiratory tract is the primary route of entry for tetrachloroethylene (NTP 1986b, EPA 1988c). 
The chemical is rapidly absorbed by this route and reaches an equilibrium in the blood within 3 hours 
after the initial exposure (Hake and Stewart 1977). Tetrachloroethylene is also significantly absorbed by 
the gastrointestinal tract, but not through the skin (Koppel et a1. 1985, ATSDR 199On). The chemical 
accumulates in tissues with high lipid content, where the half-life is estimated to be 55 hours (Stewart 
1969, ATSDR 199On), and has been identified in perirenal fat, brain, liver, placentofetal tissue, and 
amniotic fluid (Savolainen et a1. 1977). The proposed first step for the biotransformation of 
tetrachloroethylene is the formation of an epoxide thought to be responsible for the carcinogenic potential 
of the chemical (Renschler and Hoos 1982, Calabrese and Kenyon 1991). Tetrachloroethylene is excreted • 
mainly unchanged through the lungs, regardless of route of administration (NTP 1986b). The urine and 
feces comprise secondary routes of excretion (Monster et a!. 1979, Ohtsuki et a1. 1983). The major 
urinary metabolite of tetrachloroethylene, trichloroacetic acid, is formed via the cytochrome P-450 system 
(ATSDR 1990n). ' ~ 

The main targets of tetrachloroethylene toxicity are the liver and kidney by both oral and inhalation 
exposure and the CNS by inhalation exposure. Acute exposure to high concentrations of the chemical . 
(estimated to be greater than 1500 ppm for a 30-minute exposure) may be fatal to humans (Torkelson and 
Rowe 1981a). Chronic exposure causes respiratory tract irritation, headache, nausea, sleeplessness, 
abdominal pains, constipation, cirrhosis of the liver, hepatitis, and nephritis in humans; and microscopic 
changes in renal tubular cells, squamous metaplasia of the nasal epithelium, necrosis of the liver, and 
congestion of the lungs in animals (Chmielewski et a1. 1976, Coler and Rossmiller 1953, Stewart et a1. 
1970, von Oettingen 1964, Stewart 1969, NTP 1986b). 

Some epidemiology studies have found an association between inhalation exposure to 
tetrachloroethylene and an increased risk for spontaneous abortion, idiopathic infertility, and sperm 
abnormalities among dry-cleaning workers, but others have not found similar effects (Kyyronen et a1. 
1989, van der Gulden and Zielhuis 1989). The adverse effects in humans are supported in part by the 
results of animal studies in which tetrachloroethylene induced fetotoxicity (but did not cause 
malformations) in the offspring of treated dams (Schwetz et a1. 1975, Beliles et a1. 1980, Nelson et a1. 
1980). 

RIDs for subchronic and chronic oral exposure to tetrachloroethylene are lE-l mg/kg-dayand lE-
2 mg!kg-day, respectively (Buben and O'Flaherty 1985, EPA 1990d and 1998b). These values are based • 
on hepatotoxicity observed in mice given 100 mg tetrachloroethylene/kg body weight for 6 weeks and a 
NOAEL of 20 mg/kg. 
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Epidemiology studies of dry-cleaning and laundry workers have demonstrated excesses in mortality -y

due to various types of cancer, including liver cancer, but the data are regarded as inconclusive because of 
various confounding factors (Lynge and Thygesen 1990, EPA 1988c). The tenuous finding of an excess 
of liver tumors in humans is strengthened by the results of carcinogenicity bioassays in which 
tetrachloroethylene, administered either orally or by inhalation, induced hepatocellular tumors in mice 
(NCI 1977b, NTP 1986b). The chemical also induced mononuclear cell leukemia and renal tubular cell 
tumors in rats. Tetra~hloroethylene was negative for tumor initiation in a dermal study and for tumor 
induction in a pulmonary tumor assay (Van Duuren et a1. 1979, Theiss et a1. 1977). 

Although EPA's Science Advisory Board recommended a weight-of-evidence classification ofC-B2 
continuum (C = possible human carcinogen; B2 = probable human carcinogen), the agency has not 
adopted a current position on the weight-of-evidence classification (EPA 1992f). In an earlier evaluation, 
tetrachloroethylene was assigned to weight-of-evidence Group B2, probable human carcinogen, based on 
sufficient evidence from oral and inhalation studies for carcinogenicity in animals and no or inadequate 
evidence for carcinogenicity to humans (NCI 1977b, NTP 1986b, EPA 1987n). The unit risk and slope 
factor values for tetrachloroethylene have been withdrawn from IRIS and HEAST. The upper bound risk 
estimates from the 1985 Health Assessment Document (EPA 1985d) as amended by inhalation values 
from the 1987 addendum (EPA 1987n) have not yet been verified by the IRIS-CRA VB Workgroup. For 
oral exposure, the slope factor is S.20E-2 (mglkg-dayrJ; the unit risk is I.S0E-6 (Ilg/L)-J. For inhalation 
exposure, the slope factor is 2.00E-3 (mglkg-daYrl; the unit risk ranges from 2.90E-7 to 9.50E-7 m3/llg 
with a geometric mean of 5.80E-7 m3/f.Lg (EPA 1987n). When the agency makes a decision about weight
of-evidence, the CRA VE-IRIS verification will be completed and the information put on IRIS (EPA 
1992f). 

The oral and dermal cancer slope factors used in the BHHRA for tetrachloroethene are S.20E-2 and 
S.20E-2 (mg!kg-dayrl, respectively. An inhalation cancer slope factor of 2.00E-3 (mglkg-dayrl is used. 
The oral and dermal RIDs used in the BHHRA are 1.00E-2 and 1.00E-2 mglkg-day, respectively. An 
inhalation RID of 1.71E-l mglkg-day is used. When calculating the dermal route cancer slope factor from 
the oral value, a gastrointestinal absorption factor of 100 percent was used. ., 

1.4.2.87 Toxaphene (CAS 008001-35-2) 

An oral slope factor of 1.1E+O (mg!kg-dayrl was used for toxaphene. For inhalation exposure, the 
inhalation unit risk is-3.2E-4 (llglm3r l. The absorbed dose slope factor is 2.2E+O (mglkg-dayrl. 

There are no RIDs or RfCs used in the BHHRA for toxaphene because of a lack of systemic toxicity 
and noncarcinogenic risk information. 

1.4.2.88 trans-l,2-Dichloroetbene (CAS 000156-60-5) 

See Sect. 1.4.2.7. 

1.4.2.89 trans-l,3-Dicbloropropene (CAS 010061-02-6) 

Information on the toxicity of trans-l,3-dichloropropene was not found in the available literature. 
When information becomes available, it will be included in this report. 

Neither slope factors nor RIDs for any route of exposure were found for trans-l ,3-dichloropropene. 
Therefore, neither carcinogenicity nor systemic toxicity resulting from trans-l,3-dichloropropene 
exposure is included in the BHHRA. 
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1.4.2.90 Trichloroethene (CAS 000079-01-6) (RAIS) 

Trichloroethene is an industrial solvent used primarily in metal degreasing and cleaning operations. 
trichloroethene can be absorbed through the lungs, mucous membranes, gastrointestinal tract, and the 
skin. Trichloroethene is extensively metabolized in humans to trichloroacetic acid and trichloroethanol, as 
well as to several minor metabolites, with most of the absorbed dose excreted in urine (ATSDR 1989j, 

_ EP A 198~e). 

Human and animal data indicate that exposure to trichloroethene can result in toxic effects on a 
number of organs and systems, including the liver, kidney, blood, skin, immune system, reproductive 
system, CNS, and cardiovascular system. In humans, acute inhalation exposure to trichloroethene causes 
CNS symptoms such as headache, dizziness, nausea, and unconsciousness (EPA 1985e). Among the 
reported effects from occupational exposure studies are fatigue, light-headedness, sleepiness, vision 
distortion, abnormal reflexes, tremors, ataxia, nystagmus, increased respiration, as well as 
neurobehavioral or psychological changes. Cardiovascular effects include tachycardia, extra systoles, 
EKG abnormalities, and precordial pain (Landrigan et a1. 1987, Grandjean et a1. 1955, Milby 1968). The 
use of trichloroethene as an anesthetic has been associated with cardiac arrhythmias (EPA 1985e). 

-- • 

Cases of severe liver and kidney damage, including necrosis, have been reported in humans 
following acute exposure to trichloroethene (Defalque 1961), but these effects generally are not 
associated with long-term occupational exposures. In animals, trichloroethene has produced liver 
enlargement with hepatic biochemical andlor histological changes (Nomiyama et a1. 1986, Kjellstrand et 
a1. 1981 and 1983, Stott et al. 1982, Tucker et al. 1982) and kidney enlargement, renal tubular alterations 
andlor toxic nephropa:thy (NTP 1982a, 1986c, 1988). Also observed in animals were hematological 
effects (Tucker et a1. 1982, Mazza and Brancaccio 1967) and immunosuppression (Sanders et al. 1982). 
Inhalation studies with rats indicate that trichloroethene is a developmental toxicant causing skeletal • 
ossification anomalies and other effects consistent with delayed maturation (Healy et a1. 1982, 
Dorfmueller et al. 1979). Trich1oroethene may cause dermatitis and dermographism (EPA 1985:)., 

EPA (EPA 1992g) is presently reviewing RIDs and RfCs for subchronic and chronic oral and 
inhalation exposure to trichloroethene. 

Epidemiologic studies have been inadequate to determine if a correlation exists between exposure to 
trichloroethene and increased cancer risk. Chronic oral exposure to trichloroethene increased the 
incidences of hepatocellular carcinomas in mice and renal adenocarcinomas and leukemia in rats (NTP 
1988, Maltoni et a1. 1986, NTP 1986c, 1982a; NCI 1976d). Chronic inhalation exposure induced lung and 
liver tumors in mice and testicular Leydig cell tumors in rats (Mal toni et a1. 1986, 1988; Fukuda et a1. 
1983, Bell et a1. 1978). Although EPA's Science Advisory Board recommended a weight-of-evidence 
classification of C-B2 continuum (C = possible human carcinogen; B2 = probable human carcinogen), the 
agency has not adopted a current position on the weight-of-evidence classification (EPA 1992h). In an 
earlier evaluation, trichloroethene was assigned to weight-of-evidence Group B2, probable human 
carcinogen, based on tumorigenic responses in rats and mice for both oral and inhalation exposure and on 
inadequate data in humans (EPA 19870 and 1990e). Carcinogen slope factors are 1.1E-2 (mg/kg-dayr

l 

and 6.0E-3 (m~g-daYrl for oral and inhalation exposure, respectively. The corresponding unit risks are 
3.2E-7 (Jig/L rand 1.7E-6 (Jig/m3r l, respectively (EPA 1992h). -

The oral, dermal, and inhalation cancer slope factors used in this BHHRA for trichloroethene are 
1.10E-2, 7.33E-2, and 6.00E-3 (mglkg-dayrl, respectively. The oral, dermal, and inhalation RIDs are not 
available for trichloroethene. However, a provisional oral RID for trichloroethene of 6.00E-3 mglkg-day • 
was used to estimate the noncarcinogenic hazard from the ingestion pathway. When calculating both the 
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dermal route cancer slope factor and dermal route RID from their respective oral values, a gastrointestinal _~
absorption factor of 15 percent was used. 

L4.2.91 Vinyl chloride (CAS 000075-01-4) (RAIS) 

Vinyl chloride (CAS Reg. No. 75-01-4), a colorless gas, is a halogenated aliphatic hydrocarbon with 
the empirical formula of C2H3C1. It is used primarily as an intermediate in the manufacture of PVC; 
limited quantities are used as a refrigerant and as an intermediate in the production of chlorinated 
compounds (ATSDR 1989k). 

Vinyl chloride is rapidly absorbed from the gastrointestinal tract and lungs. Metabolism of vinyl 
chloride occurs primarily in the liver via oxidation by hepatic microsomal enzymes to polar compounds 
that can be conjugated with glutathione andlor cysteine. These covalently bound metabolites are then 
excreted in the urine (EPA 1980e and 1985f). 

In humans and animals, vinyl chloride is a CNS depressant, inducing narcosis and anesthesia at high 
concentrations (Torkelson and Rowe 1981 b, Patty et a1. 1930). Nonneoplastic toxic effects observed in 
workers exposed by inhalation to vinyl chloride include hepatotoxicity, acroosteolysis and scleroderma, 
and Raynaud's syndrome, a vascular disorder ofthe extremities. Also reported were abnormalities ofCNS 
function, high blood pressure, and occasional pulmonary effects (ATSDR 1989k, EPA 1985f, Lloyd et a1. 
1984, Langauer-Lewowicka et a1. 1983, Waxweiler et a1. 1977). The evidence for potential developmental 
effects in humans (increased fetal loss and birth defects) is equivocal (ATSPR 1989k, Waxweiler et a1. 
1977, Infante et a1. 1976). Occupational exposure to vinyl chloride has been associated with reduced 
sexual function in both sexes and gynecological effects in women (Makarov 1984, Makarov et a1. 1984). 

For the oral route of exposure, the primary target organ of vinyl chloride toxicity in animals is the 
liver. Chronic oral administration of 1.7-14.1 mg/kg-day of vinyl chloride induced dose-related increases 
in nonneoplastic lesions of the liver of rats (Feron et a1. 1981). In addition to the CNS, target organs for 
inhalation exposure include the liver, kidneys, lungs, spleen, and testes. Subchronic inhalation studies 
with rodents documented hepatic effects at concentrations as low as 50 ppm (Sokal et a1. 1980) and 
degenerative changes of the liver and kidneys at greater than or equal to 500 ppm (Torkelson et a1. 1961). 
Exposure to higher concentrations caused proliferative changes in the lungs of mice (Suzuki 1980), 
extensive liver and kidney damage in rats and guinea pigs, cerebral and cerebellar nephrosis in rats, and 
degeneration of the spleen in guinea pigs (Prodan et a1. 1975, Viola et al. 1971). Subchronic exposure of 
rats to 100 ppm vinyl chloride produced significantly decreased testes weights and testicular regeneration 
(Bi et a1. 1985). Evidence of developmental toxicity was seen in rats exposed to vinyl chloride during the 
first trimester of gestation (Ungvary et a1. 1978). 

Neither an oral RID nor an inhalation RiC have been derived for vinyl chloride (EPA 1998b). 

The carcinogenicity of vinyl chloride in humans has been demonstrated in a number of 
epidemiological studies and case reports, many of which associated occupational exposure to vinyl 
chloride to the development of angiosarcomas of the liver. In addition to liver cancer, exposure to vinyl 
chloride also has been linked to an increased risk oflung, brain, hematopoietic, and digestive tract cancers 
(EPA 1985f, Heldaas et al. 1984, !ARC 1979d, Byren et a1. 1976, Waxweiler et a1. 1976, Monson et a1. 
1974). Vinyl chloride has been shown to be carcinogenic in numerous animal studies. Inhalation exposure 
to vinyl chloride induced an increased incidence of liver angiosarcomas; kidney nephroblastomas; and 
lung, brain, and forestomach tumors in rodents (Mal toni et a1. 1980, 1981; Feron et a1. 1981; Hong et a1. 
1981; Suzuki 1978; Lee et a1. 1977, 1978a). Oral administration ofvinyI chloride induced liver, lung, and 
kidney tumors in rodents (Feron et a1. 1981, Maltoni 1977). Angiosarcomas observed in offspring of rats 
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exposed by inhalation during gestation indicates that vinyl chloride has the potential to initiate cancer in -- -' • 
utero (Radike et a1. 1988). 

EPA has classified vinyl chloride as a Group A chemical, human carcinogen (EPA 1985f). A slope 
factor of 1.9E+0 (mglkg-dayr' and a drinking water unit risk of 5.4E-5 (llg/L)-1 was calculated for oral 
exposure to vinyl chloride (EPA 1998b). For inhalation exposure, the slope factor and inhalation unit risk 

. are 3.0E-.1. (mglkg-daYr~ and 8.4E-5 (llg/m3rl, respectively. The oral slope factor and inhalation unit risk 
are currently under review and may be subject to change (EPA 1998b). 

An oral slope factor of 1.9E+0 (mglkg-dayrl was calculated for vinyl chloride. For inhalation 
exposure, the slope factor is 3.0E-l (mglkg-dayrl. A gastrointestinal absorption factor of 100 percent was 
used to derive an absorbed dose slope factor of 1.90E+O. No RIDs were available. 

1.4.2.92 Xylene (CAS 000075-01-4) (RAIS) 

Xylene (dimethylbenzene) is a colorless, flammable liquid that is used as a solvent in the printing, 
rubber, and leather industries and as a cleaner and paint thinner. It occurs naturally in petroleum and coal 
tar. Xylene is absorbed following oral, dermal, or inhalation exposure; can be stored in adipose tissue; and 
is eliminated in the urine after conjugation with glycine. 

Human exposure to xylene by either oral or inhalation routes can cause death due to respiratory 
failure accompanied by pUlmonary congestion (Sandmeyer 1981). Nonlethal levels of xylene vapor may 
cause eye (Carpenter et al. 1975), nose, and throat (ATSDR 1993f) irritation, and contact with liquid may 
result in dermatitis (Sittig 1985a). Chronic occupational exposure to xylene has been associated with 
headaches, chest pain, electrocardiographic abnormalities, dyspnea, cyanosis of hands, fever, leukopenia, • 
malaise, impaired lung function, and confusion (Hipolito 1980). 

Long-term gavage studies with mixed xylenes in laboratory animals resulted in decreased body 
weight gain in male rats given 500 mglkg-day and hyperactivity in male' and female mice given 
1000 mglkg-day (NTP 1986d). An oral RIDe of 2 mg/kg-day for mixed xylenes was calculated from a 
NOAEL of 250 mglkg-day derived from a chronic gavage study with rats (EPA 1998a). The critical 
effects were hyperactivity, decreased body weight, and increased mortality (males). An RID of2 mglkg-
day is also reported for the m- and o-xylene isomers (EPA 1998b). . 

Inhalation of 3000 mg/m3 of the o-,p-, or m-xylene isomer by rats on gestation days 7-14 resulted in 
decreased fetal weights, skeletal anomalies, and altered fetal enzyme activities (Hood and Ottley 1985). 
Rib anomalies and cleft palate occurred in mouse fetuses following maternal oral exposure of2.06 mglkg
day of mixed xylenes on gestation days 6-15 (Marks et a1. 1982). EPA (1998a) is reviewing an inhalation 
RfC. 

Oral (NTP 1986d) and topical (Berenblum 1941, Pound 1970) carcinogenic studies with xylene in 
laboratory animals gave negative results. EPA (1998a) has placed xylene in weight-of-evidence Group D, 
not classifiable as to human carcinogenicity. No significant increase in tumor incidence was observed in 
rats or mice of both sexes following oral administration of technical grade xylene. 

There are no carcinogenic slope factors used in the BHHRA for xylene because of a lack of 
carcinogenic toxicity information. 

An oral RID of 2.0E+0 mglkg-day is used in this risk assessment for xylene. The dermal route RID • 
used in the BHHRA is 1.84E+0 mglkg-day. The inhalation RfC is not available. 
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1.4.3 Radionuclides 

Radionuclides are unstable atoms of chemical elements that will emit charged particles or energy or 
both to achieve a more stable state. These charged particles are termed "alpha and beta radiation"; energy 
is termed ''neutral gamma rays." Interaction of these charged particles (and gamma rays) with matter will 
produce ionization events, or radiation, which may cause living cell tissue damage. Because the 
deposition of energy by ionizing radiation is a random process, sufficient energy may be deposited (in a 
criticar volume) within a cell and result in cell modification or death. In addition, ionizing radiation has 
sufficient energy that interactions with matter will produce an ejected electron and a positively charged 
ion (known as free radicals) that are highly reactive and may combine with other elements, or compounds 
within a cell, to produce toxins or otherwise disrupt the overall chemical balance of the cell. These free 
radicals can also react with DNA, causing genetic damage, cancer induction, or even cell death. 

Radionuclides are characterized by the type and energy level of the radiation emitted. Radiation 
emissions fall into two major categories: particulate (electrons, alpha particles, beta particles, and protons) 
or electromagnetic radiation (gamma and X rays). Therefore, EPA classifies all radionuclides as Group A 
carcinogens based on their property of emitting ionizing radiation and on the extensive weight-of
evidence provided by epidemiological studies of humans with cancers induced by high doses of radiation. 
Alpha particles are emitted at a characteristic energy level for differing radionuclides. The alpha particle 
has a charge of +2 and a comparably large size. Alpha particles have the ability to react (and/or ionize) 
with other molecules, but they have very little penetrating power and lack the ability to pass through a 
piece of paper or human skin. However, alpha-emitting radionuclides are o.f concern when there is a 
potential for inhalation or ingestion of the radionuclide. Alpha particles are directly ionizing and deposit 
their energy in dense concentrations [termed high linear energy transfer (high LET)], reSUlting in short 
paths of highly localized ionization reactions. The probability of cell damage increases as a result of the 
increase in ionization events occurring in smaller areas; this may also be the reason for increased cancer 
incidence caused by inhalation of radon gas. In addition, the cancer incidence in smokers may be directly 
attributed to the naturally occurring alpha emitter, polonium-21 0, in common tobacco products. 

Beta emissions generally refer to beta negative particle emissions. Radionuclides with an excess of 
neutrons achieve stability by beta decay. Beta radiation, like alpha radiation, is directly ionizing but, 
unlike alpha activity, beta particles deposit their energy along a longer track length (low-LET), resulting 
in more space between ionization events. Beta-emitting radionuclides can cause injury to the skin and 
superficial body tissue but are most destructive when inhaled or ingested. Many beta emitters are similar 
chemically to naturally occurring essential nutrients and will therefore tend to accumulate in certain 
specific tissues. For example, strontium-90 is chemically similar to calcium and, as a'result, accumulates 
in the bones, where it causes continuous exposure. The health effects of beta particle emissions depend 
upon the target organ. Those seeking the bones would cause a prolonged exposure to the bone marrow 
and affect blood cell formation, possibly resulting in leukemia, other blood disorders, or bone cancers. 
Those seeking the liver would result in liver diseases or cancer, while those seeking the thyroid would 
cause thyroid and metabolic disorders. In addition, beta radiation may lead to damage of genetic material 
(DNA), causing hereditary defects. 

Gamma emissions are the energy that has been released from transformations of the atomic nucleus. 
Gamma emitters and X rays behave similarly but differ in their origin: gamma emissions originate in 
nuclear transformations, and X rays result from changes in the orbiting electron structure. Radionuclides 
that emit gamma radiation can induce internal and external effects. Gamma rays have high penetrating 
ability in living tissue and are capable of reaching all internal body organs. Without such sufficient 
shielding as lead, concrete, or steel, gamma radiation can penetrate the body from the outside and does 
not require ingestion or inhalation to penetrate sensitive organs. Gamma rays are characterized as low
LET radiation, as is beta radiation; however, the behavior of beta radiation differs from that of gamma 

1-141 



radiation in that beta particles deposit most of their energy in the medium through which they pass, while -- -..• 
gamma rays often escape the medium because of higher energies, thereby creating difficulties in 
determining actual internal exposure. For this reason, direct whole-body measurements are necessary to 
detect gamma radiation, while urine/fecal analyses are usually effective in detecting beta radiation. 

People receive gamma radiation continuously from naturally occurring radioactive decay processes 
.going OIL in the earth~s surface, from radiation naturally occurring inside their bodies, from the 
atmosphere as fallout from nuclear testing or explosions, and from space or cosmic sources. Cesiurn-13 7 
(from nuclear fallout) decays to bariurn-137, the highest contributor to fallout-induced gamma radiation. 
Beta radiation from the soil is a less penetrating form of radiation but has many contributing sources. 
Potassium-40, cesium-137, lead-214, and bismuth-214 are among the most common environmental beta 
emitters. Tritium is also a beta emitter but contributes little to the soil beta radiation because of the low 
energy of its emission and its low concentration in the atmosphere. Alpha radiation is also emitted by the 
soil but is not measurable ntore than a few centimeters from the ground surface. The majority of alpha 
emissions are attributable to radon-222 and radon-220 and their decay products. This contributes to what 
is called background exposure to radiation. 

The general health effects of radiation can be divided into stochastic (related to dose) and 
nonstochastic (not related to dose) effects. The risk of development of cancer from exposure to radiation 
is a stochastic effect. Examples of nonstochastic effects include acute radiation syndrome and cataract 
formation, which occur only at high levels of exposures. 

Radiation can damage cells in different ways. It can cause damage to DNA within the cell, and the 
cell either may not be able to recover from this type of damage or may survive but function abnormally. If 
an abnormally functioning cell divides and reproduces, a tumor or mutation in the tissue may develop. • 
The rapidly dividing cells that line the intestines and stomach and the blood cells in bone marrow are 
extremely sensitive to this damage. Organ damage results from the damage caused to the individual cells. 
This type of damage has been reported with doses of 10-500 rads (0.1-5.0 gray, in SI units). Acute 
radiation sickness is seen only after doses of greater than 50 rads (0.5 gray), which is a dose rate usually 
achieved only in a nuclear accident. 

When the radiation-damaged cells are reproductive cells, genetic damage can occur in the offspring 
of the person exposed. The developing fetus is especially sensitive to radiation. The type of malformation 
that may occur is related to the stage of fetal development and the cells that are differentiating at the time 
of exposure. Radiation damage to children exposed in the womb is related to the dose the pregnant mother 
receives. Mental retardation is a possible effect of fetal radiation exposure. 

The most widely studied population that has had mown exposure to radiation is the atomic bomb 
survivors of Hiroshima and Nagasaki, Japan. Data indicate an increase in the rate ofleukernia and cancers 
in this popUlation. However, the rate at which cancer inciderice is significantly affected by low radiation 
exposures, such as results of exposure to natural background and industrially contaminated sites, is still 
undergoing study and is uncertain. In studies conducted to determine the rate of cancer and leukemia 
increase, as well as genetic defects, several radionuclides must be considered. 

1.4.3.1 Cesium-137 (CAS 010045-97-3) 

Cesium occurs in nature as cesium-133 in the aluminosilicates, pollucite (a hydrated silicate of 
aluminum and cesium) and lepidolite; in the borate, rhodizite; and in other sources (Budavari et a1. 1989, 
Klaassen et a1. 1986). Cesium-137 is one of the artificial isotopes of cesium and is one of the principle • 
radionuclides present in reactor effluent under nonna} operations. Cesium-137 may also be produced in 
nuclear and thermonuclear explosions, through which it would be a primary contributor to human 
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exposure through fallout radiation, assimilation through the food chain, or beta dose to the skin (Budavari -~
et a1. 1989, Klaassen et a1. 1986). In addition, Cesium-137, along with strontium-90, is one of the most 
important fission products that was widely distributed in near-surface soils because of historical weapons 
testing. Measurable concentrations still exist today, almost exclusively in the upper 15 cm of soil; these 
concentrations decrease roughly exponentially with depth. 

Cesium-137 ma~ also have important roles in medical treatments (a teletherapy source or intercavity 
or interstitial radiation source in treatment of malignancies) and as an encapsulated energy source 
(Budavari et a1. 1989, Casarett 1968). Cesium-137 decays to and reaches radioactive equilibrium with its 
daughter product, barium-137m (Budavari et a1. 1989, Casarett 1968). Barium-137m is a very short-lived 
gamma emitter that can contribute to external gamma exposure (Budavari et a1. 1989). 

Oral, inhalation, and external exposure cancer slope factors used in the BHHRA for cesium-137 are 
3.16E-ll risk/pCi, 1.91E-ll risk/pCi, and 2.09E-06 [(risk x g)/(PCi x yr)], respectively. For cesiurn-137, 
the cancer slope factor used in the BHHRA includes risks posed by short-lived decay products in addition 
to that posed by the parent radionuclide. Oral, dermal, and inhalation RIDs are not available for this 
element; therefore, systemic toxicity because of exposure to cesium is not quantified in the BHHRA. 

1.4.3.2 Neptunium-237 (CAS 013994-20-2) 

Specific literary information for neptuniurn-237 is limited. However, available literature states that 
during neutron bombardment, neptunium-237 breaks down to plutonium-238, which produces small 
masses of high capacity energy that is useful for satellites and spacecraft (Moskalev et a1. 1979). 

The most common route of neptunium-237 exposure is inhalation of aerosols. According to studies 
conducted on rats, acute effects include injury to the liver and kidney and circulation disorders. Long
term effects include osteosarcomas and lung cancer. Extremely high doses cause immediate or premature 
death by destruction of the lungs (Moskalev et a1. 1979). 

Oral, inhalation, and external exposure cancer slope factors used in the BHHRA for neptunium-237 
are 3.00E-1O risk/pCi, 3.45E-08 risk/pCi, and 4.62E-07 [(risk x g)/(PCi x yr)], respectively. A dermal 
cancer slope factor was not calculated because this route of exposure is not considered significant for 
radionuclides and is not evaluated in the BHHRA. Oral, dermal, and inhalation RIDs are not available for 
this element; therefore, systemic toxicity due to exposure to neptunium is not quantified in the BHHRA. 

1.4.3.3 Radon-222 (CAS 014859-67-7) 

Radon belongs to the noble gases and is the heaviest known gas. It is colorless and odorless at 
standard temperature and pressure. When cooled below the freezing point, radon exhibits a brilliant 
phosphorescence that becomes yellow as the temperature is lowered and orange-red at the temperature of 
liquid air. 

Radon is formed naturally in soil, groundwater, and air as a daughter product in the deoay chain of 
NORM uranium found in the earth's crust. Radon-222 has a half-life of 3.82 days and decays through 
alpha emission at 5.590 MeV to pollonium-219. Excessive radon buildup in basements of homes from the 
surrounding soils, rocks, and groundwater is an inhalation hazard, both from direct inhalation and from 
inhalation of absorbed radon and daughter products on dust particles. 

To derive the inhalation slope factor for radon-222 plus daughter products, EPA's Office of 
Radiation and Indoor Air (ORIA) uses a slightly different risk model and set of exposure assumptions, 
including an inhalation rate of 2.2E+04 L/day; 50 percent eqUilibrium for decay products; and a risk 
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coefficient of 2.36E-4 cases per working level month (WLM). A more detailed description of ORIA's -- - • 
radon risk assessment methodology is provided in the EPA CRAVE Summary Sheet, "Inhaled Radon-222 
and Its Short Half-Life Decay Products." 

The inhalation slope· factor derived for radon-222 plus daughter products used in this BHHRA is 
7.57E-12 [(risk x g)/(PCi x yr)]. Oral, dermal, and external exposure cancer slope factors were not 

. calculated because these routes of exposure are not considered significant. Oral, dermal, and inhalation 
RIDs are not available for this element; therefore, systemic toxicity is not quantified in the BHHRA. 

1.4.3.4 Technetium-99 (CAS 014133-76-7) 

Technetium is a radioactive element that occurs in a number of isotopic forms. Technetium is found 
in some extraterrestrial material (Le., stars); however, no appreciable amounts have been found in nature 
due to the relatively short half-lives of its radioactive isotopes (Kutegov et al. 1968). While no isotopes 
of technetium, technetium-97 and technetium-98 have half-lives of2.6E-6 and 1.5E-6 years, respectively. 
The third isotope, technetium-99, has a half-life of 2.12E-5 years. None, however, possesses a half-life 
sufficiently long to allow technetium to occur naturally (Boyd 1959). Technetium is made artificially for 
industrial use, and natural technetium, particularly technetium-99, has been identified and isolated from 
the spontaneous fission of uranium, as well as other fissionable material, or via the irradiation of 
molybdenum (Venugopal and Luckey 1978b, Clarke and Podbielski 1988). 

Technetium is an emitter of beta particles of low specific activity (Boyd 1959). It does not release 
nuclear energy at a rate sufficient to make the element attractive for the conventional application of 
radioactivity (Boyd 1959). Technetium-99 is the only long-lived isotope that is readily available and is 
the isotope on which most of the chemistry of technetium is based. Although gamma radiation has not • 
been associated with technetium-99, the secondary X rays may become important with larger amounts of 
the element. 

Oral, inhalation, and external exposure cancer slope factors used in this BHHRA for techrletium-99 
are 1.40E-12 risk/pCi, 2.89E-12 risk/pCi, and 6.19E-13 [(risk x g)/(PCi x yr)], respectively. A dermal 
cancer slope factor was not calculated because this route of exposure is not evaluated in this BHHRA. 
Oral, dermal, and inhalation RIDs are not available for this element; therefore, systemic toxicity due to 
exposure to technetium-99 is not quantified. 

1.4.3.5 Thorium-234 (CAS 15065-10-8) 

Thorium is a naturally occurring, radioactive metal. Small amounts of thorium are present in all 
rocks, soil, aboveground and underground water, plants, and animals. These small amounts of thorium 
contribute to the weak background radiation for such substances. Soil commonly contains an average of 
about 6 ppm of soil. Rocks in some underground mines may also contain thorium in a more concentrated 
form. After these rocks are mined, thorium is usually concentrated and changes into thorium dioxide or 
other chemical forms. Thorium-bearing rock that has had most of the thorium removed from it is called 
"depleted" ore or tailings (ATSDR 19900). 

Thorium is a metallic element of the actinide series. It exists in several isotopic forms. The isotope 
thorium-232 is a naturally occurring element that is radioactive. It decays through the emission of a series 
of alpha and beta particles, gamma radiation, and the formation of daughter products, finally yielding the 
stable isotope of lead, lead-208. Isotopes thorium-234 and thorium-230 are produced during the decay of 
naturally occurring uranium-238, the isotope thorium-228 during the decay of thorium-232, and the • 
isotopes thorium-231 and thorium-227 during the decay of uranium-235. Of these naturally produced 
isotopes of thorium, only thorium-232, thorium-230, and thorium-228 have long enough half-lives to be 
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environmentally significant. More than 99.99 percent of natural thorium is thorium-232; the rest is_"
thorium-230 and thorium-228 (ATSDR 19900). 

Thorium is used to make ceramics, lantern mantles, and metals used in the aerospace industry and in 
nuclear reactions. Thorium can also be used as a fuel for generating nuclear energy. More than 30 years 
ago, thorium oxides were used in hospitals to make certain kinds of diagnostic X-ray photographs 
(ATSDR 19900). 

Because thorium is found almost everywhere, most people in the United States eat some thorium 
with their food every day. Normally. little of the thorium in lakes, rivers, and oceans gets into fish or 
seafood used commercially. More thorium may be found near uncontrolled hazardous waste sites that 
contain thorium that might not have been disposed of properly. Consequently, people living near one of 
these sites may be exposed to slightly more thorium as a result of inhaling windblown dust containing 
thorium or eating food grown in soil contaminated with thorium. Larger-than-nonnal amounts of thorium 
might also enter the enVironment through accidental releases from thorium processing plants 
(ATSDR 19900). 

Breathing dust contaminated with thorium is the primary pathway for thorium exposure to the body. 
A large portion of this dustborne thorium will be eliminated by normal bodily functions (urine/feces); 
however, a small amount of thorium will be taken up by the blood and subsequently transmitted to the 
bones. Breathing thorium dust may cause an increased chance of developing lung disease and cancer of 
the lung or pancreas many years after being exposed. Changes in genetic m~terial have also been shown 
to occur in workers who breathed thorium dust. Liver diseases and effects on the blood have been found 
in people injected with thorium to take special X rays. Many types of cancer have been shown to occur in 
these people many years after thorium was injected in their bodies. Because thorium is radioactive and 
may be stored in bone for a long time, bone cancer is also a potential concern for people exposed to 
thorium. Animal studies have shown that breathing in thorium may result in lung damage. Other studies 
in animals suggest drinking massive amounts of thorium can cause death from metal poisoning. The 
presence of large amounts of thorium in the environment could result in exposure to more -hazardous 
radioactive decay products of thorium, such as radium and thoron, which is an isotope of radon. Thorium 
is not known to cause birth defects or to affect childbearing abilities (ATSDR 19900). 

Oral, inhalation, and external exposure cancer slope factors used in the BHHRA for thorium-228 and 
its short-lived daughter products are 2.31E-I0 risk/pCi, 9.68E-08 risk/pCi, and 6.20E-06 [(risk x g)/ 
(pCi x yr)], respectively. The slope factors for thorium-228 include ingrowth of daughters. Oral, 
inhalation, and external exposure cancer slope factors used in the BHHRA for thorium-230 are 
3.75E-l1 risk/pCi, 1.72E-08 risk/pCi, and 4.40E-ll [(risk x g)/(PCi x yr)], respectively. Oral, inhalation, 
and external exposure cancer slope factors used in the BHHRA for thorium-234 are 1.93E-ll risk/pCi, 
1.90E-l1 risk/pCi, and 3.50E-09 [(risk x g)/(PCi x yr)], respectively. A dermal cancer slope factor was 
not calculated because this route of exposure is not considered significant for radionuclides and is not 
evaluated in the BHHRA. Oral, dermal, and inhalation RIDs are not available for this element; therefore, 
systemic toxicity due to exposure to thorium is not quantified in the BHHRA. 

1.4.3.6 Uranium (CAS 013966-29-5 for uranium-234, CAS 15117-96-1 for uranium-235, and 
CAS 07440-61-1 for uranium-238) 

Uranium is a mildly radioactive element that occurs widely in the earth's crust. It is found in all 
soils, most rocks, and, in lesser concentrations, in water, vegetation, and animals, including humans. 
Uranium emits a low level of alpha particles and a much lower level of gamma rays. Alpha particles are 
unable to penetrate skin but can travel short distances in the body if ingested or inhaled. Consequently, 
uranium represents a significant carcinogenic hazard only when taken into the body, where alpha particle 
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energy is absorbed by small volumes of tissue. Although the penetrating (gamma) radiation of uranium is • 
not considered to be significant (ATSDR 19891), one of its daughter radionuclides is a strong gamma 
emitter. Therefore, gamma radiation may be a concern in areas containing uranium. 

Natural uranium contains'the uranium isotopes uranium-238 (which averages 99.27 percent of total 
uranium mass), uranium-235 (0.72 percent), and uranium-234 (0.0056 percent), each of which undergoes 

. radioactiy~ decay. Natur.al uranium, therefore, contains the radionuclide daughter products from the decay 
ofuranium-238 and uranium-235 (Bowen 1979, ATSDR 19891). 

Uranium is a radioactive element, but it is also a metallic element. Toxicological effects from the 
ingestion of uranium are the result of the action of uranium as a metal and its radioactive properties. The 
primary toxic chemical effect of uranium is seen in kidney damage. Studies in rabbits, mice, and dogs 
showed effects on the kidney to be dose-related. Fetal skeletalabnonnalities and fetal death were found in 
pregnant mice exposed to 6 mg/kg or uranyl acetate dihydrate. 

The primary human exposure studies to uranium have been studies of uranium miners or uranium 
factory workers. These studies have shown an increase in lung cancer deaths among these workers, which 
may be attributable to the decay of uranium into radon and its daughters: These workers are exposed to 
high levels of uranium dust and fumes and other radioactive elements in confined conditions (ATSDR 
19891). 

Oral, inhalation, and external exposure cancer slope factors used in the BHHRA for uranium-234 are 
4.44E-II risk/pCi, 1.40E-08 risk/pCi, and 2.14E-II [(risk x g)/(PCi x yr)], respectively. Oral, inhalation, 
and external exposure cancer slope factors used in the BHHRA for uranium-235 are 4.70E-II risk/pCi, 
1.30E-08 risk/pCi, and 2.6SE-07 [(risk x g)/(PCi x yr)], respectively. The slope factors for uranium-235 • 
include ingrowth of daughters. Oral, inhalation, and external exposure cancer slope factors used in the 
BHHRA for uranium-238 are 6.20E-II risk/pCi, 1.24E-08 risk/pCi, and 6.S7E-08 [(risk x g)/(pCi x yr)], 
respectively. The slope factors for uranium-238 include ingrowth of daughters. A dermal cancer slope 
factor was not calculated because this route of exposure is not considered significant for radionuclides 
and is not evaluated in the BHHRA. Oral, dermal, and inhalation RIDs are not available for this element; 
therefore, systemic toxicity due to exposure to neptunium is not quantified in the BHHRA. 

1.4.4 Chemicals for Which No EPA Toxicity Values Are Available 

Oral RID values exist for all of the inorganic COPCs included in the WAG 28 BHHRA 
except ammonia, silica, sulfate, tetraxo-sulfate, and thallium. Provisional values were found for copper 
and lead. Oral RIDs exist for all of the organic COPCs included in the WAG 28 BHHRA except 
1,2-dichloroethane, 1,3-dichlorobenze, 1,4-dichlorobenzene, 2,4,6-trichlorophenol, 2-hexanone, 
2-methyl-4,6-dinitrophenol, 2-methylnaphthalene, 2-nitroaniline, 2-nitrophenol, 3,3-dichlorobenzidine, 
3-nitroaniline, 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, 4-bromophenyl-phenylether, 4-chloro-3-methylphenol, 
4-chlorophenyl-phenyl ether, 4-nitroaniline, acenaphthylene, alpha chlordane, benz(a)anthracene, 
benzene, benzo(a)pyrene, benzo(b)f1uoroanthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, beta 
BHC, bis(2-chloroethoxy)methane, bis(2-chloroethyl)ether, bromodichloromethane, chrysene, 
cis-l,3-dichloropropene, delta BHC, dibenzo(a,h)anthracene, dieldrin, endosulfan I & n, endosulfan 
sulfate, endrin ketone, gamma-chlordane, indeno(I,2,3-cd)pyrene, n-nitroso-di-n-propylamine, 
n-nitrosodiphenylamine, phenanthrene, PCBs 1221, 1232, 1242, 1248, and 1260, toxaphene, trans-
1,3-dichloropropene, and vinyl chloride. 

All the inorganic COPCs, except ammonia, barium, beryllium, cadmium, managanese, and mercury, 
lack inhalation RID values. Cadmium has a value for cadmium (diet) based on both diet and water • 
exposures. Lead has a provisional inhalation RID value. Of the organics, the following do not have 
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inhalation RID values: acenaphthylene, PBCs 1221, 1232, 1242, 1248, and 1260, benz(a)anthracene, ~.,.
benz(a)pyrene, benzo(b )fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene 
bis(2-chloroethyoxy)methane, bis(2-chloroethyl)ether, 4-bromophenyl phenyl, bromodichloromethane 
4-chloro-3-methylphenol, 4-chlorophenyl phenyl ether, chrysene, 4,4' -DDD, 4,4' -DDE, 
dibenz(a,h)anthracene, . 3,3-dichlorobenzidine, 4,6-dinitrophenol, alpha hexachlorocyclohexane, beta 
hexachlorocyclohexane, delta hexachlorocyclohexane, 2-hexanone, indeno( 1 ,2,3-cd)pyrene, 
3-nitroaniline, 4-nitroaniline, 2-nitrophenol, n-nitroso-di-n-propylamine, n-nitrosodiphenylamine, 
phenailthrene, toxaphene, 2,4,6-trichlorophenol, and vinyl chloride. EPA is currently developing 
inhalation RID values for several of these compounds and recommends that, until these values have been 
verified, the noncarcinogenic effects of inhalation of substances without EPA-derived RiC values be 
evaluated qualitatively. 

Absorbed dose RID values exist for all of the inorganic COPCs included in the WAG 28 BHHRA 
except ammonia, copper, silica, sulfate, tetraxo-sulfate, and thallium. The value for lead is a provisional 
value. Absorbed dose RIDs exist for all of the organic COPCs included in the WAG 28 BHHRA except 
1,2-dichloroethane, 1,3-dichlorobenze, 1,4-dichlorobenzene, 2,4,6-trichlorophenol, 2-hexanone, 
2-methyl-4,6-dinitrophenol, 2-methylnaphthalene, 2-nitroaniline, 2-nitrophenol, 3,3-dichlorobenzidine, 
3-nitroaniline, 4,4' -DDD, 4,4' -DDE, 4,4' -DDT, 4-bromophenyl-phenylether, 4-chloro-3-methylphenol, 
4-chlorophenyl-phenyl ether, 4-nitroaniline, acenaphthylene, alpha chlordane, benz(a)anthracene, 
benzene, benzo(a)pyrene, benzo(b)fluoroanthene,. benzo(g,h,l)perylene, benzo(k)fluoranthene, beta 
BHC, bis(2-chloroethoxy)methane, bis(2-chloroethyl)ether, bromodichloromethane, chrysene, 
cis-l,3-dichloropropene, delta BHC, dibenzo(a,h)anthracene, dieldrin, endosulfan I & n, endosulfan 
sulfate, endrin ketone, gamma-chlordane, indeno(1,2,3-cd)pyrene, n-nitroso-di-n-propylamine, 
n-nitrosodiphenylamine, phenanthrene, PCBs 1221, 1232, 1242, 1248, and 1260, toxaphene, 
trans-I,3-dichloropropene, and vinyl chloride. 

Oral slope factors for inorganic compounds are only available for arsenic and beryllium. Oral slope 
factors do not currently exist for 41 of the 93 inorganic COPCs included in this assessment. The organic 
compounds without oral slope factors are acenapthene, acenaphthylene, acetone, anthracene, 
beno(g,h,i)perylene, bis(2-chloroethoxy)methane, 4-bromophenyl phenyl ether, di-n-butylphthalate, butyl 
benzyl phthlate, 4-chlorophenyl phenyl ether, beta-chloronapthalene, dibensofuran, 1,2-dichlorobenzene, 
1,3-dichlorobenzene, I, I-dichloroethane, cis- and trans-I ,2-dichloroethylene, 2-methyl-4,6-dinitrophenol, 

. endosulfan, endrin, ethylbenzene, fluoranthene, fluorene, delta hexachlorocyclohexane, 
hexachlorcyclopentadiene, 2-hexanone, methoxychlor, 2-methylnaphthalene, naphthalene, 2-nitroaniline, 
3-nitroaniline, 4-nitroaniline, 2-nitrophenol, di-n-octyl phthalate, phenanthrene, pyrene, 
1,2,4-trichlorobenzene, 2,4,5-trichlorophenol, and xylene. 

EPA-approved inhalation slope factors are available for only a few of the COPCs. Inorganic COPCs 
with inhalation slope factors are arsenic, beryllium, cadmium, and chromium. Organic COPCs with 
approved inhalation slope factors are 1,1 ,2-trichloroethane, 1, I-dichloroethene, 1,2-dichloroethane, 
1,3-dichloropropene, 2,4,6-trichlorophenol, 4,4 'DDT, aldrin, benz(a)antbracene, benzene, 
benzo{a)pyrene, benzo(b)fluoroanthene, benzo(k)fluoranthene, bis(2-chloroethyl)ether, carbon 
tetrachloride, alpha and gamma chlorodane, chloroform, chrysene, dibenzo(a,h)anthracene, dieldrin, 
heptachlor, heptachlor epoxide, hexachlorobenzene, hexachlorobutadiene, alpha and beta 
hexachlorocyclohexane, hexachloroethane, indeno(1,2,3-cd)pyrene, methylene chloride, PCBs, 1016, 
1221, 1232, 1242, 1248, 1254, and 1260, tetrachloroethene, toxaphene, 1,1,2-trichloroethane, 
trichloroethene, 2,4,.6-trichlorophenol, and vinyl chloride. 

Fifty-four COPCs have absorbed dose slope factors. Two of these are the inorganics arsenic and 
beryllium. Fifty-two are organic compounds (these are identical to those analytes having oral slope 
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factors). All radionuclide COPCs except radon-222 have oral, inhalation, and external exposure slope -- _ .• 
factors. Radon-222 has an inhalation slope factor. 

1.4.5 Uncertainties Rela~ed t~ Toxicity Information 

Standard EPA RIDs and slope factors were used to estimate potential noncarcinogenic and 
. carcinogenic health effects from exposure to chemical contaminants detected at WAG 28. Considerable 
uncertainty is associated with the methodology applied to derive slope factors and RIDs. EPA working 
groups review all relevant human and animal studies for each compound and select the studies pertinent 
to the derivation of the specific RID and slope factor. These studies often involve data from experimental 
studies in animals, high exposure levels, and exposures under acute or occupational conditions. 
Extrapolation of these data to humans under low-dose, chronic conditions introduces uncertainties. The 
magnitude of these uncertainties is addressed by applying uncertainty factors to the dose response data for 
each applicable uncertainty .. These factors are incorporated to provide a margin of safety for use in human 
health assessments. 

The dose-response relationship between cancer and ionizing radiation has been evaluated in many 
reports. Derivation of risk factors is extrapolated from the cancer risk established using the Japanese 
Atomic Bomb Survivors database and a relative risk projection model. EPA methodology for estimating 
radionuclide carcinogenic risks is currently being reevaluated. 

1.4.6 Summary of Toxicity Assessment 

A breakdown of the COPCs and their available toxicity information by site is provided in the 
following sections. 

1.4.6.1 SWMU 99a COPC toxicity summary 

SWMU 99a surface soil contains 29 COPCs (4 inorganics, 19 organics, and 6 radionuclides).- All of 
the radionuclides and the inorganics have some toxicity information. Three of the 19 organics do not 
have toxicity information. Subsurface soil contains 101 COPCs (11 inorganics, 84 organics, and 

. 6 radionuclides). All the radionuclides have toxicity information. Ten of the 11 inorganics have toxicity 
information, and 81 of the 101 organics do." RGA groundwater contains 24 COPCs (18 inorganics, 
4 organics, and 2 radionuclides). There is toxicity information for all the radionuclides, 14 of the 
18 inorganics and for all of the organics. McNairy groundwater contains four COPCs (four organics) and 
four out of the four have toxicity information. 

1.4.6.2 SWMU 99b COPC toxicity summary 

SWMU 99b subsurface soil contains five COPCs (four inorganics and one organic), all of which 
have toxicity information. RGA groundwater contains 10 COPCs (8 inorganics, 1 organic, and 
1 radionuclide). The radionuclide and the organic both have toxicity information as do five of the eight 
inorganics. Surface soil and McNairy groundwater were not assessed. 

1.4.6.3 SWMU 193a COPC toxicity summary 

SWMU 193a surface soil contains 14 COPCs (1 inorganic and 13 organics). Of these, the inorganic 
has toxicity information available as do 12 of the 13 organics. The subsurface soil contains 16 COPCs 

• 

(three organics and 13 inorganics). All three inorganics have toxicity information, and 12 of the • 
13 organics have toxicity information. RGA groundwater contains 12 COPCs (6 inorganics, 5 organics, 
and 1 radionuclide). Four of the six inorganics and five of the five organics have toxicity information. 
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There is also toxicity information for the radionuclide. McNairy groundwater contains six COPCs (one -,
inorganic, three organics, and two radionuclides), and all of these have toxicity infonnation . 

1.4.6.4 SWMU 193b COPC toxicity summary 

SWMU 193b surface soil contains three COPCs (three inorganics), all three of which have toxicity 
infonnation. The s~bsurface soil also contains three COPCs (three inorganics), which have toxicity 
information. RGA groundwater contains eight COPCs (seven organics and ,?ne radionuclide). The 
radionuclide in this media and all of the seven organics have toxicity information. McNairy groundwater 
contains two COPCs (two organics), both of which have toxicity information. 

1.4.6.5 SWMU 193c COPC toxicity summary 

SWMU 193c -surface soil contains three COPCs (three inorganics), and there is toxicity information 
on all three. The subsurface soil contains 11 COPCs (10 inorganics and one organic), with toxicity 
information on all 11. RGA groundwater contains two COPCs (two organics), both of which have 
toxicity information. McNairy groundwater contains 37 COPCs (21 inorganics, 15 organics, and one 
radionuc1ide). Eighteen of the 21 inorganice have toxicity information, while 14 of the organics do. 
There is toxicity information on the radionuclide also. 

1.4.6.6 SWMU 194 COPC toxicity summary 

SWMU 194 subsurface soil contains seven COPCs (six inorganics and one organic), and all seven 
have toxicity information. Surface soil and groundwater were not assessed. 

1.4.6.7 AOC 204 COPC toxicity summary 

AOC 204 subsurface soil contains six COPCs (six organics), and all six have toxicity information. 
RGA groundwater contains nine COPCs (nine organics), and they all have toxicity information.'; 
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1.5 RISK CHARACTERIZATION 

Risk characterization is the final step in the risk assessment process. In this step, the information 
from the exposure and toxicity assessments is integrated to quantitatively estimate both carcinogenic 
health risks and noncarcinogenic hazard potential. For this assessment, risk is defined as the lifetime 
probability of excess cancer incidence for carcinogens and the estimate of exposure levels that may lead 
to tox~~ effects for no?carcinogens. 

1.5.1 Determination of Potential for Noncaneer Effects 

In this risk assessment, the numeric estimate of the potential for noncancer effects posed by a single 
chemical within one pathway of exposure is derived as the ratio ofthe CDI of a chemical from a single 
pathway to the appropriate RID. This ratio is also referred to as a hazard quotient (HQ). This value is 
calculated as shown in the following equation: 

where: 

HQ = CDI 
RID 

HQ = the hazard quotient, dimensionless 
CDI = the CDI of a particular chemical, mglkg-day 
RID = the chronic RID for a particular chemical and pathway, mg/kg-day 
(Note: Use ofRfCs is similar for the inhalation pathway.) 

Care was taken when performing this calculation to ensure that the proper RID was used for each 
COl. For CDIs that reflect ingestion, the RID used was that for administered dose. For CDIs that reflect 
absorption, as in dermal contact, the RID used was that for absorbed dose. Finally, for CDIs that reflect 
inhalation exposure, the RID used was that for inhalation. Similarly, the RID appropriate for the duration 
of exposure was used. For all adult exposures, the period of exposure was greater than sev'en years; 
therefore, the chronic RID was used. For all exposures to children, regardless of duration, the chronic RID 
was used (RAGS, Methods Document). Generally, only chronic RIDs were used for adults because this 
assessment only considered lifetime exposures. 

If several chemicals may reach a receptor through a common pathway, guidance (RAGS, Methods 
Document) recommends adding the HQs of all chemicals reaching the receptor through the common 
pathway to calculate a pathway HI. This is represented by the following equation: 

where: 
Pathway HI = the sum of the individual chemical HQs, dimensionless 
HQI to HQn = the individual chemical HQs relevant to the pathway, dimensionless 

Similarly, guidance (RAGS, Methods Document) recommends summing the pathway His for all 
pathways relevant to an individual receptor to develop a total HI. The total HI is not an estimate of the 
systemic toxicity posed by all contaminants that may reach the receptor, but it can be used to estimate 
whether a toxic effect may result if all contaminants reaching the receptor have additive effects over all 
pathways. This is represented in the following equation: 
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where: 
Total HI = the sum of all pathways relevant to a single receptor, dimensionless 
ill l to Hln = the individual pathway ills 

The HQ, the pathway HI; and the total HI do not defme a dose-response relationship. That is, the 
magnitude of the HQ or HI does not represent a statistical probability of incurring an adverse effect. If the 
HQ is less than 1, the estimated exposure to a substance may be judged to be below a level that could 
-present a-toxic effect. I{the HQ is greater than 1, a toxic effect mayor may not result depending on the 
assumptions used to develop the CDI and assumptions used in deriving the RID. Similarly, if the pathway 
HI is less than 1, the estimated exposure to mUltiple chemicals contributing to the pathway ill should not 
be expected to present a toxic effect. If the pathway HI is greater than 1, exposure mayor may not result 
in a toxic effect depending on what assumptions were used to develop the pathway and how the chemicals 
included in the pathway interact. Finally, if the total ill is less than 1, the estimated exposure to mUltiple 
chemicals over multiple pathways should not be expected to result in a toxic effect. If the total HI is 
greater than 1, a toxic effect may or may not result depending on the rigor used to develop the conceptual 
site model for all pathways and the interaction between pathways and individual chemicals. 

After summing within and across pathways, the risk was further evaluated if the sum was greater 
than 1. In this evaluation, chemicals with similar effects were segregated to determine whether the HQs of 
these chemicals also summed to a value greater than 1. This evaluation was performed because if the sum 
of the HQs of chemicals with common effects is greater than 1, there is greater confidence in stating that 
exposure to several chemicals within a pathway or across several pathways may lead to a toxic effect. 
This and other uncertainties related to this method of determining the potential for systemic toxicity are 
discussed in more detail in Sect. 1.6. 

1.5.2 Determination of ELCR 

Estimates of the potential for cancer induction are measured by calculating estimates of ELCR. 
Generally, ELCR is defined as the incremental increase in the probability that a receptor may develop 
cancer if the receptor is exposed to chemicals or radionuclides or both. ELCRs developed using the 
following procedures are specific for the conceptual site model used to defme the routes and magnitude of 
exposure. The magnitude of the ELCRs may vary markedly if the exposure assumptions used to develop 
the conceptual site model are varied. 

1.5.2.1 Chemical excess lifetime cancer risk 

The numeric estimate of the ELCR resulting from exposure to a single chemical carcinogen is 
derived by multiplying the CDI for a particular pathway by the slope factor appropriate to that pathway. 
The resulting value is referred to as a chemical-specific ELCR. This value is calculated as shown in the 
following equation: 

where: 

Chemical- specific ELCR == CDI x SF 

Chemical-specific ELCR = an estimate of the excess lifetime probability of developing cancer, 
dimensionless 
CDI = the CDI of the chemical mglkg-day 
SF = the slope factor for the specific chemical (mg!kg-dayr l 

(Note: Use of unit risk toxicity values is similar for the inhalation pathway.) 

• 

• 

As with the calculation used to derive HQs, care was taken when performing this calculation to • 
ensure that the proper slope factor was used for each CD!. For CDIs that reflect ingestion, the slope factor 
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was that for an administered dose. For CDIs that reflect absorption, the slope factor was that for absorbed _"
dose. Finally, for CDls that reflect inhalation exposure, the slope factor was that for inhalation . 

If several chemicals may reach a receptor through a common pathway, guidance (RAGS, Methods 
Document) recommends adding the chemical-specific ELCRs of all chemicals reaching the receptor 
through the common pathway to calculate a pathway ELCR. This is represented by the following 
equation: 

Pathway ELCR = ELCR I + ELCR z + ELCR 3 + '" + ELCR n 

where: 
Pathway ELCR = the sum of the chemical-specific ELCRs, dimensionless 
ELCR1 to EL<;Rn = the chemical-specific ELCRs relevant to the pathway, dimensionless 

Similarly, guidance (RAGS, Methods Document) recommends combining the pathway ELCRs for 
all pathways relevant to an individual receptor to develop a total ELCR. The total ELCR is not an 
actuarial estimate of an individual developing cancer, but it can be used to estimate the total ELCR that 
may result if all contaminants reaching the receptor have additive effects over all pathways. This is 
represented in the following equation: 

where: 

Total ELCR = ELCR PI + ELCR pz + ELCR P3 + •• , + ELCR Pn 

Total ELCR = the sum of all pathways relevant to a single receptor, dimensionless 
ELCRpl to ELCR,2 = the individual pathway ELCRs 

The chemical-specific ELCR, the pathway ELCR, and total ELCR define a dose-response 
relationship, unlike the HQ, the pathway HI, and the total HI. That is, the ELCRs represent a .statistical 
probability of the increased risk that cancer will develop in receptors exposed und6r the assumptions used 
in the calculation of the COl; however, like pathway HI and total HI, additional evaluation of the risk 
characterization should be performed if the total ELCR exceeds lE-4. If the total ELCR exceeds lE-4, 
chemicals contributing to the ELCR should be segregated by common effect. This analysis is performed 
to decrease the uncertainty in the risk presentation and increase the confidence of any subsequent risk 
management decision. This and other uncertainties related to this method of calculating ELCR are 
discussed in more detail in Sect. 1.6. 

1.5.2.2 Radionuclide excess lifetime cancer risk 

Calculation of cancer risk due to radionuclide exposure through ingestion or inhalation is 
conceptually similar to calculation of risks for chemical carcinogens. In performing this calculation, 
ELCR is calculated by multiplying the intake of the radionuclide by the route-specific cancer slope factor. 
This is represented by the following equation: 

where: 

Radionuclide - specific ELCR = CDI x SF 

Radionuclide-specific ELCR = an estimate of the excess lifetime probability of developing 
cancer, dimensionless 
CDI = the ingestion and inhalation CDI of the radionuclide, pCi 
SF = the ingestion and inhalation slope factor for the specific radionuclide, risk/pCi 
(Note: For external exposure, the units for COl and SF are pCi-year/g and risk-g/pCi-year, 
respectively.) 
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As with the calculation used to derive chemical-specific ELCRs, care was taken when performing ---. 
this calculation to ensure that the proper slope factor was used for each CD!. For CDIs that reflect • 
ingestion, the slope factor was that for ingestion. Similarly, for CDIs that reflect inhalation exposure, the 
slope factor was that for inhalation. 

Both the pathway ELCR for radionuclides and the total ELCR from exposure to mUltiple 
.radionucli.des within a pathway and across mUltiple pathways, respectively, are calculated as illustrated 
for chemical carcinogens in Sect. 1.5.2. These equations will not be presented in this risk assessment. The 
uncertainties related to this method of determining ELCR from exposure to radionuclides are discussed in 
detail in Sect. 1.6. 

In this risk assessment, ELCRs due to exposure to chemicals and radionuclides were summed within 
pathways and across all pathways to indicate the potential health risk to a receptor that may be exposed to 
radionuclides and chemicals over all pathways. The uncertainties associated with combining radionuclide 
and chemical ELCRs are discussed in detail in Sect. 1.6. 

1.5.3 Risk Characterization for Current Land Use Scenarios at Current Concentrations 

This section presents the risk associated with current land use (i.e., industrial) at WAG 28 sites. 
Exhibits and discussion in this section provide the total HI or ELCR for each site and list the major 
exposure routes and constituents contributing to the total HI or ELCR. Land use scenarios of concern, 
pathways of concern, and chemicals of concern (COCs) are discussed in Sects. 1.5.7.1, 1.5.7.2, and 
1.5.7.3, respectively. 

The information summarized in the exhibits and discussion in this section are presented in full in • 
Tables l.62 and l.63. Table l.62 presents the systemic toxicity for each site for the current industrial 
worker. Table 1.63 presents the ELCR for each site for the current industrial worker. In each table, the 
risk for each contaminant within each pathway, the risk for each contaminant across all pathways, the risk 
from each pathway, and the total risk across all pathways are presented. The program used to calculate the 
risk values is SAS® Program 10 described in Appendix C of this volume. 

1.5.3.1 Systemic toxicity 

Exhibit 1.17 summarizes the fis for exposure routes from soil for the current industrial worker for 
each site with and without lead included as a COPC. The total scenario HI (i.e., "Site total" in 
Exhibit 1.17) is less than 1 for SWMUs 99a (0.526) and 193a (0.432), between 1 and 10 for SWMU 193b 
(5.25), and greater than 1000 for SWMU 193c (3620). The scenario total HIs for some sites at WAG 28 
are large because of the presence of lead at concentrations greater than background. If, when present, 
hazards from lead are excluded from consideration, the total location fi becomes less than 1 for 
SMWU 193c (0.194). For each location, with or without lead, the driving exposure route is dermal 
contact with soil. For each location, the inhalation exposure route contributes insignificantly to the 
location total HI. 

Exhibit I.181ists the contaminants contributing more than 1 percent of the total systemic toxicity for 
the current industrial worker exposed to soil at each site where the total systemic toxicity exceeds 1 
without lead included as a COPC. Including lead as a COPC in this table would mask the contribution 
from the other COPCs. Lead contributes more than 99 percent of the systemic toxicity for SWMU 193c 
when included. HIs at SWMUs 99a, 193a, and 193c are less than l. For SWMU 193b, beryllium, 
chromium, and vanadium are the primary contaminants. 
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Exhibit 1.17. Exposure route summary for the current use scenario-systemic toxicityB 

Ex~osure routes for soil 
Scenario and site Incidental Dermal Inhalation of Site 

ingestion contact vapors/particles totalb 

Current industrial worker 
SWMU 99a (soil) < 0.1 « 0.1) 0.517 (0.517) <0.1 «0.1) 0.526 (0.526) 
% of total 1% (1%) 98% (98%) <1%«1%) 
SWMU 193a (soil) < 0.1 « 0.1) 0.43 (0.43) < 0.1 « 0.1) 0.432 (0.432) 
% of total <1%«1%) >99%(>99%) <1%«1%) 
SWMU 193b (soil) <0.1 «0.1%) 5.23 (5.23) < 0.1% « 0.1%) 5.25 (5.25) 
% of total <1%«1%) >99%(>99%) < 1%« 1%) 
SWMU 193c (soil) 122 « 0.1) 3500 (0.193) < 0.1 « 0.1) 3620 (0.194) 
% of total 3% « 1%) >99%(>99%) <1%«1%) 

• The value for the individual exposure routes and the site total, In parenthesis, is without lead as a COPC. 
b Current convention is to use one significant digit for presentation of hazard indices. Three significant digits are used here 

when the HI is greater than 0.1 to enable the reader to match the numbers reported in the exhibit with those in its associated 
risk characterization table. Additionally, use of three significant digits, when the exposure route value is greater than 0.1, 
allows the reader to sum the route values and check the location total. The scenario totals without lead are presented in 
Tables 1.75-1.81. 

Exhibit 1.1B. Driving contaminants summary for current use scenario-:-systemic toxicity 
without lead included as a COPC· 

Scenario and site Driving contaminants over all exposure routes Site total 
Current industrial worker 
SWMU 99a (soil) HI< 1 0.526 
SWMU 193a (soil) ID<l 0.432 
SWMU 193b (soil) Beryllium (3%), chromium (60%), vanadium (37%) 5,;25 

SWMU 193c (soil) ID<l 0.194 

Notes: HI < I indicates that total scenario hazard index is less than I; therefore, analytes are not listed. 
Lead contributes more than 99% of the systemic toxicity for each site when included. 

1.5.3.2 Excess lifetime cancer risk 

Exhibit 1.19 summarizes the excess cancer risks for exposure routes for the current industrial worker 
exposed to soil at each site. The total ELCR for SWMU 193c is less than lE-6. The total ELCRs for 
SwMus 99a (3.1E-4), 193a (1.5E-5), and 193b (5.1E-4) are greater than lE-6. For SWMUs 99a, 1938, 
and 193b, the exposure route contributing most to ELCR is dermal contact with soil. 

Exhibit 1.20 lists the contaminants contributing more than 1 percent of the total ELCR for the 
current industrial worker exposed to soil at each site. The driving contaminants at SWMU 99a are 
beryllium, PAHs, and radionuclides, PAHs at SWMU 193a, and beryllium at SWMU 193b. 

1.5.4 Risk Characterization for Potential Future Land Use Scenarios at Current ·Concentrations 

This section presents hazards and risks for future land uses (i.e., industrial, rural, recreational, 
residential, and excavation) for WAG 28 sites. The exhibits at the end of this section provide the total HI 
or ELCR for each site and list the exposure routes and COPCs contributing most to total HI or ELCR. 
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Exhibit 1.19. Exposure route summary for the current use scenario----excess lifetime cancer risk 

EXEosure routes for soil 
Scenario and site Incidental Dermal Inhalation oC External 

. ingestion contact vapors/particles exposure 

Current industrial worker 

SWMU 99a (soil) 4.BE-6 2.SE-4 S.BE-B S.3E-S 
% oriotal 2% 81% <1% 17% 

SWMU 193a (soil) S.4E-7 l.SE-S 1.4E-9 NY 
% oCtotal 4% 97% <1% NY 
SWMU 193b (soil) 1.2E-6 S.IE-4 2.7E-9 NY 
% of total <.}% 100% <1% NY 
SWMU 193c (soil) NY NV 1.7E-I0 NY 
% of total NY NV 100% NY 

Note: NV indicates that a value is not available. 

Exhibit 1.20. Driving contaminants summary for current use scenario--excess 
lifetime cancer risk 

Site 
total 

3.1E-4 

I.SE-S 

S.IE-4 

1.7E-10 

Scenario and site Driving contaminants over all exposure routes Location total 
Current industrial worker 

SWMU 99a (soil) Beryllium (70%), PAHs (12%), cesium-137 (3%), 3.IE-4 
neptunium-237 (9%), uranium-238 (S%) 

SWMU 193a (soil) PAHs (99.9%) I.SE-S 
SWMU 193b (soil) Beryllium (100%) S.IE-04 
SWMU 193c (soil) ELCR< lE-6 1.7E-I0 

Note: ECLR < 1 E-6 indicates that total scenario ELCR is less than I E-6; therefore, analytes are not listed. 

Complete presentations of the information summarized in this section are given in Tables 1.64-1.74. 
Table 1.64 presents the systemic toxicity for the future industrial worker at current concentrations. Tables 
1.65 ana 1.66 present the risk summaries for systemic toxicity for the future adult and child rural residen~s 
at current concentrations, respectively. Tables 1.67, 1.68, and 1.69 present the risk summaries for 
systemic toxicity for the adult, teen, and child recreational users at cUtTent concentrations, respectively. 
Table 1.70 presents the risk summaries for systemic toxicity for the future excavation worker at current 
concentrations. Table 1.71 presents the ELCR for the future industrial worker at current concentrations. 
Table 1.72 presents the risk summaries for ELCR for the future rural resident at current concentrations. 
Table 1.73 presents the risk summaries for ELCR for the recreational user at current concentrations. 
Finally, Table 1.74 presents the risk summaries for ELCR for the future excavation worker at current 
concentrations. In each table, the risk for each contaminant within each pathway, the risk for each 
contaminant across all pathways, the risk from each pathway, and the total risk across all pathways are 
presented. The program used to calculate the risk values in these tables is SAS® Program 10 described in 
Appendix C of this volume. 
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1.5.4.1 Systemic toxicity 

Future Industrial Worker at Current Concentrations. Exhibit 1.21 summarizes the HIs for 
exposure routes for the future industrial worker for each site with and without lead included as a COPC. 
For sites where lead was not detected, the total HI for exposure to McNairy groundwater at SWMU 193b 
is less than I, whereas the HIs for the six sites are less than 10 [SWMUs 99a McNairy (1.64), 99b RGA 
(7.00), 193a RGA (1.64), 193a McNairy (4.69), 193b RGA (1.74), and 193c RGA (1.46)]. The HI for 
AOt 104 is greater -than 10 (33.30). For sites at which lead was detected, total HIs for groundwater 
exceed 1000 for SWMUs 99a RGA (8150) and 193c McNairy (25,100) with lead included as a COPC; 
however, excluding lead at these sites reduces the HIs to less than 10 for both sites [99a RGA (5.11) and 
193c McNairy (9.92)]. The driving exposure route for both water sources for all sites except AOC 204 is 
ingestion of groundwater. The driving exposure route at AOC 204 is dennal contact with groundwater. 

The results for exposure to soil presented in this exhibit are the same as those for the current 
industrial worker (Exhibit 1.17). The total scenario HI is less than 1 for SWMUs 99a (0.526) and 193a 
(0.432), between 1 and 10 for SWMU 193b (5.25), and greater than 1000 for SWMU 193c (3620); 
however, as before, the scenario total HIs for some sites at WAG 28 are large because of the presence of 
lead at concentrations greater than background. Thus, if hazard from lead is not considered, the total 
location HI is less than 1 for SMWU 193c (0.194). For each location, the driving exposure route is dennal 
contact with soil. Also, for each location, the inhalation exposure route contributes insignificantly to the 
location total HI. 

Exhibit 1.22 lists the contaminants contributing more than 1 percent of the total systemic toxicity for 
the future industrial worker for each site where the total systemic toxicity exceeds 1, excluding lead as a 
COPC. Including lead as a COPC in this exhibit would mask the contribution from the other COPCs. 
Lead contributes more than 99 percent of the systemic toxicity for SWMUs 99a RGA and 193c McNairy, 
when included as a COPC. Various metals and trichloroethene (or its degradation products) are the 
driving contaminants in groundwater. 

The results for exposure to soil presented in this exhibit are the same as those for the current 
industrial worker (see Exhibit 1.18.). Exhibit 1.22 summarizes the contaminants contributing more than 
1 percent of the total systemic toxicity for the future industrial worker for each site where the total 
systemic toxicity exceeds 1 without lead included as a COPC. Including lead as a COPC in this table 
would mask the contribution from the other COPCs. Lead contributes more than 99 percent of the 
systemic toxicity for SWMU 193c when included. HIs at SWMUs 99a, 193a, and 193c are less than 1. 
For SWMU 193b, beryllium, chromium, and·vanadium are the primary contaminants. . 

Future On-site Rural Resident at Current Concentrations. Exhibit 1.23 summarizes the HIs for 
exposure routes for the future child on-site rural resident for each site with and without lead included as a 
COPC. Although results for the future adult on-site rural resident were calculated and are presented in 
Table 1.65, these results are not sunnnarized here because the child is the most sensitive receptor for 
systemic toxicity for this scenario. 

The total HIs for all sites are greater than 1, irrespective oflead. The HI for SWMU 193b McNairy 
(2.69) is less than 10. HIs are above 10 but less than 300 at several other sites [SWMUs 99a McNairy 
(53.1), 99b RGA (208), 193a RGA (28.6), 193a McNairy (59.9), 193b RGA (55.5), 193c RGA (80.7), 
and AOC 204 (279)]. Total HIs for exposure to RGA or McNairy groundwater with lead included as a 
COPC are greater than 1000 for SWMUs 99a RGA (90,600) and 193c McNairy (278,000); however, 
exclusion oflead as a COPC reduces these HIs to 97.3 and 103, respectively. The driving exposure route 
for SWMUs 99a McNairy, 99b RGA, 193a RGA, 193b RGA, 193b McNairy, 193c RGA, and 193c 

1-157 



Exhibit 1.21. Exposure route summary for future use scenario-systemic 
toxicity for the future industrial workera,b,e . • EX20sure routes Site 

Scenario and site Ingestion Dermal contact Inhalation of vapors total 
Future industrial worker 

Exposure routes for groundwater 

SWMU99aRGA 7960 (3.72) 193 (0.77) 0.616 (0.616) 8150(5.11) 
% of total 98% (73%) 2% (15%) < 1% (12%) 

SWMU 99a McNairy 0.874 (0.874) 0.284 (0.284) 0.482 (0.482) 1.64 (1.64) 
% of total 53% (53%) 17% (17%) 29% (29%) 

SWMU99bRGA 3.79 (3.79) 1.36 (1.36) 1.85 (1.85) 7.00 (7.00) 
% of total 54%(54%) 19% (19%) 26% (26%) 

SWMU 193a RGA 1.35 (1.35) 0.14 (0.14) 0.152 (0.152) 1.64 (1.64) 
% of total 82% (82%) 9% (9%) 9% (9%) 

SWMU 193a McNairy 4.48 (4.48) 0.113 (0.113) <0.1 «0.1) 4.69 (4.69) 
% of total 96% (96%) 2%(2%) 2%(2%) 

SWMU 193b RGA 0.911 (0.911) 0.328 (0.328) 0.504 (0.504) 1.74 (1.74) 
% oftota1 52%(52%) .19% (19%) 29%(29%) 

SWMU 193b McNairy < 0.1 « 0.1) < 0.1 « 0.1) <0.1 «0.1) < 0.1 « 0.1) 
% of total 57%(57%) 12% (12%) 31% (31%) 

SWMU 193c RGA 0.875 (0.875) 0.1 05 (0.1 05) 0.478 (0.478) 1.46 (1.46) 
% of total 60% (60%) 7% (7%) 33% (33%) 

SWMU 193c McNairy 24,500 (8.48) 593 (1.39) < 0.1 (,0.1) 25,100 (9.92) 
% of total 98% (86%) 2% (14%) <1%«1%) 

AOC204 RGA 14.3 (14.3) 18.3 (18.3) 0.725 (0.725) 33.3 (33.3) 
% of total 43%(43%) 55%(55%) 2%(2%) • Exposure routes for SOlid 

SWMU 99a (soil) < 0.1 « 0.1) 0.517 (0.517) < 0.1 « 0.1) 0.526 (0.526) 
% of total 1% (1%) 98% (98%) <1%«1%) 

SWMU 193a (soil) < 0.1 « 0.1) 0.43 (0.43) < 0.1 « OJ) 0.432 (0.432) 
% oftotal <1%«1%) > 99% (> 99%) <1%«1%) 

SWMU 193b (soil) < 0.1 « 0.1) 5.23 (5.23) < 0.1« 0.1) 5.25 (5.2S) 
% of total < 1%(1%) > 99%(>99%) <1%«1%) 

SWMU 193c (soil) 122 « 0.1) 3500 (0.193) < 0.1 « 0.1) 3620 (0.194) 
% of total . 3% « 1%) 97%(>99%) < 1%« 1) 

8 The values for the individual exposure routes and the site total, in parenthesis, are without lead as a COPC. 
b Current convention is to use one significant digit for presentation of hazard indices. Three significant digits are used here to 

enable the reader to match the numbers reported in the exhibit with those in its associated risk characterization table. 
Additionally, use ofthree significant digits, when the exposure route value is greater than 0.1, allows the reader to sum the 
route values and check the location total. 

e Risks from use of water drawn from the ROA were calculated separately from those for water drawn from the McNairy 
Fonnation. 

d Risks from exposure to soil are identical to risk for the current industrial worker. 
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Exhibit 1.22. Driving contaminants summary for future use scenario-systemic toxicity for the 
future industrial worker without lead as a COPC 

Scenario and site Driving contaminants over all exposure routes Site total 
Future industrial wor~er 
Exposure routes for groundwater 
SWMU 99a RGA Aluminum (2%), arsenic (4%), chromium (10%), iron (15%), 5.11 

manganese (8%), vanadium (14%), trichloroethene (42%) 
SWMU 99a McNairy Carbon tetrachloride (4%), trichloroethene (84%), 1.64 

cis-I ,2-dichloroethene (11%) 
SWMU 99b RGA Chromium (3%), trichloroethene (94%) 7.0 
SWMU 193a RGA Fluoride (4%), iron (62%), trichloroethene (33%) 1.64 
SWMU 193a McNairy Iron (94%), cis-l,2-dichloroethene (6%) 4.69 
SWMU 193b RGA Carbon tetrachloride (8%), trichloroethene (90%) 1.74 
SWMU 193b McNairy HI < 1 0.076 
SWMU 193c McNairy Aluminum (4%), antimony (33%), arsenic (4%), 9.92 

cadmium (10%), chromium (6%). iron (20%), 
manganese (3%). vanadium (16%) 

SWMU 193c RGA 1.2-Dichloroethene (65%), trichloroethene (35%) 1.46 
AOC 204 RGA 1.I-Dichloroethane (2%), PCB-1254 (88%). 33.3 

tetrachloroethene (4%). trichloroethene (5%) 

Exposure routes for soUa 

SWMU 99a (soil) 
SWMU 193a (soil) 
SWMU 193b (soil) 
SWMU 193c (soil) 

HI< 1 
HI< 1 

Beryllium (3%), chromium (60%), vanadium (37%) 
HI< 1 

Notes: HI < 1 indicates that total scenario hazard index is less than 1; therefore, analytes are not listed. 
Lead contributes more than 99% of the systemic toxicity for each site when included. 

a Risks from exposure to soil are identical to risk for the current industrial worker. 
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Exhibit 1.23. Exposure route summary for the future use scenario-systemic toxicity 
for the future child on-site rural residenta,b.e • EXI!0sure routes 

Scenario and site Dermal Inhalation Ingestion of Site 
lngestlon contact vaporsd vegetables total 

Future child on-site rural resident 

Exposure. routes for groundwater 

SWMU99aRGA 53,800 (25.2) 518 (2.06) 49.36 (49.36) 36,300 (20.7) 90,600 (97.3) 
% of total 59% (26%) < 1%(2) < 1% (51%) 40% (21%) 

SWMU 99a McNairy 5.9 (5.9) 0.762 (0.762) 38.66 (38.66) 7.81 (7.81) 53.1 (53.1) 
% of total 11%(11%) 1% (1%) 73%(73%) 15% (15%) 

SWMU99bRGA 25.6 (25.6) 3.64 (3.64) 148.5 (148.5) 30.4 (30.4) 208 (208) 
% of total 12% (12%) 2% (2%) 71% (71%) 15% (15%) 

SWMU 193a RGA . 9.09 (9.09) 0.376 (0.376) 12.23 (12.23) 6.93 (6.93) 28.6 (28.6) 
% of total 32% (32%) 1% (1%) 43%(43%) 24% (24%) 

SWMU 1938 McNairy 30.3 (30.3) 0.302 (0.302) 7.546 (7.546) 21.7 (21.7) 59.9 (59.9) 
% of total 51% (51%) <1%«1%) 13% (13%) 36% (36%) 

SWMU 193b RGA 6.16 (6.16) 0.88 (0.88) 40.41(40.41) 8.03 (8.03) 55.5 (55.5) 
% oftota1 11% (11%) 2% (2%) 73%(73%) 15% (15%) 

SWMU 193b McNairy 0.295 (0.295) <0.1 «0.1) 1.911 (1.911) 0.454 (0.454) 2.69 (2.69) 
% of total 11% (11%) <1%«1%) 71%(71%) 17% (17%) 

SWMU 193c RGA 5.92 (5.92) 0.282 (0.282) 38.33 (38.33) 36.1 (36.1) 80.7 (80.7) 
% of total 7% (7%) <1%«1%) 48%(48%) 45%(45%) 

SWMU 193c McNairy 165,000 (57.3) 1590 (3.73) 3.844 (3.844) 111,000 (37.7) 278,000 (103) 
% of total 59% (56%) < 1%4%) < 1% (3%) 40% (37%) 

AOC204RGA 96.6 (96.6) 49.0 (49.0) 58.1 (58.1) 75.5 (75.5) 279 (279) • % of total 35% (35%) 18% (18%) 21 % (21) 27% (27%) 

Exposure routes for soil 

SWMU 998 (soil) 0.20 (0.20) 3.03 (3.03) < 0.1 « 0.1) 14.0 (14.0) 17.2(11.2) 
% of total 1%(1%) 18%(18%) < 1%« 1%) 81%(81%) 

SWMU 193a (soil) <0.1 «0.1) 2.52 (2.52) < 0.1 « 0.1) 3.68 (3.68) 6.25 (6.25) 
% of total <1%«1%) 40%(40%) <1%«1%) 59%(59%) 

SWMU 193b (soil) 0.524 (0.524) 30.7 (30.7) < 0.1 « 0.1) 35.5 (35.5) 66.7 (66.7) 
% of total <1%«1%) 46% (46%) <1%«1%) 53%(53%) 

SWMU 193c (soil) 3300 « 0.1) 20,500 (1.13) < 0.1« 0.1) 224,000 (1.88) 247,000 (3.04) 
% of total 1% «1%) 8%(37%) <1%«1%) 90%(62%) 

a The values for the individual exposure routes and the site total, in parenthesis, are without lead as a COPC. 
b Current convention is to use one significant digit for presentation of hazard indices. Three significant digits are used here to 

enable the reader to match the numbers reported in the exhibit with those in its associated risk characterization table. 
AdditionaUy, use of three significant digits, when the exposure route value is greater than 0.1, aUows the reader to sum the 
route values and check the location total. 

C Risks from use of water drawn from the RGA were calculated separately from those for water drawn from the McNairy 
Formation. ' 

d Risks from inhalation while showering are combined with risks from inhalation during household use for groundwater 
pathways. 
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McNairy is inhalation of vapors. The driving exposure route for SWMU 193a McNairy is ingestion of .~
groundwater. The driving exposure route for AOC 204 is ingestion of groundwater, but dermal contact, 
inhalation of vapors, and ingestion of vegetables contribute significantly to total exposure. The driving 
exposure route with lead included as a COPC for SWMU 99a is ingestion of groundwater, whereas the 
driving exposure route excloding lead as a COPC is inhalation of vapors. With the exception of AOC 204, 
dennal contact accounts for less than 5 percent of total exposure. 

For exposure to'soil, total HIs for several sites are greater than 1 but less than 100 [99a (17.2), 193a 
(6.25), and 193b (66.7)]. The ill for SWMU 193c (247,000) is greater than 1000; however, excluding 
lead as a COPC reduces the ill at SWMU 193c to 3.04. The driving exposure route at all sites is ingestion 
of vegetables. The exposure route with the second greatest impact is dennal contact. Ingestion of soil and 
inhalation of vapors and particulates contribute 1 percent or less to total exposure at all sites with or 
without lead included as a COPC. 

Exhibit 1.24 lists the contaminants contributing more than 1 percent of the total systemic toxicity for 
the future child on-site rural resident for each site where the total systemic toxicity exceeds 1, excluding 
lead as a COPC. Including lead as a COPC in this exhibit would mask the contribution from the other 
COPCs. Lead contributes more than 99 percent of the systemic toxicity for SWMUs 99a RGA, SWMU 
193c McNairy, and SWMU 193c soil when included. Trichloroethene (or its degradation products) are the 
primary contaminants in both groundwater fonnations at most sites; however, metal contaminants are also 
present in significant amounts in RGA groundwater at SWMUs 99a and 193a and in McNairy 
groundwater at SWMUs 193a and 193c. PCBs are significant contaminants in RGA groundwater at 
AOC204. 

Exhibit 1.24. Driving contaminants summary for future use scenarlo--systemic toxicity 
for the future child on-site rural resident without lead as a COPC 

Scenario and site Driving contaminants over all exposure routes Site total 
Future child on-slte rural resident 
Exposure routes for groundwater 
SWMU 99a RGA Arsenic (2%), chromium (5%), iron (9%), manganese (3%), 97.3 

vanadium (6%), trichloroethene (68%) 
SWMU 99a McNairy Carbon tetrachloride (5%), trichloroethene (80%), 53.1 

cis-l,2-dichloroethene (13%) 
SWMU 99b RGAtrichloroethene (98%) 208 
SWMU 193a RGA Fluoride (2%), iron (40%), trichloroethene (58%) 28.6 
SWMU 193a McNairy hon (82%), cis-l,2-dichloroethene (17%) 59.9 
SWMU 193b RGA Carbon tetrachloride (9%), trichloroethene (88%) 55.5 
SWMU 193b McNairy Trichloroethene (47%), cis-l,2-dichloroethene (53%) 2.69 
SWMU 193c RGA 1,2-Dichloroethene (80%), trichloroethene (20%) 80.7 
SWMU 193c McNairy Aluminum (4%), antimony (32%), arsenic (4%), cadmium (7%), 103 

chromium (5%), iron (21 %), manganese (2%), vanadium (14%), 
carbon tetrachloride (2%) 

AOC 204 RGA 1,1-Dichloroethane (9%), PCB-1254 (66%), 279 

Exposure routes for soli 
SWMU 99a (soil) 

SWMU 193a (soil) 
SWMU 193b (soil) 
SWMU 193c (soil) 

tetrachloroethene (5%), trichloroethene (19%) 

Barium (19%), beryllium (4%), chromium (28%), 
zinc (4%), PCBs (44%) . 

Chromium (99%) 
Beryllium (3%), chromium (68%), vanadium (30%) 

Chromium (91 %), zinc (9%) 

17.2 

6.25 
66.7 
3.04 

Note: Lead contributes more than 99% of the systemic toxicity for each site, with lead as a COPC, when included. 
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The results for exposure to soil are also presented in Exhibit 1.24. Lead contributes more than -- -
99 percent of the systemic toxicity for 193c when included as a COPC. Metals, particularly chromium, • 
are the primary contaminants at all sites. PCBs contribute significantly to contamination at SWMU 99a. 

Future Recreational Us'er at Current Concentrations. Exhibit 1.25 summarizes the HIs for 
exposure routes for the future child recreational user (see Table 1.69) with and without lead included as a 
.COPC .. AJ~ough results. for the future adult and teen recreational user were calculated and are presented 
in Tables 1.67 and 1.68, these results are not summarized here because the child is the most sensitive 
receptor for systemic toxicity for this scenario. 

Exhibit 1.25. Exposure route summary for the future use scenario-systemic toxicity 
for the future child recreational user8

,b 

EXI!0sure routes 
Scenario and site Ingestion of Ingestion of Ingestion of Site 

deer rabbit guaU total 
Future child recreational user 
SWMU 99a (soil) < 0.1 « 0.1) < 0.1 « 0.1) <0.1 «0.1) < 0.1 « 0.1) 
% of total 13% {13%} 59% {59%} 28% {28%} 
SWMU 193a (soil) < 0.1 « 0.1) < 0.1 « 0.1) <0.1 «0.1) <0.1 «0.1) 
% of total 32% {32%} 68% {68%} <1%{<I%} 
SWMU 193b (soil) <0.1 « 0.1) <0:1 «0.1) <0.1 «0.1) <0.1 «0.1) 
% of total 17% {17%} 82% {82%} <1%{<1%} 
SWMU 193c (soil) 5.09 « 0.1) 2.08 « 0.1) <0.1 «0.1) 7.21 « 0.1) 
% of total 71% {72%} 29% {28%} <1%«1%} 

B The values for the individual exposure routes and the site total, in parenthesis, are without lead as a COPC. • 
b Current convention is to use one significant digit for presentation of hazard indices. Three significant digits are used here to 

enable the reader to match the numbers reported in the exhibit with those in its associated risk characterization table. 
Additionally, use of three significant digits, when the exposure route value is greater than 0.1, allows the reader to sum the 
route values and check the location total. ' • 

When lead is included as a COPC, the HI for ingestion of game at SWMU 193c is 7.21. Excluding 
lead as a COPC reduces the HI to less than 1. The IDs for all remaining sites are less than 1. The driving 
exposure route at SWMU 193c is ingestion of deer. 

Exhibit 1.26 lists the contaminants contributing more than 1 percent of the total systemic toxicity for 
the future child recreational user for those locations where the total HI exceeds 1. Lead contributes more 
than 99 percent of the systemic toxicity for SWMU 193c when included as a COPC. No HIs exceed 1 
when lead is excluded as a COPC. 

Exhibit 1.26. Driving contaminants summary for future use scenarJo-systemic toxicity 
for the future cbJId recreational user without lead as a COPC 

Scenario and site 
Future child recreational user 
SWMU 99a (soil) 
SWMU 193a (soil) 
SWMU 193b (soil) 
SWMU 193c (soil} 

Driving contaminants over all exposure routes 

HI< 1 
HJ< 1 
HI< 1 
HI< 1 

Notes: HI < I indicates that total scenario hazard index is less than I; therefore, analytes are not listed. 

Site total 

0.003 
0.007 
0.004 
0.004 

Lead contributes more than 99% of the systemic toxicity for each site, with lead as a COPC, when included. 
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Future Excavation Worker. Exhibit 1.27 summarizes the total HIs for exposure routes for the --. 
future excavation worker at each site with and without lead as a COPC. The HIs for SWMUs 99b, 193a, 
and AOC 204 are less than 1, while the HI for SWMU 193b is 1.75. The HIs are greater than 1000 for 
three sites with lead included as a cope [SWMUs 99a (2510), 193c (1890), and 194 (2190)]; however, 
excluding lead as a COPC reduces the HI to less than 1 for SWMU 194 and to 1.46 and 2.09 for SWMUs 
99a and 193c, respectively. For each location, the driving exposure route is dennal contact with soil. The 
inhalation exposure route contributes less than 1 percent to the total HI with the exception of AOC 204 
(10·percent). . 

Exhibit 1.17. Exposure route summary for future use scenarfo-systemic toxicity 
for the future excavation worke ... •b 

EXl!!sure routes for soil 
Scenario and site. Incidental Dermal Inhalation of Site 

ingestion contact vapors/particles total 

Future excavation worker 

SWMU 99a (soil) 628 (0.196) 1880 (1.22) < 0.1 « 0.1) 2510 (1.46) 
% of total 25%(13%) . 75% (83%) <1%«1%) 

SWMU 99b (soil) <0.1«0.1) 0.491 (0.491) <0.1 «0.1) 0.569 (0.569) 
% of total 14%(14%) 86% (86%) <1%«1%) 

SWMU 193a (soil) < 0.1 « 0.1) 0.435 (0.435) < 0.1 «0.1) 0.471 (0.471) 
% ortotal 8%(8%) 93% (93%) <1%«1%) 

SWMU 193b (soil) <0.1 « 0.1) 1.69 (1.69) < 0.1 « 0.1) 1.75 (1.75) 
% or total 3%(3%) 97%(97%) <1%«1%) 

SWMU 193c (soil) 473 (0.248) 1410 (1.84) < 0.1 « 0.1) 1890 (2.09) 
% of total 25%(12%) 75%(88%) <1%«1%) 

SWMU 194 (soil) 549«0.1) 1640 (0.528) <0.1 «0.1) 2190 (0.570) 
% ortotal 25%(7%) 75%(93%) <1%«1%) 

AOC 204 (soil) <0.1«0.1) <0.1 « 0.1) < 0.1 « 0.1) <0.1 « 0.1) 
% of total 37%(37%) 53%(53%) 10% (10%) 

a The values for the individual exposure routes and the site total. in parenthesis. are without lead.as a COPC. . 
b Current convention is to use one significant digit for presentation of hazard indices. Three significant digits are used here to 

enable the reader to match the numbers reported in the exhibit with those in its associated risk characterization table. 
Additionally, use of three significant digits, when the exposure route value is greater than 0.1, allows the reader to sum the 
route values and check the location total. 

Exhibit 1.28 summarizes the contaminants contributing more than 1 percent of the total systemic 
toxicity for the future excavation worker for each site. Lead contributes more than 99 percent of total 
exposure at SWMUs 99a, 193c, and 194 when it is included as a COPC. Metals are the primary driving 
contaminants at all sites where the HI is greater than 1 . 
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Exhibit 1.28 Driving contaminants summary for future use scenario-systemic toxicity 
for the future excavation worker without lead as a cope 

Scenario and site 
Future excavation worker 
SWMU 99a (soil) 

SWMU 99b (soil) 

SWMU 193a (soil) 

SWMU 193b (soil) 
SWMU 193c (soil) 

SWMU 194 (soil) 
AOe 204 (soil) 

Driving contaminants over all exposure routes 

Aluminum (6%), antimony (35%), arsenic (5%), barium (3%), . 
beryllium (2%), cadmium (2%), chromium (16%), 
manganese (14%), 2-nitroaniline (8%), PCBs (4%) 

HI< 1 
HI< 1 

Beryllium (3%), chromium (59%), vanadium (37%) 

Aluminum (5%), beryllium (3%), cadmium (3%), 
chromium (28%), iron (31%), manganese (17%), 

vanadium (14%) 

HI< 1 
HI<1 

Notes: HI < 1 indicates that total scenario hazard index is less than 1; therefore, analytes are not listed. 

Site total 

1.46 

0.569 

0.471 

1.75 
2.09 

0.57 

0.0131 

Lead contributes more than 99% of the systemic toxicity for SWMUs 998, 193c, and 194, with lead as a COPC, 
when included. 

1.5.4.2 Excess lifetime cancer risk 

Future Industrial Worker at Current Concentrations. Exhibit 1.29 summarizes the total ELCRs 
for exposure routes for the future industrial worker. The ELCR for exposure to McNairy groundwater at 

• 

SWMU 193b (8.4E-7) is less than lE-6. The ELCRs for exposure to either RGA or McNairy groundwater • 
at five sites are between lE-6 and lE-4 [SWMUs 99a McNairy (7.6E-S), 193a RGA (2.6E-S), 193a 
McNairy (1.IE-6), 193b RGA (4.4E-S), and 193c RGA (l.OE-S)]. The total ELCRs for exposure toRGA 
or McNairy groundwater at four sites are greater than lE-4 [SWMUs 99a RGA (S.6E-4), 99b'(2~6E-4), 
193c McNairy (4.2E-4), and AOC 204 RGA (1.3E-3)]. The driving exposure route for both water sources 
at most sites is ingestion of groundwater; however, inhalation of vapors or dermal contact plays a 
significant role at some sites. The driving exposure route at SWMU 99b RGA is inhalation of vapors, and 
at AOC 204 RGA, dermal contact. 

The results for exposure to soil presented in this exhibit ar~ the same as those for the current 
industrial worker (Exhibit 1.19). Sites with ELCRs greater than lE-6 are SWMUS 99a (3.1E-4), 193a 
(1.SE-S), and 193b (S.1E-4). For SWMUs 99a, 193a, and 193b~ the exposure route contributing most to 
ELCR is dermal contact with soil. At these sites, inhalation of vapors accounts for less than I percent of 
total exposure. The ELCR is less than lE-6 for SWMU 193c (1.7E-I0). 

Exhibit 1.30 summarizes the contaminants contributing more than 1 percent of the total ELCR for 
the future industrial worker for each site. For both groundwater sources, metals, trichloroethene and its 
degradation products, and radionuclides are the driving contaminants. The results for exposure to soil 
presented in this exhibit are the same as those for the current industrial worker (see Exhibit 1.20). The 
driving contaminants at SWMU 99a are beryllium, P AHs, and radionuclides. The driving contaminants 
at SWMU 193a are P AHs. The driving contaminant at SWMU 193b is beryllium. 

Future On-site Rural Resident at Current Concentrations. Exhibit 1.31 summarizes the ELCRs 
for the future on-site rural resident. The total ELCRs for use of water drawn from either RGA or McNairy 
groundwater exceed lE-4 at all sites except SWMU 193b McNairy (1.2E-5). The dermal exposure route • 
contributes least to ELCRs. Ingestion of vegetables contributes greater than 90 percent at SWMU193a for 



• 

• 

• 

Exhibit 1.29. Exposure route summary for future use scenario--excess lifetime cancer risk 
for the future industrial worker8 

Ex(!osure routes Site 
Scenario and site Ingestion Dermal contact . Inhalation of ,'apors total 

Future industrial worker 

Exposure routes for groundwater 

SWMU99aRGA 2.SE-4 6.8E-5 2.4E-4 S.6E-4 
% of total 44% 12% 43% 
SWMU 99a McNairy 4.0E-5 7.3E-6 2.9E-5 7.6E-5 
% of total 52% 10% 38% 
SWMU99bRGA 8.0E-5 3.1E-5 I.SE-4 2.6E-4 
% of total 31% 12% 57% 
SWMU 193a RGA . l.3E-S 1.lE-5 2.4E-6 2.6E-5 
% of total 48% 42% 9% 
SWMU 193a McNairy 9.8E-7 5.5E-8 4.3E-8 l.lE-6 
% of total 91% 5% 4% 
SWMU 193b RGA 2.6E-S 8.IE-6 1.0E-5 4.4E-5 
% of total 59% 18% 23% 
SWMU 193b McNairy 5.0E-7 1.9E-7 1.SE-7 8.4E-7 
% of total 59% 23% 18% 
SWMU 193c RGA 6.2E-6 2.4E-6 1.9E-6 1.0E-S 
% of total 59% 23% 18% 
SWMU 193c McNairy 3.0E-4 6.4E-5 5.9E-S 4.2E-4 
% of total 71% lS% 14% 
AOC204RGA S.3E-4 7.0E-4 1.0E-4 1.3E-3 
% of total 40% S3% 8% 

Scenario and site 
Dermal Inhalation of External Site 

Ingestion contact vapors exposure total 

Exposure routes for soilb 

SWMU 99a (soil) 4.8E-6 2.5E-4 S.8E-8 5.3E-5 3.1E-4 
% of total 2% 81% <1% 17% 

SWMU 193a (soil) S.4E-7 l.SE-S 1.4E-9 NY I.SE-5 
% of total 4% 97% <1% NY 
SWMU 193b (soil) 1.2E-6 S.IE-4 2.7E-9 NY S.lE-4 
% of total <1% 100% <1% NY 
SWMU 193c (soil) NV NV 1.7E-IO NY 1.7E-I0 
% of total 100% NY 

Notes: NV indicates that a value is not available. 

8 Risks from use of water drawn from the RGA were calculated separately from those for water drawn from the McNairy 
Formation. 

b Risks from exposure to soil are identical to risks for the current industrial worker. 
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Exhibit 1.30. Driving contaminants summary for future use scenario--excess lifetime 
cancer risk for the future industrial worker 

Scenario and site Driving contaminants over all exposure routes 

Future industrial worker· 

Exposure routes for groundwater 
SWMU 99a RGA Arsenic (5%), berylJium(38%), I,I-dichloroethene (14%), 

SWMU 99a McNairy 

SWMU99bRGA 
SWMU 193a RGA 

SWMU 193a McNairy 

SWMU 193b RGA 

SWMU 193b McNairy 
SWMU 193c RGA 
SWMU 193c McNairy 

AOC204RGA 

Exposure routes for soil 
SWMU 99a (soil) 

SWMU 193a (soil) 
SWMU 193b (soil) 
SWMU 193c (soil) 

trichloroethene (8%), radon-22 (35%) 
I,I-Dichloroethene (61%), carbon tetrachloride (2%), 

trichloroethene (37%) 
Trichloroethene (53%), radon-222 (48%) 

l,l-Dichloroethene (3%), pentachlorophenol (45%), 
trichloroethene (42%), bis (2-ethylhexyl) phthalate (3%), 

technetium-99 (6%) 
Trichloroethene (22%), technetium-99 (30%), 

uranium-238 (48%) 
1,l-Dichloroethene (16%), carbon tetrachloride (8%), 

trichloroethene (74%) 
ELCR< 1E-6 

Trichloroethene (100%) 
Arsenic (15%), beryllium (54%), 1,l-dichloroethene (3%), 

vinyl chloride (16%), radon-222 (II %) 
1,l-Dichloroethene (13%), PCBs (63%),· 

tetrachloroethene (21%), trichloroethene (3%) 

PAHs (12%), cesium-I 37 (3%), neptunium-237 (9%), 
uranium-238 (5%) 

PAHs (99.9%) 
Beryllium (100%) 

ELCR< lE-6 

Note: ECLR < I E-6 indicates that total scenario ELCR is less than 1 E-6; therefore, analytes are not 1 isted. 
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Site total 

5.6E-4 

7.6E-5 

2.6E-4 
2.6E-5 

l.1E-6 

4.4E-5 

8.4E-7 
I.OE-5 
4.2E-4 

1.3E-3 

3.lE-4 

1.5E-5 
5.1E-4 
1.7E-IO 

• 

• 

• 



Exhibit 1.31. Exposure route summary for the future use scenario-excess lifetime 
cancer risk for the future on-site rural resident-• EX20sure routes 

Scenario and site Dermal Inhalation of Ingestion of Site 
Ingestion contact vaporsb vegetables total 

Future on-site rural resident 

Exposure routes for groundwater 
SWMU99aRGA 1.4E-3 1.7E-4 2.SE-3 1.6E-3 S.6E-3 
% of total 24% 3% 45% 28% 
SWMU 99a McNairy 2.2E-4 1.9E-5 1.2E-3 3.0E-4 1.7E-3 
% of total 12% 1% 70% 17% 
SWMU99bRGA 4.3E-4 7.9E-5 1.3E-3 4.5E-4 2.3E-3 
% of total 19% 4% 58% 20% 

SWMU 193a RGA 6.7E-S 2.9E-5 1.0E-4 2.2E-3 2.4E-3 
% of total 3% 1% 4% 92% 

SWMU 193a McNairy 4.2E-6 1.4E-7 1.7SE-6 4.1E-4 4.1E-4 
% of total 1% <1% <1% 99% 
SWMU 193b RGA 1.4E-4 2.lE-S 4.1SE-4 4.SE-4 I.OE-3 
% of total 14% 2% 40% 44% 
SWMU 193b McNairy 2.7E-6 4.9E·7 6.2E-6 2.8E-6 1.2E-S 
% of total 22% 4% 50% 23% 

SWMU 193c RGA 3AE-S 6.lE-6 7.8E-S . 3.S&S I.SE-4 
% of total 22% 4% 50% 23% 

SWMU 193c McNairy 1.6E-3 1.6E-4 6.4E-4 1.6E-3 4.0E-3 
%oftotal 41% 4% 16% 39% 

• AOC 204 RGA 2.9E-3 1.8E-3 4.15E-3 6.2E-3 > lE-2c 

% of total 19% 12% 28% 41% 

Scenario and site 
Ingestion Dermal Inhalation of Ingestion of External Site 

contact vapors vegetables exposure total 

SWMU 99a (soil) 3.5E-S 7.SE-4 3.6E-7 > lE-2c 3.6E-4 > lE·2c 

% ofto~al <1% <1% <1% 99% <1% 

SWMU 193a (soil) 5.5E-6 4.4E-S 9.2E-9 6.6E-4 NV 7.1E-4 
% of total <1% 6% <1% 93% NY 
SWMU 193b (soil) 1.2E-S I.SE-3 1.8E·8 l.SE-3 NY 3.0E-3 
% of total <1% 50% <1% 49% NY 

SWMU 193c (soil) NY NV 1.lE-9 NY NY 1.lE·9 
% of total 100% NV 

Notes: NV indicates that a value is not available. 

a Risks from use of water drawn from the ROA were calculated separately from those for water drawn from the McNairy 
Formation. 

b Risks from inhalation while showering are combined with risks from inhalation during household use for groundwater 
pathways. 

C The ELCR is approximarebecause the linearized mUltistage model returns imprecise values at risks> IE-2. 

• 
1-167 



either groundwater formation. Inhalation of vapors contributes 50 percent or more to risks at SWMUs 99a -- -. 
McNairy, 193b McNairy, and 193c RGA. Ingestion of groundwater, inhalation of vapors, and ingestion of 
vegetables contribute significantly to risks at the remaining sites. 

Also shown in this exhibit are ELCRs from exposure to soil. The ELCRs are greater than lE-4 at all 
sites except SWMU 193c (1.1E-9). Notably, the ECLR for SWMU 99a is> lE-2. The driving exposure 
route at SWMUs 99a an~ 193a is ingestion of vegetables. The driving exposure routes at 193b are dermal 
·contact and ingestion of vegetables. 

Exhibit 1.32 lists the contaminants contributing more than 1 percent of the total ELCR for the future 
rural resident for each site. For both groundwater sources, metals, organics, and radionuclides contribute 
to ELCRs. Technetium-99 is the driving contaminant in SWMU 193a RGA and McNairy groundwater. 
Organics contribute to the majority of risk at the remaining sites, most notably the chlorinated alkenes 
such as trichloroethene. For soils, PARs account for nearly 100 percent of the risks at SWMU 193a. 
Beryllium is the driving contaminant at SWMU 193b. Technetium-99 is the driving contaminant at 
SWMU 99a where the ELCR is > lE-2. 

While an ELCR of> 1 E-2 may be considered a potential threat to human health, as it is markedly in 
excess of EPA's range of concern, this last fmding may be biased by two samples that are atypical of 
SWMU 99a as a whole. During the WAG 28 RI, a collapsed section of road (Tennessee Avenue) located 
at or beyond the perimeter of SWMU 99a exposed a section of drainpipe that is believed to have drained 
the area beneath SWMU 99a. A backhoe was used to excavate the top of the pipe, and two samples were 
collected. While the samples were actually collected several feet below grade, they were classified as 
surface samples in this risk assessment because the area from which they were collected became available 
for direct contact, unlike subsurface soil taken from a soil boring. Assessing these samples as surface soil 
was the most conservative approach. Of these two samples, one drove the risk (082-014), while the other • 
was essentially a nondetect (082-015) (see Table 4.30 in Vol. 1). This limited sampling in and around the 
exposed drainpipe, which is located at or beyond the perimeter of the site, is associated with a high degree 
of uncertainty in the ELCR calculated for SWMU 99a. This issue is explored further in Sect. 1.6. L6. 

Future Recreational User at Current Concentrations. Exhibit 1.33 summarizes the ELCRs for 
exposure routes for the future recreational user. The total ELCR is less than lE-6 for SWMU 193c 
(4.4E-8). The total ELCRs exceed lE-6 but are less than lE-4 for SWMUs 99a (2.7E-6) and 193a 
(3.6E-6). The driving exposure route for all sites is ingestion of rabbit. 

Exhibit 1.34 presents the contaminants driving ELCR for those locations where the total scenario 
risk exceeds lE-6. The contaminants driving the ELCR for ingestion of game at SWMUs 99a and 193a 
are PARs. 

Future Excavation worker. Exhibit 1.35 summarizes the ELCRs for exposure routes for the future 
excavation worker. The total scenario ELCRs are greater than lE-6 for every site and greater than lE-4 
for each site except one [SWMUs 99a (2.1E-4), 99b (2.1E-4), 193a (1.7E-4). 193b (1.7E-4), 193c 
(1.7E-4), 194 (3.1E-4) and AOC 204 (1.1E-6)]. 

Exhibit 1.36 lists the contaminants contributing more than 1 percent of the total ELCR for each 
location. Beryllium is the driving contaminant at SWMUs 99b, 193a, 193b, 193c, and 194. Metals, 
organics, and radionuclides contribute to the ELCR at SWMU 99a, with beryllium as the primary 
contaminant. PCBs and organics ·contribute to the ELCR at AOC 204, with PCBs as the driving 
contaminants. 
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Exhibit 1.32. Driving contaminants summary for future use scenario-excess lifetime 
. cancer risk for the future on-site rural resident 

Scenario and site Driving contaminants over all exposure routes 
Future on-site rural residellt 
Exposure routes for groundwater 
SWMU 99a RGA Arsenic (4%), beryllium (26%), l,l-dichloroethene (40%), 

SWMU 99a McNairy 
SWMU99bRGA 
SWMU 193aRGA 

SWMU 193a McNairy 
SWMU 193b RGA 

SWMU 193b McNairy 
SWMU 193c RGA 
SWMU 193c McNairy 

AOC204RGA 

Exposure routes for soli 
SWMU 99a (soil) 
SWMU 193a (soil) 
SWMU 193b (soil) 
SWMU 19~c (soil) 

tricbloroethene(l1%), radon-222 (9%), technetium-99 (9%) 
1,1-Dichloroethene (75%), tricbloroethene (24%) 

Trichloroethene (S7%), radon-22 (13%) 
Pentachlorophenol (2%), tricbloroethene (7%), 

technetium-99 (90%) 
Technetium-99 (9S%) 

1,1-Dichloroethene (20%), carbon tetrachloride (5%), 
trichloroethene (46%). technetium-99 (29%) 

Tricbloroethene (100%) 
Trichloroethene (100%) 

Arsenic (14%), beryllium (39%), 1,I-dichloroethene (S%), 
vinyl chloride (34%), radon-222 (3%) 

1,1-Dichloroethene (33%), PCBs (52%), 
tetrachloroethene (11 %), trichloroethene (3%) 

Technetium-99 (96%) 
PAHs (99.9%) 

Beryllium (100%) 
ELCR< 1E-6 

Notes:· BCLR < I B-6 indicates that total scenario BLCR is less than I B-6; therefore, analytes are not listed. 

a The BLCR is approximate because the linearized multistage model retuns imprecise values at risks> 1 E-2. 

Exhibit 1.33. Exposure route summary for the future use scenario-excess lifetime 
cancer risk for the future recreational user 

E!j!osure routes 
Ingestion of Ingestion of Ingestion of 

Scenario and site deer rabbit quaU 

Future recreational user 
SWMU 998 (soil) 4.7E-7 1.9E-6 2.9E-7 
% of total 18% 72% 11% 

SWMU 1938 (soil) 1.lE-6 2.0E-6 4.2E-7 
% of total 31% 57% 12% 
SWMU 193b (soil) S.6E-9 3.5E-S 2.7E-10 
% of total 20% SO% <1% 
SWMU 193c (soil) NY NV NY 
% of total NY NV NY 

Note: NV indicates that a value is not available. 
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Site total 

5.6E-3 

1.7E-3 
2.3E-3 
2.4E-3 

4.IE-4 
1.OE-3 

1.2E-5 
1.5E-4 
4.0E-3 

> lE-28 

7.IE-4 
3.0E-3 
l.lE-9 

Site 
total 

2.7E-6 

3.6E-6 

4.4E-S 

NY 



Exhibit 1.34. Driving contaminants summary for future use scenari~xcess lifetime 
cancer risk for the future recreational user 

Scenario and site Driving contaminants over all exposure routes Site total 
Future recreational user 

SWMU 99a (soil) 

SWMU 193a (soil) 
SWMU 193b (soil) 
SWMU 193c (soil) 

PAHs (71%), PCBs (20%), technetium-99 (3%), 
uranium-238 (4%) 

PARs (100%) 
ELCR< lE-6 

NV 

Notes: NV indicates that a value is not available. 

2.7E-6 

3.6E-6 
4.4E-8 
NV 

ELCR < 1 E-6 indicates that total scenario ELCR is less than I E-6; therefore, analytes are not listed. 

Exhibit 1.35. Exposure route summary for future use scenari~xcess lifetime 
cancer risk for the future excavation worker 

E!J!osure routes for soil 
Scenario and site Incidental Dermal Inhalation of External 

ingestion contact vapors/particles exposure 

Future excavation worker 

SWMU 99a (soil) 4.6E-5 1.3E-4 4.3E-7 3.3E-5 
% ortotal 21% 63% < 1% 16% 

SWMU 99b (soil) l.lE-5 2.0E-4 6.7E-9 NV 
% ortotal 5% 95% < 1% NV 
SWMU'193a (soil) 7.2E-6 1.6E-4 1.0E-9 NV 
% of total 4% 96% < 1% NV 

SWMU 193b (soil) 3.7E-6 1.7E-4 8.7E-I0 NV 
% of total 2% 98% <1% NV 

SWMU 193c (soil) 3.6E-6 1.6E-4 4.9E-I0 NY 
% ortotal 2% 98% < 1% NY 
SWMU 194 (soil) 6.8E-6 3.1 E-4 2.SE-I0 NV 
% of total 2% 98% <1% NY 
AOC 204 (soil) 4.6E-7 4.9E-7 1.lE-7 NV 
% of total 43% 46% 10% NY 

Note: NV indicates that a value is not available. 

Site 
total 

2.IE-4 

2.1E-4 

1.7E-4 

1.7E-4 

1.7E24 

3.IE-4 

l.lE-6 

Exhibit 1.36. Driving contaminants summary for future use scenario-excess lifetime 
cancer risk for the future excavation worker 

Scenario and site 

Future excavation worker 

SWMU 99a (soil) 

SWMU 99b (soil) 
SWMU 193a (soil) 
SWMU 193b (soil) 
SWMU 193c (soil) 
SWMU 194 (soil) 
AOC 204 (soil) 

Driving contaminants over all exposure routes 

Arsenic (5%), beryllium (35%), PARs (21%), 
N-nitrosodi-n-propylamine (8%), PCBs (2%), 

cesium-137 (3%), neptunium-237 (11 %), uranium-238 (7%) 

Arsenic (7%), beryllium (93%) 
Beryllium (91%), PAHs (9%) 

Beryllium (100%) 
Beryllium (100%) 
Beryllium (100%) 

1,l-Dichloroethene (l7%), PCBs (57%), 
tetrachloroethene ( 17% ), trichloroethene (10%) 
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Site total 

2.1E-4 

2.1E-4 
1.7E-4 
1.7E-4 
1.7E-4 
3.1E-4 
1.lE-6 
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• 
1.5.5 Risk Characterization for Potential Land Use Scenarios at Modeled Concentrations 

This section discusses the potential risks to a resident using RGA groundwater contaminated by 
migration of chemicals from sources within WAG 28. As discussed in Sect. 1.2.3.1 of this BHHRA, the 
point of exposure to which contaminants were modeled was the PGDP security fence boundary. 
Information about the methods used in the model is presented in Chap. 5 of Vol. 1 of this report. 
Complete modeling results are presented in Appendix B of this volume. 

Exhibit 1.37 presents the chemical-specific IDs from exposure to the maximum modeled 
concentrations of contaminants in the RGA at the point of exposure for household use of water by a rural 
resident. As shown in Exhibit 1.37, there are five chemicals with chemical-specific IDs that exceed 0.1. 
These chemicals and their sources are as follows: 

• SWMU 99a UCRS soil-:-lithium, strontium 
• SWMU 99a surface soil-lithium, strontium 
• SWMU 193a UCRS soil-chromium 
• SWMU 193c UCRS soil-lithium, manganese, strontium 
• SWMU 193c surface soil-lithium 
• SWMU 194 UCRS soil-chromiurn, lithium, strontium 
• AOC 204 UCRS soil-trichloroethene 

Exhibit 1.38 presents the chemical-specific ELCRs from exposure to maximum modeled 
concentrations of contaminants in the RGA at the point of exposure for household use of water by a rural 
resident. As shown in Exhibit 1.38, there is one organic compound with a chemical-specific ELCR that 
exceeds lE-6. This chemical and its source is as follows: 

• • AOC 204 UCRS soil-trichloroethene 

• 

As shown in Exhibit 1.10, a single receptor may be exposed to the maximum modeled concentration 
of more than one chemical in a lifetime. Specifically, the inorganic compounds lithium and strontium 
have transport times that may allow a single receptor to be exposed to the maximum modeled 
concentration of each within a lifetime. H such exposure occurred, the total risk to the receptor could be 
the sum of the risks from the maximum modeled concentrations over all sources for each. The combined 
HI is 224. 

1.5.6 Risk Characterization of Lead 

The potential hazards of exposure to lead were determined using KDEP-provided provisional 
reference dose values for the metal. In addition, risks to exposed children were estimated using EPA's 
Integrated Exposure Uptake Biokinetic (IEUBK) model, and the RME concentrations of lead in soil and 
groundwater samples were compared to KDEP and EPA screening values. These additional procedures 
were pursued to address uncertainties associated with the use of the provisional reference dose provided 
by KDEP, to meet the requirements of EPA, and to conform to the Methods Document. 

As presented in Appendix F of this volume, applying the biokinetic model for lead indicates that the 
concentration of the element in the McNairy formation at SWMU 193c (250 J.LgIL) and in the RGA 
groundwater at SWMU 99a (81.3 J.LgIL) would result in a greater than 5 percent probability of a child 
having blood lead levels greater than 10 j.Lg/dL (84 percent probability for SWMU 193c McNairy and 
38 percent for SWMU 99a RGA). These findings are consistent with the respective lead-driven HIs of 
278,000 and 90,600, as calculated for a future on-site rural resident child exposed to contaminants in 
these aquifers. 

1-171 



Exhibit 1.37. Estimated hazard indices for a rural resident from exposure to maximum 
modeled concentrations from sources within WAG 28 

Contaminant8 

Inorganic chemicals (mgIL) 
Chromium 

Lithium 

Manganese 
Strontium 

Organic chemicals (mgIL) 
Trichloroethene 
Radionuclides (pCiIL) 
Technetium-99 

Sourceb 

SWMU 194 UCRS soil 
SWMU 193a UCRS soil 
SWMU 193b surface soil 
SWMU 99a surface soil 
SWMU 99a UCRS soil 
SWMU 194 UCRS soil 

. SWMU 99a UCRS soil 
SWMU 193c UCRS soil 
SWMU 99a surface soil 
SWMU 193c surface soil 
SWMU 193c UCRS soil 
SWMU 194 UCRS soil 
SWMU 193c UCRS soil 
SWMU 99a UCRS soil 
SWMU 99a surface soil 
SWMU 193c surface soil 

AOC 204 UCRS soil 

SWMU 99a surface soil 

Maximum 
concentrationC 

7.24E+1 
3.803E+O 
2.02E-3 
2.08E-18 
9.40E-20 
6.7E+1 

4.686E+1 
3.805E+1 
5.632E+O 
2.085E+O 
5.11E+0 
1.05E+l 

7.453E+0 
3.782E+O 
2.214E+O 
2.52E-l 

1.428E+1 f 

1.81E+2 

Systemic 
toxicityd HI' 

4.2E-3 1720 
4.2E-3 90.5 
4.2E-3 ffi<O.1 
4.2E-3 HI < 0.1 
4.2E-3 ffi < 0.1 
3.0E-2 223 
3.0E-2 156 
3.0E-2 127 
3.0E-2 18.8 
3.0E-2 6.95 
6.7E-2 7.63 
9.0E-1 1.17 
9.0E-l 0.828 
9.0E-1 0.420 
9.0E-l 0.246 
9.0E-1 HI < 0.1 

1.2E-3 1190 

NV NT 

• 

a Only contaminants that have a maximum modeled contaminant concentration over all sources that exceed either the cancer • 
or systemic toxicity RBC are listed. 

b Maximum modeled concentration reported for sources within a site. Only sites that contain a source of the contaminant are 
listed. " ~ 

C Maximum modeled contaminant concentration for source. 
d All residential use RBCs were taken from Table I.S in Appendix A. All systemic toxicity RBCs are based on chronic 

exposure ofa child age 1-7 years and Integrate exposure through ingestion of water, inhalation ofvapors emitted by water 
(showering and household use), and dermal contact with water (showering). Target HI for all systemic toxicity RBCs is 0.1 
because more than five contaminants are present. "NV" indicates that an RBC for the endpoint is not available because 
toxicity information is lacking. . 

e Value calculated by dividing the maximum contaminant concentration by the RBC and multiplying by the target HI of 0.1. 
"NT" indicates that the contaminant is not a systemic toxicant or does not have a systemic-toxicity-based RBC because a 
reference dose for the systemic toxicity endpoint is lacking. 

r The computed maximum concentration is greater than the designated initial concentration at the source (1.42E-7 mglL). 
The current receptor is located too close to the source, creating a near-field condition that cannot be properly assessed by a 
flux boundary condition model; therefore, concentrations have been truncated to the initial dissolved concentration. 
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Exbibit 1.38. Estimated excess lifetime cancer risks for a rural resident from exposure to 
maximum modeled concentrations from sources within WAG 28 

Maximum 
ContaminantD Sourceb concentrationC Cancerd ELCRe 

Organic chemicals (mg/L)-
Chromium SWMU 194 UCRS soil 7.24E+l NV NC 

SWMU 193a UCRS soil 3.S03E+O NV NC 
SWMU 193b surface soil 2.02E-3 NV NC 
SWMU 99a surface soil 2.0SE-18 NV NC 
SWMU 99a UCRS soil 9.40E-20 NV NC 

Lithium SWMU 194 UCRS soil 6.7E+l NV NC 
SWMU 99a UCRS soil 4.686E+l NV NC 
SWMU 193c UCRS soil 3.80SE+l NV NC 
SWMU 99a surface soil S.632E+O NV NC 
SWMU 193c surface soil 2.08SE+O NV NC 

Manganese SWMU 193c UCRS soil S.11E+O NV NC 
Strontium SWMU 194 UCRS soil 1.OSE+l NV NC 

SWMU 193c UCRS soil 7.4S3E+O NV NC 
SWMU 99a UCRS soil 3.782E+O NV NC 
SWMU 99a surface soil 2.214E+O NV NC 
SWMU 193c surface soil 2.S2E-l NV NC 

Organic chemicals (mgIL) 
1.428E+l f -; 

Trichloroethene AOC 204 UCRS soil l.4E-4 1.02E-2 
Radlonuclides (PCIIL) 
Tecbnetium-99 SWMU 99 surface soil 1.81E+2 2.SE+l 6.46E-7 

D Only contaminants that have a maximum modeled contaminant concentration over all sources that exceed either the cancer 
or systemic toxicity RBC are listed. 

b Maximum modeled concentration reported for sources within a site. Only sites that contain a source of the contaminant are 
listed. 

C Maximum modeled contamlnant.concentration for source. 
d All residential use RBCs were taken from Table I.S in Appendix A. Cancer RBCs are based on a 40'year exposure. The 

cancer RBCs integrate exposure through ingestion of water, inhalation of vapors emitted by water (showering and household 
use), and dermal contact with water (showering). Target risk for cancer RBCs is 1 E-7 because more than five contaminants 
are present "NV" that indicates an RBC for the endpoint is not available because toxicity information is lacking. 

• Value calculated by dividing the maXimum contaminant concentration by the RBC and multiplying by the target risk of 
I E-7. "NC" indicates that the contaminant is not a carcinogen or does not have a cancer-based RBC because a cancer 
endpoint toxicity value is lacking. 

f The computed maximum concentration is greater than the designated initial concentration at the source (1.42E-7 mgIL). 
The current receptor is located too close to the source, creating a near-field condition that cannot be properly assessed by a 
flux boundary condition model; therefore, concentrations have been truncated to the initial dissolved concentration. 
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The RME lead concentrations in SWMU 193c McNairy and SWMU 99a RGA are also greater than -- -" 
the KDEP and EPA screening level concentrations for this element (4 and 15 ~gIL, respectively); • 
therefore, when these findings are considered together, there is qualitative agreement on the potential 
hazards of prevailing lead ~on~entrations in the groundwater at these sites. 

Where the element was detected in surface or subsurface soil, lead-driven HIs of greater than 1000 
.contrast with very low probabilities « 0.02 percent) of children having blood lead levels greater than 
1 O~g1dL, as determined by the IEUBK model. Furthermore, lead concentrations in subsurface soil at 
SWMUs 99a, 193c, and 194 do not exceed the soil screening values specified by either agency; however, 
as illustrated in Exhibit 1.39, the concentration of lead in surface soil at SWMU 193c exceeds the KDEP 
benchmark but not that of EPA (20 < 24.9 < 400 mg/kg). 

1.5.7 Identification of Land Use Scenarios, Pathways, Media, and Chemicals of Concern 

This section identifies the land use scenarios of concern, pathways of concern (POCs), media of 
concern (MOC), and COCs for sites in WAG 28. This section evaluates all land use scenarios to identify 
those land use scenarios, contaminants, and pathways to consider when choosing appropriate remedial 
actions. Sect. 1.8 presents RGOs for each location and land use combination using the information 
compiled here. 

To determine land use scenarios of concern, risk characterization results for total systemic toxicity 
(total HI) and total risk (total ELCR) for each land use scenario at each location are compared to 
benchmarks of 1 and lE-6 for m and ELCR, respectively. Land use scenarios with total HIs exceeding 
the benchmark of 1 are deemed land use scenarios of concern for systemic toxicity. Land use scenarios 
with total ELCR exceeding the benchmark of lE-6 are deemed land use scenarios of concern for ELCR. 
To determine COCs, the chemical-specific m and ELCR contributed by each COPC across all pathways • 
within a land use scenario of concern are compared to benchmarks of 0.1 and lE-6 for chemical-specific 
m and ELCR, respectively. COPCs with chemical-specific IDs or ELCRs that exceed these bencVmarks 
are deemed COCs for that land use scenario of concern. To determine POCs, the exposure route in and 
ELCR across all COPCs within the land use scenarios of concern are compared to benchmarks of 0.1 and 
lE-6 for exposure route m and ELCR, respectively. Exposure routes with exposure route HIs and ELCRs 
that exceed these benchmarks are deemed POCs for that land use scenario of concern. MOCs are 
determined by examining the POCs and selecting any medium that appears in a POC as an MOC. 

1.5.7.1 Land use scenarios of concern 

As noted previously, if the total HI or total risk for a land use scenario exceeds 1 or lE-6, 
respectively, then that land use scenario is a land use scenario of cQncern for the location. Exhibit 1.40 
presents the land uses of concern for each location. The results include contributions from lead. 

As shown in Exhibit 1.40, at no site are all the land use scenarios of concern, even when including 
the contribution of lead. The future recreational user land use scenario is of concern only at SWMU 193c, 
and only when lead is included as a COPC. Future industrial use and on-site rural residential use ofRGA 
groundwater are land use scenarios of concern at all sites where groundwater was assessed with or 
without considering contributions from lead. Excavation worker exposure to subsurface soil is a land use 
scenario of concern at all sites regarding cancer risk 
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Exhibit 1.39. Comparison of representative concentrationsB of lead against --

• regulatory screening values 

Representative KDEP screening EPA screening 
Location concentration value Exceed? value Exceed? 

Groundwater ("gIL) 
SWMU99aRGA Bl 4 Yes IS Yes 
SWMU 99a McNairy - 4 IS 
SWMU99bRGA 4 IS 
SWMU 193aRGA 4 IS 
SWMU 193a McNairy 4 15 
SWMU 193bRGA 4 15 
SWMU 193b McNairy 4 15 
SWMU 193c RGA - 4 15 
SWMU 193c McNairy 250 4 -Yes IS Yes 
AOC204RGA 4 15 

Surface soil (mgIkg)b 

SWMU99a 20 400 

SWMU 193a 20 400 

SWMU 193b 20 400 

SWMU 193c 24.9 20 Yes 400 No 

Subsurface soil (mglkgt 
SWMU99a 1B.l 20 No 400 No 
SWMU99b 20 400 

SWMU 193a 20 400 

• SWMU 193b 20 400 

SWMU 193c 13.6 20 No 400 No 
SWMU 194 15.8 20 No 400 -- No 

AOC204 20 400 

Notes: "-" indicates that lead was not a COPC for that location; therefore, a representative concentration is not available. 

a By delin ition (EPA 1992a), the representative concentration or the representative exposure concentration is the average 
contaminant concentration within an area; however, as shown in Sect. 1.2.3.1, this value is actually the lesser orthe 
maximum detected concentration and the 95% UCL of the mean concentration. 

b Surface soil collected from 0-1 ft bgs. 
C Subsurface soil collected from 0-15 ft bgs. 
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1-175 



Exhibit 1.40. Selection ofland uses of concern 

Site • Scenario SWMU SWMU SWMU SWMU SWMU SWMU AOC 
99a 99b 193a 193b 193c 194 204 

Systemic toxicityB 
Current industrial worker 
Exposure t6 soil NA Xb Xc NA NA 
Future industrial worker 
Exposure to soil NA Xb XC NA NA 
Exposure to RGA groundwater x«t Xb Xb Xb ' b 

NA Xb X 
Exposure to McNairy groundwater Xb NA Xb Xd NA NA 
Future on-site rural residentS 
Exposure to soil Xb NA Xb Xb XC' NA NA 
Exposure to RGA groundwater x«t Xb Xb Xb Xb NA Xb 

Exposure to McNairy groundwater Xb NA Xb Xb Xd NA NA 
Orr-site rural resident 
Exposure to groundwatere Xe Xe Xe xe xe 
Future recreational usera 

Exposure to soil NA XC NA NA 
Future excavation worker 
Exposure to soil x«t Xb XC' XC 
Excess lifetime cancer risk 
Current industrial worker 
Exposure to soil X NA X X NA NA 
Future industrial worker • Exposure to soil X NA X X NA NA 
Exposure to RGA groundwater X X X X X NA X 
Exposure to McNairy groundwater X NA X X NA 'NA 
Future on-site rural residentr 

Exposure to soil X NA X X NA NA 
Exposure to RGA groundwater X X X X X NA X 
Exposure to McNairy groundwater X NA X X X NA NA 

Orr-site rural resident 
Exposure to groundwater xe 
Future recreational userr 

Exposure to soil X NA X NA NA 

Future excavation worker 
Exposure to soil X X X X X X X 

Notes: Scenarios where risk exceeded the benchmark levels (HI of IIELCR of 1 E-6) are marked with an "X." 
Scenarios where risk did not exceed a benchmark level are marked with a "-." 
''NA'' indicates that the scenario/land use combination is not appropriate. 

S For systemic toxicity regarding the future recreational user and the future on-site rural resident, the results for a child are 
presented. 

b These scenarios are of concern even though lead was undetected. 
C If contribution from lead is not considered, the total HI falls below 1, and the scenario is not of concern. 
d Lead is present, and the scenario is of concern whether or not the element is included in the assessment. 
C Based on the results of contaminant transport modeling, "X" indicates the location contains a source of unacceptable 

off-site contamination. 
r For excess lifetime cancer risk regarding the future recreational user and the future on-site rural resident, the values are • for lifetime exposure. 
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1.5.7.2 Chemicals of concern 

Only those contaminants whose chemical-specific ELCRs summed across all pathways within a land 
use scenario of concern are greater than or equal to.lE-6 or whose HQs summed across aU pathways are 
greater than or equal to .0.1 are COCs. The COCs in soil across aU land use scenarios for systemic toxicity 
are summarized in Exhibit 1.41. In this exhibit, contaminants that are COCs within a scenario of concern 
and have chemical-specific HIs greater than 1 are marked with a solid cell. Contaminants that are COCs 
within- it scenario of concern and have chemical-specific HIs between 0.1 and 1 are marked with an "X." 
Contaminants that are not COCs within a scenario are not marked (i.e., cell left blank). Similar 
information for COCs in soil for ELCR is shown in Exhibit 1.43. In this exhibit, all COCs in soil across 
all land use scenarios for ELCR are summarized. Contaminants that are COCs within a scenario of 
concern and have chemical-specific ELCRs greater than lE-4 are marked with a solid cell (see Exhibit 
1.43). Contaminants that are COCs within a scenario of concern and have a chemical-specific ELCRs 
between lE-6 and lE-4 are marked with an "X." Contaminants that are not COCs within a scenario are 
not marked (i.e., cell left blank). Finally, Exhibits 1.42 and 1.44 present the COCs in RGA and McNairy 
groundwater over all land use scenarios. The markings used in these exhibits are the same as those used in 
Exhibits 1.41 and 1.43, respectively. 

As shown in Exhibit 1.41, there are 16 COCs for systemic toxicity in soil in all of WAG 28. Of 
these COCs, 12 are inorganic and 4 are organic compounds. There are no COCs for systemic toxicity 
in soil at SWMU 99b. There are 12 COCs for systemic toxicity in soil at SWMU 99a, 9 inorganics and 
3 organics. There is one COC for systemic toxicity in soil at SWMU 193a, and it is an inorganic 
compound. There are three COCs for systemic toxicity in soil at 193b, all of which are inorganic 
compounds. There are eight COCs for systemic toxicity in soil at SWMU 193c, all of which are inorganic 
compounds. There are six COCs for systemic toxicity in soil at SWMU 194, all of which are inorganic 
compounds. There is one COC for systemic toxicity in soil at AOC 204, and it is an organic compound . 

As shown in Exhibit 1.42a, there are 26 COCs for systemic toxicity in RGA groundwater in all of 
WAG 28. There are 18 COCs for systemic toxicity in RGA groundwater at SWMU 99a, 15 inorganic and 
3 organic compounds. There are five COCs for systemic toxicity in RGA groundwater at SWMU 99b, 
four inorganics and one organic compound. There are four COCs for systemic toxicity in RGA 
groundwater at SWMU 193a, two inorganic and two organic compounds. There are five COCs for 
systemic toxicity in RGA groundwater at SWMU 193b, all of which are organic compounds. There are 
two COCs for systemic toxicity in RGA groundwater at SWMU 193c, both of which are organic 
compounds. There are seven COCs for systemic toxicity in RGA groundwater at AOC 204, one inorganic 
and six organic compounds. Groundwater was not sampled at SWMU 194. 

As shown in Exhibit 1.42b, there are 26 COCs for systemic toxicity in McNairy groundwater in all 
of WAG 28. There are four COCs for systemic toxicity in McNairy groundwater at SWMU 99a, all of 
which are organic compounds. There are three COCs for systemic toxicity in McNairy groundwater at 
SWMU 193a, one inorganic and two organic compounds. There are two COCs for systemic toxicity in 
McNairy groundwater at SWMU 193b, both of which are organic compounds. There are 2S COCs for 
systemic toxicity in McNairy groundwater at SWMU 193c, 15 inorganic compounds, 9 organic 
compounds, and 1 radionuclide . 
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Exhibit 1.41. Chemicals of concern for systemic toxicity in soil at each site 

Notes: "X" indicates that the chemical of potential concern is a chemical of concern, and chemical-specific HI is between 0.1 and I for the scenario. 
Solid cell indicates that the chemical of potential concern is a chemical of concern, and chemical-specific HI is greater than I for the scenario. 
Blank cell indicates that the chemical of potential concern is not a chemical of concern for the scenario. 

a Only chemicals of potential concern that have a chemical-specific HI greater than I for one or more land use scenarios of concern are listed . 
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Exhibit 1.42b. Chemicals of concern for systemic toxicity in McNairy groundwater at each site 

Sites SWMU99a SWMU9!bb SWMUB3a SWMU193b SWMU 193c SWM1:J 194' 
and scenarios 
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Notes: "X" indicates that the chemical of potential concern is a chemical of concern, and chemical-specific HI is between O. I and I for the scenario. 
Solid cell indicates that the chemical of potential concern is a chemica! of concern, and chemical-specific HI is greater than I for the scenario. 
Blank cell indicates that the chemical of potential concern is not a chemical of concern for the scenario. 

• Only chemicals of potential concern that have a chemical-specific HI greater than I for one or more land use scenarios of concern are listed 
b McNairy groundwater not sampled at this site. 
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As shown in Exhibit 1.43, there are 24 COCs for ELCR in soil in all of WAG 28. There are .--:-
23 COCs for ELCR in soil at SWMU 99a, 2 inorganic compounds, 15 organic compounds, and 
6 radionuclides. There are two COCs for ELCR in soil at SWMU 99b, both of which are inorganic 
compounds. There are six COCs for ELCR in soil at SWMU 193a, one inorganic and five organic 
compounds. There is one CDC for ELCR in soil at SWMUs 193b, 193c, and 194, and it is an inorganic 
compound. Beryllium is a COC at all sites, except AOC 204. There is one COC for ELCR in soil at 
AOC 204, and it is an organic compound. 

As shown in Exhibit 1.44a, there are 15 COCs for ELCR in RGA groundwater in all of WAG 28. 
There are seven COCs for ELCR in RGA groundwater at SWMU 99a, two inorganic compounds, three 
organic compounds, and two radionuclides. There are two COCs for ELCR in RGA groundwater at 
SWMU 99b, one organic compound and one radionuclide. There are five COCs for ELCR in RGA 
groundwater at SWMU 193a, four organic compounds and one radionuclide. There are five COCs for 
ELCR in RGA groundwater at SWMU "1 93b, four organic compounds and one radionuclide. There is one 
COC for ELCR in RGA groundwater at SWMU 193c, and it is an organic compound. There are eight 
COCs for ELCR in RGA groundwater at AOC 204, all of which are organic compounds. Groundwater 
was not sampled at SWMU 194. 

As shown in Exhibit l.44b, there are 16 COCs for ELCR in McNairy groundwater in all of 
WAG 28. There are three COCs for ELCR in McNairy groundwater at SWMU 99a, all of which are 
organic compounds. There are three coes for ELCR in McNairy groundwater at SWMU 193a, one 
organic compound and two radionuclides. There is one COC for ELCR in McNairy groundwater at 
SWMU 193b, and it is an organic compound. There are 14 COCs for ELCR in McNairy groundwater at 
SWMU 193c, 2 inorganic compounds, 11 organic compounds, and 1 radionuclide. 

Combining the results from Exhibits 1.41 and 1.43 and considering the magnitude of the chemical
specific HIs and ELCRs, the following COCs can be considered "priority COCs" (COCs with a chemical
specific HI or ELCR that exceeds 1 or lE-4, respectively) in soil for the current use and most likely future 
use scenario (i.e., industrial use): ,! 

• . SWMU 99a--beryllium 
• SWMU 99b-surface soil not assessed 
• SWMUl93a--none 
• SWMU 193b-chrornium, vanadium, and beryllium 
• SWMU 193c-Iead 
• SWMU 194---5urface soil not assessed 
• AOC 204---i;urface soil not assessed 

Combining the results from Exhibits 1.41 and 1.43 and considering the magnitude of the chernical
specific HIs and ELCRs, the following COCs can be considered "priority COCs" (COCs with a chernical
specific HI or ELCR that exceeds 1 or lE-4, respectively) in soil for the future excavation worker: 

• SWMU 99a-lead 
• SWMU 99b---beryUium 
• SWMU 193a--beryUium 
• SWMU 193b--beryllium and chromium 
• SWMU 193c-beryllium and lead 
• SWMU 194-beryllium and lead 
• ACO 204-none 
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Exhibit 1.43. Chemicals of concern for ELCR in soil at each site 

Sites SWMU99a SWMU99b SWMU193a SWMU193b SWMlJ 193c SWMU194 
and scenarios 
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Notes: "X" indicates that the chemical of potential concern has been selected as a chemical of concern, and the pathway-specific ELCR is between I E-6 and I E-4. 
Solid cell indicates that the chemical of potential concern is a chemicalpf concern, and chemical-specific ELCR is greater than I E-4 for the scenario. 
Blank cell indicates that the chemical of potential concern is not a chemical of concern for the scenario. 

• On Iy chemicals of potential concern that have a chemical-specific ELCR greater than 1 E-6 for one or more land use scenarios of concern are listed. 
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Exhibit 1.44a. Chemicals of concern for ELCR in RGA groundwater at each site 

Notes: "X" indicates that the chemical of potential concern has been selected as a chemical of concern, and the pathway-specific ELCR is between I E-6 and I E-4. 
Solid cell indicates that the chemical of potential concern is a chemical of concern, and chemical-specific ELCR is greater than I E-4 for the scenario. 
Blank cell indicates that the chemical of potential concern is not a chemical of concern for the scenario. 

a Only chemicals of potential concern that have a chemical-specific ELCR greater than I E-6 for one or more land use scenarios of concern are listed. 
b Groundwater not sampled at SWMU 194. 
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Exhibit 1.44b. Chemicals of concern for ELCR in McNairy groundwater at each site 

Sites SWM U9Ja SWMlJ9!'bb SWMI H3a SWMU 193b SWMU193c" S'VMU194" 
and scenarios 
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Notes: "X" indicates that the chemical of potential concern has been selected as a chemical of concern, and the pathway-specific ELCR is between I E-6 and I E-4. 
Solid cell indicates that the chemical of potential concern is a chemical of concern, and chemical-specific ELCR is greater than I E-4 for the scenario. 
Blank cell indicates that the chemical of potential concern is not a chemical of concern for the scenario. 

a Only chemicals of potential concern that have a chemical-specific ELCR greater than I E-6 for one or more land use scenarios of concern are listed. 
b McNairy groundwater not sampled at this site. 
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Combining the results from Exhibits 1.41 and 1.43 and considering the magnitude of the chemical- --
specific IDs and ELCRs, the following COCs can be considered "priority COCs" (COCs with a chemical
specific ID and ELCR that exceeds 1 or 1E-4, respectively) in soil for the future on-site rural resident: 

• SWMU 99a-barium, beryllium, chromium, benz(a)anthracene, benzo{a)pyrene, 
benzo(b )fluoranthene, dibenz( a,h)anthracene, indeno( 1,2,3 ,-cd)pyrene, PCB-l 016, PCB-1254, 
n~p.tunium-237, technetium-99, thorium-234, uranium-234, and uranium-238 

• SWMU 99b-- surface soil not assessed 
• SWMU193a--chromium, benzo(a)pyrene, and dibenz(a.h)anthracene 
• SWMU 193b-beryllium, chromium, and vanadium 
• SWMU 193c--chromium and lead 
• SWMU 194-- surface soil not assessed 
• AOC 204-ilurface soil not assessed 

Combining the results· from Exhibits 1.41 and 1.43 and considering the magnitude of the chemical
specific IDs and ELCRs, the following COCs can be considered "priority COCs" (COCs with an HI or 
ELCR that exceeds 1 or lE-4, respectively) in soil for the future recreational user: 

• SWMU 99a-none 
• SWMU 99b-surface soil not assessed 
• SWMU193a-none 
• SWMU 193b--none 
• SWMU 193c-lead 
• SWMU 194-i1urface soil not assessed 
• AOC 204-ilurface soil not assessed 

Combining the results from Exhibits 1.42a and 1.44a and considering the magnitude of the 
chemical-specific HIs and ELCRs, the following COCs can be considered ''priority COCs" (COCs with a 
chemical-specific HI or ELCR that exceeds 1 or lE-4, respectively) in RGA groundwater for the most 
likely future use at the following sites (i.e., industrial use): 

• SWMU 99a-beryllium, lead, trichloroethene, and radon-222 
• SWMU 99b-trichloroethene and radon-222 
• SWMUl93a-iron 
• SWMU 193b-trichloroethene 
• SWMU 193c--none 
• SWMU 194-RGA groundwater not assessed 
• AOC 204--PCB-1254, PCB-1260, PCBs, tetrachloroethene. and trichloroethene 

Combining the results from Exhibits 1.42a and 1.44a and considering the magnitude of the chemical
specific IDs and ELCRs, the following COCs can be considered ''priority COCs" (COCs with a chemical
specific HI or ELCR that exceeds 1 or lE-4, respectively) in RGA groundwater for on-site rural 
residential use in the home at the following sites: 

• SWMU 99a--aluminum, arsenic, beryllium, chromium, iron, lead, manganese, vanadium, 
1, I-dichloroethene trichloroethene, radon-222, and technetium-99 

• SWMU 99b-chromium, trichlororethene, and radon-222 
• SWMUI93a-iron, trichloroethene, and technetium-99 
• SWMU 193b--l,1-dichloroethene, carbon tetrachloride,trichloroethene, and technetium-99 
• SWMU 193c-l,2-dichloroethene and trichloroethene 
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• SWMU 194--RGA groundwater not assessed • 
• AOC 204--1,I-dichloroethane, 1,1-dichloroethene, PCB-12S4, PCB-1260, PCBs, tetrachloroethene, 

and trichloroethene 

- -
Combining the results from Exhibits 1.42b and 1.44 and considering the magnitude of the chemical-

specific HIs and ELCRs, the following COCs can be considered "priority COCs" (COCs with a chemical
-specific HI or ELCR that exceeds 1 or lE-4, respectively) in McNairy groundwater for the most likely 
future use at the following sites (i.e., industrial use): 

• SWMU 99a--trichloroethene 
• SWMU 99b--McNairy groundwater not assessed 
• SWMUl93a-iron 
• SWMU 193b-none 
• SWMU 193~ntimony, beryllium, iron, lead, and vanadium 
• SWMU 194--McNairy groundwater not assessed 
• AOC 204--McNairy groundwater not assessed 

Combining the results from Exhibits 1.42b and 1.44a and b and considering the magnitude of the 
chemical-specific HIs and ELCRs, the following COCs can be considered "priority COCs" (COCs with a 
chemical-specific HI or ELCR that exceeds 1 or lE-4, respectively) in McNairy groundwater at the 
following sites for future on-site rural residential use at the following sites: 

• SWMU 99a-carbon tetrachloride, cis-l,2-dichloroethene, I, I-dichloroethene, and trichloroethene 
• SWMU 99b--McNairy groundwater not assessed 
• SWMU193a-cis-l,2-dichloroethene, iron, and technetium-99 • 
• SWMU 193b-cis-l,2-dichloroethene and trichloroethene 
• SWMU 193o--aluminum, antimony, arsenic, beryllium, cadmium, carbon tetrachloride, chr<!mium, 

iron, lead, manganese, molybdenum, vanadium, 1,I-dichloroethene, vinyl chloride, and radon-222 
• SWMU 194--McNairy groundwater not assessed 
• AOC 204--McNairy groundwater not assessed 

The following chemicals are "priority COCs" for off-site use of groundwater (i.e., rural residential 
use in the home). These chemicals are all COCs that may migrate from a source at a site in WAG 28 to an 
off-site location and present a chemical-specific HI or ELCR to the rural resident that is greater than 1 or 
lE-4, respectively. 

• SWMU 99a-lithium 
• SWMU 99~one 
• SWMU193a-chromium 
• SWMU 193~one 
• SWMU 193c--1ithium and manganese 
• SWMU 194-chromium, lithium, and strontium 
• AOC 204--trichloroethene 
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1.5.7.3 Pathways of concern 

Only those pathways with a pathway HI for adults or children greater than 0.1 or a pathway ELCR 
greater than 1E-6 across all contaminants within a land use scenario of concern are POCs. The POCs for 
each land use scenario .of concern are presented in Exhibit 1.45. Inhalation of vapors and particulates from 
soil and ingestion of quail are not POCs. All other exposure routes are found in POCs in at least one site. 

1.5. 7 ~4 Media of co·neern 

MOCs are those media that appear in at least one POCo Based on the information presented in 
Sect. 1.5.7.3 and Exhibit 1.45, the following media are of concern for each site: 

• SWMU 99a--surface soil, subsurface soil, RGA groundwater, and McNairy groundwater 
• SWMU 99b--subsurface soil and RGA groundwater 
• SWMUl93a--.surface soil, subsurface soil, RGA groundwater, and McNairy groundwater 
• SWMU 193b--surface soil, subsurface soil, RGA groundwater, and McNairy groundwater 
• SWMU 193c--.--5urface soil, subsurface soil, RGA groundwater, and McNairy groundwater 
• swMu 194-subsurface soil 
• AOC 204-RGA groundwater 

1.5.8 Summary of Risk Characterization 

Tables 1.75-1.81 present summaries of the risk characterizations for WAG 28 sites. Each of these 
tables present land use scenarios of concern, COCs, and POCs. Along with this information, each table 
lists the risk posed to a receptor under each land use scenario of concern, the percent of risk each POC 
contributes to the total risk, and the percent of risk each COC contributes to the total risk. The tables that 
summarize the results for systemic toxicity do not include contributions from lead, because to do so 
would make the contributions from the other COCs appear meaningless. 

In addition to the summary tables, Appendix E of this volume provides a more detailed summary of 
the risk assessment. In this appendix, the COPCs, CDls, slope factors, RIDs, ELCRs, HIs, toxic effects, 
cancer classification, and total risk by pathway, land use, and site are tabulated. These tables allow for a 
direct check of the risk calculations discussed in this section. In addition, if additional toxicity 
information becomes available, these tables will allow for easy recalculation of risk for each COPC, 
pathway, and land use scenario at each site. The information in the tables in Appendix E was used to 
construct the risk characterization and summary tables presented earlier in this section. 
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1.6 UNCERTAINTY IN THE RISK ASSESSMENT 

Uncertainties are associated with each step of the risk assessment process. The potential effect ofthe 
uncertainties on the final risk characterization must be considered when interpreting the results of the risk 
characterization because a number of assumptions are made during the risk assessment. Types of 
uncertainty to be considered are divided into four broad categories, including those associated with data, 
the exposure assessment, the toxicity assessment, and the risk characterization. Specific uncertainties in 
each of these broad categories are discussed in the following sections, with the magnitude of the effect of 
the uncertainty on the risk characterization being categorized as either small, moderate, or large. 
Uncertainties categorized as small do not affect the risk estimates by more than one order of magnitude; 
those categorized as moderate may affect the risk estimates by between one and two orders of magnitude, 
while uncertainties categorized as large may affect the risk estimate by more than two orders of 
magnitude. 

In evaluating these uncertainties and their estimated effect on the risk estimates, it should be 
remembered that the following uncertainties are neither independent nor mutually exclusive; therefore, 
the total effect of all uncertainties discussed in the following sections on the risk estimates (i.e., total 
ELCRs and HIs) is not necessarily the sum of the estimated effects. 

1.6.1 Uncertainties Associated with Data and Data Evaluation 

Several uncertainties are associated with the data set and the selection of COPCs. Specific 
uncertainties discussed in the following sections are (1) selection of COPCs, (2) determination of 
exposure point concentrations under current and future conditions, (3) use of concentrations from total 
versus filtered samples for inorganic compounds in groundwater, and (4) use of concentrations from 
borehole versus monitoring well samples. 

1.6.1.1 Selection of copes 

Uncertainty in the selection of copes is derived from several sources. The first uncertainty relating 
to the selection of COPCs is the retention of infrequently detected or infrequently analysed for chemicals 
in the list of COPCs. As seen in Table 1.9, several of the chemicals retained in the list of COPCs were 
detected in less than 10 percent of the samples. Of greatest concern is that some of these COPCs are 
retained as COCs. Table 1.82 presents the differences in total ELCR estimates and total HIs when the 
chemicals detected in less than 10 percent of the samples are retained as COPCs and when they are 
deleted from the COPC list. These data indicate that, in most cases (67177 comparisons), the infrequently 
detected COPCs had no effect on the risk or hazard estimates. Even where a difference was noted, for 
example, for a future rural resident child exposed to soil at SWMU 99a, eliminating the HQs for the 
infrequently detected PCBs 1016 and 1254 (each detected in 1116 samples) resulted in a reduction in the 
total HI that fell within the range applicable to a small contribution to uncertainty (approximately 5-fold); 
therefore, the estimated effect of this uncertainty on the risk estimates as a whole is small (less than one 
order of magnitude). 

The second uncertainty relating to selection of COPCs is that temporal patterns in detection of 
analytes were not considered when selecting COPCs. If temporal patterns were considered, the final risk 
results in this BHHRA may have been quite different depending on the times at which risks were 
estimated; however, in the time frame considered in this BHHRA (40 years), the assumed effect of this 
uncertainty on the risk estimates is small. 

The third uncertainty relating to selection of COPCs concerns the quantitation limits used for some 
analytes. For many organic analytes and some radionuclides, the quantitation limit exceeds a 
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concentration or activity that may result in a significant health effect. For example, for RGA groundwater _. 
at SWMU 193a, 35 organic compounds and 2 radionuclideshave quantitation limits for at least one • 
sample that exceed their residential use ELCR RBCs (see Table 1.83). Similarly, in subsurface soil at 
AOC 204, six radionuclides and one organic compound have quantitation limits for at least one sample 
that exceed the residential use ELCR RBC (see Table 1.83). Because the quantitation limits exceed the 
RBCs, these chemicals and radionuclides could be present in amounts that contribute to risk but not be 

. retained. ~s COPCs for quantitative evaluation; however, because many of these components in RGA 
groundwater at SWMU 193a tend to be unrelated to processes at WAG 28, the effect of this uncertainty 
on the risk estimates for this scenario is likely to be small. 

A fourth uncertainty relating to the selection of COPCs is the inclusion of common laboratory 
contaminants in the COPC list. Table 1.84 presents the difference in total ELCR estimates and total HI 
when common laboratory contaminants are retained as COPCs and when they are deleted from the COPC 
list. This table indicates that common laboratory contaminants COPCs had virtually no effect on risk or 
hazard estimates; therefore, the estimated effect of the uncertainty on risk estimates is small. 

A fifth uncertainty relating to the selection of COPCs is based on the fact that, in this risk 
assessment, contaminant concentrations were not compared to concentrations found in blank samples. 
Typically, common laboratory contaminants and other analytes may be deleted from the COPC list if they 
are also detected in blank samples at appropriate concentrations (RAGS). While not performing this test 
ensures that all "hits" for compounds that may be potential laboratory contaminants are treated as site 
contaminants, it is actually impossible to distinguish unequivocally between the environmental medium 
and the laboratory-based extraction procedures and processes as the potential source of the observed 
contamination; however, the effect of this uncertainty is estimated to be small because, in general, 
common laboratory contaminants such as acetone, methylene chloride, and the phthalates appear to be 
present only at low concentrations and do not contribute significantly to risk (see Table 1.84). • 

A sixth uncertainty relating to the selection of COPCs is the use of a toxicity screen to deterJ!line the 
final COPC list. In this BHHRA, the maximum detected concentrations of analytes within each medium 
at each site were compared to residential human health risk-based screening criteria. The residential risk
based screening levels were used per regulatory agreement (Methods Document). Analytes with 
maximum concentrations less than these screening criteria were removed from the list of COPCs. The 
derivation of these criteria is explained in detail in Sect. 1.2. . 

To examine what effect the toxicity screen may have had on the COPC list and on the resulting risk 
estimates, hazard and risk contributions from analytes removed on the basis of this screen were 
calculated. Thus, these marginal hazard and risk contributions are the estimated increases in the final 
hazard and risk estimates that would be seen if the analytes removed from the list of COPCs had been 
retained. Exhibit 1.46 presents the marginal contributions to total HI and total ELCR, by medium and 
location, for those areas in which the rural residential scenario was assessed. As illustrated in this exhibit, 
the marginal contribution of the analytes removed from the COPC list is negligible; therefore, the 
estimated effect of this uncertainty on the final risk estimates is small. 

In Table 1.85, the background concentrations in soil used for this screen are compared to their 
respective medium-specific human health risk-based screening criteria discussed in Sect. 1.2. As shown in 
Table 1.85, several of the background concentrations used in the BHHRA are greater than their respective 
risk-based screening criteria. Note that the target HI and ELCR used for chemicals when calculating 
the screening criteria are 0.1 and lE-7, respectively, and that the target ELCR for radionuclides is lE-6 . 
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Exhibit 1.46. Marginal ELCR and HI contributions of analytes removed from the COPC 
list on the basis of the toxicity screen with lead included as a COPC 

TotalELCR Total hazard index 

. Total Marginal Total with Total Marginal Total with 
Site ELCR contribution analytes added HI contribution analytes added 

Future on-site rural resident 
. -

SWMU 99a (RGA) 5.6E-3 0 5.6E-3 90,600 <1 90,600 
SWMU 99a (MeN) l.8E-3 6.9E-7 1.8E-3 53.1 <1 53.1 
SWMU 99a (soil) > lE-28 0 > lE_28 17.2 <1 17.2 
SWMU 99b (RGA) 2.3E-3 6.9E-7 2.3E-3 208 <1 208 
SWMU 193a (RGA) 2.4E-3 2.7E-7 2.4E-3 28.6 <1 28.6 
SWMU 193a (MeN) 4.2E-4 1.4E-6 4.2E-4 59.9 <1 59.9 
SWMU 193a (soil) 7.1E-4 8.0E-8 7.1E-4 6.25 <1 6.25 
SWMU 193b (RGA) 1.0E-3 0 l.OE-3 55.5 <1 55.5 
SWMU 193b (MeN) 1.2E-5 0 l.2E-5 2.69 0 2.69 
SWMU 193b (soil) 3.0E-3 0 3.0E-3 66.7 <1 66.7 
SWMU 193e (RGA) l.5E-4 0 l.5E-4 80.7 0 80.7 
SWMU 193e (MeN) 4.0E-3 9.8E-7 4.0E-3 278,000 <1 278,000 
SWMU 193e (soil) 1.lE-9 0 l.lE-9 247,000 <1 247,000 
AOC 204 (RGA) > lE-28 0 > lE_28 279 <1 279 

Note: All HI values are for the child. 

8 The ELCR is approximate because the linearized multistage model returns imprecise values at risks> I E-2. 

The results presented in this table indicate that if analytes were not removed from the COPC Jist on the 
basis of the background screen, the final risk estimates would be larger; however, because this screen 
relied on a comparison of the maximum detected concentration of each analyte in a medium to the 
selected soil background concentration, erroneous removal of analytes from the list of COPCs is unlikely; 
therefore, removing contaminants from the COPC list on the basis of a background screen is likely to· 
have had no more than a small effect on the final risk estimates. 

Unlike soil, a background screen for groundwater was not used when developing the list of COPCs. 
Such a screen was omitted because the background concentration data for groundwater, which have been 
used in earlier risk assessments at the PGDP, were determined to be suspect during recent discussions 
with regulatory agencies because of changes in sampling methods. Generally, these changes in sampling 
methods led to inappropriate comparisons between analyte concentrations in site samples and the 
background concentrations; however, after the preparation of the DO draft of this risk assessment, an 
internal draft of new site-wide background data for groundwater became available (Bonczek 1999). 
Although preliminary, these data have been used herein to screen COPCs whose concentration or activity 
in groundwater fell below their prevailing concentrations in areas not impacted by PGDP. Comparing the 
overall risks or hazards for the future industrial and residential scenarios with and without the 
contribution of these screened COPCs gives a measure of the degree of uncertainty bounding the risk and 
hazard determinations when a background groundwater screen is omitted. As seen in Exhibit 1.47, the 
overwhelming majority of comparisons return the same value for the ELCR or ill whether or not the 
background screen is in place. Where a difference is noted, for example, in the ELCR for the future on
site rural resident exposed to RGA groundwater at SWMU 99b, the difference is less than an order of 
magnitude (2.6E-3 versus 2.0E-3); therefore, the effect ofthis uncertainty is small. 
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Exhibit 1.47. ELCR and HIs for the future Industrial worker and future on-site rural resident 
exposed to groundwater with lead excluded as a COPC-the effect of omitting COPCs with 

concentrations below site-wide background concentrations 

- HI- m+ ELCR- ELCR+ 
groundwater groundwater groundwater groundwater 

Location screen (default} screen screen {default} screen 
Future -industrial worker 

SWMU 99a (RGA) S.11 S.11 5.6E-4 5.6E-4 
SWMU 998 (McNairy) 1.64 1.64 7.6E-S 7.6E-5 
SWMU 99b (RGA) 7.0 6.93 2.6E-4 1.4E-4 
SWMU 193a (RGA) 1.64 1.64 2.6E-S 2.6E-S 
SWMU 193a McNairy) 4.69 4.69 l.lE-6 l.lE-6 
SWMU 193b (RGA) 1.74 1.74 4.4E-5 4.4E-5 
SWMU 193b McNairy) <1 <1 8.4E-7 8.4E-7 
SWMU 193c (RGA) 1.46 1.46 l.1E-5 l.lE-5 
SWMU 193c (Mcl'llairy) 9.92 9.92 4.2E-4 3.8E-4 
AOC 204 (RGA} 33.3 33.3 1.3E-3 1.3E-3 
Future on-site rural resident adult 

SWMU 99a (RGA) NA NA S.6E-3 5.6E-3 
SWMU 99a (McNairy) NA NA 1.8E-3 1.8E-3 
SWMU 99b (RGA) NA NA 2.6E-3 2.0E-3 
SWMU 193a (RGA) NA NA 2.4E-3 2.4E-3 
SWMU 193a (McNairy) NA NA 4.2E-4 4.2E-4 
SWMU 193b (RGA) NA NA 1.0E-3 1.0E-3 
SWMU 193b (McNairy) NA NA 1.2E-5 1.2E-5 
SWMU 193c (RGA) NA NA 1.SE-4 1.5E-4 
SWMU 193c (McNairy) NA NA 4.0E-3 3.9E-3 
AOC 204 (RGA) NA NA > lE-21 > 1£_28 

Notes: NA = Not Applicable 

• The absolute value is omitted because a risk of > 1 B-2 as calculated by the linearized mUltistage model may be imprecise. 

1.6.1.2 Determination of exposure point concentrations--current conditions 

The uncertainty in the calculated exposure point concentrations under current conditions cannot be 
quantified for this BHHRA. Although sampling data came from sources of mown quality, and the data 
set was generated from samples collected and analyzed using EPA-approved protocols, the .lack of 
validation for some data could have resulted in the retention of erroneous analyte concentrations; 
however, because the risk estimates are driven for the most part by contaminants determined from earlier 
investigations to be present in the WAG 28 sites, the effect of this uncertainty on the fmal risk estimates is 
believed to be small. 

1.6.1.3 Determination of exposure point concentrations--future conditions 

• 

• 

In calculating the exposure point concentrations under future conditions at WAG 28 sites, the 
concentrations of COPCs are assumed to be constant throughout the exposure period. That is, the risk 
assessment does not consider that concentrations of some contaminants may be lower or higher in the 
future because of processes such as degradation and attenuation; however, because a substantial 
proportion of the contaminants driving risk at the sites is not expected to degrade significantly throughout • 
a lifetime, the overall effect of this uncertainty is estimated to be small. 
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Uncertainty also surrounds the risk to receptors as COPCs in media at WAG 28 sites migrate to_ 
groundwater below the sites and are transported off site. As noted in Chap. 5 of Vol. 1, to address this 
uncertainty, the MEPAS model was used to estimate potential concentrations of selected COPCs in 
groundwater at the security fence and the DOE property boundary. A complete presentation of the results 
of the MEPAS model is. in Appendix B of this volume. While the MEPAS model can estimate 
contaminant transport though multiple media, this model does not consider the presence of all possible 
contaminants and the geochemical interactions that may occur. Additionally, the model estimates 
contaminant concentrations assuming that the receiving groundwater is uncontaminated, in light of which 
the contaminant concentrations estimated for groundwater may differ from the actual concentrations; 
therefore, risk estimates generated using the results of the MEPAS model should be considered as 
screening estimates and should only be used to direct future modeling efforts as needed. If risk managers 
wish to consider the potential risk to an off-site user exposed to on-site contaminant concentrations, a 
value is available. Generally, the effect of the MEPAS modeling uncertainties on the risk estimates is 
considered moderate. 

1.6.1.4 Use of concentrations from total versus fIltered samples 

In this BHHRA, all analyte concentrations in water carne from the analyses of unfiltered or total 
samples. The use of data from analyses of total samples is consistent with current EPA guidance (RAGS) 
but introduces an additional uncertainty to the BHHRA for some water use pathways. The magnitude of 
the effect of this uncertainty upon the risk estimates is difficult to determine because it is not known to 
what extent the quality of water (in tenns of total solids) from a residential well could vary from the 
quality of water collected during the recent sampling effort; however, because the samples used in this 
BHHRA came from both monitoring wells and boreholes, some samples did have high solid content. 
Exhibit 1.48 addresses these groundwater issues by comparing residential use risk estimates calculated 
using results from all unfiltered groundwater samples and the subset of 0.45 f.I. filtered samples. 

Exhibit 1.48. Comparison of filtered and unfiltered water samples 

All unfiltered water samples 0.45 f1 Filtered water samples only 

Site m ELCR m ELCR 

Future industrial worker 

SWMU 998 (RGA) 27.4 1.3E-3 <1 NO 
SWMU 193a (RGA) <1 1.9E-S NO NO 
SWMU 103a (McN) <1 1.4E-6 NO NO 

SWMU 193b (RGA) <1 2.0E-S NO NO 

AOC 204 (RGA) 2.44 S.IE-S NO NO 

Future on-site rural resident 

SWMU 998 (RGA) 314 > lE-28 2.56 NO 

SWMU 193a (RGA) S.2S 2.7E-3 NO NO 

SWMU 193a (McN) <1 7.4E-4 NO NO 

SWMU 193b (RGA) 18.4 3.8E-4 NO NO 
AOe 204 (RGA) 75.8 7.6E-4 NO NO 

Notes: HI is for the child for the future on-site rural resident scenario. 
All HI estimates exclude lead as a COPC. 
Only current data are used in this analysis. 
ND=NoData. 

• The absolute value is omitted because a risk of> I E-2 as calculated by the linearized multistage model may be imprecise. 
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Though insufficient filtered groundwater specimens were available to allow a thorough WAG 28- _ 
wide comparison to be made, the HI estimates calculated using unfiltered water from all samples of RGA • 
groundwater at SWMU 99a differed from HI estimates calculated using only filtered samples by more 
than one order of magnitude (Exhibit 1,48). These results infer that the risk estimates could be markedly 
different if concentrations frDm filtered samples had been used in the risk assessment. This conclusion 
contrasts with that reached in the earlier uncertainty analysis in Baseline Risk Assessment and Technical 
Investigation Report for the Northwest Dissolved Phase Plume, Paducah Gaseous Diffusion Plant (DOE 
1994, page 5-95), where it was determined that the risks from the total and filtered concentrations of 
manganese, a primary risk driver in that assessment, differed by less than an order of magnitude. In 
summary, the Uncertainty in water sampling is at least moderate in this assessment depending upon which 
comparisons are investigated. 

1.6.1.5 Use of concentrations from boreholes versus monitoring wells 

Exhibit 1,49 presents the determinations of SWMU-specific RGA groundwater risks and hazards 
when the data are broken out according to the means of collection (i.e., borehole probe versus monitoring 
wells). Where sufficient data were available to make such a comparison (i.e., for SWMUs 99a and 193a), 
no prevailing trends could be discerned among the data that would suggest an effect related to sampling 
strategy. For example, for each site, the total ELCRs for the borehole probe samples were closely similar 
to those obtained from the monitoring wells. By contrast, the SWMU-specific HIs differed markedly 
according to the sample collection technique, though with no obvious bias. Accordingly, the potential 
impact of the means of collecting the groundwater samples (boreholes versus monitoring wells) on the 
overall risks and hazards when all classes of contaminants are considered together is impossible to 
determine from the HIs but is likely to be small based on the ELCR data. Restricting this analysis to the 
effect of metals might have resulted in more substantial and consistent differences among the samples 
because of their greater contribution to turbidity. 

1.6.1.6 Excluding "hot-spot" soil samples from risk characterization of SWMU 99a 

Exhibit 1.50 demonstrates the effect on the risk calculations of excluding two surface soil samples 
from the overall determination of cancer risk and systemic ~xicity for receptors exposed to soil at 
SWMU 99a. The two samples (082-014 and 082-015) were obtained during the excavation ofa collapsed 
drainpipe at the southwest corner of SWMU 99a; therefore, these two samples potentially represent 
contaminant transport via surface runoff from the Classified Scrap Yard and may be atypical of the waste 
management practices and prevailing levels of contamination at SWMU 99a.Sample (082-014) displayed 
high radioactivity (2730 pCi/g for total beta activity), ascribed to the presence oftechnetium-99. 

For this SWMU, the radionuclide is a risk driver for the hypothetical future on-site rural resident, 
most notably when the receptor is exposed to biota growing in soil contaminated at current levels; 
however, Exhibit 1.50 shows that, for most receptors and exposure scenarios, few if any significant 
differences in the overall determinations of risk or hazard are evident, whether the contribution of this 
"hot-spot" value to the overall CDI is included or excluded. By contrast, the overall levels of risk to the 
future on-site rural resident differ by a factor of approximately 50 (> lE-2 versus 3.2E-3), driven 
primarily by the pathway featuring consumption of vegetables grown in contaminated soil. Overall, small 
to moderate uncertainty is associated with the risk characterization from including these samples as 
surface soil from SWMU 99a, the variability depending on the exposure scenario and operative pathways . 
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Exhibit 1.49. Comparison of the total HIs and ELCRs from groundwater 
samples reco\'ered from borehole probes versus monitoring wells 

with lead excluded as a CO PC 

All borehole probe samples All well samples 

Site HI ELCR HI 

Future industrial worker .. 
SWMU 99a (RGA) 6.74 4.0E-4 1.54 
SWMU 99a (McN) 2.44 5.1E-5 NO 
SWMU 99b (RGA) NO NO 7.00 
SWMU 193a (RGA) <1 1.8E-5 8.26 
SWMU 193a (McN) <1 1.0E-6 4.44 
SWMU 193b (RGA) 1.74 4.4E-5 NO 
SWMU 193b (McN) <1 8.4E-7 NO 
SWMU 193c (RGA) 1.46 1.lE-5 NO 
AOC 204 (RGA) 2.44 5.1E-5 NO 

Future on-site rural resident 

SWMU 99a (RGA) 122 4.5E-3 37.9 
SWMU 99a (MCN) 53.1 1.8E-3 NO 
SWMU 99b (RGA) NO NO 208 
SWMU 193a (RGA) 4.12 2.6E-3 237 
SWMU 193a (McN) 10.7 4.4E-4 49.9 
SWMU 193b (RGA) 55.5 1.0E-3 NO 
SWMU 193b (McN) 2.69 1.2E-5 NO 
SWMU 193c (RGA) 80.7 1.5E-4 NO 
AOC 204 (RGA) 75.8 7.6E-4 NO 

Notes: HI is for the child for the future on-site rural resident scenario. 
All HI estimates exclude lead as a cope. 
ND=NoData. 

Exhibit 1.50. Comparison of ELCRs and HIs with and without "hot-spot" 
samples excluding lead as a COPC 

ELCR 

3.3E-4 

NO 

2.6E-4 

1.5E-4 
5.8E-7 

NO 
NO 
NO 
NO 

4.6E-3 

NO 
2.3E-3 
2.9E-3 
8.SE-6 

NO 
NO 
NO 
NO 

Scenario m + "hot-spots" m - "hot-spots" ELCR + "hot-spots" ELCR - "hot-spots" 

Current/future <1 <1 3.1E-4 2.6E-4 
b1dusDialworker 

Future excavation 1.46 1.46 2.1E-4 1.7E-4 
worker 

Future recreational <1 <1 2.7E-6 2.4E-6 
worker 

Future on-site rural 17.2 14.0 > lE-28 3.2E-3 
resident 

Notes: HIs for the future on-site rural resident are for a child 

a The absolute value is omitted because a risk of > lE-2 as calculated by the linearized multistage model may be imprecise. 
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The potential impact on human health that could arise from contact with the contaminants 
(predominantly radionuc1ides) at locations 082-014 and 082-015 was further analyzed by comparing the • 
concentrations/activities of contaminants in each sample individually with (1) surface soil background 
levels, (2) industrial human health risk-based screening criteria, and (3) residential soil screening levels 
for the protection of groundwater. As illustrated in Exhibit 1.51, one or more contaminant-specific 
benchmark values are. exceeded for each screening category evaluated. 

Exhibit 1.51 Screen of Individual "hot-spot" samples at SWMU 99a against background 
concentrations/activities, industrial use risk-based concentrations, and 

EPA residential soil screening levels for protection of groundwater 

Retained analytes after comparison to benchmarks 

Analytes Background Industrial RBes 

082-014 (surface soil) ELCR HI Residential SSLs 

PCB-IOI6 NO exceeds complies exceeds 
ex-activity NO ND ND NO 
~-activity NO ND NO NO 
Cesium-l 37 Exceeds exceeds ND NO 
Neptunium-237 Exceeds exceeds ND NO 
Technetium-99 Exceeds exceeds ND NO 
Thorium-234 NO exceeds NO NO 
Uranium-234 NO complies NO NO 
Uranium-238 Exceeds exceeds ND NO 

082-015 
ex-activity NO NO ND ND 

~-activity NO ND ND NO 

Notes: ND = No Data. (A contaminant-specific benchmark value was unavailable for this parameter.) 

1.6.2 Uncertainties Associated with Exposure Assessment 

Uncertainties associated with the exposure assessment are from five sources, namely (1) biota fate 
and transport modeling, (2) use of the RME scenario, (3) development of the conceptual site model and 
selection of pathways, (4) use of default values when estimating dermal absorbed dose, and (5) use of 
conservative exposure values for the excavation worker and industrial worker scenarios. Each of these 
uncertainties is discussed in the following paragraphs. 

1.6.2.1 Uncertainties in biota fate and transport modeling 

Modeling was used to estimate chemical concentrations and radionuclide activities in biota. 
Although the models used in this assessment are industry standards (Methods Document), their output 
contains a considerable amount of uncertainty. To ensure that these models generated values that were 
unlikely to underestimate dose (i.e., were conservative values), default modeling parameters were used in 
all cases; however, the use of conservative values may result in risk estimates that overestimate the actual 
risk. 

To examine this uncertainty, risk estimates that included and omitted the biota exposure routes were 

• 

compiled. Exhibit 1.52 displays these results, in which all estimates of HI are for the future child on-site • 
rural resident, and the effects of lead have been removed This exhibit shows that the effect of this 
uncertainty on the assessment is small for groundwater and soil at most sites; however, at SWMU 99a, the 
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surface soil ELCRs differ by more than two orders of magnitude when values with and without the biota __ 
pathways are compared (> 1E-2 versus 1.1E-3). Notwithstanding this exception, most media-specific HIs 
and ELCRs for the future on-site rural resident differ by less than an order of magnitude when the biota 
pathways are excluded. 

Exhibit 1.52. Effect of omitting biota pathways 

Future on-site rural resident with Future on-site rural resident 
biota ingestion without biota ingestion 

Site HI ELCR m ELCR 

SWMU 99a (RGA) 97.3 S.6E-3 76.6 4.lE-3 
SWMU 99a (MeN) 53.1 l.8E-3 45.3 I.SE-3 

SWMU 99a (soil) 17.2 > lE_2a 3.2,4 l.lE-3 

SWMU 99b (RGA) 208 2.3E-3 178 1.8E-3 

SWMU 193a (RGA) 28.6 2.4E-3 21.7 2.0E-4 

SWMUl93a (MeN) 59.9 4.2E-4 38.2 6.2E-6 

SWMU 19~a (~il) 6.25 7.lE-4 2.57 4.9E-S 

SWMU 193b (RGA) 55.5 1.0E-3 47.4 5.8E-4 

SWMU 193b OWeN) 2.69 1.2E-5 2.23 9.4E-6 

SWMU 193b (soil) 66.7 3.0E-3 31.2 l.SE-3 

SWMU 193e (RGA) 80.7 I.5E-4 44.5 l.2E-4 

SWMU 193e (MeN) 103 4.0E-3 64.9 2.4E-3 

SWMU 193e (soil) 3.04 l.lE-9 1.16 l.lE-9 

AOC 204 (RGA) 279 > lE-2a 204 8.9E-3 

Note: HI values are for the child, with lead excluded as a COPC. 

a The BLCR is approximate because the linearized multistage model returns imprecise values at risks> I B-2. 

The effect of this uncertainty on the results for the future recreational user exposed to game foraging 
in soil is much greater. As discussed in Sect. 1.3, the only pathways assessed for the future recreational 
user exposed to game foraging in soil were the biota pathways; therefore, the recreational land use 
scenario would not have been evaluated for any site if the biota pathways were ignored. 

1.6.2.2 Uncertainties in use of reasonable maximum exposure scenarios 

For each exposure pathway modeled, assumptions were made about the number of times per year an 
activity could occur, routes of exposure, and rate of intake of contaminated media. Because site-specific 
data were not available for many parameters, EPA and Commonwealth of Kentucky defaults were used 
(Methods Document). Because most of these defaults are conservative to prevent the underestimation of 
risk, the resulting risk estimates tend to be conservative. Generally, when several upper bound values are 
combined, the derived value tends to exceed the level of exposure that may be reasonable at a site. In 
consideration of this problem, attention should be focused not on the fact that any individual dose model 
is overly conservative, because most are not, but on the fact that if results from several conservative dose 
models are combined, the resulting total dose may be overestimated. 

To examine the potential effect of this uncertainty, risks for the residential scenario were estimated 
using average values for all exposure parameters. All exposure parameters used in this assessment were 
taken from the preliminary review draft of EPA's Supeifund's Standard Default Exposure Factors for the 
Central Tendency and Reasonable Maximum Exposure, Preliminary Review Draft (EPA 1993d). 
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Appendix G of this volume presents this report. In this assessment, the exposure pathways evaluated were _ 
identical to those used in the RME scenario. Similarly, the exposure equations, chemical concentrations, • 
radionuclide activities, and toxicity values were identical to those used for the RME scenario. The results 
of this assessment are presented in Exhibit 1.53, in which, as noted, the HIs are for child exposures. HIs 
based on average exposure defaults differed by less than a factor of two from those based on RME values, 
while ELCRs developed from average exposure defaults differed from RME-based estimates by a factor 
of approximately five. Therefore, the effect of this uncertainty was small for estimates of systemic 

- toxicity -and ELCR. -

Exhibit 1.53. Comparison of results using average exposure parameters to calculate dose 
versus RME parameters to calculate dose Cor the future on-site rural resident 

Site HI(RME) HI (average) ELCR(RME) ELCR (average) 

SWMU 99a (RGA) 97.3 71.8 5.6E-3 1.2E-3 
SWMU 99a (McNairy) 53.1 37.1 1.8E-3 3.8E-4 
SWMU 99a (soil) 17.2 11.4 > lE_2B > lE-2B 

SWMU 99b (RGA) 208 146 2.3E-3 4.9E-4 
SWMU 193a (RGA) 28.6 21.5 2.4E-3 5.0E-4 
SWMU 193a (McNairy) 59.9 48.1 4.2E-4 8.6E-5 
SWMU 193a (soil) 6.25 4.16 7.lE-4 1.5E-4 
SWMU 193b (RGA) 55.5 38.7 1.OE-3 2.2E-4 
SWMU 193b (McNairy) 2.69 1.88 1.2E-5 2.7E-6 
SWMU 193b (soil) 66.7 44.4 3.0E-3 6.3E-4 
SWMU 193c (RGA) 80.7 55.5 1.5E-4 3.3E-5 
SWMU 193c (McNairy) 103 83.9 4.0E-3 9.0E-4 
SWMU 193c (soil) 3.04 2.02 l.lE-9 2.3E-I0 
AOC 204 (RGA) 279 213 > lE_2B 3.3E-3 

Notes: All HIs are for the child, with lead excluded as a COpe. 

8 The ELCR is approximate because the linearized multistage model returns imprecise values at risks> I B-2. 

1.6.2.3 Uncertainties related to development oftbe site conceptual models and selection of 
pathways 

Generally, the level of uncertainty in the development of site conceptual models is small. Data used 
to develop these models were from several previous investigations of the site and from local experts; 
however, some of the uncertainties related to specific scenarios deserve additional explanation. These 
uncertainties are the consideration or lack of consideration of specific pathways for some scenarios, the 
lack of consideration of a separate intruder/infrequent recreational user scenario, and the summation of 
risks across areas and across scenarios. 

An uncertainty related to assessment of specific pathways is the consideration. of groundwater 
ingestion by the future industrial worker and future rural resident. Use of groundwater as drinking water 
and water for showering was assumed in the assessment. These exposure routes were included to provide 
risk managers with additional infonnation about the potential risk posed by groundwater at WAG 28 
sites; however, PGDP presently does not use groundwater, and there are no plans to use groundwater at 
the site in the future. 

• 

In this assessment surface soil samples were not evaluated at SWMU 194, SWMU 99b, and • 
AOC 204. Neither were groundwater samples taken from SWMU 194. Tbus, it was not possible to 
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evaluate risk from combined exposure to surface soil and groundwater at every site; however, .. 
Exhibit 1.54 addresses this issue for WAG 28 sites with available data by reporting the sum of risks from 
soil and groundwater exposures for the future industrial worker and future rural resident (HIs do not 
include lead as a COPC.) As shown in this exhibit, the effect of this uncertainty is small. 

Another uncertainty related to specific pathways is the lack of consideration of ingestion of livestock 
or products from livestock raised in contaminated areas. If the industrial infrastructure was removed, 
some" WAG 28 sites" are large enough to supply sufficient pasture for beef and dairy cows. Based on the 
results of other risk assessments perfonned for PGDP (DOE 1994), incorporation of this pathway into the 
risk characterization would have increased the risk to the rural resident at this unit; however, because the 
ECLR and systemic hazard to the rural resident at these units are already very high, the incorporation of 
the livestock pathway into the risk characterization would not have changed the final selection of the rural 
resident as a land use scenario of concern at this unit. The effect of this uncertainty for all units is small. 

The lack of consideration of a separate intruder/infrequent recreational user scenario in the risk 
assessment did not impact the results reported in the risk characterization because the results from this 
scenario would have been reported separately. Direct exposure by a recreational user to contaminated 
media was assessed, and the addition of a separate intruder/infrequent recreational user scenario would 
add little to the risk results. 

1.6.2.4 Uncertainties related to use of default values when estimating dermal absorbed dose 

In this assessment, the default dermal absorption factors for soil provided by the Commonwealth of 
Kentucky in its Risk Assessment Guidance (KDEP 1995) were used in most cases because chemical
specific absorption values were unavailable. In this guidance, the absorption factors, which estimate the 
percentage of a contaminant in soil or sediment crossing the skin and entering the body, are 5 percent for 
inorganic compounds, 10 percent for semivolatile organic compounds, and 25 percent for volatile organic 
compounds. These factors are much higher than those recommended by EPA Region 4 (EPA 1995a), 
which are 0.1 percent for inorganic compounds and 1 percent for organic compounds. 

The effect of using the Commonwealth of Kentucky's default values for dermal absorption versus 
the EPA Region 4 values is illustrated in Exhibit 1.55. This exhibit compares the systemic hazards and 
ELCRs from the dermal contact exposure route for WAG 28 sites when these estimates are derived using 
the Commonwealth of Kentucky's default values and EPA Region 4 values, respectively. Values in 
Exhibit 1.55 are for an excavation worker exposed to subsurface soil and for a current industrial worker 
exposed to surface soil, in each case without lead included as a COPC. As shown in this exhibit, the 
overall effect of this uncertainty at each SWMU is small to moderate for both ELCRs and HIs, which, 
when the EPA Region 4 values are used, fall within or below the EPA range of concern. 

1.6.2.5 Uncertainties related to use of default values for the excavation worker and industrial 
worker exposure scenario 

The Commonwealth of Kentucky guidance (KDEP 1995) recommends using 185 days per year 
and 25 years for the exposure frequency and the exposure duration, respectively, for the excavation 
worker. These values probably exceed the real values for WAG 28 because the excavation scenario· 
typically represents a soil removal action associated with construction of a foundation or excavation 
of contaminated soil. Exhibit 1.56 compares the site-specific risks and hazards calculated using the 
KDEP exposure parameters to those derived using site-specific durations without lead as a COPC . 
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Exhibit 1.54. Presentation of groundwater risks plus soil risks for the future industrial worker • and future on-site rural resident at WAG 28 

Future industrial workerl 

McNairy RGA Soil McNairy + soil RGA + soil 

ELCR 

SWMU99aa 7.6E-5 5.6E-4 3.1E-4 3.9E-4 S.7E-4 

SWMU99bb ND 2.6E-4 NO NA 2.6E-4 

SWMU 193a l.lE-6 2.6E-S I.SE-5 2.6E-5 4.1E-5 

SWMU 193b 8.4E-7 4.4E-S 5.1E-4 5.lE-4 5.5E-4 

SWMU 193c 4.2E-4 1.0E-S 1.7E-I0 4.2E-4 1.0E-5 

AOC204 ND l.3E-3 NO NA 1.3E-3 

HI 
SWMU99aa 1.64 5:11 <1 1.64 5.11 

SWMU99bb ND 7.0 NO NA 7.0 

SWMU 193a 4.69 1.64 <1 4.69 1.64 

SWMU 193b <0.1 1.74 5.25 5.25 7.0 

SWMU 193c 9.92 1.46 <1 9.92 1.46 

AOC204 ND 33.3 NO NA 33.3 

Future rural resldentb 

McNairy RGA Soil McNairy + soil RGA+soil • ELCR 

SWMU99aB 1.7E-3 5.6E-3 > lE-2c > lE_2c > lE_2c 

SWMU99bb ND 2.3E-3 NO NA 2.3E-3 

SWMU 193a 4.1E-4 2.4E-3 7.1E-4 l.lE-3 3.1E-3 

SWMU 193b 1.2E-5 1.0E-3 3.0E-3 3.0E-3 4.0E-3 

SWMU 193c 4.0E-3 l.SE4 l.lE-9 4.0E-3 1.5E-4 

AOC204 NO > lE_2c NO NA > lE_2c 

m 
SWMU99aa 53.1 97.3 17.2 70.3 114.5 

SWMU99bb ND 208 NO NA 208 

SWMU 193a 59.9 28.6 6.25 66.2 34.9 

SWMU 193b 2.69 55.5 66.7 69.4 122.2 

SWMU 193c 103 SO.7 3.04 106 11.7 

AOC204 NO 279 NO NA 279 

Notes: All HIs exclude lead as a COPC. 
ND=NoData. 
NA = Not Applicable. 

• Results are taken from Exhibits 1.21 and 1.29. 
b Results are taken from Exhibits) .23 and 1.31. 
C The ELCR is approximate because the linearized multistage model returns imprecise values at risks> 1 E-2. • 
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Exhibit 1.55. Effect of using Commonwealth of Kentucky defaults for dermal absorption 
\'ersus EPA Region 4 defaults for the current industrial worker 

Site HI (Kentucky} HI (EPA} ELCR (Kentuck~'} ELCR(EPA} 

Surface soil 
SWMU99a <1 <1 3.1E-4 6.7E-5 
SWMU 193a <1 <1 1.5E-5 2.0E-6 
·SWMU 193b 5.25 <1 5~IE-4 l.lE-5 
SWMU 193c <1 <1 1.7E-I0 1.7E-I0 

Subsurface Soil 
SWMU99a 1.46 <1 2.1E-4 8.8E-5 
SWMU99b <1 <1 2.1E-4 1.5E-5 
SWMU 193a <1 <1 1.7E-4 1.lE-5 
SWMU 193b 1.75 <1 1.7E-4 7.1E-6 
SWMU 193c 2.09 <1 1.7E-4 6.9E-6 
SWMU 194 <1 <1 3.1E-4 1.3E-5 
AOC204 <1 <1 1.1E-6 8.0E-7 

For this BHHRA, the number of days and years to complete the excavation was set to maintain the 
exposure frequency as close to, but not over, 250 days per year, with the exposure duration set to maintain 
the smallest whole number of years possible. This was the most conservative approach. As shown, HIs 
fluctuate less than an order of magnitude for each site, although the effect of this uncertainty is more 
variable for the ELCRs. Thus, the effect of using KDEP versus site-specific exposure parameters for an 
excavation worker is small for systemic toxicity; however, examples of all categories of uncertainty 
(small, medium, and large) are evident in the ELCR comparisons . 

Exhibit 1.56. Effect of using Commonwealth of Kentucky defaults versus site-specific 
exposure parameters for the future excavation worker 

Site IDderauit ill site-specific ELCR default ELCR site-specific 

SWMU99a 1.46 1.10 2.lE-4 1.3E-5 
SWMU99b <1 <1 2.1E-4 1.6E-6 
SWMU 193a <1 <1 1.7E-4 7.4E-5 
SWMU 193b 1.75 2.35 1.7E-4 1.8E-5 
SWMU 193c 2.09 2.77 1.67E-4 3.6E-4 
SWMU 194 <1 <1 3.lE-4 3.3E-4 
AOC204 <1 <1 l.lE-6 3.0E-7 

Notes: Values for the HI are with lead excluded as a cope. 

Another uncertainty affecting the excavation worker scenario concerns the toxicity values used for 
the scenario. For the excavation worker calculations, toxicity values based on chronic exposure were 
used. By definition, chronic exposures are those longer than 7 years in length, and subchronic exposures 
are those less than 7 years in length (RAGS). For the excavation worker scenario, toxicity values based 
on subchronic exposure may have been more appropriate; however, chronic values were used for the 
excavation scenario to remain consistent with KDEP exposure duration (i.e., 25 years) and because 
subchronic values are lacking for many chemicals. Because the differences between subchronic and 
chronic toxicity values for systemic toxicity are one order of magnitude (RAGS) or less, the effect of this 
uncertainty on the risk assessment is small . 
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For this assessment, site-specific exposure parameters for the current industrial worker were not __ 
used, although site-specific exposure parameters for general site maintenance (16 days a year for • 
exposure frequency and 25 years for exposure duration) have been estimated for other locations at PGDP. 
Exhibit 1.57 presents a comparison of risk results using KDEP default exposure parameters and PGDP 
site-specific exposure parameters, with lead excluded as a COPC as before. As shown, the effect of using 
KDEP exposure parameters for a current industrial worker is small to moderate for ELCR and systemic 
toxicity; however, of particular note in this analysis is that the site-specific ELCRs now fall within or 

. below EPA's range of concern. 

Exhibit 1.57. Effect of using Commonwealth of Kentucky defaults versus site-specific 
exposure parameters for the current industrial worker 

SWMU IDdefault m site-specific ELCR default ELCR site-specific 

SWMU 99a (soil) <1 <1 3.1E-4 2.0E-S 

SWMU 1938 (soil) <1 <1 l.SE-S 9.9E-7 

SWMU 193b (soil) 5.25 <1 S.1E-4 3.3E-S 
SWMU 193c (soil) <1 <1 1.7E-I0 1.lE-11 

Notes: AlI His are calculated with lead excluded as a cope. 

While Exhibit 1.57 shows that risks are decreased when exposure at the sites is set to the rates used 
for general maintenance of other sites at PODP, these risks may not represent the actual risks associated 
with exposure at WAG 28 sites because the potential rates of exposure may differ from site to site, based 
on differing use patterns. For example, SWMUs 99a and 193c are VF6 cylinder yards at which work may 
be occurring on most days throughout the year. Similarly, as grassy perimeters to buildings, SWMUs • 
193a and 193b offer ready though unspecified access to workers on a daily basis. Thus, the risks and 
hazards. calculated using the Commonwealth of Kentucky defaults (250 days a year for e.xposure 
frequency and 25 years for exposure duration) may reflect the more accurate use pattern and resulting 
ELCRIHI. 

1.6.3 Uncertainties Associated with Toxicity Assessment 

Uncertainties related to the toxicity assessment are from the following three sources: uncertainty 
because of lack of toxicity values for some chemicals, uncertainty in the calculation of toxicity values by 
EPA, and uncertainty in the calculation of absorbed dose toxicity values from administered dose toxicity 
values. Each of these is discussed in the following paragraphs. 

1.6.3.1 Uncertainties because of lack of toxicity values for some chemicals 

Uncertainties due to lack of toxicity values for some chemicals result from two sources in this 
BHHRA; these are the uncertainty from the use of provisional or withdrawn values and the uncertainty 
from extrapolating a toxicity value for an administered dose (oral) to an inhalation dose. 

The uncertainty from the use of provisional or withdrawn values has a significant effect on the 
results of the BHHRA. Some COPCs do not have approved toxicity values, so a provisional or withdrawn 
value is used. The most notable of these COPCs is lead. This provisional reference dose toxicity value 
was provided by KDEP in a comment package on the WAG 17 RIlBRA. As discussed in Sect. 1.5, the 
systemic toxicity posed by lead dominates all land use scenarios at those sites where lead was detected. • 
For better interpretation of the HIs for the rest of the COPCs in the BHHRA, results with and without 
contributions from lead are provided throughout this BHHRA. Generally, there is no consistent pattern to 

1-204 



• 

• 

• 

. the effect of using these provisional and withdrawn values on the final risk estimates; however while 
most risk and hazard estimates fluctuate within narrow limits, the risk to some receptors at certain sites -
differes by several orders of magnitude. For example, risk to an excavation worker exposed to subsurface 
soil at SWMUs 193b, 193c, and 194 is reduced by six orders of magnitude when contaminants with 
provisional or withdrawn toxicity values are excluded from the risk assessment. Table 1.86 presents these 
results. 

In the past, there was uncertainty in the selection of the appropriate toxicity value for PCBs (e.g., 
Aroclor 1254, 1260, etc.) because of .(1) difficulty in identifying specific Aroelors in a mixture, (2) 
different rates of decay among the Aroc1ors in environmental media, and (3) the effects of weathering 
processes on the congener-specific "fingerprint" over time, a process making the Aroclors appear to be 
more chlorinated than they really are. To address these concerns and to ensure that the risk numbers for 
Aroclors are suitably conservative, KDEP requires that all PCBs be evaluated as Aroclor 1260. This 
assessment is consistent with KDEP guidance because oral slope factors for all Aroclors were assumed to 
be equal to 2.0 (mg!kg-dayr l

, consistent with recent EPA guidance (EPA 1996c). Results for exposures to 
multiple Aroclors are summed to generate a total PCB-specific value; therefore, unlike earlier 
assessments performed at PGDP in which the effect of uncertainty in the selection of toxicity values for 
PCBs on the final risk values may have been moderate, the effect of this uncertainty in the current 
assessment is likely to be small. 

Including inhalation toxicity values extrapolated from toxicity values based on orally administered 
doses in the risk characterization does not significantly affect the results of the BHHRA. EPA guidance 
does not recommend extrapolating between oral and inhalation toxicity values (RAGS) because of the 
differing path a chemical entering through the lungs must follow before exerting its effect compared to 
that of a chemcial entering via the gut; however, examination of this form of extrapolation as an 
uncertainty in assessments for PGDP was requested by the regulatory community. Previous work at 
PGDP, in which this effect was examined quantitatively, determined that including extrapolated 
inhalation toxicity values in the risk characterization resulted in insignificant changes in the final risk 
estimates; ·therefore, the estimated effect of this uncertainty on risk results is small. 

1.6.3.2 Uncertainties in deriving toxicity values 

Standard EPA RIDs and slope factors were used to estimate potential noncarcinogenic and 
carcinogenic health effects from exposure to chemicals. Considerable uncertainty is associated with the 
method applied to derive slope factors and RIDs. EPA has working groups that review all relevant human 
and animal studies for each compound and select studies pertinent to the derivation of the specific RID 
and slope factor. These studies often involve data. from experimental studies in animals, high exposure 
levels, and exposures under acute or occupational conditions. Extrapolation ofthese data to humans under 
low-dose, chronic conditions introduces uncertainties. The magnitude of these uncertainties is addressed 
by applying uncertainty factors to the dose response data for each applicable uncertainty. These factors 
are incorporated to provide a margin of safety for use in human health risk assessments. The effect of 
uncertainties in calculation of chemical toxicity values is moderate. 

Unlike the uncertainty associated with chemical toxicity values, the uncertainty associated with 
radionuclide toxicity values is small. The dose-response relationship between cancer and ionizing 
radiation has been evaluated in many reports and is well established. In addition, unlike toxicity values for 
chemicals, risk factors for radionuclides are extrapolated from the cancer risk established using the 
Japanese Atomic Bomb Survivors database and a relative risk projection model; therefore, these values 
are based on human data and are expected to contribute minimally to uncertainty. 
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1.6.3.3 Uncertainties due to calculation of absorbed dose toxicity values from administered dose 
toxicity values • 

Uncertainty exists in the validity of the calculations used to convert an administered dose toxicity 
value to an absorbed dose. Of greatest importance is the lack of consideration of point-of-contact effects 
in this calculation. For example, some organic analytes (e.g., PAHs) can cause a toxic or carcinogenic 
response in skin. This effect is not considered in the calculation of absorbed dose toxicity values from 

. administered dose toxicity values using EPA protocols. Similarly, the administered dose response for 
many chemicals relies on the delivery of a high concentration of contaminants to the liver via the portal 
system after ingestion. This effect is not seen if a contaminant is absorbed through the skin because of the 
larger distribution space for the contaminant absorbed through the skin; however, even with these 
uncertain.ties, the effect of the uncertainty in calculation of absorbed . dose toxicity values from 
administered dose toxicity values upon the risk estimates is estimated to be small. 

1.6.4 Uncertaint~es Associated with Risk Characterization 

Two uncertainties are related to risk characterization. The first is the method used to combine HQs 
and chemical-specific ELCRs over pathways and combine pathway HIs and ELCRs to calculate total HI 
and ELCR. The second is the uncertainty added to the assessment by combining risks from chemicals and 
radionuclides. These uncertainties are discussed in the following sections. 

1.6.4.1 Combining chemical-specific risk values and pathway risk values 

The primary uncertainty in risk characterization is t.'le method used to combine HQs and chemical
specific ELCRs across pathways and to combine pathway HIs and ELCRs to calculate total HI and 
ELCR. 

The method used to calculate pathway HIs and ELCRs in the BHHRA follows EPA protocols 
(RAGS, Methods Document). This guidance calls for the simple addition of HQs and chemical-specific 
ELCRs to calculate pathway HIs and ELCRs, respectively. This method assumes that all effects between 
chemicals are additive. EPA makes this assumption because information concerning the effect of 
chemical mixtures is lacking. The following limitations of this approach for systemic toxicity effects have 
been reported by EPA in RAGS: 

• Little is known about the effects of chemical mixtures; although additivity is assumed, the interaction 
of multiple chemicals could possibly be synergistic or antagonistic. 

• The RIDs and RfCs do not have equal accuracy or precision and are not based on the same severity of 
effects. 

• Dose additivity is most properly applied to compounds that induce the same effect by the same 
mechanism of action. While the approach recommended by EPA is a useful screening-level approach, 
the cumulative systemic toxicity could be overestimated for chemicals that act by different 
mechanisms and/or on different target organs. 

The effect of this uncertainty on the estimate of systemic toxicity depends on how many 
contaminants drive systemic toxicity and whether the contaminants have different endpoints. In this 
BHHRA, many contaminants do drive systemic toxicity for most scenarios, and these contaminants do 

• 

have differing endpoints; however, as shown in Exhibits 1.18-1.3 6, individual contaminants alone • 
contribute significant levels of risk for some exposure scenarios. The effect of this uncertainty on HIs is 
small. 
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EPA has reported specific limitations for this approach in regard to chemical carcinogenesis.. 
(RAGS): 

• Cancer risks (i.e., ELCRs) are based on slope factors that represent an upper 95th percentile estimate 
of potency; the upper 95th percentiles of probability distributions are not strictly additive. Summing 
these risks can result in an overly conservative estimate of lifetime ELCR . 

• . Cancer risks may not be additive. By analogy to systemic toxicity effects, the endpoints may differ, 
and mechanisms of effect may vary. 

• Not all slope factors contain the same weight~of~evidence for human carcinogenicity. As explained in 
Sect. 1.4, EPA recognizes this by placing weight-of~evidence classifications on all slope factors. 
Those contaminants with a weight~f~evidence classification of A should probably receive more 
attention in the selection of a remedial design than contaminants with a B or C classification. 
Similarly, a contaminant with a B classification should probably receive greater attention than one 
with a C classification. The simple combination of ELCRs does not take this hierarchy into account. 

The uncertainties involved in combining chemical~specific. ELCRs and pathway ELCRs are 
considerable; however, the effect of these uncertainties on the total ELCRs presented in the BHHRA is 
small because a single chemical dominates the pathway ELCR for most pathways at some SWMUs. In 
such circumstances, the potential effect of mixtures is reduced. 

1.6.4.2 Combining risks from chemicals with those from radionuclides 

Uncertainty associated with adding risks from chemical exposure to those from exposure to 
radionuclides arises from two sources. First, as noted in Sect. 1.4, the slope factors used to characterize 
the risk from chemicals are derived differently from the slope factors used to characterize risk from 
radionuclides. This difference may result in estimates of chemical exposure risks that may be considered 
to be upper~bound risk estimates and estimates of radionuclide exposure risks that may be considered to 
be central tendency (i.e., ''best'') estimates; therefore, combining chemical exposure and radionuclide 
exposure risk estimates to estimate total risk for a land use scenario may place too much emphasis on 
chemical exposure risk. Second, the mechanism by which chemicals may cause cancer may vary from the 
mechanism by which radionuclides may cause cancer (see Sect. 1.4). This difference in mechanism of 
action inflates the uncertainties discussed in Sect. 1.6.4.1 that assume cancer risks are additive. Overall, 
the effect of this uncertainty on the total risk value for each land use scenario is small because, as 
discussed in Sect. 1.6.4.1. generally one COC drives the risks at the sites assessed. At sites where there 
are multiple chemicals and radionuclides driving risk, the effect of this uncertainty could be moderate. 

1.6.S Summary of Uncertainties 

As shown in the previous sections, risk estimates may vary if different assumptions are used in 
deriving risk estimates or if better information is available for some parameters. The following text 
summarizes the estimated effects of each tmcertainty mentioned previously. 

Two uncertainties with an effect estimated to be large are the use of the provisional toxicity values 
for lead systemic toxicity and use of KDEP default values when calculating dermal absorbed dose for 
total HI. Because the uncertainty regarding the RID for lead was identified as being large and easy to 
quantify, the summary discussions in this RI are more detailed than for some of the other uncertainties. 
This discussion is not meant to imply that the authors believe the provisional toxicity value for lead 
provided by the KDEP is incorrect. 
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Another uncertainty considered to be large at some sites is the use of site-specific exposure values on .-
systemic toxicity and ELCR for the excavation worker. • 

Following is a list of uncertainties with effects estimated to be moderate: 

• underestimation of risk due to migration of groundwater to off-site receptors 
• use 9ftotal water samples versus filtered 
• calculation of toxicity values for chemicals 
• combination of chemical and radiological ELCRs 
• use of quantitation limits that exceed human health RBCs 
• use of groundwater data from samples collected from borehole versus monitoring wells 
• inclusion of biota exposure pathways 
• use of KDEP dermal absorption values instead of EPA values on the total systemic toxicity and 

ELCR 
• use of site-specific exposure values on systemic toxicity and ELCR for the current industrial worker 
• use of provisional and withdrawn toxicity values on the systemic toxicity and ELCR 
• exclusion of "hot-spot" soil samples from the risk characterization of SWMU 99a 
• use of site-specific exposure values on systemic toxicity and ELCR for the excavation worker 
• determination of chemical toxicity values 

Following is a list of uncertainties with effects estimated to be small: 

• inclusion of infrequently detected COPCs 
• inclusion of infrequently analyzed for COPCs 
• lack of determination of temporal patterns in data 
• use of quantitation limits that exceed human health RBCs • • inclusion of common laboratory contaminants in the data 
• lack of analyte comparison to blanks 
• contribution of analytes removed based on a toxicity screen 
• removal of analytes based on comparison to background values 
• lack of approved groundwater background concentrations 
• determination of exposure points for current concentrations 
• determination of exposure points for future concentrations 
• inclusion of biota exposure pathways 
• use of RME default exposure values instead of central tendency exposure values 
• evaluation of groundwater separately from soil in future land use scenarios 
• omission of livestock in future rural resident land use scenario 
• omission of an intruder/infrequent recreator land use scenario 
• use of KDEP dermal absorption values instead of EPA values on the total systemic toxicity and 

ELCR 
• use of site-specific exposure values on systemic toxicity and ECLR for the excavation worker 
• use of site-specific exposure values on systemic toxicity and ELCR for the current industrial worker 
• use of chronic toxicity values for the excavation worker land use scenario 
• use of provisional and withdrawn toxicity values on the total systemic toxicity and ELCR 
• selection of toxicity values for PCBs 
• use of inhalation toxicity values extrapolated from oral toxicity values 
• determination of radio nuclide toxicity values 
• use of absorbed toxicity values calculated from administered toxicity values • 
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• combination of risk from chemicals and radionuclides in pathways 
• combination of pathway risks to determine land use scenario risk 

• • use of groundwater data from samples collected from boreholes versus monitoring wells 
• exclusion of "hot-spot" soil samples from the risk characterization of SWMU 99a 

These uncertainties are summarized in Table 1.87. 

• 

• 
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1.7 CONCLUSIONS AND SUMMARIES 

This section summarizes the results of the risk assessment and draws conclusions from the results . 
The primary purpose of this section is to provide a concise summary of each of the risk assessment steps 
without the use of tables, extensive explanatIons, or justifications. This section also includes a series of 
observations in which the results of the risk assessment are combined with the uncertainties in the risk 
assessment. 

1. 7.1 Chemicals of Potential Concern 

COPCs were selected from data collected in the recently completed WAG 28 field investigation and 
previous investigations. This data set was screened to produce a final list of COPCs ordered by medium 
and depth of sampling. The media considered were soil and groundwater. The depths considered for soil 
were surface soil (samples collected from 0-1 ft bgs), subsurface soil (samples collected from 0-15 ft 
bgs), and other (samples collected from more than 16 ft bgs). For groundwater, the depths considered 
were UCRS groundwater, RGA groundwater, and McNairy Fonnation groundwater. Of these groups, one 
soil group and one water group are not assessed directly in the risk assessment; these are other soils and 
UCRS groundwater. While not assessed directly, these groups are assessed indirectly because they serve 
as sources of contal'Qination to underlying groundwater in the contaminant transport modeling. 

Through a series of screening steps that follow regulatory agency-approved procedures, the data sets 
were reduced to a list of COPCs for each medium and site. 

SWMU 99a surface soil contains 29 COPCs (4 inorganics, 19 organics, and 6 radionuclides); 
subsurface soil contains 101 COPCs (11 inorganics, 84 organics, and 6 radionuclides); RGA groundwater 
contains 24 COPCs (18 inorganics, 4 organics, and 2 radionuclides); and McNairy groundwater contains 
4 COPCs (4 organics) . 

SWMU 99b subsurface soil contains 5 COPCs (4 inorganics and 1 organic); RGA groundwater 
contains 10 COPCs (8 inorganics, 1 organic, and 1 radionuclide). Surface soil and McNairy groundwater 
were not assessed. 

SWMU 193a surface soil contains 14 cOPCs (1 inorganic and 13 organics); subsurface soil contains 
16 COPCs (3 organics and 13 inorganics); RGA groundwater contains 12 COPCs (6 inorganics, 
5 organics, and 1 radionuclide); and McNairy groundwater contains 6 COPCs (1 inorganic, 3 organics, 
and 2 radionuclides). 

SWMU 193b surface soil contains 3 COPCs (3 inorganics); subsurface soil contains 3 COPCs 
(3 inorganics); RGA groundwater contains 8 COPCs (7 organics and 1 radionuclide); and McNairy 
groundwater contains 2 COPCs (2 organics). 

SWMU 193c surface soil contains 3 COPCs (3 inorganics); subsurface soil contains 11 COPCs 
(10 inorganics and 1 organic); RGA groundwater contains 2 COPCs (2 organics); and McNairy 
groundwater contains 37 COPCs (21 inorganics, 15 organics, and 1 radionuclide). 

SWMU 194 subsurface soil contains 7 COPCs (6 inorganics and 1 organic). Surface soil and 
groundwater were not assessed. 

AOC 204 subsurface soil contains 6 COPCs (6 organics); RGA groundwater contains 9 COPCs 
(9 organics) . 
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1. 7.2 Exposure Assessment 

Historical infonnation and newly collected data were used to develop a conceptual site model for 
WAG 28 sites. After consideration of all data, the scenarios selected for assessment were the industrial 
worker, excavation worker, recreational user, and rural resident. The current land use scenario was 
detennined to be industrial, and the most plausible future land use scenario was also detennined to be 
industrial. Another futl.!re land use detennined to be likely was excavation. A less likely future land use 
scenano' was recreational. The least likely land use scenario was detennined to be residential. Routes of 
exposure for each scenario are presented in the following text: 

Current industrial worker 

• ingestion of soil 
• dennal contact with soil 
• inhalation of vapors and particulates emitted from soil 
• external exposure to ionizing radiation emitted from soil 

Future industrial worker 

• ingestion of soil 
• dennal contact with soil 
• inhalation of vapors and particulates emitted from soil 
• external exposure to ionizing radiation emitted from soil 
• ingestion of groundwater 
• dennal contact with groundwater while showering 
• inhalation of vapors emitted by groundwater while showering 

Future excavation worker 

• ingestion of soil 
• dermal contact with soil 
• inhalation of vapors and particulates emitted from soil 
• external exposure to ionizing radiation emitted from soil 

Future recreational user 

• ingestion of venison 
• ingestion of rabbit 
• ingestion of quail 

Future on-site rural resident 

• ingestion of soil 
• dermal contact with soil 
• inhalation of vapors and particulates emitted from soil 
• external exposure to ionizing radiation emitted from soil 
• ingestion of groundwater 
• dennal contact with groundwater while showering 
• inhalation of vapors emitted by groundwater during household use 
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• inhalation of vapors emitted by groundwater while showering 
• ingestion of vegetables 

Off .. site rural resident (at PGDP security fence) 

• ingestion of groundwater 
• dermal contact with groundwater while showering 
• . irili.alation of vapors emitted by groundwater during household use 
• inhalation of vapors emitted by groundwater while showering 

After selection of the exposure routes, CDls were calculated for each medium using standard 
exposure models. Most parameters used in models were default values; however, site-specific 
information, especially for the biota pathways, was included. 

1.7.3 Toxicity Assessment 

The toxicity values used in the risk assessment were those approved by EPA or recommended by 
KDEP. After toxicity information was compiled, it was determined that the majority of the copes had a 
toxicity value available for one or more routes of exposure. 

1.7.4 Risk Characterization 

Risks were characterized by combining the CDls calculated during the exposure assessment with the 
toxicity values collected during the toxicity assessment. As a result of this characterization, it was 
determined that there were risks associated with exposure to soil and groundwater at sites within WAG 
28. Where lead was present as a COPC, HIs for a receptor/land use combination were determined with 
the metal both included and excluded from the assessment (Exhibit 1.17). This approach reveals which 
sites pose a potential threat to human health in the absence of this element and permits the identification 
of other COPC drivers. Significant results of the risk characterization by' area are presented in the 
following text. 

1. 7 .4.1 Land use scenarios of concern 

On-site land use scenario. Current and future industrial workers exposed to soil levels at SWMU 
193c are subject to a significant threat of systemic toxicity (HI = 3620), due in large measure to the 
presence of lead; however, when lead is excluded from the assessment, the remaining contaminants at this 
site are present in insufficient quantities to characterize the industrial worker exposed to soil as a land use 
of concern (HI = 0.194). Industrial workers exposed to prevailing levels of contamination in soil at 
SWMUs 193a and 99a (where lead was undetected) are not subject to significant threat of systemic 
toxicity. Accordingly, this is not a land use of concern at these sites. By contrast, at another site where 
lead was undetected (SWMU 193b), industrial workers exposed to soil are subject to significant threat of 
systemic toxicity due to the cumulative effect of other contaminants (HI = 5.25). 

For subsurface soil where lead is present, an exposed excavation worker represents a land use of 
concern at SWMUs 99a and 193c irrespective of whether lead is included in the assessment. By contrast, 
eliminating lead from consideration at SWMU 194 causes the m to fall below the level of concern for 
this scenario (2190 to 0.57). Lead was undetected in the subsurface soil at other sites within WAG 28; 
however, an m of 1.75 for this scenario is sufficient to characterize the excavation worker exposed to 
subsurface soil as a land use scenario of concern at SWMU 193b. The scenario is not a land use of 
concern at SWMUs 99b, 193a, or AOC 204. 
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A future on-site resident child in contact with soil will be exposed to contaminants at levels -
sufficient to designate this exposure pathway as a land use of concern at all sites; however, the presence • 
of lead in soil at SWMU 193c contributes to a markedly higher HI for this receptor compared to when the 
contaminant is excluded from the assessment (247,000 versus 3.04). 

For current and future industrial workers exposed to soil at SWMUs 99a, 193a, and 193b (but not 
193c), significant EL~Rs have been computed, thereby designating this exposure route/receptor 

. combination as a land use of concern. Similarly, the future excavation worker exposed to subsurface soil 
represents a land use of concern at all sites. 

In this risk assessment, a number of exposure pathways feature exposure to contaminants in 
groundwater, principally on the part of a future industrial worker or hypothetical on-site rural resident. 
For the former receptor, modeled exposure to contaminants in groundwater designates this pathway as a 
land use of concern at all sites and formations other than McNairy groundwater at SWMU 193b. When 
lead is present (in the RGA aquifer at SWMU 99a or in McNairy groundwater at SWMU 193c), a 
profound impact on the HI is evidenced for this receptor (8150 versus 5.11 for RGA groundwater at 
SWMU 99a, and 25,100 versus 9.92 for McNairy groundwater at SWMU 193c). A similar overall 
pattern of threat of systemic toxicity to the future on-site rural resident is seen at all sites (including 
McNairy groundwater at SWMU 193b). 

Exposure of the future industrial worker to groundwater represents a significant ELCR at all sites 
and aquifers except McNairy groundwater at SWMU 193b and at all sites without exception for the future 
on-site rural resident, thereby justifying these exposure pathway/receptor combinations as land uses of 
concern. 

Most soil exposure pathways for the future recreational user are considered not to be land uses of 
concern with the exception of SWMU 193c, an exposure route representing a threat of systemic toxicity 
to this receptor, driven, in large part, by the presence of lead. Evidence of this exposure pathway as a 
borderline land use of concern is also provided by a significant ELCR to this receptor through exposure to 
soil at SWMUs 99a and 193a. 

Off-site land use scenario. Residential use of RGA groundwater containing contaminants 
migrating from WAG 28 sites was determined to be a land use of concern. 

1.7.4.2 Chemicals of concern 

On-site land uses. There are 16 COCs for systemic toxicity in soil in all of WAG 28. Of these 
COCs, 12 are inorganic and 4 are organic compounds. There are no COCs for systemic toxicity in soil at 
SWMU 99b. There are 12 COCs for systemic toxicity in soil at SWMU 99a, 9 inorganics and 3 organics. 
There is one COC for systemic toxicity in soil at SWMU 193a, and it is an inorganic compound. There 
are three COCs for systemic toxicity in soil at SWMU 193b, all of which are inorganic compounds. There 
are eight COCs for systemic toxicity in soil at SWMU 193c, all of which are inorganic compounds. There 
are six COCs for systemic toxicity in soil at SWMU 194, all of which are inorganic compounds. There is 
one COC for systemic toxicity in soil at AOC 204, and it is an organic compound. 

There are 26 COCs for systemic toxicity in RGA groundwater in all of WAG 28. There are 18 COCs 
for systemic toxicity in RGA groundwater at SWMU 99a, 15 inorganic and 3 organic compounds. There 
are five COCs for systemic toxicity in RGA groundwater at SWMU 99b, four inorganics and one organic 
compound. There are four COCs for systemic toxicity in RGA groundwater at SWMU 193a, two 

• 

inorganic and two organic compounds. There are five COCs for systemic toxicity in RGA groundwater at • 
SWMU 193b, all of which are organic compounds. There are two COCs for systemic toxicity in RGA 
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groundwater at SWMU 193c, both of which are organic compounds. There are seven COCs for systemic. 
toxicity in RGA groundwater at AOC 204, one inorganic and six organic compounds. Groundwater was 
not sampled at SWMU 194 . 

There are 26 COCs for systemic toxicity in McNairy groundwater in all of WAG 28. There are four 
COCs for systemic toxicity in McNairy groundwater at SWMU 99a, all of which are inorganic 
compounds. There are three COCs for systemic toxicity in McNairy groundwater at SWMU 193a, one 
inorganic and two -organic compounds. There are two COCs for systemic toxicity in McNairy 
groundwater at SWMU 193b, both of which are organic compounds. There are 25 COCs for systemic 
toxicity in McNairy groundwater at SWMU 193c, 15 inorganic compounds, 9 organic compounds, and 
1 radionuclide. 

There are 24 COCs for ELCR in soil in all of WAG 28. There are 23 COCs for ELCR in soil at 
SWMU 99a, 2 inorganic compounds, 15 organic compounds, and 6 radionuclides. There are two COCs 
for ELCR in soil at SWMU 99b, both of which are inorganic compounds. There are six COCs for ELCR 
in soil at SWMU 193a, one inorganic and five organic compounds. There is one COC for ELCR in soil at 
SWMUs 193b, 193c, and 194, and it is an inorganic compound. Beryllium is a COC at all sites, except 
AOC 204. There is one COC for ELCR in soil at AOC 204, and it is an organic compound. 

There are 15 COCs for ELCR in RGA groundwater in all of WAG 28. There are seven COCs for 
ELCR in RGA groundwater at SWMU 99a, two inorganic compounds, three organic compounds, and two 
radionuclides. There are two COCs for ELCR in RGA groundwater at SWMU 99b, one organic 
compound and one radionuclide. There are five COCs for ELCR in RGA groundwater at SWMU 193a, 
four organic compounds and one radionuclide. There are five COCs for ELCR in RGA groundwater at 
SWMU 193b, four organic compounds and one radionuclide. There is one COC for ELCR in RGA 
groundwater at SWMU 193c, and it is an organic compound. There are eight COCs for ELCR in RGA 
groundwater at AOC 204, all of which are organic compounds. Groundwater was not sampled at 
SWMU 194. 

There are 16 COCs for ELCR in McNairy groundwater in all of WAG 28. There are three COCs for 
ELCR in McNairy groundwater at SWMU 99a, all of which are organic compounds. There are three 
COCs for ELCR in McNairy groundwater at SWMU 193a, one organic compound and two radionuclides. 
There is one COC for ELCR in McNairy groundwater at SWMU 193b. and it is an organic compound. 
There are 14 COCs for ELCR in McNairy groundwater at SWMU 193c, two inorganic compounds, 
11 organic compounds, and one radionuclide. 

Considering the magnitude of the chemical-specific HIs and ELCRs. the following COCs can be 
considered "priority COCs" (COCs with a chemical-specific HI or ELCR that exceeds 1 or lE-4, 
respectively) in soil for the current use and most likely future use scenarios (i.e., industrial use): 

• SWMU 99a-beryUium 
• SWMU 991>--surface soil not assessed 
• SWMU193a-none 
• SWMU 193b-chromium, vanadium, and beryllium 
• SWMU 193o-lead 
• SWMU 194--surface soil not assessed 
• AOC 204-surface soil not assessed 
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Considering the magnitude of the chemical-specific HIs and ELCRs, the following COCs can be -
considered "priority COCs" (COCs with a chemical-specific HI or ELCR that exceeds 1 or lE-4, • 
respectively) in soil for the future excavation worker: 

• SWMU 99a-lead . 
• SWMU 99b-beryllium 
• SWMU193a-beryllium 
• SWMU 193b-beryllium and chromium 
• SWMU 193c-beryllium and lead 
• SWMU 194-beryllium and lead 
• AOC 204-none 

Considering the magnitude of the chemical-specific HIs and ELCRs, the following COCs can be 
considered "priority COCs" (COCs with a chemical-specific HI or ELCR that exceeds 1 or lE-4, 
respectively) in soil for the future on-site rural resident: 

• SWMU 99a-barium, beryllium, chromium, benz(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, dibenz(a,h)anthracene, indeno(1,2,3,-cd)pyrene, PCB-I016, PCB-1254, 
neptunium-237, technetium-99, thorium-234, uranium-234, and uranium-238 

• SWMU 99b--surface soil not assessed 
• SWMU193a-chromium. benzo(a)pyrene, and dibenz(a,h)anthracene 
• SWMU 193b-beryllium, chromium, and vanadium 
• SWMU 193c-chromium and lead 
• SWMU 194--surface soil not assessed 
• AOC 204--surface soil not assessed 

Considering the magnitude of the chemical-specific HIs and ELCRs, the following COCs can be 
considered "priority COCs" (COCs with a chemical-specific HI or ELCR that exceeds 1 or lE-4, 
respectively) in soil for the future recreational user: 

• SWMU 99a--none 
• SWMU 99b-surface soil not assessed 
• SWMU193a-none 
• SWMU 193b-none 
• SWMU 193o--lead 
• SWMU 194--surface soil not assessed 
• AOC 204-surface soil not assessed 

Considering the magnitude of the chemical-specific HIs and ELCRs, the following COCs can be 
considered "priority COCs" (COes with a chemical-specific HI or ELCR that exceeds 1 or lE-4, 
respectively) in RGA groundwater for the most likely future use at the following sites (i.e., industrial 
use): 

• SWMU 99~-bery1lium, lead, trichloroethene, and radon-222 
• SWMU 99b--trichloroethene and radon-222 
• SWMU193a-iron 
• SWMU 193b--trichloroethene 
• SWMU 193c-none 
• SWMU 194-RGA groundwater not assessed 
• AOC 204-PCB-1254, PCB-1260, PCBs, tetrachloroethene, and trichloroethene 
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Considering the magnitude of the chemical-specific HIs and ELCRs, the following COCs can be __ 
considered "priority COCs" (COCs with a chemical-specific HI or ELCR that exceeds 1 or 1 E-4, 
respectively) in RGA groundwater for on-site rural residential use in the home at the following sites: 

• SWMU 99a--aluminum, arsenic, beryllium, chromium, iron, lead, manganese, vanadium, 
1,1 dichloroethane, trichloroethene, radon-222, and technetium-99 

• SWMU 99b-chromium, trichlororethene, and radon-222 
• SWMUI93a-iron, trichloroethene, and technetium-99 
• SWMU 193b-l,l-dichloroethene, carbon tetrachloride, trichloroethene, and technetium-99 
• SWMU 193c-l,2-dichloroethene and trichloroethene 
• SWMU 194--RGA groundwater not assessed 
• AOC 204--1,1-dichloroethane, l,l-dichloroethene, PCB-1254, PCB-1260, PCBs, tetrachloroethene . ' and trtchloroethene 

Considering the magnitude of the chemical-specific HIs and ELCRs, the following COCs can be 
considered "priority COCs" (COCs with a chemical-specific HI or ELCR that exceeds 1 or lE-4, 
respectively) in McNairy groundwater for the most likely future use at the following sites (i.e., industrial 
use): 

• SWMU 99a--trichloroethene 
• SWMU 99b--McNairy groundwater not assessed 
• SWMU193a--iron 
• SWMU 193b---none 
• SWMU 193c-antimony, beryllium, iron, lead, and vanadium 
• SWMU 194-McNairy groundwater not assessed 
• AOC 204--McNairy groundwater not assessed 

Considering the magnitude of the chemical-specific HIs and ELCRs. the following CO(';s can be 
considered ''priority COCs" (COCs with a chemical-specific HI or ELCR that exceeds 1 or lE-4, 
respectively) in McNairy groundwater at the following sites for the future on-site rural resident: 

• SWMU 99a--carbon tetrachloride. cis-l,2-dichloroethene, 1,I-dichloroethene, and trichloroethene 
• SWMU 99b-McNairy groundwater not assessed 
• SWMU193a-cis-l,2 dichloroethene. iron, and technetium-99 
• SWMU 193~is-l,2 dichloroethene and trichloroethene 
• SWMU 193c-aluminum, antimony, arsenic, beryllium, cadmium, carbon tetrachloride, chromium, 

iron, lead, manganese, molybdenum, vanadium, 1, I-dichloroethene, vinyl chloride, and radon-222 
• SWMU 194-McNairy groundwater not assessed 
• AOC 204-McNairy groundwater not assessed 

When all sites are considered, the priority cacs contributing 10 percent or more to the total HI or 
ELCR in soil samples at one or more of the sites are ranked below according to the number of sites at 
which the contaminant is a priority cac: 

beryllium (617) . iron (I 17) 
chromium (417) technetium-99 (117) 
PARs (217) neptunium-234 (117) 
PCBs (217) barium (117) 
vanadium (217) 1,I-dichloroethene (117) 
manganese (2/7) tetrachloroethene (117) 
antimony (1/7) trichloroethene (117) 
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When all sites are considered, the priority COCs contributing 10 percent or more to the total HI or 
ELCR in groundwater samples at one or more of the sites are ranked below according to the number of • 
sites at which the contaminant was a priority COC: 

trichloroethene (6/6) PCBs (1/6) 
cis-I,2-dichloroethene (3/6) tetrachloroethene (1/6) 
I,I-dichloroethene (3/6) PCB-I 254 (1/6) 
radon-222 - (3/6) antimony (1/6) 
iron (3/6) cadmium (1/6) 
technetium-99 (2/6) chromium (1/6) 
beryllium (2/6) pentachlorophenol (1/6) 
vanadium (2/6) arsenic (1/6) 
1,2-dichloroethene (1/6) uranium-238 (1/6) 
vinyl choride (1/6) 

Off-site land uses. The following chemicals are priority COCs for off-site use of groundwater (i.e., 
rural residential use in the home). These chemicals are all COCs that may migrate from a source at a site 
in WAG 28 to an off-site location and present a chemical-specific HI or ELCR to the off-site rural 
resident that is greater than I or lE-4, respectively. 

• SWMU 99a-Hthium 
• SWMU 99b-none 
• SWMUl93a--chromium 
• SWMU 193b-none 
• SWMU I 93c--lithium and manganese 
• SWMU I 94-chromium, lithium, and strontium 
• AOC 204-trichloroethene 

1.7.4.3 Pathways of concern 

On-site land uses. Only those pathways with a pathway HI for adults or children greater than 0.1 or 
a pathway ELCR greater than IE-6 across all contaminants within a land use scenario of concern are 
POCs. The POCs for each land use scenario of concern are presented in Exhibit 1.45 in Sect. 1.5. 
Inhalation of vapors and particulates from soil and ingestion of quail are not POCs at any site. All other 
exposure routes are found in a POC in at least one site. 

Off-site land uses. Risks from exposure through individual exposure routes were not included in 
the assessment of off-site use of groundwater; however, the assumption is that each of the exposure routes 
included in the calculation of the RBCs used in the assessment are POCs. These are ingestion of water, 
dermal contact with water, inhalation of vapors emitted by water during showering, and inhalation of 
vapors emitted by water during household use. 

1.7.4.4 Media of concern 

MOCs are those media that appear in at least one POC. The following are MOCs at each site: 

• SWMU 99a--surface soil, subsurface soil, RGA groundwater, and McNairy groundwater 
• SWMU 99b---subsurface soil and RGA groundwater 
• SWMUl93a-surface soil, subsurface soil, RGA groundwater, and McNairy groundwater 
• SWMU 193b---surface soil, subsurface soil, RGA groundwater, and McNairy groundwater 
• SWMU I 93c-surface soil, subsurface soil, RGA groundwater, and McNairy groundwater 
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• SWMU I 94-subsurface soil 
• AOC 204--RGA groundwater 

1. 7.5 Observations 

This section presents observations based on the risk results and uncertainties presented in the 
previous sections. 

Use of the provisional lead RIDs provided by KDEP results in total HIs that exceed 1000 for those 
locations where the maximum detected concentration of lead in soil exceeded its background 
concentration. The detection of lead in groundwater samples drawn from WAG 28 sites also resulted in 
HIs in excess of 1000. However, when this provisional value is excluded from the risk characterization, 
total HIs are markedly reduced because the hazards due to lead can no longer be explicitly considered. 
Because of the uncertainty in the results arising from the use of the provisional lead RID, a better 
understanding of the risks presented by lead may be gained by comparing the representative exposure 
concentrations of lead in soil and groundwater to screening levels from KDEP and EPA. In these 
comparisons (see Exhibit 1.39), the concentrations of lead in RGA and McNairy Formation groundwater 
at all sites exceed both the KDEP and EPA screening levels. The concentration of lead in surface soil at 
SWMU 193c exceeds the KDEP screening level but not that of EPA. Concentrations of lead in surface 
soil at other sites where surface soil was assessed do not exceed KDEP or EPA screening levels. 
Concentrations of lead in subsurface soil at all sites in WAG 28 are below KDEP and EPA screening 
levels. 

Dermal contact with soil poses considerable threat to human health, with most of this risk coming 
from contact with metals in soil (primarily beryllium, chromium, and vanadium). In fact, for all land use 
scenarios evaluated, the systemic toxicity and the ELCR posed through the soil dermal exposure route 
exceeds that posed by the ingestion route. As illustrated in Sect. 1.6, this is a direct result of using dermal 
absorption factors (ABS values) that exceed gastrointestinal absorption values and may be too 
conservative. In such circumstances, risk estimates from the dermal exposure route may be unrealistic and 
exceed the real risk posed by this route of exposure. Although chemical-specific ABS values were used 
when available, default ABS values were used for most chemicals because chemical-specific values are 
lacking. Chemical-specific ABS values were available for PCBs, cadmium, and carbon disulfide and used 
in this BHHRA. Remedial decisions based on the dermal contact with soil exposure route should be 
carefully considered because of the uncertainty associated with risk from this exposure route. 

The current use scenario, the industrial worker, has total HIs exceeding de minimus levels at two 
sites, SWMUs 193b and 193c; however, iflead is excluded as a COPC, SWMU 193c is no longer of 
concern. The driving contaminants at SWMU 193b contributing more than 10 percent to the total HI are 
chromium and vanadium, with dermal contact as the driving pathway. 

The total ELCRs for the current industrial worker exceed de minimus levels at SWMUs 99a, 193a, 
and 193b. The driving contaminant at SWMU 99a is beryllium, with dermal contact as the driving 
pathway. The driving contaminants at SWMU 193a are PAHs, with dermal contact as the driving 
pathway. The driving contaminant at SWMU 193b is beryllium, with dermal contact as the driving 
pathway. 

The most plausible future use scenario, the future industrial worker, has total HIs and ELCRs 
exceeding de minimus levels at all sites except SWMU 194, for which this scenariolland use combination 
did not apply. As discussed in the BHHRA, the future industrial land use scenario is identical to the 
current industrial land use scenario except that the future industrial1and use scenario also evaluates use of 

• RGA groundwater. Addition of groundwater as a medium of exposure adds significantly to the risk for 

1-219 



this scenario. If groundwater contribution is removed from the risk totals, the driving pathways are 
identical to the current industrial use scenario. 

The driving contaminants contributing to more than 10 percent of total HIs at SWMU 99a 
(excluding lead) in RGA groundwater are trichloroethene, chromium, iron, and vanadium, with ingestion 
as the primary pathway. The driving contaminant contributing to more than 10 percent of total HIs at 
SWMU 99b is trichl,!roethene, with ingestion as the primary pathway. The driving contaminants 

. contributing to more than 10 percent of total HIs at SWMU 193a are iron and trichloroethene, with 
ingestion as the primary pathway. The driving contaminants contributing to more than 10 percent of total 
HIs at SWMU 193b is trichloroethene, with ingestion as the primary pathway. The driving contaminants 
contributing to more than 10 percent of total HIs at SWMU 193c are 1,2-dichloroethene and 
trichloroethene, with ingestion as the primary pathway. The driving contaminants contributing to more 
than 10 percent of total HIs at AOC 204 are PCBs, with dermal contact and ingestion as the primary 
pathways. 

• 

The driving contaminants contributing to more than 10 percent of total ELCR for the future 
industrial worker exposed to RGA groundwater at SWMU 99a are 1,I-dichloroethene, beryllium, and 
radon-222, with incidental ingestion and inhalation of vapors and particulates as the primary pathways. 
The driving contaminants contributing to more than 10 percent of total ELCR at SWMU 99b are 
trichloroethene and radon-222, with inhalation as the primary pathway. The driving contaminants 
contributing to more than 10 percent of total ELCR at SWMU 193a are pentachlorophenol and 
trichloroethene, with ingestion and dermal contact as the primary pathways. The driving contaminants 
contributing to more than 10 percent of total ELCR at SWMU 193b are trichloroethene and 
1,I-dichloroethene, with ingestion as the primary pathway. The driving contaminant contributing to more 
than 10 percent of total ELCR at SWMU 193c is trichloroethene, with ingestion as the driving pathway. 
The driving contaminants contributing to more than 10 percent of total ELCR at AOC 204 are PCBs, • 
tetrachloroethene, and 1,I-dichloroethene, with dermal contact as the primary pathway. 

The COCs for analytes migrating from sources in WAG 28 soil and groundwater as determined by 
risk estimates for off-site residential groundwater users are chromium, lithium, manganese, strontium, 
technetium-99, and trichloroethene. 

Exhibits 1.58-1.61 summarize the effect of multiple uncertainties on the risk estimates for the most 
likely current and future use at WAG 28 sites (i.e., industrial). Exhibits 1.58 and 1.59 present a 
quantitative comparison of systemic toxicity estimates as various uncertainties are addressed. Exhibits 
1.60 and 1.61 present similar information for ELCR. Specific uncertainties addressed in these exhibits are 
(I) the use of the provisional lead RID (Exhibits 1.58 and 1.59 only), (2) inclusion of analytes that were 
infrequently detected, (3) inclusion of laboratory contaminants, (4) the use of provisional and withdrawn 
toxicity and carcinogenicity benchmark values in the toxicity assessment, and (5) the use of EPA Region 
4 dermal absorption values (soil exposure only). In addition, the last column in each exhibit presents the 
total hazard or risk that results when the itemized uncertainties are addressed simultaneously. These data 
are intended to provide potentially more realistic quantitative lower bound risk estimates for the current 
and future industrial worker at each location, thereby representing additional values available to risk 
management decision makers. The true but unknown values for the risk or hazard might be expected to 
fall between the two extremes. 
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Exhibit 1.58. Quantitative summary of uncertainties for the current industrial 
worker-systemic toxicity 

Default HI 
minus Default HI 

Infequently minus common 
Default detected laboratory 

Default HI WiD analytes WiD contaminants 
Locatlbh lIla lead" leadb WiD leade 

SWMU 99a (soil) <I <I <1 <1 
SWMU 193a (soil) <I <I <1 <I 
SWMU 193b (soil) 5.25 <I 5.25 5.25 
SWMU 193c (soil) 3620 <1 <I <I 

" These values are identical to the values presented in Exhibit 1.17. 
b These values are identical to the values presented in Table 1.82. 
e These values are identical to the values presented in Table 1.84. 
d These values are identical to the values presented in Table 1.86. 

Default HI 
minus anal)'tes 

with provisional 
or withdrawn 
toxicity values 

wiD leadd 

<1 
<1 
<I 
<I 

Region 4 
absorption 
factors WID 

lead' 

<I 
<I 
<I 
<I 

Lower 
bound 

Hlf 

<I 
<1 
<I 
<I 

e These values are identical to the values presented in Exhibit 1.55. 
f These values were derived omitting contributions from lead, infrequently detected analytes, and compounds for which only 

provisional or withdrawn toxicity values are available and using EPA Region 4 dermal absorption factors. 

Exhibit 1.59. Quantitative summary of uncertainties for the future industrial 
worker-systemic toxicity 

Default HIs Default HI minus 
minus Default HI minus analytes with 

Default Infrequently laboratory provisional or Lower 
Default HIwlo detected analytes contaminants wlo withdrawn toxicity bound 

Location HIa leada wlo leadb lead" values WiD leadd HI" 

SWMU99a 8,150 5.11 5.11 5.11 2.61 2.6 
(RGA) 
SWMU99a 1.64 1.64 1.64 1.64 <1 <I 
(McNairy) 
SWMU99b 7.00 7.00 7.00 7.00 2.22 2.2 
(RGA) 
SWMU 193a 1.64 1.64 1.63 1.63 <I <I 
(RGA) 
SWMU 193a 4.69 4.69 4.43 4.69 <I <I 
(McNairy) 
SWMU 193b 1.74 1.74 1.74 1.73 <I <I 
(RGA) 
SWMU 193b <1 <I <1 <1 <1 <I 
(McNairy) 
SWMU 193c 1.46 1.46 1.46 1.46 1.09 1.09 
(RGA) 
SWMU 193c 25,100 9.92 9.92 9.92 7.55 7.5 
(McNairy) 
AOC204 33.3 33.3 33.3 33.3 32.1 32.1 
(RGA} 

a These values are identical to the values presented in Exhibit 1.21. 
b These values are identical to the values presented in Table 1.82. 
e These values are identical to the values presented in Table 1.84. 
d These values are identical to the values presented in Table 1.86. 
e These values were derived omitting contributions from lead, infrequently detected analytes. and compounds for which only 

provisional or withdrawn toxicity values are available and using EPA Region 4 dermal absorption factors . 
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Exhibit 1.60. Quantitative summary of uncertainties for the current industrial 
worker-excess lifetime cancer risk 

Default 
ELeRmlnus Default ELCR 
infequently minus common 

Default detected laboratory 
Location ELCR~ analytesb contaminants· 

SWMU 99a (soil) 3.1E-4 3.0E-4 3.1E-4 

SWMU 193a 1.5E-5 1.5E-5 1.5E-5 
(soil) 

SWMU 193b 5.1E-4 5.IE-4 5.1E-4 
(soil) 

SWMU 193c 1.7E-1O 1.7E-I0 I.7E-IO 
(soil) 

a These values are identical to the values presented in Exhibit 1.19. 
b These values are identical to the values presented in Table 1.82. 
C These values are identical to the values presented in Table 1.84. 
d These values are identical to the values presented in Table 1.86. 

Default ELCR 
minus analytes 

with pro,'lslonal or 
withdrawn toxicity 

valuesd 

7.5E-5 

9.2E-6 

2.7E-9 

1.7E-I0 

ELCR computed 
using EPA 
Region 4 

absorption 
factorst 

6.7E-5 

2.0E-6 

1.1E-5 

1.7E-IO 

Lower 
bound 
ELCRf 

5.8E-5 

1.2E-6 

2.7E-9 

1.7E-I0 

e These values are identical to the values presented in Exhibit 1.55. 
r These values were derived omitting infrequently detected analytes, laboratory contaminants, and those contaminants for which 

only provisional or withdrawn toxicity values are available and using EPA Region 4 dermal absorption values. 

Exhibit 1.61. Quantitative summary of uncertainties for the future industrial 
worker-excess lifetime cancer risk 

Default Default ELCR 
ELCRsminus Default ELCR minus analytes ELCR computed 
Infrequently minus with provisional or using EPA 

Default detected laboratory withdrawn toxicity Region 4 dermal 
Location ELCRa analytesb contaminants" valuesd toxicity values 

SWMU 99a (RGA) 5.6E-4 5.6E-4 5.6E-4 3.1E-4 NA 

SWMU99a 7.6E-5 7.6E-5 7.6E-5 5.3E-5 NA 
(McNairy) 

SWMU 99b (RGA) 2.6E-4 2.6E-4 2.6E-4 1.5E-4 NA 

SWMU 193a (RGA) 2.6E-S 1.4E-5 2.6E-5 1.7E-5 NA 

SWMU 193a 1.1E-6 1.1E-6 1.lE-6 8.8E-7 NA 
(McNairy) 

SWMU 193b (RGA) 4.4E-S 4.4E-S 4.3E-5 1.7E-5 NA 

SWMU 193b 8.4E-7 8.4E-7 8.4E-7 1.5E-7 NA 
(McNairy) 

SWMU 193c (RGA) 1.0E-S 1.0E-5 1.0E-5 1.9E-6 NA 

SWMU 193c 4.2E-4 4.2E-4 4.2E-4 2.0E-4 NA 
(McNairy) 

AOC 204 (RGA) 1.3E-3 1.3 x 10"3 1.3 x 10.3 1.0E-3 NA 

Notes: NA = Not Applicable. 

a These values ate identical to the values presented in Exhibit 1.29. 
b These values are identical to the values presented in Table 1.82. 
C These values are identical to the values presented in Table 1.84. 
d These values are identical to the values presented in Table 1.86. 

Lower 
bound 
ELCRe 

3.1E-4 

S.3E-5 

1.5E-4 

3.6E-6 

8.8E-7 

1.7E-5 

J.SE-7 

1.9E-6 

2.0E-4 

1.0E-3 

• These values were derived omitting infrequently detected analytes, laboratory contaminants, and those contaminants for which 
only provisional or withdrawn toxicity values are available and using EPA Region 4 dermal absorption values 
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In Exhibits 1.58 and 1.59, the HI estimates for both current and future industrial worker exposure to_. 
soil calculated using the default exposure rates (column 1) vary markedly from the lower bound estimates 
(last column) for those locations where lead was included as a COPC, and the provisional lead RID was 
used. For those locations, omitting lead from the list of COPCs decreases the HIs by about four orders of 
magnitude. By contrast, other uncertainties investigated in both Exhibits 1.58 and 1.59 have little effect 
on the HI estimates. For the current industrial worker exposed to surface soil at SWMUs 99a, 193a, 193b 
and 193c, the lower-bound estimates of HI are all less than the de minimis level established in the 
Methods Document-(i.e., HI = 1). For the future industrial worker, the lower bound HI estimates still 
exceed an HI of 1 at several locations in RGA and McNairy groundwater. 

As shown in Exhibit 1.60, most of the ELCR estimates calculated for the current industrial worker 
using the default exposure rates (colunm 1) differ from the lower bound estimates (last column) to 
varying extents. Thus, the numerical comparisons vary from "no change" (a ratio of 1) to differences of 
over five orders of magnitude. Where changes occur, the uncertainties that appear to make the most 
significant contribution are the omission of compounds with provisional and withdrawn carcinogenicity 
benchmarks and the use of EPA Region 4 dermal absorption factors instead of KYDEP defaults. 
Notwithstanding these changes, the lower bound ELCRs remain within the EPA's range of concern for 
two of the four sites under consideration. 

By contrast to soil exposure, Exhibit 1.61 shows that the ELCR estimates for the future industrial 
worker exposure to groundwater under default and lower bound conditions do not vary greatly. In 
general, the changes are less than one order of magnitude, with the resulting lower bound ELCR estimates 
still exceeding the de minimis level at some sites. 
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1.8 REMEDIAL GOAL OPTIONS 

This section presents ROOs for the COCs identified in Sect. 1.5 and the methods used to calculate 
the ROOs. These ROOs should not be interpreted as being cleanup goals but as risk-based values that 
may be used to guide the development of cleanup goals by risk managers. Cleanup goals will be 
determined in the feasibility study. ROOs were calculated for each medium at each location. For 
pathways involving contributions from more than one medium (i.e., ingestion of vegetables), the ROOs 
were ·calculated for each medium by setting the contributions from all other media to zero; this allowed 
for accurate determination of ROOs by medium. Where ingestion rates differed between adults and 
children, the more conservative child ingestion rates were used. In addition, maximum contaminant levels 
(MCLs) are presented in the tables developed as part of this section. MCLs are not cleanup criteria. The 
National Contingency Plan (CERCLA) notes that reduction of contaminant concentrations below MCLs 
may be required if multiple contaminants are present or if contaminants may reach a receptor through 
exposure routes not considered in the development of MCLs; therefore, risks for use of contaminated 
groundwater must be presented in addition to a simple screen against MCLs so that risk managers can 
make decisions. 

1.8.1 Calculation of RGOs 

Recent EPA guidance directs that RGOs are to be calculated for all COCs identified in a BRA. The 
COCs identified in this risk assessment, their ROOs, and MCLs are presented in Table 1.88. The SAS® 
program used to calculate these ROOs is presented Sect. 8 of Appendix C of this volume. 

EPA guidance (EPA 19911) directs that RGOs for each COC are to be calculated by rearranging the 
equations used to calculate each C~C's HQ or chemical-specific ELCR so that the equation can be used 
to solve for a concentration of the COC that will result in target total HIs of 0.1, 1.0, and 3.0 and target 
total ELCRs of lE-4, lE-5, and 1E-6. Here, the target total HI is defined as the sum ofa C~C's HQs over 
all pathways of concern, and the target total ELCR is defined as the sum of a C~C's chemical-specific 
ELCRs over all pathways of concern. Although rearranging the risk equations and solving for a 
concentration is one approach to calculating ROOs, it is simpler to use the fact that risk is calculated in 
this risk assessment by linearly combining a series of exposure factors and toxicity factors with each 
analyte's environmental concentration; therefore, the risk posed by an analyte at any given concentration 
is directly related to the risk posed by that analyte at any other concentration. This relationship is 
illustrated in the following equation: 

where: 

Concentration RGO =-----
Risk Target Risk 

Concentration = the exposure concentration for the medium 
Risk = the risk posed by exposure to the contaminated medium 
ROD = the remedial goal option 
Target Risk = one of the values listed above 

1.8.2 Presentation ofRGOs 

The equation developed in the previous section was applied for each CDC. The RODs developed for 
all land use scenarios of concern, POCs, and CDCs for WAG 28 are presented in Table 1.88. In addition, 
this table presents the representative exposure concentration used in the BHHRA and, for groundwater, 
each CDC's MCL. The MCLs were taken from RAIS (DOE 1998c). RODs for sources of off-site 
groundwater contamination are not presented because these rely on the fate and transport modeling 
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discussed in Sect. 5 of Vol. 1 and Appendix B of this volume. These RODs will be developed after this .. 
modeling is refined as needed in the feasibility study; however, the RODs for groundwater in the off-site • 
location are presented. 
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2. BASELINE ECOLOGICAL RISK ASSESSMENT 

The primary purpose of the BERA is to determine whether adverse ecological effects may occur or 
are occurring as a result of exposure to one or more stressors at WAG 28. The BERA follows general 
guidance provided in' Guidelines for Ecological Risk Assessment (EPA 1998) and consists of the 
following elements: 

. - -
• problem formulation (Sect. 2.1) 
• exposure assessment (Sect. 2.2) 
• effects assessment (Sect. 2.3) 
• risk characterization (Sect. 2.4) 

Because WAG 28 sites vary in terms of potential exposure media and pathways, receptor 
populations, and contaminant migration pathways, the general objectives of each step of the BERA are 
provided as introductory material. Site-specific information is then provided for each site in subsequent 
sections. Tables supporting the risk assessment are located in Appendix A of Vol. 4. 

Because only abiotic data are available for sites in WAG 28, the BERA evaluated existing media 
data only. Additional lines of evidence (e.g., media toxicity testing and biological surveys) were not 
collected and do not appear to be necessary at this stage because much of the WAG 28 area is used for 
industry. SWMU 194 and AOC 204, which are located outside the PGDP security fence, provide suitable 
habitat for terrestrial biota; however, complete exposure pathways are not expected at these sites because 
potential contamination is contained within subsurface soils. 

2.1 PROBLEM FORMULATION 

Ecological risk assessments begin with a problem formulation phase that defines the scope of the 
assessment in terms of (1) environmental description, (2) evaluation of the adequacy of avai1a~le data for 
identifying chemicals of potential ecological concern (COPECs), (3) assessment endpoints, (4) potential 
receptor populations, (5) identification of potential exposure pathways, and (6) development of a 
conceptual site model. The problem fonnulation phase determines the following: 

• analytes (e.g., inorganics, organics, and radionuclides); 

• media (e.g., surface water, sediment, and soil); 

• routes of exposure (e.g., ingestion of water/soil, inhalation of volatile organics andlor particulates, 
ingestion of contaminated food items, and dermal contact with contaminated media); and 

• categories of receptors (e.g., plants, invertebrates, herbivores, onmivores, carnivores, and vermivores) 
(Suter et al. 1995). 

The result of the problem formulation phase is a conceptual site model that is based on an integration 
of the information gathered. 

2.1.1 Environmental Description 

PGDP is situated between Big Bayou Creek to the west and Little Bayou Creek to the east. The 
confluence of these two creeks is a marsh approximately 3 miles north (downgradient) of PGDP with 
ultimate discharge to the Ohio River. PGDP is located on a local drajnage divide with surface water flow 
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to the east and northeast toward Little Bayou Creek and to the west and northwest toward Big Bayou -. 
Creek. Most of the flow in the creeks is from process effluents from PGDP (Energy Systems 1990). 

The pH of soils and surface water in the Bayou drainage system verges on acidity. Stream alkalinity 
and pH are periodically low. Soil pH is strongly acidic and low in buffering capacity. In addition, the pH 
of rainfall in the region has been reported to be as low as 3.5 (Birge et a1. 1989). The entire PGDP is 

. above t~C? historical high water floodplain of the Ohio River (CH2M Hi111991a). 

2.1.1.1 Aquatic communities 

The aquatic communities in and around the PGDP area include Little Bayou Creek and Big Bayou 
Creek (both perennial streams), the North-South Diversion Ditch, and other smaller drainage areas (Fig. 
3.4 of Vol. 1). In addition, approximately 13 fishing ponds are located primarily in the WKWMA. 
Aquatic habitats are used by muskrat, raccoon, and beaver, as well as many species of water birds, 
including wood duck, geese, heron, bald eagle, and other species of migratory birds. The dominant fish 

. populations include several species of sunfish (especially bluegill and green sunfish) as well as bass and 
catfish. Bluegill, green and longear sunfish, and stoneroller dominate the shallow areas of the two creeks. 
Largemouth bass, bluegill and, to a lesser extent, green sunfish dominate ponds. Aquatic habitats do not 
currently exist at sites in WAG 28. 

2.1.1.2 Terrestrial communities 

The terrestrial component of the ecosystem includes the plants and animals that use the habitat for 
food, reproduction, and protection and is described by the dominant vegetation groups that characterize 
the community. Because much ofPGDP's terrestrial habitat is managed for multiple uses, forest and shrub 
tracts alternate with fence rows and transitional edge habitats (ecotones) along roads and transmission- • 
line corridors. In addition to upland terrestrial communities, a number of wetland communities exist at 
PGDP. 

No quantitative surveys of terrestrial wildlife near PGDP were conducted as part of RI activities; 
however, observations by staff ecologists during site investigations and information from WKWMA and 
Ballard County Wildlife Management Area (BCWMA) staff have provided a qualitative description of 
wildlife communities likely to inhabit terrestrial communities. Rabbits, mice, and a variety of other small 
mammals frequent open herbaceous areas. Birds include red-winged blackbirds, quail, sparrows, and 
predators such as hawks and owls. In ecotones (including fence rows, low shrub, and young forests), a 
variety of wildlife is present, including opossum, vole, mole, raccoon, and deer. Birds typical in ecotones 
include red-winged blackbird, loggerhead shrike, mourning dove, bobwhite quail, turkey, cardinal, and 
meadowlark. Several groups of coyotes also reside in the vicinity of PGDP. In mature forests, squirrels, 
various songbirds, and great homed owls may be present. The primary game species occupying the area 
are deer, turkey, opossum, rabbit, raccoon, squirrel, quail, and mourning dove. 

A detailed description of WAG 28 sites is provided in Chap. 3 of Vol. 1 and in Sect. 1.3.1 of this 
volume. Sites in WAG 28 that are inside the security fence aregeneraUy highly industrialized and provide 
minimal habitat for ecological receptors. See Figs. 1.2-1.8 in Chap. 1 of this volume for photographs. 
Sites in WAG 28 that are outside the security fence are open grassy areas and lightly forested areas that 
provide potential habitat for ecological receptors. While exposures at most sites inside the fence are 
unlikely (due to gravel/asphalt cover) and are not evaluated under current conditions (with the exception 
of SWMU 193a), the possibility of exposures in the future at pertinent sites are evaluated, assuming that 
industrial controls are no longer present and that the sites develop suitable habitat for terrestrial plants and • 
wildlife. Exposures at sites outside the fence (SWMU 194 and AOC 204), which provide suitable habitat, 
are considered unlikely because potential contamination is contained within subsurface soils. 
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SWMU 99a, site of the fonner C-745 Kellogg Buildings, is located along the eastern edge ofPGDP, __ 
south of Building C-360, immediately north of Tennessee Avenue, and west of Patrol Road 3. The 
buildings were constructed in 1951 as support facilities during construction of the PGDP cascade 
facilities. Degreasing operations using trichloroethene possibly occurred on this site. The buildings have 
been demolished, and the area now serves as the C-746-C Classified Scrap Yard and the C-745-E 
Uranium Hexafluoride (UF6) Cylinder Storage Yard. SWMU 99a was identified as a possible source area 
due to past practices on the site. At some time, a layer of gravel was placed over the soil on most of the 
site tcfimprove drairiage, improve site access, and control weeds. SWMU 99a includes the area bound by 
Tennessee Avenue on the south, the PDGP security fence on the east, the security fence to Building C-
360 on the north, and 18th Street on the west. The total area is approximately 2.4 acres. Approximately 
40 percent of SWMU 99a is covered by concrete/asphalt and 60 percent by gravel; therefore, this site 
provides no current suitable habitat for ecological receptors. An evaluation of potential future exposures 
was conducted for this site and assumed current soil concentrations and development of suitable wildlife 
habitat. 

SWMU 99b, a former septic tank and leaching field used by the Kellogg Buildings, is located 
immediately outside the east guard house of the plant. The tank and the associated field, which is 
connected to the Kellogg Buildings by a vitreous clay drain line, are located approximately 350-400 ft 
southeast of the building site in the gravel parking lot east of Patrol Road 3. Although lateral Iines for the 
leaching field were found intact when encountered during construction activities in late 1994, they were 
not located during RI field activities. The suspected location is situated under a gravel-covered parking 
area between the contractor staging area to the north and Aoe 204 to the south. The total area is 
approximately 0.3 acres. An estimated 80 percent of SWMU 99b is covered by gravel and 20 percent by 
grass. Surface soil was not a medium of concern at this site because the leach lines were below the surface 
of a gravel-covered parking lot. No ecological exposures were expected; therefore, the site was eliminated 
from further evaluation during problem formulation. 

SWMU 193a, the former Millwright Shop, is the outside perimeter of Building e-333 located in the 
western portion ofSWMU 193 north of Michigan Avenue and west of 13th Street. The shop is no longer 
standing, and all that remains is a concrete pad. The site does not include Building e-333 but includes the 
property directly west of the building. The site is bound on the south by Michigan Avenue, on the west by 
Patrol Road 5, on the north by Ohio Avenue, and on the east by 13th Street. The area is drained by the 
plant storm drain system, which eventually exits the plant through Kentucky Pollutant Discharge 
Elimination System (KPDES) Outfall 009. The total area is approximately 17.4 acres. An estimated 90 
percent of SWMU 193a is covered by grass and 10 percent by gravel. Though sites inside the security 
fence are generally highly industrialized, the amount of grass coverage at SWMU 193a provides potential 
ecological habitat, and ecological evaluations of current and future exposures were conducted for this site. 

SWMU 193b, the former Pipe Fabrication Shop, is the outside northern perimeter of Building C-333 
located in the northern portion of SMWU 193. The site does not include Building e-333 but includes the 
property directly north of the building. The site is bound on the south by Building e-333, on the north by 
Ohio Avenue, on the west by 13th Street, and on the east by 16th Street. The area is drained by the plant 
storm drain system, which eventually exits the plant through KPDES Outfall 009. The total area is . 
approximately 4.3 acres. An estimated 100 percent ofSWMU 193b is covered by gravel; therefore, this 
site provides no current suitable habitat for ecological receptors. An evaluation of potential future 
exposures was conducted for this site and assumed current soil concentrations and development of 
suitable wildlife habitat. 

SWMU 193c is located on the south side of the C-333 building. The site formerly consisted of 
temporary buildings used during construction of PGDP, including the electrical warehouse, general 
warehouse, sheet metal shop, light and heavy, equipment shops, acetylene shop, paint shop, civil 
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engineering testing laboratory, filling station, and steel fabrication shop. A leaching field was located in _. 
the southwest comer of the site. The leaching field consists of 4-in. drain tiles in shallow soil. Currently, • 
the site is used to store UF6 cylinders. The site is bound on the north by Michigan Avenue, on the south 
by Patrol Road 4, on the east by 21 st Street, and on the west by Patrol Road 5. The area is drained by the 
plant storm drain system; which eventually exits the plant through KPDES Outfall 011. The total area is 
approximately 87.0 acres. An estimated 15 percent of SWMU 193c is covered by concrete/asphalt, 80 
percent by gravel, and 5 percent by grass; therefore, this site provides no current suitable habitat for 
ecological receptors. An evaluation of potential future exposures was conducted for this site and assumed 
current soil concentrations and development of suitable wildlife habitat. 

SWMU 194 is located in the southwest portion of the plant directly outside the security fence. 
SWMU 194 was the site of the administrative portion of the McGraw construction facilities and consisted 
of an administration building (105,500 fe), cafeteria (10,200 ft2), security guard headquarters (5,360 ft2), 
hospital (4,480 ft2), purchasing building (12,000 ft2), paper and stationary warehouse (3,900 ft2), a boiler 
house, and two leaching fields located west of Hobbs Road. All of the buildings have been demolished. 
The site is bound on the north by Curlee Road, on the south by Patrol Road 4, on the east by Patrol 
Road 5, and extends west of Hobbs Road. The total area is approximately 41.7 acres. An estimated 
100 percent of SMWU 194 is covered by grass. For the BERA, the conceptual model defined in the 
approved WAG 28 work plan (DOE 1998a) defined the potential sources of contamination in SWMU 194 
as being contained within subsurface soil (i.e., drainfields). Consequently surface soils are not impacted 
and do not require an ecological evaluation to be performed. 

Aoe 204 is located on the eastern side of PGDP and bound on the north and south by KPDES 
Outfalls 010 and 011 and on the east and west by Dyke Road and the security fence. It is suspected that 
AOC 204 was used as a staging area or construction debris burial ground associated with the original 
construction of the plant. The surface of AOC 204 is undulating, with elevations ranging from 364 to • 
382 ft above mean sea level. The area is covered with heavy vegetation and a young stand of trees. The 
total area is approximately 11.3 acres. An estimated 50 percent of AOC 204 is covered by grass and 50 
percent by trees/shrubs. Surface soil was not a medium of concern at AOe 204, and surface soil 'samples 
were not evaluated. Therefore, no ecological evaluation was conducted for this site. For the BERA, the 
conceptual model defined in the approved WAG 28 work plan (DOE 1998a) defined the potential sources 
of contamination in AOC 204 as being contained within subsurface soil (i.e., buried debris pile). 
Consequently surface soils are not impacted and do not require an ecological evaluation to be performed. 

2.1.2 Data Evaluation 

2.1.2.1 Ecological data evaluation considerations 

For the BERA, the data evaluation steps described in RAGS, Part A, Chap. 5 (EPA 1989a) (as they 
apply to data collected at PGDP and as modified by recent regulatory agency comments) and EPA 
(1998c) were followed when developing COPECs. Environmental data evaluated for the BERA were 
collected during the WAG 28 RI field activities and historical data collected during previous 
investigations of the sites. Investigations during the WAG 28 RI were considered to provide additional 
characterization to areas of previous investigation for WAG 28 sites. Only surface soil samples (less than 
1 ft bgs) were evaluated in assessing ecological risk from soils. 

Analyte concentrations below the detection limit were assigned a value of 0 (zero) if all samples at a 
location were below the detection limit. These analytes were subsequently dismissed from the list of 
COPECs and from the assessment. Analyte concentrations below the detection limit were assigned a 
value of one-half the detection limit if one or more samples at a site were above the detection limit. These • 
values were then used to calculate the 95% VCL. 
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For ecological risk evaluation, exposure concentrations that are deemed to be safe are referred to as 
ecotoxicological benchmarks. Benchmark values are updated regularly with the addition of new 
chemicals, analysis of new data, and receipt of new direction from regulators. The site-specific exposure 
concentrations that are compared to benchmarks are related to the characteristics of the receptor. In 
general, a concentration is used that represents a reasonable maximum exposure based on the 
characteristics of the medium and receptor. A fundamental distinction that should be made is between 
receptors that average their exposure spatially and those that are constantly exposed. For example, 
nonmotile receptors (e.g., plants) are more likely to be exposed to maximum contaminant concentrations, 
whereas motile species (e.g., wildlife) move through the environment and are more likely to be exposed 
to an average of contaminant concentrations. The following text describes the derivation of the RME for 
receptors in this BERA: 

• Terrestrial wildlife move across a site, potentially consuming soil, vegetation, or prey from locations 
that vary in their degree of contamination. The 95% UCL on the mean surface soil concentration is 
the appropriate conservative estimate unless it exceeds the maximum detected concentration, in which 
case the maximum value is used as the RME. 

• Surface soil contaminant concentrations are relatively constant over time, thus immobile or nearly 
immobile plants and invertebrates are constantly exposed. The RME for these receptors is the 
maximum observed concentration. That is, some organisms occupy that maximally contaminated soil 
or would occupy it if it were not toxic; therefore, exceedance of ecotoxicological benchmarks at any 
location implies a potential risk to some receptors. 

Comparison to benchmarks requires specification of individual wildlife species. The chosen species 
should include potentially sensitive representatives of trophic groups and vertebrate classes that are 
potentially exposed to contaminants at the site. In some cases, there are no appropriate toxicity data 
available for a chemical/receptor combination. For these cases, the chemical cannot be eliminated, and its 
toxicity cannot be addressed. Such chemicals are retained in a separate category to determine tne need for 
media toxicity testing and to prevent elimination from further consideration of the media in which the 
chemicals occur (Suter et at 1995). 

Comparing the site media concentrations to benchmarks identifies contaminant concentrations 
potentially toxic to the endpoint biota. Many of the analytes commonly identified during an RI also occur 
naturally in the environment. The concentrations of these analytes found at local background sites are 
normally assumed to be nonhazardous. To ensure that risk management decisions are based on the risks 
posed by site contaminants, the background constituents are differentiated from the site-associated 
contaminants. For each area, the detected, naturally occurring inorganic and radionuclide analytes are 
compared to background values. Synthetic organic compounds should not be present in reference 
samples; therefore, any synthetic organic compounds that are detected and validated are considered above 
background. 

Background concentrations are available for soils (DOE 1997). The comparison of analyte 
concentrations and radionuclide activities in site samples and background samples involves only 
inorganic analytes and naturally occurring radionuclides. 

2.1.2.2 Selection orCOPECs rorWAG 28 

Summary statistics (frequency of detection and mean and maximum concentrations) for the analytes 
detected in soil at sites in WAG 28 are provided in Table 2.1. Table 2.1 also includes site-specific RMEs 
that are the lower of the 95% UCLs and the maximum detected concentrations. Essential nutrients and 
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analytes with maximum concentrations within background limits were eliminated from further 
consideration in the analysis. Those with concentrations above background or with no background values • 
were carried through the assessment. 

2.1.3 Ecological AssessmentEndpoints 

Assessment endp~ints are valued ecological resources or entities that are to be protected. Should 
- these -environmental characteristics be significantly affected by site contamination, the need for 

remediation may be indicated (Suter 1989; EPA 1992a, 1998c). Measurement endpoints are quantitative 
summaries of a measurement or series of measurements that are related to effects on an assessment 
endpoint (Suter 1989; EPA 1992a, 1995a, 1998c). For example, if the assessment endpoint is fish 
abundance in a stream suspected of being affected by a waste site, the stream can be sampled, and fish 
abundance (the corresponding measurement endpoint) can be measured directly. 

The complete definition of an assessment endpoint includes a subject (e.g., soil invertebrates) as well 
as a level of effects (e.g., reduction in species richness or abundance) that are used to determine whether 
an impact has occurred (Suter 1993). Guidance for choosing levels of effects on endpoint properties that 
may constitute grounds for remedial action has not been promulgated on a national basis for ecological 
risk assessment as it has been for human health risk assessment. Therefore, these levels of effects must be 
inferred on the basis of analysis of historical federal and state EPA practice as well as that of other state 
regulatory agencies (Suter et a1. 1995). 

If the assessment endpoint is not readily observable, the measurement endpoint may be a surrogate 
for the assessment endpoint. For example, if the assessment endpoint is fish abundance in a stream that 
may receive future discharges from a waste site, the effect of these discharges on fish abundance cannot 
be measured directly. Instead, future contaminant concentrations in the stream must be modeled and then • 
compared to standard toxicity data. The characteristics of good assessment endpoints are identified in 
EPA's field and laboratory manual for ecological assessment of hazardous waste sites and EPA's 
Framework for Ecological Risk Assessment (EPA 1992i). These characteristics are ecological and societal 
relevance, susceptibility to hazards at the site, and accessibility to prediction and measurement (Suter 
1989; EPA 1992a, 1998c). 

Six terrestrial popUlations (plants, soil invertebrates, herbivorous mammals, omnivorous,mammals, 
vermivorous mammals, and carnivorous mammals) with characteristics that meet one or more of the 
criteria for good assessment endpoints were chosen for the BERA. The following paragraphs discuss the 
reasons for which each type of representative receptor population was chosen for evaluation in the BERA. 

Species richness, abundance, or primary production of plants within the terrestrial community were 
chosen as assessment endpoints for the evaluation of terrestrial exposure to contaminants in soil because 
terrestrial plant communities are (1) ecologically significant because the plant community provides 
habitat for terrestrial animal species, (2) societally significant because the plant community provides 
habitat for terrestrial game species, (3) susceptible to hazards at the site because plants are immobile and 
receive their nutrients and water from a fixed area of the soil medium and would thereby be directly 
exposed to contaminants in that medium, and (4) accessible to prediction (toxicity data are available) and 
measurement (through biological surveys andlor toxicity testing). 

Abundance of soil invertebrates was chosen as an assessment endpoint for the evaluation of 
terrestrial exposure to contaminants in soil because soil invertebrate species are (1) ecologically 
significant because they consume fresh organic material and leave partially decomposed products in their 
excreta, which are then further decomposed by soil microbes, (2) susceptible to hazards at the site because • 
they inhabit the soil medium and are thereby directly exposed to any contaminants in that medium; and 
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(3) accessible to prediction (toxicity data are available) and measurement (through biological surveys. 
and/or toxicity testing~ . 

Species richness or abundance of herbivorous mammals within the terrestrial ,community was chosen 
as an assessment endpoint for the evaluation of terrestrial exposure to contaminants in soil (incidental 
ingestion) and in their diet (uptake ·of contaminants into vegetation) because herbivorous mammals (e.g., 
meadow vole) are (1) of ecological significance as ,consumers of vegetation and prey for carnivores, (2) 
are siisceptible to hazards at the site because they eat plants growing at the site, and (3) accessible to 
prediction (toxicity data are available ) and measurement (through biological' surveys). 

Species richness or abundance of omnivorous small mammals within the terrestrial community was 
chosen as an assessment endpoint for the evaluation of terrestrial exposure to contaminants in soil 
(incidental ingestion) and in ,their diet (uptake of contaminants into vegetation and invertebrates) because 
omnivorous mammals (e.g., white-footed mouse} are (1) ecologically significant because they are prey for 
many other species, (2) susceptible to hazards .at the site because they have home ranges small enough 
that their acthritiescan be associated with a specific site, and (3) accessible to prediction (toxicity data are 
available) and measurement (through biological' surveys). 

Species richness or abundance of vermivorous small mammals within the terrestrial community was 
chosen as an assessment endpoint for ,the evaluation of terrestrial exposure to contaminants in soil 
(incidental ingestion) and in their .diet [bioaccumulationlbiomagnification in earthworms (the principal 
prey species)] because vermivorousmamrnals (e.g., short-tailed shrews) are (l)ecologically significant 
because they are prey for other species, (2) susceptible to hazards at the site because they have home 
ranges small enough that their activities can be associated with a specific site, and (3) accessible to 
prediction (toxicity data are available) and measurement (through biologicall surveys). 

Species richness or abundance of carnivorous mammals within the terrestrial community WaS chosen 
as an assessment endpoint for the evaluation of terrestrial exposure to contaminants in soil (incidential 
ingestion) and, in their diet (bioaccumulationlbiomagnification in prey) ,because carnivorous mammals 
(e.g., long-tailed: weasel)(l) are ecologically significant because they prey on small mammals (2) are 
susceptible to hazards at the site because contaminants may accumulate in their prey, 0) frequent grassy 
areas in pursuit of prey, and (4) are accessible to ,prediction (toxicity data ate available) and measurement 
(through biological surveys ). 

The mammalian wildlife endpoints. are assumed to represent other wildlife (i.e., birds) with similar 
modes of exposure. While there may be taxonomic differences insensitivity to' various chemicals, 
exposures for the mammalian receptors, particularly the shrew, are anticipated to be greater than 
comparable birds because of their potential close association with the sites (more restricted movements), 
residential status (nonmigratory) and, in the case of the shrew, higher expected.soil ingestion rates. In 
addition,. this suite of endpoints was agreed upon during the data quality objective :process for WAG 28. 

2.1.4 Identification of Potentially Exposed Receptors 

To evaluate assessment endpoints, a representative set of receptor species is selected. The sections 
that follow discuss the selection of these representative receptors and their relationship to the particulaf 
medium which they are used to evaluate. Effects on species that are not included explicitly in the 
representative assessment receptor set are nonetheless considered implicitly in the evaluation because no 
species exists in isolation from the community of which it is a'part. 

1be principal assessment endpoints involve effects t() the receptor population or community rather 
than the individual level of biological organization unless the assessment is c.oncerned with effects on a 
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threatened and endangered t(T&E} species ora ,set of species of special iconcern or habitat of special 
concern. rn these 'cases, assessment endpoints are defined at the individual !level because of the high 
degree of 'legal and societal concero with which these, species or habitats are regarded. Assessments of 
'effects at higher :levelsof hiologicalorganization (i:.e" communities and' ecosystems) must primafily 
address physical disturbance' because there is little infofffiation on toxic ,effects at these .levels. An 
,additionaldifticulty associated with assessment ,of effects ,at Ihigher levels of organization is that availlable 
toxicity data are' generally inconsistent;, however, functional system redundancy tends to buffer ecosystem 
processes from toxic effects, and' the higher :level taxa used as endpoint. receptor species tend to integrate 
the ,effects on ecosystemprocesses. 

2~1.4.1 Endpoint receptor species 

17errestrial endpoint receptor species are discussed indi,vidually in ,the following list: 

Va~cular Plants. Terrestrial vascular plant populations were selected as representative receptor 
populations because plants are immobile andi receive their nutrients and water from a fixed area of,the soil 
medium; therefore, potentiali contaminant exposure can be associated with a specific site. In addition" 
benchmarks:are available for:evaluation. 

Soil Macroinvertebrates. Soil macroinvertebratesi are representative ,of animals that live in intimate 
contact with the soil environment. The earthworm :(LumbricuS' sp.) was selected as the representative 
receptor species for soil invertebrates because benchmark values are available for evaluation. ' 

Herbivorous Mammalian Wildlife. Herbivorous wildlife includes species that subsist ,primarily on 
plant material. The meadow vole (Microtus pennsJ'lvania) was selectedasa receptor species because 
home ranges potentially could incoIiporate most m:allsites in WAG 28. 

Omnivorous Mammalian' Wildlife. Omnivorous animalssubsistonhoth plant and. animal material. 
The white-footed mouset(Peromyscus /eucopus) was selected as the omnivorollsreceptofspecies because 
it is common on most sites and: hasafange small enough that its activities can be associated with a 
specific site. In addition, benchmark values ,are available for evaluation. ' 

Vermivorous Mammalian Wildlife. Vermivorousanimals'subsistprimarily,on earthwofffiS. The 
use of these' species for evaluation isa natural ,extension of the use of earthworms as the representative 
receptor species for soil invertebrates~ The short~tailed shrew (Blarina brevicauda) was selectedlas the 
vermivorous receptor species because it is common at most sites, has a home range small enough that its 
activities can be associated with a specific site, and has benchmark values available for evaluation. lIn 
addition,exposure for this· receptor is likely to be higher ,than for most other small mammals because of 
its high metabolic rate, high, percentage of invertebrates in its diet, and high soH ingestion rates. 

Carnivorous ,Mammalian Wildlife. :Carnivorous animals subsist on other mammals. lbe long., 
tailed weas.el:(Mustela frenata) was selected as the ;carnivorous receptor species because it is most likely 
to live in both grassy andi wooded habitats. While ,the home ranges for :altcarnivores tends ,to be Ilarger 
than many individual sites, the long.,tailedl weasel! 'has a smaller home range than other mammalian 
carnivores likely to occur at the facility. 

Migratory birds were not ,designated as representative receptor species, because·these species·usethe 
site, far less frequently than the resident mammals evaluated. 
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2.1.4.2 Special endpoints 

The COE ('1'994a, 1994b) documents, Environmental Investigations at the Paducah Gaseolls 
Diffusion Plant and SU1~';0U1;dj17g Area. McCracken COlillty. Kentucky, Vol. II. Wetland Investigation and 
Vol. III. Threatened arid Endangered Species, were consulted to determine the potential for occurrence of 
two categories of speCial ecological endpoints considered by the HERA-floodplains and wetlands 
(specia1 habitat), and T&Especies (special receptors). In addition, a request was 'submitted to the 
Kentucky State Natu'rePreservesCommision CKSNPC), National Hertiage Program, for the most current 

, state 'listing 'of rare, T&Especies wi~hinthe PGOP p~opertyhoundaties; Two federally listed: or candidate 
T&E species have, been reported at PGDP:;!hese,are the Indiana bat (Myotis sod~lis) at:J.d copper belly 
water snake (Nerodia erythrogasierneglecta). Basea on ,the most 'ctirrentinformation from the KSNPC 

. , 
nine occurrences of four plant and animal species and rio occurrences of the ex,eIpplary natural 
communities that are monitored by KSNPG are reported asoc,currip.g Within ,the Heath, Kentucky, U.S. 
Geological Service quandrangle. These listed or 'special concern spec'iesar:e the, 'cream wild, indigo 
(Baptista bracteata var. leucophaea), compass. plant (Silphium laciniatum var. robinsonii), redspotted 
sunfish (Lepomis miniatus), and northern crawfish frog (Rana areo/ata circulosa). No site-specific 
wetland' ot T &E 'species surveys have been conducted for WAG 28 sites. 

, . 

2.Ls Identific~tion of ' Potential Exposure Pathways 

2.1.5.1 Terrestrial 

The following three potential terrestrial exposure pathways are considered in this BERA: 

• Plants are in intimate association with the analyte-containing, growth medium (soil), which is the 
major potential source of exposure. The analytes associated with the soil solution are in .physical 
contact with plant roots in the soil and may enter the root with soil water. Plants are in tum eaten by 
herbivores. 

• Earthworms, as representatives of soil-dwelling macro invertebrates, are indirect contact with 
contaminant-containitlg soil. The ,outer cuticle is in contact with;analYtes associ~ted with soil particles 
and' in soil solution, andi the earthworm gut is in contact with soil as it is ingested during feeding. 
Earthworms may then be eaten by first-ord~r predators ,( e.g.,shfew). 

• Terrestrial wildlife may also consume contaminated ~oil by incidental ingestion while feeding andlor 
burrowing; It is not believed that wildlife receptors receive significant exposure via inhalation or 
dermal contact. Because such species are fur-covered, little if any direct exposure to dermal surfaces 
can occur. Exposure .could occur through grooming or inhalation of dust, but these exposure routes 
are accounted for as incidental ingestion .of soil. Omitting 'i:leimal contact as an expos,ure route t~ be 
quantitatively e~luated is a prac.tice .that is widely accepted in the field of ecological risk analysis. 
Further, exposure 'parameters and. toxicityvaiues for dermal exposurear~general1y not available. 
Inhalation of contaminated air contributes PlinitnaHy to overall exposures at sites such. as those in 
WAG 28 where VOCs are not significant contaminants of surface soils. 

2.1.6 Conceptual Site Model 

The ecological 'conqeptual site model graphically represents the, relationships . between the 
contaminant sources and ,the endpoint receptors. It integrates ,the information in the other sections of the 
problem formulation step. . 
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A generalized conceptual site model of possible exposure pathways, for ecological receptors at sites _, 
in WAG 28, is provided in Fig. 2'.1. Most sites cun:ently provide 'limited ecological habitat (grass and • 
small shrubs). In the future, it is possible habitat qualitx win improve, allowing ,the ,establishment of a • I 

greater diversity of species. The discussion in this section concerns current and hypotheticalli future 
exposures .. Note that only terrestrial exposures are,evaluatedl in this assessment, because aquatic habitats 
do not presently occur in WAG 28 .. 

Surface soils, at WAG 28 sites may have been contaminated during plant operations. Contaminants 
present in ·surface soils may il'each into subsurface soils and then into the groundwater underlying the site. 
Contaminants: in soBs may also have been historically ,transported to nearby creeks via surface runoff. 

Earthworms'may be ,exposed :to contaminants in surface soH! through· soil ingestion and direct contact 
with s()il. Terrestrial plants may be exposed to contaminants in ,surface soil ,through direct contact ,of'the 
roots with the soil and through root uptake. The short-tailed shrew may be ,exposed to, contaminants in 
sUrface 'soil' through incidental! ingestion of soil and! through ingestion 'of earthworms that may 
bioaccumulate contaminants in their tissues. 17he white-footed' mouse may Ibeexposed ,to contaminants in 
surface soil through incidental ingestion ,of soil and through ingestion of both plants and. earthworms ,that 
may bioaccumulatecontaminants in their ,tissues. Meadow voles may be exposed to 'contaminants in 
surface soil through incidentall ingestion of soil and through ingestion of plants that may bioaccumulate 
contaminants in their tissues. Long-tailed weasels may be expoSed to, contaminants in ·surface soil through 
incidental ingestion of So iIi and ,through ingestionJofsmall mammals. 

2.2 EXP0SlJRE ASSESSMENT 

'Fhis. section describes the current and future modes ,of exposure that may occur at WAG 28 ,sites, the 
methods used to estimateexposure,and the available exposure data' for the BERA. 

2.2.1 Routes and Mechanisms ,of Chemical'Fransport and Transformation 

Analytes in surface .soil maybe ,transported ,downward thFough the soil by the percolation of 
rainwater and may be' transported off site by wind or surface water runoff. Physico-chemical changes 
(e.g., pH) or microbial activity may cause the. release of bound analytes or their degradation products. The 
presence of otheranalytes in thesoill may have a synergistic or antagonistic effect on associated' analytes; 
however, for the BERA, the conservative assumption is that soil invertebrates, plants,and terrestrial 
wildlife are exposed to measured levels of analytes in surface soil. 

Assuming that there are no accidental or additional releases to PGDP watersheds, chemical 
concentrations to which terrestrial plant and wildlife receptors may be exposed should decrease over ,time. 
Contaminants in surface soil may ,decrease because .of leaching ,or natural degradation. Metals mayadsorh 
,to mineral as well as organic components ,of soil. Therefore, it is assumed that 'soil contaminant 
concentrations willi not increase in 'the future and' will likely decrease. For a conservative evaluation of 
future· exposufes, it is assumed that futufe surface soil concentrations willi be similar to current 
concentrations. 

2.2.2 Oescriptionof 'Exposure Models 

Exposure models for specific exposure pathways are the same for each site where they are 
,applicable. Exposure of soill invertebrates and terrestriali plants is evaluated based on a comparison of 
measured media concentrations fo appropriate benchmarks; therefore,. explicit exposure models, for these 
:receptors are no.t required. Exposure models, are used to evaluate contaminant intake for terrestriall 

wildlife. Methods and models used in the BERA are described in the foHowing .sections. 
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2.2.2.11 Nonradionuclide .exposures 

The potentialdaHy contaminant intake from all potential sources for terrestrial wHdlife is ;estimated 
using the following. generalized iequation (Sample and Suter 1994): 

Intake =i[])R fOOd (C plnn., * PlllPn. + Clnver. * Pln,'erl + Crnamm *i~lnamm) + (CSOII * ]jRsoll )JI iIl'V 

where: 
Intake = estimated dai'ly dose in mg/kg/day for the teceptor 
IRfood ' = daily food ingestion rate (kg/day) 
Cplonl = analyteconcentration in ,plants (mg/kg" wet weightHCsoil x Bv) 
Clnvert = analyte concentration in soil invertebrates (mglkg, wet weight) [Csoll x uptake factor 
:( terrestrial)] 
'C~lomm = analyte ,concentration: in small .mammalian prey (mg/kg, wet weight) [Csoil x soil~to
tissue uptake factor or BAP. x (CplimtX Pplonl + qnvert XPinvert + Csoil x Psoil)] 
'C~oil = analyteconcentration in soill(mglkg,dryweight) 
IRsoil = rate ·of ingestion ofsoil@Cg/day) 
Pplanl = fraction of plant material in the receptof's,diet (unitless} 
Pinvert = fraction of soil invertebrates in the receptor's diet (unitless} 
Pplsnl= fraction ,of plant material in the receptor's,diet (unitless) 
BW=body weight~kg) 

Parameter values ,required to estimate analyteexposure fotterrestrial wildlife· are presented in 
Tables 2.2-2.5. Body weights .and food! ingestion rates for each endpoint receptor species were obtained 
from Sample and Suter (,11994). Because surface water is not available at the sites under investigation, .' 
ingestion of drinking water is not considered in the HERA. Furthermore, contaminant doses from 
drinking water are ,generally minor relative to doses from food and soil. 'Soill .ingestionrates were,obtained 
from the open iliterature f01: aU species. It is 'assumed that all food and soil ingested by wHdlife originate 
·from the 'contaminated area. 

2.2.2~2 Radiological exposures 

In the BERA" it is assumed that all parts of an organism are exposed equally ,to .radionuclide 
energies. While ecological receptors are exposed to radiation 'from natural I sources, doses were only 
quantified for radiation from nuclides detected at WAG 28 sites; Radiation dose rates (mradlday} from 
tadionuclide exposures were calculated for plants, earthworms, and representative ,terrestrial wildlife 
species using methodology adapted from Blaylock et al. (1993) and Baker and Soldat:(1!992). Doserates 
from intemalexposures via ingestion of food and soil and inhalation ofdustwere;evaluated, as were dose 
rates fromextetnal' exposures via soil. 

'Fhe representative !terrestrial wildlife species selected! as' endpoints for the radiological assessment 
were the same as those for the chemical data assessment (Le., terrestrial plants, earthworm, meadow'vole, 
white-footed mouse,short-tailed shrew, and long-tailed weasel). Life history parameters used in the 
radiological assessment were identical to those used i for Ithe chemical data' assessment (Tables,2.2-2.5)~ In 
addition, it was necessary ,to assume species,.specific values fOffraction of time. spent . above and below 
ground. The short-tailed shrew, white-footed mouse, meadow vole, and long-tailed wease}. were assumed 
to spend 75 percent of their time above ground and 25: !percent below the soil surface in dens or burrows. 

Thegeneral' methodology and the equations specific to, each exposure route used in estimation of • 
dose rates for biota are described in this section. Equations used in this assessment estimate the daily dose 
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under cutTent conditions. Dose from a'lpha, beta, and gamma emissions (only beta and gamma for external. 
exposures of earthwol1ns and plants and only gamma for extel11al exposures of wildlife receptors) were 
calculated for each radionuclide, including the dose rates from all short-lived daughter products. Dose 
from each radionuclide was then summed over all exposure routes and all radionuclides to arrive at the 
overall dose received for each receptor at each site. 

External Exposures-Direct Radiation from Soil. The equation for estimating aboveground 
external dose rates (mrad/day) for terrestrial receptorsexposedtc)'contaminated soH uses .dose coefficients 
published by Eckerman and Ryman (1993). Dose rate reduction factors are used, to account for the 
fraction of time the receptor 'spends above ,ground' .. ' Bose coefficientS 'as~ume 'the .source region is a 
smooth plane (Eckernlan and Ryman 1993); but this is rarely ,the case in' a ,terrestrial habitat. A 
representative average dose reduction factor for ground roughness is 0~7 (Eckerrmm' and Ryman 1;993). 
For the shrew and mouse, relatively small mammals that are effectively much closer ,than ,} m to the 
source, an ,elevation correction factor of 2 ·was applied to accountJor the increased dose expected at 
ground level relative to the ef.fective height of a' standard human used to derive the dose coefficients. For 
plants, it was assumed that the dose represents that to the reproductive part of th~plantwithan effective 
height similar to that of ,the standard human~ The following equation is for aboveground dose from 
external exposures for a plant or wildlife receptor: 

where: 
D abovegrd = Fabove Frur LCBolI,1 DFgrd" CFb ·ECF 

Dabovegrd = external . dose. rate to receptor from aboveground exposures to contaminated soil 
(mrad/day), . 
F above = ,dose rate reduction factor accounting for the fraction of ,time the receptor 'spends above 
ground (unitless) , 
Fruf = dose rate reduction factor accounting for'ground roughness (unitless) [Representative 
average of 0.7 Eckerman:and Ryman, {l993).used for.this assessment], 
Csoil;i = activity ,of radionuclide i in surface soil (pCi/g): ' . i . 

DFgrcJ•i = dose coefficient for radionuclide i in soil, contaminated to depth of 15 cm [(Table 111.6, 
Eckerman and Ryman (1993)J.(Sv/sperBq/m3

) , ... ', ' . . . 

CFb = conversion factor to change$v/s;perBq/m~ to mrad,'g/pCi d. equals 5.'12E+ 14' 
ECF = the elevation correction factor to adjust dose 'coefficients to value. representative of 
effective heightofanimalab~ve,grOlind'(unit1ess) . , , 

, . , 

Dose from alpha radiation is not a concern for external sources, as alpha radiation lacks penetrating 
power. 1i11,e, effective· dose~oefficients.from Eckerman and Ryman (1993) incorporate both high energy 
beta and gamma emissions. Radionuclide-specific',parameters ate provided in Table 2.6. The lower of the 
95% VCL and the maximum detectedconceritration in sUrracesoH within a site was used in. estimating 
the dose from.external exposures. 

Belowground' exposures are calculated assuming immersion in a c.ontinuous soH medium~ Dose 
coefficients were unavailable for the immersion scen,ario, so exposures ·were modeled. as dose to soil 
adjusted, for absorption ,by a smaUvolume of tissue .. 'The exposure fraction' ·reflects' the, fraction of time 
the receptor . spends below ground. Only 'gamma radiations, with energies greater'thanO.Ol MeV were 
evaluated for wildlife receptors as those with lower energies are unlikely to penetrate, ~~n. Both beta and. 
gamma radiations were eyaluated for earthworms. The following equation is for belowgroundlexternal 
exposures of earthworms and wildlife receptors: 

DbeloWgrd = 1005 Fbe,ow LCBoll EI CFa 
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where: 
Dbe1o\\'grd = extemardose rate !toearthworm ,or wildlife recept01: in. burrow from contaminated soil .•. 
(mrad/day) 
.1 :05 = 'conversion factor to acc.o.unt for immersion in soil versus water (Estimated value; Keith 
Eckelman~ Health Sciences Research Division, Oak Ridge National Laboratory, personal 
communication, Julie ,11996) 
Fbelow = dose rate reduction factor accounting for the fraction of time ,the receptor spends below 
'groundl (uniHess) 
Csoil. i =acti¥ityof radionuclide i in surface. soil (pCi/g) 
E i= ,enetgyfor beta' or gamma emissions bynuclidei(Me V/nt) 
CFa' = conversion. factor to convettMeV/nttog mra&pCi/d{5.12E-2) 

!Internal Exposure~Ingestion~ Wildlife. receptors may receive ,internal radiation doses after 
ingesting, contaminated prey or soil or afierinhaling,contaminatedJ dust. 'Blaylock etail• (1993}providesan 
equation for estimating ,the internal dose to fish contaminated withradionuclides. This equation can be 

. modified ,to address consumerS eating a variety of prey ,types and ingesting soil 'as well as Iplants.and 
invertebrates taking; up contaminants, directly from the sorI: 

where: 
'Ding = internal ,dose rate received after ingestion of contaminated prey and soil (mradlday) 
QF = quality factor ;to account for the greater biological effectiveness ofalphaparticlesi~20 for 
alpha;, 1 forbetaandgamrrta emissions;unitless) 
Ctissue = activity (PCi/g~ of radio nuclide i in tissue of organism 
Ei:=energy for alpha, beta, ,or gamma 'emissions bY'nuclide i (MeV/nt) ..•. '. 
6Fa = conversion factor to convert MeV/nt to g mradZpCi/day (5:. J.2E·2~ 
AF =absotptionfactor (unitless) 

Radionuclide activity in tissue was !detetminedanumber 'of ways ,depending upon data availability. 
Measured plant, earthwonTI\ . and 'small mammal ,data were unavailable. Soil-Jo-tissueuptake factors were 
available for a number of ,analytes. When they were available, ,tissue concentrations were calculated as 
discussed! in Sect. 2.2.33. When soil'-to-tissue uptake factors were unavailable for wildlife. receptors, 
!literature-derived food-to-tissue ,transfer factors wereused ,to obtain terrestrial biota tissue concentrations, 

When uptake factors were unavailable for:specificradionuclides, values were derived from ~those for 
related isotopes. Uptake factors ;used in this assessment are provided in Table 2.7. It was assumed that 
upfukeofradionuclidesfrom ingestedJood and.soil! was similar. 

Absorbed energy fractions for alpha radiations were assumed ,as unity for aU .receptors~ Absorption 
fracti'ons for beta radiations were assumed as unity for wildlife receptors, but heta.absorption fractions for 
large insects ·fromBlaylock et a1.<1993) ~ere used fot plants {assuming,.smaU reproductive ,parts of 
Igreatestconcern) ,and earthworms. Absorption fractions for ,gamma radiations for plants andl earthworms 
were ialso obtained from those for large insectspresentedl in' Blaylock et a1.<1993). Absorption fractions 
for gamma' radiations derived for infant or il-yr.;old humans using, ,the methodology described in ICristy 
and EckenTIan'~'li987) were. used for wildlife receptors. Table 2.6 presents absorption factors used for ,each 
receptor-radionl:lclide 'combination evaluated ,in this:report. 

Dose froin interna'li exposures was. calculated for alpha, beta, and gamma energies of 'each 
radionuclide. Energies were obtained from Eckem1an and Ryman.~1993) ,and ru:e provided in Table 2.6. 
Because different ,types of radiation differ in their relative biological, effectiveness. per unit of absorbed 
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dose, a quality factor derived from data on humans is nom1ally applied (NCRP 1987). A quality factor of 
1 is used for beta and gamma radiation and 20 for alpha radiation (Blaylock.et al. 1993). --

Internal: Exposures-Inhalation. Wildlife species using burrows receive an additional intemal 
dose from inhalation of d1Jst originating from contaminated soil. Intake of radionuclide i by inhalation is 
estimated as follows (DOE 1995c): 

. where: 

·D.lnh ;", QF Fbelow L C.~II,I A :D: E j CFa. AF 
, , I • 

Dinil = internal dose rate from inhalation. of, contaminated ;soil' (mad/day.)· 
Fi:~p=dosereduction factor for fraction of time receptor spends below ground (unitless) 
A= ,rmi.~s ofr~spirable dust fer volume of air breathed [O~ 19!m3'(DOE 1995)] . 
AiD = aIr densIty [1200 glm (Eckerman and Ryman 1'993)] 
Ei = alpha,heta, or gamma radiation energies for radionuclidei(MeV) 
CFa = conversion factorto go from MeV to mrad glpCild (5.l2E.2) 
AF = absOl~ption factor (unitless) 

Healy (1980) 'suggests thai 0.0001 glm3 is used asa conservative value when addressing human 
exposures to dust. Because burrowing aniI?lals are likely tospenq a greater portion of their time in a 
confined space (burrow) than humans and ate.physically closer to the soil surface,.an air mass loading of 
0.1 glin) was selected as a conservative estimateofthe mass oft:espirable dust (A) to which these animals 
may be exposed. .' 

Total internal 'exposures are obtained by adding ingestion and inhalation dose rates over .all 
radionuclides, including all shprt..:liveddaughter products. 

2.2.3 Quantification·of Exposure 

2.2.3.1 PIB:nt exposure 

Vegetation is exposedito' ~nalytes ,tha~ have 'been deposited in the s.oiI: Some ~etal elements are 
more· readily .available for uptake by plants from soil pore' water than others. Availability depends on a 
number of factors including the solubility of the source compound and interactions with soil constituents 
(e.g., organic material and clay) as well as interactions with other an~lytes. Organic analytesmay interact 
strongly with ,soil organic matter and therefore be oflimited:avaiIability for plant uptake. The use of 
reported concentrations for the BERAis consistent with the~pplication of benchmarks that are derived 
from literature values representing essentially total (or added) soil metal concentrati~ns. 

A comprehensive'analysisofthe exposure of,plants to the inorganic and organic analytes in the s'oiIs 
at WAG 28 sites requires information about importailt 'soil parameters (e.g., types and quantities of clay 
and organic components, pH, moisture content) andcharacteristics:ofthe. analyie 'compounds (e;g., water 
solubility, lipid solubility);. however" because ,only ,partial information is available; it is :assume:d"thatthe 
reported' concentrations of ,the· analytes. are ,available for plant uptake ·at any ,onetime; andanalytes will' 
therefore be assessed! for potential negative :impact on plant growth .at reported concentrations. . , 

Analytes have distinctive vertical distributions in isoHthat reflect interactions between the soiJIand 
the analyte as controlled' by the chemical and physicalnafure of the soil and ,the quantity and chemical, 
nature of the analyte. The exposure of plant roots to an analyte in tpe soil depends on :the aforementioned 
abiotic factors and growth characteristics of individual plants; such as rooting depth and';density. Because 
only partial information is available, it is assumed that ·:the plants are rooted entirely ,in the zone from' 
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,"hich the soiT was sampled for analysis Gthe top liS cm), and aB' plants rely on that zone for .their _ 
immediate water and. nutrient requirements. Therefore, the RME for terrestrial plants in the soil medium Ie. 
is th.e maximum detected' concentration. 

2.2.3.2 Earth"jorm ,exposure 

The same abiotic soil and' chemical factors considered in the quantification of exposure of plants Ito 
soi}; corifaminants· are applicable to the quantification of !exposure of earthworms to analytes in the soil. 
Earthworms may beexposedl to analytes by dermal contact with ,soil ,andpor:e water and ingestion of soil. 
It is· not possible ,to distinguish between and quantify ,the expOSllre to earthworms by these two, pathways. 
It is assumed I ,that earthworms spend their entire life span in soil with analyte levels represented by ,those 
in the soifs sampled foranalyses~Therefore, maximum detected. concentrations are used to assess 
potential negative impacts of contaminated soils on earthwormpopul'ations. 

2.2.3;3. 11errestrial ",ildlifeexposure 

Because data on the. analyte concentrations in vegetation (a primary food of white-footed mice and' 
meadow voles), 'earthworms (primary food of short-tail'ed shrews), .andsmall mammals (primary food ,of 
long-tailed weasels) were not available, these values were estimated usingsoil-to-plant,soil-to
,earthworm, or soil-to-smallmammal !uptake factors or foodL:to-tissue biotransfer factors, obtained from ,the 
foHowing Hterature. Soil-to,.plant uptake factors for inorganic analytes were obtained from Efroymson et 
a1. (1998), International Atomic Energy Agency (IAEA) (1994), National ,Council on Radiation 
Protection andl Measurement (NCRP) (1989), or Baes et 'a1. (1984), ,in that order. Soil-to-invertebrate 
uptake factors :wereobtained~ from Sample et a1. (l'998a), Menzied a1. (1992), or Beyer and Stafford, 
(1'993). Soil'-to..;small mammal uptake factors were obtained from Sample ,etaL (1998b). Food-to-tissue 
biotransfer: factors for estimating mammal tissue concentrationswereobtainedl,from IAEA (l994)~ NCRP 
(t989),or Daes et al. (t984). When available, regression equations provided by Efroymson et all. (1998) 
and Sample et al. (1 998a,b) were used to estimate tissue concentrations. These equations ,describe ,the 
relationship between tissue concentration and soiJi ,concentration Jor plants, invertebrates, and small 
mammals. for a number of inorganics(Tables 2;8~ 2.9~ and 2.1]0). Travis and Anus (,]988) ,r:eport that 
uptake factors for: organic chemicals in vegetation are inversely proportionaltothe square-rootofthe !Cow, 
and mammalian biotransfer factors for organic chemicals are directly proportional ,to Kow. Kow values 
were used to estimate :plant uptake and mammalianbiotransfer factors for organic chemicals. Uptake 
factors and' biotransfer factors are ,presentedi in 'Fable 2.1 :11. . 

To ,estimate contaminant exposure experienced by short-tailed shrews, the following assumptions 
were made: 

• hody weight = 0.015 kg 
.' food ingestion = '0.009 kg/day {fresh weight} 
• soil ingestion =0:00 111'117 kg/day (dry weight) 
• diet consists 100: percent of earthworms or soil invertebrates 
• 'contaminant concentration in earthworms is representative of thaUn ,other invertebrate prey 

To estimate contaminant exposure experienced by ,the white-footed mouse, the following 
assumptions were made: 

• body weight = 0;022 kg 
•. food ingestion =10'.003'4 kg/day (fresh weight) 
• soil ingestion =0~000068 kg/day (dry weight) 
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• diet consists 50 percent of earthworms or soil invertebrates and 50 percent herbaceous plant material_ 
• contaminant concentration in ea11hworms is representative of that in other invertebrate prey 

To estimate contaminant exposure experienced by the meadow vole, the fol'lowing assumptions were 
made: 

• body weight =O.044kg 
• food ingestion == 0.036 kg/day,~fresh'weight) 
• soil ingestion = 0.00086 kg/day (dry weight) (2.4% of diet) 
• diet consists 1'00 percent of herbaceous plant material 

To estimate contaminant exposure experienced by the long-tailed weasel, the following assumptions 
were made: 

• body weight = 0.15 kg 
• food ingestion = 0.02 kg/day (fresh weight) 
• soil ingestion =0.003 kg/day (dry weight) (2.8 percent of diet) 
• diet consists 100 percent of small mammals 

Life history data and references for each receptor are provided in Tables 2.2-2.5. Point estimates of 
exposure to contaminants in each site were estimated for each endpoint using the RME (Table 201), the 
assumptions outlined above, uptake factors from Tables 2.7-2.11, and the exposure models described in 
Sect. 2.2.2. 

2.3 EFFECTS ASSESSMENT 

Ecological effects assessment involves the identification of mown effects of contaminants on 
representative receptor popUlations through the use of conventional toxicity data, ambient me4ia toxicity 
tests, and biological survey data. Because media toxicity and biological survey data are not available for 
the HERA, expected media concentrations must 'be compared with conventional toxicity data. This 
section discusses the toxicological evidence used in the risk ,characterization section (Sect. 2.4) to 
evaluate risks to terrestrial plants and animals. 

In ,the chemical toxicity section (Sect. 2.3.1), the types, development, and interpretation of 
appropriate toxicological benchmarks are discussed. Conventional toxicity data consist of published 
values for toxicity of contaminants to test species; these data are generally not readily useful for 
ecological risk assessment. They are used in development oftoxicological benchmarks applied in the risk 
assessment to determine if biological 'effects are likely. By comparing contaminant concentrations 
detected in a medium at a site to benchmarks for ,that medium, the likelihood that contaminants may pose 
a risk can be estimated. Toxicological benchmarks for plants and earthworms are presented in Table 2.1. 
Toxicological benchmarks for terrestrial wildlife receptors are provided in Table 2.12. It should be noted 
that additional lines of evidence such as biological surveys and soil toxicity testing are generally desiredl 

for a BRA, but such data have not been collected. This is recognized as an uncertainty in the evaluation 
of potential risks to ecological receptors. 

2.3.,1 Evaluation of CQPECs 

The procedures for screening COPECs in surface soil are described in the following paragraphs. The 
results of the CUFrent and hypothetical future exposure assessment for WAG 28 sites are then discussed in 
subsequent sections. Chemicals that occur at concentrations that are safe for ecological receptors can be 
excluded as COPECs. Exposure concentrations that are deemed to be safe are referred to as 
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ecotoxicologicalbenchmarks. 1~hese benchmark values are :updated regularly with the addition of new _. 
chemicals, analysis of new data,and:receipt of new direction fronHegulators. • 

2.3.1.1' Chemical toxicity data for terrestrial I biota 

Contaminant :exposures experienced by ten'estriali .biota are compared to toxicological benchmarks ,to 
assess ,potential ecological effects. Toxicologicall benchmarks for plants. and soil! invertebrates were 
obtaIned: from Efroymson et a1. (1997a,b). Total .exposure estimates for wildlife are compared to 
NOAELS and LOAELs .derivedaccording to the methods outlined! by 'Sampleetali. (I 996). Onlystudi'es 
of ,the effects oflong-term, ,chronic oraLexposures, whether in food ·or water, were used. 1'0 make the 
LOAELsre1evant ,to possible population ,effects, preference was given to studies that evaluated effects· on 
reproducti¥e parameters. In ,theabsenceofa reproduction endpoint,studies that considered effects on 
growth, survival,and ilongevitywere used. 

2.3.1:.2 Effects data for organisms exposed to radionuclides 

The IAEA recommends limiting theradionuclide dose. for terrestrial organisms to 'liDO. mradlday 
(lAEA 1992). Studies :evaluating reproductive success and survivall were usedi to determine the dose limit .. 
Species-specific effects data werenotavailable~ so' 1 OOmrad/day was selected ·as the threshold dose for 
all representative wildlife receptors. A dose rate of this magnitude is unlikely ,to cause observable 
changes in terrestrial animal populations (JAIEA 1992). Higher dose rates may result in impaired l 

reproduction or reduced survivorship; A dose rate of! rad/day is :generally ,considered ,protective of plant 
and invertebrate populations~IAEA 1992; Barnthouse 1995) based on studies of productivity and' 
community characteristics. This dose rate is unlikely to cause observabl'e changes in terrestrial: plant 
populations (lAEA 1992)~ Higher dose rates may result in reduced productivity or changes in .species 
composition. within communities; ,therefore, ,II rad/day was selected! as, the threshold dose for effects on .' 
plant and'invertebratepopulations. Invertebrates tend' to be less radiosensitive than plants or animals; and 
indirect responses to radiation-induced vegetation changes appear more critical ,than direct effects from 
radiation {IAEA 1992>. 

·2.4 RISK CHARACTERIZATION 

Risk characterization is ,the phase of ecologicali risk assessment in which information concerning 
exposure (Sect. 2.2} and information concerning !potential effects of exposure (Sect. 2.3) are integrated! ,to 
estimate risks (the likelihood of effects !gi¥en the exposure). Standard risk characterization in ecologicall 
risk assessment is ,performed bya weight-of-evidence analysis. The principal lines ofievidence concerning 
effects are single chemical toxicity data that indicate the toxic, effects of the concentrations, measured in 
site media, media toxicity data that indicate whether the contaminated media are ,toxic under controlled 
conditions, and biological survey data that ,indicate the actual state 'of the receiving environment. Media 
;toxicity .dataand biological surveys were not available for ,this evaluation; therefore, the assessment is 
hasedi ,on single-chemical! toxicity data only. 'Fheresult is ,a BERA that is a conservative estimate of site 
,risk. 

The following :limitations that may ,induce either false ,positive or false negative results must be 
considered when interpreting the results of , the BERA: 

• Combined! toxic .effects ·of analytes {synergistic or antagonistic} are not:considered. 

• Analysis of ambient media may miss periods of high concentrations in temporally variable media' 'or 
locally high concentrations in spatially variable media. 
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• For some analytes, limits of detection may he above toxic concentrations . 

. Additional uncertainties involved in calculating and ,interpreting risk to biota based on single
chemical toxicity data are discussed in detail in Sect. 2.5. 

Risk characterization is perfonned for each assessment endpoint by (1) screening 'contaminants 
against ,toxicological benchmarks, (2) ,estimating effects of contaminants. retained by the analysis, and 
(3) listing and discussing the uncertainties in the assessment. 

Many of the analytescommonly identified, during an RI also Occur naturally in ,the environment. The 
concentrations of theseanalytes found at local background {reference) sites are normally assumed to be 
nonhazardous. To ensure that risk management decisions are based on the risks posed by site-related 
contaminants, the detected, naturally occurring inorganic ,and radionuclide. analytes are compared to 
background values. Synthetic 'organic compounds are anthropogenic in origin; therefofe, any synthetic 
organic compound that is detected and'validated','is considered' above ibackground. 

In· the screening against benchmarks ,portion oftiisk characterization, the analyte concentrations 
measured in abiotic media (soil) or estimated doses in the ,case of wildlife 'Teceptors are compared to 
ecotoxicological benchmarks to derive. HQs by the following formula: 

HQ = media concentratiQn or exposuredose/toxicologicalbenchmark, 

HQs.gre~ter than 1 suggest that the'chemicalis,pote~tially hazardous. to the endpoint biota. HQs less 
than, 1. suggest that the chemical is nonhazardo,us andidoes not need to bt::considered further; HQ 
calculations-areperforme!i by medium for each endpoint receptor population. . 

, , 

Toxicological benchmark values' derived for contaminants found at PGDP and the Oak Ridge 
Reservation (Sampl~ et al. 1996; Efroymson et aI., 1997a,p) are ,used in Jhis assessment. Benchmark 
development is an ongoing process, .and although the me,thods fOti derivation remain the same, the most 
current benchmarks are used. 'The ecological risks posed !by contaminants are discussed: as they relate to 
each endpoint population, including multiph: ,pathways ,of ,exposure (e.g" ,food, soil) when applicable., 
BenchmRtiks are not available for allchemical1receptor combinations. Results of the comparison of 
surface soil concentrations to benchmBfks·forphi.nts and,invertebrates are reported in Table 2.1. Results 
for terrestrial wildlife .are in Table 2.14. Table 2.13 provides a summary of benchmark exceedences for 
those chemicals detected above background leveJs. 

Because adverse effects associated with radionuclides in soil were evaluated differently than 
nonradiologlcal: contflininants,the results and ·characterization of potential ecological risksb~cause of 
radionuclides are discussed in separate sections. . 

2.4.1 SWMU99a. 

This site is coyeredby gravel and asphalllconcrete .. · ,Curr~nt exp~sure of ,terrestrial ,biota to surface 
soil is not evaluated; 'however, . existing surface ,soil data,are, used to. estimate, potenti~l fu~re risks, 
assuming 'suitable habitat develop~,~tthe;site over!tim~; . 

Fourteen'inorganic and 19 organic analytes (including 15 Pi\Hs and 3 PCBs) were detected in 
surface soil.from SWMU 99a (Table 2.1). Barium, beryllium, chromium~ nickel, and zinc are the only 
inorganics that exceed background levels. Background values are not available for lithium ot 'stontiinn. 
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Assuming CUl:rent surface soil concentrations ,represent fUfili"e surface soil concentratiOns at ,this site, _ 
widespread effects on telTestrial biotai are not expected. Ho:wever, barium is preserlt at a concentration ••. i 
12xbackground ,at Station 099-014 and; may pose. a riskto plants in this Ilocation. Barium concentrations 
at 12 other 'samples :within this site are near or ibelow background levels and below revels of concern 
for plants. 

Estimated doses from ,exposure to.radionuclides insoi1li are below recommended dose rate limits for 
wil'dlife; but dose rates for plants and soil invertebrates .are higher than the recommended dose rate limit 
of 1 ra&'day. Technetium~99is the radionuclide of concern,. 

2.4'.1,;). Risks to ,plants 

Barium, chromium, and zinc Were the only analytes detected above background I that exceed 
toxicologicall benchmarks for ,plants :~lfable 2.13). Barium is present at 2476' mglkgat Station 099~O'}:4, 
exceeding background levels by 12x and' exceeding the benchmark for phytotoxicity by almost a. factor of 
5. However; Iharium at other stations in this site is found at concentrations' more than an order of 
magnitude lower and weU below levels posing a' ,risk to ,plants. The maximum zinc concentration is 'only 
2.5 x background, and the mean concentration is below background: (Table 2.1 ),suggesting risks are 
unlikely. While ,chromium ,exceeds the benchmark for plants in this area, confidence in the chromium 
benchmark is low because limited data are available for derivation of!the value~Eftoymson .et a1. 1'997 a). 
'Inaddition,the studies used to derive. the benchmark value investigated the effects of chromium added to 
soH' as Ci:(VI}. Chromium~ is more soluble and available to plants than, iCr(III):and is considered the 
more toxic form (Smith et ,al'. '11989). In soils with a normal ,eH andl pH range, Cr(VI} is Hkely to be 
reduced to the less available Cr(III), Thus, there is considerable uncertainty in determining whether 
chromium concentrations result in toxicity to plants. Given the Ilow HQs andl concentrations near or 
below background.(with the exception of one isolated high concentration of barium), it;appears that while • 
there may be risks to individual plants in ,the areas of highest concentration, future risks to the terrestrial 
plant community at this site are Hkely to,be low. 

2.4.1.2 Risks to earthworms 

Chromium and ··zinc were tbeonly analytes detected above background that exceed toxicological 
benchmarks, for :soil ,invertebrates, {Table 2.B}. Confidence in the chromium benchmark for soil 
invertebrates: is low (Efroymson et a1. 1997b). In addition, the benchmark is based on Cr(VI). 
Chromium(VI) can' pass ,through cell membranes more easily than. can Cr(lll), but without a better 
understanding of chromium transformations, transport, andireactions within ceHs, it is difficulttoseparate 
effects of different forms (Efroymson et a1. l'997b). Van' Oestel:(11992) reported 32 ppm Cr(lll)! reduced 
earthworm growth by 30 percent. The:maximum chromium ,concentration in SWMU 99a is approximately 
1.5x this value, but the mean and 95% BCL. concentrations are less ,than a third. While there is 
considerable .uncertainty regarding effects of chromium on earthworms, chromium at SWMU 99a may 
not be a significant Iconcern. Zinc 'only slightly exceeds the .soH invertebrate henchmark(by less thart'a 
factor of 2), and ,the· mean zinc concentration is ,below background. 6iventhe Ilow HQsand 
concentrations near or below background, it appears that. while there may be.risks toindhridualplants in 
the areas of highest concentration, future risks to .the soil invertebrate community atthis site are likely to 
be low. 

2.4.1.3 Risks to ,terrestrial wildlife 

No analytesexceed LOAELsi for wi1ldlife receptors.:at this site ('Fable 2.B). Barium resultsini 
estimated dai'l)' doses slightly exceeding NOAELs for shrews and meadow voles (Table 2.1'4), but as 
discussed: for plants,one sample 'l'ocation has a barium concentration more than an order of magnitude 
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higher than other stations. Risks to terrestrial wildlife populations from future exposures to surface soil at 
SWMU 99a are not expected. -

• 2.4.1.4 Risks to terrestrial organisms from radiological exposures 

• 

• 

Estimated dose rates for aU terrestrial wildlife receptors are well below the ·effects threshold of 
100 mrad/day for wildlife (Table 2. r 5). Estimated dose rates for plants and soil inve11ebrates exceed their 
associated effects threshold of 1 rad/day. The risk driver in this case is ,the internal dose from 
techrtetium-99. Technetium-99 was detected at only 3 of li6 sample locations in SWMU 99a, and the 
maximum detected activity came from one of two samples (082-014 and 082-0,15) recovered during 
excavation of a drain pipe. 

2.4.2 SWl\1U 193a 

This SWMU is inside the security fence in a highly industrialized area, but because it is mostly 
grass-covered, both current and future exposures are evaluated. Current exposures assume ecological 
receptors reside at the site. 

Thirteen inorganics and 14.organics (10 PARs and 4 phthalates) were detected in SWMU 193a 
surface soil. Chromium is the only inorganic detected above background ,levels. Background 
'concentrations are unavailable for lithium and strontium. 

Risks to terrestrial receptors are not expected from ,current or future exposures at this site. No 
radionuclides were detected, and only chromium, for which toxicological benchmarks are likely highly 
conservative, exceeds 'levels of potential concern. 

2.4'.2.1 Risks to plants 

Chromium is the only analyte in SWMU 193a surface soiJi that exceeds background concentrations 
and toxicological benchmarks for plants (Table 2.13). As discussed for SMWU99a, confidence in the 
chromium benchmark is low because limited data are available for derivation of the value (Efroymson et 
a1. 1997a). In addition, the studies used to derive the benchmark value investigated the effects of 
chromium added to sod as Cr(VI). Chromium(VI) is more soluble .and available to plants thanCr(III) and' 
is considered the more toxic form (Smith et a1. 11989). Thus, there is considerable uncertainty in 
determining whether chromium concentrations result in toxicity to plants. The site currently supports 
grassy vegetation. Adverse effects on plants do not appear likely at this site. 

2.4.2.2 Risks to earthworms 

Chromium concentrations exceed benchmarks for soil invertebrates (Table 2.13). Confidence inthe 
chromium benchmark is low because it is based on only five reported concentrations resulting in toxicity 
to earthworms (Efroymson et a1. 1997b). The relative toxicity ofCr(IH) versus Cr(VI) to earthworms is 
not clear. 

2.4.2.3 Risks toterrestrial l wildlife· 

No analytes exceed background levels and NOAELs or LOAELs for terrestrial wildlife exposed to 
contaminants in surface soil at SWMU 193a (Tables 2.13 and 2.14). Therefore, no risks are anticipated 
from current or future exposures for these receptors. 
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2'.4.2.4' Risks ,to terr;estrialorganisms from >radiological exposures 

No radiortuclides w,ere detected in samples from SWMU 193a; therefore; ther:e is.no. riskal'l.ticipatedi 
to· ecologicals receptors from radionuclides at this ,site. 

2'.4.3, 'SWl\1U 193b 

This area is covered by gravell, providing no habitat for 'ecological ,receptors; however,. future 
exposures to surface soi,}. contaminants· at this location are evaluated ,assuming currentsoil concentrations, 
represent those in the future and suitable, habitat develops, over time. 

Thirteen inorganics ,and one organic (toluene) w,ere ,detected in, 'surface soil .at SWMU 193b. 
Beryllium, chromium, andl vanadium are the only in organics that exceed background :levels. Background 
values :are unavailable for ,lithium and strontium. 

Potential future risks from exposure of plants, soil invertebrates, and wildlife to chromium :017 

vanadium w'ere:identifiedi,but there is :considerable uncertainty associated with the benchmarks available 
for chromium:. 

2.4.:tli Risks to, plants 

'Fwo analytes (chromium and vanadium) exceed background and benchmarks for plants exposed to 
contaminants in surface soil at this .site (Tables .2.1 and 2.13~. As noted: in the, discussion for ,sWMU"1 99a:, 
confidence in ,the chromium benchmark is low, and it is based on the more' soluble and toxic Cr(VI~. 
Similarly, confidence in the vanadium benchmark is .aIso Ilow as no primary reference data, :describil1g 
,toxicity of vanadium to, pl'ants' IgrOwn in :soil were found;;how.ever, Kabata-,Pendias 'andPendias (11984) 
r:eported unspecified! ,toxic effects· to' plants grown in soil with 50 ppm added vanadium (Efroymson d ,all. 
11997b). Ifhe maximum ,detected concentration .of vanadium in SWMU '193h is 65 ppm. 

While there is 'low confidence in benchmarks for both chromium ,and vanadium, concentrations of 
both analytes are elevated at this :site and1may pose future ,risks to terrestriall,pIants. 

2043:2 Risks to earthworms 

Chromium 'concentrations ·exceed' benchmarks for soil invertebrates i(Table 2.13~. Confidence in the 
chromium benchmark is low because it is ,based on only five reported concentrations resulting. in ,toxicity 
to earthworms ~froymson et a1. IIi 997b). The relative toxicity ofCr:~m) versus ercvmto earthworms ,is 
not clear. However,chr,omiumconcentrations in surface .soil' at SWMU 193b are Ihigher than at other 
WAG 28. sites and may pose. a' future riskto. soil invertebrates. 

2A.3.3· Risks to ,tenestrial' wildlife 

Vanadium is ,the only artalytethat exceeds both lbackground levels and LOAELs for a wildlife 
receptor. The only lliGAiELexceeded is ,that for ,the·shor:t.;tailedshrew,and the exposure. concentration 
r(basedon the, maximum detected concentration because there are 'only two samples ·from this site~ results: 
in anHQ'only slightly greater than 1 (Table 2.113). Vanadium also exceed's NOAEL-ba:sed benchmarks' 
for shr:ews, meadow voles, and! ,long-tailed weasels (Table 2.14), and chromium exceeds; !the NOAEL for 
theshr:ew. Exceedance ,of the vanadium l.OAEl. for the shrew indicates potential risks from future 
exposure of tevrestriall wildlife receptors to S'WM'G' 193b sutface soil, .assuming vanadium concentrations 
remain the same or higher thancutrent ,conditions and suitable habitat develops on the site~ 
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2.4.3.4' Risks ,to terrestrial organisms from radiological exposures 

No radionuclides were detected in samples from S\VMU 193b; therefore, there is no risk anticipated 
to ecological receptors from radionuclides at this site . 

. This site is almost entirely covered with gravel and asphalt/concrete. It provides no current habitat 
for ecological receptors; however, future exposures ,to surface soil contaminants at this location are 
evaluated, assuming current soil concentrations represent those in the future and suitable habitat develops 
over ,time. 

Twelve inorganics and no organics were detected in surface soil from SWMU 193c. Copper, lead, 
and zinc are the only inorganics that exceed background levels. Background values are not available for 
boron, lithium, or strontium. . 

Potential future risks from exposure of plants to ,boron, chromium, lead, and zinc and exposure of 
soil invertebrates to chromium were identified, but there is considerable uncertainty associated with the 
henchmarks available for boron and chromium. 

2.4.4.1 Risks to plants 

Maximum boron, chromium, lead, and zinc concentrations at SWMU 193c exceed benchmarks for 
phytotoxicity (Table 201); however, chromium is within background ,levels. As discussed previously, 
confidence in the chromium benchmark is low, and it is based on the more soluble and toxic Cr(VI). 
Chromium concentrations in SWMU 193c are low relative to other WAG 28 sites, and chromium was 
detected in only three of five samples. Confidence in the benchmark for boron is also low due to the 
limited number of studies available. Boron was detected in only one of ·five samples. Lead was also 
detected at only one of five sample 'l'ocations at this site at a concentration less ,than 2x background, 
resulting in an HQ only slightly higher than unity. While the maximum zinc concentration ,exceeds the 
zinc benchmark, the 95% UCL concentration is less than half the ,benchmark value, suggesting ,that if 
there is a risk of adverse effects from zinc, it is unlikely to be a widespread concern at this site. 

There appears to bea risk of potential adverse effects from future exposure of plants to SWMU 193c 
surface soil concentrations, but there is considerable unc~rtainty due to ,the toxicological data available for 
boron and chromium and to the near background~ low HQ levels of lead and zinc. 

2.4.4.2 Risks to earthworms 

Chromium concentrations exceed benchmarks for soil invertebrates (Table 2.13); however, 
chromium is within background levels. Confidence in the chromium benchmark is low because it is 
based on only five reported concentrations resulting in toxicity to earthworms (Efroymson et al. li997b). 
The relative toxicity of Cr(III) versus. Cr(VI) to earthworms is not clear. Furthermore, chromium 
concentrations in surface soil from SWMU 193c are lower than at other WAG 28 sites, and chromium 
was detected in only three of five samples. It is unlikely that chromium in SWMU' 193c surface soil will 
pose a future risk to soil invertebrates. 

2.4.4.3 Risks to terrestrial wildlife 

No analytes exceed NOAELs or LOAELs for terrestrial wildlife receptors at SWMU t93c. 
Therefore, no risks are anticipated should future exposures occur at this site. 
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2.4;4.4 Risks to ,terrestrial organisms from ,radiological exposures 

Radioisotope data were notcollected·from SWMU ,193c. 

2.5 UNCERTAlNI'IES 

The uncertainties associated with any BERA are :extensive; however, .the·primarysources of 
uncei1:ahi.tyare {II!)I the paucity of ecologically relevant data necessary to estimate site-specific HQs, 
resulting in over-reliance on system models and default variables,(2} the necessity to evaluate risk to 
biota based only on the !single-chemical toxicity data line of evidence, ,and (3): extrapolation from .current 
to future conditions. The following sections discuss'the uncertainties involved in the BERA. 

2.5.1 Risks ,to P:lants 

The following are factors· that create uncertainty in assessing the risk to plants posed by the COPECs 
in soils: 

• Use of maximum detected concentration as exposure ,concentration-Because plants are 
immobile, the maximum detected! contaminant concentration was used as the exposure concentration. 
While this is appropriate fOJ; evaluating potential risks ,toindividual'plants exposed to the maximum 
concentration, ,exposures for plants in other,parts of the :site may be overestimated~ 

• Bioava1lability lof elements-Soil sample extraction methods may remove quantities of elements and' 
compounds greater than those available to: plants. The. double;,acidextraction method used for RI 
sampling removes the exchangeable fraction of metals, thereby resulting in a' concentration that 
ret:lects the· total potential pool ,of contaminants" not that to which the plant is exposed at any one • 
time. Under field conditions, these :contaminants are in the soil solution and l available for uptake in 
concentrations reflecting a dynamic: equilibrium between the solid and liquid phase; therefore, it is 
difficult to assess the types of interactions that may occur between contaminants and Iplant roots under 
field conditions, This is confounded by the concentration- and ;species~dependentsynergistic and 
antagonistic interactions between metals during uptake by roots and once inside plants. The analytical, 
techniques also fail to; differentiate between species of metals present in the soil (particularly arsenic, 
chromium, and mercury) .that pose variable toxicity ,to ,plants and other life forms. Without specific 
analyses. for these forms, or ISOU: .chemical and pbysicaldata sufficient to evaluate the probable 
occurrence of the :species, it is. not possible to, accurately assess the riskposedi by these contaminants 
at :the site. 

• Variable response:to :toxicants-Information on toxicity of contaminants to specific plant species 
and growth stages is generally not available. There is a considerable ,amount of variability between 
plant species and plant growth stages in tolerance Ito speci,fic [contaminants and combinations of 
contaminants. 'iFhe.literature from which benchmarks were derived is not :based on experiments using 
plants found in ecosystems representative of site-specific conditions. It is difficult to extrapolate from 
agricultural crops'in 'early ;growth Istages, which are iUsed:in most of:the published literature, to trees 
and 'other natural vegetation found on site. 

• Multiplelcontaminant exposure--Becauseof a' lack of understanding of the complex interactions 
between .contaminants, benchmark levels are necessarily derived from experiments in which plants 
are exposed to single 'contaminants. Exposure to site. soils involves multiple contaminant exposure 
that may not be adequately assessed on the' basis of literature-derived, single contaminant I,. 
benchmarks. 
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o Benchmark availability-Toxicity data for derivation of toxicological benchmarks were not. 
available for aU chemical-receptor combinations. While it is possible that chemicals without 
benchrt1arks could be a concern, there is no way to evaluate possible effects without site-specific 
toxicity testing. However, benchmarks are available for many priority contaminants. 

2.5.2 Risks to Earthworms 

The follOWIng- are factors that create uncertainty in assessing the risk to soil inacroinvertebrates 
(earthworms) posed by the chemicals in s,oils: ' 

• I ~ 

o Use of maximum detected'concentration as exposulie concentration-Because earthworms are 
,relatively immobile, the maximum dete'cted:contamimi'ntconcentration' was used ~s ,the exposure 
concentration. While this isappropriate~forev:aluatingpotential risks to individuals' exposed to the 
maximim1' concentration; exposures for earthworms ih other parts of the site may be; overestimated. 

• Bioavailability of elements-This factor is, discussed in the previous section that focused on the 
uncertainty associated with evaluating risks to plants. Soil sample extraction methods may remove 
quantities ·of elements and compounds from' the soil ,greater than those to which earthworms are 
actually exposed. ' 

• Variable response to contaminants-There is variability between earthworm species and growth 
stages in tenns,oftolerance to specific contaminants and combinations of contaminants. The literature 
from which benchmarks were derived is not based on experiments using earthworm specieslmown to 
be representative of those occurring in site soils. 

• Multiple contaminant exposure--1ioxicity benchmark concentrations are derived from experiments 
in which earthworms are exposed' to single contaminants; ;however, mUltiple .contaminant exposure 
occurs in most soils, 1bis mUltiple exposure may not be,adequately assessed, on the'basis ofliterature
derived benchmarks, 

• Benchmark availability-':'Toxicity 'data for derivation of toxicological benchmarks were not 
available for all'chemical..:.receptor combinations., While it is. possible that chemicals without 
benchmarks could be a concern, there is no way to evaluate possible effects without site-specific 
toxicity testing. However, benchmarks ate available for many priority contaminants. 

2.5.3 Risks to Wildlife 

The following are ,factors .that create uncertainty in assessing the risk to terrestrial wildlife posed by 
the COPECs.in ,soils: " 

• Bioavailability of elements-BioavailabiIlty,: of'contaminants was assumed to be comparable 
between' soils from: ' WAG 28', sites and:' the :diets usedi ,in 'literature toxicity tests~ Because 
bioavailability may not be' comparable; exposure estimatesbased'upoh contaminant concentrations 
may either under- or overestirnatetheactual contaminant exposure .. 

II Extrapolaiion' fr:ompublished toxicity data-'To estimate toxicity ,of contaminants at WAG 28 ' 
sites, it was necessary to ; extrapolate from studies performed' on test species (i.e., mice 'and rats). 
While it wasassum'ed that toxicity could be estimated as a' function of body size; the accUracy ,of the 
estimate is not lrnown. For example, shrews may be more or less, sensiti:veto'contaminants ,than mice 
because of factors other than metabolic rate. ' ' 
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Additiona'llextrapolation uncertainty exists for those contaminants for which data consisted of tests .. 
that weresubchr.onic in duration. An uncertainty factor of '1'0 :was used to estimate chronic LOAELs. • 
The uncectainty factor of 1,0 may ,either over- or underestimate theactuaI subchronic-chronic 
relationship. 

Toxicity of PCBs to wildlife was evaluated' using toxicity ,data from studies on Aroclor-1254. 
Becal:lse toxicity iof PCB congeners can vary dramatically, ,the applicability of data for Aroclor-,l!2S4 
is unlmown;, however, higher chlorinated forms such as Aroclor-nS4 tend to be more toxic than 
lower chlorinated forms, soiliis ,assumption is generally conservative. 

o Variable food ingestion-While food ingestion by wildlife was assumed ,to be similar to that 
reported for the same or related species in other locations, the validity of this assumption cannot be 
determined. Food ingestion by wilOlife· maybe greater or less than that reported in the hterature, 
resl:llting in either an .increase or decrease in contaminantexposure. 

o Water ingestion-Because IPGDP ,outfalls border SWMU99b and AOC 2(i)4,0l:ltfall water may b.e a 
~SOl:lrce of drinking water for area wildlife; however,exposures relatedl to drinking water were 
expected! to be minor relative to other exposure pathways" so they were excluded from the exposure 
models in this HERA. This ,exclusion Icould result in an underestimate of risk to wildlife if the 
,drinking water pathway is more significant than expected!. Water from ,these outfalls is being 
evaluated in the PGDP 'surface 'water integrator unit. 

• Subsurface soU exposures---'.Wildlifeexposures were only evaluated for .surface soil (0'-11 ft bgs). 
While this accounts for the majority of likely exposures for most wildlife receptors, burrowing 
.animals could be exposed ,to soils below 1 ft. If concentrations ,of some contaminants are ,greater 
below 1ft bgs, doses to hurrowing ,animals from exposure to these soils may he greater ,than .those • 
determined using surface soil alone. '. 

• Multiple contaminant exposure--Whi1le wildlife is exposed to multiple eontaminants,eoneiirrently, 
published ,toxicological values only consider effects experienced by exposures to single contaminants. 
Because some icontaminants to which wildlife is exposed can interact antagonistically, single 
contaminant Studies may overestimate ,their toxic potential!. Similarly, for those contaminants that 
interact additively or synergistically, single contaminant studies may underestimate their toxic 
potential'. 

• Metal' speciation-Toxicity of metal species varies' dramatically depending upon the valeilcestate,or 
fonn (organic or inorganic): of the metal. For example, arsenic i~III), chromium (ViJj), and methyl! 
mercury are ,more ,toxic than' arsenic (V), chromium (III), and inorganic mercury, respectively. The 
available data on ,the ,contaminant concentrations in media do. not report which species .or form l of 
contaminant was ,observed. Because benchmarks used for comparison represented Ithe more toxic. 
species/forms of the metals (particularly for arsenic, chromium, and mercury), if the less toxic 
species/form of the metal was actually present, potential ,toxicity at the sites may be overestimated. 

• Uptakefactors-Soil-.to-biota or food-to-biota uptake factors specific to WAG 28 were. unavailable. 
Therefore.it was assumed that the uptake factors· derived from ,published studies were applicable . 
. Becauseof .potential; differing geologies and histories between the study areas, and WAG 28, the 
factors from published studies may over- or underestimate the actual biota concentrations. 
Uncertainties associated with literature-derived uptake factors may also result in over- or 
underestimates of actual lbiotaconcentrations. 
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• LOAELs versus NOAELs-Potential risks to wildlife were assessed using LOAELs with the intent 
of focusing the HERA on contaminants that exceed levels associated with adverse effects. LOAEL;
were selected as the benchmark most likely to indicate actual effects. The use of NOAELs is more 
conservative, but exceedance of a NOAEL does not indicate that risks are likely, only that 
contaminant conc.entrations exceed levels that did not result in effects in previous studies. The use of 
NOAELs is more appropriate in screening assessments. There is some uncertainty in evaluating 
contaminants that exceed a NOAEL but are below the corresponding LOAEL. Thus, the assessment 
may underestimate potential risks if actual adverse effects. levels are between the NOAEL and 
LOAEL values. 

• Benchmark availability-Toxicity data for derivation of toxicological benchmarks were not 
available for all chemical'-receptor combinations. While it is possible that chemicals without 
benchmarks could be a concern, there is no way to evaluate possible effects without site-specific 
toxicity testing. However, benchmarks are available for many priority contaminants. 

2.6 SUMMARY AND CONCLUSIONS 

Lack of quality habitat in the industrial setting of WAG 28 sites within the fence boundaries limits 
exposure of ecological receptors at most sites under .current conditions (with the exception 'of SWMU 
193a). However, potential future risks are assessed, assuming conditions change so that sUitable habitat 
becomes available for ecological receptors. 

Chemical and radionuclide contaminants are evaluated for surface soils from SWMUs 99a, 193a, 
193b, and 193c. Detectable concentrations that exceed background are evaluated for the potential of 
inducing adverse ecological effects to a representative set of receptor species that potentially could inhabit 
the WAG 28 area. Tables 2.13 and 2.15 summarize COPECs that are identified, based on the results of 
screening contaminant concentrations against ecological benchmarks. 

Six nonradionuclide COPECs, all inorganics, exceed background and benchmarks for at least one 
receptor group (Table 2.13~. The inorganics are boron, barium, chromium, lead, vanadium, and zinc. 
Similarly, chromium and lead are near background levels (maximum of 1.05 and 1.53x background, 
respectively). Confidence in the benchmarks for boron and chromium is low. Potential risks from 
chromium are largely based on chromium .being present as the more toxicCr(VI) rather than the more 
likely Cr(lll); however, chromium exceeds benchmarks for plants and soil invertebrates at all four sites, 
with the highestconcentrationsoccuring at SWMUs99a and '1!93b. Barium is only a potential concern for 
plants at SWMU 99a, and the concern is driven by a maximum detected coricentrationmore than an order 
of magnitude higher than other detects in that SWMU. Lead is only a concern for plants in SWMU 193c, 
but the lead concentration is near background levels. Zinc is a potential concern for plants at 
SWMU 193c and plants and soil invertebrates at SWMU 99a but, as with lead, concentrations are near 
background levels. Vanadium is a'potential concern for plants and wildlife at SWMU 193b. The 
potential for adverse effects to ecological receptors exposed to chemicals in surface soil from WAG 28 
sites is low. 

Estimated doses from exposure to radionuclides in soil are below recommended dose rate limits for 
all receptors in all sites except for plants and' soil invertebrates at SWMU 99a, in which technetium-99 is 
the radionuclide of concern~ 

The purpose of this assessment was to evaluate the likelihood that adverse ecological effects may 
occur or are occurring asa result of exposures at WAG 28. Undercurrent conditions, complete exposure 
pathways are not expected for terrestrial biota,except at SWMU 193a, and even this area is within the 
industrialized portion of the plant. Thus, this evaluation focuses on hypothetical future exposures, 
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assuming 10ss of industrialcontx:ols and buildings and development of a I}'arger area of sl:litable habitat. _. 
Analytes that ate retained as ,eePEes may require fmther study to detemline if adverseecologicat: effects I., 
,are likely if decisions forremedial actions are Ibased on ecological concerns. Uncertainty concerning the 
future condition, the bioavailability or form of various metals, (e.g., boron, 'baril:lm, chromium, lead, 
vanadium, and zinc), and use of only one line of ' evidence (comparison,ofexposures to single-chemical 
toxicity values) may lead to an overestimateofp0tential! future .ecological risks. 

'A summary of analytesof potential concern and receptors potentiaNy at dskshould future exposures 
occur is presented below ibysite andifli 'liable 2.13. 

• SWMU 99a--.-:Whi'lechromium and zinc exceed benchmarks for plants .andsoil invertebrates and 
barium exceed's benchmarks for plants,potential risks to plant and ,soil invertebrate communities from 
future· exposure ,to surface soil in this SWMG, appear low. The barium risk .is due toalocation 
(Station 099014) where the concentration is more than an' order of magnitudehighet than at other 
stations. Zinc is near background levels, and results in low exceedancesofbenchmarks.Thereis 
considerable uncertainty in the benchmark for chromium, which is based on ,the more toxicCr(VI) 
rather than the more likely Ci(m~. 

Estimated doses from exposure ,to radionuclides in soil are below recommended dose rate limits for 
aU receptors in aU sites except for !plants, and soil invertebrates at .SWMlJ 99a, in which technetium":99 is 
theradionuclideof concern based ,on its occuTfencein a single sample. 

• SWMU 193a-' Risks to terrestrial receptors are not expected from current or future exposures at this 
SMWU. No radionuclides were detected, andionly chromium, for which the toxicological ibenchmark 
is likely highly conservative, exceeds levelsof,potentiall concern for plants and soil invertebrates; 

•• SWMU 193b-Potential future risks from exposure of plants, soili invertebrates" and wi:ldlife to 
chromium or vanadium are identifie& While there is 'considerable uncertainty associated! with ,the 
benchmark available for chromium, concentrations of both chromium .and vanadium are, -elevated 
relative to other areas in WAG 28, indicating a greater potential! to cause adverse effects.· 

• SWMU 193c-Potentialfuture risks from ieXpOSl:lre of plants to boron, ,chromium, lead, and zinc and! 
,exposure ·of ,soil invertebrates to chromium are identified, but there is' considerable uncertainty 
associated with the benchmarks ,available for boron and chromium. Lead and zinc are near 
background levels,and chromium concentrations are lower in, this SWMU than in oilier areas' in 
WAG 28. Lower chromium concentrations relative to other areas in WAG 28 do not necessarHy 
equate with no risk, but potential! risks from chromium are lower. 
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• Table 1.1. Assignment of sampling stations by location 

------------------.------------------------------ LOCATION=AOC 204 ----------------- _____________________________ . 

• 

Sampling. 
station 

204-01 
204-02 
204-028 
204-03 
204-030 
204-031 
204-04 
204-13 
204-15 
204-16 
204-17 
204-18 
204-19 
204-20 
204-22 

LOCATION=SWMU 193A ------------------------ _____________________ _ 

sampling 
station 

099-038 
1;93-026 
193-028 
193-029 
193-030 
193-031 
193-032 
193-041 

.193-049 
MW108 
P4-HS 
P4-H6 
PZ109 
'PZll0 
PZ114 
PZ115 
PZ117 
PZ118 

----------------------------~------------------ LOCATIONaSWMU 193B ----------------------------------------------. 

Sampling 
station 

099-037 
193'-022 
193-023 
193-025 
P4-G5 

----------------.------------------------------ LOCATiONaSWMO 193C -----~----------------------------------------. 

Sampling 
station 

193-033 
193-034 
1'93-036 
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Table 1.1. Assignment of sampling stations by location 

----------------------------------------------- LOCATION=SWMU 193C ----------------...;------ _______________________ _ 
(continued) 

Sampling 
station 

193-0381 
193-03'9: 
193-1' 
193-10 
193-11 
193-12 
193-13' 
193-14 
193-15 
'193-16 
193-17 
193-18 
193-19 
193-2 
193-20 
193-21 
193-3 
193-4 
193-5 
193-G 
193-7 
193-8 
193-9 
MW121 .' - --- - ---- -'---- -_ .. - --- -- --- - --- - -- - ---- - - - - - -- - - -, IaOCATION .. SWMU ,194 - ----- -,--- -------- --- - - - --- - -- - - -- ------ - -- ----. 

Sampling 
,station 

194-008 
194-0,09 
194-010 
194-0U 
194-1 
i94-2 
194";3 
194-4 
19,4'"5 
194-G 
1~4";7 

- ----- __ - _.-- ~--- ---- - ~-- - - -~- ---- ..:----------- -- LOCA.1'IONaS'WMti'! ,99A - ---- ----- -------- ---- - ---- - - - - - -- - -- --- --- -----

Sampling 
station 

,082-014 
082 .. 015 
099-0,0l! 
099-003 
099-004 
099'"005 
099-006 
099-008 
099-009 ' 
099-010 
099-011 
099-012 

A-4 
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Table 1.1. Assignment of sampling stations by location 

------------------------------------------------ LOCATION=SWMU 99A ----------------------~-------- ______________ . 
(continued) 

Sampling 
station 

099-014 
099-01:5 
099-0l:6 
099-030 
099-031 
099-033 
099-034 
099'-035 
11217 
11218 
MW163· 
MW256 

. P4-E6 
P4-E7 

------------------------------------------------ LOCATION=SWMU 99B ----------------------------------------------

• 
Sampling .. 
station 

099-019 
099.-022 
099-025 
099-029 
MW258 

A-S 



Table 1.2~ Backgroundconcentrations~ of inorganic com pounds 
and radionuclides Iby media • Subsurface soiJi Surface soil RGAgroundwater 'McNairy groundwater 

Analyte backgroiJlldvalue" background valueR' background valueb background \~alueb 

Inorganic chemical. (mg/kg or mglL) 

Aluminum 12,000 i3;DOO ·2.19 0..687 

Antimony 0.21 0.2,1' 0:0.6 !D.o.6 

Arsenic 7;9 12 0..0.05 ,0..005 

Barium 170 200. '0.235 '0..296 

Beryllium 0..69; 0..67 0.0.04 0..017 

Cadmium 0.21 0.,2'1, '0:0.11 0..01 

Calcium 6100 20.0,0.00. 4'1'.2 38~9 

Chloride 9LO 19.7 

Chromium '0.144 0..06 

Chromium (IIl~' 43 16 

Chromium WI) 

Cobalt 13 14 0:045 iD.096 

Copper 25 19 0;0.36 10..057 

Cyanidel(CN-) 

'Fluoride 0.27 0..33 

Iron 28~DOO 28,0.00. 5.03 18.4 

Lead 23 36 0.:129 0.0.5 i.i :Magnesium 2'1'00 7700. 16.3: 13.4 
Manganese' 820 150.0. 0.;\1\9 10..94'\ 

Mercury '0.;)3 0.;2 0,0.002 '0..00.02 

Molybdenum 0,05 :0.,05 

Nickel 22 21 0;682 '0..109 

Nitrate as oN 

Nitrate as Nitrogen 15.56 1.47 

Potassium 950 1300., 5.2 55.75 

Selenium 0.7 0.8 0;0.05 '0..005 

Silica 26;4' 26.0' 

Silver 2.7 2.3 0;0.1'1 :0..05 

Sodium 340' 320. 59:45 29.2 

Sulfate \9:95 28.9 

Sulfide 

ThaJlium, 0;34 0~2\ 0;056 0..644 

Tin. 

Uranium 4;6 4.9 0,002 0.001 

Vanadium .37 38 0;134' 0..126 

Zinc '60., 65 0;0.54' 0..142 

• 



Table 1.2. (Continued). 

Subsurface soil Surface soil RGAgroundwater McNairy groundwater 
Analyte background value' background .value" background \'alue~ ,background valueh 

Radionuclides (pCi/g orpCi/l:.) 

Cesium-137 0.28 0.49 

Neptunium-2J7 0.1 0~8 0:5 

Plutonium-238 0.073 

'Plutonium-239 0.025 0:1 0.2 

Potassium-40 16 16 

Radium-226 1.5 1.5 0.6 1.2 

Radon-222 626.0 295.0 

Total radium 1.3 0.7 

Strontium-9D 4.7 

Technetium-99 2.8 2:5 22.3 20.6 

Thorium;.228 1;6 1.6 

Thorium-230 1.4 1.5 1.1 1.5 

Thorium~232 1.5 1.5 

Uranium-234 2.4 2.5 0.7 0;3 

Uranium-235 0.14 OJ4 0.3 0;2 

Uranium-238 L2 1.2 0~7 03 

Note: Blank cells indicate data not available or appropriate; 

• Subsurface and surface soil' values are.from Background Levels o/Selected Radionuclides and Metals in Soils and Geologic 
Media at the Paducah Gaseous Diffusion Plant. Paducah. Kentucky (DOE 1997a). 

:b Groundwater values are from Background Concentrations o/Naturally-Occurring inorganic Chemicals and Selected 
Radionuclides in the Regional Gravel Aquifer and McNairy Formation (Bonczek 1999). These val ues are not used in the 
development of the list of chemicals ofpotentialconcemin the ,data evaluation portion of the baseline risk assessment because 
they are being revised. However, the values are used as reference values in the uncertainty analysis. 

A-7 



Table i. 3. ilatil summary for all analytesby lClcation a.nQ. meCiium 

""~ - -'"-,,"';' '".~ ,.."':---'" ~ .. ~ --~-- ----- - -- -.,.-- - -- -- --- -- ------- --- LOCATION=AOC 204 MEDIA=RGA Groundwater ---------- - -- -- ---- -- - -- --- - - -- - - - - - -- - - - - - -~ ~~ ~ -.,.~~ ... ,,:~ 

>-I 
00 

AIlalyte 

l,l,l-Tricliloroethane 
l,l-Dichlo:roethane 
i,l-Dichlo;-Cle~h~e 
PCB-1254 
PCB-1260 
Polyc:h:lClr!.Ila,1;ed biphenyl 
Tetrachloroethene 
Trichloroethene 
vinyl Cll.:lo;i,de 
ciS-1,2-Dichloroetliefte 
trans-1,2-'Oichloroethene 
Alph.a actJv!. ty 
Betaacti vIty· 
Tec~~tium.c99 

F'requency 
of 

Detection 

11/11 
1/1 
12/15 
11/11 
n/11 
1/1 
li/li 
1V:!.!; 
1/4 
3/4 
2/4 
2/4 
2/4 
0/4 

~~~~~~~~~~-~------------------------------------------

Analyte 

1,.1,1-Trichloroetliane 
i,i,2,i:'Tetracbioroethane 
:L,l,~~T;,!.c;:hlo;-olathaI}e 
1, 1.,. Dich16roethane 
1,1-Dichloroethene 
1,2-Dichloroet:hane 
1 i 2 "" Dj. c:hl()r.opropil1l~ 
1 ,-~ ·"J:)im~tllyl»E!IlZejlla 
~"Butc¢one -
2-Hexanorie 
4-Methyl-2-pentanone 
Acetone 
Benzene 

. Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon nisuffide 
Carbon Tetrachloride 
Chlorobenzene 

• 

Frequency 
of 

Detection 

10/16 
0/6 
0/6 
8/14 
11/17 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 

Detected 
Range 

1.00E-02 - 1.80E-02 
5.00E+00 - 5.00E+00 
1.00E-04 - 4.00E.,.02 
2,502-02 - 2.50E-02 
~.50li:"'02- ~.50E";02 

1.702-01 - 1.702-01 
!UjOE-03 - 5.00E+OO 
~!QO~~~9_3 ~ 7.7P:§;~Q~~ 
1.00E-04 - 1.002-04 
9.00E-04 - 6.00E-03 
:1,. 00E.;.;04 ~ :I, •. 00:e:""Q4 
2.40E+00 - 6.802+00 
3.40E+OO - 5~2rjE+00 

N6ridetected 
Range 

1.00E-03 ~ 1.00E-03 

1.00E-03 - 1.00E-03 
1.00E-03 - 1.00E-03 
1.00E"03 "" 1.00~-03 
7.90E-01 - 1.70E+00 
1.90E+00 - 2.66E+OO 

.. 4.50E+00 - 7.00E+00 

Distribution* 

N 
NT 
L 
N 
N 
NT 
N 
r. 
N 
N 
N 
N 
N 
NT 

Arithmetic 
Mean Units 

1.13E-02 mg/L 
5.00E+00 mg/L 
~·415~-02 mg/!.. 
2.50E-02 mg/L 
2.50E-02 mg/L· 
1. 70E-Ol mg/!" 
4 .. 59E-Ol mg/L 
1.41E-01 mg/i. 
7.75E~0~ mg/r.. 
3.48E-03 mg/L 
5.50S-04 mg/L 
2.92E+()() PG!./r.. 
3 .. 28E+00 pCi/L 
1.58$+00 pCi/L 

LoCATION=AOC 204 MEDIA=Subsurface Soil ------ ----- - -- - -- --- -- - --- - - - - - - - - - - - - - - - - - - - -~.- -.~ ~.,""~'" 

Detected 
Range 

1.00E-02 - 1.00E+00 

1.00E+00 - 1.00E+00 
4.00E-02 - 4.00E-02 

Nondetected 
Range 

1.00E-02 - 1.00E-02 
1.00E-02 - 1.00E-02 
:I,.00E"02 - .1 .. 00:e:""0? 
1.00E-02 - 1.00E-02 
3.36E-Ol - 4.27E-Ol 
1.00E-02 - i.OOE-02 
1,QOE-0~ -- :1..00:e:""02 
1.00E-02 - 1.90i:,,02 
1.00E-02 - 1.00E-02 
1.00E-02 - 1.00E-02 
1.OOE-02 - i.OOE-02 
l~OQE~Q~ ~ 1 .. 0pE~O~ 
1. OOE,- 92 -, 1. 00li:- 02 
1.00E-02 - 1 .. 00E-02 
1.OOE-02 - 1.00E-02 
:1.,00li:·02 -, :L,00li:""02 
1.00E-02 - 1.00E-02 
1.00E-02 - 1.00E-02 
1.00E-0.2 .. LOOE-02 

*L=Lognormal, N=NOi NT=Not tested 

Distribution* 

L. 
NT 
NT 
N 
N 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

Arithmetic 
Mean 

4.64E-02 
5.00E-03 
5.00E-03 
5.74E-01 
9.35E-0_2 
5.00E-03 
5.00E-03 
~J. OOE-03 
5.00E-03 
S.00?..,03 
5.00E-03 
5.00E-03 
S.ODE-03 
!;.00~,.0;3 

5.00E-03 
5.00E-03 
5.0()~-03 
5.00E-'0~ 
5.00E-03 

U1J:j.ts 

mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
ing/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
ing/kg 
mg/kg 
mg/kg 
mg/kg 

• 



•• • • 
Table 1.3. Data summary for all analytes by location and medium 

- - -- --- ---- - - - --- -- - ------------------ ------ - ---- -- ---- LOCA'rION=AoC 204 MEDIA=Subsurface 'Soil --- ----.,.- .... -- ......... " ---- -- - -- -- -- - --- - -- -- - - - - - - - - •. - - ~ - - ---
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

Chloroethane 0/6 1. OOE-02 - 1.00ll:-02 NT S.OOE-03 mg/kg 
Chloroform 0/6 1. 00E-02 - 1. OOE-02 NT S.00E-03 iIIg/kg 
Chloromethane 0/6 1. 00E-02 - 1. 00E-02 NT S.00E-03 mg/kg 
Dibromochloromethane 0/6 1. 00E-02 - 1.00E-02 NT S.00E-03 mg/kg 
Ethylbenzene 0/6 1.00E.;.02 - 1. 00E-02 NT S.00E-03 mg/kg 
Methylene Chloride 0/6 1. OOE-02 - 1.00E-02 NT S.00E-03 mg/kg 
PCB-12S4 11/11 2.S0E-02 - 2.S0E-02 N 2.S0E-02 mg/kg 
PCB-1260 11n1 2.50E-02 - 2.S0E-02 N 2.50E-02 mg/kg 
Polychlorinated biphenyl 8/8 1.00E-01 - 1.00E-01 N 1.00E-Ol mg/kg 
Styrene 0/6 1.00E-02 - 1.00l!:-02 NT S.00E-03 mg/kg 
Tetrachloroethene 11/17 S.00E-03 - 1.00E+00 1.00E-02 - 1.00E-02 N 4.73E-Ol mg/kg 
Toluene 0/6 1.00E-02 - 1.00~-·02 NT S.00E-03 mg/kg 

> Trichloroethene 11/17 S.00E-03 -l.OOE+OO 3.36E-01 - 4.27E-01 L 1.67E-Ol mg/kg 
I Vinyl Chloride 0/6 3.65E-Ol - 1.00E+Ol NT 1.99E+00 ing/kg \0 

ciS-l,2-Dichloroethene 0/6 3.36E-01 - 4.nE-01 NT 3.S3E-Ol mg/kg 
C~S-1,3-Dichloropropene 0/6 1.00E-02 - 1. 00E-02 NT S.00E-03 mg/kg 
m,p-xylene 0/6 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/kg 
trans-1,2-Dichlorbethene 0/6 3.36E-Ol - 4.27E-Ol NT 3.S3E-Ol mg/kg 
trans~1,3-Dichloropropene 0/6 1.00E-02 - 1.00E-02 NT S.00E-03 mg/kg 
Alpha activity 6/6 9.50E+00 - 1.96E+01 'N 1.53:8+01 pCi/g 
AIiIericium-241 0/6 4.S0E+00 - 7.70E+00 NT 6.40E+00 pCi/g 
Beta activity 6/6 '1.. 71E+01 - 2.91E+Ol N 2.27E+Ol pCi/g 
Cesium-137 0/6 7.00E-01 - 2.90E+00 NT 1. 44E+OO pCi/g 
Cobalt-60 0/6 9.50E-Ol - 1.30E+00 NT 1.13E+00 pCi/g 
Protactinium-234m 0/6 1.30E+02 - 4.50E+02 NT 2.00E+02 pCi/g 
Technetium-99 0/6 O.OOE+OO - S.10E-Ol NT 1.S2E-01 pCi/g 
Thorium-"234 0/6 9.BOE+OO - 1. SOE+01 NT 1.43E+Ol pC!lg 
uranium-235 0/6 2.10E+00 - 7.70E+00 NT 4.90E+OO pCi/g 

-----------------------------.,.,,-~~-'"---------------- LOCATION=SWMU 193A MEI)IA=McNairy Groundwater --------------,,-------------------------- ... ------ ___ _ 

Analyte 

Calcium 
Chloride 
Iron 
Magnesi\!m 

Frequency 
of 

Detection 

4/4 
4/4 
4/4 
4/4 

Detected 
Range 

1.30E+01 - B.21E+01 
8.00E+00 - 1.60E+Ol 
2.S9E+DD - 3.14E+02 
S.33E+00 4.02E+01 

Nondetected 
REiIlge 

*L=Lognormal, N=Normal, NTaNot tested 

Arithmetic 
Distribution* Mean Uilits 

N 3.S3E+Ol mg/L 
N 1.2SE+Ol mg/L 
N S.36~+01 mg/L 
N 1.46E+Ol mg/L 



Table 1.3. Data summary for all analytes by location and medium 

___________________________________________________ LOCATION=SHMU 193A MEDIA=McNairy Groundwater ----------------------------------------------------

> 
..!.... 
o 

Analyte 

potassium 
Sodium 
Tetraoxo-sulfate(l-) 
l,l,l-Trichloroethane 
1, 1, 2, 2-Tetrachloroethane 
l,l,2-Trichloroethane 
l,l-Dichloroethane 
l,l-Dichloroethene 
1, 2, 4-Trichlorobenzene 
l,2-Dichlorobenzene 
l,2-Dichloroethane 
l,2-Dichloropropane 
l,2-Dimethy1benzene 
l,3-Dichlorobenzene 
l,4-Dichlorobenzene 
2, 4, 5-Trichlorophenol 
2, 4, 6-Trichlorophenol 
2,4-oDichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Butanone 
2-Chloronaphthalene 
2-Chlorophenol 
2-Hexanone 
2-Methyl-4,6-dinitrophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroaniline 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl phenyl ether 
4-Methyl-2-pentanone 
4-Methylphenol 
4-Nitroaniline 

• 

Frequency 
of 

Detection 

4/4 
4/4 
4/4 
0/5 
0/1 
0/1 
0/1 
0/11 
0/6 
0/6 
0/5 
0/1 
0/1 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 
0/1 
0/6 
0/6 
0/1 
0/6 
0/6 
0/1 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 
0/1 
0/6 
0/6 

(continued) 

Detected 
Range 

4.07E+00 - 2.15E+01 
1.64E+Ol - 8.088+01 
2.10E+Ol - 8.40E+Ol 

Nondetected 
Range 

5.00E-03 - 5.00E-03 
5.00E-03 - 5.00E-03 
5.00E-03 - 5.00E-03 
5.00E-03 - 5.00E-03 
1.00E-03 - 1.00E-02 
1.00E-02 - 4.00E-02 
1.008-02 - 4.008-02 
5.008-03 - 5.008-03 
5.00E-03 - 5.00E-03 
5.008-03 - 5.00E-03 
1.00E-02 - 4.008-02 
1.00E-02 - 4.008-02 
1.00E-02 - 4.008-02 
1.008-02 - 4.00E-02 
1.008-02 - 4.00E-02 
1.00E-02 - 4.00E-02 
5.00E-03 - 5.00E-03 
1.00E-02 - 4.00E-02 
1.00E-02 - 4.008-02 
1.008-02 - 1.00E-02 
1.00E-02 - 4.00E-02 
1.00E-02 - 4.00E-02 
1.00E-02 - 1.00E-02 
i.00E-02 - 4.00E-02 
1.00E-02 - 4.00E-02 
1.00E-02 - 4.00E-02 
1.00E-02 - 4.00E-02 
1.00E-02 - 4.00E-02 
1.00E-02 - 4.00E-02 
1.00E-02 - 4.00E-02 
1.00E-02 - 4.00E-02 
1.00E-02 - 4.00E-02. 
1.00E-02 - 4.00E-02 
1.00E-02 - 4.008-02 
1.00E-02 - 1.008-02 
1.00E-02 - 4.00E-02 
1.00E-02 - 4.00E-02 

*L=Lognormal, N=NO~ NT=Not tested 

Distribution* 

N 
N 
N 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 

Arithmetic 
Mean Units 

9.02E+00 ·mg/L 
4.13E+01 mg/L 
5.05E+Ol mg/L 
2.50E-03 mg/L 
2.50E-03 mg/L 
2.S0E-03 mg/L 
2.50E-03 mg/L 
2.32E-03 ° mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 
2.S0E-03 mg/L 
2.S0E-03 mg/L 
2.s0E-03 mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 
2.50E-03 mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 
5.008-03 mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 
S.00E-03 mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 
S.00E-03 mg/L 
8.42E-03 mg/L 
8.42E-03 mg/L 

•• 



• • • 
Table 1.l. Data summary for all analytes by location and medium 

---------------------------------------------------- LOCATION=SWMU 193A MEDIA=McNairy Groundwater ----------------------------------------------------
(continlled) 

Frequency 
of Detected Nond~tected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

4-Nitrophenol 0/6 1. 00E-02 - 4.00E-02 NT 8.42E-03 mg/L 
Acenaphthene 0/6 1. 00E-02 - 4.00E-02 NT 8.42E-03 mg/L 
Acenaphthylene 0/6 1. 00E-02 - 4.00E-02 NT B.42E-03 mg/L 
Acetone 1/1 1.40E-02 - 1.40E-02 NT 1.40E-02 mg/L 
Anthracene 0/6 1.00E-02 - 4.00E-02 NT 8.42E-'03 mg/L 
Benz (a) anthracene 0/6 1. GOE-02 - 4.00E-02 NT 8.42E-03 mg/L 
Benzene 0/1 S.OOE-O~ - S.OOE-Ol NT 2.S0E-03 mg/L 
Benzo(a)pyrene 0/6 1.00E-02 - 4.00E-02 NT B.42E-'03 mg/L 
Benzo (b) fluoranthene 0/6 1.00E-02 - 4.00E-02 NT 8.42E-03 mg/L 
Benzo(ghi)perylene 0/6 1. 00E-02 - 4.00E-02 NT 8.42E-03 mg/L 
Benzo(k)fluoranthene 0/6 1. ()OE-02 - 4.00E-02 NT 8.42E-03 mg/L 
Bromodichloramethane 0/1 S.OOE-Ol - S.00E-03 NT 2.S0E-03 mg/L 

»- Bromoform 0/1 5.00E-03 - 5.0GE-03 NT 2.S0E-03 mg/L 
I Butyl benzyl phthalate 0/1 S.OOE-Ol - S.00E-03 NT 2.S0E-03 mg/L -- Carbazole 0/6 1.00E-02 - 4.00E-02 NT 8.42E-03 mg/L 

Carbon Disulfide 0/1 S.OOE-Ol - 5.00E-03 NT 2.S0E-03 mg/L 
Carbon Tetrachloride 0/5 S.OO~"'Ol - S.OOE-Ol NT 2.S0E-Ol mg/L 
Chlorobenzene 0/1 S.00E-03 - S.00E-03 NT 2.S0Jl:-03 mg/L 
ChloroElthane 0/1 S.OOE-Ol - S.OOE-Ol NT 2.S0E-03 mg/L 
Chloroforin o/i S.OOE-Ol - S.OOE-Ol NT 2.S0E-03 mg/L 
Chloromethane 0/1 5.00E-Ol - S.OOE-Ol NT 2.S0E-03 mg/L 
Chrysene 0/6 1. 00E'-02 - 4.00E-02 NT 8.42E-03 mg/L 
Di-n-butylphthalate 0/6 1. 00E-02 - 4.00E-02 NT 8.42E-03 mg/L 
Di-n-octylphthalate 0/6 1. 00E-02 - 4.00E-02 NT 8.42E-Ol mg/L 
Dibenz(a,h)anthracene 0/6 1. 00E-02 - 4.00E-02 NT 8.42E-03 mg/L 
Dibenzofuran 0/6 1. 00E-02 - 4.00E-02 NT 8.4211:-03 mg/L 
Dibromochloromethane 0/1 S.00E-03 - S.OOE-Ol NT 2.S0E-Ol mg/L 
Diethylphthalate 1/6 1. 90E-07 1. 90E'" 02 1. 00E-02 - 4.00E-02 N 1. 04E-02 mg/L 
Dimethylphthalate 0/6 1. 00E-02 - 4.00E-02 NT 8.42E-03 mg/L 
Ethylbenzene 0/1 5.00E-Ol - S.OOE-Ol NT 2.S0E-03 mg/L 
Fluoranthene 0/6 1. 0011:-02 - 4.00E-02 NT 8.42E-03 mg/L 
Fluorene 0/6 1.00E-02 - 4.00E_02 NT B.42E-03 mg/L 
Hexachlorobenzene 0/6 1. 00E-02 - 4.00E-02 NT 8.42E-Ol mg/L 
Hexachlorobutadiene 0/6 1. 00E-02 - 4.00E-02 NT B.42E-Ol mg/L 
Hexachlorocyclopentadiene 0/6 1. 00~-02 - 4.00E-02 NT B.42E-Ol mg/L 
Hexachloroethane 0/6 1. 00E-02 - 4.00E-02 NT B.42E-Ol mg/L 
Indeno. (1, 2 , 3 - cd) pyrene 0/6 1. 00E-02 - 4.00E-02 NT 8.42E-03 mg/L 
Isophorone 0/6 1.00E-02 ... 4.00E-02 NT B.42E-03 mg/L 
Methylene Chloride 0/1 1. 00E-02 - 1.00E-02 NT S.00E-03 mg/L 
N-Nit;roso-di-n-propylamine 0/6 1.00E-02 - 4.00E-02 NT B.42E-03 mg/L 

*L=~gnormal,N=Normal, NT=Not tested 



,------._---

Tab~e 1.3. Data summarY for all aria.lytes by location and medium 

--- ------- --- --------- - ----- - - --- - ----- ---- -------- LOCATION=SWMtf 19·3A MElJI.A=McNairy Groundwater --------- --- - -- - ----- - -- - -.-- - - - - - -- - - -- - - - - -- - -- - ---

N-Nitrosodip~~ny~a~in~ 
Naphthaleile 
Nitrobenzene 
Pentagh~9roPh~~o! 
Plienanthrene 
Phenol 
Pyrene 
Pyridine 
styrene 
Tetrac:b.l.oroethEUl~ 
Toluene 
T:dchloroethene 
Vinyl Chloride 
l:lis(2-chloroethoxy)methane 
,lJilil(~-c;:hJQroe.tl:1yl.let;l1e:r 
bis{2-Chloroisopropyl}ether 
bis{2-Ethylhe.l'tYl }ph tllaJilt:1! 
cis-l,2-DiChl6roethene 
CiS-l.3-Pichloroprop~e 
m,p-Xylene ,. 
trans-li2-:fjichlorC)eth~e 
tranS~1.3,.D:ich16ropr'opene 
Alpha activity 
~I!ta ilc:ti'iri ty 
Neptuniuin-237 
Plutbnium,..239 
Technetium"; 99 
rhor,i\llll-234 
lJ.ranil!m.,.234 
uranlum-23B 

Frequency 
()f 

Detection 

0/6 
0/6 
0/6 
0/6 
0/6 
0/6 
0/6 
0/1 
0/1 
0/1 
0/1 
8/13 
0/7 
0/6 
0/6 
0/6 
0/6 
l/n 
0/1 
o/i 
Of!:!. 
0/1 
6/10 
8/10 
0/1 
o/i 
5/10 
l/i 
1/1 
1/1 

{ c:ont;inllE!d} 

I>etected 
Range 

1.70E-01 - 1.70E-01 

2.40~+00 - 4.00~+01 
5.10E+00 - 6.46E+01 

1..00E+Ol 
8.40E-01 
8.10E-01 
1.32E+00 -

1,.511:+Q2 
8.40B-01 
8.10E-01 
1.32E+00 

zqondetec:ted 
lWlge 

1. 00E-02 - 4.00E-02 
1. 00E,..02 - 4.00E-02 
1.00E-02 - 4.00E-02 
,l.00E-02 - 4.00E-02 
1.00E-02 - 4.00~-D2' 
1.QOJ::-0~ ., 4.00J::-0:i! 
1.00E-02 - 4.00E-02 
5.00E-03 - 5 .. 00E-03 
5.0QE-03 - 5.00B~03 
5.00E-03 - 5.00E-03 
5.00E-03 - 5.00E-03 
1..00li:~03 - 1~. QOli:"'O~ 
1. 00E-03 5.002-.03 
1.00E-02 - 4.00~-O2 
1.00E-02 - 4.00E-02' 
1,OOE-02 - 4.00E-02 
1.00E--02 - 4.00E-02 
1.00E-03 - 2.002+00 
5oIl0E-0:3 - 5.()O~-03 
1. 00E-02 - 1. 00E-02 
1. 00E-03 .. 2.00E+00 
5.00E-03 - 5.00E-03 
2.90E-01 - 1.40E+00 
1. OOE+OO - ~,40E+00 

-2.00E-02 --2.00E-02 
-6.00E-02 --6.00E-02 

4.0QE+OO - 8.50E+00 

Jy::itllmetic 
DiStribution* Mean Unit_~ 

NT B.42E-03 mg/:t:. 
NT 8.42E-03 mg/L 
NT B.42E-03 trig/L 
NT 8.42E"03' mg/i. 
NT B.42E-03 mg/L 
If! 8.42E-03 mg/t 
NT B.42E"0~ mg/:r, 
NT 2.50E-03 mg/L 
NT 2.50E-03 mg/L 
NT 2.50E-03 mg/J:. 
NT 2.50E-03 mg/L 
:L 1. 70E:-03 mg/t 
NT 1.57E"-03 mgl:r. 
NT B.42E-03 mg/L 
NT B.42E-03 mg/L 
NT B .. 42E-03 mg/L 
.lIT B.42E-03 mg/L 
L 6.85E+00 mg/L 
NT 2.50E-03 mg/L 
NT 5.00E-03 mg/iJ 
NT 7.2BE-Ol mg/L 
NT 2.?()~-Oj mg/L 
L 4.44E+00 pCi/L 
:r. 2.13E+Ol pCi/L 
NT -2.00E-0:i! pei/t 
NT -6.00E-02 pCi/L 
I. 1.3BE+01 pCi/L 
NT BAOE-O! pCi/L 
NT B,10E-0! pei/I. 
NT 1.32E+00 pei/t 

--- -- - - -- - - - - ----- --- -''' ... -"''---- .. -'''""'-.., ... ~-~ ... ;..~:--: ... .,-- ... -.- W~T:J:Ol'l' .. SWM'U 193A MEPU .. RGA Groungwat,er .. "' ----.;;..; -.; --- - -- - ---- --- - -- - - - - - - - - - --- - - - - - - - -- - -- "".,-: 

Analyte 

Aiuminum 
Ammcmiii 

• 

Frequency 
of 

Detec;tion 

4/4 
1/1 

Detected 
RaIl~e 

1.29~-01 - 1.1~~-bl 
3.00E-01 -3.00E ... 01 

Nondetected 
Rang~ Distribution* 

N 
Nt 

Arithmetic 
Mean 

1.43E-01 
l.DOE-01 

Uilits 

mg/~ 
mg/L 

• 



• • • 
Table 1.3. Data suinmary for all analytes by location and medium 

-----------------------------------------------.,.------ LOCATION .. SWMU 193A MEDIA=RGA Groundwater ------------------------------" .. ., .. ----------- _________ _ 

Analyte 

Calcium 
Chloride 
Chromium 
Copper 
Fluoride 
Iron 
Magnesium 
NiCkel 
potassium 
SiHca 
Sodium 
Sulfide 
Tetraoxo-sulfate(l-) 
Uranium 
Zinc 
1, 1, I-Trichloroethane 
1, 1,2, 2-Tetrachloroethane 
1,1,2-Trichloroethane 
l,i-Dichloroethane 
l,l-Dichloroethene 
1,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 
1,2-Dichlor6ethane 
1,2-Dichloropropane 
1,2-Dimethylbenzene 
1,3-Dichlorobenzene 
i,4-Dichlorobenzene 
2,4,S-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dichlorophenol· 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Butanone 
2-Chloronaphthalene 
2-Chlorophenol 
2-Hexanone 
2-Methyl-4,6-dinitrophenol 
2-Methylnaphthalene 

Frequency 
of 

Detection 

5/5 
5/5 
0/4 
1/4 
1/1 
7/9 
5/5 
0/4 
5/5 
1/1 
5/5 
0/1 
5/5 
0/4 
4/4 
0/i6 
0/3 
0/10 
0/10 
2/43 
0/25 
0/25 
0/16 
0/3 
0/3 
0/25 
0/25 
0/25 
0/25 
0/25 
0/25 
0/6 
0/25 
0/25 
0/3 
0/25 
0/25 
0/3 
0/25 
0/25 

(continued) . .. 

Detected 
Range 

2.62E+Ol - 1.34E+02 
1.30E+Ol - 6.40E+Ol 

1.BOE-02 - 1.BOE~02 

4.20E*01 " 4.20E-Ol 
2.00E-02 - 3.66E+Ol 
3.91E+00 - 1.B5E+Ol 

2.66E+00 - 2.65E+02 
1.90E+Ol - 1.90E+Ol 
3.50E+Ol - 1.34E+02 

2.10E+Ol - 2.62E+02 

7.20E-02 - 2.12E-Ot 

1.00E-04 - 2.00E-04 

Nondetected 
Range 

5.00E-02 - 5.00E-02 
1. OOE-02 - 1.OOE-02 

1. OOE"'" 02 - 1. 00E-02 

S.00E-02 - S.OOE-02 

1. OOE+OO - 1. OOE+OO 

1.00E-03 - 1. 00E-03 

5.00E-03 - 5.00E+00 
5.00B-03 - 5.00B-03 
5.00E-03 - 2.S0E-Ol 
5.00B-03 - 2.50B-Ol 
1.00E-03 - S.OOE+OO 
1.00F.:-02 - 4.00E-02 
1. 00E-02 - 4.00E-02 
5.00B-OJ - 5.00E+00 
5.00E-OJ - S.OOB-03 
5.00B-OJ - S.00E"-03 
1. 0011:-02 - 4.00E-02 
1. OOB-02 ,.. 4.00E-02 
1. OOE-02 - 4.00B-02 
1.OOB-02 - 4.00B-02 
+.OOE-02 - 4.00E-02 
1.OOE-02 - 4. o OF.:" 02 
1. OOE-02 - 2.00E-02 
1.00E-02 - 4.00E-02 
1.OOE"'"02 - 4.00E-02 
1. OOE-02 - 1. OOE-02 
1. OOB-02 - 4.00E-02 
1.OOE-02 - 4.00E-02 
1.OOE-02 - 1.00E-02 
1. OOE-02 - 4.00E-02 
1.OOE"02 ;;. 4.00E-02 

*L=Lognorrnal, N=Normal, NT=Not tested 

Arithirietic 
Dis~ribution* Mean Units 

N S.96E+Ol mg/L 
:N 3.10E+Ol mg/L 
NT 2.S0E-02 mg/L 
N 8.2SE.,..03 mg/L 
NT 4.20E-Ol mg/L 
L 2.93E+OO mg/L 
N l.OSE+Ol mg/L 
NT 2.501;:_02 mg/L 
N ·6.10E+Ol mg/L 
NT 1.90E+Ol mg/L 
N 7.80E+Ol mg/L 
NT 5.00E-Ol mg/!,. 
N 1.12E+02 mg/L 
NT 1. OOE-03 mg/L 
N l.2lE-Ol mg/L 
NT 1.90E-oi mg/L 
NT 2.s0E-03 mg/L 
NT s.2SE-02 mg/L 
NT S.2SE-02 mg/L 
L 1. 68E-04 mg/L 
NT 7.S0E-03 mg/L 
NT 7.S0E"03 mg/L 
NT 1. 90E-Ol mg/L 
NT 2.S0E-03 mg/L 
NT 2.s0E-03 mg/L 
NT 7.S0E-03 mg/L 
NT 7.S0E-03 mg/L 
NT 7.S0E-03 mg/L 
NT 7.s0E-03 mg/L 
NT 7.s0E-03 mg/L 
NT 7.S0E.,,03 mg/L 
NT 6.7SE-03 mg/L 
NT 7.S0E-03 mg/L 
NT 7.s0E-03 mg/L 
NT s.OOE"OJ mg/L 
NT 7.S0E-03 mg/L 
NT 7.S0E-03 mg/L 
NT 5.00E"03 mg/L 
NT 7.S0E-03 mg/L 
NT 7.S0E-03 mg/L 



Table 1.3. Data summary for all analytes by location and medium 

.----------------------------------------------------~ LOCATION=SWMU 193A MEDIA=RGA Groundwater ------------------------------------------------------
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution· Mean Units 

2-Methylphenol 0/25 1. 00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
2-Nitroaniline 0/25 1.00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
2-Nitrophenol 0/25 1. 00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
3,3'-Dichlorobenzidine 0/25 1.00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
3-Nitroaniline 0/25 1.00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
4-Bromophenyl ph~nyl ether 0/25 1.00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
4-Chloro-3-methylphenol 0/25 1. 00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
4-Chloroaniline 0/25 1. 00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
4-Chlorophenyl phenyl ether 0/25 1. 00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
4-Methyl-2-pentanone 0/3 1. 00E-02 - 1.00E-02 NT 5.00E-03 mg/L 
4-Methylphenol 0/25 1.00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
4-Nitroaniline 0/25 1. 00E-02 - 4.00E-02 NT 7.50E-03 mg/L 

~ 4-Nitrophenol. 0/25 1. 00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
I Acenaphthene 0/25 1. 00E-02 - 4.00E-02 NT 7.50E-03 mg/L -~ Acenaphthylene 0/25 1.00E-02 - 4.00E-02 NT 7.50E-03 mg/L 

Acetone 0/3 1.00E-02 - 1.00E-02 NT S.OOE-03 mg/L 
Anthracene 0/25 1.00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
Benz (a) anthracene 0/25 1. 00E':'02 - 4.00E-02 NT 7.50E-03 mg/L 
Benzene 0/10 5.00E-03 - 2.50E-Ol NT 5.25B-02 mg/L 
Benzo(a)pyrene 0/25 1.00E-02 - 4.00E-02 NT 7.50B-03 mg/L 
Benzo(b)fluoranthene 0/25 1. 00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
Benzo(ghi)perylene 0/25 1. 00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
Benzo(k)fluoranthene 0/25 1. 00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
Bromodichloromethane 0/10 5.00E-03 - 2.50E-Ol NT 5.25E-02 mg/L 
Bromoform 0/3 5.00E-03 - 5.00E-03 NT 2.50E-03 mg/L 
Butyl benzyl phthalate 0/6 1. 00E-02 - 2.00E-02 NT 6.7SE-03 mg/L 
Carbazole 0/25 1.00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
Carbon Disulfide 0/3 5.00E-03 - 5.00E-03 NT 2.50E-03 mg/L 
Carbon Tetrachloride 0/16 5.00E-03 - 5.00E+00 NT 1. 90E-Ol mg/L 
Chlorobenzene 0/3 5.00E-03 - 5.00E-03 NT 2.50E-03 mg/L 
Chloroethane 0/4 5.00E-03 - 2.50E-Ol NT 3.3lE-02 mg/L 
Chloroform 0/12 5.00E-03' - 5.00E+00 NT 2.52E-Ol mg/L 
Chloromethane 0/3 5.00E-03 - 5.00E-03 NT 2.50E-03 mg/L 
Chrysene 0/25 1. 00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
Di-n-butylphthalate 0/25 1. 00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
Di-n-octylphthalate 0/25 1.00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
Dibenz (a, h) anthracene 0/25 1. 00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
Dibenzofuran 0/25 1. 00E-02 - 4.00E-02 NT 7.50E-03 mg/L 
Dibromochloromethane 0/3 5.00E-03 - 5.00E-03 NT 2.50B-03 mg/L 
Diethylphthalate 3/25 !L 00E-03 - 1.50E-02 1. 00E-02 - 4.00E-02 L 9.l7B-03 mg/L 

• *L=Lognormal, N=N~' NT=Not tested • 



• • • 
Table 1.3. Data summary for all analytes by location and medium 

- - - - -- -" ... ,;" -,;;.--- ~------ -- - - ----------------------------~ -LOCATION'=SWMU 193A MEDIA=RGA Ground~ate_r ---- --------- ------ -------- -- .;..-- - - -- _________________ _ 

> I -VI 

Ailalyte 

Dimethylphthalate 
l!:thane 
Ethylbenzene 
Ethylene 
Fluorantheni! 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyc~opentadiene 
Hexachloroethane 
Indeno(l,2,3-cd)pyrene 
Isophorone 
Methylene Chloride 
N-N;trgso-di-n-propylamine 
N-NitrosodiphenYlamine. 
Nilphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
Pyridine 
Styrene 
Tetrachloroethene 
Toiuene 
Trichloroethene 
Vinyl c;hloride 
xyiene 
bis(2-Chloroethoxy)methane 
bis(2--Chloroethyl)ether 
bis(2-Chloroisopropyl)ether 
bis(2-EthylheXyl)phthalate 
cis-1,2-Dichloroethene 
C!S-l,3-Dichloropropene 
m,p-Xylene 
trans-l,2-Dichloroethene 
trans-~,3"Dichloropropene 
Alpha activity 
Beta activity 
Neptunium-237 

Frequengy 
of 

Detection 

0/25 
0/1 
0/10 
0/1 
0/2S 
0/25 
0/25 
0/25 
0/25 
0/25 
0/25 
0/25 
0/3 
0/25 
0/25 
0/25 
0/25 
1/25 
0/25 
0/25 
0/25 
0/2 
0/3 
0/10 
0/10 
44/51 
0/39 
0/7 
0/25 
0/25 
0/25 
3/25 
17/42 
0/3 
0/3 
7/43 
0/3 
19/34 
34/34 
0/8 

(continued) 

Detected 
Range 

1.20E-02 - 1.20E-02 

2.00E-04 - 6.70E+00 

1.30E-02 - 2.20E-02 
1.00E-04 - 8.40E-02 

1.00E-04 - 7.~OE-04 

1.50E+00 - 1.76E+Ol 
2.90E+00 - 8.80E+02 

Nondetected 
Range 

1.00E-02 - 4.00E-02 
3.00E~02 - 3.00E-02 
5.00E-03 - 2.50E~01 

3.00E-02 - 3.00E-02 
1.00E-02 - 4.00l!:--02 
l.00E-02 - 4.00E-02 
l.OOE-02 ~ 4.00E-02 
1.00E-02 - 4.00E-02 
1.00E-02 - 4.00~~02 
1.00E-02 - 4.00E-02 
1.00E-02 - 4.00E-02 
1.00E~02 - 4.00~~02 
1.00E-02 - 1.00E-02 
1.00E-02 - 4.00E-02 
1.00E-02 - 4.00E-02 
1.00E-02 - 4.00E-02 
1.00E-02 - 4.00E-02 
1.00E-02 - 4.00E-02 
1.00E-02 .. 4.00E-02 
1.00E-02 - 4.00E-02 
1.00~-02 - 4.00E-02 
5.00E-03 - 1.00E"02 
5.00E-03 - 5.00E-03 
5.00E-03 - 2.50E-01 
5.00E-03 - 2.50E~01 
1.00E-03 - 1.00E-03 
1.00E-03 ~ 1.00E+01 
1.00E-02 - 5.00E-0~ 
1.00E-02 - 4.00E-02 
1. OOE-02 - 4. 00E-02 
1.00E-02 - 4.00E-02 
1.00E-02 ~ 4.00E-02 
1.00E-03 - 5.00E+00 
5.00E"03 - 5.00E-03 
1 .. 00E-02 - 1.00E-02 
1.00E-03 - 5.00E+00 
5.00E-03 - 5.00E-03 

-4.10E-01 - 4.00E+00 

-1.60E+01 - 2.92E+01 

*L=Lognormal, N~Normal, NT=Not tested 

Arit~metic 
Distripution* Mean Units 

NT 7.50E-03 mg/L 
NT 1.SOE-02 mg/L 
NT S.2SE'-02· mg/L 
NT 1.50E-02 mg/L 
NT 7.S0~-03 mg/L 
NT 7.50E-03 mg/L 
NT 7.S0E-03 mg/L 
NT 7.S0E-03 mg/L 
NT 7.50E-03 mg/L 
NT 7.50E-03 mg/L 
NT 7.50E-03 mg/L 
NT 7.5011:-03 mg/L 
NT 5.00E-03 mg/L 
NT 7.S0E-03 mg/L 
NT 7.50E-03 mg/L 
NT 7.50E-03 mg/L 
NT 7.50E-03 ing'/L 
L 7.?4E-03 mg/L 
NT 7.S0E-03 ing/L 
NT 7.S0E--03 mg/L 
NT ?SOE-03 mg/L 
NT 3.7SE-03 mg/L 
NT 2.50E-03 mg/L 
NT 5.25E-02 mg/L 
NT 5.25E-02 mg/L 
L 7.76E-02 mg/L 
NT 3.04E-Ol mg/L 
NT 1.30E-Ol mg/L 
NT 7.50E-03 mg/L 
NT 7.50E-03 mg/~ 
NT 7,SOE-03 mg/L 
L 7.94E-03 mg/L 
L 1.SlE-03 mg/L 
NT 2.50E-03 mg/L 
NT 5.001;;-03 mg/L 
:L 3.0?E-04 mg/L 
NT 2.S0E-03 mg/L 
N 3.64E+00 pCi/L 
L 8.S3E+Ol pCi/L 
NT 1. 96E+00 pCi/L 



T@le 1.3. Datasumm&l:y for all ~Cll.ytes by 16cationand medium 

- --- "- ... : ... --- - -- - - - - - - - - - - _ .. -. -_ ....... - - - - - - - - ---- - - - - - - - "'-- LOCATION=SWMU 193A MEDIAaRGA Groundwater - - - - - - -- - --- - - - - - - - - - - - ... - - - -.;.; ","" ...... " ... _ ... - .. - - - - - - - - - - - - --

~?-lyte 

Plutonium,.239 
Plutoniu~-239/240 
Tech:netium-99 
Thorium"-~~4 
t1rall~um-234 
Uranium-23B 

Frequency 
of . 

Detection 

0/4 
0/4 
26/39 
1/8 
0/2 
0/2 

_ .. - - - (contiIl\le~) .. _--

Detected 
Ran~e 

8.~OE+~O - 1.39E+03 
5.46t-Ol - 5.'QE"Q~ 

Nondetected 
Range 

--2.10E-Ol --1. 00E-02 
-4.00E-02 - B.OOE-OJ 
-7.60E+OD .. 1.70E+Ol 
-1. 65E+02 - 5.58E+Ol 
1. 77E+.Ol - 2.99E+Ol 
O.OOE+OO .. O.OOE+OO 

Arithmetic 
D,istribution* Mean Units 

lIT -l.lOE-Ol pCi/L 
NT 1.OOE-02 pei/I. 
N i.21,~+O:Z pCi/L 
~ -2.51E+Ol pCi/L 
NT 2.38E+Ol pCVL 
NT O.OO'E+OQ pCi/L 

. --.""''''''--.,- - - - --------- -,,-;.; .. :.= ... - ....... --- ---------- ---.; --"'",'" LOCATION .. SWMU 193A MEDIAciSubsu.rf?-ce Soil --- - - ----------- -- - - - - - ----- ... -"-.;. .. .;.:----.- -- - - - - - - - - - - ----

oAnalyte 

Aluminum 
Antimony 
Arsenic 
Baril.1m
Beryllium 
Boron 
cadmium 
Calcium 
chfomium 
Cobalt 
copp~r 
cyanide 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Nic:kE!l 
Potasrifium 
Selenium 
Silver 
SoMum 
Strontium 
Thailium 
Vanad;i.um 

• 

Frequency 
of 

Detection 

8/8 
O/B 
O/B 
B/8 
5/B 
0/8 
O/B 
4/4 
8/8 
8/8 
B/8 
0/8 
B/B 
0/8 
8/8 
8/8 
8/8 
o/s 
5/8 
8/8 
0/8 
1/8 
5/8 
8/B 
0/8 
B/8 

Detected 
Range 

3.0~~+03 - 1.40E+04 

2.~6E+Ol ~ B.73E+Ol. 
5.20E-Ol 7.00E-6i 

1.06E+()) - ~.73E+05 
4.31E+00 - 2.77E+Ol 
1.47E+00 - B.66E+OO 
2.45E+00 .. 7.31Ji:+00 

3.74E+03 1.54E+04 

3.7$E!+OO - 1.12E+Ol 
l.16E+03 - 1.70E+04 
4.B6E+01 - S.64E+0~ 

5.50E+00 .;. 9.~6E+00 

2.B9~+02 - l.44E+03 

4.DOE+00 - 4.00E+~~ 
2.13:8+02"" 3.:L:3~+02 
6-.3~'E+()0 - 2.53E+02 

5.67E+00 - 3.15:8+01 

~ondetected 
Range 

2.00E+01 ~ 2.0DE+Ol 
5.00E+OO - ~.06E+bO 

5.00E-01 - 5.00E-Ol 
1.00E+02 - 1.00E+02 
'i..OQB+OO ... 2,00E+00 

2.00E+01 - 2.00E+01 

2.00E-Ol - 2.0DE-Ol 
5.~OE+o6 - S.OOE+DO 

1,OOE+06 ~ 5.00E+OQ 
4,00E+OD - 4.DOE+DO 
2.00E+02 2.6oE+02 

1.50E+Ol '" 1.50E+01 

Dist,rj.p\ltion* 

N 
NT 
NT 
N 
N 
NT 
NT 
.N 
N 
t 
N 
NT 
N 
NT 
N 
L 
L 
NT 
N 
L 
NT 
N 
N 
L 
NT 
N 

Arithtrietic 
Mean Units 

9.71E+03 mg/kg 
1.OOE+01 mg/kg 
?SOE+OO mg/kg 
5.66E+Ol mg/kg 
4.60E"-Ol ms/kg 
5.00E+Ol mg/kg 
1.00E+06 mg/kg 
9.07E+04 mg/kg 
1.65E+Ol mg/kg 
4,BE+DD mg/kg 
4.97E+DO trig/Kg 
S.OOE-Ol mg/kg 
1. llE+04 mg/kg 
1.00E+01 mg/kg 
7.14E+DO mg/kg 
3.92E+03 mg/kg 
2 .. 30E:+D2 mg/kg 
J..ODE:"Ol mg/kg 
5.42E+00 mg/kg 
S.27E+02 mg/kg 
1. SOE+OO ·mg/kg 
2.~5E+DO mg/ltg 
1. 94E+02 mg/kg 
7.47E+01 mg/kg 
7.SDE+OO mg/kg 
~,18E+0~ mg/kg 

• 



• • • 
Table 1.3. Data summary for all analytes by location and medium 

- - - -- - - --- -- - --- -----------------'------ --------------- LOCATION=SWMU 193A MEDIA=Subsurface soil ----'------..:-- - -------- - - -- -- - - - - -- -.- '--- "-- - ___________ _ 
(continued) . 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

Zinc 8/8 1. 84E+Ol - S.S4E+Ol L 3.4SE+Ol mg/kg 
l,l,l-Trichloroethane 0/6 1. 00E-02 - 1.00E.,.02 NT S.00E-03 mg/kg 
1,,1,2,2-Tetrac:hloroethane 0/6 l.OOE-02 - i.00E-02 NT 5.00)1:-03 mg/kg 
l,l,2-Trichloroethane 0/6 1. 00E-02 - 1. 00F,:-02 NT S.OOE-03 mg/kg 
l,l-Dichloroethane 0/6 1. 00E-02 - 1. 00E-02 NT S.00E-03 mg/kg 
l,l-Dichloroethene 0/8 1. 6SE-Ol " 4.40E-Ol NT 1.S2E-Ol mg/kg 
1,2,4-Trichlorobenzene 0/8 S.OOE-Ol - 5.00E-Ol NT 2·S0E-Ol mg/kg 
l,2-DichJ,orobenzene 0/8 5.00E-OI - S.OOE-OI NT 2.S0E-Ol mg/kg 
1,2-DiChloroethane 0/6 1.00E-02 - l.OOE-02 NT S.OOE-03 mg/kg 
l,2-Dichloropropane 0/6 1. 00E-02 - 1.00E-02 NT S.00E-03 mg/kg 
1,2-Dimethylbenzene 0/6 1. OOE-02 - 1. OOE-02 NT S.00E-03 mg/kg 
1,3-Dichlorobenzene 0/8 S.aOE-OI - S,OOE-Ol NT 2.S0E-Ol mg/kg 

)- 1, 4 '-Dichlorobenzene 0/8 S. ODE-OJ, . "" S.OOE-Ol NT 2.S0E-Ol mg/kg 
I 2, 4, S-Trichlorophenol 0/8 S.OOE-Ol - S.OOE-OI NT 2.S0E-Ol mg/kg --l 2,4,6-Trichlo:rophenol 0/8 S.oOE-oi - 5.00E-Ol NT 2.S0E-Ol mg/kg 

2,4-Dichlorophenol 0/8 !,. OOE-Ol - S.OOE"-Ol NT 2.S0E-Ol mg/kg 
2,4~Dimethylphenol 0/8 S.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
2,4-Dinitrophenol 0/6 S.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
2,4-Dinitrotoluene 0/8 S.OOE-Ol - S.OOE-OI NT 2.S0E-Ol mg/kg 
2,6-Dinitrotoluene 0/8 S.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
2-Butanone 0/1 l.00E-02 - 1. 00:e:- 02 NT S.00E-03 mg/kg 
2 "-Chloronaphthalene 0/8 S.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
,2 -Chlorophenol 0/8 S.OO:e:-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
2-Hexanone 0/6 1.00E-02 - 1. OOE-02 NT S.OOE-03 mg/kg 
2-Methyl-4,6-d!nitrophenol 0/8 S.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
2-Methylnaphthalene 0/8 S.OO:e:-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
2-Methylphenol 0/8 S.OOE-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
2-Nitroani;l.ine 0/8 5.00E-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
2-Nitrophenol 0/8 S.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/Kg 
3,3'-Dichlorobenzidine 0/8 S.OOE-Ol - 5.00E"O~ NT 2.S0E-Ol mg/kg 
3-Nitroaniline 0/8 S.ODE-Ol - 5.00E-Ol NT 2.S0E-Ol mg/kg 
4-Bromophenyl phenyl ether 0/8 S.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
4-Chloro-3-methy~phenol 0/8 S.OOE-Ol - S.OOE-Ol NT 2.S0E-al mg/kg 
4-Chioroaniline 0/8 5.00E-0~ - S.OOE-OI NT 2.S0E-Ol mg/kg 
4 -Chlorophenyl phenyl ether 0/8 5.00E-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
4-Methyl-2-pentanone 0/6 1. 00E-02 - 1. OOE-02 NT S.00E-03 ing/kg 
4-Methylphenol 0/8 5.00E-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
4-Nitroaniline 0/8 S.OOE-Ol S.OOE-Ol NT 2.S0E-Ol mg/kg 
4-Nitrophenol 0/8 S.OOE-Ol - S.OOE-Ol NT 2.?OE-Ol mg/kg 
Acenaphthene 0/8 S.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 

*L=Lognormal, N=Normal , NT=Not tested 



Table 1.3. Data summary for all ~lytes by location and medium 

----------------------------------------------------- LOCATION=SHMU 193A MEDIA=Subsurface Soil ---------~--------------------------------------------
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution· Mean Units 

Acenaphthylene 0/8 S.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
Acetone 1/2 1.10E-02 - 1.10E-02 1.00E-02 - 1.00E-02 N 8.00E-03 mg/kg 
Anthracene 1/8 1.16E-Ol - 1.16E-Ol S.OOE-Ol - S.OOE-Ol N 2.33E-Ol mg/kg 
Benz (a) anthracene 2/8 1.60E-Ol - 1.80E-Ol S.OOE-Ol - S.OOE-Ol L 1. 7SE-Ol mg/kg 
Benzene 0/6 1. 00E-02 - 1. 00E-02 NT S.00E-03 mg/kg 
Benzo(a)pyrene 2/8 2.40E-Ol - 2.S0E-Ol S.OOE-Ol - S.OOE-Ol N 2.49E-Ol mg/kg 
Benzo (b) fluoranthene 2/8 3.90E-02 - S.10E-02 S.00E-01 - S.00E-01 L 4.77E-02 mg/kg 
Benzo(ghi)perylene 2/8 1.66E-Ol - 1.70E-Ol S.OOE-Ol - S.OOE-Ol L 1.69E-Ol mg/kg 
Benzo(k)fluoranthene 0/8 S.OOE-Ol - S.00E-01 NT 2.S0E-Ol mg/kg 
Bromodichloromethane 0/6 1. 00E-02 - 1. 00E-02 NT S.OOE-03 mg/kg 
Bromoform 0/6 1.00E-02 - 1. 00E-02 NT S.00E-03 mg/kg 
Bromomethane 0/6 1. 00E-02 - 1.00E-02 NT S.00E-03 mg/kg 

~ Butyl benzyl phthalate 0/6 S.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
I Carbazole 0/8 S.OOE-Ol - S.OOE-Ol NT 2.50E-Ol mg/kg -00 Carbon Disulfide 0/6 1.00E-02 - 1. OOE-02 NT S.00E-03 mg/kg 

Carbon Tetrachloride 0/6 1.00E-02 - 1.00E-02 NT S.OOE-03 mg/kg 
Chlorobenzene 0/6 1.OOE-02 - 1. 00E-02 NT S.OOE-03 mg/kg 
Chloroethane 0/6 1.00E-02 - 1.00E-02 NT S.00E-03 mg/kg 
Chloroform 0/6 1.00E-02 - 1.00E-02 NT S.OOE-03 mg/kg 
Chloromethane 0/6 1. OOE-02 - 1. OOE-02 NT S.OOE-03 mg/kg 
Chrysene 2/8 1.70E-Ol - 1. 70E-01 S.00E-01 - S.00E-01 N 2.30E-Ol mg/kg 
Di-n-butylphthalate 1/8 7.70E-02 - 7.70E-02 S.OOE-Ol - 6.60E-Ol N 2.38E-Ol mg/kg 
Di-n-octylphthalate 1/8 1.20E-Ol - 1.20E-Ol S.OOE-Ol - 5.00E-Ol N 2.34E-Ol mg/kg 
Dibenz(a,h)anthracene 1/8 1.30E-0l - 1.30E-Ol 5.00E-Ol - 5.00E-Ol N 2.3SE-Ol mg/kg 
Dibenzofuran 0/8 S.00E-01 - 5.00E-Ol NT 2.S0E-Ol mg/kg 
Dibromochloromethane 0/6 1. 00E-02 - 1. 00E-02 NT 5.00E-03 mg/kg 
Diethylphthalate 1/8 4.00E-Ol - 4.00E-Ol 5.00E-Ol - 5.00E-Ol N 2.69E-Ol mg/kg 
Dimethylphthalate 0/8 S.00E-01 - S.00E-01 NT 2.50E-Ol mg/kg 
Ethylbenzene 0/6 1. 00E-02 - 1. OOE-02 NT S.00E-03 mg/kg 
Fluoranthene 2/8 2.30E-01 - 3.10E-01 S.OOE-Ol - 5.00E-01 L 2.88E-Ol mg/kg 
Fluorene 0/8 5.00E-Ol - 5.00E-01 NT 2.S0E-Ol mg/kg 
Hexachlorobenzene 0/8 5.00E-01 - S.OOE-Ol NT 2.S0E-Ol mg/kg 
Hexachlorobutadiene 0/8 5.00E-01 - S.00E-01 NT 2.S0E-Ol mg/kg 
Hexachlorocyclopentadiene 0/8 S.00E-01 - S.OOE-Ol NT 2.S0E-Ol mg/kg 
Hexachloroethane 0/8 5.00E-01 - S.OOE-Ol NT 2.S0E-Ol mg/kg 
Indeno (1, 2, 3-cd)pyrene 2/8 1.38E-01 - 1.60E-01 5.00E-01 - 5.00E-01 L 1. S4E-Ol mg/kg 
Isophorone 0/8 S.00E-01 - 5.00E-01 NT 2.S0E-Ol mg/kg 
Methylene Chloride 0/6 1. 00E-02 1.20E-02 NT S.17E-03 mg/kg 
N-Nitroso-di-n-propylamine 0/8 S.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
N-Nitrosodiphenylamine 0/8 S.00E-01 - S.OOE-Ol NT 2.S0E-Ol mg/kg 

*L=Lognormal, N=Normal, NT .. Not tested • • • 



• • • 
T~le 1.3. Data summary for all analytes by location and medium 

-----.,.--'-'---'---------'..;----~--------------------------- LOCATION=SWMU 193A MEDIA=Subsurface Soil ------'------------------------------------~--~-~------
(continued) . 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

Naphthalene 0/8 5.00E"-01 - 5.00E-01 NT 2.50B-01, mg/kg 
Nitrobenzene 0/8 5.00E-01 - 5.00E-01 NT 2.50E-01 mg/kg 
PCB-1016 0/8 1.01E-01 - 1.24E-01 NT 1.12E-01 mg/kg 
PCB-1221 0/8 1. 01E-01 - 1..~4E-01 NT 1. 12E-01 mg/kg 
PCB-1232 0/8 1.01E-01 - 1.24E-01 NT 1.12E-01 mg/kg 
PCB-1242 0/8 1.01E"-01 - 1.24E-01 NT 1.12E-01 mg/kg 
PCB-1248 0/8 1.01E-01 - 1.24E-01 NT 1.12E-01 mg/kg 
PCB-1254 0/8 1.0111:-01 - 1.24E-01 NT 1.12E-Ol mg/kg 
PCB-1260 0/8 1.01E-Ol - 1.24E-Ol NT 1.12E-01 mg/kg 
PCB-1268 0/2 1.00E-01 - 1.00E-01 NT 1.00E"01 mg/kg 
Pentachlorophenol 0/8 5.00E-01 - 5.00E-Ol NT 2.50E-01 mg/kg 
Phenanthrene 0/8 5.00E-01 5.00E-01 NT 2.50E-01 mg/kg :> Phenol 0/8 5.00E-'01 ~ 5.00E-01 NT 2.50E-01 mg/kg , 
Polychlorinated biphenyl 0/2 1. OOE-Ol - 1. OOE-Ol NT 1.00E-01 mg/kg 

...... 
\0 Pyrene 2/8 2.40E-02 - 2.95E-01 5,00E-Ol - 5.00E-Ol N 2.27E-01 mg/kg 

Pyridine 0/1 3.80E-Ol - 3.80E-Ol NT 1.90E-01 mg/kg 
Sty:tene 0/6 1.00E-02 - 1. 00E-02 NT 5.00E-03 mg/kg 
Tetrachloroethene 0/6 1. 00E-02 - 1.00E-02 NT 5.00E-03 mg/kg 
Toluene 0/6 1.00E-02 - 1. 00E"-02 NT 5.00E-03 mg/kg 
Trichloroethene 0/8 1. 68E-Ol - 4.40E-Ol NT 3.04E-01 mg/kg 
Vinyl Chlortde 0/8 1.68E-Ol - 1. 00E+02 NT 1.28E+01 mg/kg 
bis(2-Chloroethoxy)methane 0/8 5.00E;...01 - 5.00E-01 NT 2.50E-01 mg/kg 
bis(2-Chloroethyl)ether 0/8 5.00E-01 - 5.00E-Ol NT 2.50E-01 mg/kg 
bis(2-Chloroisopropyl)~ther 0/8 5.00~-01 - 5.00E-Ol NT 2.50E-01 mg/kg 
bis(2-Ethylhexyl)phthalate 2/8 8.10E-02 ..; 1.70B-Ol 5.00E-01 - 5.00E-Ol N 2.19E-01 mg/kg 
cis-i,2-bichloroethene 0/8 1.68E-Ol - 5.00E-01 NT 3.28E-01 mg/kg 
CiS-l,3-DichloroproPene 0/6 1.00E-02 - 1.00E-02 NT 5.00E-03 mg/kg 
m,p-Xylene 0/6 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/kg 
trans-l,2-Dichloroethene 0/8 1. 68E-Ol - 5.00E-01 NT 3.28B-01 mg/kg 
trans-l/3-Di~oropropene 0/6 1. 008-02 1.00E-02 NT 5.00E-03 mg/kg 
Alpha activity 8/8 9.60E+00 - 2.60E+Ol L 1.62E+01 pCi/g 
Americium-241 0/8 1.80E+00 - 9.40E+00 NT 5.91E+00 pCi/g 
Beta activity 8/8 1.41E+Ol - 2.37E+Ol L 1.90E+01 pCi/g 
Cesium-137 0/8 6.10E-Ol - 1.10E+00 NT 8.40E-01 pCi/g 
Cobalt-60 0/8 8.30E-01 - 4.00E+00 NT 1. 518+00 pCi/g 
Protactinium-234m 0/8 1.10E+02 - 5.80E+02 NT 2.048+02 pCi/g 
Techrietium-99 0/8 O.OOE+OO - 1.37E+00 NT 5.64E-01 pCi/g 
Thorium-234 0/8 5.20E+00 - 2.10E+Ol NT 1.33E+01 pCi/g 
Uranium-235 0/8 2.00E+00 - 8.20E+00 NT 5.14E+00 pCi/g 

*L=Lognormal, N=Normali NT .. Not tested 



Table 1.3. Data summary for all analytes by location and medium 

------------------------------------------------------ LOCATION=SWMU 193A MEDIA=Surface Soil --------------------------------------------------------

Frequency 
of Detected Nondetected Arithmetic 

Ana lyt e Detection Range Range Distribution* Mean Units 

Aluminum 4/4 3.01E+03 - 1.0!JE+04 N 7.24E+03 mg/kg 
Antimony 0/4 2.00E+Ol - 2.00E+Ol NT 1. OOE+Ol mg/kg 
Arsenic 0/4 S.OOE+OO - 5.00E+00 NT 2.S0E+00 mg/kg 
Barium 4/4 2.16E+Ol - 8.40E+Ol N 5.34E+Ol mg/kg 
Beryllium 1/4 6.40E-Ol - 6.40E-Ol 5.00E-Ol - 5.00E-Ol N 3.48E-Ol mg/kg 
Boron 0/4 1.00E+02 - 1. 00E+02 NT 5.00E+Ol mg/kg 
Cadmium 0/4 2.00E+00 - 2.00E+00 NT l.OOE+OO mg/kg 
Calcium 2/2 8.76E+04 - 2.73E+05 N 1.80E+Os mg/kg 
Chromium 4/4 4.3lE+00 - 2.65E+Ol N 1.29E+Ol mg/kg 
Cobalt 4/4 l.47E+00 - S.70E+00 N 3.36E+00 mg/kg 
Copper 4/4 2.4SE+00 - 7.3lE+00 N 5.32E+00 mg/kg 
cyanide 0/4 1.00E+00 - 1. OOE+OO NT s.OOE-Ol mg/kg 
Iron 4/4 3.74E+03 - 1. 54E+04 N 9.3!JE+03 mg/kg 

>- Lead 0/4 2.00E+Ol - 2.00E+Ol NT 1.00E+Ol mg/kg 
I Lithium 4/4 3.78E+00 - l.12E+Ol N 6.84E+00 mg/kg IV 

0 Magnesium 4/4 1.66E+03 - l.70E+04 N 6.9lE+03 mg/kg 
Manganese 4/4 1.3SE+02 - 3.98E+02 N 2.14E+02 mg/kg 
Mercury 0/4 2.00E-Ol - 2.00E-Ol NT 1. OOE-Ol mg/kg 
Nickel 2/4 7.27E+00 - 7.S0E+00 5.00E+00 - 5.00E+00 N 4.94E+00 mg/kg 
Potassium 4/4 2.89E+02 - l.44E+03 N 6.78E+02 mg/kg 
Selenium 0/4 1. OOE+OO - 5.00E+00 NT 1. sOE+OO mg/kg 
Silver 0/4 4.00E+00 - 4.00E+00 NT 2.00E+00 mg/kg 
Sodium 1/4 2.13E+02 - 2.13E+02 2.00E+02 - 2.00E+02 N 1.28E+02 mg/kg 
Strontium 4/4 1.21E+01 - 2.S3E+02 N 1. 22E+02 mg/kg 
Thallium 0/4 1.50E+01 - 1.50E+01 NT 7.s0E+00 mg/kg 
Vanadium 4/4 5.67E+00 - 3.lSE+Ol N 1.76E+Ol mg/kg 
Zinc 4/4 3.34E+Ol - 5.54E+Ol N 4.64E+Ol mg/kg 
1, 1, l-Trichloroethane 0/3 1.00E-02 - 1.00E-02 NT s.00E-03 mg/kg 
l,l,2,2-Tetrachloroethane 0/3 1. OOE-02 - 1.00E-02 NT 5.00E-03 mg/kg 
l,l,2-Trichloroethane 0/3 1.OOE-02 - l.OOE-02 NT S.00E-03 mg/kg 
l,l-Dichloroethane 0/3 1.00E-02 - 1. 00E-02 NT 5.00E-03 mg/kg 
l,l-Dichloroethene 0/4 1. 68E-01 - 3.07E-Ol NT 1.27E-01 mg/kg 
1, 2, 4-Trichlorobenzene 0/4 S.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
l,2-Dichlorobenzene 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
l,2-Dichloroethane 0/3 1. 00E-02 - 1.00E-02 NT 5.00E-03 mg/kg 
l,2-Dichloropropane 0/3 1. 00E-02 - 1.00E-02 NT 5.00E-03 mg/kg 
l,2-Dimethylbenzene 0/3 1. 00E-02 - 1.00E-02 NT 5.00E-03 mg/kg 
l,3-Dichlorobenzene 0/4 S.OOE-Ol - 5.00E-Ol NT 2.s0E-Ol mg/kg 
l,4-Dichlorobenzene 0/4 5.00E-01 - 5.00E-Ol NT 2.s0E-Ol mg/kg 
2,4,s-Trichlorophenol 0/4 s.OOE-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
2,4,6-Trichlorophenol 0/4 5.00E-Ol - 5.00E-Ol NT 2.s0E-Ol mg/kg 

*L=Lognormal, N=NOe, NT=Not tested • • 



• • • 
Table J..3. Data summary for all analytes by location and medium 

---~~~~------------------------------------------------ LOCATION=SWMU 193A MEDIA=SUrface Soil ------------------------------------- ___________ ~_~~ ___ _ 
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

2,4-Dichlorophenol 0/4 5.00E~0J. - 5.00E-0J. NT 2.50E-0J. mg/kg 
2,4-Dimethylphenol 0/4 5 .. 00E-0J. - 5.00E-OJ. NT 2.50E-0J. mg/kg 
2,4-Dinitrophenol 0/3 5.00E-0J. - 5.00E-0J. NT 2.50E-Ol mg/kg 
2,4~Dinitrotoluene 0/4 5.00E-0J. - 5.00E-Ol NT 2.50E-Ol mg/)(g 
2,6-Dinitrotoluene 0/4 5.00E-0J. - 5.00E-0J. NT 2.50E-0J. mg/kg 
2-Chloronaphthalene 0/4 5.00E-0J. - 5.00E-OJ. .NT 2.S0E-OJ. mg/kg 
~-'Chlorophenol 0/4 5.00E-0J. - 5.00E-0J. NT 2.50E-0J. ms/kg 
2-Hexanone 0/3 l.00E-02 - 1. 00E-02 NT 5.00E-03 mg/kg 
2-MethyJ.-4,6-dinitrophenol 0/4 5.00E-0J. - 5.00E-0J. NT 2.50E-Ol mg/kg 
2-Methylnaphthalene 0/4 5.00E-Ol - 5.00E-0J. NT 2.s0E-0J. mg/kg 
2-'Methylphim6l 0/4 5.00E-0J. 5.00E-0J. NT 2.50E~0J. mg/kg 
2-Nitroaniline 0/4 5.00E-0J. - 5.00E-0J. NT 2.50E-0J. mg/kg 

> 2-Nitrophenol 0/4 5.00li:-Ol - 5.00E-Ol NT 2.50E-0J. mg/kg I 3,3'-Dichlorobenzidine 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-0J. mg/kg tv ...... 3-Nitroaniline 0/4 S.OOE-OJ. - 5.00E-0J. NT 2.50E-0J. mg/kg 
4-Bromophenyl phenyl ether 0/4 S.OOE-OJ. - 5.00E-0J. NT 2.50E-0J. mg/kg 
4-Ch16ro-3-methylphenol 0/4 S.OOB-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
4-Chloroaniline 0/4 5.00E-Ol - S.oOE-oi NT 2.50E-0J. mg/kg 
4-'ChlorQphenyl phenyl ether 0/4 5.00E-0J. 5.00E~0J. NT 2.50E-0J. mg/kg 
4-Methyl-2-pentanone 0/3 l.00E-02 - 1. OOE-02 NT 5.00E-03 mg/kg 
4-Methylphenol 0/4 5.00E-Ol - 5.00E-OJ. NT 2.50E-0J. lng/kg 
4-Nitroaililine 0/4 5.00E-0J. - 5.00E-0J. NT 2.50E-0J. mg/kg 
4-Nitrophenol 0/4 5.00E-0J. - 5.00E:"0J. NT 2.50E"0J. mg/kg 
Acenaphthen~ 0/4 5.00E-0J. - 5.00E-Ol NT 2.50E-0J. lng/kg 
Acenaphthylene 0/4 5.00E-0J. - 5.00E-Ol NT 2.50E-0J. mg/kg 
Anthracene J./4 J..J.6E-0J. - J..J.6E-0J. 5.00B-0J. - 5.00E-0J. N 2.J.7E-0J. mg/kg 
Benz (a) anthracene 2/4 1. 60B-0J. - l.80E- 0:L 5.00E-0J. - !;i.OOE~OJ. N 2.J.OE-0J. mg/kg 
Benzene 0/3 l.OOE-02 - 1. 00E-02 NT 5.00E!-03 mg/kg 
Benzo(a)pyrene 2/4 2.40E"-0J. - 2.50E-0J. 5.00B-0J. - 5.00E-0J. N 2.48E-0J. mg/kg 
Benzo (b) fluoranthene 2/4 3.90E-02 - 5.l0E-02 5.00li:-0J. - 5.00E~0J. N J..48E-0J. mg/kg 
Benzo(ghi)perylene 2/4 l.66E-Ol - 1. 70E-Ol 5.00E-Ol - 5.00E-Ol N 2.09E-Ol mg/kg 
Benzo(k)fluoranthene 0/4 . 5.00E-0J. - 5.00E-0J. NT 2.50E~0J. mg/kg 
Bromodi chi orome thane 0/3 J..ODE-02 - 1.00E-02 NT 5.00E-03 mg/kg 
Bromoform 0/3 J..OOE-02 - 1. 00E-07 NT 5.00E-03 mg/kg 
Bromomethane 0/3 J..OOE-02 - 1.00E-02 NT 5.00E-03 mg/kg 
Butyl .benzyl phthalate 0/3 5.00E-0J. - 5.00E-0J. NT 2.50E-0J. mg/kg 
Carbazole 0/4 5.00E-OJ. - 5.00li:-0J. NT 2.50E-0J. mg/kg 
Carbon Disulfide 0/3 1. OOE-02 - 1. 00E-02 NT 5.00E-03 mg/kg 
Carbon Tetrachloride 0/3 1. 00E-02 - J..00E-02 NT 5.00E-03 mg/kg 
Chlorobenzene 0/3 J..00E-02 - 1. 00E-02 NT 5.00E-03 mg/kg 

*L=Lognormal, N=No:rma,l, NT=Not tested 



Table 1.3. Data summary for all analytes by location and medium 

------------------------------------------------------ LOCATION=SWMU 193A MEDIA=Surface Soil 
(continued) 

Frequency 
of Detected Nondetected 

Analyte Detection Range Range 

Chloroethane 0/3 1.00E-02 - 1.00E-02 
Chloroform 0/3 1.00E-02 - 1. 00E-02 
Chloromethane 0/3 1.00E-02 - 1. 00E-02 
Chrysene 2/4 1. 70E-01 - 1.70E-01 5.00E-Ol - 5.00E-01 
Di-n-butylphthalate 1/4 7.70B-02 - 7.70B-02 5.00E-Ol - 6.60E-Ol 
Di-n-octylphthalate 1/4 l.20B-Ol - 1.20E-Ol 5.00E-Ol - 5.00B-Ol 
Dibenz(a,h)anthracene 1/4 1.30E-Ol - 1.30E-Ol 5.00E-Ol - 5.00E-Ol 
Dibenzofuran 0/4 5.00E-Ol - 5.00E-Ol 
Dibromochloromethane 0/3 1. 00E-02 - 1.00E-02 
Diethy1phtha1ate 1/4 4.00E-01 - 4.00E-Ol 5.00E-Ol - 5.00E-Ol 
Dimethylphthalate 0/4 5.00E-Ol - 5.00E-Ol 
Ethylbenzene 0/3 1.00E-02 - 1.OOE-02 

» Fluoranthene 2/4 2.30E-0! - 3.!OE-O! 5.00E-0! - 5.00E-Ol 
I Fluorene 0/4 5.00E-Ol - 5.00E-Ol tv 

I..,) Hexachlorobenzene 0/4 5.00E-Ol - 5.00E-0! 
Hexach10robutadiene 0/4 5.00E-0! - 5.00E-0! 
Hexachlorocyclopentadiene 0/4 5.ilOE-Ol - 5.00E-0! 
Hexachloroethane 0/4 5.00E-0! - 5.00B-Ol 
Indeno (l,2, 3-cd)pyrene 2/4 1.3SE-Ol - 1.60E-01 5.00B-Ol - 5.00E-01 
Isophorone 0/4 5.00E-Ol 5.00E-Ol 
Methylene Chloride 0/3 1.00E-02 - 1.20E-02 
N-Nitroso-di-n-propylamine 0/4 5.00E-01 - 5.00E-Q1 
N-Nitrosodiphenylamine 0/4 5.00E-Ol - 5.00E-01 
Naphthalene 0/4 5.00E-0! - 5.00E-Ol 
Nitrobenzene 0/4 5.00E-O! - 5.00B-Ol 
PCB-I016 0/4 1. 01E-Ol - l.14E-Ol 
PCB-l22l 0/4 1. OlE-Ol - 1.14E-Ol 
PCB-1232 0/4 1.OlE-Ol - 1.14E-Ol 
PCB-1242 0/4 1. OlE-Ol - l.14E-Ol 
PCB-124B 0/4 1. 01E-Ol - l.l4E-Ol 
PCB-1254 0/4 l.OlE-01 - 1.l4E-Ol 
PCB-l260 0/4 1. 01E-01 - 1.14E-01 
PCB-126B 0/1 1.00E-01 - 1. 00E-01 
Pentachlorophenol 0/4 5.00E-Ol - 5.00E-01 
Phenanthrene 0/4 5.00E-01 - 5.00E-01 
Phenol 0/4 5.00E-Ol - 5.00E-01 
Polychlorinated biphenyl 0/1 1.00E-Ol - 1. 00E-01 
Pyrene 2/4 2.40E-02 - 2.95E-Ol 5.00E-Ol - 5.00E-Ol 
Pyridine 0/1 3.80E-01 - 3.BOE-01 
Styrene 0/3 1.00E-02 - 1. OOE-02 

• *L=Lognormal, N=NO~ NT=Not tested 

Distribution* 

NT 
NT 
NT 
N 
N 
N 
N 
NT 
NT 
N 
NT 
NT 
N 
NT 
NT 
NT 
NT 
NT 
N 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
NT 
N 
NT 
NT 

Arithmetic 
Mean Units 

5.00E-03 mg/kg 
5.00E-03 mg/kg 
5.00E-03 mg/kg 
2.10E-01 mg/kg 
2.27E-Ol mg/kg 
2.1BE-Ol mg/kg 
2.20E-Ol' mg/kg 
2.50E-Ol mg/kg 
5.00E-03 mg/kg 
2.BBE-01 mg/kg 
2.50E-Ol mg/kg 
5.00E-03 mg/kg 
2.60E-Ol mg/kg 
2.S0E-Ol mg/kg 
2.50E-Ol mg/kg 
2.50E-Ol mg/kg 
2.50E-Ol mg/kg 
2.50E-Ol mg/kg 
2.00E-Ol mg/kg 
2.50E-Ol mg/kg 
5.33E-03 mg/kg 
2'.50E-In mg/kg 
2.50E-Ol mg/kg 
2.S0E-Ol mg/kg 
2.50E-Ol mg/kg 
1.0SE-01 mg/kg 
1. OBE-Ol mg/kg 
1. OBE-Ol mg/kg 
1. OBE-Ol mg/kg 
1.0SE-Ol mg/kg 
1. OSE-01 mg/kg 
1. OBE-Ol mg/kg 
1. OOE-Ol mg/kg 
2.50E-Ol mg/kg 
2.50E-Ol mg/kg 
2.50E-Ol mg/kg 
1.00E-Ol mg/kg 
2.0SE-Ol mg/kg 
1.90E-Ol mg/kg 
5.00E-03 mg/kg 

• 



• • • 
Table 1.3. Data summary for all analytes by location ang. medium 

- -- - - - - ---- - - ---- ---- -- - ---- ------ -----.,.-- ------- - ----- LOCATION=SWMU 193.A MEDIA=Surface Soil ---------- .,.----- '----- - - --- - --- --- - - - - - - - '-- '- - - - - - - - - - - - --
(continued) 

Frequency 
Detected of Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

Tetrachloroeth~e 0/3 1. 00E-02 - 1. 00E-02 NT 5.00E'-03 mg/kg 
Toluene 0/3 1. 00E-02 - 1. 00E-02 NT 5.00E-03 mg/kg 
Trichloroethene 0/4 1.68B-01 - 3.0711:-01 NT 2.54E-Ol mg/kg 
vlnyi Chloride 0/4 1.68B-Ol - 3.07E-Ol NT 2.54E-01 mg/kg 
bis(2-Chloroethoxy)methane 0/4 5.00E-Ol .. 5.00E'-01 NT 2.50E-01 mg/kg 
bis(2-Chloroethyl)ether 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-01 mg/kg 
bis(2-Chloroisopropyl)ether 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
bis(2-Ethylhexyl)phthalate 2/4 8.l0E-02 - 1. 70E-01 5.00E-Ol - 5.00E-Ol N 1.SSE-01 mg/kg 
ciS-l,2-Dich1oroethene 0/4 1. 68E-01 - 3.07E-01 NT 2.54E-Ol mg/kg 
c1S-l,3-Dichloropropene 0/3 1.00E-02 - 1.00E-02 NT 5.00E-03 mg/kg 
m,p-xylene 0/3 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/kg 
trans-1,2-Dichloroethene 0/4 1.68E-01 - 3.07E-Ol NT 2.54E-Ol mg/kg 

;I> trans-1,3-Dichloropropene 0/3 1. OOE-02 - 1. 00E-02 NT 5.00E--03 mg/kg 
I Alpha activity 4/4 9.60E+OO - 1.70E+Ol N 1.32E+Ol pCi/g IV 

Vol Americium-241 0/4 1.80E+00 - 7.20E+00 NT 5.28E+00 pCi/g 
Beta activity 4/4 1.41E+Ol - 2.37E+Ol N 2.l0E+Ol pCi/g 
Cesium-l37 0/4 6.10E-"01 - 9.00E-Ol NT 7.40E-01 pCi/g 
Cobalt-60 0/4 8.30E-Ol - 4.00E+OO NT i.74E+00 pCi/g 
Protactinium-234m 0/4 1.10E+02 - 5.80E+02 NT 2.38E+02 pCi/g 
Technetium." 99 0/4 O.OOE+OO .. l,.09E+00 NT 3.58E-Ol pCi/g 
Thorium-234 0/4 1.10E+Ol - 1.80E+Ol NT 1.45E+Ol pCi/g 
Uranium-235 0/4 2.00:8+00 - 6.30E+00 NT 4.50E+OO pCi/g 

--------------------'-"-'-.,.---------------------------- LOCATION .. SWMU 193B- MEDIA=MCNairy Groundwater ---------------------'--------------------'"-_--------

Frequency 
of Detected Noildetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

1,1,1--Trichloroethane 0/1 5.00E-03 - 5.00E-03 NT 2.50E-03 mg/L 
l,l-Dichloroethene 0/2 1.OOE-03 - 1. 00E-02 NT 2.75E-03 mg/L 
1, 2, 4-Trichiorobenzene 0/1 1.00E-Ol - .1. OOE-Ol NT 5.00E-02 mg/L 
1,2-Dichlorobenzene 0/1 1. 00E-01 - 1.00E-01 NT 5.00E-02 mg/L 
1,2-D;chloroethane 0/1 2.00E+00 - 2.00E+OO NT 1.OOE+OO mg/L 
1,3-Dichlorobenzene 0/1 1. OOE-Ol - 1. OOE-Ol NT 5.00E-02 mg/L 
1,4-Dichlbrobenzene 0/1 1.OOE-Ol - 1.00E-Ol NT 5.00E-02 mg/L 
2,4,5-Trichlorophenol 0/1 1. OOE-Ol - l,.OOE-Ol NT 5.00E-02 mg/L 
2,4,6-Trichlorophenol 0/1 1. OOE-Ol - 1. OOE-Ol NT 5.00E-'02 mg/L 
2,4-Dichlorophenol 0/1 1. OOE-Ol - 1. OOE-Ol NT 5.00E-02 mg/L 

*L .. Lognormal, N=Normal, NT=Not tested 



Table 1.3. Data summary for all analytes by location and medium 

--------------------------------------------------- LOCATION=SNMU 193B MEDIA=McNairy Groundwater ---------------------------------------------- _____ _ 
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

.Analyte Detection Range Range Distribution* Mean Units 

2,4-Dimethylphenol 0/1 1.00E-Ol - 1.00E-Q1 NT 5.00E-02 mg/L 
2,4-Dinitrotoluene 0/1 1. 00E-01 - 1. 00E-01 NT 5.00E-02 mg/L 
2,6-Dinitrotoluene 0/1 1.00E-01 - 1.00E-Ol NT 5.00E-02 mg/L 
2-Chloronaphthalene 0/1 1. 00E-01 - 1. 00E-01 NT 5.00E-02 mg/L 
2-Chlorophenol 0/1 1. 00E-01 - 1. OOE-01 NT 5.00E-02 mg/L 
2-Methyl-4,6-dinitrophenol 0/1 1. 00E-01 - 1. OOE-Ol NT 5.00E-02 mg/L 
2-Methylnaphthalene 0/1 1.00E-01 - 1.00E-01 NT 5.00E-02 mg/L 
2-Methylphenol 0/1 1. 00E-01 - 1.00E-Ol NT 5.00E-02 mg/L 
2-Nitroaniline 0/1 1. 00E-01 - 1. 00E-01 NT 5.00E-02 mg/L 
2-Nitrophenol 0/1 1.00E-01 - 1. 00E-01 NT 5.00E-02 mg/L 
3,3'-Dichlorobenzidine 0/1 1.00E-01 - 1. 00E-01 NT 5.00E-02 mg/L 
3 -Ni troanil ine 011 1. 00E-01 - 1.00E-01 NT 5.00E-02 mg/L 

:> 4-Bromopheny1 phenyl ether all 1.00E-01 - 1. 00E-01 NT 5.00E-02 mg/L 
I 4-Chloro-3-methylphenol 0/1 1. 00E-01 - 1. OOE-Ol NT 5.00E-02 mg/L N 

.J:>. 4-Chloroaniline 0/1 1.00E-01 - 1.00E-01 NT 5.00E-02 mg/L 
4-Chlorophenyl phenyl ether 0/1 1.00E-Ol - 1.00E-01 NT 5.00E-02 mg/L 
4-Methylphenol 0/1 1.00E-Ol- 1. OOE-Ol NT 5.00E-02 mg/L 
4-Nitroaniline 0/1 1. OOE-Ol - 1.00E-01 NT 5.00E-02 mg/L 
4-Nitrophenol 0/1 1. OOE-OJ. - 1. OOE-OJ. NT 5.00E-02 mg/L 
Acenaphthene 0/1 1. OOE-Ol - 1. OOE-Ol NT 5.00E-02 mg/L 
Acenaphthylene 0/1 1.00E-Ol - 1. OOE-Ol NT 5.00E-02 mg/L 
Anthracene 0/1 J..OOE-OJ. - 1. OOE-Ol NT 5.00E-02 mg/L 
Benz (a) anthracene O/J. 1.00E-01 - 1. OOE-OJ. NT 5.00E-02 mg/L 
Benzo(a)pyrene 0/1 1.00E-01 - 1. OOE-Ol NT 5.00E-02 mg/L 
Benzo (b) fluoranthene 0/1 1. 00E-01 - 1. OOE-Ol NT 5.00E-02 mg/L 
Benzo(ghi)perylene 0/1 1.00E-01 - 1. 00E-01 NT 5.00E-02 mg/L 
Benzo(k)fluoranthene 0/1 1. OOE-Ol - 1.00E-Ol NT 5.00E-02 mg/L 
Carbazole 0/1 1. OOE-Ol - 1.00E-Ol NT 5.00E-02 mg/L 
Carbon Tetrachloride 0/1 5.00E-03 - 5.00E-03 NT 2.50E-03 mg/L 
Chloroform 0/1 5.00E-03 - 5.00E-03 NT 2.50E-03 mg/L 
Chrysene 0/1 1. 00E-01 - 1. OOE-Ol NT 5.00E-02 mg/L 
Di-n-butylphthalate 0/1 1. OOE-01 - 1. 00E-01 NT 5.00E-02 mg/L 
Di-n-octylphthalate 0/1 1.00E-01 - 1.00E-01 NT 5.00E-02 mg/L 
Dibenz (a,h) anthracene 0/1 1.00E-01 - 1. OOE-Ol NT 5.00E-02 mg/L 
Dibenzofuran 0/1 1.00E-01 - 1. 00E-01 NT 5.00E-02 mg/L 
Diethylphthalate 0/1 1.00E-Ol - 1.00E-01 NT 5.00E-02 mg/L 
Dimethylphthalate 0/1 1.00E-01 - 1.00E-0J. NT 5.00E-02 mg/L 
Fluoranthene 0/1 1. OOE-OJ. - 1. OOE-01 NT 5.00E-02 mg/L 
Fluorene 0/1 1.00E-Ol - 1.00E-Ol NT 5.00E-02 mg/L 
Hexachlorobenzene 0/1 1.00E-01 - 1.00E-01 NT 5.00E-02 mg/L 

*L=Lognormal, N=Normal, NT=Not tested • • • 



• • • 
Table 1.3. Data SUlllll\ary for all anal}rtes by locati9Il and medium 

.,."" - ... "'-- .. "----- - --- - - -- - - -- -------- -------- --------- --- LOCATION=SWMO 193B MED.~=McNairy Groundwater - ------.----"'- - -- - - --- --- - --- - - - -- - - ---"- -- - - - ---- - - ---
(continued) . 

Freql,lency 
of Detected N6ndetected Arithmetic 

Analyte Detection Range Range Distz:ibution* Mean Units 

Hexachlorobutadiene 0/1 1.00E-Ol - 1. 00E-01 NT 5.00E-02 mg/L 
He.xaclllorocyclopentadiene 0/1 1.00E-01 - 1. OOE-01 NT 5.00E-02 mg/L 
HeXachloroethane 0/1 1. OOE-01 - 1.00E'"01 NT s.00E"'02 mg/L 
Indeno(l,2,3-cd)pyrene 0/1 1. OOE-Ol - 1. OOE-oi NT 5.00E-02 mg/L 
Isophorone 0/1 1.00E-Ol - 1.00E"01 NT 5.00E-02 mg/L 
N-Nitroso-di-n-propylamine oIl, 1.00E-Ol - 1. 00E-01 NT s.OOE-02 mg/t 

. N-NitrosodJphenylamine 0/1 1. 00E-01 - 1. OOE-Ol NT 5.00E-02 mg/L 
Naphthalene 0/1 1. 00E-01 - 1. OOE-Ol. NT S.OOE-02 mg/~ 
Nitrobenzene 0/1 1. OOE"-Ol - 1.00E-01 NT 5.00E-02 mg/L 
Pentach16rophenol 0/1 1.00E-01 - 1. OOE-01 NT 5.00E~O~ mg/L 
Phel:l.anthrene 0/1 1.00E-OJ. - 1. 00E-01 NT 5.00E-02 mg/L 
Phenol 0/1 1.00E-01 - 1. OOE-Ol NT 5.00E-02 mg/L 

:> Pyrene 0/1 1. OOE-01 - 1. OOE-01 NT 5.00E"02 mg/L 
I Trichloroethene 1/2 1.30E-02 - 1.30E-02 1.00E-03 - 1. 00E-03 N 7.00E-03 mg/L IV 

VI vinyl Chloride 0/2 1. OOE-03 - 1. OOE-02 NT S.50i!:-03 mg/L 
b!s(2-Chloroethoxy)methane 0/1 1.00E-Ol - 1.00E-01 NT 5.00E-02 mg/L 
bis(2-Chloroethyl)ether O/l. 1.00E-Ol - 1.0CE-0J. NT 5.00E-02 nig/L 
~is(2-Chloroisopropyl)ether 0/1 1.00E-Ol - 1.00E-Ol NT 5.00E-02 mg/L 
bis(2-Ethylhexyl)phthalate 0/1 1.00E ... Ol - 1. OOE-Ol NT 5.00E-02 mg/L 
cis-l,2-Dichloroethene 1/2 2.30E-02 - 2.301!!"'02 1. 00E-03 - 1. OOE-O~ N 1.20E-02 mg/L 
trans-1,2"'-Dichloroethene 0/2 1.OOE-03 - 2.00E+00 NT 1. OOE+OO mg/L 
Alpha activity 1/2 1.29E+00 - 1. 29E+OO 1.20E+00 - 1.20E+00 N 1.25E+OO pCi/L 
Beta activity 2/2 3.15E+00 - 4.BOE+00 N 3.9BE+OO pCi/L 
Technetium-99 0/2 1.4,OE+OO - 5.70E+00 NT 3.55E+OO pCi/L 

--- -- -- - - -'';''':''' -.;;;,.- ~ ~"':'------ --- - ---------------------~-~~- LOcATION=SWMU 193B MED~=R~A Groundwater -- - - ----~------- -- -- - - - -- - - - - - - ~":"" - - - -.- - - - - - - - - - -.:...;,;..~ _~_ 

Analyt;e 

1, 1, I-Trichloroethane 
1, 1, 2, 2 '"Tetrachloroethane 
l,l,2-Trichloroethane 
l,l-DichloroethanE! . 
l,l-Dichloroethi!ne 
l,2,4-Trfchlorobenzene 
l,2-Dichlorobenzene 
l,2-Dichloroethane 

Frequency 
of 

Detection 

0/5 
0/2 
0/2 
0/2 
3/17 
0/10 
0/10 
0/5 

Detected 
Range 

2.30E-04 - 2.00E-02 

Nondetected 
Range 

5.00B-03 - 5.00E-02 
5.00E'-03 - S.00E-03 
5.00E-03 "' 5.00E-03 
5.00E-03 - 5.00E-03 
1.90E'"04 - 5.00E-02 
2.00E-02 - 2.00E"-02 
2.00E-02 - 2.00E-02 
5.00E-03 ~ 2.00E+Ori 

*L=I,oognormal, N=Normal, NT=Not tested 

Arithmetic 
Distribution* Mean Units 

NT 1.60E-02 mg/L 
NT 2.50E-03 mg/L 
NT 2.s0E-03 mg/L 
NT 2.50E-ti3 mg/L 
L 3.36E-04 mg/:r.. 
NT I.OOE-02 mg/L 
NT 1. OOE-02 mg/L 
NT !i.OIE-OI mg/L 



Table 1.3. Data summary for all analytes by location and medium 

------------------------------------------------------ LOCATION=SHMU 193B MEDIA=RGA Groundwater ------------------------------------------------------
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

1,2-Dichloropropane 0/2 S.00E-03 - S.00E-03 NT 2.S0E-03 mg/L 
1,2-Dimethylbenzene 0/2 S.00E-03 - S.00E-03 NT 2.50E-03 mg/L 
1,3-Dichlorobenzene 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
1,4-Dichlorobenzene 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
2, 4, S-Trichlorophenol 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
2,4,6-Trichlorophenol 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
2,4-Dichlorophenol 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
2,4-Dimethylphenol 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
2,4-Dinitrophenol 0/1 5.00E-03 - 5.00E-03 NT 2.s0E-03 mg/L 
2,4-Dinitrotoluene 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
2,6-Dinitrotoluene 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
2-Butanone 0/2 1. 00E-02 - 1. 00E-02 NT s.00E-03 mg/L 

:>- 2-Chloronaphthalene 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
I 2-Chlorophenol 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L tv 
0\ 2-Hexanone 0/2 1. 00E-02 - 1.00E-02 NT s.00E-03 mg/L 

2-Methyl-4,6-dinitropheno1 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
2-Methylnaphthalene 0/10 2.00E-02 - 2.00E-02 NT 1. OOE-02 mg/L 
2-Methylphenol 0/10 2.00E-02 - 2.00E-02 NT 1. OOE-02 mg/L 
2-Nitroaniline 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
2-Nitrophenol 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
3,3'-Dichlorobenzidine 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
3-Nitroaniline 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
4-Bromophenyl phenyl ether 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
4-Chloro-3-methylphenol 0/10 2.00E-02 - 2.00E-02 NT 1. OOE-02 mg/L 
4-Chloroaniline 0/10 2.00E-02 - 2.00E-02 NT 1. OOE-02 mg/L 
4-Chlorophenyl phenyl ether 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
4-Methyl-2-pentanone 0/2 1. 00E-02 - 1. 00E-02 NT S.00E-03 mg/L 
4-Methylphenol 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
4-Nitroaniline 0/10 2.00E-02 - 2.00E-02 NT 1. OOE-02 mg/L 
4-Nitrophenol 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mgl.L 
Acenaphthene 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
Acenaphthylene 0/10 2.00E-02 - 2.00E-02 NT 1. OOE-02 mg/L 
Acetone 1/2 3.30E-02 - 3.30E-02 1.00E-02 - 1.00E-02 N 1.90E-02 mg/L 
Anthracene 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
Benz (a) anthracene 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
Benzene 0/2 5.00E-03 - 5.00E-03 NT 2.s0E-03 mg/L 
Benzo(a)pyrene 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
Benzo(b}fluoranthene 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
Benzo(ghi)perylene 0/10 2.00E-02 - 2.00E-02 NT 1. OOE-02 mg/L 
Benzo(k)fluoranthene 0/10 2.00E-02 - 2.00E-02 NT 1. OOE-02 mg/L 

• *LaLognormal, 
N=Ne' 

NT=Not tested • 



• • • 
Table 1.3. Data summary for all analytes by location and medium 

--------------~--~---~--------------------------------

Ana1yte 

Brornodichlorornethane 
Bromoform 
Butyl benzyl phthalate 
Carbazole 
Carbon Disulfide 
Carbon Tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Chrysene 
ili-n-butylphthalate 
Di-n-octylphthalate 
Dibenz(a,h)anthracene 
Dibenzofuran 
Dibrornochlorornethane 
Diethylphthaiate ..... 
D~rnethylphthalate 
Ethylbenzene 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(1,2,3-cd)pyrene 
Isophorone 
Methylene Chloride 
N-~itroso-di-n-prcipylamine 
N-Nitrosodiphenylamine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
Pyridine 
Styrene 
Tetrachloroethene 
Toluene 

FrequenCy. 
of 

Detection 

0/2 
0/2 
0/1 
0/10 
0/2 
1/5 
0/2 
0/2 
0/5 
0/2 
0/10 
2/10 
0/10 
0/10 
0/10 
0/2 
0/10 
0/10 
0/2 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/2 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/1 
0/2 
0/2 
0/2 

LOCATION=SHMu 193B MEDIA~RGA Groundwater ~----~-----------------------~~-----------------------
(continued) 

Detected Nondetected Arithmetic 
Range Range Distribution* Mean Units 

5.00E'"03 - S.OOE-03 NT 2.S0E-03 rng/L 
5.00E-03 - 5.00E-03 NT 2.s0E-03 rng/L 
5.00E-03 - 5.00E-03 NT 2.50E-03 mg/L 
2.00E,,02 - 2.00E-02 NT L 00E-02 mg/L 
S.OOE-03 - 5.00E-03 NT 2.s0E-03 mg/L 

5.50E-03 - 5.50E-03 5.00E~03 - s.00E-02 N 1.21E-02 mg/L 
5.00E-03 - 5.00E-03 NT 2.50E-03 rng/L 
5.00E"03 - 5.00E-03 NT 2.50E-03 mg/L 
5.00E-03 - 5.00E-02 NT 1.60E-02 rng/L 
5.00E-03 - 5.00E-03 NT 2.50E-03 mg/L 
2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 

1.30E-02 - 1.30E-02 2.00E-02 - 2.00E-02 N l.06E-02 rng/L 
2.00E-02 - 2.00E-02 NT 1. OOE-02 ing/L 
2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
2.00E~02 - 2.00E-02 NT 1. OOE-02 rng/L 
5.00E-03 - 5.00E-03 NT 2.50E-03 rng/L 
2.00E-02 - 2.00E-02 :NT 1. OOE-02 rng/L 
2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
5.00E-03 5.00E-03 NT 2.S0E-03 rng/L 
2.00E-02 - 2.00E-02 NT 1. OOE-02 rng/L 
2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
2.00E-02 - 2.00E-02 NT 1. OOE-02 rng/L 
2.00E-02 - 2.00E-02 :NT 1. OOE~02 rng/L 
2.00Ji:-02 - 2.00E-02 NT 1. OOE-02 mg/I.. 
2.00E-02 - 2.00~-O2 NT 1.00E-02 mg/L 
2.00E-02 - 2.00E-02 m' 1. OOE-02 rng/L 
2.00E-02 ~ 2.00E-02 NT 1.00E-02 rng/~ 
1. 00E-02 - 1.00E,,02 NT 5.00E-03 mg/L 
2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
2.00E-02 - 2.00E-02 NT 1.OOE-02 rng/L 
2.00E-02 - 2.00E-02 NT 1. OO~-02 rng/L 
2.00E-02 - 2.00E-02 NT 1. OOE-02 rng/L 
2.00E'"02 - 2.00E-02 NT 1. OOE-02 mg/L 
2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
2.00E-02 - 2.00E-02 NT 1. OOE-02 rng/L 
~.OOE-02 - 2.00E-02 NT 1.00E-02 rng/L 
5.00E-03 - 5.00E-03 NT 2.50E-03 rng/L 
5.00E-03 - 5.00E-03 NT 2.50E-03 mg/L 
5.00E-03 5.00E-03 NT 2.50E-03 mg/L 
5.00E-03 - 5,OOE-03 NT :?50E-03 mg/L 

*L=Lognorrnal, N=Norrnal, NT=Not tested 



Table 1.3. Data summary for all analytes by location and medium 

- --- --- --- --- ----- - -.;. - --'-';' -- --"'.;,-..; ,"-~-",-.", 0,:.,.,. ... ---.- - -- --- -: LOCATIDN=.SWMU 193B MEDIA .. RGA Groundwate:r - - - - - - - - - - - - - - - - - -- - - - - -- - - - - - - - - - - -- - - - - - - - - - - - - - - - --
'(continued) 

;> 
N 
00 

AD:alyte 

Trichloroethene 
Vinyl Chloride . . 
bis (2-Chloroethoxyrmethane 
bis (2-Chloroethyi) ether 
biS(2-Chloroisopropyl)ether 
bis(2-Ethylhexyl)phthalate 
cis~1,2-DiChlo:roethene 
c:fS-l,3-Dichloropropene 
m,p-xylene .. 
trans ... l,2-Dichlor6ethene 
tralJ.~-1,3-Dichloropropene 
Alpha activity . 
Beta activitY 
Neptunium-2.37 
Te¢hD.etiuliI-99 

AIiaiyte 

AllllliiJitiiil 
AhtimOny 
Arsenic 
Barill111 
B~rylliulil 
Boron 
Cadmium 
Clu:Qml.um 
Cobalt 
Copper 
Cyanide 
trOll 
Lead 
Lithium 
Magnesium 
Ma.!1ganese 
MerCury 

• 

Frequency 
of 

Detec:ticm, 

17/17 
0/17 
0/10 
0/10 
olio 
l/io 
12/17 
0/2 
0/1-
8/17 
0/2 
12/17 
16/17 
0/1 
8/i7 

Fre~E!Ilgy of ... 
PetectiQn 

4/4 
0/4 
0/4 
4/4 
2/4 
0/4 
0/4 
4/4 
4/4 
4/4 
0/2 
4/4 
0/4 
4/4 
4/4 
4/4 
0/4 

Detected 
R~ge 

1.00~;';04 - 5.0o.~'"QJ. 

1.80E-02 - 1.80E-02 
i,90i-04 - ~.i'E-02 

i.OOE-04 - S.10E-04 

l.OOE+OO - 6.60E+02 
2.'OE+QO - ~.B~E+O~ 

1.4SE+Ol - 6.10E+Ol 

Detected 
Range 

7.43E+03 - 1.i2E+04 

3.S0E+01 S.42E+01 
s.90E-Ol - Ls·tE+OO 

1.04E+01 - S.87E+01 
3.iBE+OO - 7.76E+DO 
4.1BE+OO - 1.43E+OO 

9.73E+03 - 2.43E+04 

3.44E+OO - 7.720~+00 
7.74E+02 -4.31E+03 
1.05E+02 - 2_22E+02 

!longet::ect::~d 
Range 

1.00E-03 - 1.00E-Ol 
2.00E-02 - 2 .. 00E-02 
2.00~-O~ - 2.00E-02 
2.00E-02 - 2.00E-02 
2.00E-02 - 2~OOE-02 
:L 20~';' 04 - .!i. O!lJ!:'" 03 
5.00E-03 5.00E-03 
l~OOE-O~ - i.OOE-02 
4.90E-04 .;. ~.OO~+OO 
5.00E-03 - 5.00E-03 
i:10E+OO - 2.S0E+DO 
5.12E+OO - 5,12E+OO 

-2.34E-03 --2.34E-03 
-S.ODE-Ol .. i~~O~+Ol 

Nondetected 
~a.I1ge 

2.00~+01 ~ 2.00~+Ol 
5.00E+OO - ?OOE+OO 

5.00E-01 - S.ODE-Ol 
~.OO~+O~ ~~.OO~+O~ 
2.00E+00 - 2.00E+OO 

1. OOE+OO 1. OOE+OO 

2.00E+01 - 2.0DE+01 

2.00E-1l1 - 2.00E-1l1 

*L~Lognormal, N=Normal, NT=Not tested 

• 

¥it.hmetic 
Dist'ribution* Mean Units 

L B.Ol.Jl:'"Ol mg/r. 
NT 2.05E-02 mg/L 
NT 1. OOE-02 mg/L 
NT 1.00E-02 tng/L 
NT 1.00E-02 mg/L 
N L08E-02 mg/L 
L :?,92~'-Oj mg/t. 
NT 2.50E-03 mg/L 
NT 5.00E-03 mg/L 
r. 3.<l9E-04 mg/L 
NT 2.50E-03 mg/L 
L 6.09E+00 pCi/L 
L 2.39E+Oi pei/i. 
NT -2.34E-03 pCi/L 
N 1. 898+01 pCi/L 

Arithmetic 
pistribution* Mean Units 

N 9.98E+03 mg/kg 
NT 1. IlOE+Ol mg/kg 
lIT 2.!)OIl:+OQ mg/kg 
N 5.36E+01 mg/kg 
N 6.6SE-01 mg/kg 
NT 5.00E+01 mg/kg 
NT !.()O~+OO mg/kg 
N 3.24E+.Ol rilg/kg 
N 4.99E+OO mg/kg 
N 6.21E+OO mg/kg 
NT s.oQE-i)l mg/kg 
N 1.4SE+.04 mg/kg 
NT 1. OOEi-Ol mg/kg 
N 5.82E+OO mg/kg 
N 1.84E+03 mg/kg 
N 1.S4E+02 mg/kg 
NT i.OOE-oi tiig/kg 

• 



• • • 
Table 1.3. Data summary for all analytes b¥ location and medium 

------------------------------------------------------ LOCATION=SHMU 193B MEDIA=Subsurface Soil --------~----------------------------------~--~-------
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Raiige Range Distribution* Mean Units 

Nickel 2/4 7.82E+00 .- 2.06E+Ol 5.00E+OO - 5.00E+00 N 8.36E+oci mg/kg 
Potassium 4/4 2.37~+O2 - 6.86E+02 N 3.9lE+02 mg/kg 
Selenium 0/4 5.00E+00 ~ 5.00E+00 NT 2.50E+00 mg/kg 
Silver 0/4 4.00E+00 - 4.00E+00 NT 2.00E+00 mg/kg· 
Sodium 4/4 2.44E+02 - 4.48E+02 N 3.l2E+02 mg/kg 
Strontium 4/4 B.llE+OO - 9.39E+01 N 3.l3E+Ol mg/kg 
Thallium 0/4 1.50E+Ol - 1.50E+Ol NT 7.50E+OO mg/kg 
vanadium 4/4 l.75E+Ol - 6.50E+Ol N 3.l0E ... 01 mg/kg 
zinc 4/4 1.75E+Ol - 5.57E+01 N 3.09E+01 mg/kg 
1,l,l-TriChloroethane 0/3 1. 00E-02 - 1.00t-02 NT 5.00E-03 mg/kg 
1, 1, 2, 2-Tetrachloroethane 0/3 l.OOE-02 - 1. OOE-02 NT 5.00E-03 mg/kg 
1,1,2-Trichloroethane 0/3 1. 00E-02 - 1. OOE-02 NT 5.00E-03 mg/kg 

;> 1,1-Dichloroethane 0/3 1. 00E-02 - 1.00E-02 NT 5.00E-03 Rig/kg 
I l,l-Dichloroethene 0/4 1. OBE-01 - .4. 09E-01 NT 1. 23E-01 mg/kg IV 
\0 1,2,4-Trichlorobenzene 0/4 5.00E'"01 - 5.00:&:-01 NT 2.50E-Ol mg/kg 

1,2-Dichlorobenzene 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E~01 mg/kg 
l,2-Dichl,oroethane 0/3 1. OOE-02 - L 00E-02 NT 5.00E-03 mg/kg 
1,2-Dichloropropane 0/3 1. 00E-02 1. 00E-02 NT 5.00Ji:-03 mg/kg 
1,2-Dimethylbenzene 0/3 l.00E-02 - L 00E-02 NT 5.00E-03 mg/kg 
1,3-Dichlorobenzene 0/4 5.00E-01 - 5.00E-01 NT 2.50E-Ol mg/kg 
1,4-Dichlorobenzene 0/4 5.00E-01 - 5.00E-Ol NT 2.50E-Ol mg/kg 
2,4,5-Trich~orophenol 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
2,4,6-Trichlorophenol 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
2,4-D~chlorophenol 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
2,4-Dimethylphenol 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
2,4-Dinitrophenol 0/4 5.00E-01 - 5.00E-01 NT 2.50E-01 mg/kg 
2,4-Dinitrotoluene 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
2,6-Dinitrotoluene 0/4 5.00E-Ol - 5.00B-Ol NT 2.50E-Ol mg/kg 
2-Chloronaphthalene 0/4 5.00E-01 .- 5.00]l:-Ol NT 2.50E-Ol mg/kg 
2-Chlorophenol 0/4 5.00E-01 - 5.00E-Ol NT 2.50E-01 mg/kg 
2-Hexanone 0/3 1. OOE-02 1. 00E-02 NT 5.00E-03 mg/kg 
2-Methyl-4,6-dinitrophen61 0/4 5.00E-01 - 5.00E-Ol NT 2.50E-01 mg/kg 
2-Methylnaphthalene 0/4 5.00E-01 - 5.00E-01 NT 2.50E~Ol mg/kg 
2-Methylphenol 0/4 5.00E-01 - 5.00E-Ol NT 2.50E-01 mg/kg 
2-Nitroaniline 0/4 5.00E-Ol '- 5.00E-01 NT 2.50E-Ol mg/kg 
2-Nitrophenol 0/4 5.00E-Ol - 5.00E-01 NT 2.50E-Ol mg/kg 
3,3'~Dichlorobenziciine 0/4 5.00B-Ol - 5.00E-01 NT 2.50E-Ol mg/kg 
3-Nitroaniline ·0/4 5.00E-01 - 5.00E-01 NT 2.50E-Ol mg/kg 
4-Bromophenyl phenyl ether 0/4 5.00E-01 - 5.00E-Ol NT 2.50E-01 mg/kg 
4-Chloro-3-methylphenol 0/4 5.00E-Ol - 5.00E-01 NT 2.50E-Ol mg/kg 

*L=Logn6:iiDal, N=Normal, NT=Not tested 



Table 1.3. Data summary for all analytes by location and medium 

------------------------------------------------------ LOCATION=SHMU 193B.MEDIAaSubsurface Soil ------------------------------------------------------
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean units 

4-Chloroaniline 0/4 5.00B-Ol 5.00E-Ol NT 2.50E-Ol. mg/kg 
4-Chlorophenyl phenyl ether 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
4-Methyl-2-pentanone 0/3 1.00E-02 - 1. 00E-02 NT 5.00E-03 mg/kg 
4-Methylphenol 0/4 5.00E-Ol - 5.00B-ol NT 2.50B-ol mg/kg 
4-Nitroaniline 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
4-Nitrophenol 0/4 5.o0E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
Acenaphthene 0/4 5.00E-Ol - 5.ooE-Ol NT 2.50B-ol mg/kg 
Acenaphthylene 0/4 5.0oE-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
Acetone 1/1 8.00E-02 - 8.o0E-02 NT 8.00E-02 mg/kg 
Anthracene 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-ol mg/kg 
Benz (a) anthracene 0/4 5.00E-Ol - 5.00E-Ol NT 2.5OE-ol mg/kg 
Benzene 0/3 1. 00E-02 - 1.0oE-02 NT 5.o0E-03 mg/kg 

:> Benzo(a)pyrene 0/4 5.ooE-ol - 5.0oE-Ol NT 2.50E-Ol mg/kg 
I Benzo(b)fluoranthene 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg w 

0 Benzo(ghi)perylene 0/4 5.o0E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
Benzo(k)fluoranthene 0/4 5.00E-Ol - 5.00E-ol NT 2.5OE-Ol mg/kg 
Bromodichloromethane 0/3 1.00E-02 - 1.00E-02 NT 5.o0E-03 mg/kg 
Bromoform 0/3 1.00li;-02 - 1.00E-02 NT 5.ooE-03 mg/kg 
Bromomethane 0/3 1. 00E-02 - 1.00E-02 NT 5.0oB-03 mg/kg 
Butyl benzyl phthalate 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
Carbazole 014 5.00E-Ol - 5.0oE-Ol NT 2.50E-Ol mg/kg 
Carbon Disulfide 0/3 1.00E-02 - 1.00B-02 NT 5.00E-03 mg/kg 
Carbon Tetrachloride 0/3 l.00E-02 - l.00E-02 NT 5.00E-03 mg/kg 
Chlorobenzene 0/3 1. 00E-02 - 1.00E-02 NT 5.00E-03 mg/kg 
Chloroethane 0/3 1.00E-02 - 1.00E-02 NT 5.0oE-03 mg/kg 
Chloroform 0/3 1. 00E-02 - 1. 00E-02 NT 5.00E-03 mg/kg 
Chloromethane 0/3 1. OOE-02 - 1.00E-02 NT 5.00E-03 mg/kg 
Chrysene 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
Di-n-butylphthalate 0/4 5.00E-Ol - 5.00E-Ol NT 2.50B-Ol mg/kg 
Di-n-octylphthalate 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
Dibenz (a,h) anthracene 0/4 5.00E-Ol - 5.00E-Ol NT 2.50B-Ol mg/kg 
Dibenzofuran 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
Dibromochloromethane 0/3 1. 00E-02 - 1. 00E-02 NT 5.00B-03 mg/kg 
Diethylphthalate 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-ol mg/kg 
Dimethylphthalate 0/4 5.00E-Ol - 5.00B-Ol NT 2.5OE-ol mg/kg 
Ethylbenzene 0/3 1. 00E-02 - 1. 00E-02 NT 5.00B-03 mg/kg 
Fluoranthene 0/4 5.00E-Ol - 5.00E-Ol NT 2.50B-Ol mg/kg 
Fluorene 0/4 5.00E-Ol - 5.00B-Ol NT 2.50B-Ol mg/kg 
Hexachlorobenzene 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
Hexachlorobutadiene 0/4 5.00B-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 

• *L=Lognormal, N=N., NT=Not tested • 



• • • 
Table 1.3. Data summary for all analytes by location and medi\lm 

- - --- - -- - -- - - - - - - ... - - ......... .,-- - - -- - ----------------- - ----- LOCATION=SWMU l.93B MEDIA .. S\ll:)surface Soil "-- - -"--------- - ---------- ".-- -- - - - - __ -- ___ - _____ ... ______ _ 
. (continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range "Distribution· Mean units 

Hexachlorocyclopentadiene 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-0l. mg/kg 
Hexachloroethane 0/4 5.00E-0l. -·S.OOE-Ol. NT 2.50E-Ol mg/kg 
Indeno(l.,2, 3-cd)pyrene 0/4 5.00E-0l. - S.OOE-Ol NT 2.50E-Ol mg/kg 
Isophorone 0/4 5.00E-01 - 5.00E-01 NT 2.50E-Ol mg/kg 
Methylene Chloride 0/3 1. OOE-02 - 1. 00E-02 N';l' 5.00E-03 mg/kg 
N-Nitroso-di-n-propylamine 0/4 5.00E-Ol - S.OOE-Ol NT 2.50E-Ol mg/kg 
N-Nitrosodippenylafuine 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
Naphthalene 0/4 ?OOE-Ol - 5.00E-Ol NT 2.S0E-Ol mg/kg 
Nitrobenzene 0/4 S.OOE-Ol. - S.OOE-Ol NT 2.50E-Ol mg/kg 
PCB-lOl6 0/4 1. 07E-Ol - 1.20E-Ol NT l.l3E"'Ol mg/kg 
PCB-l.22l. 0/4 1. 07E"'Ol ... 1.20E-Oi NT l.l3E-Ol mg/kg 
PCB-l.232 0/4 1. 07E-Ol. - 1.20B-Ol NT l.l3E"Ol mg/kg » PCB..,l242 0/4 1.07E-Ol - 1.20B-Ol NT 1.l3B-Ol mg/kg , PCB-l.24B 0/4. l..07E-Ol - 1.7QE-Ol NT l.l3E-Ol mg/kg VJ 
PCB-l.2S4 0/4 1. 07E-Ol. - 1.20E-Ol NT l.l3E"'Ol mg/kg 
PCB-l260 0/4 1.07E-"Ol ... 1.20E-Ol NT 1.13E-Ol mg/kg 
PentachlorophenOl 0/4 5.00E-Ol. - 5.00B-O:!, NT 2.50E-Ol mg/kg 
Phenanthrene 0/4 S.OOB-Ol - S.OOE-Ol NT 2.50E-Ol mg/kg 
Phenol 0/4 5.00E-Ol - 5.00E-Ol NT 2.50E-0l. mg/kg 
Pyrene 0/4 5.00E-Ol - 5.00B-Ol. NT 2.50E-Ol mg/kg 
Styrene 0/3 :i,.OOE-02 - l.OOE-02 NT 5.00E-03 mg/kg 
Tetrachloroethene 0/3 1.00E-02 - 1. OOE-02 NT S.00E-03 mg/kg 
Toluene l./3 l..OOE-02 - 1. OOE-02 l.00E-02 - 1. OOE-02 N 6.67E-03 mg/kg 
Tr:i.chloroethen~ 0/4 1. OBE-Ol - 4.09E-Ol NT 2.46E-Ol mg/kg 
Vinyi Chloride 0/4 l.OBE-Ol - l.00E+02 NT 2.S2E+Ol. mg/kg 
bis(2-Chloroethoxy)methane 0/4 5.00B-Ol - 5.00E-0l- m 2.50E-Ol mg/kg 
bis(2-Chloroethyl)ether 0/4 5.00E-0l. - 5.00E-Ol NT 2.S0E-Ol mg/kg 
bis(2-Chloroisopropyl)ethe~ 0/4 5.00E-Ol - 5.00E-oi NT 2.50E-Ol mg/kg 
bis(2-Ethylhexyl)phthalate 0/4 5.00E-Ol - 5.00E-Ol NT 2.50~-Ol mg/kg 
CiS-l,2-Dich19roethene 0/4 1. OBE-Ol - 5.00E-Ol NT 3.32E-Ol mg/kg 
CiS-l,3-Dichloropropene 0/3 1. OOE-02 - l.00E-02 NT 5.00E-03 mg/kg 
m,p-xylene 0/3 2.00E-02 - 2.00E-02 NT 1. 00:e:- 02 mg/kg 
trans-l,2-Dichloroethene 0/4 l.OBE-01 - 5.00E-Ol NT 3.32E-Ol mg/kg 
trans-l,3-Dichloropropene 0/3 l.00E-02 - l.00E-02 NT S.OOE-03 mg/kg 
Alpha activity " 4/4 2.l4E+00 - l.B6:e;+Ol N 1. 19E+Ol PCi/g 
Americium-24l 0/4 2.20B+00 - 1. OOBi-Ol NT 6.00E+00 pCi/g 
Beta activity 4/4 9.10E+00 - 2.29E+Ol N 1. 52B+Ol pCi/g 
Cesium-l37 0/4 7.60E-Ol - 2.70E+OO NT 1.74E+OO pei/g 
Cobalt-60 0/4 1. OOE+OO - l.30E+00 NT l.l5E+OO pCi/g 
Protactinium-234m 0/4 1.50E+0~ "' 6.l0E+02 NT 3.53E+02 pCi/g 

*L=Lognormal, N=Normal, NT.,Not tested 



Analyte 

Technetium-99 
Thorium-234 
Uranium-23S 

Analyte 

Aluminum 

> Antimony 
I Arsenic \.>oJ 
tv Barium 

Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Strontium 
Thallium 
vanadium 
Zinc 
1,1,1-Trichloroethane 
1,1 , 2,2-Tetrachloroethane 
1,1 , 2-Trichloroethane 

• 

Table 1.3. Data summary for all analytes by location and medium 

Frequency 
of 

Detection 

0/4 
0/4 
0/4 

LOCATION=SWMO 193B MEDIA=Subsurface Soil 
(continued) 

Detected Nondetected 
Range Range 

5.60E-01 - 2.51E+OO 
5.10E+00 - 1. 60E+Ol 
2.00E+00 - 6.30E+00 

Distribution* 

NT 
NT 
NT 

Arithmetic 
Mean Units 

1.S1E+OO pei/g 
1.15E+Ol pCi/g 
3.23E+00 pCi/g 

LOCATION=SWMU 193B MEDIA=Surface Soil --------------------------------------------------------

Frequency 
of Detected Nondetected Arithmetic 

Detection Range Range Distribution· Mean Units 

2/2 7.43E+03 - 1.0BE+04 N 9.12E+03 mg/kg 
0/2 2.00E+Ol - 2.00E+Ol NT 1. OOE+Ol mg/kg 
0/2 5.00E+OO - 5.00E+00 NT 2 :50E+OO mg/kg 
2/2 3.BOE+Ol - B.42E+01. N 6.1l.E+01. mg/kg 
1/2 1.S7E+00 - 1.S7E+00 S.OOE-Ol - S.OOE-Ol N 9.l0E-01 mg/kg 
0/2 1. 00E+02 - 1.00E+02 NT 5.00E+Ol mg/kg 
0/2 2.00E+00 - 2.00E+00 NT 1.00E+00 mg/kg 
2/2 1.04E+Ol - 8.87E+01 N 4.96E+Ol mg/kg 
2/2 3.B2E+00 - 7.76E+00 N 5.79E+OO mg/kg 
2/2 7.07E+00 - 7.43E+00 N 7.2SE+00 mg/kg 
0/1 1. OOE+OO 1.00E+00 NT 5.00E-01 mg/kg 
2/2 1. 16E+04 - 2.43E+04 N 1. BOE+04 mg/kg 
0/2 2.00E+Ol - 2.00E+01 NT 1.00E+01 mg/kg 
2/2 3.44E+OO - 7.72E+00 N S.S8E+OO mg/kg 
2/2 7.74E+02 - 4.31E+03 N 2.54E+03 mg/kg 
2/2 1.13E+02 - 2.22E+02 N 1.6BE+02 mg/kg 
0/2 2.00E-01 - 2.00E-01 NT 1. OOE-Ol mg/kg 
1/2 2.06E+Ol - 2.06E+Ol 5.00E+OO - 5.00E+OO N 1.16E+Ol mg/kg 
2/2 2.37E+02 - 6.B6E+02 N 4.62E+02 mg/kg 
0/2 S.OOE+OO - S.OOE+OO NT 2.50E+OO mg/kg 
0/2 4.00E+ElO - 4.00E+00 NT 2.00E+OO mg/kg 
2/2 2.44E+02 - 2.4~E+02 N 2.47E+02 mg/kg 
2/2 1.42E+Ol - 9.39E+01 N 5.41E+01 mg/kg 
0/2 l..50E+01 - l..50E+01 NT 7.S0E+OO mg/kg 
2/2 l.75E+Ol - 6.50E+Ol N 4.l3E+01 mg/kg 
2/2 3.21E+01 - 5.57E+01 N 4.39E+Ol mg/kg 
0/2 1.00E-02 - 1.00E-02 NT 5.00E-03 mg/kg 
0/2 1.00E-02 - 1. OOE-02 NT 5.00E-03 mg/kg 
0/2 1.00E-02 - 1.OOE-02 NT 5.00E-03 mg/kg 

*L=Lognormal, 
N=Nii

l
, NT=Not tested • 



• • • 
Table 1.3. Data summary for al~ analytes by location and medium 

;..,.----.;.;------------------------------------------------ LOCATION=SWMU 193B MEDIA=Surface Soil --'"-~--.;.--------------------------------~----------- ___ _ ... ... (continued) 

Frequency 
of Detected Nondetected Arithmetic 

Ailalyte Dl!:tection Range Range Distribution* Mean Units 

1,l-Dich16roethane 0/2 1. 00E-02 - 1.00E-02 NT 5.00E-03 mg/kg 
l,l-Dichloroethene 0/2 1.55E-Ol -3.12E-Ol NT 1.l7E'-Ol mg/kg 
1,2,4'"Trichlorobenz~e 0/2 5.00E-01 - 5.00E-01 NT 2.50E-Ol mg/kg 
1,2-Dichlorobenzene 0/2 s.OOE-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
1,2-Dichloroethane 0/2 1.00E-02 - 1.00E-02 NT 5.00E-03 mg/kg 
1,2-Dichloropropane 0/2 1.00E.,.02 - 1.DOE-02 NT 5.00E-03 mg/kg 
1,2-Dimethylbenzene 0/2 1. 00E-02 - 1. 00E'-02 NT 5.00E-03 mg/kg 
l,3-DiChlorobenzene 0/2 S.OOE-Ol - 5.00E-01 NT 2.S0E-Ol mg/kg 
1,4-Dich1oraberiz~ne 0/2 5.00E-01 - 5.00E-Ol NT 2.50E-Ol mg/kg 
2, 4, s-Trlchlorophenol 0/2 5.00E-Ol - 5.00E-Ol NT 2.s0E-Ol mg/kg 
2,4,6-Trichlorophenol 0/2 s.OOE-O~ ;. 5.00E-Ol NT 2.50E-Ol mg/kg 
2,4-Dichlorophenol 0/2 5.00E-01 - 5.00E'-Ol NT 2.50E-Ol mg/kg 

:> 2,4-Dimethylpheno~ 0/2 5.00E-Ol - 5.00E-01 NT 2.S0E-Ol mg/kg 
I 2,4-Dinitrophenol 0/2 5.00E-01 - 5.00E-Ol NT 2.50E-Ol mg/kg w 
w 2,4-Dinitroto~uene 0/2 5.00E-01 5.00E-01 NT 2.s0E-Ol mg/kg 

2,6-Dinitrot6luene 0/2 5.00E-Ol - 5.00E-01 NT 2.50E-01 mg/kg 
~-Chloronaphthalene 0/2 5.00E-01 - 5.00E..,0~ NT 2.50E'-Ol mg/kg 
2-Chlorophenol 0/2 5.00E-01 - 5.00E-Ol NT 2.50E-Ol mg/kg 
2-Hexanone 0/2 1. 00E-02 - 1. OOE-02 NT 5.00E-03 mg/kg 
2"-Methyl"';4,6-dinit.rophenol 0/2 5.00E-01 -.5.00E-01 NT 2.50E-Ol mg/kg 
2-Methylnaphth~lene 0/2 5.00E-Ol - 5.00E-01 NT 2.50E-Ol mg/kg 
2-Methylphenol 0/2 5.00E-0~ - 5.00E-Ol NT 2.s0E-Ot rilg/kg 
2-Nitroaniline 0/2 5.00E-Ol - 5.00E'-01 NT 2.s0E-Ol mg/kg 
2-Nitrophenol 0/2 5.00E-01 - 5.00E-01 NT 2.50E-Ot mg/kg 
3,3'-Dichlorobenzidine 0/2 5.00E-01 - 5.00E-01 NT 2.50E-Ot ing/kg 
3-Nitroaniline 0/2 5,00E-01 - 5.00E-Ol NT 2.50E'-Ot mg/kg 
4-Bromophenyl phenyl e~her 0/2 s.00E-01 - 5.00E-Ol NT 2.50E-Ol mg/kg 
4-Chloro-3-methylphenol 0/2 5.00E-01 ;. 5.00E-01 NT 2.50E-Ot IIIg/kg 
4 ;.Chl oroani line 0/2 5.00E-Ol - 5.00E-Ot NT 2.50E-Ot mg/kg 
4-Chlorophenyl phenyl ether 0/2 5.00E-Ol - 5.00E-Ol NT 2.50E-Ot mg/kg 
4-Methyl-2-pentanone 0/2 1. 00E-02 - 1. 00E-02 NT 5.00E-03 mg/kg 
4-Methylphenol 0/2 5.00E-Ol - 5.00E-01 NT 2.S0E-Ol mg/kg 
4-Nitroa.niline 0/2 5.00E-Ol 5.00E-01 NT 2.50E-Ol mg/kg 
4-Nitrophenol 0/2 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
Acenaphthene 0/2 S.00E-01 - 5.00F;-Ol NT 2.S0E-Ol mg/kg 
Acenaphthylene 0/2 5.00E-Ol - 5.00E-Ot NT 2.50E-Ol mg/kg 
Anthracene 0/2 5.00E-Ol '" 5.00E-01 NT 2.50E-Ol rilg/kg 
Benz (a) anthracene 0/2 5.00E-Ol - S.00E-01 NT 2.S0B-Ol mg/kg 
Benzene 0/2 l.00E-02 - t.OOE-02 NT S.00B-03 mg/kg 
Benzo(a)pyrene 0/2 S.OOE-Ol- 5.00E-Ol NT 2.s0E-Ol mg/kg 

*L=Lognormal, N=Normal, NT=Not tested 



Table 1.3. Data summary for all analytes by location and medium 

------------------------------------------------------- LOCATION=SWMU 193B MEDIA=Surface Soil ----------------------------------------------------- __ _ 
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

Benzo (b) fluoranthene 0/2 5.00E-01 - 5.00E-01 NT 2.s0E-0l. mg/kg 
Benzo(ghi)perylene 0/2 5.00E-:01 - S.00E-01 NT 2.50E-Ol mg/kg 
Benzo(k)fluoranthene 0/2 s.OOE-Ol. - S.00E-01 NT 2.50E-Ol mg/kg 
Bromodlchloromethane 0/2 1. 00E-02 - 1.00E-02 NT 5.00E-03 mg/kg 
Bromoform 0/2 1. OOE-02 - 1.00E-02 NT 5.00E-03 mg/kg 
Bromomethane 0/2 1.00E-02 - 1. 00E-02 NT S.00E-03 mg/kg 
Butyl benzyl phthalate 0/2 S.00E-01 - S.00E-01 NT 2.50E-01 mg/kg 
Carbazole 0/2 5.00E-01 - 5.00E-01 NT 2.50E-Ol mg/kg 
Carbon Disulfide 0/2 1. OOE-02 - 1.00E-02 NT 5.00E-03 mg/kg 
Carbon Tetrachloride 0/2 1.00E-02 - 1. OOE-02 NT S.00E-03 mg/kg 
ChI orobenz ene 0/2 l.00E-02 - 1.00E-02 NT 5.00E-03 mg/kg 
Chloroethane 0/2 1. OOE-02 - 1.00E-02 NT S.00E-03 mg/kg 

>- Chloroform 0/2 1. 00E-02 - 1. OOE-02 NT S.00E-03 mg/kg , 
Chloromethane 0/2 1. 00E-02 - 1. 00E-02 NT 5.0DE-03 mg/kg w 

""" Chrysene 0/2 5.00E-01 - 5.00E-01 NT 2.50E-Ol mg/kg 
Di-n-butylphthalate 0/2 5.0DE-01 - 5.00E-Ol NT 2.50E-Ol mg/kg 
Di-n-octylphthalate 0/2 5.00E-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
Dibenz(a,h)anthracene 0/2 S.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
Dibenzofuran 0/2 5.00E-Ol - 5.00E-Ol NT 2.S0E-Ol mg/kg 
Dibromochloromethane 0/2 1. 00E-02 - 1. OOE-02 NT S.00E-03 mg/kg 
Diethylphthalate 0/2 5.00E-01 - 5.00E-0l NT 2.50E-Ol mg/kg 
Dimethylphthalate 0/2 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
Ethylbenzene 0/2 1. 00E-02 - 1. 00E-02 NT 5.00E-03 mg/kg 
Fluoranthene 0/2 5.00E-Ol - s.OOE-01 NT 2.S0E-Ol mg/kg 
Fluorene 0/2 5.00E-Ol - S.00E-01 NT 2.50E-Ol mg/kg 
Hexachlorobenzene 0/2 5.00E-Ol - 5.00E-Ol NT 2.50E-01 mg/kg 
Hexachlorobutadiene 0/2 5.00E-01 - 5.00E-01 NT 2.50E-Ol mg/kg 
Hexachlorocyclopentadiene 0/2 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
Hexachloroethane 0/2 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
Indeno(1,2,3-cd)pyrene 0/2 5.00E-Ol - 5.00E-01 NT 2.50E-Ol mg/kg 
Isophorone 0/2 5.00E-01 - 5.00E-Ol NT 2.50E-Ol mg/kg 
Methylene Chloride 0/2 1. 00E-02 - 1.00E-02 NT S.00E-03 mg/kg 
N-Nitroso-di-n-propylamine 0/2 5.00E-Ol - 5.00E-Ol NT 2.S0E-Ol mg/kg 
N-Nitrosodiphenylamine 0/2 5.00E-Ol - 5.00E-01 NT 2.50E-Ol mg/kg 
Naphthalene 0/2 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
Nitrobenzene 0/2 5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
PCB-lOl6 0/2 1. OSE-Ol - 1.20E-Ol NT l.l4E-Ol mg/kg 
PCB-1221 0/2 1. OSE-Ol - 1.20E-Ol NT l.l4E-Ol mg/kg 
PCB-1232 0/2 1.OSE-Ol - 1.20E-Ol NT 1.14E-Ol mg/kg 
PCB-1242 0/2 1.0SE-01 - 1.20E-01 NT 1.14E-Ol mg/kg 

• *L=Lognormal, N=N~' NT=Not tested • 



• • • 
Table 1.3. Data sununary for all analytes by location and medium 

- -- - - -- - -- - "":'-----.;.;~.;; ~~~ ~~~~------ - ----- --------------- - LOCATI:ON-SwMtJ 19;3$ MEDIAc::llSUrface Boil - -- - --------.. -~-~- --- - - - - ------ -- - -- - -- __ - _ _ ~ __ __________ _ 
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range·· Range Distribution* Mean Units 

PCB-l24S 0/2 1. OSE-01 - 1.20E-01 NT 1.l4E-Ol mg/kg 
PCB-12s4 0/2 1. OBE-01 - 1.20E-01 NT 1.14E-01 mg/kg 
PCB-12GO 0/2 1. OSE-01 - 1.20E-01 NT 1.14E-01 mg/kg 
pentachlorophenol 0/2 5.0DE-D1 - 5.00E-01 NT ~.50E-oi mg/kg 
Phenanthrene 0/2 S.oOE-oi - 5.00E-01 NT 2.s0E-01 mg/kg 
Phenol 0/2 s.OOE"Ol - s.OCE-01 NT 2.s0E'-01 mg/kg 
PyrenEl! 0/2 S.OOE-OJ. - S.OOE-OJ. NT 2.50E-01 mg/kg 
Styrene 0/2 1.001;:-02 - 1. 00E-02 NT 5.001::-03 liiglkg 
Tetrachloroethene 0/2 1. 00E-02 - 1. 00E-02 NT S.OOE-03 mg/kg 
Toluene 1/2 1.00E-02 - 1.00E-02 1.00E-02 - 1.00E-02 N 7.s0E-03 mg/kg 
TrichloroetheIle 0/2 1.ssE-0J. - 3.l2E-01 NT 2.34E-Ol mg/kg 
vinyl Chloride 0/2 3.12E-01 - 1.00E+02 NT s.02E+01 mg/kg > bis(2-Chloroethoxy)methane 0/2 s.00E-01 - s.OOE-Ol NT 2.s0E-Ol mg/kg , 
bis (2-Chloroethyl) ether 0/2 s.OOE-Ol - S.OOE-OJ. NT 2.s0E-01 mg/kg w 

VI bis(2-Chloroisopropyl)ethe~ 0/2 S.00E-01 - 5.00E-Ol NT 2.s0E-01 mg/kg 
b~S(2~Ethylhexyl)phthalate 0/2 5.00E-01 - 5.00E-Ol NT 2.s0E-Ol mg/kg 
cis-1,2-Dichloroethene 0/2 3.12E-01 - s.00E-01 NT 4.0GE-01 mg/kg 
cis-1,3-Dich1oropropene 0/2 1.00E-02 - 1.00E-02 NT s.00E-03 mg/kg 
m,p-Xylene 0/2 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/kg 
trans-1,2-Dichloroethene 0/2 3.12E-01 - s.00E-01 NT 4.0GE-01 mg/kg 
trans-1,3-Dichloropropene 0/2 1.00E-02 - 1. 00E-02 NT S.00E-03 mg/kg 
Alpha activity 2/2 1.63E+01.., 1.S6E+01 N l,.75E+01 pCi/g 
Americium-241 0/2 2.20E+00 - 1. OOE+Ol NT 6.l0E+00 pCi/g Beta activity 2/2 1. 66E+01 - 2.29E+01 N 1.9BE+Ol pCi/g 
Cesium-137 0/2 7.60E-01 - 2.60E+00 NT 1.6SE+00 :pci/g 
Cobalt-GO 0/2 1.OOE+00 - 1.30E+00 NT 1.1sE+00 pCi/g 
Protactinium-234m 0/2 4.90E+02 - 6.10E+02 NT s.sOE+02 pCi/g 
Technetium-99 0/2 1.94E+00 - 2.5lE+00 NT 2.23E+00 pCi/g 
Thorium-234 0/2 1.30E+01 - 1.60E+01 NT 1.4SE+01 pCi/g 
Uranium-235 0/2 2.00E+00 - 6.30E+00 NT 4.lsE+00 pCi/g 

-------------------------------------------------""--" LOCATION=SWMtJ 193C MEDIA=McNairy Groundwater ---------- ___ ~_-"------------- ______ ... ~'_ _____________ _ 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

Aluminum 4/4 7.50E-Ol - 9.04~+01 N 2.S2E+01 mg/L 
Antimony 5/5 6.00E-02 - 2.50E-01 N 1.48E-0l mg/J;. 

*L=Lognormal, N=Normal, NT .. Not tested 



Table 1.3. Data summary for all analytes by location and medium 

---------------------------------------------------- LOCATION=SWMU 193C MEDIAaMcNairy Groundwater 
(continued) 

Frequency 
of Detected Nondetec~ed 

Analyte Detection Range Range 

Arsenic 515 S.OOE-03 - 3.60E-02 
Barium 515 9.20E-02 - 6.70E-Ol. 
Beryllium 515 S.OOE-03 - 2.S0E-02 
Cadmium 515 1.00E-02 - l..OOE-01 
Calcium 515 6.4BE+OO - 4.10E+Ol 
Chloride 5/5 1.4SE+Ol - 1. 68E+Ol 
Chromium 313 S.OOE-02 - 2.32E-Ol. 
Cobalt 515 4.S0E-02 - 1.21E-Ol 
Copper 5/5 1.30E-02 - 1.63E-Ol 
Fluoride 414 2.00E-Ol - 2.80E-Ol 
Iron 515 S.04E+OO - 1.79B+02 
Lead 1/1 2.S0E-Ol - 2.S0E-Ol 

:>- Magnesium 5/5 2.l.4E+OO - 2.l.6E+Ol. 
I Manganese 5/5 3.S7E-Ol - 3.91E+OO V.> 

0'1 Mercury 1/1 2.00E-04 - 2.0DE-04 
Molybdenum 414 S.OOE-02 - l..OOE-Ol. 
Nickel 515 1. OOE-Ol. - l..09B-Ol. 
Nitrate as Nitrogen 515 l..OOE+OO - l..OOE+OO 
Potassium 5/5 3.73E+Ol. - 1.Ol.E+02 
Selenium 3/3 S.OOE-D3 - S.DOE-03 
Silica 5/5 1.lOE+Ol - 1.BOE+Ol 
Silver 3/3 S.OOE-02 - 6.00E-02 
Sodium 5/5' 1.90E+Ol - 2.63E+Ol 
Tetraoxo-sulfate(l-) 5/5 9.6DE+OO - 1.30E+Ol 
Thallium 2/2 6.00E-02 - 1.23E-01 
Uranium 9/9 1. OOE-03 - 1. BOE-02 
Vanadium 2/2 S.70E-02 - S.36E-Ol 
Zinc 5/5 2.60E-02 - S.64E-Ol 
1, 1, l-Trichloroethane 4/4 S.OOE-03 - S.OOE-03 
l,l,2-Trichloroethane 4/4 S.OOE-03 - S.OOE-03 
l,l-Dichloroethane 4/4 S.OOE-03 - 5.00E-D3 
l,l-Dichloroethene 4/4 S.OOE-03 - 5.00E-03 
l,2-Dichloroethane 4/4 S.OOE-03 - S.OOE-03 
Benzene 4/4 5.00E-03 - S.OOE-03 
Bromodichloromethane 4/4 S.OOE-03 - 5.00E-03 
Carbon Tetrachloride 4/4 5.DDE-D3 - S.DDE-D3 
Chloroform 4/4 S.DDE-D3 - 5.DDE-D3 
Ethylbenzene 4/4 5.0DE-03 - 5.00E-03 
Polychlorinated biphenyl 1/l. 1.OOE-04 - l..OOE-04 
Tetrachloroethene 4/4 5.00E-03 - 5.00E-03 

• *L=Lognormal, N=N~' NT=Not tested 

Distribution*' 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
NT 
N 
N 
NT 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
NT 
N 

Arithmetic 
Mean Units 

1. 12E-02 mg/L 
2.6SE-Ol. mg/L 
1.S4E-02 mg/L 
3.62E-02 mg/L 
2.l.9E+Ol. mg/L 
1. S6E+Ol mg/L 
1.l.4E-Ol mg/L 
7.22E-02 mg/L 
6.S2E-02 mg/L 
2.3SE-Ol mg/L 
4.7SE+Ol. mg/L 
2.S0E-Ol mg/L 
7.47E+OO mg/L 
1. 34E+OO mg/L 
2.DDE-D4 mg/L 
6.3BE-02 mg/L 
1.03E-01 mg/L 
1.OOE+OO mg/L 
6.92E+01 mg/L 
S.OOE-03 mg/L 
1. 32E+01 mg/L 
S.67E-02 mg/L 
2.23E+01 mg/L 
1.19E+Ol mg/L 
9.1SE-02 mg/L 
2.89E-03 mg/L 
4.47E-Ol mg/L 
1. S9E-Ol mg/L 
S.OOE-03 mg/L 
S.OOE-03 mg/L 
S.OOE-03 mg/L 
S.OOE-03 mg/L 
S.OOE-03 mg/L 
S.ODE-03 mg/L 
S.OOE-03 mg/L 
S.OOE-03 mg/L 
S.OOE-03 mg/L 
S.OOE-03 mg/L 
1. OOE-D4 mg/L 
S.OOE-03 mg/L 

• 



• • • 
Table l.3. Data summary for all arut.lytes by location and medium 

---------------------------------------------------- LOCATIONaSWMU 193C MEDIA~MCNairy Groundwater --------~--~--------------------------------------~-
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range ~ge Distribution* Mean units 

Toluene 4/4 S.00E-03 - S.00E-03 N S.00E'-03 mg/L 
Trichloroethene 12/1~ 1.00E-03 - 2.00E-03 N 1.OBE-03 mg/L 
Vinyl Chloride 4/4 S.00E-03 - 1.00E-02 N 6.2SE-03 mg/L' 
Xylene 4/4 S.OOE-03 - 1.00E-02 N 7.S0E-03 mg/L 
cis-l,2-Dichloroethene 4/4 S.00E-03 - S.00E-03 N 5.00E-03 mg/L 
trans-l,2=-Dj,ch],0~oeth~e 4/4 S.00E-03 - S.00E-03 N 5.00E-03 mg/L 
Alpha activity 12/l2 -1. BOE+01 - 1. 07E+02 N 7.47E+OO pCi/L 
Bet;a activity 12/12 5.S0E+Ol - 2.36E+02 L 1. 29E+02 pCi/L 
Radon-222 2/2 1.43E+02 - 1.S7E+02 N 1. 50E+02 pCi/L 
Technetium-99 l3/l3 -7.00E+00 - 2.70E+Ol N 6.lBE+OO pCi/L 

'-- __ )0-_ -- - ~-.,=--'-~-.- ,--,,--- ---- ----- ------ ---------- --- - LOCATION=SWMU 193C MEDIAcRGA Groundwater -- --- - ------- -- - - - -- - - -- -- -- -- _ ... -,- - - - - - - - - - -- --- - - ---
I 

W 
~ Frequency 

of 
Analyte Detection 

1, l, I-Trichloroethane 
1,2-Dichloroethene 
Benzene 
Ethylbenzene 
Toluene 
Trichlor6etliene 
Xylene 

0/2 
1/2 
0/1 
oli 
Oil 
l/2 
0/1 

Detected 
Range 

S.62E-01 - 5.62E-Ol 

1.62E-01 - 1. 62E-Ol 

Nondetected Arithmetic 
Range Distribution* Mean Units 

1.00E-03 - 1.00E-03 NT 5.00E-04 mg/L 
5.00E-03 - S.00E-03 N 2.82:8-01 mg/L 
5.00E-03 ., S.OOE-03 NT 2.50E-03 mg/L 
S.OOE-03 - 5.00E-03 NT 2.50E-03 mg/L 
~.OOE-03 - S.OOE-03 NT 2.50E-03 mg/L 
1.00E-03 - l.00E-03 N B.15E-02 mg/L 
S.00E-03 - 5.00E-03 NT 2.50E-03 mg/L 

- -- - - ---- - - - - - - - - - - - -- --- ---- ------------- ----------- - LOCATION=SWMU 193C ME1:>:IA=Subsurface Soil --------- - ----- ------ -- - - - - - - -- - - - - - - - - - - - - - -- ... -- - ----

Analyte 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 

Frequency 
of 

Detection 

20/20 
0/20 
5/20 
l/l 
10/20 
1/20 
3/59 

Detected Nondetected 
Range Range 

3.14E+02 - 1.37E+04 
2.00E+01 - 2.00E+Ol 

5.0lE+OO - 6.S7E+00 5.00E+00 - 5.00E+00 
l.42E+02 - l.42E+02 
5.00E-Ol - 9.BOE-Ol S.OOE-Ol - 5.00E-Ol 
1.00E+02 - 1. 00E+02 1.00E+02 - i.OOE+02 
2.41E-01 - S.OOE+OO 2.10E-Ol - S.OOE+OO 

*L=Lognormal, N=Normal, NT=Not tested 

Arithmetic 
Distribution* Mean Units 

N 8.S2E+03 mg/kg 
NT 1. 00E+01 mg/kg 
N 3 .. 33E+OO mg/kg 
NT 1.42E+02 mg/kg 
N 4.6lE-Ol mg/kg 
N 5.2SE:+Ol mg/kg 
N 1. 92E+OO mg/kg 



Analyte 

Calcium 
Chromium 
Chromium, hexavalent 
Cobalt 
Copper 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 

. Strontium 
Thallium 
Vanadium 
Zinc 
1, 1, 1-Trichloroethane 
l,2-Dichloroethene 
Benzene 
Ethylbenzene 
Polychlorinated biphenyl 
Toluene 
Trichloroethene 
Xylene 
Alpha activity 
Beta activity 

Table 1.3. Data summary for all analytes by location and medium 

Frequency 
of 

Detection 

18/20 
59/61 
0/20 
17/20 
16/20 
6/6 
42/61 
17/20 
20/20 
20/20 
0/20 
13/20 
20/20 
0/20 
0/20 
15/20 
20/20 
0/20 
20/20 
19/20 
0/38 
0/55 
0/20 
0/20 
0/12 
0/20 
0/55 
1/20 
53/53 
53/53 

LOCATION=SWMU 193C MEDIA=Subsurface Soil 
(continued) 

Detected 
Range 

2.23E+02 - 4.00E+05 
3.76E+00 - 8.30E+01 

1.22E+00 - 8.61E+Ol 
2.15E+00 - 2.82E+01 
1.20E+04 - 3.00E+04 
S.10E+00 - 6.77E+Ol 
2.50E+00 - 1.25E+01 
8.S2E+02 - 1.45E+04 
1.63E+Ol - 2.27E+03 

S.99E+00 - 2.1SE+01 
1.43E+02 - 1.57E+03 

2.02E+02 - 4.44E+02 
7.25E+00 - 3.91E+02 

2.12E+00 - 4.42E+Ol 
1.63E+01 - 9.25E+01 

1.00E-02 - 1.00E-02 
1.50E-03 - 4.00E+00 
5.00E-03 - 1.00E+01 

Nondetected 
Range 

5.00E+00 - 5.00E+00 
2.00E+00 - 2.00E+00 
5.00E-01 5.00E-01 
1.00E+00 - 1. OOE+OO 
2.00E+00 - 2.00E+00 

S.OOE+OO - 2.00E+Ol 
2.00E+00 - 2.00E+00 

2.00E-01 - 2.00E-01 
5.00E+00 - 5.00E+00 

5.00E+00 - 5.00E+00 
4.00E+00 - 4.00E+00 
2.00E+02 - 2.00E+02 

1.50E+Ol - 1.50E+01 

1.50E+01 - 1.50E+01 
1.00E-03 - 5.00E-03 
5.00E-03 - 5.00E-03 
5.00E-03 - 5.00E-03 
5.00E-03 - 5.00E-03 
1.00E-Ol - 1. OOE-Ol 
5.00E-03 - 5.00E-03 
1. 00E-03 - 5.00E-03 
5.00E-03 - 5.00E-03 

Distribution* 

L 
L 
NT 
L 
L 
N 
L 
N 
L 
L 
NT 
L 
L 
NT 
NT 
N 
L 
NT 
N 
N 
NT 
NT 
NT 
NT 
NT 
NT 

.NT 
N 
N 
N 

Arithmetic 
Mean Units 

2.60E+04 mg/kg 
1. 89E+Ol mg/kg 
2.50E-Ol mg/kg 
6.46E+OO mg/kg 
7.56E+00 mg/kg 
2.22E+04 mg/kg 
1.20E+01 mg/kg 
7.17E+00 mg/kg 
3.41E+03 mg/kg 
3.99E+02 mg/kg 
1.00E-01 mg/kg 
9.76E+00 mg/kg 
5.33E+02 mg/kg 
2.50E+00 mg/kg 
2.00E+00 mg/kg 
2.62E+02 mg/kg 
1.06E+02 mg/kg 
7.50E+00 mg/kg 
2.05E+01 mg/kg 
4.14E+01 mg/kg 
8.68E-04 mg/kg 
2.S0E-03 mg/kg 
2.50E-03 mg/kg 
2.50E-03 mg/kg 
1.00E-01 mg/kg 
2.50E-03 mg/kg 
2.24E-03 mg/kg 
2.88E-03 mg/kg 
1.54E+00 pCi/g 
4.45E+00 pCi/g 

------------------------------------------------------- LOCATION=SWMU 193C MEDIA=SUrface Soil --------------------------------------------------------

Analyte 

Aluminum 
Antimony 

• 

Frequency 
of 

Detection 

5/5 
0/5 

Detected Nondetected 
Range Range 

3.14E+02 - 3.36E+03 
2.00E+01 - 2.00E+01 

*L=Lognormal, N=Normal, NT=Not tested 

• 

Arithmetic 
Distribution* Mean Units 

N 1.90E+03 mg/kg 
NT 1.00E+01 mg/kg 

• 



• • • 
Table 1.3. Data summary for all analytes by location and medium 

-------------------------------------------~---------~- LOCATloN=SKMU 193C MEDIA=SUrface Soil ----~-~------------------------------------------- _____ _ 
(continued) - -

Frequ~ncy 

cif Detected Nondetected .Arithmetic 
Analyte Detection Range Range Distribution* Mean Units 

Arsenic 0/5 S.OOE+OO - S.OOE+OO NT 2.S0E+OO mg/kg 
Beryllium 0/5 5.00E-Ol - 5.00~-Ol NT 2.S0E-01 mg/kg 
Boron 1/5 1.00E+02 - 1.00E+02 1.00E+02 - 1. 00E+02 N 6.00E+01 mg/kg 
Cadmium 0/5 2.00E+00 - 2.00E+00 NT 1.00E+00 mg/kg 
Calcium 5/5 2.53E+05 - 4.00E+05 N 3.37E+05 mg/kg 
Chromium 3/5 4.49E+00 - i.20E+Ol 2.00E+00 - 2.00£+00 N 5.90£+00 mg/kg 
Chromium, hexavalent 0/5 S.OOE-Ol S.OOE-Ol NT 2.50E-Ol mg/kg 
Cobalt 2/5 1.22E+OO - 2.14E+OO 1.00E+OO - 1. OOE+OO N 9.72£-01 lng/kg 
copper 2/5 3.37:8+00 -' 2.82E+Ol 2.00E+00 - 2.00E+00 N 6.91E+00 mg/kg 
Lead 1/5 6.77E+.Ol - 6.77E+Ol 2.00£+01 - 2.00£+01 N 2.15E+Ol mg/kg 
Lithium 3/5 5.43E+00 - 1.25E+01 2.00E+00 -' 2.00E+00 N 6.03E+00 mg/kg 
Magnesium 5/5 3.19E+03 -' 1.45E+04 N 8.76E+03 mg/kg 

> Manganese 5/5 3.55£+01 - 1.98E+02 N 7.90E+01 mg/kg 
I Mercury 0/5 2.00E-01 - 2.00E-Ol NT 1. OOE,.Ol mg/kg Vol 

1.0 Nickel 1/5 6.43E+00 - 6.43E+00 s.OOE+OO - 5.00E+00 N 3.29E+OO mg/kg 
PotasSium 5/5 1.43];:+02 - 1.57£+03 N 7.01E+0? mg/kg 
Selenium 0/5 5.00£+00 - 5.00£+00 NT 2.50E+00 mg/kg 
silver 0/5 4.00E+00 - 4.00E+00 NT 2.00E+00 mg/kg 
Sodium 4/5 2.29E+02 - 3.10£+02 2.00E+02 2.00£+02 N 2.37£+92 mg/kg 
Strontium 5/5 1.96E+02 - 3.91E+02 N 2.92E+02 mg/kg 
Thallium 0/5 1.50E+01 - 1. 50E+Ol NT 7.50£+00 mg/kg 
Vanadium 5/5 :2.12£+00 - 6.70E+00 N 4.00E+90 mg/kg 
Zinc 5/5 4.59E+01 - 9.25E+01 N 6.59E+01 mg/kg 

"-.- - --.,,- ,.-'- --- - -- --- --- - - -- - -------------------- -- - ---- LOCATION=SWMU 194 MEDIA=Subsurface Soil ------- ~.;.------ - __________________ .. '- __________________ _ 

Analyte 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 

Frequency 
of 

Detection 

12/12 
0/12 
1/12 
12/12 
6/12 
On2 
1/35 
12/12 
35/35 

Detected Nondetected 
Range Range 

5.38£+03 - 1. 45E+04 
2.00E+01 - 2.00E+01 

6.73£+00 - 6.73E+00 5.00E+00 - 5.00E+00 
2.05E+01 - ~.39E+02 

5.40£-01 - 4.80E+00 5.00E-01 - 5.00E-01 
1.00£+02 .. 1. 00E+02 

8.55£+00 - 8.5sE+00 2.00E+00 - 5.00£+00 
5.68E+02 - 6.81E+03 
8.24E+OO 1. 03E+02 

*L=Lognorma}, N=Normal, NT=Not tested 

Arithmetic 
Distribution* Mean Units 

L 9.47E+03 mg/kg 
NT 1.00E+01 mg/kg 
N :;!.85E+00 mg/kg 
N 7.51E+01 mg/kg 
L 7.48E-01 mg/kg 
NT 5.00E+01 mg/kg 
L 2.15£+00 mg/kg 
L 1. 67E+03 mg/kg 
L 1.84E+01 mg/kg 



Table 1.3. Data summary for all ~alytes by location and medium 

--------- - - -------- ------- --------- ----- ------'-- -'-.,.-'- - LOCATION=SWMU 194, MEtiIA=Subsurface Soil --- -- ------ --- - - - -- - - - -- - - -- -- - - -------- - -- - -- -- --- - - --

t o 

Ap,a:I.yte 

Chromium, hexavalent 
Cgbalt; 
copper 
Cyanide 
Ir;c:>n 
Lead 
Lithium 
t>t~gne!;i1.lUl 
Manganese 
Mercury 
~:i.c:::kf2l 
PotasSium 
Selenium 
sEve:r 
Sodium 
strontium 
Thallium 
Vanadium 
Zinc 
·i, 1,1-Trichloroethane 
1,2-Dichloroethene 
Benzene 
Ethylbenzene 
PoJ ychl()rin~t;Eld l>ip!leJJ.Y! 
Toluene ~ 

TrIchioroethene 
xyien:e 
Alpha .activity 
Beta CI.~ti. vi ty 

Frequency 
of 

petection 

0/12 
12/12 
12/12 
0/12 
12/12 
20/35 
12/12 
12/12 
12/12 
0/12 
B/12 
12/12 
0/i2 
0/i2 
B/12 
12/i2 
0/i2 
12/12 
11/12 
0/21 
0/22 
0/19 
1/19 
0/6 

. 0/i9 
0/22 
0/19 
23/23 
2_3/23 

(contj,Il\l.ed) 

l:>late,cted 
!tililge 

2.S2E+00 - 9.46E+00 
2.41E+OO - 1.67E+Ol 

6.41E~03 - 2.00E+04 
5.03E+OO - 3.60E+02 
2.41E+OO - 9.00E+00 
4.1SE+02 - 2.34E+03 
3.49E+Ol - 4.67E+02 

S.74E+.OO - 1.37E+Ol 
1.53E+02 - 6.32E+02 

2,10~+O~ 3!69E+0~ 
3.92E+00 - 2.60E+Ol 

~.50E~Ol - 2.SSB+Ol 
1.57E+Ol - 6.76&+01 

i.SOE-02 - 1.50E-02 

1.20E+00 ~ 2;SOE+00 
3.00]!:+00 ,. 7.0011:+00 

NQnc!ete,c;tElc! 
~a.nge 

S,OPE-Ol - S.OOE-Ol 

1. OOE+OO - L OOE+OO 

5.00E+OO - 2.00E+Ol 

2:00E~01 - 2.0QE-Ol 
S.OOE+OO - S.OOE+OO 

1.00E+00 - 1.00E+OO 
4.00&+00 - 4.00E+OO 
2.00E+02 - :2.00~+02 

1.50E+oi - i.50E+Ol 
1.00E-03 ~ 1.00E~03 

5.00E-03 - 5.00E-03 
~.00~~03 ~ 5.00l!:~03 
5.00&-03 - 5.00E-03 
1.00~~oi- 1:00E-Ol 
S.QOl!:"O~ S.00~",03 
1.00E-03 - 1.00E-03 
5.00E-03 - 5.00E-03 

Dist:ributi9n* 

NT 
L 
L 
NT 
L 
L 
N 
L 
L 
NT 
N 
L 
NT 
NT 
~ 
L 
NT 
L 
L 
.NT 
NT 
NT 
N 
NT 
NT 
NT 
NT 
L 
N 

Arithmetic 
Mean Units 

2',50E-Ol mg/kg 
S.OSE+OO mg/kg 
7.49E+OO mg/kg 
S.OOE-Ol mg/kg 
1.~4l1:+04 mg/kg 
l.19E+OI mg/kg 
6.45E+OO mg/kg 
1. 32l!:+03 mg/kg 
1.60E+02 mg/kg 
i. OOE-Ol mg/kg 
7.22E+OO llI9'/kg 
3 .. BOE+02 mg/kg 
S.OOE-Ol mg/kg 
2.00E+00 rng/kg 
i,37E+02 mg/kg 
1.29E+Ol mg/kg 
7.50E+OO mg/kg 
1.99~+Ol mg/kg 
3.B2E+Ol mg/kg 
5.00E-Oil. mg/kg 
2.50E-03 llIg/kg 
2.S0E-03 mg/kg 
~ . 16E'-03 mg/kg 
1. OOE-OI mg/kg 
2.S0B-03 mg/kg 
1.00E-03 mg/kg 
~,501j:"O~ mg/kg 
1.8SE+00 pCi/g 
4.83E+00 pCi/g 

- ------ - -------- --- - ----- ----- - - --------------- ----- Loa'i'ION=SWMO 99A MEbIAcMcNairy Groundwater -- ---- ------- - - - -- - -- --:-'" --~ "' ... -" - ~ -,. ".'- -.-'- ____________ _ 

Ahalyte 

1,1,1-Trichloroethane 
l,l-Dichloroethene 
l,:2 -Dichl()roel;hane 

• 

F]:l!quericy 
6f 

Detection 

1/4 
1/4 
0/4 

Detected 
Range 

1.20B-03 - 1.20E-03 
2.29E-02 - 2.29E-02 

*L",~ormal, 

N6ildetecteg 
Range 

S.OOE-03 - S~OQE-Q3 
1.OOE-02 - 1.OOB-02 
5.00E~03 - :2.00E+OO 

NT=Not tested 

Distributi6il* 

.N 
N 
NT. 

Arithmetic. 
Mean 

2.1811:-03 
9. 48 :e::"' 03 
5.0IE-0l 

Units 

mg/L 
rng/L 
ms/L 

• 



• • • 
Table 1.3. Data summary for all analytes by location·and medium 

---------------------------------------------------- LOCATION=SHMU 99A MEDIA=McNairy Grgun4water -----------------------------------------------------
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Ailalyte Detection Range Range Distribution* Mean Units 

Carbon Tetrachloride 1/4 2.80E-03 - 2.80E-03 S.OOE~03 - S.OOE-03 N 2.58E-03 mg/L 
Chioroform 0/1 5.00E-02 5.00E-02 NT 2.50E-02 mg/L 
Trichloroethene 3/4 3.00E-04 - 5.1.9E-01 5.00E-Oj - 5.00E-03 N 1.31E-Ol mg/i. 
vinyl Chloride 0/1 1.00E-01 - 1. OOE-Ol NT l,.OOE-Ol mg/L 
cis-1,2-Dichloroethene 2/4 2.80E-02 - 1. 15E.,.01 2.00E+00 - 2.00E+00 N 1.04E+00 mg/L 
trans-l,2-Dichloroethene 0/4 2.00E+00 - 2.00E+00 NT 2.00E+OO mg/L 
Alpha activ;ty 2/2 2.60:&:+00 - 2.90:&:+00 N 2.75E+OO pCi/L 
Beta activity 2/2 2.30E+01 - 3.50E+Ol N 2.90E+Ol pCi/~ 
Techiletium-99 2/7. 1.00E+01 - 1. 90E+oi N 1.4SE+Ol pCi/L 

-'- __ - --'-- --- --- - ---- --- --- ----- ----- --------,.------ -- --- LOCATION=SWMU 9.9A MEDIA .. RGA Groundwater :..-------"--.,----- - ------ - - - - - - - - -'- - -"- - - - - --- - -- - - - - - - - ~--
)-
.h.. Frequency 

of Detected Nondetected Arithmetic 
Analyte Detection Range Range Distribution* Mean Units 

Aluminum 16/35 2.00E-Ol - 6.59E+02 2.00E-01 - 1.00E+00 L 2.17E+OO mg/L 
Antimony 0/19 6.00E-"02 - 2.50E-Ol NT 9.50E-02 mg/L 
Arsenic 4/27 5.00E-03 - 1. 00E-02 5.00E-03 - 5.00E-03 L 3.S6E-03 mg/L 
Barium 3.9/3.9 1. 3 OE": 01 - 3.30E+00 L 5.41E-Ol mg/L 
Beryllium 8/35 8.00E-03 - 1.00E-01 5.00E-03 - 2.50E-02 L 3.87E-03 mg/L 
Boron 0/10 2.00E+00 - 2.00E+00 NT 1. OOE+OO mgt!. 
Cadmium 0/19 5.00E-03 -·1.00E-01 .NT 1. 24E-02 tng/L 
CalCium 39/39 ~.lOE+Ol - 1.20E+02 L 4.14E+01 mg/L 
Chloride 9/9 5.68E+01 - 1. 20E+02 L 6.83E+Ol mg/L 
Chromium 11/39 6.00E-02 - 1.78E+00 5.00E-02 - 6.00E-02 L 4.39E-02 mg/L 
Cobalt 20/37 1. 00~-'-02 - 5.70E-Ol 1. 00E-02 - 1.00E-01 L 5.64E-02 mg/L 
Copper 9/35 7.00E-02 - 6.40E-Ol 1. OOE-02 - 1.00E-01 L 3.18E-02 mg/L 
Cyanide 0/30 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
Fluoride 8/8 1.70E-Ol - 2.00E-Ol N 1. 84E-01 mg/L 
Iron 3i/39 2.10E-Ol - 1.20~+03 2.00E-01 - 3.55E-01 L 9.19E+OO mg/L 
I,.ead 6/29 5.00E-02 - 4.10E-01 5.00B-02 - 2.50E-01 L 4.03E-02 mg/L 
Lithium 6/23 5.00E:"02 - 1. 70E-Ol 5.00E-'-02 - 5.00E-02 L 4.4SE-02 mg/L 
Magnesium 39/39 8.38E+00 - 4.97E+01 L 1.64E+01 mg/L 
Manganese 37/39 4.30E-02 - 4.60E+00 1. OOE-Ol - 1. 00E-01 L 1.13E+60 mg/L 
Mercury 5/25 ~.00B-04 - 2.00E-02 2.00E-'04 - 2.00E-04 L 6.33E-OS mg/L 
Molybdenum 0/5 5.00E-02 - 1. 00E-01 NT 3.50E-02 mg/L 
Nickel 16/39 5.00E-02 - 9.10E-01 5.00E-02 - 1.00E-Ol L 9.258-02 mg/L 
Nitrate as Nitrogen 7/9 1. OOE+OO - 2.10E+00 1. OOE+OO - 1. OOE+OO N 1.12E+OO mg/L 

*L=Lognormal, N=Notmal, NT=Not tested 



Table 1.3. Data summary for all analytes by location and medium 

------------------------------------------------------ LOCATION=SWMU 99A MEDIA=RGA Groundwater ------------------------------------------------ ______ _ 
( continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution· Mean units 

Potassium 24/39 2.0BE+00 - 2.17E+Ol 2.00E+00 - 1.0SE+Ol L 4.17E+00 mg/L 
Selenium 0/17 5.00E-03 - 5.00E-03 NT 2.50E-03 mg/L 
Silica 9/9 1.50E+Ol - 2.50E+01 L 1.B7E+01 mg/L 
Silver 0/17 S.OOE-02 - 6.00E-02 NT 2.62E-02 mg/L 
Sodium 39/39 1.S0E+01 - 7.24E+01 N 5.34E+01 mg/L 
Strontium 30/30 1.20E-01 - 4.70E-Ol N 2.49E-Ol mg/L 
Sulfate 2/2 l.7SE+Ol - 1.92E+01 N 1. B4E+Ol mg/L 
Tetraoxo-sulfate(1-) 7/7 1.10E+Ol - :a.20E+01 N 1.67E+01 mg/L 
Thallium 0/12 6.00E-02 - 2.00E-01 NT S.B3E-02 mg/L 
Total Phosphate as Phosphorus 0/3 2.00E+00 - 2.00E+00 NT 1. OOE+OO mg/L 
Uranium 0/11 1. 00E-03 - 1. 00E-03 NT 1.00E-0) mg/L 
Vanadium 10/28 S.SOE-02 - 2.1SE+00 1.00E-01 - 1. 00E-01 L 1.49E-Ol mg/L >- Zinc 10/35 1.1.0E-02 - 2.55E+OO 3.00E-02 - 2.50E-01 L B.96E-02 mg/L 1. 1.. 1. 1-Trichloroethane 0/25 5.00E-03 - 1. OOE-Ol NT 1.9BE-02 mg/L N 1. 1, 2, 2-Tetrachloroethane 0/2 S.OOE-02 - 1.00E-01 NT 3.7SE-02 mg/L 
1,1,2-Trichloroethane 0/19 5.00E-0) - 1..00E-01. NT 2.51.E-02 mg/L 
1,1-Dichloroethane 0/19 S.00E-03 - 1.00E-Ol NT 2.S1E-02 mg/L 
1,1-Dichloroethene 7/33 S.OOE-03 - 6.S0E-02 1. 00E-03 - S.00E-02 N 1.70E-02 mg/L 
1, 2, 4-Trichlorobenzene 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
1,2-Dichlorobenzene 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
1,2-Dichloroethane 0/25 S.OOE-03 - 2.00E+00 NT 1.39E-Ol mg/L 
1,2-Dichloropropane 0/2 5.00E-02 - 1.00E-01 NT 3.7SE-02 mg/L 
1,2-Dimethylbenzene 0/2 5.00E-02 - 1. OOE-Ol NT 3.7SE-02 mg/L 
1,3-Dichlorobenzene 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
1,4-Dichlorobenzene 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
2, 4, s-Trichlorophenol 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
2,4,6-Trichlorophenol 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
2,4-Dichlorophenol 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
2,4-Dimethylphenol 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
2,4-Dinitrophenol 0/2 S.00E-03 - S.00E-03 NT 2.S0E-03 mg/L 
2,4-Dinitrotoluene 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
2,6-Dinitrotoluene 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
2-Butanone 0/2 1. 00E-01 - 2.00E-01 NT 7.S0E-02 mg/L 
2-Chloronaphthalene 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
2-Chlorophenol 0/10 2.00E-02 - 2.00E-02 NT 1. OOE-02 mg/L 
2-Hexanone 0/2 1.00E-01 - 2.00E-01 NT 7.S0E-02 mg/L 
2-Methyl-4,6-dinitrophenol 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
2-Methylnaphthalene 0/10 2.00E-02 - 2.00E-02 NT 1.OOE-02 mg/L 
2-Methylphenol 0/10 2.00E-02 - 2.00E-02 NT 1. OOE-02 mg/L 
2-Nitroaniline 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 

• *L=Lognormal, NCN., NT=Not tested • 



• • • 
Table 1.3. Data summary for all ana1ytes by location and medium 

--------'---------------------------------------------- LOGAT~ON=SWMO 99A MEDIA,=,RGA Groundwater -----------------------------------------~~-'-'_---------
(continued) 

FreqUency 
of Detected Nondetected Arithmetic 

Ana:lyte Detection Range Range Distribution* Mean Units 

2-Nitrophenol 0/10 2.00E-02 - 2.00E-02 NT 1. 001;:-02 rilg/L 
3,3'-Dichlorobenzidine 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/r. 
3-Nitroaniline 0/10 2.00E-02 - 2.00E-02 NT 1. OOE-02 rilg/L 
4-Bromophenyl phenyl ether ono 2.00E-02 - 2.00E-02 NT 1. 00E~02 mg/L 
4-Chloro~3-methy1ph~ol 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
4-Chloroa.niline 0/10 2.00E-02 - 2.00E:~02 NT 1.00E-02 mg/L 
4-Chlorophenyl phenyl ether 0/10 2.00E-02 2.00E-02 NT 1. 00E-02 mg/L 
4-Methyl-2-pentanone 0/2 1. OOE-'Ol - ~.OOE-Ol NT 7.50E-02 rilg/L 
4-Methylpheno1 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 ing/L 
4-Nitroaniline 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
4-Nitrophenol 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
Acenaphthene 0/10 2.00E-02 - 2.00E-02 NT 1.008-02 mg/L 

:> Acenaphthylene 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
J:,. Acetone 0/2 1.00E-Ol - 2.00E-Ol NT 7.50E-'02 mg/L VJ Anthracene 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 

Benz (a) anthracene 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
BenzeJ].e 0/19 5.00E-03 - 1. OOE-Ol NT 2.51E-02 mg/L 
Benzo(a)pyrene 0/10 2.00E-02 - 2.00E-02 NT 1. 008-02 mg/L 
Benzo(b)fluoranthene 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
Benzo(ghi)perylene Olio 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
Benzo(k)fluoranthene 0110 2.00E-02 .;. 2.00E-02 NT 1.00E-02 mg/L 
Bromodichloromethane 0/19 5.00E-03 - 1. OOE"-Ol NT 2.51E-02 mg/L 
Bromoform 0/2 5.00E-02 1.00E-Ol NT 3.75E-02 mg/L 
Butyl benzyl phthalate 0/2 5.00E-03 - 5.00E-03 NT 2.50E-03 mg/L 
Carbazole 0/10 2.00E-02 - 2.00E-02 NT .1.00E~02 mg/L 
Carbon Disulfide 0/2 5.00E-02 - 1. OOE-Ol NT 3.75E-02 mg/r" 
Carbon Tetrachloride 0/25 5.00E-03 - 1. OOE-Ill NT 1.9SE-02 mg/L 
Chlorobenzene 0/2 5.00E-02 - 1. OOE-Ol NT 3.75E-02 mg/L 
Chloroethane 0/2 5.00E-02 - 1. 00E-01 NT 3.75E-02 mg/L 
Chloroform 0/20 5.00E-03 - 1. 00E-01 NT 2.41E-02 mg/L 
Chloromethane 0/2 5.00E-02 - 1.00E:-Ol NT 3.75E-02 mg/L 
Chrysen,e 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
Di-n-butylplithalate 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
Di-n-octylphthalate 0/10 2.00E-02 ,.. 2.00E-02 NT 1. 00E-02 mg/L 
Dibenz(a,h)anthracene 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
Dibelizofuran 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
Dibromochloromethane 0/2 5.00E-02 - 1.00E-01 NT 3.75E-02 mg/L 
Diethylphthalate 0/10 2.00E-02 - 2.00E-02 NT 1.00E~02 mg/L 
Dime~hylphthalate 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
Ethylbenzene 0/19 5.00E-03 - 1.00E-'01 NT 2.51E-02 mg/L 

*L=Lognormal, N=Normal, NT=Not tested 



Table 1.3. Data summary for all analytes by location and medium 

------------------------------------------------------ LOCATION=SWMU 99A MEDIA=RGA Groundwater -------------------------------------------------------
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

Fluoranthene 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
Fluorene 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
Hexachlorobenzene 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
Hexachlorobutadiene 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
Hexachlorocyclopentadiene 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
Hexachloroethane 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
Indeno (1, 2, 3-cd)pyrene 0/10 2.00E-02 - 2.00E-02 NT 1. OOE- 02 mg/L 
Isophorone 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
Methylene Chloride 0/2 1.00E-Ol - 2.00E-Ol NT 7.S0E-02 mg/L 
N-Nitroso-di-n-propylam1ne 0/10 2.00E-02 - 2.00Jil-02 NT 1. 00E-02 mg/L 
N-Nitrosodiphenylamine 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
Naphthalene 0/10 2.00E-02 - 2.00E-02 NT 1..00E-02 mg/L 

:> Nitrobenzene 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 
.h Pentachlorophenol 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
~ Phenanthrene 0/10 2.00E-02 - 2.00E-02 NT 1.00E-02 mg/L 

Phenol 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
Polychlorinated biphenyl 0/2 1. 70E-04 1.70E-04 NT 1.70B-04 mg/L 
Pyrene 0/10 2.00E-02 - 2.00B-02 NT 1.00E-02 mg/L 
Pyridine 0/2 5.00E-03 - 5.00B-03 NT 2.50E-03 mg/L 
Styrene 0/2 5.00E-02 - 1. 00E-01 NT 3.7SE-02 mg/L 
Tetrachloroethene o/u S.00E-03 - 1.00E-01 NT 2.S1E-02 mg/L 
Toluene 0/19 S.00E-03 - 1.00E-01 NT 2.S1E-02 mg/L 
Trichloroethene 41/43 2.00E-04 - 2.37E+00 1.00E-03 - S.00E-03 L 3.47E-01 mg/L Vinyl Chloride 0/2S 1.00E-03 - 1. 00E-01 NT 4.94E-02 mg/L 
Xylene 0/17 5.00E-03 - 1. 00E-01 NT 3.69E-02 mg/L 
bis(2-Chloroethoxy)methane 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L bis(2-Chloroethyl)ether 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
bis(2-Chloroisopropyl)ether 0/10 2.00E-02 - 2.00E-02 NT 1. 00E-02 mg/L 
bis(2-Ethylhexyl)phthalate 5/10 6.00E-03 - 1.60E-02 2.00E-02 - 2.00E-02 L 1.31E-02 mg/L 
ciS-l,2-Dichloroethene 10/33 3.00E-04 - 3.48E-02 1.00E-03 - 2.00E+00 L 3.70E-03 mg/L 
ciS-1,3-Dichloropropene 0/2 5.00E-02 - 1.00E-Ol NT 3.7SE-02 mg/L 
m,p-Xylene 0/2 1. OOE-Ol - 2.00E-Ol NT 7.S0E-02 mg/L 
trans-l,2-Dichloroethene 3/33 3.00E-04 - 6.00E-04 1. 00E-03 - 2.00E+00 L 5.49E-04 mg/L 
trans-1,3-Dichloropropene 0/2 5.00E-02 - 1. OOE-Ol NT 3.7SE-02 mg/L 
Alpha activity 33/39 -2.S0E+00 - S.38E+Ol -2.20E+00 - 2.60E+00 N 4.S6E+00 pCi/L 
Beta activity 39/39 3.00E+00 - 1.37E+02 L 3.16E+Ol pCi/L 
Radon-222 4/4 2.86E+02 - 6.75E+02 N 4.7SE+02 pCi/L 
Technetium-99 34/40 3.00E+00 - 1.39E+02 4.10E+00 - 1.70E+Ol L 3.48E+01 pCi/L 

• *L=Lognormal, NT=Not tested 

• 



• • • 
Table 1.3. Data summary for all analytes by-location and medium· 

---- --- --------- -- - -- - ---- ---- ----.,.--- ... .-~-=-"- ... ----.,;---- ~OCAT:'i:ON=SWMU 99A MEDIA.zSubsurface soil .,,--..;"- ------- '----- - ---- ____ - __ . ___ .:" _____ ... "- ______________ _ 

Frequency 
. of Detected Nondetected Arithmetic 

Analyte Detection . Range Range D:!.stribution* Mean Units 

Aluminum 22/22 1. 80E+03 1.41E+04 N 7.SSE+03 mg/kg 
Afttiiilony S/22 1.70E+00 - 2.90E+00 2.00E+Ol - 2 .. 00E+Ol L 2.i6E+00 mg/kg 
Arsenic - 11/22 2.~O$+OO a.SSE+OO S.OOE+OO S .. OOE+OO N 4.22E+OO mg/kg 
Barium 22/22 2.03E+01 2.47E+03 :L 1.S3E+02 mg/kg 
Beryllium ~1/22 2.2GE-Ol - a.90E-Ol 5 .. QOE.,Ol - S.OOE-Ol N 4.32E-01 mg/kg 
Boron 0/l.7 l..OOE+02 - 1.OOE+02 NT S.OOE+Ol mg/kg 
Cadmium 5/22 7.50E-Ol - B .30E-Ol 2.00E+00 - 2.00E+00 L a:i9E-ol mg/kg 
caicium ·20/20 1.14E+03 - 2.S7E+OS i. L66E+OS mg/kg 
Chromium 2~/22 7.00E+.00 4.57E+Ol L i.44E+Ol. mg/kg 
Cobalt 2012~ 1.68E+OO - .1.19:8+.01 !.QQE+OO - 1.00E+OO L 4,97E+OO mg/kg 
Copper 21/22 3.S0E+00 "- 1. 64E.j.oi 2.00E+00 - 2.00E+00 N 7~31E+00 mg/kg 
Cyanide 2/i6 4.40E-0l. - 5.40E-'-Ol. 1.. ()OE+OO - l..OOE+OO N 4.99E-Ol mg/kg 
Iron 22/22 1.·45E+03 2~33E+04 N 1.!BE+04 mg/kg 

;I> Lead 6/22 7-.00E+00 - 4.73~+0l. 2.00E+Ol - 2.00E+Ol 1. 1.36E+Ol mg/kg 
.h Lithium '1..7/17 2.S2E+00 - 1.29E+0l. L 7,3BE+OO mg/kg 
VI MagnesiUl11 _22/22 3. 97E+02 .~. 73E+04 L 6.49E+03 mg/kg 

Manganese 22/22 3.93E+0l. - 1. 46E+03 L 3;oiE+02 mg/kg 
Mercury 5/22 S.OOE-02 10 2 OE:'" 01 2.00E-Ol 2.00E"-0l. N '9.9SE-02 mg/kg 
Nickel 17/22 2.S0E+00 - ~. 5B_~+01 5.00E+OO - 5.00E+00 L, 9.72E+00 mg/kg 
Potassium 22/22 2.2SE+02 1:12E+03 L 5.27E+02 mg/kg Selenium 5/20 2.90E-Ol - 3.20~"-O:l. 1. OOE+OO - 1.00E+00 ~ 3.l1E-Ol mg/kg 
silver ~/2.2 6.40E-01 - T.lOE-01 4.00E+OO "- 4.00E+00 L 6.99E-Ol mg/kg Sodium 14/22 6 •. 63E+Ol ... ~.93E+02 2.00E+02 - 2.SlE+02 N 2.l4E+02 mg/kg strontium 17/17 S.SSE+OO ~.1~E+02 :t. 2.2SE+02 mg/kg 
Thallium 5/2,2 5.30E-01 - 5.9DE-01 -·:1..~DE+01 - 1.5DE+D1 L ,5.75:E-Ol mg/kg Valladium 22/22 4.4B~+00 ,"- 3.55E+1l1' N :1..751:8+01 mg/kg Zinc 21/22 1.16E+Ol .,. l..63]1:+02 4.76E+Ol - 4.76E+0l. :t. 6.96E:+Ol mg/kg 
l,l,l-Trichloroethane 5/8 6.DOE-03 - 6.00E-03 1..00E.,.02 - 1. ODE-02 N S.63E-03 mg/kg 1,l,2,2-Tetrachloroethane 5/B 6.00E-03 - 6.0DE-03 1.00E-02'- 1. 00~-02 N 5.63E-03 mg/kg 
1,1,2-T~Jchlo;-oethCl.Ile 5/S 6.00E,.03 ... 6.00E-03 1.00E-02 1. 00E-02 N ' 5.63E~03 mg/kg 
l,l-Dichloroethane 5/B 1i.00E-03 - 1i.00E-03 1. 00E-02 - 1. 00E-02 li 5.63E-03 mg/kg l,i-Dichloroethene 5/10 6.00E-03 - 6.00E-03 1. 9SE-Ol - 5.27E-Ol N ' B.S1E-02 mg/kg 1, 2, 4-TrJ,ch,lorobenzene 5/22 3.60E-0l. - 4.l0E·-Ol S.OOE-Ol. - 5'.00E-Ol N :2.83E-Ol mg/kg 
l,2-Dichlo:r~ben~~n~ 5/22 3.60E-Ol - 4.l0E.,.Ol 5.00:8-01 - 5.00E-Ol N 2.83E-Ol mg/kg 
i,2-Dichloroethane 5/S 6.00E-03 - ii.oOE-03 l.00E.,02 - 1. DOE:" 02 N 5.63E-03 ing/kg 
1,2~~;ch+oroethene 5/5 6.00E-03 .,-6.00E'-03 N 6.00E--03 mg/kg 
1,?-D:!.chl~l:2Pl:cipane 5/8 1i.00E-03 - 6.00E"03 1. 00E-02 - 1.0OE-02 N 5.63E-03 mg/kg 
l.;2-DimethYlbenzene 0/3 1.00E-02 - 1.00E-02 NT S.OOE-03 trig/kg 
i,3~Dich1orobenzerie 5/22 3.liOE-'-01 - 4.l0E-oi 5.00E-Ol - S.OOE-Ol N 2.83E"-01 mg/kg 
~,4"'Dich+ol:()bell~enE! 5/22 3.60E-Ol - 4.l0E-Ol 5.00E-Ol - 5.00E-Ol N 2.83E-Ol mg/kg 
2, 4, 5-TriChloropbenOl 5/22 1. SOE+OO - 2.l0E+00 S.OOE-Ol .. 5.00E-Ol N 6.43E-Ol mg/kg 

*L=Lognormal, N=Normali NT=Not tested 



Table 1.3. Data summary for all analytes by location and medium 

------------------------------------------------------ LOCATION=SWMU 99A MEDIA=SUbsurface Soil -------------------------------------------------------
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

2,4,6-Trichlorophenol 5/22 3.60E-Ol - 4.l0E-Ol 5.00E-Ol - 5.00E-Ol N 2.S3E-OJ. mg/kg 
2,4-Dichlorophenol 5/22 3.60E-Ol - 4.l0E-Ol 5.00E-Ol - 5.00E-Ol N 2.83E-Ol mg/kg 
2,4-Dimethylphenol 5/22 3.60E-OJ. - 4.J.OE-OJ. 5.00E-OJ. - 5.00E-OJ. N 2.83E-0J. mg/kg 
2,4-Dinitrophenol 5/6 1. BOE+OO - 2.l0E+OO 4.80E-Ol - 4.80E-Ol N l.69E+OO mg/kg 
2,4-Dinitrotoluene 5/22 3.60E-01 - 4.10E-Ol 5.00E-01 - 5.00E-0l N 2.S3E-Ol mg/kg 
2,6-Dinitrotoluene 5/22 3.60E-Ol - 4.l0E-0J. 5.00E-01 - 5.00E-01 N 2.83E-01 mg/kg 
2-Butanone 5/8 G.OOE-03 - 1.20E-02 l.OOE-02 - 2.S0E-01 L 1.1SE-02 mg/kg 
"2-Chloronaphthalene 5/22 3.60E-01 - 4.10E-01 5.DOE-01 - 5.00E-01 N 2.S3E-0J. mg/kg 
2-Chlorophenol 5/22 3.60E-01 - 4.10E-01 5.00E-Ol - 5.00E-01 N 2.83E-01 mg/kg 
2-Hexanone S/B l.10E-02 - 1.20E-02 1. OOE-02 - 1. OOE-02 N 9.2SE-03 mg/kg 
2-Methyl-4,6-dinitrophenol 5/22 l.80E+00 - 2.10E+00 5.00E-Ol - 5.00E-01 N 6.43E-01 mg/kg 
2-Methylnaphthalene 5/22 3.60E-01 - 4.10E-01 5.00E-01 - 5.00E-01 N 2.83E-01 mg/kg 

;> 2-Methylphenol 5/22 3.60E-01 - 4.10E-01 5.00E-01 - 5.00E-01 N 2.83E-01 mg/kg 
I 2-Nitroaniline 5/22 1.S0E+OO - 2.10E+OO 5.00E-Ol - 5.00E-01 N 6.43E-01 mg/kg ~ 
0\ 2-Nitrophenol 5/22 3.liOE-01 - 4.10E-01 5.00E-01 - 5.00E-01 N 2.83E-01 mg/kg 

3,3'-Dichlorobenzidine 5/22 7.20E-01 - 8.20E-Ol 5.00E-Ol - 5.00E-Ol N 3.73E-Ol mg/kg 
3-Nitroaniline 5/22 1. BOE+OO - 2.10E+OO 5.00E-Ol - 5.00E-01 N 6.43E-Ol mg/kg 
4,4'-000 2/2 2.00E-02 - 3.50E-02 N 2.75E-02 mg/kg 
4,4'-DDE 2/2 2.00E-02 - 3.50E-02 N 2.75E-02 mg/kg 
4,4'-DDT 2/2 2.00E-02 - 3.50E-02 N 2.7SE-02 mg/kg 
4-Bromophenyl phenyl ether 5/22 3.60E-Ol - 4.10E-Ol 5.00E-01 - 5.00E-01 N 2.B3E-01 mg/kg 
4-Chloro-3-methylphenol 5/22 3.60E-01 - 4.l0E-01 5.00E-01 - 5.00E-Ol N 2.83E-Ol mg/kg 
4-Chloroaniline 5/22 3.60E-01 - 4.10E-Ol 5.00E-OJ. - 5.00E-01 N 2.83E-01 mg/kg 
4-Chlorophenyl phenyl ether 5/22 3.60E-Ol - 4.10E-01 5.00E-01 - 5.00E-01 N 2.83E-Ol mg/kg 
4-Methyl-2-pentanone 5/B 1.10E-02 - 1.20E-02 1. OOE-02 - 2.50E-Ol L 1.19E-02 mg/kg 
4-Methylphenol 5/22 3.60E-Ol - 4.l0E-Ol 5.00E-Ol - 5.00E-Ol N 2.83E-Ol mg/kg 
4-Nitroaniline 5/22 1.BOE+OO - 2.10E+OO 5.00E-OJ. - 5.00E-Ol N 6.43E-Ol mg/kg 
4-Nitrophenol 5/22 1. BOE+OO - 2.10E+OO 5.00E-Ol - 5.00E-Ol N 6.43E-Ol mg/kg 
Acenaphthene 7/22 3.00E-01 - 4.10E-01 5.00E-Ol - 5.00E-01 L 3.89E-Ol mg/kg 
Acenaphthylene 6/22 3.60E-OJ. - 6.10E-OJ. 5.00E-Ol - 5.00E-Ol L 4.32E-01 mg/kg 
Acetone 5/8 1.20E-02 - S.30E-02 1.00E-02 - 2.S0E-01 L 2.47E-02 mg/kg 
Aldrin 2/2 9.80E-03 - 1. 70E-02 N 1.34E-02 mg/kg 
Anthracene 7/22 3.60E-Ol - 7.50E-OJ. 5.00E-Ol - 5.00E-0J. L 4.42E-Ol mg/kg 
Benz (a) anthracene B/22 2.20E-01 - 1.70E+OO 5.00E-01 - 5.00E-01 L 4.40E-Ol mg/kg 
Benzene 5/8 6.00E-03 - 6.00E-03 l.00E-02 - l.OOE-02 N 5.63E-03 mg/kg 
Benzo (a) pyrene 7/22 3.60E-Ol - 2.10E+OO 5.00E-01 - 5.00E-0J. L 4.38E-Ol mg/kg 
Benzo(b)fluoranthene 11/22 1. 70E-01 - 5.70E+OO 5.00E-01 - 5.00E-01 L 5.03E-Ol mg/kg 
Benzo{ghi)perylene 7/22 3.60E-Ol - l.18E+OO 5.00E-Ol - 5.00E-Ol L 4.40E-Ol mg/kg 
Benzo{k)fluoranthene 8/22 3.60E-Ol - 7.90E-Ol 5.00E-Ol - 5.00E-01 L 4.52E-Ol mg/kg 
Benzoic Acid 5/5 1. 80E+OO - 2.l0E+OO N 1.98E+OO mg/kg 

*L=Lognormal, N=N.I, NT=Not tested • • 



• • • 
T~le 1.3. Data summary for all ana1ytes by location and medium 

- .. - .. ----"'--.,.-- ..... -;.;:.:.- ...... ;...--""'-.--.------------------------- LOCATIONDSWMti 99A ~IA=$1..J.Psurface Soil ------------------ .,---.:.,... .. _"."-..... '" __ "" ______________________ :. __ 

Analyte 

Benzyl AlcOhol 
Brotne:Idichloromethane 
Bromoform 
Bromomethane 
Butyl benzyl phthalate 
.Cartiazole -
Carbon Disulfide 
Carbon Tetra~oride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Chrysene 
Di-n-butylphthalate 
Di-n-octyiphthala~e 
Dibenz (a,h) anthracene 
Dibenzofuran 
DibramoChloromethane 
Dichlorodifluoromethane 
Dieldrin 
Diethylphtbalate 
Dimethylphthalate 
Endosulfan I 
Endosulfan II 
Endosulfan Sulfate 
Endrin-' _. 

Endrin Ketone 
E_thYl.benzeIl~ 
FluoraJitheile 
Fluorene 
H~ptachlor 
Heptachlor EPoxide 
Hexachldrobenzene 
Hexachlorobutadiene 
Hexachlorocyclopent~4~eIle 
Hexachloroethane _ 
Indeno (l,2,~3~cCi) pyrene 
IsoPllorone -
Methoxychlor 
Methylene Cb.loride 

Frequency 
'of 

Detection 

5/5 
5/8 
5/8 
5/8 
5/6 
0/17 
5/8 
5/8 
5/8 
5/8 
5/8 
5/8 

, 7/22 
,5/22 
5/22 
6/22 
6/22 
5/8 
'0/2 
2/2 

'5/22 
5/22 
2/2 
2/2 
2/2 
,2/2 
2/2 
5/8 
9/2" 
6/22 
2/2 
2/2, 
5/22 
5/22 
'5/22 
5/22 
7/22 
5/22 
2/2 
5/8 

(continued) 

Detected 
Range 

'3. liOE-01 
Ii.OOE-03 
6. o OE;... 03 
1.lOE"02 
j.60E-Ol 

4< 10E-01 
- 6'._ OOE:"'O~ 
- 6.00E-03 
"" 1.20t--02 
- 4.10E-01 

6.00E-03 - 6;OOE.;.03 
Ii.OOli:-03 - 6.,ooE-OJ 
6.00E-03 - 6.00E-03 
1.10E~02 -, i.26E~02 
6.00E~03 - Ii.OOE"'03 
1:10E-02 - i.20~-oi 

.3.60E-01 - 2:10i+oo 
3.60E-Ol - 4~~OE:~01 
3.60E-01 - 4.10E-01 
3.~O~"01 ~ 4.~oi-Ol 
1.23E-Ol - 4.~OE~Ol 

6.00E-03 -6,OOE-03 

2.00E-02 - 3.50E:02 
3~60E"Ol - 4.ioE--01 
3.60E-Ol ." 4.l0E"Ol 
9.S0E-OJ - 1;701;:':'02 -
2.00E-02 -:~.:50E"'-02 
2.00E-02 - ~.50E-02 
2.00E"'-02 - 3.50E-02 
2.00E-02 - 3.50E-002 
Ii.OOE-03 - 6.00E-03 
1.40E-Ol - 2~66E+OO 
2,~9E-01 - 4.10E-Ol 
9.80E-03 - 1.70E~02 

9.80E-03 - l.70E-02 
3.60E--oi - 4~10E-Ol 
3.liOE-01 - 4.~OE-01 
3.60E-01 - 4.10E-Ol 
3.60E-Ol - 4.10E-Ol 
3.60E-01 - l.05E+OO 
3.liOE-Ol - 4.10E-01 
9.80E-02 - l.70~-01 
2.00E-03 - 8~OOE-03 

Nondetected 
Range 

1.00E-02 - l.OOE-02 
1.00E-02 - l.OOE-02 
1.OOE-02 - 2.00E-02 
4.80~-01 .. 4.80B-01 
5.00E-01 - 5.00E-01 
l.do~-02 - l.OOE-02 
1~OOE~02 - l:doE"02 
1. OOE-02 - 1.00ji:-02 
1.OOE~02 - 2.QO~':'02 
1;OOE-02 - 1.90E-02 
l,.O():E,'-02 - 2.00i!:-02 
5.00E-01 ~ 5.00E-01 
5-.00E-Cl1 - S.OoE-Ol 
5.0-0E'-oi - S.OOE-01 
5.00E-oi-- 5.00E-Ol 
5,.-OOE"-Ol - 5. OOE-Ol 
l.OOE-02 - 1.00E-02 
2'-()O~::-02 - 2.00E-02 

5.00E-01 - 5:00E-Ol 
5.00E-Ol - 5.00E-Ol 

1.00E-02 - 1.00E-02 
5.00E-Ol - 5.00E-Ol 
5.00E-Ol - 5.00E-Ol 

5.00E-Ol - 5.00E-Ol 
5.00E-Ol - 5.00E-Ol 
5.00E-01 - 5.00E-Ol 
5.00E-01 - 5.00E-Ol 
5.00E-Ol - 5.00E-01 
5.00E-Ol - 5.00E-Ol 

l.OOE-02 - l.OOE-02 

*L=Log-normal, N=NOrmal, NT=Not te~ted 

_'Ari~hm~tic 
Distribution* ,Mean Units 

N 3.94E-01 mg/kg 
N 5.63E-03 mg/kg 
N 5,~31l::"O3 mg/kg 
N 1-.05E-02 mg/kg 
N 3 .,fi~E:"Ol mg/kg 
NT 2.50E-01 mg/kg 
N '5. ';3E~ 03 Trig/kg 
N- 5~i;3E-03 mg/kg 
N 5.6,3E"'03 mg/kg 
N 1. 05K-02 mg/kg 
N 5.63E'-03 mg/kg 
N l.05~-02 mg/kg 
L ,4.3SE-Ol mg/kg 
N 2.S3E-Ol mg/kg 
N 2.S3E-Ol mg/kg 
N. 2:-93E-Ol mg/kg 
N ~.77E-Ol mg/kg 
N 5.-63E-03 mg/kg 
NT 1. OOE-02 mg/kg 
N ?75E-02 mg/kg 
N ·2.83E-01 mg/kg 
N 2:83.E-Ol mg/kg 
N i.34E-02 mg/kg 
N 2.75E-02 mg/kg 
N 2.75E-02 mg/kg 
N 2.75E--02 mg/kg 
~ 2.75E-02 mg/kg 
N 5. li3E-03 mg/kg 
L 4.23E-Ol mg/kg 
L 3.S0E-Ol mg/kg 
N 1. 34E-02 mg/kg 
N l.34E-02 mg/kg 
N 2.S3E-0l mg/kg 
N 2.83E-Ol mg/kg 
N 2.S3E-Ol mg/kg 
N 2.83E-Ol mg/kg 
L 4.46E-Ol mg/kg 
N 2.83E-Ol mg/kg 
N 1.34E-Ol mg/kg 
L 5.20E-03 m9lkg 



Table 1.3. Data summary for all analytes by location and medium 

------------------------------------------------------ LOCATION=SWMU 99A MEDIA=Subsurface Soil -------------------------------------------------------
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution- Mean Units 

N-Nitroso-di-n-propylamine 5/22 3.60E-Ol - 4.l0E-Ol 5.00E-Ol - 5.00E-0l N 2.83E-Ol mg/kg 
N-Nitrosodiphenylamine S/22 3.60E-Ol - 4.10E-Ol S.OOE-Ol - s.OOE-Ol N 2.83E-Ol mg/kg 
Naphthalene 5/22 3.60E-Ol - 4.10E-Ol 5.00E-Ol - 5.00E-Ol N 2.B3E-Ol mg/kg 
Nitrobenzene 5/22 3.60E-Ol - 4.l0E-Ol 5.00E-Ol - 5.00E-Ol N 2.B3E-Ol mg/kg 
PCB-1Ol6 3/23 9.80E-02 - 1.87E+OO 1. 02E-Ol. - 1.2SE-Ol L 2.S4E-02 mg/kg 
PCB-1221 2/23 9.BOE-02 - 1. 70E-Ol 1.02E-01 - 5.45E-Ol L 7.B2E-02 mg/kg 
PCB-l232 2/23 9.BOE-02 - 1.70E-Ol l..02E-Ol - S.4SE-Ol L 7.B2E-02 mg/kg 
PCB-1242 2/23 9.BOE-02 - 1.70E-Ol 1. 02E-Ol - S.45E-0l. L 7.B2E-02 mg/kg 
PCB-l24B 2/23 9.BOE-02 - 1. 70E-Ol 1. 02E-Ol - 5.45E-Ol L 7.B2E-02 mg/kg 
PCB-12S4 3/23 9.60E-02 - 3.s0E-Ol l.02E-Ol - 5.45E-Ol L 5.92E-02 mg/kg 
PCB-1260 7/23 6.00E-02 - 6.31E-Ol 1. 02E-Ol - 5.45E-Ol L 1.04E-Ol mg/kg 
PCB-l268 0/1 1.00E-Ol - 1.00E-Ol NT 1.00E-Ol mg/kg 

:> Pentachlorophenol 5/22 1.80E+OO - 2.l.0E+OO S.OOE-Ol. - S.OOE-Ol N 6.43E-Ol mg/kg 
~ Phenanthrene 7/22 3.60E-Ol - 1. 63E+OO 5.00E-Ol - 5.00E-Ol L 4.4l.E-0l. mg/kg 
00 Phenol 5/22 3.60E-Ol - 4.10B-Ol 5.00E-Ol - 5.00E-Ol N 2.83E-Ol mg/kg 

Polychlorinated biphenyl 0/1 1..OOE-Ol - 1.00E-Ol NT 1. OOE-Ol mg/kg 
Pyrene B/22 1.30E-01 - 2.70E+OO S.OOE-Ol - 5.00E-OJ. L 4.2SE-Ol mg/kg 
Pyridine 0/1 4.BOE-Ol - 4.BOE-Ol NT 2.40E-Ol mg/kg 
Styrene 5/B 6.00E-03 - 6.00E-03 1. OOE-02 - 1. OOE-02 N S.63E-03 mg/kg 
Tetrachloroethene 5/8 6.00E-03 - 6.00E-03 1. 00E-02 - 1. 00E-02 N 5.63E-03 mg/kg 
Toluene 5/B 6.00E-03 - 6.00E-03 1. OOE-02 - 1.00E-02 N 5. 63E-03 • mg/kg 
Toxaphene 2/2 2.00E-0J. - 3.50E-Ol N 2.7SE-Ol mg/kg 
Trichloroethene 6/10 4.80E-03 - 6.00E-03 1.9BE-01 - 5.27E-Ol N 1.36E-Ol mg/kg 
Vinyl Acetate 5/5 1.lOE-02 - 1.20E-02 N l.lBE-02 mg/kg 
vinyl Chloride 5/10 1.10E-02 - 1.20E-02 1.98E-Ol - 1.00E+Ol L 1.20E-02 mg/kg 
Xylene 5/5 4.00E-03 - 6.00E-03 N 5.60E-03 mg/kg 
alpha-BHC 2/2 9.80E-03 - 1. 70E-02 N 1.34E-02 mg/kg 
alpha-Chlordane 2/2 9.80E-02 - 1.70E-Ol N 1.34E-Ol mg/kg 
beta-BHC 2/2 9.80E-03 - 1.70E-02 N 1.34E-02 mg/kg 
bis(2-Chloroethoxy)methane 5/22 3.60E-Ol - 4.10E-Ol 5.0DE-Ol - 5.0DE-Ol N 2.B3E-Ol mg/kg 
bis(2-Chloroethyl)ether 5/22 3.60E-Ol - 4.1DE-Ol 5.00E-Ol - 5.00E-Ol N 2.BJE-01 mg/kg 
bis(2-Chloroisopropyl)ether 5/22 3.60E-Ol - 4.l0E-Ol 5.00E-Ol - 5.00E-Ol N 2.8JE-Ol mg/kg 
bis(2-Ethylhexyl)phthalate 5/22 7.90E-02 - 3.60E-01 5.00E-01 .., 5.00E-D1 N 2.J7E-Ol mg/kg 
cis-l,2-Dichloroethene 0/5 1.98E-Ol - 5.27E-01 NT 3.44E-Ol mg/kg 
cis-1,J-Dichloropropene 5/8 6.00E-03 - 6.00E-03 1.00E-02 - 1. OOE-02 N S.63E-03 mg/kg 
delta-BHC 2/2 9.80E-03 - 1. 70E-02 N 1.34E-02 mg/kg 
gamma-BHC(Lindane} 2/2 9.80E-03 - 1. 70E-02 N 1.34E-02 mg/kg 
gamma-Chlordane 2/2 9.80E-02 - 1.70E-Ol N 1.34E-Ol mg/kg 
m,p-Xylene 0/3 1.OOE-02 - 2.00E-02 NT 6.67E-03 mg/kg 
trans-l,2-Dichloroethene 0/5 1. 9BE-01 - 5.27E-01 NT 3.UE-Ol mg/kg 

• *LaLognormal, N=N~' NT=Not tested • 



• • , • 
Table 1.:3. Data summary for all analytes by ~~catibn and me(Uuin ' 

- - - - - - - - - - - - - - - -'-';: -'- - - -- - - - - -- -----.., - ":'~".- --,.. - --- - - ---- LOCATION=SWMU 99A 'MEDIAooBubsurface Soil - -:- - - - - ------:- --- - - - --- - - - - - - - - - - - - - - - - - - - - - ... - - -'- - - - - --
(coht:l.nued) , , 

Frequency 
of Detected 'Nondetected 'Aiithmetic 

Analyte Detection Ran~e Range Distribution* Mean "Units 

trans-l,3-Dichloropropene 5/S 6.00E-03 - 6.00E-03 1. 00E-02 - 1.00E-02 N 5.63~-03 mg/kg 
A1pha activity 20/2J. 9.70E+00 - 1.42E+02 3.10E+OO - 3.J.OE+OO L 2.33E+Ol pCi/g 
Ameiicium" 241 0/21 1.lDE+DD - 1.3DE+Dl, ,NT S;70E+00 pCi/g 
Beta activity' 21/21 6.70E+00 - 2.73E+03 L 6 .• 15E+Ol pei/g 
Cesium"'137 ,,3/21 1.10E+OO - 1..'90E+OO 3.'80E-Ol - 3.50E+OO L 3.77E-Ol. pCi/g 
Cobalt-60 0/21 5.20E-Ol 4"6DE+DD NT 1. 43E+DO pCi/g 
Neptunitim-237 4/4 -2.00E-03 1.2SE+01 N 3.2QE-I'OO pCi/g 
Plutonium-239 :l/3 -5.00E-03 6.DOE-03 N 1.90E-03 pCi/g 
Plutonium-239/240 0/1 5.70E-Ol - 5.70E-Ol NT 5 .7~E-Ol. pCi/g 
Protactinium-234m Of?l. 4.10E+Ol 5.00E+02 NT 1. 69E+02 pCi/g 
Technetium': 99 ' 6/23 -1.30E+OO - 2.6SE+03 O.OOE+OO - 3 ;i3E+00 ' N 1. i9E+02 pCi/g 
Thorium-230 3/3 5.8DEf-01 - 6.7GE-tii N 6.30E-D1 pCi/g 

:> Thorium-234 ,1/21 5.30li:+01 ~ S.30li:+01 S.30E+00 - 2.20E+01 L 1.58E+01 pCi/g 
I Uranium-234 4/4 L~OE-01 - 1..64li:+Ol N 4.39E+00 pCi/g -"" \0 Uranium-235 ' 3/24 7.20E-03 ..; 4.10E-02 1.30E+OO - 9.90E+OD N 4.2SE+00 pCi/g 

Uranium-23B 4/4 2.30E-01 - S.1,7l\l+Ol N 1.37E+01 pCi/g 

- -- -- -- - ---- - - -- - - - - ------ - --------------------- - - - ----- LOCATION=$1iMV :99AMED~Surface Soil --- ------------------ ----- -- ... ,..:.;..", .... -- ------ - - - - - ---- - -- __ 

Ana1yte 

Aluminum 
Antimo.ny 
Arsenic' 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
ChromiUm 
cobalt ,. 
Copper 
Cyariide 
Iron 
Lead 
Lithium 
Magnesium 

Ftf!®~CY 
of 

Det,ection ' 

13/13 
0/13 
6/13 
i3/13 
5/13 
0/13 
0/13 
11/11 
13/13 
ll!i3 
12/13 
0/11 
13/'13 
0/13 
13/13 
13/13 

Detecte~ Noridetected 
Range Rci.nge 

1.80E+03, - 1.29E+04 
2.00E+Ol - 2.00E+Ol 

5.55:i!:+OD - 8.55.E+QO 5,00E+OiJ - 5.0011:+00 
2.0SE+Ol, - 2.47E+03 
5.20E-Ol - ,'S.90E-oi 5.00E';01 - S.O(»)S-Ol 

1.00E+02 1. OOE+02 
2.00E+00 - 2.00E+00 

6.10E+03 - 2.87E+05,· 
7.00E+OO - 4 .• S7E+Ol 
1.68E+DO - 9.67E+OO 1.00E+OD - 1.DOE+OO 
4.378+00 1.22E+01., 2.00E+00 '2.008+00 

1. OOE+OO - 1. OOE+OO 
1.4SE+03 - 2.33E+04 

2.00E+01. - 2.00E+01 
2.82E+OD - 1.~9E+Ol 
1.35E+03 - 2.73E+04 

*L=Lognormal, N=Normal, NT=Not tested 

Arit,hmetic 
Dis~:tibution* Mean Units 

L 6;19E+03 mg/kg 
NT 1.00E+01 , mg/kg 
N 4,47E+00 mg/kg 
t 2.11E+02 mg/kg 
L 5.38E-01 mg/kg 
NT !?()OE+01 mg/kg 
NT t.OOE+OO mg/kg 
~ 2.44E+OS mg/kg 
L 1.47E+Ol mg/kg 
L 3.70E+00 mg/kg 
N 6.66E+OO mg/kg 
NT S.00E-01 mg/kg 
L 1.09E+04 mg/kg 
NT 1. 00E+01 mg/kg 
L 7.58E+00 mg/kg 
L 1.09E+04 mg/kg 



Table ~.l. Data summary for all analytes by location and medium 

-------------------------------------------------------- LOCATION=SWMU 99A MEDIA=Surface Soil --------------------------------------------------- ____ _ 
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

Manganese 13/13 3.93E+Ol - 3.87E+02 N 1. 91E+02 mg/kg 
Mercury O/ll 2.00E-Ol - 2.00E-Ol NT 1. OOE-Ol mg/kg 
Nickel 8/13 5.47E+00 - 2.16E+Ol 5.00E+00 - 5.00E+00 L 8.S2E+00 mg/kg 
Potassium 13/13 2.91E+02 - 1.l2E+03 L S.47E+02 mg/kg 
Selenium 0/11 1.00E+00 - 1. OOE+OO NT S.OOE-Ol mg/kg 
Silver O/ll 4.00E+00 - 4.008+00 NT 2.00E+00 mg/kg 
Sodium 6/13 2.17E+02 - 3.66E+02 2.00E+02 - 2.51E+02 N 1.95E+02 mg/kg 
Strontium 13/13 1.46E+Ol - 5.14E+02 L 2.71E+02 mg/kg 
Thallium O/ll 1.508+01 - 1. 50E+01 NT 7.50E+00 mg/kg 
Vanadium 13/13 4.4BE+00 - 3.55E+Ol L 1.54E+01 mg/kg 
Zinc 12/13 4.71E+01 - 1.63E+02 4.76E+Ol - 4.76E+Ol N 8.24E+Ol mg/kg 
l,l-Dichloroethene 0/2 1.98E-01 - 2.64E-01 NT 1.l6E-Ol mg/kg 

~ 1, 2, 4-Trichlorobenzene 0/13 5.00E-01 - 5.00E-Ol NT 2.50E-01 mg/kg 
l,2-D1ch1orobenzene 0/13 5.00E-Ol - 5.00E-01 NT 2.508-01 mg/kg 

0 l,l-Dichlorobenzene O/ll 5.00E-Ol - 5.00E-01 NT 2.508-01 mg/kg 
l,4-Dichlorobenzene O/ll S.OOE-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
2,4,5-Trichlorophenol 0/13 5.00E-01 - 5.00E-01 NT 2.50E-01 mg/kg 
2,4,6-Trichlorophenol 0/13 5.00E-01 - 5.00E-01 NT 2.50E-Ol mg/kg 
2,4-Dichlorophenol 0/13 5.00E-Ol - 5.00E-01 NT 2.50E-01 mg/kg 
2,4-Dimethylphenol 0/13 5.00E-01 - 5.00E-01 NT 2.50E-01 mg/kg 
2,4-Dinitrophenol O/~ 4.S0E-01 - 4.80S-01 NT 2.40E-01 mg/kg 
2,4-Dinitrotoluene 0/13 5.00E-01 - 5.00E-01 NT 2.50E-Ol mg/kg 
2,6-Dinitroto1uene O/ll 5.00S-01 - 5.00S-01 NT 2.50E-Ol mg/kg 
2-Chloronaphthalene 0/13 5.00S-01 - 5.00E-01 NT 2.50E-01 mg/kg 
2-Chlorophenol 0/13 5.00E-Ol - 5.00S-01 NT 2.50E-Ol mg/kg 
2-Methyl-4,6-dinitrophenol O/ll 5.00E-01 - 5.00S-01 NT 2.50E-01 mg/kg 
2-Methylnaphthalene 0/13 5.00E-01 - 5.00S-01 NT 2.50E-01 mg/kg 
2-Methylphenol 0/13 5.00E-01 - S.OOE-Ol NT 2.50E-Ol mg/kg 
2-Nitroaniline 0/13 5.00E-01 - S.OOS-Ol NT 2.50E-Ol mg/kg 
2-:Nitrophenol 0/13 5.00S-01 - 5.00E-01 NT 2.50E-01 mg/kg 
3,3'-Dichlorobenzidine 0/13 S.OOE-Ol - S.00E-01 NT 2.50E-01 mg/kg 
3-Nitroaniline 0/13 S.OOE-Ol - 5.00E-01 NT 2.50E-01 mg/kg 
4-Bromophenyl phenyl ether 0/13 5.00E-01 - 5.00E-Ol NT 2.50E-01 mg/kg 
4-Chloro-3-methylphenol 0/13 5.00E-01 - 5.00E-Ol NT 2.50E-01 mg/kg 
4-Chloroaniline 0/13 5.00E-Ol - 5.00E-01 NT 2.50E-01 mg/kg 
4-Chlorophenyl phenyl ether 0/13 S.00E-01 - 5.00E-Ol NT 2.50E-Ol mg/kg 
4-Methylphenol 0/13 S.OOE-Ol - 5.00E-Ol NT 2.50E-01 mg/kg 
4-Nitroaniline 0/13 5.00E-Ol - 5.00E-Ol NT 2.50E-01 mg/kg 
4-Nitrophenol 0/13 5.00E-01 - 5.00E-01 NT 2.50E-01 mg/kg 
Acenaphthene 2/13 3.00E-Ol - l.30E-01 5.00E-01 - 5.00S-01 L 3.22E-01 mg/kg 

• *L=Lognormal, N=N~' NT=Not tested • 



• • • 
Table 1.3. Data summary for all analytes by location and medium 

~-~~-----------------------------~~~-~~~-~------------ -- LOCATION=SWMU 99A MEDIA=Surface So11 ---------------------~~------------------~~~---------- --
(contillued) 

Frequency 
of Detected Nondetected ArithmE!tic 

Analyte Detection Range Range Distributioll* Mean Units 

Acenaphthylene 1/13 6.10E-Ol - 6.10E-01 5.00E-01 - 5.00E-Ol N 2.78E-Ol mg/kg 
Anthracene 2/13 4.91E-Ol - 7.S0E-Ol S.00E-01 - S.00E-01 L 4.03E-Ol mg/kg 
Benz (a) anthracene 3/13 2.20E-Ol - 1.70E+00 S.oOE-oi - S.00E-01 L 3.38E-Ol mg/kg 
BEmzo (a) pyrene 2/13 l.70E+00 - 2.l0E+00 S.OOE-Ol - S.OOE-Ol N S.04E-Ol mg/kg 
Benzo (b) fluoranthene 6/13 1.70E-Ol S.70E+00 S.OOE-Ol S.00E-01 i. S . 31E-O·I mg/kg 
Benzo(ghi)pery~ene 2/13 5.S0i!:-Ol - i.1BE+00 S.ODE--Ol - 5.0DE-Ol L 3.l4E-01 mg/kg 
Benzo(k)fluorantheile 3/13 4."E-Ol - 7.90E-Ol S.OOE-Ol - 5.00E-01, L 4.53E-Ol mg/kg 
Butyl l:Ienzyl phthalate 0/1 4.80E-Ol - 4.80E-Ol NT 2.40E~01 mg/kg 
Carbazole 0/13 S.OOE-Ol - S.oOE-"oi NT 2.S0E-Ol mg/kg 
Chrysene 2/:1,3 1.36E+00 - 2.10E+00 S.OOE-Ol - S.OOE-Ol N 4.78E-Ol mg/kg 
Di-n-butylphthalate 0/13 S.OOE-Ol - S.00E-01· NT 2.S0E-01 mg/kg 
Di-n-octylphthalate 0/13 S.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 

:> piben.z (a, h) anthracene 1/13 4.80E-Ol 4.BOE-Ol S.OOE-Ol - S.OOE-Ol N 2.68E-Ol mg/kg 
I Dibenzofuran 1/13 1.23E-01 - 1.23E-Ol S.00E-01 -. S.OOE-Ol N 2.40E-01 mg/kg VI 

Diethylphthalate 0/13 S.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
nimethylphthalate 0/13 5.00E-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
Fluoranthene 4/13 1.40E-Ol - 2.66E+00 S.OOE-Ol - S.OOE-Ol L 3.38E-Ol mg/kg 
Fluorene 1/13 2.19E-Ol - 2.19E-O:l, 5.00E-Ol - 5.00E-Ol N 2.4BE-Ol mg/kg 
Hexachlorobenzene 0/13 S.OOE-Ol - S.OOE-Ol NT 2.50E-'01 mg/kg 
Hexachlorobutad!ene 0/13 S.00E-01 - S.00E-01 NT 2.s0E-01 mg/kg 
Hexachlorocyclopentadiene 0/13 5.00E-Ol - S.OOE-Ol NT 2.50E-Ol mg"/kg 
Hexachloroethane 0/13 5.00E-'"01 - S.OOE-Ol NT 2.50E-Ol mg/kg 
Indeno (1,2, 3-cd)pyrene 2/13 7.BOE-Ol - 1. OSE+OO 5.00E-01 - S.OOE-"Ol N 3.s2E-01 mg/kg 
Isophorone 0/13 s.OOE-Ol - s.OOE-Ol NT 2.50~-01 .mg/kg 
N-Nitroso-di-n-propylamlne 0/13 S.OOE-Ol - s.OOE-Ol NT 2.s0E-Ol mg/kg 
N-Nitrosodiphenylamine 0/13 S.OOE-Ol - 5.00E..,01 NT 2.50E-Ol mg/kg 
Naphthalene 0/13 5.00E-01 - S.OOE-Ol NT 2.s0E-Ol mg/kg 
Nitrobenzene 0/13 S.OOE-Ol ..;. S.OOE-Ol NT 2.s0E-01 mg/kg 
PCB-I016 1/16 1.87E+00 - 1.B7E+00 1. 02E-01 - 1.28E-Ol L 1. 72E-Ol mg/kg 
PCB-1221 0/16 1. 02E-01 - S.4SE-01 NT 1.40E-01 mg/kg 
PCB-1232 0/16 1.02E-01 - 5.45E-Ol NT 1.40E-Ol mg/kg 
PCB-1242 0/16 1.02E-Ol .. S.4SE-01 NT 1.40E-Ol mg/kg 
PCB-1248 0/16 1.02E-Ol - 5.4SE-Ol NT 1.40E-Ol mg/kg 
PCB-1254 1/16 9.60E-02 - 9.60E-02 1. 02E-Ol - S.4SE-Ol L 1.H.E-Ol mg/kg 
PCB-1260 5/16 6.00E-02 - 6.31E-Ol 1.02E-Ol - 5.4SE-Ol L 1. OlE-Ol mg/kg 
PCB-1268 0/1 1.00E-Ol - 1.00E-Ol NT 1.00E-Ol mg/kg 
pentachlorophenol 0/13 S.OOE-Ol - 5.00E-01 NT 2.S0E-Ol mg/kg 
Phenanthrene 2/13 B.50E'-01 - 1. 63E+OO S.OOE-Ol "'" ~.OOE-Ol L 2.4SE-Ol mg/kg 
Phenol 0/13 S.00E-01 -S.OOE'-Ol NT 2.S0E-Ol mg/kg 
Polychlorinated biphenyl 0/1 1.00E-'0~ - 1. OOE-oi NT 1. OOE-Ol mg/kg 

*L=Lognormal, N=Normal, NT=Not tested 



Tal,lle 1.3. :oatat1UD1D1~ry £:0;- lill anal-ytes by location and medium 

-- - ------- -- - -- - -- - - - --- --------- -------- -- -- ---- ------ LOCAT:ION",SWMO 99A MED:IAc>Surface S6il - ------ ----------- --- -- - -- - - -- - - - - ~ --..,- ..... : .. "":--."" .,..~-""'''.;..;. .. "' - .. 

> I 
VI 

N 

Anaiyte 

Pyre~e 
Pyridine 
Trichloroethene 
V!n:¥i -ChloHde 
bis(2-chloroethoxy)methane 
bis(2-Chloroethyl)ether 
bis(2-ChloroiSopropyl)ether 
bis(2-Ethylhexyl)phthalate 
ciS-li2-Dichloroethene 
trans"'1,2-Dichl6roethene 
Alpha. ~ctivity 
Americium-241 
Beta activity 
Cesium-137 . 
Cobalt .. 60 
Neptuni\lm-237 
Plutonium.,.239/240 
ProtactiniUm-234m 
Technetium-99 
ThoriUfu-234-
Uranium-"234 
uranium.-235 
Uranium-23S 

Freq1l.ency of .-
Detection 

3/13 
0/1 
C'J/~ 
0/2 
0/13 
0/13 
0/13 
0/13 
0/2 
0/2 
.15/16 
0/i6 
16/16 
3/lEi 
0/16 
i/i 
OIl. 
0/16 
3/16 
1/16 
loll 
0/16 
l/i 

( continuad) 

Detected 
Range 

1.30~-0~ .,. a.70~+OO 

9.70E+00 - 1.42E+02 

6.70E+OO - 2.7-3E+03 
1.10E+OO 1.90E+OO 

1.28E+oi - 1.28E+Ol 

1. 66E+Ol." :2. 65~+.03 
5.30E+Ol - 5.30E+Ol 
~.64E+ol - 1.64t+01 

5.17E+01 - 5.17E+Ol 

Nondetected 
Range 

5.00E-lll 5.00E-Ol 
4.80E-Ol - 4.80E-Ol 
1 .. 99E-01 - 2.64E-C:i1 
.1 • .98~"01 - 2.64~-01 
5.00E-01 - 5.00E-Ol 
s.00E-01 - S.OOE-Ol 
5.00E"()1 S.OOE"Ol. 
5.00E-01 - 5.00E-01 
1. 9SE-01 - 2.64E-oi 
~.9S:E-0.1 .. ~.64:E-'-()1 
3.10E+00 - 3.10E+00 
1.10E+00 - 1.30E+Ol 

3.S0E-Ol 3.50E+OO 
5.20E-Ol - 4.60E+OO 

?70~-Ol - $.70li:- Ol. 
4.10E+Ol - 5.00E+02 
O.OOE+OO - 3.73E+OO 
5.30E+00 -2.20E+Ol 

1.30:E:+00 ,. 9.90~+OO 

Arithmetic 
Distributiqn* Me!1n Units 

L 2.74E-01 mg/kg 
NT 2.40:i!:;,Ol mg/kg 
NT 2.31E-Ol mg/kg 
NT 2.31E-OI mg/kg 
NT 2.~():i!:",Ol mg/kg 
NT 2.50E"Ol mg/~g 
NT 2.50E-Ol mg/kg 
NT 2.S0E-OI mg/kg 
NT 2.31E.,.01 mg/kg 
NT :Z.3IE-Ol mg/ltg 
L ;Z.53E+IlI pCi/g 
NT S.SS:E+OO pCi/g 
i. 8.S8E+Ol pCi/g 
L 4.50E-Ol pCj,/g 
NT i.53E+OO pQi/g 
NT l.-28il:+Ol pCi/g 
NT 5.70B-Ol pCitg 
NT 1.7'Ii:+02 pCi/g 
N 1.71E+02 pCj./g 
.t, 1. 67E+Ol pCi/g 
NT ~.64:E+OI pCi/g 
NT 5.03E+00 .pCi!g 
NT S.17E+Ol pCi/g 

----- -- -- - - - - - - - - - - - - - --- -- - -- - - - - - - - - - - - -- - - --- - - - - - LOCATIONt;lSWMU' 9gB MEDIA=RGA Groundwater - -- ~ ~_- ~_--~ ~ ~.~ ~ ~ ~.'!" -'~,!" ~ - - - -- - - - - - - - - -- - - - - - ________ ~ _ .. ~ ~ ~-~ 

Anaiyte 

A.ll.1rn.tI?-1.1m 
Antimony' 
Arsenic 
Barium 
l!e~:J,liWII 
cadrilium 
ca.:icium 
Chloride 
Chromium 

• 

·PTeqtiency 
of 

betection 

0/3 
0/7 
6/7 
7/7 
0/7 
0/7 
7/7 
7/7 
1/7 

Detected 
Range 

2.00E-Ol - 2.70E+00 

2.S4E+Ol - 3.27E+Ol 
B.29~+Ol 1.08E+02 
2.60E~Olo - 2.60~.;.01 

NQ~<ill!tl!cted 
Range 

'.SOE-OI - 1.00E+OO 
1.SSE-Ol ~ 2.50E-Ol 
S.OO:i!:-03 .. S.OOE"03 

l.SOE-02 - 2.50E~02 
2.S0E-02 - 1.POE-oi 

5.00E-02 - 6.00E-02 

P:ist;;-:i.b\1tion* 

NT 
NT 
NT 
L 
NT 
NT 
L 
N 
L 

Arithmetic 
Mean 

4.S8E--0J. 
1.06E--OI 
2.S0E-03 
4.7BE-Ol 
9.~9~-03 
2.S6E--02 
3.04E+OI 
9.S9E+OI 
5.62E~02 

Units 

mg/I. 
I\1g!L 
mg/r. 
mg'/L 
mg/L 
I\1g/L 
rilg!L 
mg/L 
mg/I. 

• 



• • • 
Table 1.3. Data summary for all analytes by locatioll and medium 

---------------------~------.,.""------------------------. LOCATION=SWMQ !I!IS MEDIA=RGA Groundwater ----;.------------------------~-------------------- ____ "" 

Analyte 

Cobalt 
Copper 
Fluoride 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Nitrat~ as Nitrogen 
Potassium 
Selenium 
Silica 
Silver 
Sodium 
Sulfate 
Tetraoxo-sulfate(l-) 
Total·Phosphate as Phosphorus 
uranium 
Zinc 
l,l,l-Trichloroethane 
1,1,2-Trichloroethane 
l,l-Dichloroethane 
l,l-Dichioroethene 
1,2-Dichloroethane. 
Benzene 
Bromodichloromethane 
Carbon Tetrachioride 
Chloroform 
Ethylbenzene 
Polychlorinated biphenyl 
Tetrachioroethene 
Toluene 
Trici1loroethene 
Vinyl Chloride 
Xylene 
dis-l,2-Dichloroethene 
trans-l,2-Dichloroethene 
Alpha activity 

FrequenCy 
of 

Detection 

0/7 
1/7 
7/7 
3/7 
0/7 
7/7 
5/7 
0/7 
0/3 
0/7 
7/7 
0/6 
0/7 
7/7 
0/7 
7/7 
2/2 
5/5 
0/3 
0/7 
2/7 
0/15 
0/15 
0/15 
0/15 
0/15 
0/15 
0/15 
0/15 
0/15 
0/15 
0/1 
0/15 
0/15 
16/16 
0/15 
0/15 
0/15 
0/15 
12/H 

(continued) 

Detected 
Range 

4.00E-02 - 4.00E-02 
1.60E-Ol - 2.10E-01 
2.94E-Ol - 3.34E+00 

i.15E+Ol - 1.31E+Ol 
6.00E-02 ~ 2.90E-Ol 

1.70E+OO - 2.10E+00 

1.50E+01 - 2.00E+01 

6.32E+Ol - 7.86E+Ol 
1.75E+Ol - 2.67E+Ol 
1.92E+Ol - 2.90E+Ol 

3.00B-02 - 6.00E-02 

1.30E+OO - 2.30E+OO 

-4.20E+OO - 4.20B+OO 

Nondetected 
Range 

4.50E-02 - 1.00E-Ol 
2.50E-02 - 1. OOE-Ol 

3.00E-Ol - 3.60E-Ol 
2.50E-01 - 2.50E-01 

1. 00E-01 - 1. OOE"'"Ol 
2.00E-04 - 2.00E-04 
5.00E-02 - 1. OOlj:-Oi 
1. OOE-Ol - 1. 00E-01 

5.00E+00 - 1.0SE+01 
5.00E-03 - 5.00E-03 

5.00E-02 - 6.00E-02 . 

2.00E+OO - 2.00E+00 
1.00E-03 1.00E-03 
3.00E~0:i! - 2.50E-Ol 
2.50E-01 - 5.00E-01 
2.50E-01 - 5.00E-0l 
2.50E-Ol - 5.00B-01 
2.50E-0! - 5.0oE-Ol 
2.5OE-01 - 5.0oE"'"01 
2.50E-Ol - 5.00E-Ol 
2.5OE-ol - 5.0oE-Ol 
2.50B-Ol - 5.o0E-ol 
2. 5or::-01 - 5.00E-01 
2.50E-Ol - 5.00B-Ol 
1. 7oE-04 - 1. 7oE-04 
2.50E-Ol - 5.00E-0l 
2.50E-01 "- 5.00E-01 

2.5or::-01 - 1.00E+00 
2.50E-ol ~ 1. 0011:+00 
2.50E-01 - 5.00E-Ol 
2.50E"-01 - 5.00E-Ol 

-2.03E+00 - 4.60E+00 

*L=Lognormal, N=Normal, NT=Not tested 

Arithmetic 
Distribution* Mean Uilits 

NT 2.71E-02 mg/L 
N 3.25E-02 mg/L 
L 1. 77E-01 mg/L 
L 6.08E-01 mg/L 
NT 1.25E-01 mg/L 
L 1.23E+Ol mg/L 
L 1.6SE-01 IDg/L 
NT 1.00E-.04 mg/L 
NT 4.17E-02 mg/L 
NT 5.00E"-02 mg/L 
L 1. 84E+OO ms'lL 
NT 3.88E+00 ii1g/L 
NT 2.50E"-03 mg/L 
L 1.72E+01 mg/L 
NT 2.79E-O~ mg/L 
L 6.99E+01 mg/I. 
N 2. 21r::+ 01 mg/L 
N 2.46E+01 mg/L 
NT 1.00E+00 mg/L 
NT l. OOE-03 mg/L 
L 3.72E-02 mg/I. 
NT 1.67E-01 mg/L 
NT 1. 67r::-Ol mg/L 
NT 1. 67E-Ol mg/L 
NT 1.67E-Ol mg/I. 
NT 1.67E-Ol mg/L 
NT 1.67E-Ol mg/L 
NT 1. 67E-Ol mg/L 
NT 1.67E-ol mg/L 
NT 1. 67E-Ol mg/L 
NT 1.67E-Ol mg/L 
NT 1. 70E-04 mg/L 
NT 1. 67E"'" 01 mg/L 
NT 1.67E-01 mg/L 
N 1.94E+00 mg/L 
NT 5.00E-Ol mg/L 
NT 2.67E-Ol mg/L 
NT 3.33E-01 mg/L 
NT 3.33E-Ol mg/L 
N 7.42E-Ol pCi/L 



Table 1.3. Data summary for all analytes by location and medium 

------------------------------------------------------ LOCATION=SKMU 99B MEDIA=RGA Groundwater -------------------------------------------------------
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

Beta activity 16/16 3.00E+OO - 4.50E+Ol L 1. 20E+Ol pCi/L 
Radon-222 4/4 2.57E+02 - 4.12E+02 N 3.66E+02 pCi/L 
Technetium-99 12/17 -2.00E+00 - 1. 90E+Ol -3.00E+00 - 1.17E+01 N 5.51E+00 pCi/L 

LOCATION~SWMU 99B MEDIA=Subsurface Soil -----------~-------------------------------------------

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

Aluminum S/S 9.31E+03 - 1. 70E+04 L 1.25E+04 mg/kg 

~ Antimony O/S 2.00E+01 - 2.00E+01 NT 1.00E+01 mg/kg 
VI Arsenic 2/6 6.89E+00 - 8.05E+00 5.00E+00 - 5.00E+00 N 4.16E+00 mg/kg 
~ Barium 8/8 6.50E+01 - 1.55E+02 L 9.63E+Ol mg/kg 

Beryllium 6/8 5.70E-01 - 1. OOE+OO 5.00E-01 - 5.00E-Ol N 5.66E-Ol mg/kg 
Boron 0/8 1.00E+02 - 1.00E+02 NT 5.00E+Ol mg/kg 
Cadmium O/S 2.00E+00 2.00E+00 NT 1.00E+00 mg/kg 
Calcium 6/6 5.03E+02 - 7.17E+03 N 2.51E+03 ms/kg 
Chromium S/8 1.18E+Ol - 2.61E+01 L 1. 79E+01 ms/kg 
Cobalt S/S 1.91E+00 - 6.94E+00 L 4.17E+00 ms/kg 
Copper 8/8 5.25E+00 1.30E+Ol N S.66E+OO mg/kg 
cyanide 0/7 1.008+00 - 1.00E+00 NT 5.00E-Ol mg/kg 
Iron S/S 9.66E+03 - 1.S1E+04 N 1.48E+04 mg/kg 
Lead O/S 2.00E+Ol - 2.00E+Ol NT 1. OOE+Ol mg/kg 
Lithium 8/B 6.50E+00 - 1.14E+01 L 8.62E+00 mg/kg 
Magnesium S/S 1.10E+03 - 2.53E+03 N 1.76E+03 mg/kg 
Manganese S/S 6.32E+Ol - 5.24E+02 L 2.43E+02 mg/kg 
Mercury O/B 2.00E-01 - 2.00E-Ol NT 1. OOE-Ol mg/kg 
Nickel 5/B 7.27E+00 - 2.51E+Ol 5.00E+00 - 5.00E+00 L 1.05E+Ol mg/kg 
Potassium 8/S 3.37E+02 - 1.04E+03 L 6.44E+02 mg/kg 
Selenium 0/4 1.00E+00 - 1. OOE+OO NT 5.00E-Ol mg/kg 
Silver O/S 4.00E+00 - 4.00E+00 NT 2.00E+00 mg/kg 
Sodium 3/8 2.11E+02 - 3.09E+02 2.00E+02 - 2.00E+02 N 1. 5BE+02 mg/kg 
Strontium B/8 9.46E+00 - 2.22E+Ol L 1.61E+Ol mg/kg 
Thallium O/S 1.50E+Ol - 1.50E+01 NT 7.50E+00 mg/kg 
Vanadium s/s 1.97E+Ol - 3.44E+01 L 2.46E+Ol mg/kg 
Zinc B/S 1.96E+01 - 5.22E+Ol N 3.74E+Ol mg/kg 
1, 1, I-Trichloroethane 0/7 1.20E+00 - 1.20E+00 NT 6.00E-Ol mg/kg 
1, 1, 2, 2-Tetrachloroethane 0/7 1.20E+00 - 1.20E+00 NT 6.00E-Ol mg/kg 

*L=Lognormal, N=Normal, NT=Not tested • • • 



• • • 
Table 1.3. Data summary for aU analytE!~ by location and medium 

-------------------------~-.~~~~~~~~-------------------

Frequency 
of 

Analyte ' Detection 

l,l,~'-Trichloroethane 0/7 
l,l-Dichloroethane 0/'1 
l,l"-Dichloroethene 0/7 
l., 2, 4 -'TriChlorobenz,ene 0/8 
l,2-Dich1orobenzene 0/8 
l.,2-Dich~oroethane 0/7 
l,2-Dichloropropane 0/7 
l,2-Dimethylbenzene 0/7 
l,3-Dichlorobenzene O/B 
l.,4-Dichlorol:len.zene ,0/8 
2, 4, S-TrichloroplJ,enol 0/8 
2,4,6-Trichlortiphertol 0/8 

:> 2,4,-Dichloropheno1 0/8 
I 2,4-Dimethylpbenol 0/8 \..II 

\..II 2,4-Dinitrotoluene 0/8 
2,6~Dinitroto~uene 0/8 
2-Butanone' 0/7 
2-cglo~onaphthalene 0/8 
2-Chlorophen~1 0/8 
2-Hexanone 0/7 
2-Methyl:-4,5:-dip.itrophenol 0/8 
2-Methylnaphthalefte 0/8 
2-Methylphenol 0/8 
2-Nitroani1ine 0/8 
2-Nitrophenol 0/8 
3,3'-Dichlorobenzidine 0/8 
3-Nitroa.rii.line 0/8 
4-Bromophenyl phenyl ether 0/8 
4"Ch:J.o~IJ"'3-methylphenol 0/8 
4-Chloroaniline '0/8 
4-Chlorophenyi-pheriyl ether 0/8 
4",ME!t;ll.y:L~.2-pentanone 0/7 
4-ME!thylphElIlol 0/8 
4-Nitroaniline 0/8 
4 -N!trophenoi- 0/8 
Acenapht1!~e 0/8 
AceIiaphthylene O/B 
Acetone 1/7 
Anthracene 0/8 
Ben:zCia) anthracene 0/8 

LOCATION'=SWMU 99B MEt>tA=Subsurface Soil 
(continued) 

--------- -:---~~.~.~.;..- - -- -- -- --:..------- -- --- - - -;...:.- -- - - - - ---

Detected Nondetected Arithmetic 
Range Range Distr1bution* M~an Units 

l.20E+00 - l.20~+00 NT 6.00E"-Ol , mg/kg 
L20E+OO - l.20E+OO NT ,6.00E-Ol mg/kg 
l.20E+00 - 1'.20E+OO NT - 6.00E-01 ing/kg 
S.oOE-oi - 5.00E-Ol NT -2.50E-Ol mg/kg 
S.OOE-Ol. ~ s.ooE-oi NT 2.50E-ili ' mg/kg 
1.20E+00 - l..20B+00 NT 6.0QE-'Ol ,mg/kg 
l..2e>:E+OO - l..20E+OO NT 6.00E-0l. mg/kg 
1..20E+OO - 1.20E+OO NT 6,OOE-Ol. mg/kg 
5.00E-Ol - 5.00i-61 NT 2.50E-01 mg/kg 
5.00E-Ol - 5.00B-Ol NT 2,50E-Ol mg/kg 

' 5.00B-Ol. - S~OOE-Ol NT 2.50E-Ol mg/kg 
5.00E-Ol - 5.00B-Ol NT 2.S0E-Ol mg/kg 
5.00E":Ol - S.OOE"-Ql. NT 2.SQ.~-Ol. mg/kg 
5.00E-Ol 5.00E-Ol NT 2.S0E-0J, mg/kg 
5.00E-01 - 5.00E-Ol NT 2.50E-Ol mg/kg 
S.OOE-Ol. - S.OO_E-Ol. NT 2'.50E'-Ol mg/kg 
l..2QE+00 - l..20E+00 NT 6.00E-Ol mg/kg 
5.00B-Ol - 5.00E-01 NT 2' .-50E-ell mg/kg 
5.00E-Ol - 5.00B"-Ol NT 2 .. S0E-01 mg/kg 
].:.20E+OO - 1..20E+OO NT 6.00E-Ol mg/kg 
5.00E-Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
S.OOE-'Ol - 5.00E-Ol NT 2.,!5 0E'".Ol mg/kg 
5.00~-Ol - 5.00E-oi NT 2.S0B-Ol mg/kg 
S.OOE-Ol - 5.00E;'Ol :NT ?50E:-Ol mg/kg 
5.00E'"oi - S.OOE-Ol NT 2.50E-Ol mg/kg 
5 .. 00E.;.Ol - 5.00E-Ol NT 2 .. 50E-oi mg/kg 
5.00E-Ol - 5.00E-Ol NT ~.50E-<il mg/kg 
5.00B-01 - S.OOE-Ol NT 2.50E-Ol mg/kg 
5.00E-Ol - 5.00E-oi NT 2.S0E-Ol mg/kg 
5.00E-Ol - 5.00E-Ol NT ~.50E-01 mg/kg 
S.OOE-Ol - 5.00B-Ol NT 2.50E~Ol mg/kg 
l.20E+00 - l.20E+00 NT 6.00E-Ol mg/kg 
5.00E-Ol - 5.00B"'Ol NT 2.50E-Ol mg/kg 
5.00E-Ol - 5.00E-Ol NT ?5QE-Ol mg/kg 
5.00E-"Ol - 5.00E-Ol NT 2.50E-Ol mg/kg 
5.00E-Ol - 5.00B-Ol NT 2.S0E-Ol mg/kg 
5.00E-Ol - 5.00E-Ol NT 2.50E-O:!. mg/kg 

5.50E-Ol - 5.50E-Ol 1.20E+00 - l.20E+00 N 5.93E-Ol mg/kg 
5.00B-Ol - 5.00E-Ol NT 2.50B-Ol mg/kg 
5.00E-Ol - 5.00E-Ol NT 2.50B-Ol mg/kg 

*L=Lognorina.l, N=Normal, NT=Not tested 



Table 1.3. Data summary for all analytes by location and medium 

---------------------------------------------------- LOCATION=SWMU 99B MEDIA=Subsurface Soil -------------------------------------- ________________ _ 
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

Benzene 0/7 1.20E+OO - 1.20E+OO NT 6.00E-01 mg/kg 
Benzo(a)pyrene 0/8 S.OOE-Ol - S.OOE-Ol NT 2.s0E-Ol mg/kg 
Benzo(b)fluoranthene 0/8 5.00E-Ol - 5.00E-01 NT 2.50E-Ol mg/kg 
Benzo(ghi}perylene 0/8 S.OOE-01 - S.OOE-Ol NT 2.s0E-Ol mg/kg 
Benzo(k)fluoranthene 0/8 S.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
Bromodichloromethane 0/7 1.20E+00 - 1.20E+00 NT 6.00E-Ol mg/kg 
Bromoform 0/7 l.20E+OO 1.20E+00 NT !i.OOE-Ol mg/kg 
Bromomethane 0/7 l.20E+00 - 1.20E+00 NT !i.OOE-Ol mg/kg 
Carbazole 0/8 5.00E-01 - 5.00E-Ol NT 2.s0E-Ol mg/kg 
Carbon Di8ulfide 0/7 l.20E+00 - l.20E+OO NT !i.OOE-Ol mg/kg 
Carbon Tetrachloride 0/7 l.20E+00 - l.20E+00 NT !i.OOE-Ol mg/kg 
Chlorobenzene 0/7 1..20E+00 - l.20E+00 NT 6.00E-Ol mg/kg 

> Chloroethane 0/7 1..20E+OO - 1..20E+00 NT 6.00E-Ol mg/kg 
I Chloroform 0/7 l.20E+00 - l.20E+OO NT !i.OOE-Ol mg/kg VI 
0\ Chloromethane 0/7 l.20E+00 - l.20E+00 NT G.OOE-Ol mg/kg 

Chrysene 0/8 s.OOE-Ol - s.OOE-Ol NT 2.s0E-Ol mg/kg 
Di-n-butylphthalate 0/8 5.00E-01 - 5.00E-01 NT 2.50E-0! mg/kg 
Di-n-octylphthalate 0/8 5.00E-01 - 5.00E-01 NT 2.50E-O! mg/kg 
Dibenz(a,h}anthracene 0/8 S.00E-01 - S.OOE-01 NT 2.S0E-Ol mg/kg 
Dibenzofuran 0/8 S.00E-01 - S.00E-01 NT 2.S0E-Ol mg/kg 
Dibromochloromethane 0/7 1.20E+00 - 1.20E+00 NT 6.00E-Ol mg/kg 
Diethylphthalate 0/8 S.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
Dimethylphthalate 0/8 S.00E-01 - 5.00E-Ol NT 2.S0E-Ol mg/kg 
Ethylbenzene 0/7 1.20E+OO - 1.20E+00 NT 6.00E-0! mg/kg 
Fluoranthene 0/8 S.00E-01 - S.OOE-Ol NT 2.S0E-Ol mg/kg 
Fluorene 0/8 S.00E-01 - S.OOE-Ol NT 2.50E-Ol mg/kg 
Hexachlorobenzene 0/8 S.OOE-Ol - 5.00E-Ol NT 2.S0E-Ol mg/kg 
Hexachlorobutadiene 0/8 S.OOE-Ol -·S.00E-01 NT 2.S0E-Ol mg/kg 
Hexachlorocyclopentadiene 0/8 S.00E-01 - S.OOE-Ol NT 2.S0E-Ol mg/kg 
Hexachloroethane 0/8 S.·OOE-Ol - S.OOE-01 NT 2.S0E-Ol mg/kg 
Indeno(1,2,3-cd}pyrene 0/8 S.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
Isophorone 0/8 S.OOE-Ol - S.OOE-01 NT 2.s0E-Ol mg/kg 
Methylene Chloride 3/7 l.20E+OO - l.20E+00 l.20E+00 - l.20E+OO N 8.s7E-Ol mg/kg 
N-Nitroso-di-n-propylamine 0/8 S.OOE-Ol - S.OOE-Ol NT 2.S0E-0! mg/kg 
N-Nitrosodiphenylamine 0/8 S.OOE-Ol - s.OOE-Ol NT 2.s0E-Ol mg/kg 
Naphthalene 0/8 s.OOE-Ol - S.OOE-Ol NT 2.S0E-Ol mg/kg 
Nitrobenzene 0/8 s.OOE-Ol - S.OOE-Ol NT 2.S0E-0! mg/kg 
PCB-lOl6 0/6 1.l7E-Ol - l.2SE-Ol NT 1.20E-Ol mg/kg 
PCB-l22l 0/6 l.l7E-0l - l.2SS-0l NT 1.20E-Ol mg/kg 
PCB-l232 0/6 1.l7E-Ol - 1.2SE-Ol NT 1.20E-Ol mg/kg 

• *L=Lognormal, N=NO~ NT=Not tested • 



• • • 
Table 1.3. Data summary for all analytes by location and medium 

.-------------~---~----------------------------------- LOCATIONaSWMU 99B MEDiAaSubsur£ace Soil -~~~~----------------------------~~~-~-~ ______________ _ 
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection ltange Range Distribution* Mean Units 

PCB-·1242 0/6 1.17E-01 ~ 1.25E-01 NT 1.20E-01 mg/kg 
PCB-1248 0/6 1.17E-01 - 1.258-01 NT 1.208-01 mg/kg 
PCB-1254 0/6 1.17E-01 - 1.25E-01 NT 1.20E-01 mg/kg 
PCB-1260 0/6 l.i7E-01 - 1.25E-01 NT 1.20E-01 mg/kg 
Pentachlorophenol 0/8 5.00E-01 - 5.00E-01 NT 2.50E-01 mg/kg 
Phenanthrene 0/8 5.00E-01 - 5.00E-01 NT 2.50E-01 mg/kg 
Phenol O/s 5.00E-01 - 5.008-01 NT 2.508-01 mg/ltg 
Pyrene 0/8 5.00E~01 - 5.00E-01 NT 2.S0E-Ol trig/kg 
Styrene 0/7 1.20E+OO - 1.20E+o6 NT 6.00E-01 mg/kg 
Tetrachloroethene 0/7 1.20E+00 - :!,.20E+00 NT 6.00E-01 mg/kg 
Toluene 0/7 1.20E+00 - 1.208+00 NT 6.00E~oi mg/kg· 
Trichloroethene 0/7 1.20E+OO - 1.20E+00 NT 1. 20E+00 mg/kg 

> Vinyl Chloride 0/7 1.208+00 - 1.00E+02 NT 1. 53E+01 mg/ltg I 
bis(2-Chloroethoxy)m~thane O/S 5.00E-01 - 5.008-01 NT 2.50E-01 mg/kg VI 

-.J bis(2-Chloroethyl)ether O/S 5.00E-01 - 5.00E-01 NT 2.50E-01 mg/kg 
bis(2-Chloroisop;,opyl)ether O/S 5.00E-01 - 5.00E-01 NT 2.50E-01 mg/kg 
bis(2-Ethylhexyl)phthalate O/S 5.008-01 - 5.00E-01 NT 2.50E~01 mg/kg 
CiS-l,2~Dichloroethene 0/7 1.20E+00 - 1. 20E+00 NT 1.20E+00 mg/kg 
cis-1,3-Dichloropropene 0/7 1.20E+00 - 1.20E+00 NT 6.00E~01 mg/kg 
m,p~Xylene 0/7 2.40E+00 - 2.508+00 NT 1.22E+00 mg/kg 
trans-l,2-DichloroetAelle 0/7 1.20E+00 - 1.20E+00 NT 1.20E+00 lng/kg 
trans -1, 3 -.Dichloropropene 0/7 1.20E+00 - 1.20E+00 NT 6.00E-01 mg/kg 
Alpha activity S/s 1.33E+01 -2.148+01 N 1.73E+01 pCi/g 
Americiurn-241 0/8 2.20E+00 - 1.30E+01 NT 6.90E+00 pCi/g 
Beta activity S/8 1.48E+01 - 2.26E+01 L 1. S6E+01 pCi/g 
Cesium-137 o/s 7.60E-01 - 4.00E+00 NT 2.19E+00 pCi/g 
Cobalt-60 0/8 1.00E+00 - 1. 70E+00 NT 1.38E+00 pCi/g 
Protactinium-234m 0/8 1.40E+02 - 7.70E+02 NT 3.54E+0~ pCi/g 
Technetium-99 0/8 O.OOE+OO - 9.408-01 NT 1.1SE-01 pcUg 
Thorium-234 0/8 6.30E+00 - 2.50E+01 NT :!,.S9E+01 pCi/g 
Uranium-235 0/8 2.00E+00 - 9.90E+00 NT 5.948+00 pCi/g 

*L=Lognormal, N=Norma1, NT=Not tested 



Table 1.4. Data summary for detected analytes by location and medium 

. _____________________________________________________ - LOCATION=AOC 204 MEDIA=RGA Groundwater -------------------------------------------------------

;> 
I 

Analyte 

1,1,1-Trichloroethane 
1,1-Dichloroethane 
1,1-Dichloroethene 
PCB-1254 
PCB-1260 
Polychlorinated biphenyl 
Tetrachloroethene 
Trichloroethene 
vinyl Chloride 
cis-I,2-Dichloroethene 
trans-1,2-Dichloroethene 
Alpha activity 
Beta activity 

Frequency 
of 

Detection 

11/11 
1/1 
12/15 
11/11 
11/11 
1/1 
11/11 
15/15 
1/4 
3/4 
2/4 
2/4 
2/4 

Detected 
Range 

1.00E-02 - 1.BOE-02 
5.00E+00 - 5.00E+00 
1.00E-04 - 4.00E-02 
2.S0E-02 - 2.S0E-02 
2.50E-02 2.50E-02 
1.70E-01 - 1.70E-Ol 
S.OOE-03 - S.OOE+OO 
5.00E-03 - 7.70E-Ol 
1.00E-04 - 1.008-04 
9.00E-04 - 6.00E-03 
1.00E-04 - 1.00E-04 
2.40E+00 - 6.80E+00 
3.40E+OO - 5.20E+00 

Nondetected 
Range 

1.00E-03 - 1.00E-03 

1.00E-03 - 1.00E-03 
I.OOE-03 - 1.OOE-03 
1.00E-03 - 1.00E-03 
7.90E-Ol - 1.70E+00 
1.90E+00 - 2.60E+00 

___ ~ ____ - __ - __________ -------------------------------- LOCATION=AOC 204 MEDIA=Subsurface Soil 

Frequency 
of Detected Nondetected 

Analyte Detection Range Range 

1,1,1-Trichloroethane 10/16 1.00E-02 - 1. OOE+OO 1. 00E-02 - 1.00E-02 
1,1-Dichloroethane B/14 .1.00E+00 - 1. OOE+OO 1.00E-02 - 1.00E-02 
1,1-Dichloroethene 11/17 4.00E-02 - 4.00E-02 3.36E-01 - 4.27E-01 
PCB-1254 11/11 2.50E-02 - 2.50E-02 
PCB-1260 11/11 2.50E-02 - 2.50E-02 
Polychlorinated biphenyl B/B 1. 00E-01 - 1. 00E-01 
Tetrachloroethene 11/17 5.00E-03 - 1. OOE+OO 1.00E-02 - 1. 00E-02 
Trichloroethene 11/17 5.00E-03 - 1.00E+00 3.36E-01 - 4.27E-01 
Alpha activity 6/6 9.50E+00 - 1. 96E+01 
Beta activity 6/6 1.71E+01 - 2.91E+01 

Arithmetic 
Distribution* Mean Units 

N 1. 13E-02 mg/L 
NT 5.00E+00 mg/L 
L 3.25E-02 mg/L 
N 2.50E-02 mg/L 
N 2.50E-02 mg/L 
NT l. 70E-01 mg/L 
N 4.59E-Ol mg/L 
L 1.41E-01 mg/L 
N 7.75E-04 mg/L 
N 3.48E-03 mg/L 
N 5.50E-04 mg/L 
N 2.92E+00 pCi/L 
N 3.2BE+00 pCi/L 

Arithmetic 
Distribution* Mean Units 

L 4.64E-02 mg/kg 
N 5.74E-01 mg/kg 
N 9.35E-02 mg/kg 
N 2.50E-02 mg/kg 
N 2.50E-02 mg/kg 
N 1.00E-01 mg/kg 
N 4.73E-01 mg/kg 
L 1. 67E-01 mg/kg 
N 1. 53E+01 pCi/g 
N 2.27E+01 pCi/g 

---------------------------------------------------- LOCATION=SWMU 193A MEDIA=McNairy Groundwater ;---------------------------------------------------

Analyte 

Calcium 
Chloride 

• 

Frequency 
of 

Detection 

4/4 
4/4 

Detected 
Range 

1.308+01 - 8.21E+01 
B.OOE+OO - 1.60E+01 

*L=Lognormal, N=N~' 

Nondetected 
Range 

NT=Not tested 

Distribution* 

N 
N 

Arithmetic 
Mean 

3.53E+01 
1. 25E+01 

Units 

mg/L 
mg/L 

• 



• • • 
Table 1.4. Data s~ry for detected analytes by location ang medium 

---"- ------- - - - --- - -- ---- -------------------- --.,----- LOCATi:ON=SWMtJ i93A MEDIA"M~CNairy Groundwater ------------., --,,-"----'- -- -- - -- ---- - - - - - - - -'" -.,.- - - - - ---

Analyte 

Iron 
Magnesium 
potassium 
Sodium , 
Tetraoxo-sulfate(l-) 
Acetone 
Diethylphthalate 
Trichloroethene 
c:l.s-;,2-Dich1oroethene 
Alpha activity 
Beta activity 
Technetium-99 
Thoriuni':'234 
uranium-234 
uranium-238 

FreqUency 
of 

Detfi1ction 

4/4 
4/4 
4/4 
4/4 
4/4 
1/1 
1/6 
8/i3 
l/U 
6/10 
8/10 
5/10 
1/1 

, i/i 
1/1 

. (continued) ~ 

Detected. 
Range 

2.89E+OO - 3.14E+02 
5.33E+OO - 4.02E+Ol 
4.07E+00,~~.~5~+01 
li64E+Ol ~ 8~9~E~Ol 
2;10E+Ol - S.40~+Ol 
i:40E-02 - i.40E-02 
1.90E-02 - 1.90E~02 
2.00E-"04' ",l.10E-02 
1. 7o~ ... tli .. 1.70E':01 
2.40E+OO ""'4.00'8+01 

. 5.10E+00 - 6 ~46E+Ol 
1.00E+0:!- - 1.4.SE+02 
8~40E-Ol:- 8.40E-Ol 
8.~OE-Ol .... iO~-Ol 
1.32E+OO .. 1.32E+00 

Nondetected 
R~e 

1.00E-02 - 4.00E-02 
1.00E-03 - 1.00E"03 
1.00E~03. ~ 2.00E+00 
~.90E~oi - 1.40E+OO 
1.OOE+OQ - 4.40E+OO 
4.00E+OQ - 8. 50E+.00 

,Arithmetic 
DistributioIl* Mean Units 

N 8.36E+Ol mg/L 
N ~A6E+Ol mg/L 

'N 9.02E+00 mg/L 
N 4.13E+01 mg/L 
N 5,05E+01 mg/L 
NT 1.40E-02 mg/L 
N 1.,04E-02 mg/L 
L 1.70E~03 mg/L 
L 6.85E+OO ing/L 
L 4.44E+00 pCi/L 
L 2.f3E+01 pCi/L 
L, 1.38E+01 pCi/L 
NT. 8.40E-Ol pCi/L 
NT B.I0E-Ol pCi/L 
NT 1.32E+OO pCi/L 

-;.. - -- - - - - - - - - - - - - --- -- - - - - - -- --- -- - -- -.-- - - - - ----.,,----'".,. LOCATION=SWMO 193A .MEDIA=RGA Groundwater - --- --- - - -- ---:,.-- "- -";.- -..; - - -- - - - - - - - - - - - - - - - - ~ - - - - - - - - --

Ailalyte 

Aluminum 
Ammonia 
Calcium' 
chloride 
Copper 
Fluoride 
Iron 
MagnE!ci;ium 
potassiuiil ' 
Silica 
sodj:um 
Tetraoxo-sulfate(l"-) Zinc ..... --

1, 1-Dichloroethene , 
Diethy~phtll~~a!:e 
Pentachlorophenol 
Trichloroetlle.Ile 

". 

Frequency 
6f .. 

Detection 

4/4 
1/1 
5/5 
5/5 
1/4 
1/1 
7/9 
5/5 
5/S 
1/1 
5/5 
5/5 
4/4 
2/43 
3/25 
1/25 
44/51 

Detected 
RaIlge" 

~.29E"Ol - 1.7BE-Ol 
3.00E-Ol - 3.00:g.;oi 
2. 62E+Oll :-34E+02 
1.30E+Ol - $.40E+oi 
1.80E-02 1.80E-02 
4.20E-Ol 4.20E~01 

2.00E-02 3.66E+Ol 
3.91E+00 - 1.B5E+Ol 
2.66E+00. - 2.65:&:+02 
1.90E+Ol - 1.90E+!1l 
3 ;SOE+Ol - 1.34~+02 
2.10E+Ol - 2. 6.2E+02 
7.20E-02 - 2.12E-Ol 
1.OOE-04 - 2.00E-04 
9.00E-03 - 1.50E~02 
1.2tIE-02 - 1.20E-02 
2.00E-04 '" 6.70E+OO 

NcindeteC<t~d 
Range. 

1.00E-oi 1.OOE-0~ 

·.1.00E~02 - 1.6oE-02 

1.00E-03 - 5.00E+00 
1.OOE-02 - 4.00E-02 
1.00E-O~ ..; 4·.00E-02 
1.OOE-03 - 1.OOE-03 

*L=LognO:tll1al, N=Normal, NT=Not tested 

Arithmetic 
Distribution* Mean Units 

N 1.43E-Ol mg/L 
NT ~" OOE-'Ol mg/L 
~ 5.96E+01 mg/L 
.N 3 .. 10E+Ol mg/L 
N 8.?5E;-03 mg/L 
NT 4.20E-"01 mg/L 
L 2.93E+OO mg/L 
N 1.QSE+Ol mg/L 
N 6.10E+O~ mg/L 
NT 1. 90E+01 mg/L 
N 7.BOE+01 mg/L 
N 1.1?E+O? mg/L 
N 1.21E-01 mg/L 
L L6SE-04 mg/L 
L 9.17E-03 mg/L 
L 7.74E-03 mg/L 
L 7.76~-02 mg/L 



Analyte 

bis(2-Ethylhexyl)phthalate 
cis-1,2-Dichloroethene 
trans-l,2-Dichloroethene 
Alpha activity 
Beta activity 
Technetium-99 
Thorium-234 

>-I Analyte 0'1 
<::) 

Aluminum 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lithium 
Magnesium 
Manganese 
Nickel 
Potassium 
Silver 
Sodium 
Strontium 
Vanadium 
Zinc 
Acetone 
Anthracene 
Benz (a) anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(ghi)perylene 
Chrysene 

• 

Table 1.4. Data summary for detected analytes by location and medium 

Frequency 
of 

Detection 

3/25 
17/42 
7/43 
19/34 
34/34 
26/39 
l/B 

LOCATION=SWMU 193A MEDIA=RGA Groundwater 
( continued) 

Detected Nondetected 
Range Range 

1.30E-02 - 2.20E-02 1. OOE-02 - 4.00E-02 
1. OOE-04 - B.40E-02 1.00E-03 - 5.00E+OO 
1.OoE-04 - 7.ooE-04 1. ooE-03 - 5.0oE+Oo 
1.50E+OO - 1.76E+01 -4.10E-01 - 4.00E+OO 
2.90E+oO - S.SOE+02 
8.00E+oO - 1.39E+o3 -7.60E+OO - 1.7oE+01 
5.40E-01 - 5.40E-01 -1.65E+02 - 5.5SE+01 

Distribution* 

L 
L 
L 
N 
L 
N 
N 

Arithmetic 
Mean Units 

7.94E-03 mg/L 
1. 51E-03 mg/L 
3.07E-04 mg/L 
3.64E+OO pCi/L 
B.53E+01 pCi/L 
1. 21E+02 pCi/L 

-2.5lE+01 pCi/L 

LOCATION=SKMU 193A MEDIA=Bubsurface Soil ------------------------------------------------------

Frequency 
of 

Detection 

B/8 
S/S 
5/B 
4/4 
8/8 
B/B 
B/B 
8/8 
B/B 
B/B 
8/8 
5/8 
B/S 
l/S 
5/8 
S/S 
8/8 
8/8 
1/2 
l/S 
2/S 
2/S 
2/S 
2/B 
2/B 

Detected 
Range 

3.01E+03 - 1.40E+04 
2.16E+Ol - S.73E+01 
5.20E-01 - 7.00E-01 
1.06E+03 - 2.73E+05 
4.31E+Oo - 2.77E+Ol 
1.47E+OO - S.66E+OO 
2.45E+OO - 7.31E+OO 
3.74E+03 - l.54E+04 
3.7BE+OO - 1.12E+01 
1.16E+03 - 1.70E+04 
4.86E+Ol - 5.64E+02 
5.50E+OO - 9.l6E+OO 
2.S9E+02 - 1.44E+03 
4.00E+OO - 4.00E+OO 
2.13E+02 - 3.l3E+02 
6.36E+OO - 2.53E+02 
5.67E+OO - 3.15E+01 
1.B4E+Ol - 5.54E+01 
l.lOE-02 - l.lOE-02 
1.16E-Ol - 1.16E-Ol 
1.60E-01 - 1.S0E-Ol 
2.40E-Ol - 2.50E-Ol 
3.90E-02 - 5.10E-02 
1.66E-01 - 1.70E-01 
1.70E-Ol - 1.7oE-01 

Nondetected 
Range 

5.00E-01 - 5.00E-01 

5.00E+OO - 5.00E+OO 

4.00E+OO - 4.00E+OO 
2.00E+02 - 2.00E+02 

1.oOE-02 - l.OOE-02 
5.00E-Ol - 5.00E-01 
5.00E-Ol - 5.00E-Ol 
5.00E-Ol - 5.00E-Ol 
5.00E-01 - 5.00E-01 
5.00E-01 - 5.00E-01 
5.00E-Ol - 5.00E-Ol 

*L=Lognormal, N=N~ll NT=Not tested 

Arithmetic 
Distribution* Mean Units 

N 9.71E+03 mg/kg 
N 5.66E+01 mg/kg 
N 4.60E-01 mg/kg 
N 9.07E+04 mg/kg 
N 1. 65E+01 mg/kg 
L 4.13E+OO mg/kg 
N 4.97E+OO mg/kg 
N 1.11E+04 mg/kg 
N 7.14E+OO mg/kg 
L 3.92E+03 mg/kg 
L 2.30E+02 mg/kg 
N 5.42E+OO mg/kg 
L 5.27E+02 mg/kg 
N 2.25E+OO mg/kg 
N 1.94E+02 mg/kg 
L 7.47E+Ol mg/kg 
N 2.1BE+01 mg/kg 
L 3.45E+Ol mg/kg 
N B.OOE-03 mg/kg 
N 2.33E-Ol mg/kg 
L 1. 75E-Ol mg/kg 
N 2.49E-Ol mg/kg 
L 4.77E-02 mg/kg 
L 1.69E-Ol mg/kg 
N 2.30E-Ol mg/kg 

• 



• • • 
Table 1.4. Data summary for detected analytes by location and medium 

-.--'- --- - ---- - - - - - - - -------------- ------ - - ---------', "'-.-',-- LOCATION .. SWMU 193A MEDIA .. subsurface Soil -- -------- -- --- - ------- --- - - - - -- -- --- - - --- "..~ - - - -- -- ---

Ana1yte 

Frequency 
of " 

Detection 

Di-n-butylphthalate 1/8 
Di-n-octy1phthalate 1/8 
Dibenz(a,h)anthracene 1/8 
Diethylphthaiate" " 1/8 
F1uoranthene 2/8 
IndenO ( 1, 2 , 3-cd) pyreJle :2 / 8 
Pyrene 2/8 
Dis (2-Ethylhexyl) phthalate 2/8 
Alpha activity 8/8 
Beta activity 8/8 

(continued) .... .. 

Detected 
Range 

7.70E-02 ~- 7.70E-02 
1.20E-01 - 1.20E-01 
1.30E-"01 - :i..30E-Ol 
4.00E-Ol - 4.00E-Ol 
2.30E-01 - 3.10E-Ol 
1.38E-01 - 1.&OE-01 
~.40E-02 - 2.9SE-oi 
8.10E-02 - 1.70E'"01 
9.60E+00 - 2.60E+01 
1.41E+01 - 2.37~+01 

Nondetected 
Range 

5.00E-01 - 6.60E-01 
5.00E-01 - 5.00E-Ol 
5.00E-Ol - 5.00E-Ol 
5.00E-01 - 5.00E-01 
5.00E-01 - 5. OOE"'- ill. 
S.00E-01 - S.00E-01 
5.00E-01 - 5.00E-01 
s.oOE-oi - 5.00E-01 

Arithmetic 
Distribution* Mean Units 

N 2.38E-01 mg/kg 
N 2.34E-01 mg/kg 
N 2.35E-01 mg/kg 
N 2.69E-01 mg/kg 
L 2,88E-01 mg/kg 
L 1.54E-01 mg/kg 
N 2.27E-01 mg/kg 
N 2.19E-"01 mg/kg 
L 1. 62E:+Ol pCi/g 
L 1.90E+01 pCi/g 

--- ';l> - -- - - --- - ----- --- ---------------- -"'.----- -"'-------- LOCATION=SHMU 193A MEDIA=,Surface Soil --- -.,.- ----- - - - -- - ------- -- -- - --- .. - - - - - - - - - - - - - - - - - - - - - -. 
~ Frequency 

of Detected Nondetected 
Analyte Detection Range Range 

Aluminum 
Barium 
Beryilium 
Calcium 
ChrOmium 
Cobalt 
Copper 
Iron 
Lithium 
Magnesium 
Manganese 
Nickel 
Potassium 
Sodium 
Strontium 
Vanadium 
~inc 
Anthracene 
Benz (a) anthracene 
Benzo(Ci.)pyrene 
Benzo(b)f1uoranthene 
Benzo(ghi)perylene 

4/4 
4/4 
i/4 
2/2 
4/4 
4/4 
4/4 
4/4 
4/4 
4/4 
4/4 
?/4 
4/4 
1/4 
4/4 
4/4 
4/4 
1/4 
2/4 
2/4 
2/4 
2/4 

3.0lE+03 - 1.09E+04 
2.16E+01 - 8.40E+01 
6.40E-01 - 6.40E-01 
8.76E+04 - 2.73E+05 
4.31E+00 - 2.65E+01 
1.47E+00 - 5.70E+00 
2.45E+00 - 7.31E+00 
3.74E+03 - 1.54E+04 
3.78E+00 - 1.12E+0~ 
1.66E+03 - 1.70E+04 
1.35E+02 - 3.9SE:+02 
7.27E+00 - 7.50E+00 
2.89E+02 - 1.44E+03 
2.13E+02 - 2.13E+02 
1.21E+01 - 2.53E+02 
5.67E+00 - 3.15E+Ol 
3.34E+01 - 5.54E+Ol 
1.16E-01 - 1.16E-Ol 
1.60E-01 - 1.80E-Ol 
2 .• 0E-Ol - 2.50E-Ol 
3.90E-02 - 5.10E-02 
1.66E-01 - 1.70E-01 

5.00E-Ol - 5.00E-Ol 

5.00E+00 - 5.00E+00 

2.00E+02 - 2.00E+02 

5.00E-01 - 5.00E-Ol 
5.00E-01 - 5.00E-01 
5.00E-01 - 5.00E-01 
5.00E-Ol - 5.00E-01 
5.00E-01 - 5.00E-Ol 

*L=Lognorma1, N=Normal, NT=Not tested 

Distribution* 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

Arithmetic 
Mean Units 

7.24E+03 mg/kg 
5.34E+01 mg/kg 
3.48E-01 mg/kg 
1. 80E+05 mg/kg 
1.29E+01 mg/kg 
3.36E+00 mg/kg 
5.32E+00 mg/kg 
9.39E+03 mg/kg 
6.84E+00 mg/kg 
6.91E+03 mg/kg 
2.14E+02 mg/kg 
4.94E+00 mg/kg 
6.78E+0~ mg/kg 
1.28E+02 mg/kg 
1. 22E+02 ing/kg 
1.76E+01 mg/kg 
4.64E+01 mg/kg 
2.17E-Ol mg/kg 
2.10E-01 mg/kg 
2.48E-01 mg/kg 
1.48E-01 mg/kg 
2.09E-01 mg/kg 



Table 1.4. Data summary for detected analytes by location and medium 

.------------------------------------------------------ LOCATION=SWMU 193A MEDIA=Surface Soil --------------------------------------------------------
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

Chrysene 2/4 1. 708-01 - 1. 708-01 5.00E-01 - 5.00E-01 N 2.10E-01 mg/kg 
Di-n-butylphthalate 1/4 7.70E-02 - 7.70E-02 5.00E-Ol - 6.60E-01 N 2.27E-01 mg/kg 
Di-n-octylphthalate 1/4 1.20E-01 - 1.20E-01 5.00E-01 - 5.00E-Ol N 2.18E-01 mg/kg 
Dibenz (a, h) anthracene 1/4 1.30E-01 - 1.30E-01 5.00E-Ol - 5.008-01 N 2.20E-Ol mg/kg 
Diethylphthalate 1/4 4.00E-01 - 4.00E-01 5.00E-01 - 5.00E-01 N 2.88E-Ol mg/kg 
Fluoranthene 2/4 2.30E-01 - 3.10E-01 5.008-01 - 5.008-01 N 2.60E-01 mg/kg 
Indeno (1, 2, 3-cd)pyrene 2/4 1.38E-01 - 1.60E-Ol 5.00E-Ol - 5.00E-Ol N 2.00E-01 mg/kg 
pyrene 2/4 2.40E-02 - 2.95E-01 5.00E-01 - 5.00E-01 N 2.05E-Ol mg/kg 
bis (2'-Ethylhexyl) phthalate 2/4 8.108-02 - 1.708-01 5.00E-01 - 5.008-01 N 1.88E-01 mg/kg 
Alpha activity 4/4 9.60E+00 1.70E+01 N 1.32E+01 pCi/g 
Beta-activity 4/4 1.41E+Ol - 2.37E+01 N 2.10E+Ol pCi/g 

)-

.--~----------------------------------------------- LOCATION=SWMU 193B MEDIAaMcNairy Groundwater ----------------------------------------------------
tv 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

Trichloroethene 1/2 1.30E-02 - 1.30E-02 1. 00E-03 - 1.00E-03 N 7.00E-03 mg/L 
cis-1,2-Dichloroethene 1/2 2.30E-02 - 2.30E-02 1.00E-03 - 1.00E-03 N 1.20E-02 mg/L 
Alpha activity 1/2 1.29E+00 - 1. 29E+00 1.20E+00 - 1.20E+00 N 1. 25E+00 pCi/L 
Beta activity 2/2 3.15E+00 - 4.80E+00 N 3.98E+00 pCi/L 

------------------------------------------------------ LOCATION=SNMU 193B MEDIA=RGA Groundwater ------------------------------------- ________________ _ 

Analyte 

l,l-Dichloroethene 
Acetone 
Carbon Tetrachloride 
Di-n-butylphthalate 
Trichloroethene 
bis{2-Ethylhexyl)phthalate 
cis-1,2-Dichloroethene 
trans-1,2-Dichloroethene 
Alpha activity 

• 

Frequency 
of 

Detection 

3/17 
1/2 
1/5 
2/10 
17/17 
1/10 
12/17 
B/17 
12/17 

Detected 
Range 

2.30E-04 - 2.00E-02 
3.30E-02 - 3.30E-02 
5.50E-03 - 5.50E~03 

1.30E-02 - 1.30E-02 
1.00E-04 - 5.00E-01 
1.80E-02 - 1.80E-02 
1.90E-04 - 9.B7E-02 
1.00E-04 - B.10E-04 
1.00E+00 - 6.60E+02 

Nondetected 
Range 

1.90E-04 - 5.00E-02 
1.00E-02 - 1.00E-02 
5.00E-03 - 5.00E-02 
2.00E-02 - 2.00E-02 

2.00E-02 - 2.00E-02 
2.20E-04 - 5.00E-03 
4.90E-04 - 2.00E+00 
1.10E+00 - 2.80E+00 

*LaLognormal, N=NO., NT=Not tested 

Distribution* 

L 
N 
N 
N 
L 
N 
L 
L 
L 

Arithmetic 
Mean 

3.36E-04 
1. 90E-02 
1.21E-02 
1. 068-02 
8.01E-01 
1. 08E-02 
2.92E-03 
3.29E-04 
6.09E+00 

Units 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
pCi/L 

• 



• • • 
Table 1.4. Da~a summary for detected·analytes by location and medium 

___ - - - --- - -- -- - - - -- -- ---- ... --~.""-"'-~----- ----------- - --- LOCATION=SWMU 193B MEDIAaRGA Groundwater ---------- - - ------- "-'-~ ---- - -- - - - -- - -- ---- - -- - -~ -"'-'" .,..,..
(continued) 

Arialyte 

Beta activity 
Technetium-99 

Fr~quency 
6f . 

Detection 

16/17 
B/17 

Detected 
Range 

2.70E+OO - S.BS~+02 
1.4SE+01 - 6.10E+01 

Nondetected 
Range 

S.12~+orr - S.12E+OO 
-S.OOE"'Ol - 1.20E+01 

DistributioIl* 

L 
N 

Arithmetic 
Mean 

2.39E+01 
1.B9~+Ol 

Units 

pCi/L 
pci/L 

------------------------------------------------------ LOCATIQN=SWMU 193B MEDIA=Subsurface Soil -"'-- ... ----------------------------- ... --------------------

F:z::equency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

Aluminum 4/4 7.43E+03 - 1.12E+04 N .9.9BE+03 mg/kg 
Bariuin 4/4 3.BOE+01 - B.42E+01 N S.36E+Ol mg/kg 

>- Beryllium 2/4 S.90E-Ol - 1.S7E+OO S.OOE-01 - S.OOE-01 N 6.6SE-Ol mg/kg 
I Chroridum 4/4 1.04E+Ol - B.B7E+Ol N 3.24E+01 mg/kg 0"1 

I.J.J Cobillt 4/4 3.1BE+OO - 7.76E+OO N 4.99E+OO mg/kg 
Copper 4/4 4.1BE+OO - 7.43E+OO N 6.21E+OO mg/kg 
Iron 4/4 9.73E+03 - 2.43E+04 N 1.45~+O4 mg/kg 
Lithium 4/4 3.44E+OO - 7.72E+OO N S.B2E+OO mg/kg 
Magnesium 4/4 7.74E+02 - 4.31E+03 N 1.84E+03 mg/kg 
MangaIlese 4/4 1.0SE+02 - 2.22E+02 N 1 .. S4E.+02 mg/kg 
Nickel 2/4 7.82E+OO - 2.06E+01 5.00E+OO - S.OOE+OO N B.36E+OO mg/kg 
Potilssium 4/4 2.37:S+02 - 6.B6E+02 N 3.!iHE+02 mg/kg 
Sodium 4/4 2.44E+02 - 4.48E+02 N 3.1iE+02 mg/kg 
Strontium 4/4 B .1lE+OO - 9.39E+01 N 3.13E+Ol mg/kg 
Vanad~ulI\ 4/4 1.7SE+01 - 6.50E+01 N 3.10E+01 mg/kg 
Zinc 4/4 1.7SE+Ol - S.S7E+Ol N 3.09E+Ol mg/kg 
Acetone 1/1, B.OOE-02 - B.OOE-02 NT 8.00E-02 mg/kg 
To],ue.ne 1/3 1.00E-02 - 1. OOE-02 1.00E-02 - =!-.OOE-02 N 6.67E-03 mg/kg 
Alpha activity 4/4 2.14E+OO - 1.86E+01 N 1.19E+Ol pCi/g 
Beta activity 4/4 9.10E+OO - 2.29E+01 N 1.S2E+Ol pC:ijg 

-------------------------------"."'''---------------------- LOCATION=SWMU193B MEb:tA=Surface Soil -------~~-~~-----------------------~------------------ --

Ailalyte 

Alum:i,num 
Barium 

Frequency 
of 

Detection 

2/2 
2/2 

Detected 
Range 

7.43E+03 2.0~E+04 
3.BOE+Ol - 8.42E+Ol 

Nondetected 
Range 

*L=Lognormal, N=Normal, NT=Not tested 

Distrib~tion* 

N 
N 

Arithmetic 
Mean 

9.12E+03 
6.11E+Ol 

Units 

mg/kg 
mg/kg 



'l'able 1.4. p~t:a ~~~ foz: cietectedana.lytes by loc.ation and meclium 

-- .. -- .. -~;;. ---- - - - _ .. __ co._ .... __ . ___ ,;,~_Co. ___ .... - .............. "-" __ "'''_-'_Co. LocATION:;:SWMtf 193:8 MEf>IA .. Surface Soil ---- -- ------- - --- - -- ______________ ., ___ ... .,._ ...... - _ ... .,,, ,.. .. -" '_''_'' __ 
(cont:inued) 

Frequency 
of Detected NgIlclet~ct~d Arithmetic 

Aiiidyte Detection Range Range Distribution ... M.~.a~ TJ~Jts 

Bei}rlH tim 1/2 LS7E+OO - l..S7E+OO S.OOE-01 - S.OOE-Ol. N 9.l. Ci:E".Oj. mg/kg 
Chromium 2/2 l.04E+()1 - IL87E+01 N 4.96E+Ol. mg/kg 
CQbal.t 2/2 3,821':+QO - 7.76~+00 N S .. 79E+OO mg/kg 
Copper 212 7.07E+OO - 7.43E+OO N 7.7S~+()() mg/kg 
Iron 2/2. 1.i6E+04 - 2.43E+()4 N 1.80E+04 mg/kg 
~:i.thi\lIll 2/2 3.44E+OO .. 7.72~+OO N S.58E+OO ltig/kg 
MCilgnesium 2/2 7.74E+.02 - 4.31E+03 Ii 2.54E+()] mg/kg 
Manganese 2/2 1.13E+02 2.22E+02 N 1,61i1:E+02 mg/kg 
~ickel 3./2 :?O6~+Ol. .. ?, 06~+()1. 5.00E+OO - S.OOE+OO N l.16E+Ol mg/kg 
Potassium 2/2 2.37E+02 - 6,86E+.02 N 4.62E+02 mg/kg sodium- .... 2/2 2.44E+02 - 2.49E+02 N ? .47E+02 mg/kg 
Strontium 2/2 1.42E+01 9.39E+01 N S.41E+01 mg/kg 

> Vanadium 2/2. l..7SE+.Ol. - 6.S0E+Ol. N 4.l.3E+0-:1 mg/kg 
I Zinc 2/2 ~.:2l~+Ol .;. S.S7E+Ol N 4.39E+Ol mg/kg 0\ 

.j:>. Toluene i/2 1. 00E-02 - 1.OOE-02 1..00E-02 - 1.00E-02 N 7.50:E-0:3 mg/kg 
Alpha. a.ct:i.v~ty '2.n 1.. 63.Ji:+Ol .. ]..86):+01 N l.75E+Ol pCi/g 
Beta activity 2/2 1.66E+01 - 2.29E+Ol N 1.98E+Ol pCi/g 

- -- -- - - - -- - - - - - ---- ------.--~~--~.--- .. "--... ..; .... ".'- ...... ..;".;..'-- 'LqcATIC>N=SWMU 193C MlIDIA=McNairy Groundwater -- - ----- ---- -- -- - ------- .. -= ... -." "--'0, - .. - - _ - - - ___________ _ 

Frequency 
of Detected Nondetected A:t: i tl!,me t i.e 

Analyte Detection Range ~ilIl9~ Distribution* Mean units 
Aluminum 4/4 7.S0E-Ol - 9.0.4E+Ol N 2.s2E+Ol mg/L 
imtimony 5/5 6.0DE-02 - 2.s0E-Ol N 1. 48_E.,01 mg/L 
ArS~Ilic 5/5 5.00~-03 .- 3. 6O:E-0? N l.12E-02 mg/L 
Barium 5/5 9.20E-0'}, - Ei·7D~-O~ N 2.6SE-Dl mg/L 
Beryilium 5/5 S.00E-D3 - 2.S0E-02 N 1.S4E-02 mg/L 
Cadmium 5/5 1; OOE-02 .- l.OOE-Ol N 3.62E-02 mg/L 
Calci\1m ~/~ Ei.4BE+OO ~; 4.10E+oi N 2.19E+Ol mg/L 
Chlor~d~ 5/5 1, •• 5~+Ol - 1. 6BE+Ol N 1. 56E+D1 mgIL 
Chromium 3/3 5.00E-02 - 2.32E~01 N l.14E-Ol mg/L 
Cobalt 5/5 4.S0E-02 - 1.2lE-Ol N 7 .. ?~~-O7 mg/L 

.Cppper ~/S 1,.30~-0~ - 1. 63E-Ol N 6. S2E~02 mg/~ 
Flu,ori.Q.e 4/4 2.00E.-()1 :iI.BOE-01 N 2.38E-Ol mg/r. 
Iron 5/5 5.04E+OO - l.79E+02 ~ 4.75E+Ol mg/L 
Lead ~ll 2.50:8-0i - 2.50E-Ol NT 2.5()~"()~ mg/L 
Magnesi_UIII 5/5 2.14E+OO "" :il.1Ei~+01 N 7.47E+OO 1Il9lL 

• *L=J:.ognorma.l., N=N., NT=Not tested • 



• • • 
Table 1.4. Data summary for detected analytes by :Location and medium 

.-----------------------------------~~-------------- LOCATION=SWMU 193C MEDIA=MCNairy Groundwater --------------------------------------- ____________ _ 

Ailalyte 

Manganese 
Mercury 
Molybdenum 
Nickel 
Nitrate as Nitrogen 
Potassium 
Selenium 
silica 
Silver 
Sodium 
Tetraoxo-sulfate(l-) 
Thallium 
uranium 
Vanadium 
Zinc 
1, 1, 1-Trichloroethane 
1,1,2-Trichloroethane 
1,1-Dichloroethane 
1,1-Dichloroethene 
1,2-Dichioroethane 
Benzene 
Bromodichloromethane 
Carbon. Tetrachloride 
Chloroform 
Ethylbenzene 
Polychlorinated biphenyl 
Tetrachloroethene . 
Toluene 
Trichloroethene 
Vinyl Chlorilie 
Xylene 
cis-1,2-Dichloroethene 
trans-1,2-Dichloroethene 
Alpha activity 
Beta activity· 
Radon-222 
Technetium-99 

Freq\J,I$Cy 
of 

Detection 

5/5 
1/1 
4/4-
5/5 
5/5 
5/5 
3/3 
5/5 
3/3 
5/5 
5/5 
2/2 
9/9 
2/2 
5/5 
4/4 
4/4 
4/4 
4/4 
4/4 
4/4 
4/4 
4/4 
4/4 
4/4 
1/1 
4/4 
4/4 
12/12 
4/4 
4/4 
4/4 
4/4 
12/12 
12/12 
2/2 
13/13 

Detected 
Range 

(continued) 

3.57E-01 - 3.91E+OO 
2000B-04 - 2000E-04 
5.00E-02 - 1.00E-01 
1.00E-01 - 1.09E-Ol 
loOOE+OO - lo00E+OO 
3073E+01 - 1.01E+02 
s.OOE-03 - 5000E-03 
lo10E+Ol - 1.aOE+Ol 
5.00E-02 - 6.00E-02 
lo90E+01 - 2.63E+01 
9.60E+OO - 1.30E+01 
6.00E-02 - 1.23E-01 
~.OOE-03 - 1.80E-02 
5.70E-02 - 8.36E-01 
2.60E-02 - 5.64E-Ol 
s.OOE-03 - 5000E-03 
5.00E-03 - 5.00E-03 
5.00E-03 - s.OOE-03 
5.00E-03 - 5.00B-03 
5.00E-03 - SoOOB-03 
5.00B-03 - 5.00E-03 
5.00B-03 - S.OOi-03 
5000B-03 5000E~03 

5.00E-03 - 5000E-03 
5.00E-03 ~ 5.00E-03 
loOOE-04 lo00B-04 
5.00B-03 - 5.00E-03 
5.00E-OJ - 5.00E-03 
1.OOE-03 - 2.00B-03 
5000E-03 - loOOE-02 
5.00E-03 - 1.00E-02 
s.OOE-03 - s~OOE-03 

5.00E~03 - ~,OOE-03 
-l.80E+01 - 1.07E+02 

5050E+Ol - 2036E+02 
1.43E+02 - lo57E+02 

-7.00B+OO - 2.70E+Ol 

Nondetected 
Range 

*LaLognormal, NaNormal, NTaNot tested 

Arithmetic 
Distribution* Mean Units 

N 1. 34E+OO mg/!,. 
NT 2.00E-04 mg/L 
N 6.38E'-02 mg/L 
N 1. 03E-01 mg/L 
N 1.00E+OO mg/L 
N 6.92E+01 mg/L 
N 5.00E-03 ing/L 
N 1.32E+Ol mg/L 
N 5.67E-02 iilg/L 
N 2.23B+01 mg/L 
N 1.19B+01 mg/L 
N 9.15B-02 mg/L 
N 2.89B-03 mg/L 
N 4.47E-01 mg/L 
N 1. 89B-01 mg/L 
N 5.00B-03 mg/L 
N 5.00B-03 mg/L 
N 5.00B-03 mg/L 
N 5.00B-03 iilg/L 
N 5.00E-03 mg/I.. 
N s.OOE-03 mg/L 
N s.OOE-03 mg/L 
N 5000E-03 mg/L 
N SoOOB-03 mg/L 
N SoOOB-03 mg/L 
NT 1. OOE'-04 mg/L 
N 5000B-03 mg/L 
N 5000E-03 mg/L 
N 1. 08B-03 mg/L 
N 6025B-03 mg/L 
N 7050B-03 mg/L 
N 5000E-03 mg/L 
N 5000B-03 mg/L 
N 7047E+OO pCi/L 
L 1. 29E+02 pCi/L 
N lo50B+02 pCi/L 
N 6018B+OO pCi/L 



Table 1.4. Data summary for detected analytes by location and medium 

----------------------------------------------------- LOCATION=SWMU 193C MEDIA=RGA Groundwater ------------------------------------------------------

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

1,2-Dichloroethene 1/2 S.62E-Ol - S.62E-Ol S.OOE-03 - S.OOE-03 N 2.B2E-Ol mg/L 
Trichloroethene 1/2 1.62E-01 - 1. 62E-01 1. 00E-03 - 1.00E-03 N B.1SE-02 mg/L 

----------------------------------------------------- LOCATION=SWMU 193C MEDI~Subsurface Soil ------------------------------------------------------

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

Aluminum 20/20 3.14E+02 - 1.37E+04 N B.S2E+03 mg/kg 
Arsenic 5/20 S.OlE+OO - 6.S7E+00 S.OOE+OO - 5.00E+00 N 3.33E+00 mg/kg 
Barium 1/1 1.42E+02 - 1. 42E+02 NT 1.42E+02 mg/kg' 

:> Beryllium 10/20 S.OOE-Ol - 9.BOE-Ol S.OOE-Ol - 5.00E-Ol N 4.61E-Ol mg/kg 
I Boron 1/20 1.00E+02 - 1.00E+02 1.00E+02 - 1.00E+02 N S.25E+Ol mg/kg 0'1 
0'1 Cadmium 3/S9 2.41E-Ol - S.OOE+OO 2.10E-01 - S.OOE+OO N 1. 92E+00 mg/kg 

Calcium lB/20 2.23E+02 - 4.00E+OS S.OOE+OO.- S.OOE+OO L 2.60E+04 mg/kg 
Chromium 59/61 3.76E+00 - 8.30E+Ol 2.00E+OO - 2.00E+OO L 1.89E+Ol mg/kg 
Cobalt 17/20 1.22E+00 - B.G1E+01 1. OOE+OO - 1.00E+00 L 6.46E+OO mg/kg 
Copper 16/20 2.15E+00 - 2.B2E+01 2.00E+00 - 2.00E+00 L 7.56E+OO mg/kg 
Iron 6/6 1.20E+04 - 3.00E+04 N 2.22E+04 mg/kg 
Lead 42/61 5.10E+OO - 6.77E+01 S.OOE+OO - 2.00E+01 L 1.20E+Ol mg/kg 
Lithium 17/20 2.50E+00 - 1. 2SE+01 2.00E+00 - 2.00E+00 N 7.l7E+OO mg/kg 
Magnesium 20/20 8.S2E+02 - 1.4SE+04 L 3.41E+03 mg/kg 
Manganese 20/20 1.63E+Ol - 2.27E+03 L 3.99E+02 mg/kg 
Nickel 13/20 S.99E+00 - 2.15E+01 5.00E+00 - S.OOE+OO L 9.76E+OO mg/kg 
Potassium 20/20 1.43E+02 - 1.57E+03 L 5.33E+02 mg/kg 
Sodium 15/20 2.02E+02 - 4.44E+02 2.00E+02 - 2.00E+02 N 2.62E+02 mg/kg 
Strontium 20/20 7.2SE+00 - 3.91E+02 L 1.06E+02 mg/kg 
Vanadium 20/20 2.12E+00 - 4.42E+01 N 2.05E+Ol mg/kg 
Zinc 19/20 1.63E+01 - 9.25E+01 1.SOE+Ol - 1. SOE+01 N 4.14E+Ol mg/kg 
xylene 1/20 1. 00E-02 - 1.00E-02 5.00E-03 - S.00E-03 N 2.BBE-03 mg/kg 
Alpha activity 53/53 1. 50E-03 - 4.00E+00 N 1. 54E+OO pCi/g 
Beta activity 53/53 5.00E-03 - 1.00E+01 N 4.4SE+OO pCi/g 

• *L .. Lognormal, NT=Not tested • 



• • • 
Table 1.4. Data summary for de,tected ana1ytes by lQcation and medi:um 

-.: --- --"'-- --- '-- - - -- -'- - ----------:------------:..---- ------ z.OCATl:ON=SWMU 'i93C MEDIA=5Urface soil ----------_ .. "-:;.-'---------------- - - - -,-- -,-'- -------- - - - - -- --

Analyte 

Aluminum 
Boron 
Calcium 
Chromium 
Cobalt 
Copper 
Lead 
Lithium 
Magnesium 
Manganese 
Nickel 
Potassium 
Sodium 
Strontium 
vanadiuin 
Zinc 

Analyte 

Aluminum 
Arsenic-
Barium 
Be:ry:l1Jum 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Lithium 
Magnesium 
Manga.n.~se 
Nickel' 
Pot'assium 
Sodium 

Freqi.lency 
of 

Detection 

'5/5 
1/5 
5/5 
3/5 
2/5 
2/5 
1/5 
3/5 
5/5 
5/5 
1./5 
5/5 
4/5 
5/5 
5/5 
5/5 

Frequency 
of 

Detection 

12/12 
.1/12 
12/12 
6/12 
i/35 

,12/12 
35/35 
12/12 
.12/],2 
12/1,2 
20/35 
12/12 
12/12 
12/12 
B/12 
12/12 
8/12 

Detected 
'~ge 

3.14E+02 - 3.36E+03 
1.00E+02 - 1.00E+02 
2.53:i!:+0's 4.01J:E+OS 
4.49E+00 -,l.20E+Ol 
l.22E+00- 2.14E+OO 
3.37E+00 - 2.82E+Ol 
6~77E+01 - ~.77E+01 
5.43E+00 ~ ~.25~+Ql 
3.19E+03 1.45E+04 
3.55E+01- 1.98J:+02 
6.43E+OO - ,6.43E+00 
1.43:i!:+02 ,'"' .1.57&"03 
2.29E+02 ~ 3.10E+02 
1. 96:&:+02 - 3. 91E+02 
2.12E+00 - 6.70E+00 
4.59E+0.1 - 9.25E+Ol 

Nondetected 
Range 

.1.00E+02 - 1.00E+02 

'2.00:&:+00 - 2.00E+00 
1. OOE+OO 1.00E+00' 
~.OOE+OO - 2.00E+00 
2.00E+01 "'- 2.00E+01 
2.00E+00 2.00E+00 

, 5. OOE+OO - 5.00:&:+00 

2.00E+02 - 2.00E+02 

Ar~ t!J,metic 
Distribution* Mean Units 

N 1. 90E+03 mg/kg 
N 6,OOE+Ol mg/kg 
N 3.37E+05 mg/kg 
N 5.90E+00 mg/kg 
N 9.728.,.01 mg/kg 
N 6.9lEi-OO mg/kg 
N 2.1SE+Ol mg/kg 
N 6.,03E+00 mg/kg 
N 8.76E+03 mg/kg 
N 7.90E+01 mg/kg 
N 3.29E+00 mg/kg 
N 7.01E+,02 mg/kg 
N '2.37E+02 mg/kg 
N 2.92E+02 mg/kg 
N 4. ()()E+OO mg/kg 
N 6.59E+Ol mg/kg 

LOCATION=SWMU 194 MEDIA=SUbsurface' Soil ~~-------------------------~~~-~-------------~--------~ 

Detected' 
Range 

5.38E+03 1.45:8+04 
6.73E+00 - 6.73:8+00 
2.05E+01 - 1. 39E+02 
5.40E.,.01 .. •• 80E+00 
8.55E+00 8.55E+00 
5.68E+02 0- 6.81E+03 
8.24E+OO 1.03Ei-02 
2.S2E+00 - 9.46~+OO 
2.41E+00 - 1. 67E+01'-
6.41E+03 - 2.DOE+04 
5.03E+00 - 3.60:8+02 
2.41E+00 - '9.00E+00 
4~15E+02 - 2:34E+03 
3.49E+01 - 4. 67E+02 
5.74E+00 - 1.37E+Ol 
1.53E+02 - 6.32E+02 
2.10E+02 - 3.69E+02 

Nondetected 
Range 

5.00E+OO - 5.00E+OO 

5.00E-Ol - 5.00E~01 

2.00E+00 5.00E+00 

5.00E+00 - 2.00~+01 

5.00E+00 - 5.00E+00 

2.00E+02 - 2.00E+02 

*L=Lognormal, N=Norma1, NT=Not tested 

Arithmetic 
I;listribution* Mean Units 

t 9.47E+03 mg/kg 
,~ 2.85E+00 mg/kg 
N 7.51E+01 mg/kg 
L 7.48E-Ol mg/kg 
'L 2.15E+00 mg/kg 
L 1.,67E+03 mg/kg 
L 1.848+01 mg/kg 
!o 5.05E+00 mg/kg 
L 7.49E+00 mg/kg 
L l..24E+04 mg/kg 
L 1. 19E+Ol mg/kg 
N 6.4SE+00 mg/kg 
L 1. 32E:+03 mg/kg 
t 1.60E+02 mg/kg 
N 7.22E+OO mg/kg 
L 3.80E+02 mg/kg 
N 2.37E+02 mg/kg 



------------------

Table 1.4. Data IiIUIIIinuY for detecteg aA~lytes ll)"loc/lti91'1@Q li\~d:i.1.l.1iI. 

-------------------------~-------------~----------~--- LOCATIQN=SWMU 194 MEbIAaSubsurface Soil -------------------------------------------------------
( cOIl~illu~c:i) 

Frequ,ency 
of Detected Ngn,detected Arithmetic 

Anaiyte Detection Range Range DiStribution* Mean tJnj,ts 

Strontium 12/12 3.92E+00 . - 2.60E+Ol ~ 1.29E+Ol mg/kg 
vanadiu.m 12/12 1.S0E+01 - 2.S8E+01 L 1.99E+01 mg/kg 
zinc 11/12 1.S7E+01 - 6.76E+01 1.50E+Ol - 1.!50E+ol L 3.82E+01 lrig/kg 
Ethy1benzene 1/19 1.S0E-02 - 1.SOE-02 S.OOE-03 - S.OOE-03 N 3.HE~03 mg/kg 
Alpha activity 23/23 1.20E+OO - 2.S0E+OO L 1.8SE+OO pCi/g 
Beta activity 23/23 3.00E+OO - 7.00E+OO N 4.83E+OO pCi/g 

--- - - - - - - - - - - - - - - - - - - -- - - - --;;. - - - -.;. '-...;.; -- - --- - -- --- '" -'" LOCATION=SWMU 99A MEDIA=McNairy Groundwater - - - - - - - - -- - -- - - - - - -- - - -- - - - - - - - - - - - - - - - - ~ ~~ ,.~- - ~:-=- --~." 

~ 
0'1 
00 

Analyte 

l,l / 1-Trichloroethane 
1/1-Dichi~roet.heIl~ 
Carbon Tetrachloride 
Trichloroethene 
cis-l,2-DiChloroethene 
Alpha. activity 
Beta.acti.vi.ty 
Technetium-99 

Afialyte 

Aluminum 
ArseniC: 
Barium 
Beryllium 
c,alciUlll 
Chloride chi'ona: wit 
cobait 
c::opper 
Fluoride 

• 

Frequency 
of 

Detection 

1/4 
;L/~ 
.1/4 
3/4 
2/4 
2/2 
2/2 
iti 

~~qu~cy 
6f 

Detection 

~6/3S 
4/27 
39/39 
S/35 
39/39 
9/9 -
11/39 
20/37 
9/3.5 
8/8 

Detected Nondetected Arithmetic 
Range Range Distribution.* Me~n Uilits 

1.20E-03 - 1. 20E-03 5.00E-03 - 5.00E-03 N 2.1SE-03 mg/L 
2.29E-02 - :L29E-02 1~OOE-02 - i.OOE-02 N 9.48E-0~ llIg/~ 
2.80E-03 - :a.80E-03 5.00E~03 ~ 5.00E~Oj N 2.S8E-03 mg/i. 
'3. OOE-04 - 5.19B-01 S.OOE-03 - S.OOE-03 N 1.31E-Ol .mg/I. 
2.BOE-02 - 1.15E~.01 ~.Qo~+oo ,. ~.OOE+OO N 1.04E+OO mg/L 
2.60E+OO - 2.90E+OO N 2.7SE+oli pCi/L 
·~.~Oi+O~ - '3.S0E+Ol N 2.90E+01 pCi/L 
1. OOE+01 - 1.90E+01 N 1.45:E:+01 pCi/L 

LOCATION=SWMU 99A MEDIA=RGA Groundwater ----------~,.- ... ~---.;'------------------------ ___________ _ 

D~t.ected 
Range 

2.00t~Ol - ~.S~t+02 
S.OOE-03 ~ 1,OOi~07 
1.30E-01 - 3.30E+OO 
8.00E-O] - 1.OOE-Ol 
2.1QE+O:1. -1.2(}E+02 
S,68Et01 ~,20i+07 
6.00E-02 - 1.78E+OO 
1.OG~-b2 - S.~OE-01 
7.()O~-02 - 6.40E-'(}:1. 
1.70E~O~ ~ 2,OOi~O~ 

Nondetected 
Range 

~.OO~-01 - l.oo~+bo 
5.0()E~O~ .. S.OOE~03 

S.OOE-03 - 2.50E~02 

?OOE-02 - 6.00E-02 
1.OOE-02 - 1.00E-Ol 
1.OOE-02 - 1.OOE-Ol 

tested 

D~stri:Qution* 

L 
t 
f, 
L 
L 
t 
L 
L 
L 
N 

Arithmetic 
Mean 

~,.17J;:+OO 
3.56E-03 
5.41E-01 
3.87E-03 
4.14E:+Ol 
6.83E+Ol 
4.39E-02 
5.64E-02 
3.1,8E:~02 

1. 84E-Ol 

units 

mg/I.. 
mg/!
mg/L 
mg/L 
mg/t 
mgI~ 
mg/L 
mg/L 
mg/t 
mg/t. 

• 



• 

Ana1yte 

Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Nickel 
Nitrate as Nitrogen 
Potassium 
Silica 
Sodium 
Strontium 

», Sulfate 
I 

Tetraoxo-sulfate(l-J 0'1 
10 Vanadium 

Zinc 
1,1-Dich10roethene 
Trich10roethene 
bis(2-Ethylhexyl)phtha1ate 
cis-l,2-Dichloroethene 
tranS-l,2-Dich10roethene 
AJ.p~ activity 
Beta activity 
Radon-222 
Technetium-99 

• • 
Table 1.4. Data summary for detected ana1ytes by location and medium 

LOCATIONaSWMU 99A MEDIA=RGA Groundwater 
(continued) 

----------------------------------~~~-~----------------

Frequency 
of Detected 

Detection Range 

31./39 2.1.0E,..01. - .1. .20E+03 
6/29 5.00E-02 - 4.10E-01 
6/23 5.00E-02 - 1.70E-Ol 
39/39 8.38E+00 - 4.97E+Ol 
37/39 4.30E-02 - 4.60E+00 
5/25 2.00E~04 - 2.00E-02 
1.6/39 5.00E-02 - 9.1.0B-01. 
7/9 1. OOE+OO - 2.10E+00 
24/39 2.08E+00 - 2.17E+Ol 
9/9 1.50E+01. - 2.50E+01 
39/39 1.50E+01 - 7.24E+Ol 
30/30 1.201::-01 - 4.70E-01 
2/2 1..75E+01 - 1.. 92E+01. 
7/7 1.10E+Ol - 2.20E+Ol 
10/28 8.50E-02 - 2.15E+00 
10/35 1.10E-02 - 2.55E+00 
7/33 B.00E-03 - 6.50E-02 
41/43 2.00E~04 - 2.37E+00 
5/10 6.00E-03 - 1. 60E-02 
10/33 3.00E-04 - ).48E-02 
3/33 3.00E-04 - 6.00E~04 
33/39 -2.50E+00 - 5.38E+01 
39/39 3.00E+00 - 1.37E+02 
4/4 2.86E+02 - 6.75E+02 
34/40 3.00E+00 - 1.39E+02 

Nondetected 
Range 

2.00E-01. - 3.55E-01 
5.00E-02 - 2.50E-Ol 
5.00E-02 - 5.00E-02 

1.00E-01 - 1.00E-Ol 
2.00E-04 - 2.00E-04 
5.00E-02 - ~"OOE-01. 

1.00E.00 - 1.00E+OO 
2.00E+00 - 1.05E+01 

1.00E-Ol - 1.00E-Ol 
3.00E-02 - 2.50E-01 
1.00E-03 ~ 5.00E-02 
1.00E-03 - 5.00E-03 
2.00E-02 - 2.00E-02 
1.00B-03 - 2.00E+00 
1.00E-03 - 2.00E+00 

-2.20E+00 - 2.60E+00 

4.10E+00 - 1.70E+01 

Distribution* 

L 
L 
L 
L 
L 
L 
L 
N 
L 
L 
N 
N 
N 
N 
L 
L 
N 
L 
L 
L 
L 
N 
L 
N 
L 

Arithmetic 
Mean Uriits 

9.19E+00 mg/L 
4.03E-0,2 mg/L 
4.45E-02 mg/L 
1..64E+01. mg/L 
1. 13E+00 mg/L 
6.33E-05 mg/L 
9.25E'-02 mg/L 
1.12E+00 mg/L 
4.17E+00 mg/L 
1. 87E+01. mg/L 
5.34E+01 mg/L 
2.49E-01 mg/L 
1.. 84E+01. mg/L 
1. 67E+Ol mg/L 
1.49E-Ol mg/L 
8.96E-02 mg/L 
1. 70E-02 mg/I. 
3.47E-01 mg/L 
1. 31E-02 mg/L 
3.70E-03 mg/L 
5.49E-04 mg/L 
4.56E+00 pCi/L 
3.1.6E+01 pCi/L 
4.75E+02 pCi/L 
3.48E+Ol pCi/L 

----------------------~~----'-------~--~-~---~--~-~---- LOCATION=SWMU 99A MEDIA=Subsurface Boil ----------------- ____________ '- ________________________ ~ 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

Aluminum 22/22 1.BOE+03 - 1.41E+04 N 7.5SE+03 mg/kg Antimony 5/22 1. 70E+00 - 2.90E+00 2.00E+0]. - 2.00E+01 L 2.16E+00 mg/kg Arsenic 11/22 2.40E+00 - 8.55E+00 5.00E+00 - 5.00E+00 N 4.22E+00 mg/kg 
Barium 22/22 2.03E+Ol - 2.47E+03 L 1.53E+02 mg/kg 
Beryllium 11/22 2.20E-Ol - B.90~~01 5.00E-01 - 5.00B-01 N 4.32E-01 mg/kg 
Cadmium 5/22 7.50E-01 - 8.30E'-01 2.00E+00 - 2.00E+00 L 8.19E-Ol mg/kg Calcium 20/20 1.14E+03 - 2.87E+05 L 1. 66E+05 mg/kg 

*L=Lognormal, N=Norma1, NT=Not tested 



Table 1.4. Data summary for detected analytes by location and medium 

------------------------------------------------------ LOCATION=SWMU 99A MEDIA=Subsurface Soil -------------------------------- ______________________ _ 
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

Chromium 22/22 7.00E+OO - 4.57E+Ol L 1.44E+Ol mg/kg 
Cobalt 20/22 1.6BE+00 - 1.19E+Ol 1.00E+00 - 1.00E+00 L 4.97E+00 mg/kg 
Copper 21/22 3.BOE+OO - 1.t;4E+Ol 2.00E+OO - 2.00E+OO N 7.31E+OO mg/kg 
Cyanide 2/1t; 4.40E-Ol - S.40E-Ol 1. OOE+OO - 1.00E+OO N 4.99E-Ol mg/kg 
Iron 22/22 l.4SE+03 - 2.3JE+04 N l.lBE+04 mg/kg 
Lead 6/22 7.00E+OO - 4.73E+Ol 2.00E+Ol - 2.00E+Ol L 1.J6E+Ol mg/kg 
Lithium 17/17 2.B2E+OO - 1.29E+Ol L 7.3BE+OO mg/kg 
Magnesium 22/22 J.97E+02 - 2.7JE+04 L 6.49E+03 mg/kg 
Manganese 22/22 3.93E+Ol - 1. 46E+03 L J.02E+02 mg/kg 
Mercury 5/22 B.OOE-02 - 1. 20E-Ol 2.00E-Ol - 2.00E-Ol N 9.95E-02 mg/kg 
Nickel 17/22 2.S0E+00 - 2.SBE+Ol S.OOE+OO - S.OOE+OO L 9.72E+OO mg/kg 
Potassium 22/22 2.2SE+02 - l.12E+03 L S.27E+02 mg/kg > Selenium 5/20 2.90E-Ol - 3.20E-Ol 1.00E+OO - 1. OOE+OO L 3.11E-Ol mg/kg 

.!..J Silver 5/ •• 6.40E-Ol - 7.10E-Ol 4.00E+OO - 4.00E+OO L 6.99E-01 mg/kg 
0 Sodium 14/22 6.63E+Ol - 3.93E+02 2.00E+02 - 2.S1E+02 N 2.14E+02 mg/kg 

Strontium 17/17 B.BBE+OO - S.14E+02 L 2.25E+02 mg/kg 
Thallium 5/22 S.30E-Ol - S.90E-Ol 1.S0E+Ol - 1.S0E+Ol L S.7SE-Ol mg/kg 
Vanadium 22/22 4.4BE+OO - 3.55E+01 N 1.79E+Ol mg/kg 
Zinc 21/22 1.l6E+Ol - 1.63E+02 4.76E+Ol - 4.76E+Ol· L 6.96E+Ol mg/kg 
1,l,l-Trichloroethane S/S 6.00E-03 - 6.00E-03 1.OOE-02 - 1.00E-02 N 5.63E-OJ mg/kg 
1, 1, 2, 2-Tetrachloroethane 5/S 6.00E-03 - t;.OOE-03 1. OOE-02 - 1. OOE-02 N S.63E-03 mg/kg 
l,l,2-Trichloroethane 5/B 6.00E-OJ - 6.00E-OJ 1.00E-02 - l.00E-02 N S.63E-03 mg/kg 
l,l-Dichloroethane S/B 6.00E-OJ - 6.00E-OJ 1.00E-02 - 1.00E-02 N S.63E-03 mg/kg 
l,l-Dichloroethene 5/10 6.00E-OJ - 6.00E-03 1. 9BE-Ol - 5.27E-Ol N B.91E-02 mg/kg 
1, 2, 4-Trichlorobenzene 5/22 3.t;OE-Ol - 4.10E-Ol S.OOE-Ol - 5.00E-Ol N 2.S3E-Ol mg/kg 1,2-Dichlorobenzene 5/22 3.60E-Ol - 4.10E-Ol S.OOE-Ol - S.OOE-Ol N 2.S3E-Ol mg/kg 
1,2-Dichloroethane 5/S 6.00E-03 - 6.00E-03 1. OOE-02 - 1.OOE-02 N S.63E-OJ mg/kg 
1,2-Dichloroethene 5/5 6.00E-03 - 6.00E-03 N 6.00E-03 mg/kg 1,2-Dichloropropane S/S 6.00E-03 6.00E-03 1.00E-02 1.00E-02 N 5.63E-03 mg/kg 1,3-Dichlorobenzene 5/22 3.60E-Ol - 4.10E-Ol S.OOE-Ol - S.OOE-OI N 2.S3E-Ol mg/kg 
1,4-Dichlorobenzene 5/22 3.60E-Ol - 4.l0E-01 5.00E-Ol - 5.00E-Ol N 2.B3E-Ol mg/kg 
2,4,5-Trichlorophenol 5/22 1. BOE+OO - 2.10E+OO S.OOE-Ol - S.OOE-Ol N 6.43E-Ol mg/kg 2,4,6-Trichlorophenol 5/22 3.60E-Ol - 4.10E-Ol S.OOE-Ol - S.OOE-Ol N 2.S3E-Ol mg/kg 
2,4-Dichlorophenol 5/22 3.60E-Ol - 4.10E-Ol S.OOE-OI - S.OOE-Ol N 2.SJE-Ol mg/kg 
2,4-Dimethylphenol 5/22 3.60E-Ol - 4.10E-Ol 5.00E-Ol - S.OOE-Ol N 2.S3E-Ol mg/kg 
2,4-Dinitrophenol 5/6 1. BOE+OO - 2.10E+OO 4.BOE-Ol - 4.BOE-Ol N 1. 69E+OO mg/kg 2,4-Dinitrotoluene 5/22 J.60E-Ol - 4.10E-Ol S.OOE-Ol - S.OOE-OI N 2.S3E-OI mg/kg 2,6-Dinitrotoluene 5/22 3.60E-OI - 4.10E-Ol 5.00E-OI - S.OOE-OI N 2.S3E-Ol mg/kg 
2-Butanone S/B 6.00E-03 - 1.20E-02 1. OOE-02 - 2.50E-Ol L l.lSE-02 mg/kg 2-Chloronaphthalene 5/22 3.60E-OI - 4.10E-OI 5.00E-OI - S.OOE-Ol N 2.S3E-OI mg/kg 

• *L=Lognormal, N=N~' NT=Not tested • 



• • • 
T~le 1.4. Data summary for detected analytes by location and medium 

-- - -- - - - - -- -- - - - - - ----.-----,,--------------- - ---------- LOCAT"ION=SWMU 99A MEDIA=Subsurface Soil --.,.--------- - - ---- ---- -- --- -""'''''' _____________________ -'_ 
(continued) 

FrequenCy 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

2-Chlorophenol 5/22 3.60B-Ol - 4.10E-Ol 5.00E-01 - 5.00E-01 N 2.83E-01 mg/kg 
2-Hexanone 5/8 1.10E-02 - 1.20E-02 1. 00E-02 - 1.00E-02 N 9.25E-03 mg/kg 
2-Methyl-4,6-dinitrophen61 5/22 1.SOE+OO - 2.10E+00 5.00E-Ol - 5.00E-01 N 6.43E-01 mg/kg 
2-Methylnaphtha1ene 5/22 3.60B.,.01 - 4.10E-Ol 5.00E-01 - 5.00E-Ol N 2.83~-01 mg/kg 
2-Methylphenol 5/22 3.60E-01 - 4.10E"01 5,00E-01 - 5.00E-01 N 2.83E-01 mg/kg 
2-Nitroaniline 5/22 1 .• 80E+00 - 2.10B+00 5.00B-Ol - 5.00E-Ol N 6.43E-01 mg/kg 
2-Nitrophenol 5/22 3.60E-Ol - 4.10:r;-01 5.00B-01 - 5.00E-01 N 2.83E-01 mg/kg 
3,3'-Dichlorobenzidine !;/2~ 7.20E-Ol - 8.20E-Ol 5.00E-Ol - 5.00B.,.01 N 3.73E-Ol mg/kg 
3-Nitroaniline 5/22 1.80E+00 - 2.~OB+00 S.oOE-oi - 5.00E-01 N 6.43E-0l. mg/kg 
4,4'-DDD 2/2 2.00E-02 - 3.50E-02 N 2.75E-02 mg/kg 
4,4' -))01£ 2/2 2.00E-02 - 3.50E-02 N 2.75E-02 mg/kg 
4,4'-DDT 2/2 2.00E-02 - 3.50E-02 N 2.75E-02 mg/kg » 4-~romophenyl phenyl ether 5/22 3.60E-Ol - 4.ioE-Ol 5.00E-01 - 5.00E-Ol N 2.83E-01 mg/kg 

I 4-Chloro-3-methylphenol 5/22 3.60E-Ol - 4.10E-Ol 5.00E-01 - 5.00E-Ol N 2.83E-01 mg/kg ---l - 4-ChloroanilinE! 5/22 3.60E-01 - 4.10E-01 5.00E-Ol - 5.00E-01 N 2.83E~01 mg/kg 4-thlorophenyl phenyl ether 5/22 3.60E-01 - 4".10E-01 5.00E-01 - 5.0DE-Ol N 2.838-01 mg/kg 4-Methyl:'2-pentanone 5/8 1.10E-02 - 1.20E-02 1. 008-02 - 2.50E-Ol L 1.19E~6;:! mg/kg 
4-Methylphenol 5/22 3.60E-01 - 4.10E-01 5.00E-01 - 5.00E-01 N 2.83E-01 mg/kg 
4".Nitroaniline 5/22 1.80E+00 - 2.10E+00 5.00E-Ol - 5.00E-01 N 6.438-01 mg/kg 4-Nitrophenol 5/22 1.80E+00 - 2.10E+OO 5.00E-01 - 5.00E-Ol N 6.43E-01 mg/kg 
Acenaphthene 7/22 3.00E-Ol - 4.10E-Ol 5.00~-01 - 5.00B-Ol L 3.898-01 mg/kg 
Acenaphthylene 6/22 3.60B-Ol - 6.10B-01 5.00E-01 - 5.00B-Ol L 4.32E-01 mg/kg Acetone 5/8 1.20E-02 - 5.30E-02 1. 00E-02 - 2.50E-Ol L 2. 47E.,.02 mg/kg Aldrin 2/2 9.80E-03 - 1.70E-02 N 1.34E-02 mg/kg 
Anthracene 7/22 3.60E-01 - 7.50E-Ol 5.00E-Ol - 5.00Ji:-Ol L 4.42E-Ol mg/kg Benz (a) anthracene 8/;z2 2.20E-01 - 1.70E+00 5.00E-Ol - 5.00E-Ol L 4.40E-01 mg/kg Benzene 5/8 6.00E-03 - 6.00E-03 1.00E-02 - 1."00E-02 N 5.63E-03 mg/kg Benzo(a)pyrene 7/22 3.60E-Ol - 2.10E+00 5.00E-01 - 5.00E-Ol L 4.38E-01 ing/kg 
Benzo (b) fluoranthene 11/22 1. 70E-Ol - 5.70E+00 5.00E-Ol - 5.00E-01 L 5.03~-01 mg/kg 
Benzo(ghi)perylene - 7/22 3.60E-01 - 1. 18E+00 5.00E-Ol - 5.00E-Ol L 4.40E-01 mg/kg 
Benzo(k)fluoranthene 8/22 3.60E-01 - 7.90E-01 5.00E-01 - 5.00E-Ol L 4.52E-Ol mg/kg 
Benzoic Acid 5/5 1.80E+00 - 2.10E+00 N 1.98E+00 mg/kg 
Benzyl Alcohoi 5/5 3.60E-Ol - 4.10E-Ol N 3.94E-01 mg/kg 
Bromodichloromethane 5/8 6.00E-03 - 6.00E-03 1.00E-02 - 1. 00E-02 N 5.63E-03 mg/kg 
Bromoform 5/8 6.00E-03 - 6.00E-03 1.00E-02 - 1.00E-02 N 5.63E-03 mg"/kg 
Bromomethane 5/8 1.10E-02 - 1.20E-02 1. OOE-02 - 2.00E-02 N 1. 05fi!-02 mg/kg 
Butyl benzyl phthalate 5/6 3.60E-Ol - 4.10E-01 4.80E-Ol - 4.80E-01 N 3.68E-Q1 mg/kg 
Carbon Disulfide 5/8 6.00E-03 - 6.00E-03 1.00E-02 - 1.00E-02 N 5.638-03 mg/kg 
Carbon Tetrachloride 5/8 6.00E-03 - 6.00E-03 1. 00E-02 - 1.00E-02 N 5.63E-03 mg/kg 
Clllorobenzene 5/8 6.00E-03 - 6.00E-03 1.00E-02 - 1. OOE-02 N 5.63E-03 mg/kg 

*L=Lognormal, N=Normal, NT=Not tested 



Table 1.4. Data summary for detected analytes by location and medium 

----------------------------------------------------- LOCATION=SWMU 99A MEDIAoSubsurface Soil -------------------~----------------- _________________ _ 
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

ChI oroe thane 5/8 1.108-02 - 1.208-02 1.00E-02 - 2.00E-02 N 1.05E-02 mg/kg 
Chloroform 5/8 6.00E-03 - 6.00E-03 1.00E-02 "- 1.00E-02 N 5.638-03 mg/kg 
Chloromethane 5/8 1.10E-02 - 1.20E-02 1.00E-02 - 2.00B-02 N 1.058-02 mg/kg 
Chrysene 7/22 3.608-01 - 2.10E+00 5.00B-Ol - 5.00B-Ol L 4.38E-Ol mg/kg 
Di-n-butylphthalate 5/22 3.60E-Ol - 4.10E-Ol 5.008-01 - 5.00B-Ol N 2.838-01 mg/kg 
Di-n-octylphthalate 5/22 3.60B-01 - 4.10B-01 5.00B-01 - 5.00E-01 N 2.83B-01 mg/kg 
Dibenz (a,h) anthracene 6/22 3.608-01 - 4.80E-01 5.00B-01 - 5.00B-01 N 2.938-01 mg/kg 
Dibenzofuran 6/22 1.23E-Ol - 4.10E-Ol 5.00E-01 - 5.00E-Ol N 2.77E-01 mg/kg 
Dibromochloromethane 5/8 6.00E-03 - 6.00E-03 1. 00E-02 - 1. 00E-02 N 5.63E-03 mg/kg 
Dieldrin 2/2 2.00E-02 - 3.508-02 N 2.75E-02 mg/kg 
Diethylphtha1ate 5/22 3.60E-Ol - 4.10E-01 5.00E-Ol - 5.008-01 N 2.83E-01 mg/kg 
Dimethylphthalate 5/22 3.60E-Ol - 4.10E-Ol 5.00E-Ol - 5.00E-Ol N 2.83E-01 mg/kg » Endosu1fan :I 2/2 9.80E-03 - 1. 70E-02 N 1.348-02 mg/kg I Endosulfan II 2/2 2.00E-02 - 3.508-02 N 2.75E-02 mg/kg -...J 

tv Endosulfan Sulfate 2/2 2.00E-02 - 3.50E-02 N 2.75E-02 mg/kg 
Endrin 2/2 2.00E-02 - 3.50E-02 N 2.758-02 mg/kg 
Endrin Ketone 2/2 2.00E-02 - 3.50E-02 N 2.75E-02 mg/kg 
Ethylbenzene 5/8 6.00E-03 - 6.00E-03 1.00E-02 - 1. 00E-02 N 5.638-03 mg/kg 
Fluoranthene 9/22 1.40E-Ol - 2.66E+00 5.00E-Ol - 5.00E-Ol L 4.23E-Ol mg/kg 
Fluorene 6/22 2.19E-01 - 4.J.OE-Ol 5.00E-0J. - 5.00E-0J. L 3.80E-01 mg/kg 
Heptachlor 2/2 9.80E-03 - 1. 70E-02 N 1. 34E-02 mg/kg 
Heptachlor Epoxide 2/2 9.80E-03 - 1. 70E-02 N 1. 34E-02 mg/kg 
Hexachlorobenzene 5/22 3.60E-01 - 4.10E-Ol 5.008-0J. - 5.00E-01 N 2.838-01 mg/kg 
Hexachlorobutadiene 5/22 3.60E-Ol - 4.10E-01 5.00E-0J. - 5.00E-01 N 2.83E-Ol mg/kg 
Hexachlorocyclopentadiene 5/22 3.608-01 - 4.10E-Ol 5.008-01 - 5.00E-Ol N 2.83E-01 mg/kg 
Hexachloroethane 5/22 3.608-01 - 4.10E-Ol 5.00E-Ol - 5.00B-Ol N 2.83E-01 mg/kg 
Indeno(l,2,3-cd)pyrene 7/22 3.60E-01 - 1.05E+00 5.00E-01 - 5.00E-01 L 4.46E-01 mg/kg 
Isophorone 5/22 3.60E-01 - 4.10E-Ol 5.00E-Ol - 5.00E-01 N 2.83E-01 mg/kg 
Methoxychlor 2/2 9.80E-02 - 1. 70E-01 N 1.34E-01 mg/kg 
Methylene Chloride 5/8 2.00E-03 - 8.00E-03 1.00E-02 - J..00E-02 L 5.20E-03 mg/kg 
N-Nitroso-di-n-propylamine 5/22 3.60E-01 - 4.10E-Ol 5.00E-Ol - 5.00E-Ol N 2.83E-01 mg/kg 
N-Nitrosodiphenylamine 5/22 3.60E-Ol - 4.10E-Ol 5.00E-Ol - 5.00E-Ol N 2.83E-Ol mg/kg 
Naphthalene 5/22 3.60E-01 - 4.10B-Ol 5.00E-Ol - 5.00E-01 N 2.83E-01 mg/kg 
Nitrobenzene 5/22 3.60E-01 - 4.10E-01 5.00B-01 - 5.00E-0J. N 2.83E-01 mg/kg 
PCB-1016 3/23 9.80E-02 - 1. 87E+00 1.02E-01 - 1.28E-01 L 2.54E-02 mg/kg 
PCB-1221 2/23 9.80E-02 - 1. 70E-Ol 1. 02B-Ol - 5.458-01 L 7.82E-02 mg/kg 
PCB-1232 2/23 9.80E-02 - 1. 70E-Ol 1.02E-Ol - 5.45E-01 L 7.82E-02 mg/kg 
PCB-l242 2/23 9.80E-02 - 1.70E-01 J..02E-Ol - 5.45E-01 L 7.82E-02 mg/kg 
PCB-1248 2/23 9.80E-02 - 1.70E-01 1. 02E-01 - 5.458-01 L 7.82E-02 mg/kg 
PCB-1254 3/23 9.60E-02 - 3.50E-01 1.02E-01 - 5.45E-01 L 5.92E-02 mg/kg 

*L=Lognormal, N=Normal, NT=Not tested • • • 



• • • 
Table 1.4. Data summary for detected analytes by location and medium 

-----------~----~~~------~~-----~--------------------- LOCATION=SNMU 99A MEDIA=Subsurface Soil -------------------------------~-------~-_~------------
(continued) 

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range R~!Je Distribution* Mean Units 

PCB-1260 7/23 6.00E-02 - 6.31E-01 1.02E-Ol - s.4sE-Ol L 1.04E-Ol mg/kg 
Pentachlorophenol 5122 1. BOE+OO - 2.10;E+OO 5.0011",-01 - S.OOE.,Ol N 6.43E-Ol mg/kg 
Phenanthrene 7122 3.60E-Ol - 1.63E+OO s.OOE-Ol - s.OOE-Ol L 4.41E-Ol mg/kg 
Phenol 5122 3.60E-Ol - 4.l,OE-Ol S.OOE-Ol - S.OOE-O~ N 2.B3E-Ol mg/kg 
Pyrene B/22 1. 30E-Ol - 2.70E+00 S.OOE-Ol - S.OOE-Ol L 4.2SE~O~ mg/kg 
Styrene SiB 6.00E-03 - 6.00E-03 1. 00E-02 - 1. OOE-02 N S.63E-03 mglkg 
Tetrachloroethene SiB 6.00E-03 - 6.00E-03 1.00E-02 - 1.00E-02 N s.63E-03 mg/kg 
Toluene 5/8 6.00E-03 - £i.00E-03 1.00E-02 - 1. 00E-02 N S.63E-03 mg/kg 
Toxaphene 2/2 2.00E-Ol - 3.50E-Ol. N 2.75E-Ol mg/kg 
Trichloroethene 6/10 4.80E-03 - 6.00E-03 1.98S-01 - S.27S-01 N 1.36E-Ol mg/kg 
Vinyl Acetate 5/5 1. 1 DE.., 02 1.20E-02 ~ 1.lBE-02 mg/kg 
Vinyl Chloride 5/10 1.lOE-02 - 1.20E-02 1. 9BE-Ol - 1.00E+Ol L 1.20E-02 mg/kg 

> Xylene 515 4.00S-03 - 6.00S-03 N s.60E-03 mg/kg , alpha-BHC 2/2 9.BOE-03 - 1.70E-02 N 1. 34E-02 mg/kg -...J alpha-Chlordane 2/2 9.BOE-02 1.70E-Ol N 1.34E-Ol mg/kg Vol -
beta-SHC 2/2 9.80E~03 ~ 1.70E.,.02 N 1.34E-02 mg/kg 
bis(2-Chloroethoxy)methane 5/22 3.60E-Ol - 4.10E-Ol S.OOE-Ol - 5.00E-Ol N 2.83E.,Ol mg/kg 
bis(2-Chloroethyl)ether 5/22 3.60E-Ol -4.10B-Ol 5.00E-Ol - s.OOE-Ol N 2.B3E-Ol mg/kg 
bis(2-Chlor~isopropyl)ether 5122 3.60E-Ol ., 4.10E-Ol S.OOE-O:!- - S.OO~-O:l, N 2.B3E-Ol mg/kg 
bis(2-EthylheXyl)phthalate 5/22 7.90E-02 - 3.60E-Ol S.OOE-Ol - s.OOE-Ol N 2.37E;-01 mg/kg 
cis-l,3-Dichloropropene s/B 6.00E-03 - 6.00E-03 :I.. OOE-02 - 1.00E-02 N S.63E-03 ing/kg 
delta-BHC 2/2 9.BOE-03 - 1.70E-02 N i.34E-02- mg/kg 
gamma-BHC(Lindane) 2/2 9.BOE-03 - 1.70E-02 N 1.34E-02 mg/kg 
gamma-Chlordane '?o/2 9.80E-02 - 1. 70E~01 N 1.34E'-Ol mg/kg 
trans-l,3-Dich16ropropene 5/8 6.00E-03 - 6.00E-03 1.00E-02 - 1. OOE-02 N S.63E-03 mg/kg 
Alpha activity 20/21 9.70E+OO - 1.42E+02 3.10E+OO - 3.10E+OO L 2.33E+Ol pCi/g 
Beta activity 21/21 6.70E+OO - 2.73E+03 L 6.1SE+Ol pci/g 
Cesium-137 . 3/21 1.10E+OO - 1.90E+OO 3.80E-Ol - 3.S0E+OO L 3.77E-Ol pci/g 
Neptunium-237 4/4 -2.00E-03 - 1. 28E+Ol N 3.20E+OO pCi/g 
Plutonium-239 3/3 -5.00$-03 - 6.00E-03 N 1. OOE-03 pCi/g 
Tec~etium-99 6/23 -1.30E+OO - 2.6SE+03 O.OOE+OO - 3.73E+00 N 1.19E+02 pCi/g 
Thoriutn-230 3/3 S.BOE-Ol - 6.70E-Ol N 6.30E~Ol pCi/g 
Thorium-234 1/21 S.30E+Ol - 5.30E+Ol 5.30E+OO - 2.20E+Ol L 1.S8E+Ol pCi/g 
Uranium-234 4/4 1. 89l1:-01 - 1.64E+Ol N 4.39E+OO pCi/g 
Uranium-235 3/24 7.20E-03 - 4.10E-02 1.30E+OO - 9.90E+OO N 4.2SE+OO pCi/g 
Uranluin-2.38 4/4 2.30E-Ol - S.17E+Ol N 1.37E+Ol pCi/g 

*L=Lognormal, N=Normal, NT=Not tested 



Table 1.4. Data summary for detected analytes by location and medium 

------------------------------------------------------- LOCAT:ION=SHMtr 99A MED:IAcSurface soil --------------------------------------------------------

Frequency 
of Detected Nondetected Arithmetic 

Analyte Detection Range Range Distribution* Mean Units 

Aluminum 13/13 1. 80E+03 - 1.29E+04 L 6.19E+03 mg/kg 
Arsenic 6/13 5.55E+00 - 8.55E+00 5.00E+00 - 5.00E+00 N 4.47E+00 mg/kg 
Barium 13/13 2.08E+01 - 2.47E+03 L 2.11E+02 mg/kg 
Beryllium 5/13 5.20E-01 - 8.90E-01 5.00E-01 - 5.00E-01 L 5.38E-01 mg/kg 
Calcium 11/11 6.10E+03 - 2.87E+05 L 2.44E+05 mg/kg 
Chromium 13/13 7.00E+00 - 4.57E+01 L 1.47E+01 mg/kg 
Cobalt 11/13 1. 68E+00 - 9. 67E+OO 1.00E+00 - 1.00E+00 L 3.70E+00 mg/kg 
Copper 12/13 4.37B+00 1.22E+01 2.00B+00 2.00E+00 N 6.66E+00 mg/kg 
Iron 13/13 1.45E+03 - 2.33E+04 L 1.09E+04 mg/kg 
Lithium 13/13 2.82E+00 - 1.29E+01 L 7.58E+00 mg/kg 
Magnesium 13/13 1.35E+03 - 2.73&:+04 L 1. 09E+04 mg/kg 
Manganese 13/13 3.93E+01 - 3.87E+02 N 1. 91E+02 mg/kg 
Nickel 8/13 5.47E+00 - 2.16B+01 5.00E+00 - 5.00E+00 L 8.52E+00 mg/kg 

:> Potassium 13/13 2.91B+02 - 1.12E+03 L 5.47E+02 mg/kg • Sodium 6/13 2.17B+02 - 3.66B+02 2.00E+02 - 2.51E+02 N 1.95E+02 mg/kg -..J 
~ strontium 13/13 1.46E+01 - 5.14E+02 L 2.71E+02 mg/kg 

Vanadium 13/13 4.48E+00 - 3.558+01 L 1. 54E+01 mg/kg 
Zinc 12/13 4.71E+01 - 1.63E+02 4.76E+01 - 4.76E+01 N B.24E+01 mg/kg 
Acenaphthene 2/13 3.00E-01 - 3.30B-01 5.00E-01 - 5.00E-01 L 3.22E-01 mg/kg 
Acenaphthylene 1/13 6.10E-Ol - 6.10E-Ol 5.00E-01 - 5.00E-01 N 2.7BE-01 mg/kg 
Anthracene 2/13 4.91E-01 - 7.50E-01 5.00E-01 - 5.00E-01 L 4.03E-.01 rng/kg 
Benz (a) anthracene 3/13 2.20E-01 - 1.70B+00 5.00E-01 - 5.00E-01 L 3.38E-01 rng/kg 
Benzo(a)pyrene 2/13 1. 70B+00 - 2.10E+00 5.00E-01 - 5.00B-Ol N 5.04E-01 rng/kg 
Benzo(b)f1uoranthene 6/13 1.70E-01 - 5.70E+00 5.00E-01 - 5.00E-01 L 5.31E-01 mg/kg 
Benzo(ghi)pery1ene 2/13 5.50E-01 - 1. 18E+00 5.00E-01 - 5.00E-01 L 3.14E-01 mg/kg 
Benzo(k)fluoranthene 3/13 4.66B-01 - 7.90B-01 5.00B-01 - 5.00B-Ol L 4.53E-01 mg/kg 
Chrysene 2/13 1. 36E+00 - 2.10B+00 5.00B-Ol - 5.00E-01 N 4.78E-01 mg/kg 
Dibenz(a,h)anthracene 1/13 4.BOE-01 - 4.BOE-01 5.00E-Ol - 5.00E-01 N 2.68E-01 mg/kg 
Dibenzofuran 1/13 1.23E-01 - 1.23B-01 5.00B-01 - 5.00E-01 N 2.40E-01 mg/kg 
Fluoranthene 4/13 1.40E-01 - 2.66B+00 5.00E-01 - 5.00E-01 L 3.38E-01 rng/kg 
Fluorene 1/13 2.19B-01 - 2.19E-01 5.00B-Ol - 5.00E-01 N 2.48B-01 mg/kg 
Indeno (1,2, 3-cd)pyrene 2/13 7.80B-01 - 1.05B+00 5.00B-01 - 5.00E-01 N 3.52B-01 mg/kg 
PCB-1016 1/16 1. 87E+00 - 1. 87E+00 1. 02E-01 - 1.28E-01 L 1. 72E-01 mg/kg 
PCB-1254 1/16 9.60E-02 - 9.60E-02 1. 02E-01 - 5.45E-01 L 1.34E-01 mg/kg 
PCB-1260 5/16 6.00E-02 - 6.31E-01 1.02E-01 - 5.45E-01 L 1. 01E-01 mg/kg 
Phenanthrene 2/13 8.50E-01 - 1. 63E+00 5.00E-01 - 5.00E-01 L 2.45E-01 rng/kg 
Pyrene 3/13 1.30E-01 - 2.70E+00 5.00E-01 - 5.00E-0.1 L 2.74&:-01 rng/kg 
Alpha activity 15/16 9.70E+00 - 1.42E+02 3.10E+00 - 3.10E+00 L 2.53E+01 pCi/g 
Beta activity 16/16 6.70B+00 - 2.73E+03 L 8.58E+01 pCi/g 
Cesium-137 3/16 1.10E+00 - 1.90E+00 3.80E-01 - 3.50E+00 L 4.50E-01 pCi/g 
Neptunium-237 1/1 1.28E+01 - 1.28E+01 NT 1. 28E+01 pCi/g 

*L=Lognormal, 
N=N°i 

NT .. Not tested • • 



• • • 
Table 1.4. Data summary for detected analytes by location and medium 

______________________________________________________ -~ LOCATION=SWMU 99A MEDIA=Surface Soil ---.-~~~.~-----------------------------------~----------

FrequencY 
of 

Amilyte Detection 

TechnetiUm-99 3/16 
Thorium-234 1/16 
Uranium-234 1/1 
Uranium-238 1/1 

~---~-------------------------------------------------

Analyte 

Barium 
Calcium 
Chloride 
Chromium 
Copper 
Fluoride 
Iron 
Magnesium 
Manganese 
Nitrate as Nitrogen 
silica 
Sodium 
Sulfate 
Tetraoxo-sulfate(l-) 
Zinc 
Trichloroethene 
Alpha activity 
Beta activity 
Radon-222 
Technetium~99 

Frequency 
of 

Detection 

7/7 
7/7 
7/7 
1/7 
1/7 
7/7 
3/7 
7/7 
5/7 
7/7 
7/7 
7/7 
2/2 
5/5 
2/7 
16/16 
12/16 
16/16 
4/4 
12/17 

. (continued) 

Detected Nondetected . Arithmetic 
Range Range Distribution:* Mean Units 

1. 66E+01 - 2.65E+03 O.OOE+OO - 3.73E+00 N 1.71E+02 pCi/g 
5.30E+Ol - 5.30E+Ol 5.30E+00 - 2.20E+Ol L 1.67E+01 pCi/g 
1. 64E+Ol - 1. 64E+Ol NT 1. 64E+01 pCi/g 
5.17E+01 - S.17E+01 NT S.17E+Ol pCi/g 

LOCATION=SWMU 99B MEDIA=RGA Groundwater -----------~~~----~----------------------------~-------

Detected Nondetected Arithmetic 
Range Range r>istribution* Mean Units 

2.00E-Ol - 2.70E+00 L 4.78E-01 mg/L 
2.84E+0:1. - 3.27E+Ol L 3.04E+01 mg/L 
8.29E+Ol - 1.0BE+02 N 9.59E+Ol mg/L 
2.60E-01 - 2.60B-Ol 5.00E-02 - 6.00E-02 L 5.62E-02 mg/L 
4.00E~02 ~ 4.00E-02 2.50E-02 - 1.00E:-0:1. N 3.25E-02 mg/L 
1.60E-Ol - 2.10E-Ol L 1. 77E-01 mg/L 
2.94E-Ol - 3.34E+00 3.00E-01 - 3.60E-Ol L 6.0BE-01 mg/L 
1.15E+Ol - 1.31E+Ol I. 1.23E+Ol mg/L 
6.00E-02 - 2.90E-Ol 1.00E-Ol - 1.00E-01 L 1. 65E-Ol mg/L 
1. 70E+00 - 2.10E+00 L 1.B4E+00 mg/L 

·1.50E+Ol - 2.00E+Ol L 1.72E+01 mg/J:,. 
6.32E+Ol - 7.86E+Ol L 6.99E+Ol mg/L 
1.75E+01 ~.67E+Ol N 2.21E+Ol mg/L 
1.92E+01 - 2.90E+Ol N 2.46E+Ol mg/L 
3.00E'-02 - 6.00E-02 3.00E-02 - 2.50E-Ol L 3.72E-02 mg/L 
1.30E+00 2.30E+OO N 1.94E+00 mg/i. 

-4.20E+00 - 4.20E+00 -2.03E+00 - 4.60E+00 N 7.42E-01 pCi/L 
3.00E+00 - 4.50E+Ol L 1.20E+Ol pCi/L 
2.57E+02 - 4.12E+02 N 3.66E+02 pCi/L 

-2.00E+00 - 1.90E+01 -3.00E+00 - 1. 17E+Ol N 5.51E+00 pCi/L 

*L=Lognormal, N=Normal, NT=Not tested 



Table 1.4. Data summary for detected analytes by location and medium 

--------- - - --- --- - ----------- -- -- --------------------- LOCATION",SWMU 99B MEDIA=S'Ubsu:.i:fac·e Soil -------- - ----- -.,.- - .,.---.- --: ... -.- ..... "''''' -.-:~-.-._ -.- -" - - - - - _______ _ 

Frequency 
of 

Analyte Detection 

Aluminum B/B 
Arsenic 2/6 
Barium B/B 
Beryllium 6/B 
Calcium 6/6 
Chr6inium B/B 
Cobalt 8/8 
Copper S/s 
Iron B/B 
Lithium 8/B 
Magngsium S/S 
Manganese B/B 
Nickei S/B 

:> Potassium B/8 
I SOdium- - 3/8 ,;.:.J 
0\ Strontium B/8 

vanadium B/8 
Zinc B/a 
Acetone 1/7 
Methyiene chloride 3/7 
Alpha Cl_ctiv~ty B/S 
Beta activicy B/B 

• 

Detected 
Range 

9.31E+03 _. 1.70E+04 
6,S9E+OO - 8 .. 0SE+OO 
6.50E+01 - 1:.5S~+O~ 
5 .. 70E-01 - 1. OOE+OO 
5.03E+02 - 7..i7E+03 
1.lBE+01 - 2.61E+01 
1.91E+OO - 6.94E+OO 
5,2SE+OO - 1.30E+Oi. 
9.66E+03 1.B1E+04 
6.50E+OO - 1. 14E+01 
1.1OE+03 2,53E+03 
6.32E+01 5.24E+02 
7.-27E+OO - 2.S1E+01 
3.37E-b02 -' 1.04E+03 
2.1iE+o2 - 3 .. 09E+Cl2 
9.46E+OO 

_. 
2.22E+61 

1.97E+Ol - 3.44E+Ol 
1. 96E+01 - S.:Z2E+oi 
?,50~"0l. - 5.5011:"-01 
1.20E+OO - 1.20E+OO 
1.33E+6i - 2.14E+oi 
1.4BE+01 -- ·2. ~.6E:+O.l 

*L=Lognormal, 

Nondetected 
Range 

5.00E+OO - 5.00E+~O 

S.OOE-01 - S.OOE-01 

S.OOE+OO - S.OOE+OO 

2.00E+02 - 2.00E+02 

1.ioE+66 - 1.2PE+o6 
:L7oll!+09 - 1,.7Q~+OO 

Distribution* 

I... 
N 
t 
N 
N 
I.. 
L 
N 
N 
L 
N 
I.. 
L 
L 
~ 
L 
t 
N 
N 
N 
N 
t 

Arithmetic 
Mean Units 

1. 25E+04 mg/kg 
4.16E:+OO mg/kg 
9.63E+01 iilg/kg 
$.66E-01 mg/kg 
2.51E+03 mg/kg 
i.79E+01 iiig/kg 
4.~7~+60 mg/kg 
S.66E+OO mg/kg 
1.48E+.04 mg/kg 
1i,62j!;+OO mg/kg 
1. 76E+03 mg/kg 
2.43E+02 ii1g/kg 
1.0SJi:+91 mg/kg 
6.44E+02 mg/kg 
1. 5BE+02 mg/kg 
1.,61E+Ol mg/kg 
2.46E+01 mg/kg 
~.74E+Ol mg/kg 
S.93E~Ol mg/kg 
B.S7E-Ol mg/kg 
1.73E+Ol pCi/g 
1. B6E+01 pCi/g 

• 



• • 
Table 1.5. cOmparison of maximum detected concentrations and activities to human health risk-based 

scr~l!I1ing c:riteria by location· and medium 

• 
- ---- - --- --- ---- - -------'.;.------'---------------------- LOCATION=AOC· 204 MEDIA=RGA Groundwater ---------------------------------- ----- --- -----.-- ..... '-' ... .;. ... 

Frequency Maxi1iltili\ 
of detected Exceed Exceed 

Analyte petection concentr~tion HI Eta HI? ELCR? Units 

1,1,1.,.Tr:i.chloroethane 11/n 1.S0E-02 S.4E-02 No mg/L 
1,1-Dichloroethane 1/1 S.OOE+OO 2.7E-02 Yes mg/L 
1,1-Dichloroethene 12/1S 4.00E-02. 1.8E-03 9.3E-07 Yes Yes mg/L 
PCB-12S4 11/11 2.S0E-02 1.9E-OS 8.0E-06 Yes Yes mg/L 
PCB-12EiO 11/11 2.50E-02 4.4E-OEi Yes mg/L 
Polychlorinated biphenyl 1/1 1. 70E-01 8.DE-06 Yes mg/L 
Tetrachloroethane 11/11 S.OOE+OO 7.9E.,03 5.7E.,.0!? YE!S Yes mg/L 
Trichloroethane 15/15 7.70E-01 1.2E-03 1.4E-04 Yes Yes ing/L 
Vinyl-chloride 1/4 1.00E-Q4 1.7E-06 Yes mg/L 
cis-i,2~Dichloroethene 3/4 6.00E-03 2.0E-03 Yes mg/L 
trans-l,2-Dichloroethene 2/4 :I..00E-04 4.0E-03 No mg/L 
Alpha activity 2/4 6.80E+OO pCi/L 

:> Beta activity 2/4 5.20E+OO pCi/L 
I 

--.J 
--.J 

---------------~--------------~---------------------- LoCATION=AOC 204 MEDIA=Subsurface Soil -------------------------~ __ ---~---.;.-------------------

Frequl!1l9Y Maximum 
of detected Exceed Exceed 

Analyte Detec~:i.on concentration HI ELCR HI? ELCR? Units 

1, 1, l.;.Trichloroethane 10/16 1.00E+00 1.2E+02 No mg/kg 
1,1-Dichloroethane 8/14 LOOE+OO 6.7E+01 No mg/kg 
1,~-Dich~oroethene 11/17 4.00E-02 3.5E+00 3.9E';'03 No Yes mg/kg 
PCB-1254 11/11 2.50E-02 6.6E-02 9.9E-03 No Yes mg/kg 
PCB-1260 11/11 2.S0]l:.;.0~ 9.SE-OJ Yes mg/kg 
Polychlorinated biphenyl 8/8 1.00E-Ol 1.0~-02 Yes mg/kg 
Tetrachloroethane 11/17 1.OOE+00 1.2E+Ol 1.3E.,.01 No Yes mg/kg 
Trichloroethene 11/:1.7 1.00E+OO 1.2E+00 9.1E-02 No Yes mg/kg 
Alpha activity 6/6 1.96E+01· pCi/g 
Beta activity 6/6 2.91E+Ol pCi/g 

-- - - - - - - - - - - - - - - -- - - - --------- --- ------- ---- -- ----- LOCATION=SWMU 193A MEDIA=McNairy Groundwater .. -"-.----".;. -.---- -- - - -- -- - - - - - -- - - - - - - - -- - - - - - - - - - - - - - - --

Frequency Maximum 
Clf detected· Exceed Exceed 

Analyte Detection concentration HI ELCR HI? ELCR? Units 

Calcium ·.4/4 B.21E+Ol mg/L 



Table 1.5. Comparison of maximum detected concentrations and activities to human health risk-Qased . screeJJj.p.g cI:i~~Ha·W-iocilt:i.on and-uu!cHUin . - _. __ ...... -

,..,.,. .. -- .,-- -., - ---... :- .. -:-0 -.,..: .. .,.,.:.,. ...... : ...... -_"" ....... -="'-- ... --"''''--''''-" .. '" LO(!ATJ:QN-S1Oii:J 1.9~A ~:J:A,.McN~iry ~rou:od.water --- --- --- ----- -- --- - - - --- -- -- -- - - ---- - - - - - - - -- - - - - --

Analyte 

c:!lJ.()J:~c3.~ 
Iron 
Magnesium 
Potassium 
s-6d:ilim--
Tetraoxo-sulfate(l-) 
Acetone 
Diethylp~thalate 
TriChloroethene 
ciS-1,2-Dichloroethene 
Alpha activity 
Beta activity 
'i'echnetium-99 
Thorium-234 
Uranium-234 

. Uranium-238 

. Frequency 
of 

Detection 

4/f. 
4/4 
4/4 
4,/4 
4/4 
4/4 
l/i 
1/6 
B/13 
1/11 
6/10 
S/10 
5/10 
1/1 
i/i 
1/1 

(continued) .. 

Maxilinilil 
detected· 

concentration 

1.6oE+oi 
3.14E+02 
4.02E+01 
2.isE+Ol 
~.OI!:E+Ol 
B.40E+01 
i.40i-02 
l.90il-02 
1,10E-02 
1.7oE-01 
4.00E+01 
6.;46E+01 
1. 45E+02 
B.40il-01 
B.l0E-Ol 
1.32E+DO 

HI 

4.sE-Ol 

2.0E-02 
1..2E+00 
1.:2E".03 
2.0E-03 

ELCR 

1.4E..,04 

2.BE+Ol 
2.0E+OO 
B.7E",Ol 
'.2E-oi 

Exceed 
HI? 

No 
No 
¥es 
Yes 

Exceed. 
li:J,.CR? 

Yes 
No 
l!fO 
Yes 

TJn;i.ts 

mg/L 
mglt. 
mg/l
mg/L 
mg/L 
mg/t 
mg/L 
mg/L 
mg/f.· 
IIlg/r,. 
pCi/L 
pel/L 
pCi/L 
pCi/L . 
pCi/L 
pei/I,. 

--- - -- - ------ --- --- ----------------------.---------~., Lo.CATJ;ClN .. $WMU :r93A ~iA=RGA Groundwa.ter ---------------------------------- --- - - --- -- --.,.- -~ .... -'--

• 

AnCllyte 

Aluminum 
Ammonia 
Calcium 
i::~iorldt! 
COPPIi!J: 
¥luorid!! 
Iron 
Magnesium 
Potassium 
. Silica 
Sodium 
Tetraoxo-suHate (1-) 
Zinc , 
1,1"'])j,.c~l.o;oetll,~1! 
Diethylphthalate 

FJ:~~~f:Y 
Of 

~tection 

4/4 
1/1 
s/S 
sis 
1/4 
III 
7/9 
sis 
5/5 
1/1 
5/5 
515 
4/4 
2/43 
3/25 

foI~mum 
detected 

concentration 

1.7BE-Ol 
3.00E-01 
1.34E+02 
6.4():8+01 
1.80E-02 
4 .. 20E-of 
3.66E+0:I.. 
1. BsE+Ol. 
2.65E+02 
1.90E+Ol 

. :I..34E+0.2 
2. 62E+0;;! 
2.12E-ol 
2.o0E-04 
1.S0li:-O~ 

• 

HI 

1.sE:t-00 

6.0:8-02 
9.1E-02 
4.sil-Ol 

4.SE-01 
i.sE-03 
1.~li:+OO 

Exceed 
ELC!R· H!? 

No 

No 
Yes 
Yes 

No 
9_3E-07 No 

No 

Exceed. 
ELCR? Units 

mg/L 
mg/L 
mg/t 
mg/L 
mg/L 
mg/r,. 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
ii1g/L 
mg/L 
mg/L 
mg/L 

• 



• • 
Table 1.5. COmparison of maximum detected concentrations and activities to human he·alth risk-based 

screening criteria by :location and medium· 

• 
.-----------------~---------------------------------- LOCATIoNaSWMD 193A MtoIAaRGA Groundwater ---~---------------------------------~~~--------------

(continued) 

Frequency Maximum 
of detected ~ceeg Exceed 

Analyte Detection concentration HI ELCR HI:? BLCR? units 

Pentachlorophenol 1/25 1.20E-02 2.3~~02 2.1E-05 No Yes mg/i. 
Trichloroethene 44/51 6.70E+00 1.2E-03 1.4B-04 Yes Yes mg/Lo 
bis(2-Ethylhexyl)phthalate 3/25 2.20E-02 2.62-02 3.1E-04 No Yes mg/L 
cis-l,2-DiChlo~ethene 1'1/42 B.40E-02 2.0E~03 Yes mg/Lo 
trans-1,2-Dichloroethene 7/43 7.00E-04 4.0E-03 No mg/L 
Alpha activity 19/34 1.762+01 pCi/L 
Beta activity 34/34 8.80E+02 pCi/L 
Technetium-99 26/39 1.39E+03 2.BE+Ol Yes pCi/Lo 
Thorium-234 1/8 5.40E-Ol 2.0E+00 No pCi/L 

. - - - -">- --- -- -- -- --- - -- - --- -- ---- ---~ ...... - .. ----- --'-- --- LOCATION=SWMU 193A MEDIA=SUbsur~ace Soil ------------------------------------------------------
I 

-...J 
\0 Frequency Maximum 

of detected Exceed Exceed 
Analyte Detec;:tign concentration HI ~CR HI? ELCR? Units 

Aluminum 8/8 3,.40E+04 7.3E+02 Yes mg/kg 
BariUm 8/8 8.73E+Ol 3.7E+Ol Yes mg/kg 
Beryllium 5/8 7.00E-Ol 1.6E-Ol 1.0E-04 Yes Yes· mg/kg 
CalCium 4/4 2.73:1+05 mg/kg 
Chromium 8/8 2.772+01 4.8E-Ol 4 .. 9E+02· Yes No mg/kg 
Cobalt 8/8 8.66:1+00 2.1E+02 No ing/kg 
Copper 8/8 7.312+00 7.4E+Ol No mg/kg 
Iron 8/8 1.54E+04 3.1E+02 Yes mg/kg 
Lithium 8/B 1.],2E+Ol 7.0E+Ol No mg/kg 
Magnesium 8/B 1.70E+04 mg/kg 
Manganese 8/8 5.64E+02 1.42+01 Yes mg/kg 
Nickel 5/8 9.162+00 3.4E+01 No mg/kg 
potassium B/B 1.44E+03 mg/kg 
Silver 1/8 4.00E+00 6.1E+00 No mg/kg 
Sodium 5/8 3.13E+02 mg/kg 
Strontium 8/8 2.53E+02 8.0E+02 ~o mg/kg 
Vanadium B/8 3.15E+01 5.6E-Ol Yes mg/kg 
Zinc 8/8 5.54E+Ol 4.0E+02 No mg/kg 
Acetone 1/2 1.ioE-02 9.2E+01 No mg/kg 
Anthracene 1/8 1.16E"-01 6.5E+02 No mg/kg 
Benz (a) anthracene 2/B 1.BOE-01 B.SE-03 Yes mg/kg 
Benzo (a)pyrene 2/8 2.S0E-Ol 8.SE-04 Yes mg/kg 



Table 1.5. comparison of maximum detected concentrations and 'activitie~ to human health risk-based 
screening criteria by location and medium 

---------------------------------------------------- LOCATXON.SWMU 193A MEDXAaSUbsurface 80i1.-----------------------------------:-------------____ _ 
(continued) 

Frequency Maximum 
of detected Exceed Exceed 

Ana1yte Detection concentration HI ELCR HI? ELCR? Units 

Benzo(b)fluoranthene 2/S s.10E-02 S.sE-03 Yes mg/kg 
Benzo(ghi)pery1ene 2/S 1.70E-Ol mg/kg 
Chrysene 2/S 1.70E-Ol 8.SE-Ol No mg/kg 
Di-n-butylphthalate lIs 7.70E-02 2.fiE+02 No mg/kg 
Di-n-octy1phtha1ate l/S 1.20E-Ol 4.9E+Ol No mg/kg 
Dibenz(a,h)an~acene l/S 1.30E-Ol S.SE-04 Yes mg/kg 
Diethylphthalate lis 4.00E-Ol 2.0E+03 No mg/kg 
F1uoranthene 2/S 3.10E-Ol 4.3E+01 No mg/kg 
Indeno(1,2,3-cd)pyrene 2/S 1.60E-Ol 8.SE-03 Yes mg/kg 
Pyrene 2/S 2.9sE-01 3.2E+Ol No mg/kg 
bis(2-Ethylhexyl)phthalate 2/S 1. 70E-Ol 1.4E+Ol 2.SE-Ol No No mg/kg 

> A1pha activity 8/8 2.60E+01 pCi/g 
I Beta activity sis 2.37E+Ol pei/g 00 

0 

----------------------------------------------------- LOCATION=SWMU 193k MEDIA-SUrface Soil --------------------------------------------- __________ _ 

Frequency Maximum 
of detected Exceed Exceed 

Ana1yte Detection concentration HI ELCR HI? ELCR? Units 

Aluminum 4/4 1.09E+04 7.3E+02 Yes mg/kg 
Barium 4/4 S.40E+Ol 3.7E+Ol Yes mg/kg 
Beryllium 1/4 6.40E-Ol 1.6E-Ol 1.OE-04 Yes Yes mg/kg 
Calcium 2/2 2.73E+Os mg/kg 
Chromium 4/4 2.6SE+01 4.SE-01 4.9E+02 Yes No mg/kg 
Cobalt ~/4 s.70E+OO 2.1E+02 No mg/kg 
Copper. 4/4 7.31E+OO 7.4E+Ol No mg/kg 
Iron 4/4 1.s4E+04 3.1E+02 Yes mg/kg 
Lithium 4/4 1.12E+Ol 7.0E+Ol No mg/kg 
Magnesium 4/4 1. 70E+04 mg/kg 
Manganese 4/4 3.9SE+02 1.4E+Ol Yes mg/kg 
Nickel 2/4 7.s0E+OO 3.4E+Ol No mg/kg 
Potassium 4/4 1.44E+03 mg/kg 
80dium 1/4 2.13E+02 mg/kg 
Strontium 4/4 2.S3E+02 8.0E+02 No mg/kg 
Vanadium 4/4 3.1sE+Ol s.fiE-01 Yes mg/kg 
Zinc 4/4 s.s4E+Ol 4.0E+02 No mg/kg 
Anthracene 1/4 1.16E-01 6.5E+02 No mg/kg 

• • • 



• • 
Table 1.5. Comparison of maximum detected goncentrations and activities to human health risk-~ased 

screening criteria by location and medium 

• 
.------ -- --- --------,,'-----"----- ------'----------------- LOCATION=SHMu 193A MEDIAaSlirfac::e Soil .,.--':-.,...;--.:.------------------------------.;.-- --- - - -- ---- - --

> I 
00 ...,.. 

Analyte 

Befiz(a)anthraceQ~ 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(ghi)peryiene 
Chrysene 
Di-n-butylphthalate 
Di-n-octylphtha1ate 
Dibenz(a,h)anthracene 
Diethylphthalate 
Fluoranthene 
Indeno (3" 2, 3-cd)pyrene ' 
Pyrene 
bis(2-Ethylhexyl)phthalate 
Alpha activity 
Beta activity 

_. (continued) 

Frequency 
of . 

~1;ection 

2/4 
2/4 
2/4 
2/4 
2/4 
1/4 
1/4 
i/4 
1/4 ' 
2/4 
2/4 
2/4 
2/4 
4/4 
4/4 

Maximum 
detectEld, 

concentration 

1.802-01 
2.s0E-Ol' 
S.10E-02 
1.70E-Ol 
1.70E-Oi 
7.70E-02 
1.20E-Ol' 
1.30E-01 
4.00E-01 
3.l0E-01 
1'.602-01 
2.9SE-Ol 
1. 70E-01 
1.70E+01 
2.37E+Ol 

HI 

2.61H02 
4.9E+01 

2.02+03 
4.3E+01 

3.2E+01 
1.4E+01 

~ceed Exceed 
ELCR HI? ELCR? Units 

8.SE-03 Yes mg/kg 
B.s~-04 Yes mg/kg 
B.sE-03 Yes mg/kg 

mg/kg 
8.5E.,.01 No mg/kg 

No mg/kg 
No mg/kg 

B.SE-04 Yes mg/kg 
No mg/kg 
No lng/kg 

8.SE-03 Yes mg/kg 
No mg/kg 

2.82-01 No 'No mg/kg 
pCi/g 
pCi/g 

. -- --- . --------------------------------------------------- LOCATION=SWMU 193~ MEDIAaMcNairy Groundwater -------------------------------'---------------------

Frequency Maximum 
of detected Exceed Exceed 

A,nalyte Detection concentration m ELCR HI? ELcR? Units 

Trichloroethene 1/2 1.30E-02 1.2E-03 1.4E-04 res Yes mg/L 
cis-l,2-Dichloroethene U2 2.30E-02 2.0i-03 Yes mg/L 
Alpha activity 1/2 1.29E+00 pCi/L 
Beta activity 2/2 4.BOE+OO pCi/L 

----------------------------------------------------- LOCATION=SWMU 193B MEDIA=RGA Groundwater -------------------------------------------------- ___ _ 

Frequency Maximum 
of detected Exceed Exceed 

ADalyte Detection concentration HI ELCR HI? ELCR? Units 

l,l-Dichloroethene 3/17 2.00E-02 1.BE-03 9.3E-07 Yes Yes mg/L 
Acetone 1/2 3.302-02 2:0E-02 Yes Ing/L 
Carbon Tetrachloride 115 s.sOE-03 1.2E-04 1.sE-Os Yes Yes mg/L 
Di-n-butylphthalate 2/10 1.30E-02 1.3E-Ol No mg/L 



T~~e ;l.5. comparison of maximum detected concentrations and act;iVit;es to hntD~!' ~fi!aHhrisk-based 
. screenin~ criteria by location arid medium 

-:.-.- _ .... :- -. -.- '" =- ... '" ,,:-;.; ".-'- ;;.,; ... - -"--;;.;- --'-- - - ... -- -- - - - ---- ----- -- LOCATION=SWMU 193B MEDIA=RGA Groundwater - -- - --- -- - - --- - - - - - -- --- --- --- - - - - - -.- -. .-. .-,- ........ :-.'" - - - - -- - --
(conti~u~d)·· .. ... . . 

Frequency M~ilmui\ 
6£ detected· Exceed EXceed 

~a:J.yte Detection concentra#on lU ELCR HI? EilCR? . Units 

Trichloroethene 17/17 S.OOE-Ol 1,2E"'03 1..4E:-Q. Yes Yes riig/L 
):)is(2"'EthylhexyUphthalate l/io 1.BOE-02 2.6E-02 3.1E-04 No Yes mg/L 
CiS-l,2-Dichlo;oeth~e l,.?o117 9.87:&:-02 2. DE-03 Yes mg/L 
trans-l,2-Dichloroethene 8/17 8.1.0E-04 4.QE-03 No Ing/L 
AJ.pha ac~ivity l2/i7 6.60E+oi pei/t. 
Beta actiVity 16/17 5.8SE+02 pCi/L 
TeChnetium-9 9 8/17 6.1.0l!:+01 2.8E+Ol Yes p~i/r.. 

-- -----.--- -- ------------------------------------~-- LO~~~Q~a~~ ,~,~~ ~IA=Subsurface Soil -------------------------- --~--_-.~~:~~~:~ .. ~-~- - ~- - - - ------

;t>- Frequenc::y M~~ 
I o£ detected Exceed Exceed 

00 
Analyte Detection coilCentratic;m :HI .~ HI? ELCR? Units tv 

Aluminum 4/4 1. 12E+04, 7.3E+02 Yes mg/kg 
Ba:tium 4/4 8.42E+01 . 3.7E+01 Yes mg/kg 
BerYllium. 2/4 1..S.7E+Oci i~6E-oi 1.0E-04 Yes Yes mg/kg 
Chromium . 4/4 8.87E+oi 4.~E-01 •• 9i+02 Yes No irig/kg 
Coba'lt- 4/4 7.76E+00 2.1E+02 ~o mg/kg 
Copper M. 7.43E+qO 7.4E+01 ~6 mg/kg 
Iron 4/4 2.43E+04 3.l,.E+02 Yes mg/kg 
LliliiWn 4/4 7.72B+00 7.08+01 110 mg/kg 
Magnesium 4/4 4.31E+03 mg/kg 
M!J.llgani!se 4/4 2.~:2E+0~ L4E+01 Yes mg/kg 
Nickel 2/4 2.06E+Ol 3.4E+Ol &.0 lng/kg 
Potassium 4/. 6.86E+02 mg/kg 
Sodium 4/4 4.4BE+02 mg/kg 
Strontium 4/4 9.39E:+O~ 8.0E+02 No mg/kg 
Vanadium 4/4 6.S0E+01 S.~E:-iJl Yes lng/kg zinc· . 4/4 5.57E+Cli 4~OE+02 No mg/kg 
Acetone 111 B.ooi-02 9.2E+01 }qo mg/kg 
Toluene 1/3 ~.OOJ.;;02 9"8:11:+01 No mg/kg 
Alpha activity 414 1. 86J+0:i pti/g 
~eta ac:::tivity 4/4 2.29E+01 pC;i/g 

• • • 



• • 
Table 1.5. Compa,ri,son of maximum detected conc:entrations aIld activities to human health riSk-based 

screening criteria by ~ocation·and medium 

• 
.---------------".----'---"-"--"--------------------------- LOCATION=SWMU193B MEDIA=SUrface Soil ----------------------.,.--------------------------------" 

Frequency Maximum 
of detected Exceed Exceed 

A:ila1yte Detection concentra,tion HI ELCR HI? ELCR? Units 

Aluminum 2/2 1,,08E+04 7.3E+02 Yes mg/kg 
Barium" 2/2 8.42E+Ol 3.7E+Ol Yes mg/kg 
Beryllium In. 1.57E+OO 1. EiE-Ol 1.OE-"04 Yes Yes mg/kg 
Chromium 2/2 8.87E+Ol- 4.8E-Ol 4.9E+02 Yes No mg/kg 
Cobalt 2/2 7.76E+OO 2.1E+02 No tog/kg 
Copper 2/2 7.43E+OO 7.4E+01 No mg/kg 
Iron 2/2 2.43E+04 3.1E+02 Yes mg/kg 
Lithium 2/2 7.72E+OO 7.0E+Ol No mg/kg 
Magriesium 2/2 4.jiE+03 mg/kg 
Manganese 2./2 2.22E+02 1.4E+.Ol Yes mg/kg 
Nickel 1/2 2.0EiE+Ol 3.4E+Ol No mg/kg 
potassium 2/2 Ei.SEiE+02 mg/kg 

> Sodium _2/2 2.49E+02 mg/kg 
I Strontium 2/2 9.39E+01 B.OE+02 No mg/kg 00 
w Vanadium 2/2 Ei.50E+Ol 5. EiE.;.Ol Yes mg/kg 

Zinc 2/2 5.57E+oi 4.0E+02 No mg/kg 
Toluene 1/2 1.OOE-02 9.SE+Ol No mg/kg 
Alpha activity 2/2 1.BEiE+01 pei/g 
Beta activity 2/2 2.29E+Ol pCi/g 

.--"-=.-".-"-"---------------- --- ------------------------- LOCATIONCiSWMU 193C MEDIA=McNairy Groundwater ----------------.----.,. ... --"----- ---- - - -- - - - - - ____ -""' __ _ 

Frequency Maximum 
of detected Exceed Exceed 

Analyte Detection concentration HI ELCR HI? ELCR? Units 

Aluminum 4/4- 9.04E+01 1.5E+OO Yes mg/L 
AIltimony 5/5 2.50E-01 S.EiE-04 -Yes mg/~ 
Arsenic 5/5 3.EiOE-02 4.sE-04 3.5E-OEi Yes Yes mg/L 
Barium 5/5 Ei.70E'-Ol 1.OE-O], Yes mg/L 
Beryllium 5/5 2.S0:i!:-02 2.EiE-03 l,.OE.,.OEi Yes Yes mg/L 
Cadmium sIs 1.OOE-Ol Ei.EiE-04 Yes mg/L 
CalCium 5/5 4.l0E+Ol mg/L 
Chloride 5/5 1.6SE+Ol mg/L 
Chromium 3/3 2.32E-01 4.2E-03 Yes mg/L 
Cobalt 5/5 1.?l,E-"Ol 9.1E-02 Ye~ mg/L 
Copper 5/5 1.Ei3E-Ol Ei.OE-02 Yes mg/L 
Fluoride 414 2.80E-Ol 9.1E-02 Yes mg/L 
Iron 5/5 1. 79li:+02 4.5E-Ol- Ye~ mg/L 



Table 1.5. comparison of maximum detected concentrations and activities to human health risk-based 
screening criteria by location and medium 

.-------------------------------------------~---- LOCATION=SWMU 193C MEDI~MCNairy Groundwater,----------------------------------------------------
(continued) . 

Frequency Maximum 
of detected Exceed Exceed 

Analyte Detection concentration HI ELCR HI? ELCR? Units 

Lead 1/1 2.50E-Ol 1.SE-07 Yes mg/L 
Magnesium 5/5 2.1IiE+Ol mg/L 
Manganese 5/5 3.'lE+OO 1i.7E-02 Yes mg/L 
Mercury 1/1 2.00E-04 4.4E-04 No mg/L 
Molybdenum 4/4 l.OOE-Ol 7.SE-03 Yes mg/L 
Nickel S/S 1.09E-Ol 3.0E-02 Yes mg/L 
Nitrate as Nitrogen 5/5 1.OOE+OO 2.4E+DD No mg/L 
Potassium Sis 1.OlE+02 mg/L 
Selenium 3/3 S.OOE-03 7.SE-03 No mg/L 
Silica 5/5 :j..BOE+Dl mg/L 
Silver 3/3 I>.OOE-02. 7.SE-03 Yes mg/L 

;J> Sodium S/5 2.1i3E+Ol mg/L 
I Tetraaxo-sulfate(1-) sIs 1.30E+01 mg/L 
00 
~ Thallium . 2/2 1.23E-01 mg/L 

Uranium 9/9 1. SOE-02 4.5&-03 Yes mg/L 
Vanadium 2/2 S.3IiE-Ol '.3E-03 Yes mg/L 
Zinc 5/5 S.1i4E-Ol 4.SE-D1 Yes mg/L 
l,l,l-Trichloroethane 4/4 S.OOE-03 S.4E-02 No mg/L 
l,l,2-Trichloroethane 4/4 S.OOE-03 S.lE-04 1.SE-OS Yes Yes mg/L 
l,l-Dichloroethane 4/4 5.00E-D3 2.7E-02 No mg/L 
l,l-Dichloroethene 4/4 S.OOE-03 1.BE-03 ·'.3E-07 Yes Yes mg/L 
1,2-Dichloroethane 4/4 S.OOE-03 1i.7E-04 1.1E-OS Yes Yes mg/L 
Benzene 4/4 S.OOE-03 4.0E-04 3.SE-OS Yes Yes mg/L 
Bromodichloromethane 4/4 S.OOE-03 4.0E-03 S.4E-OS Yes Yes mg/L 
Carbon Tetrachloride 4/4 S.OOE-03 1.2E-04 loSE-OS Yes Yes mg/L 
Chloroform 4/4 S.OOE-03 2.0E-03 l.SE-:,OS Yes Yes mg/L 
Ethylbenzene 4/4 S.OOE-03 4.SE-02 No mg/L 
Polychlorinated biphenyl 1/1 LOOE-04 B.OE-Oli Yes mg/L 
Tetrachloroethene 4/4 S.OOE-03 7.'E-03 S.7E-OS No Yes mg/L 
Toluene 4/4 S.OOE-03 2.4E-02 No mg/L 
Trichloroethene 12/12 2.00E-03 1.2E-03 l.4E-04 Yes Yes mg/L 
Vinyl Chloride 4/4 l.OOE-02 l.7E-OI> Yes mg/L 
Xylene 4/4 l.OOE-02 4.0E-Ol No mg/L 
cis-1,2-Dichloroethene 4/4 S.ODE-03 2.0E-03 Yes mg/L 
trans-l,2-Dichloroethene 4/4 S.OOE-D3 4.0E-03 Yes mgjL 
Alpha activity 12/12 1.07E+02 pCi/L 
Beta activity 12/12 2.36E+02 pCi/L 
Radon-222 2/2 1.S7E+02 1.4E+OO Yes pCi/L 
Technetium-99 13/13 2.7DE+Ol 2.SE+Ol No pCi/L 

• • • 



• • 
Table 1.5. COmparison of max!1I\UJII detected concentrations and activitielil to human health risk-based 

screening criteria by location and medium 

• 
.--------------------------------~--~~~-~~---------- LOCATION~SWMU 193C ~1Aa~ Gr~water -------------------------------~------------------- __ _ 

Frequency Maximum 
of detected EXceed Exceed 

Analyte Detection concentra.tion HI Ei.CR HZ? ELCR? Units 

1,2-Dichloroetllene 1/2 S.62E"'01 1.8E-oj Yes· mg/t 
Trichloroethene i/2 1.62E-Ol 1.2E-03 1.4E"'04 Yes Yes mg/L 

.---------------------------------------------------':r..oCAT:ION=SWMO 193C MED:IA=SUbsurface Soil - ..... ~;.;--------------------------------~--.,.- ... -----------

Frequency Maximum 
of detected Exceed Exceed 

Analyte Detection concentration HI ELCR HI? ELCR? units 

Aluminum 20/20 1.37E+04 7.3E+li2 Yes mg/kg 
Arsenic "5/20 6.S7E+00 6.9E-Ol 9.2E-03 Yes Yes mg/kg 

>- Barium 1/1 1.42E+02 3.7E+Ol Yes mg/kg 
I Beryllium 10/20 9.80B-Ol 1.6E-Ol 1.0E-04 Yes Yes mg/kg 00 
V\ Boron 1/20 1.00E+02 3.3E+02 No mg/kg 

Cadmium 3/59 5.00E+00 3.SE-Ol 3.3E+03 . Yes No mg/kg 
Calcium 18/20 4.00E+OS mg/kg 
Chromium 5.9/61 B.30E+Ol 4.BE-Ol -4.9E+02 Yes No mg/kg 
Cobalt 17/20 B.61E+01 2.1E+02 No mg/kg 
Copper 16/20 2.82:8+01 7.4E+Ol No mg/kg 
Iron 6/6 3.00E+04 3.1E+02 Yes mg/kg 
Lead 42/61 6. 77E+01 LOE-04 Yes mg/kg 
Lithium 17/20 10 25E+Ol 7.0E+01 No mg/kg 
Magnesium 20/20 1.4SE+04 mg/kg 
M~ganese 20/20 2.27E+03 1.4E+01 Yes mg/kg 
Nickel 13/20 2.l5E+Ol 3.4E+Ol No mg/kg 
potassium 20/20 1.S7E+03 mg/kg 
Sodium 15/20 4.44E+02 mg/kg 
Strontium 20/20 3.91E+02 B.OE+02 No mg/kg 
Vanadium 20/20 4.42E+Ol 5.6E-01 Yes mg/kg 
Zinc 13/20 9.258+oi 4.0E+02 No mg/kg 
Xylene 1/20 1. 00E-02 1. 7E+03 No mg/kg 
Alpha activity 53/53 4 •. 00E+00 pCi/g 
Beta activity 53/53 1.00E+Ol pCi/g 



Table 1.5. Comparison of maximum detected co~g~t~atio~ and activities to human health risk-based 
, screening criteria by ~oca~iQn ~ me~um 

---'-------- --- ----- ----- -------------.:.----------- ... -' LOCAT~ON=SWMO '19~C MEl)IA=8urfac,e soil -----------------------------------.,.-'--"'~:-..;"--;..--;..-------

Frequency 
of 

Analyte Detection 

Aluminum ~/s 
Boron 1/5 
Calcium 5/S 
CHrOlldum 3/~ 
Cobalt ~/5 
Copper 2/5 
Lead i/5 
Lithium 3/5 
Magnesium 5/5 
Mang~~SEl 5/S 
NiCkel lIs 
Potassium 5/5 

;;J> Sodium 4/5 
I strontium 5/5 

00 
Vanadium 5/5 0\ 
zInc 5/5 

Maximum 
4et,ected 

(::I)nc~trat:i,o!l :Itt 

3.36:8+03 7.3E+02 
1.00~+Q2 3.3:E:+Q2 
4.00E+OS 
1.20E+Ol 4.8E-Ol 
2.14E+00 2.1E+02 
~.8~li:+Ol 7.4E+Ol 
6.778+0l. l..OB-04 
l..25E+oi 1.08+0l. 
1. 45li:+04 
l..98E+02 l..4E+Ol 
6.43E+00 3.4E+Ol 
1.S7E+Ol 
3.10E+02 
3.9iE:+02 8.08+02 
6.708+00 !i.6!i:"'01 
9.25E+oi 4.0E+02 

4.9E+0~ 

EXceed 
HI? 

Yes 
No 

Yes 
No 
No 
l'Eil,s 
No 

No 
:Yes 
No 

Excee4 
ELCR? 

No 

Unitjil 

mg/kg 
. uig/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
ing/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mgjkg 
mg/kg 
mg/kg 

- - - -- --- - - - - - -- - - - - - -- - -- ---- -,---"''''-.''' -,---, ...... ,,,,-,,---- LOCATION=SWMU i94 .MEflIA .. Subsurface Soi~-,-"",."" "'~'--,-..;",- --- ----- -- ------- - - - - - - - -- -,.,. -., .. --.- "'."'';';'' -'- --

Frequency MaxilllWl1 
of detected Excee4 ~ceed 

~.a!y1:Ei! DetectiOn cODcefttratioIl HI ELCR HI? ELCR? 1;1I:lJt:s 

Aluminum 1,2n~ 1.45E+04 7.3E+0:2 Yj!s mg/kg 
Arsenic 1/12 6,73,E:+00 6.9E-Ol 9.28-03 Yes Yes mg/kg 
BariWil 12/12 l..,398+02 3.7E+Ol Yes mg/]t9 
Beiyti h1lll 6/1~ 4.8011:+00 1.6:8-01 1.0E-04 Yes Yes mg/kg 
Cadmium 1/35 8.55E+OO l.SE-Ol 3.3E+.03 Yes }olo mg/kg 
Calcium 12/12 6.S],E+0:3 mg/kg 
Chr~UD\ lS/js l..03E+02 4.8E .. 01, 4.911:+(12 Yes No mg/kg 
Cobalt 12/12 9.4liE+00 2.1E+02 No tiig/kg 
Copper 12/12 1. 67E+Ol 7.4.E:+Ol No liig/kg 
Iron l.2/],2 :?09E+04 3.l.E+02 Yes mg/kg 
Lead 20/35 3.60li:+02 1.0E-04 Yes mg/kg 
J;.it.lli~ 12/12 9.00E+00 7.0]1:+01 No \IIg/kg 
Milgnejilium i2/12 2.34E+03 mg/kg 
Manganese 12/l.2 4.Ii7E+02 l..4E+Ol. Yes mg/kg 
Nickel 8/12 ~.:37]1:+01 l.4E+Dl No mg/kg 
Potassium 12/12 6.3~~+0~ mg/kg 

• • • 



• • 
Table 1.5. Comparison of maximum detected concentrations and activities to human health risk-based 

screening criteria by location'and medium 

• 
-~--_------~---------------------------------~-~-~--- LOCAXION=SWMU 194 MEDIAaSUbsurface Soil -------------------------------------------------------

( continued) 

Frequency Maximum 
of detect~d Exceed Exceed 

Analyte Detection concentration HI ELCR HI? ELcR? Units 

Sodium 8/12 3.69E+02 mg/kg 
Strontium 12/12 2.60E+Ol 8,OE+02 No mg/kg 
vanadium 12/12 ~.58E+01 5.&E-01 Yes mg/kg 
Zinc 11/12 6.76E+Ol 4.0E+02 No mg/kg 
Ethylbenzene 1/19 1.S0Jl:-02 1.1E+02 No mg/kg 
Alpha activity 23/23 2.50l!:+OO pCi/g 
Beta activity 23/23 7.002+00 pei/g 

- - -- - -- ---- - - - - -." -~ -- --- ----- - ----------- --,-------- LOCATIOlfaSWMtJ 99A MEDIAaMcNairy Groundwater -,..,.-- ---- .. -- ------ ----- - -- - - - - - - - --,- - - - - - - - - - - - - - - - --

> Frequency Maximum 
I of I detected Exceed Exceed 00 

-..J Analyte Detection concentrati,on HI ELCR HI? nCR? Units 

1,1,1~~ich1oroethane 1/4' 1.20E-0) 5.4E-02 No mg/L 
ltl-Dichloroet~ene 1/4 2.29E-02 1.8E-03 9.3E-07 Yes Yes mg/L 
Carbon Tetrachloride 1/4 2.S0E-03 1.2E-04 loSE-OS Yes Yes mg/L 
Trichloroethene 3/4 5.i9'E-oi 1.2E-03 1.4E-04 Yes Yes mg/L 
d.S-l,2~Dich10roethene 2/4 1. 15E-Ol 2.02-03 Yes 'mg/L 
Alpha activity 2/2 2.90E+OO pCi/L 
Beta acti,vity 2/2 3.50E+01 ,pCi/L 
TechnetiUm-99 2/2 1.90E+01. 2.82+01 No pCi/L 

-~-----------------------------------------------~--- LOCAXION=SWMU 99A MEDIAaRGA Groundwater ----------------~--------------------------------------

FrequenCy Maximum 
of detected Exceed ,Exceed 

Analyte Detection conceIltration !II ELCR HI? ELCR? units 

Aluminum 16/35 6.59E+02 1.5E+00 Yes mg/L 
Arsenic 4/27 1.002-02 4.5E-04 3.5E-06 Yes Yes mg/L 
Barium 311/39 3.30E+OO :I..OE-Ol Yes mg/L 
Beryllium 8/35 1.00E-Ol 2.6E-03 ~.OE-06 Yes Yes mg/I:, 
Calcium 39/39 1.20E+02 mg/L 
Chloride 9/9 1.20E+02 mg/L 
Chromium 11/39 1. 78E+00 4,2E-03 Yes mg/L 
Cobalt 20/37 5.70E-01 9.1E-02 Yes mg/L 



Table 1.5. comparison of maximum detected concentrations and activities to human health risk-based 
sr::l:'~~!l9 crit:er~a .~ locat!QD,. I1lld 1!l~~um 

-------------------------------------------------- LOCATION=SWMO 99A MEDIA=RGA Groundwater -------------------------------------------------------

> I 
00 
00 

Analyte 

Copper 
Fluoride 
Iron 
Lead 
Lithium 
MagneS~\1lU 
Manganese 
Mercury 
Nickel 
Ni:ti:atj! as ~!t;'og~ 
PotasSium 
Bi1;ca . 
Sodium 
Strontium 
SUlfate 
TetraoXo-sulfate(l-) 
VanalUum 
Zinc 
i, kDi"ch.loroe~ 
Trichloroethei1e 
b!s (2=Ethylhexyl) phthalate 
cis"'1.,2"'Dichloroethene 
d:-ans-i,2=i>iclil.oroethene 
Alpha activity 
Beta aqtivity 
Rad6n-222 ... 
Technetium-99 

Analyte 

AluminUm 
AntiiiiOny 
Arsenic 
lIarillm 

• 

Ft'e~enCY of . 
pet~r::t:l.on 

9/35 
S/8 
31/39 
6/2"9 
6/23 
39/39 
37/39 
5/25 
16/39 
7/9" " 
24/39 
9/9 
39/39 
30/30 
2/2 "" 
7/7 
lO/28 
iO/3s 
7n~ 
41/43 s/lo 
10/33 
3/33" 
33/39 
39/39 
4/4 
34/40 

Frequency 
()f 

Detj!ctj,QD 

22/22 
5/22 
l1/22 
22/22 

(continued) . 

MaXimum 
detected 

conc:~tra.t:l.9Jl. 

6.40E-Ol 
2.00E-oi 
l..20E+03 
4.ioliHll 
l.70E-01 
4.97E+01 
4.6r:iE+OO 
2.00E-02 
9.1.!l:E"'O~ 
2.l0E+OO 
2.17E+Ol 
2.50E+Ol 
7.24E+Ol 
4.701:""01 
l.92E+01 
2.20E+·Ol 
~.l!ili:+OO 
2.SSE+OO 
6.S0:E:"'Q2 
?,37li:+OO 
l.60E-02 
3.48E"'02 
'.!lOE-04 
S.38E+Ol 
l.37E+02 
6.7SE+02 
l.39E+02 

Maximum 
detected 

c()Ilc:t!ntration 

1.41E+04 
2.90E+OO 
8.SSE+OO 
2.47li:+03 

• 

Ig 

6.0E-02 
9.1.l3:-02 
4.SE-01 
l.SE-O? 
3.01:-02 

6.7E-02 
4.4E-04 
3.0E"'0? 
2.4E+00 

9.3Ii:"'03 
4.SE-01 
1.8E"'03 
l.2E-03 
:2.6E-02 
:2.0Ii:"'0~ 
4.0E-03 

HI 

7.3E+02 
6.4E-02 
6.9E-0! 
3.7li:+01. 

9.3E"'07 
1.411:-04 
3.1E-04 

l.4E+OO 
2.SE+Ol 

ELCR 

9.2~E-03 

Exceed 
III? 

Yes 
Y~s 
Yes 
Yes 
Yes 

Yes 
Ye!i 
Yes 
No 

No 

Yes 
Yes 
Yes 
Ye~ 
No 
Yes 
No 

Exceed 
HI? 

Yes 
Yes 
Yes 
Y~s 

Exceed 
J!:~? 

Yes 
Y~!iI 
Yes 

Y~s 
Yes 

Exceed 
ELCR? 

.Yes 

mg/I. 
mg/r. 
tii9ir. 
mg/L 
mg/r,.. 
iilg/L 
mg/i. 
mg/L 
mg/L 
Ilig/L 
mg/L 
mg/L 
mg/L 
mg/r,. 
'mg/L 
mg/L 
mg/I. 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
m9'/r,.. 
pCi/L 
pC:iJi. 
pCUL 
pCi/r. 

units 

mg/kg 
mg/kg 
mg/kg 
mg/kg 

• 



• • 
Table 1.5. coiiJpariSori of maximum detected concentrations and activities to human health risk-based 

screening criteria by location and medium 

• 
-----------------~----~~--~~-~--~~--~--------------- LOCATION ... SWMO 99A MEDIA=SUbsurface Soil --~----------------------------------~~-~~~-~----------

(continued) 

Frequency Maximum 
of detected Exceed Exceed 

Analyte Detection concentration HI ELCR HI? ELCR? Units 

Beryllium .11/22 8.90E-Ol 1.6E-Ol 1.0E-04 Yes Yes mg/kg 
cadinium 5/22 8.30E-01 3.8E-01 3.3E+03 Yes No lng/kg 
Calci~ 20/20 2.87E+05 mg/kg 
Chromium 22/22 4.57E+01 4.8E-Ol 4.9E+02 Yes No mg/kg 
Cobalt 20/22 1.19E ... Ol 2.1E+02 No mg/kg 
Copper 21/22 ~.64E+ci1 7.4E+Ol No mg/kg 
cyanide 2/16 5.40E-Ol 2.3E+01 No mg/kg 
Iron 22/22 2.33E+04 3.1£+02 Yes mg/kg 
Lead 6/22 4.73E+01 1.0E-04 Yes mg/kg 
Lithium 17/17 ~.29E+Ol 7.0E+Ol No IDS/kg 
Magnesium 22/22 2.7)E+04 mg/kg 

> Manganese 22/22 1.46E+03 1.4E+Ol Yes mg/kg 
I Mercury 5/2.2 1.20E-Ol 1.4E-Ol No ms/kg 00 
\0 Nickel 17/22 2~58E+01 3.4E+Ol No mg/kg 

Potassium 22/22 1.12E+03 mg/kg 
Selenium 5/20 3.20E-Ol 1.2E+Ol No mg/kg 
silver 5/22 7.],OE-Ol 6.1E+00 No mg/kg 
Sodium 14/22 3.93E+02 mg/kg 
Strontium 17/17 5.14E+02 8.0E+02 No mg/kg 
Thai i ium 5/22. 5.90E-01 mg/kg 
vanacHutn 22/22 3.55E+01 5.6E-01 Yes mg/kg 
zinc :U/22 1. 63E+02 .4.0E+02 No lng/kg 
1,1,1-Trichloroeth~e 5/8 6.00E-03 1.2E+02 No mg/kg 
1, 1, 2, 2-Tetrachloroethane 5/8 6.00E-03 1.8E--'02 No mg/kg 
1,1,2-Trichloroethane 5/8 6.00E-03 3.1E+00 4.6E-02 No No mg/kg 
1,1-Dichloroethane 5/8 6.00E-03 6.7E+Ol No lng/kg 
1,1-Dicijloroethene 5/10 6.00E-03 3.5E+00 3 .. 9E-03 No Yes mg/kg 
1,2,4-Trichlorobenzene 5/22 4.10E-lll 2.5E+Ol No mg/kg 
l,2-Dichlorobenzene 5/22 4.10E-Ol 7.6E+Ol No mg/kg 
1,2-Dichloroethane S/8 6.00E-03 4.3E+00 2.2E-02 No No mg/kg 
1,2-Dichloroethene S/5 6.00E-03 1.0E+Ol No lng/kg 
1,2-Dichloropropane 5/8 6.00E-03 1.6E+00 8.7E-02 No No mg/kg 
1,3-Dichlorobenzene 5/22 4 .. 10E=-01 3.3E+Ol No mg/kg 
1,4-Dichlorobenz~ 5/22 4.10B-Ol 1.1E+03 2.9E-Ol No Yes mg/kg 
2,4,5-Trichloropbencl 5/22 2.10E+00 1.6E+02 No lng/kg 
2,4,6-Trichlorophenol 5/22 4.10E-Ol 8.1E-01 No mg/kg 
2,4-Dichlorophenol 5/22 4.10E-Ol 6 .. 8E ... 00 No mg/kg 
2,4-Dimethylphenol 5/22 4.10E-Ol 3.1E+Ol No mg/kg 
2,4-Dinitrophenol 5/6 2.10E+00 5.0E+00 No mg/kg 



Table 1.5. Comparison of maximum ~etected concentratioDB and activities to hUman health risk-based 
screening criteria by location and medium 

. -- --- - - - - - - - - - - -- - - - --:- - - - - - --- -,.- - -- -.,- - ----- -.,.--- LOCATION ... SWMt1 ·99A MEDIA=Subsurfacesoil - --.- .. --- -- ----:-.-,.-:,. ... -....... ,.~ . .,. "-: ....... ,,",;,.~., ... "- "."'''-.'';' - -;... -.- - "- - - - - -;. --

>-I 
\0 o 

• 

Analyte 

2,4-Dinitrotoiuene 
2,6-Dinitrotoluene 
2-Butanone 
2-Chl6ronaphtllalene 
2 -Chiorophenol 
2-Hexanone 
~-Met,llyl.,.4,G-di!dtrophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3.' -Qi~hl,c;»~~~~r,i..ip~ 
3-Nitroaniline 
4,4' -ODD 
4,4'.;.DD~ 
4,4'-DDT 
4-Brqmophenyl ph~y~ ethe~ 
4-Chloro~3-~thylpheno~ 
4 -Chloroaniline 
."'c:=l!l.or()Pll~l.· Pll~y~ Eltlle~ 
4-Methyl-2-pentanone 
4-Methylphenol 
4-Nitroilniline 
4-NitrophenoI· 
Acenaphthene 
A9enaphthyl~e 
Acetone .. 
Aldrin 
Anthracene 
15~g;(a)ClIl~Cl.t:E!IlEl 
Benzene 
Benzcl(a)pyrene . 
Benzo(b)fluoranthei1e 
Senzo(ghi)perylene 
Benzo(k)fluoranthene 
Benzoic Acid 
Benzyl Alcohol 
Brbmodichloromethane 
Bromoform 

Frequency 
of 

Detection 

S/22 
5/22 
5/S 
5/22 
5/22 
5/S 
S/22 
5/22 
5/22 
5/22 
5/22 
5/22 
5/22 
2/2 
2/2 
2/2 
Sn2 
5/22 
5/22 
5/22 
S/B 
5/22 
5/22 
5/22 
7/22 
G/22 
5/S" 
2/2 
7/22 
S/22 
5/B 
7/22 
11/22 
7/22 
B/22 
sis 
'5/5 
5/B 
5/B 

. (c6fttlnu.e-dj ... . ... .. . . ... 

Milximum 
detected 

concentration 

4.1DE-Dl 
4.10E-Ol 
1.20E-02 
4.1.0.E- Ol 
4.10E-Ol 
1.20E-02 
2.1.0E+09 
4.10E-Ol 
4.10E-oi 
2,IOE+00 
4.10E-Ol 
B.~O~-Dl 
2.10E+OO 
3.50E-02 
3.50E-02 
3.50E-02 
4.1()~-OI 

".l.OE-Ol 
4.10E-Ol 
4.10E-al 
1.20E-02 
4.10E-Ol 
2.10E+00 
2.10E+OO 
4.10E-Ol 
G.10E-Ol 
5.~OE-02 
1.70E-02 
7.50E-Ol' 
1.70£+00 
6.QOE.-OJ 
2,10E:+OO 
S.70E+OO 
1.1BE+OO 
7.90E-Ol 
2.10E+!io 
4.·10E.-Ol 
6.00E-03 
Ei.OOE-03 

• 

HI 

4.7E+OD 
2.3E+OO 
3.9E+02 
1.1E+02 
7.0E+00 

7.SE+Ol 
7.0E-02 

1.0E+OO 

G.lE+OO 

~.~E:+()1 
9. EiE+OO· 

1.6E+02 
6.4E+Ol 

9.~E:+01. 
4.8E-02 
Ei.SE+02 

1.BE+OO 

9.8E+03 
? Bll;+O.2 
1.9E+Ol 
1.6E+Ol 

ELCR 

2.1E-02 
2.1E-02 

2.U:"-02 

5 .l1il-02 
~.'E"-02 
3.6E-02 

S.5.E.,04 

. 8.SE-OJ 
5.1E-02 
S.5E-04 
8.5E.,.03 

B.SE-02 

1 . .2~"'0~ 
S.4E-Ol 

Exceed 
HI? 

No 
No 
No 
No 
No 

No 
Yes 

No 

No 

NO 
No 

No 
No 

No 
:NQ 
No· 

No 

No 
No 
NQ 
No 

Exc~~d 
ELCR? 

Yes 
Yes 

Yes 

No 
No 
No 

Yes 

Yes 
No 
Yes 
Yes 

Yes 

No 
No 

units 

mg/kg 
tilg/kg 
mg/kg 
rng/kg 
mg/kg 
mg/kg 
mgl~g 
mg/kg 
mg/kg 
rng/kg 
tilg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
ms/kg 
mg/kg 
mg/kg 
Dig/kg 
mg/kg 
mg/kg 
tilg/kg 
mg/kg 
IIlg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
tilg/kg 
mg/kg 
mg/kg 

. IIlg/k g 
mg/kg 
i1ig/kg 
trig/kg 
mg/kg 
mg/kg 
mg/kg 

• 



• • • 
'. 

Table 1.5. Comparis9n of ~mum detected concentrations and activities to human health risk-based 
sc~eening criteria by location and medium 

---------~~~~-~~-~~---------------------~--~~--~----- LOCATION .. SWMO 99A MEDIAaSUbsurface Soil - .- --------------------------------------------------------- - - - . 

(continued) .. 

Frequency Ma.x.illlUJll 
of detected EXceed Exceed 

Analyte Detection concentration HI ELCR HI? ELCR? Units 

Bromomethane 5/B 1.20E-02 6.2E-01 No mg/kg 
Butyl benZyl phthalate 5/6 4.10E-Ol 3.7E+02 No mg/kg 
Carbon Disulfide 5/S 6.00E-03 4.6E+Ol No mg/kg 
Carbon Tetrachloride 5/B 6.00E-03 2.7E-01 1.6E-02 No No mg/kg 
Chlorobenzene 5/8 6.0oE-03 S.6E+OO No mg/kg 
Chloroethane 5/B i.20E-02 2.BE+02 No mg/kg 
Chloroform 5/8 G.OOE-OJ 2.4B+OO 2.lB-02 No No mg/kg 
Cllloromethane 5/8 1.20E-02 1.lE-01 No mg/kg 
Chrysene 7/22 ~.1OE+Oo 8.5E-01 Yes mg/kg 
Di-n-butylphthalate 5/22 4.10E-Ol 2.6E+o2 No II\g/kg 
Di.,.n-octylphthalate 5/22 4.iiiE-Ol 4.9B+01 No mg/kg· 

> Dibenz(a,h)anthracene 6/22 .4.BOE:-01 B.5E-04 Yes ritg/kg 
I Dibenzofuran 6/22 4.1oE-01 6.lE+oo No mg/kg \0 - Dibromochloromethane 5/B 6. DOE,.. 03 1.5E+01 S.9B-02 No No mg/kg 

Dield±'in 2/2 l.50B-02 S.OE-02 S.BB-O' No Yes mg/kg 
Diethylphthalate 5/22 4.10E-:01 2.0E+03 No mg/kg 
Dimethylphthalate 5/22 4.1oE-Ol 2.4E+o4 No mg/kg 
Endosulfan I 2/2 1. 70E-02 mg/kg 
Endosulfiin II 2/2 3.50E-02 mg/kg 
Endosulfan Sulfate 2/2 3.S0E-02 mg/kg 
Endrin 2/2 l.5oE-02 2.4E-02 Yes mg/kg 
Endrin Ketone 2/2 3.5OE-02 mg/kg 
Ethylbenzene s/s /i.OOE-03 1.1E!+02 No mg/kg 
Fluoranthene 9/22 2.66E+OO 4.3E+01 No mg/kg 
Fluorene 6/22 4.1oE-01 6.lE+01 No mg/kg 
Heptachlor 2/2 "1. 70E-02 1.1E+oo 2.SE-ol No Yes mg/kg 
Heptachlor Epaxide 2/2- 1.7oE-02 2.7E-02 1.4E-o~ No Yes mg/kg 
Hexachlorobenzene 5/22 4.1OE-01 l.lE+Oo 5.4E-ol No Yes· mg/kg 
HeXachlorobutadiene 5/22 4.10E-01 3.oE-OJ, 1.0E-01 Yes Yes mg/kg 
HexachloroCyclopentadiene 5/22 4.loE-01 1.oE+oo No mg/kg 
Hexachloroethane 5/22 4.1oE-Ol 1.SE+oO 5.8E-Ol No No mg/kg 
Indeno(1,2,3-cd)pyrene 7/22 1.OSE+oO S.SE-03 Yes mg/kg 
Isophorone 5/22 4.1oE-ol 3.oE+02 9.9E+oii No No mg/kg 
Methoxychlor 2/2 1.7oE-ol B.oE+Oo No mg/kg 
Methylene Chloride SiB S.OoE-03 7.0E+ol S.oE-01 No No mg/kg 
N-Nitroso-di-n-prapylamine 5/22 4.10E-ol 7.3E-04 Yes II\g/kg 
N-Nitrosodiphenylamine 5/22 4.10E-ol 1.0E+00 No mg/kg 
Naphthalene 5/22 4.1oE-01 l.3E+01 No mg/kg 
Nitrobenzene 5/22 4.10E-01 6.lE-01 No mg/kg 



Table 1.5. Comparison of maximum detected concentrations and, activities to huniail healt:~ ri$:k-l>~seg 
~creE!PJ.ll~ c:~iter~~ ,by l.oc:~tioll iI!l,~ Dledium 

- ---- - - - --- - - - - -- -- - - --- -- - -- -- -- ----- -------------- LOCAtfON .. SWMtJ 99A MEtliA .. Subsurface Soil ---"" ------ --- --'''' -'" - ---- --.;. - - - - - - - - - - - - - - - - - - - - - - - - - -- --

• 

~a],yl;l! 

PCB-1016 
P~-~.22~ 
PCB-1232 
PCB-1242 
PCB-l24B 
PC~""l.2S4 
PCB-1260 
Pentachlorpphenol 
Ph~nantl1rene 
Phenol 
Pyrene 
~tyr~ne 
Tetrachloroetbeile 
'Toluene 
Toxaphene 
Trichloroethene 
VinYl..~c:~ta~1! 
vinyl, Chloride 
Xylene 
alpha-BHC 
alpha-Chlordane 
beta ... BHC 
'b:i..s (2:':Chloroethoxy) methane 
bis(2-Chloroethyl)ether 
})is(2-"Ch.lol:'Qi,sop;-opyl.Jet ller 
bis(2-Etliylhexyl)phthalate 
cis-1,3-Dichloropropene 
delta-BHC 
gamma-BHC(Lindane) 
ga~-CAl.o~~~ , 
tr:ans-1, 3 -DiChloropropene 
Alpha'ilC:l;:1.v:!.tY 
Beta activity 
Cesium-137 
Neptunium"'237 
Plutonium;..239 
Technetium"-99 
Tho:duin~230 
Thoi-ium-234 

Frequency 
of 

:i)etec:t;::i,on 

3/23 
2/23 
2/23 
2/23 
2/23 
3/23 
7/23 
5/22 
7/22 
5/22 
8/22 
S/B 
sla 
5/& 
2/2 
6/10 
5/5 
s/io 
515 
2/2 
2/2 
2/2 
5/22 
5/22 
5/22 
5/22 
5/8 
2/2 
2/2 
2/2 
5/8. 
20/21 
21/21 
3/21 
4/4 
3/3 
6/23 
3/3 
1/21 

(c,01ltinued) 

MBXimum 
detected 

cc)I1ce.I!t;:~~t;::i.on . 

1.B7E+OO 
1.70~-01 
1.70E-Ol 
i.70B-01 
1,.'70:i!:-01 
3.S0E-Ol 
6.hE-Ol 
2.1,01j:+00 
1.63E+00 
4.10E-Ol 
2.70E+OO 
6.00E-03 
6.00E-03 
6.g0~,,"0~ 
3.S0E-01 
6.00E-Oj 
:I. • .20~ ... 0.2 
1.20E~02 
6.0QE"'Ol 
1.70E~02 

l.70E-01 
1. 70~ ... 02 
4.10E-01 
4.ioE-01 
4.10E"-oi 
l.60E-01 
'.OOE-Ol 

" l.iOE-02 
1.70E-02 
;L.70E-0:L 
6.00E-Ol' 
1.42,E+Q2 
2.73E+03 
1.90E+()Q 
1.28E+Ol 
6.00:g"0~ 
2'65E+03 
li.iDE-01 
S.30E+01 

• 

HI 

2.3E"'b1 

6.6E-02 

7.9~+OJ. 

1.4E+Ol 
l.2E+01 
l.9li:+02 
1.2E+Ol 
9.I1E+Ol 

1.2E+00 
9.,5E+0], 

1.7E+Ol 

1.4E+01 

7.7E-01 

l!:LCR 

9.9E-03 
1.1E-02 
1.lE-02 
9.7:1::-0,l 
l.,.l,E-02 
9.!lE-Ol 

, 9.BE-03 
1.3~-ol, 

1.3E-Ol 

B.SE-03 
9.1E-02 

loSE-03 

2.4E-03 

B,~~ ... O~ 

5.9E-OJ 
1.iE-ol 
~.8E:.,.O:L 

i.2E-02 

1.6J!:-02 
6.BE-02 
2.0li:+OO 
4.4E+Ol 
lo6E+01 
7.2E+OO 

Exceed 
III? 

, Yes 

Yes 

No 

No 
No 
No 
No 
No 

No 
No 

~o 

NQ 

No 

Exceed 
ELCR? 

Yes 
Yes 
Yes 
Y~s 
Yes 
Yes 
Yes 
Yes 

No 

Yes 
No 

Yes, 

Yes 
Yes 
¥e~ 

Yes 

Yes 
Yes 
Nq 
Yes 
No 
Yes 

Units 

mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
ing/kg , 
mg/kg 
mg/kg 
mg/~g 
mg/kg 
mg/kg 
mg/lt9 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
lng/kg 
mg/kg 
mg/kg 
mg/kg 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCjjg 
pCi/g 

• 



• • 
Table 1.5. Comparison of maximum detected concentrations and activities to human health risk-based 

screening criteria by location and medium 

• 
.-- --- ---- --- ------------------------------------"---- LOCATlaN .. SWMU 99A MEDIA=SUbsurface Soil ---------------:-----------:.-.---.-,,---- -- - -:.----- - --- - -- --

(continued) 

Frequency Maximum 
·of detected Exceed Exceed 

Analyte Detection concentration Hl: £LCR HI? £LCR? units 

Uranium-234 4/4 1. 64E+01 1.4E+01 Yes pCi/g 
uran!l.1m-235 3/24 4.10E-02 1.2E-01 No pci!g 
Uranium-238 4/4 S.17E+01 4.7E-01 Yes pCi/g 

. - - - - - - - - - -- - - --- - - - --- ~ - ,..-- --.,,""'"-" --- -"'--- --- - ---------- LOCATION .. SWMO 99A MEI)J:A=Burface Soil -------------- - - - -- - ----,,--."..;; ..;-- - - - - - ---- - -- -- - - - - -- - - --

Frequency Maximum 
of detected Exceed Exceed 

Analyte Detection concentration HI ~CR HI? .ELCR? Units 

»- Aluminum 13/13 1. 29E+04 7.3E+02 Yes mg/kg 
I Arsenic 6/i3 B.55E+OO 6.9E-01 9.2E-03 Yes Yes mg/kg \0 w Barium 13/13 2.47E+03 3.7E+01 Yes mg/kg 

Beryllium 5/13 B.90E-01 1.6E-01 1.0E-04 Yes Yes mg/kg 
Calcium 11/11 2.B7E+OS mg/kg 
Chromium 13/13 4.S7E+01 4.BE-01 4.9E+02 yes No m91kg 
Cobalt 11/13 9.67E+00 2.11:+02 No mg/kg 
Copper 121!3 i.22E+01 7.4E+Ol, No mg/kg 
Iron 13/13 2.JJE+04 J.1E+02 Yes mg/kg 
Lithium 13/13 1.29E+01 7.0E+Ol No mg/kg 
Magnesium 13/1~ 2.7JE+04 mg/kg 
Manganese 13/13 3.B7E+02 1.4E+01 Yes mg/kg 
Nickel B/13 2.16E+Ol 3.4E+01 No mg/kg 
Potassium 13/13 1.12:8+03 mg/kg 
Sodium . 6/13 J.66E+02 mg/kg 
Strontium 13/13 S.14E+02 B.OE+02 No mg/kg 
Vanadium 13/13 3.5SE+01 S.6E-01 Yes mg/kg 
Zinc 12/13 1.63E+02 4.0E+02 No mg/kg 
ACenaphthene . 2/13 3.JOE..;;Ol 6.4E+01 No mg/kg 
Acenaphthylene 1/13 6.10E-01 mg/kg 

. Ant.b.racene 2/13 7.S0E-Ol 6.SE+02 No mg/kg 
Ben; (a) anthracene 3/13 1.70E+OO B .. SE-OJ Yes mg/kg 
Benzo(a)pyr~e 2/13 2.10E+00 B.SE-04 Yes mg/kg 
Benzo (b) fluoranthene 6/13 5.70E+00 B.SE-OJ Yes mg/kg 
Benzo(ghi)perylene 2/13 ·1.1BE+00 mg/kg 
Ben~o(k)fluoranthene 3/13 7.90E-Ol B.SE-02 Yes ing/kg 
Chrysene 2/13 2.10E+OO B.SE-Ol Yes mg/kg 
Dibenz(a,h)anthracene 1/13 4.BOE-Ol B.SE-O. Yes mg/kg 



Table 1.5. Comparison of maximum detected concentrations and activities to human health risk-based 
screening criteria by location and medium 

------------------------------------------------------ LOCATIONaSHMU 99A MEDIAaBurface soil -------------~------------------------------------------

Frequency 
of 

Analyte Detection 

Dibenzofuran 1/13 
Fluoranthene 4/13 
Fluorene 1/13 
Indeno (1, 2, 3-cd)pyrene 2113 
PCB-1016 1/16 
PCB-12s4 1/16 
PCB-1260 5/16 
Phenanthrene 2/13 
Pyrene 3/13 
Alpha activity 15/16 
Beta activity 16/16 

> Cesium-137 3/16 
I Neptunium-237 1/1 \0 
~ Technetium-99 3/16 

Thorium-234 1/16 
Uranium-234 1/1 
Uranium-238 1/1 

(continued) 

Maximum 
detected 

concentration HI 

1.23E-D1 6.3E+DO 
2.66E+OO 4.3E+Ol 
2.19E-Ol 6.3E+01 
1.0sE+OO 
1.87E+DO 2.3E-D1 
9.60E-D2 6.6B-02 
6.31E-01 
1.63B+DO 
2.70E+OO 3.2E+01 
1.42E+02 
2.73E+03 
1.90B+OO 
1.28E+Ol. 
2.6SE+03 
5.30E+01 
1.64E+Ol 
s.17E+01 

ELCR 

B.SE-OJ 
9.9E-03 
9.9B-DJ 
9.BE-OJ 

1.6E-02 
6.8E-02 
4.4E+02 
7.2E+OO 
1.4E+Dl 
4.7E-01 

Exceed 
HI? 

No 
No 
No 

Yes 
Yes 

No 

Exceed 
ELCR? 

Yes 
Yes 
Yes 
Yes· 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Units 

mg/kg 
mg/kg 
mg/kg. 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 

---------------------------------------------------- LOCATION=SNMU 99B MEDIAaRGA Groundwater --------------------------------------------- _________ _ 

Frequency Maximum 
of detected Exceed Exceed 

Analyte Detection concentration HI ELCR HI? ELCR? units 

Barium 7/7 2.70E+OO 1. OE-01 Yes mg/L 
Calcium 7/7 J.27E+Ol mg/L 
Chloride 7/7 1.0BE+02 mg/L 
Chroinium 1/7 2.60E-01 4.2E-D3 Yes mg/L 
Copper 1/7 4.00E-02 6.0E-02 No mg/L 
Fluoride 7/7 2.10E-01 9.1E-02 Yes mg/L 
Iron 3/7 3.34E+OO 4.SE-01 Yes mg/L 
Magnesium 7/7 1.31.E+Dl. mg/L 
Manganese S/7 2.90E-01 6.7E-02 Yes mg/L 
Nitrate as Nitrogen 7/7 2.10E+OO 2.4E+OO No mg/L 
Silica 7/7 2.00E+01 mg/L 
Sodium 7/7 7.86E+D1 mg/L 
Sulfate 2/2 2.67E+01 mg/L 
Tetraoxo-sulfate{l-) 5/5 2.90E+01 mg/L 

• • • 



'. • 
Table 1.5. comparison of maximum detected concentrations·and activities to human health risk-based 

screening criteria.by location and medium 

• 
---------------------------------------------------- LOCATION .. SWMU 99B MEDIAaRGA Groundwater .,---_ .. -----------------------.,..,.------------------------. . (contillued) . . 

Frequency Maximum 
of detected i!xceed Exceed 

Analyte Detection concentration HI ELCR HI? ELCR? Units 

Zinc 2/7 6.00E-02 4.SE-01 No Ing/L 
Trichloroetllene 16/16 2.l0E+OO 1.2E-Ol 1.4E-"04 Yes Yes mg/L 
Alpha activity 12/16 4.20E+OO· pCi/L 
Beta activity 16/16 4.S0E+01 pCi/L 
Radon-222 4/4 4.12E+02 1.4E+00 Yes pCi/L 
Technetium-99 12/17' 1.90E+01 2.BE+01 No pCi/L 

----------------------~-----~~-~~-~----------------- LOCATION .. SWMU 99B MEDLAaSubsurface Soi:l. ~~-~-~~~-~~--------------------~~~~~-------------------

Frequency Maximum 
)- of detected Exceed Exceed 
I Analyte Detection concentration HI ELCR HI? ELCR? Units 
IC 
Vl 

Aluminum 8/8 1.70E+04 7.lE+02 Yes lng/kg 
Arsenic 2/6 8.05E+OO 6.9E-01 9.2E-Ol Yes Yes lng/kg 
Barium B/B 1.SSE+02 ~.7E+01 Yes rng/kg 
Beryllium 6/B 1.00E+00 1. 6E-01 1.0E-04 Yes Yes lng/kg 
Calcium 6/6 7.17E+Ol lng/kg 
Chromium B/S 2.61E+01 4.SE-01 4.9E+02 Yes No rilg/kg 
Cobalt B/B 6.94E+OO 2.1B+02 No lng/kg 
Copper SIS 1.30E+O~ 7.411:+01 No 109/kg 
Iron B/S 1.B1E+04 3.1E+02 Yes lng/kg 
Lithium sis 1.14E+01 7.0E+Ol No lng/kg 
Magnesium SIS 2.S3E+03 lng/kg 
MC!-Ilganese B/8 S.24E+02 1.4E+Ol Yes lng/kg 
Nickel S/B 2.S1E+Ol 3.4E+Ol No lng/kg 
Potassium 8/8 1.04E+03 lng/kg 
Sodium 3/8 3.09E+02 rilg/kg 
Stron.tium 8/B 2.22E+01 B.OE+02 No lng/kg 
Vanadium B/S 3.44E+Ol S.6E-01 Yes 109/kg 
Zinc 8/8 S.22E+01 4.0E+02 No 109/kg 
Acetone 1/7 5.50E-Ol 9.2E+01 No mg/kg 
Methylene Ch:Loride 3/7 1.20E+OO 7.0E+Ol 5.DE-D1 No Yes. lng/kg 
Alphaaeti vity S/S 2.14E+Ol pC.i/g 
Beta activity S/S 2.26E+Ol pCi/g 



:.: , , 

Tabl!e 1.,6 .. 'Comparison of maximum detected concentrations and activities to background concentrations 
by location' and medium 

-----------------~-----,--------------

Analyte 

1,,1,1-Trichloroethane 
1"l-Dichloroethane 

. 1,,1-Dichloroethene 
PCB-1254 
PCB-1260 
Polychlorinated biphenyl 
Tetrachloroethene' 
Trichloroethene 
Vinyl Chloride 
Cis-1,2~Dichl;oroethene 
trans-l,2-Dichloroethene 
Alpha activity 
Beta activity 

LOCATION=AOC 204 'MEDIA=RGAGroWldwater ----------~--------------------------

Frequency 
of 

Detection 

11/11 
1/1 
12/15: 
11/11 
11/11 
1/1 
11/11, 
15/15 
1/4 
3'/4 
2/4 
2/4 
2/4 

,MaXimum 
detected 

,concentration 

l.80E-02 
:5.00E+00! 
4,00£-02 
2.50E-02 
2.50E-02 
l,70E-01 
:5.00E+00: 
7,.'70E-Ol 
1.00E-04 
6.00E~03 
1.00E~04 

6.80E+,00 
'5·.20E+00 

Background 
concentration 

Exceed 
Background? units 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
pCflL. 
pCi/L 

------------------------------------- LOCATION'=AOC: 204 MEDIA=SUbsurface Soil: -------------------------------------

Analyte 

1,,1, 1-Trichloroethane 
1 "l;-Dichloroethane 
1,l;-Dichloroethene 
PCB-1254 
PCB-1260 

. Polychlorinated biphenyl 
Tetrachloroethane, 
Trichloroethane 
Alphaacti vity 
Beta activity 

Frequency 
of 

Detection 

10/1& 
8/14 
ll/i7 
11/11 
11/11 
8/8 
11/17 
11/17 
6/.6 
6/6 

Maximum 
detected 

,concentration' 

1.00E+00 
LOOE+OO 
4.00E~02 
2.'50E-02 
2 ~'50E-02 
1.00E-01 
1.00E+00 
1.00B+00 
1.96E+01 
2,.'91E+01 

Background 
concentration 

Exceed 
Background? 

mg/k9 • mg/kg 
lng/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
pCi/g 
pCi/g 

---------------------------------- LOCATION=SWMU 193A MEDIA=MCNairy Groundwater ----------------------------------

Analyte 

Calcium 
Chloride: 
Iron 
Magnesium 
Potassium 
Sodium 
Tetraoxo-sulfate(l-) 
Acetone 
Diethylphthalate 
Trichloroethane 
ciS-l;,2-Dichloroethene 
Alpha activity 
Beta activity 
Technetium-!!!! 
Thorium-234 
Uranium-234 
uranium-238 

Frequency 
. 'of 

Detectfon 

4/4 
4/4 
4/4 
4/4 
4/4 
4./4 
4/4 
1/1 
1/6 
a/13 
1/11 
6/10 
8/10 
5/10 
1/1 
1/1 
1/1 

MaXimum ' 
detected 

concentratiOn 

.81. 21E+Ol 
1.!60E+Ol· 
j.14B+02 
4.'02B+0,1 
2.15B+Ol 
8.'08B+Ol 
'8'.40B+Ol 
1.40B-02 
i.90E-02 
1.10E-02 
1.70E-Ol 
4.!iIOE+Ol . 
6.4,6E+Ol 
1.45E+02 
8.40E-Ol 
8'.10E-Ol 
1-32E+00 

A':96 

Background 
concentration 

Exceed: 
Background? units 

,mg/L 
mg/L 
mg/L 
mg/L, 
mg/L 
mg/L 
mg/L, 
mg/L 
mg/L 
mg/L 
mg/L 
pCi/L 
,pCi/L 
pC:i;/L 
,pC:1;/L 
pC:L/L 
pCi/L 



• 

• 

• 

Table 1.6. Comparison of maximum detected concentrations and activities to background ,concentrations 
by location and medium 

Arialyte 

Aluminum 
Ammonia 
Calcium: 
Chloride 

. Copper 
Fluoride 
Iron 
Magnesium 

. Potassium . 
Silica. 
Sodium 
Tetraoxo-sulfate(l- ) 
zinc. 
1,1-Dichloroethene 
Diethylphthalate 
Pentachlorophenol 
Trichloroethene 
bis(2-Ethylhexyllphthalate 
cis-l,2-Dichloroethene 
trans-1,2-Dic:hloroethene 
Alpha activity 
Beta activity 
Tecbnetium-9' 
Thorium-234 

Analyte 

Aluminum 
Barium 
Beryllium 
calcium 
Chromium 
Cobalt 
Copper 
Iron 
L:1.thium 
Magnesium 
Manganese 
Nickel 
Potassium 
Silver 
Sodium 
Strontium 
Vanadium 
zinc 
Acetone 
Anthracene 
Benz (a) anthracene 
Benzo(a)pyrene 
Banzo (b) fluoranthene 
Benzo (gbilperylene 
Chrysene 
Di-n-butylphthalate 
Di-n-octylphthalate 
Dibenz(a, hl anthracene 

LOCATION=SWMU 193A MEDIA .. RGA Groundwater ---------------------------------_. 
Frequency 

of 
Detection 

4/4' 
1/1 
5/5 
5/5 
1/4 
1/1 
7/9 
5/5 
5/5 
1/1 
5/5 
5/5 
4/4 
2/43 
3/25 
.1/25 
44/51 
3/25 
17/42 
7143 
19/34 
34/34 
26/39 
l/S 

Maximum 
detected' 

concentration 

L7SE-01 
3.00E-01 
l:.34E+02 
6.40E+Ol 
1.80E-02 
4.20E-Ol 
3.66E+01 
1.8SE+01 
2.6SE+02 
1.90E+01 
1.34E+02 
2.62E+02 
2.12E-0l: 
2.00E'-04 
1.50E-02 
1.20E-02 
6.70E+00 
2.20E-02 
S.40E-02 
7.00E~04 
1.76E+Ol 
S.80E+02 
1.39E+03 
s.40E-Ol 

Background 
concentration 

Exceed 
Background? units 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 

LOCAXION=SNMU 193A MEDIA=SUbsUrface Soil -----------------------------------

Frequency Maximum 
of detected Background Exceed 

Detection concentration concentration Background? tlnits 

S/S 1.40E+04 12000.00 Yes mg/kg 
S/S· S.73E+01 170.00 No mg/kg 
5/8 7.00E-01 0.69 Yes mg/kg 
4/4 2.73E+Os 6100.00 Yes mg/kg 
·a/8 2.77E+0l: mg/kg 
S/8 S.66E+00 13.00 No mg/kg 
S/B 7.31E+00 25.00 No mg/kg 
S/B 1.S4E+04 2S000.00 No mg/kg 
B/B 1:12E+Ol mg/kg 
B/S 1.70E+04 2100.00 Yes ,mg/kg 
S/S S.64E+02 820 .• 00 'No mg/kg 
S/S '.16E+00 mg/kg 
s/s 1. 44E+OJ. '950.00 Yes mg/kg 
l/S 4.00E+00 mg/kg 

, s/s J.1JE+02 340 .. 00 No mg/kg 
S/S 2.S3E+02 mg/kg 
S/B J.lsE+Ol 37.00 No mg/kg 
S/S S.S4E+Ol 60.00 No mg/kg, 
1/2 1.10E-02 mg/kg: 
l/S 1.l:6E-Ol mg/kg 
2/S 1.80E-Ol mg/kg. 
2/B 2.S0E-Ol mg/kg 
2/S S.10E-02 mg/kg 
2/S 1.70E-Ol mg/kg 
2/S 1.70E-01 mg/kg 
1/8 7.70E-02 mg/kg 
l/S 1.20E-Ol mg/kg 
l/B 1.30E-01 mg/kg. 

A-97 



• Table 1.,6. 'Comparison of maximum detected ~oncentrations, and acti:vities to background' concentrations 
. 'by location and ,medium 

------------------------------------ LOCATION=SWMO 193A MEDIA=Subsurface Soil 
!(coJltinued) 

-----------------------------------_. 

Analyte 

'Diethylphthalate 
Fluoranthene 
Indeno(:1,2, 3 -cd):pyrene 
Pyrene 
bisl(2-Ethylhexyl!) phthalate 
Alpha activity 
Beta activity 

FreqUency 
of 

Detection 

liB 
2/B 
2/B 
2/B 
2/B 
B/a 
B/B' 

Maximum 
detected 

,concentration 

4.'00E-Ol 
3.10E-01 
1.'6.0E:-.0 1 
2.95E-Ol 
1 .. 70E,..01 
2'.'60E+01 
2'.37E+0l: 

Background' 
concentration 

Exceed 
Background< Units 

mglkg 
mg/kg 
mg/kg, 
mg/kg! 
mg/kg, 
pCi/g, 
pci/g, 

-------------------------------------- ·LOCATION ... SWMU 193A ·MEDIA .. surface Soil --------------------------------------
Frequency Maximum 

of detected' Background Exceed 
Analyte 'Detection concentration concentration Background? units 

Aluminum 4/4 ]:;109E+04 13'000.00 No mg/kg 
Barium: 4/4 B.40E+01 200.00 No ,mg/kg 
BeryUium 1/4 6.4.0E-01: 0.67 No ,mg/kg 
Ca:lcium 2/2 2.73E+1)5 200000.00 Yes: mg/kg 
Chromium 4/4 2.65E+01 mg/kg 
.Cobalt 4/4 5:.70E+00 14.00 No ,mg/kg 
Copper 4/4 7.3lEi-00 19.00 No mg/kg • Iron 4/4 1.54E+04 2BOOO.00 No mg/kg 
Lithium 4/4 1.,12E+Ol mg/kg 
Magnesium 4/4 1.70E+04 7700.00 Yes· mg/kg 

. Manganese 4/4 3.98E+02 1500.00 No mg/kg 
Nickel! 2/4 7.50E+00 mg/kg 
Potassium 4/4 1.442+03 1300,00' Yes, mg/kg 
Sodium' 1/4 2.132+02 320.00 ·No mg/kg 
Strontium 4/4 2.532+02 mg/kg 
vanadium 4/4 3 .• 152+01 38.00 No mg/kg 
Zinc 4/4 5.542+01 65.00 No mg/kg 
Antbracene 1/4 1. 16E-01 mg/kg 
Benz (a) anthracene 2/4 1.,B02-01 mg/kg 
~zo.(a).pyrene 2/4 2.50E-Ol mg/kg 
Benzo:(b)fluoranthene 02/4' 5.102-02. mg/kg 
Benzo(ghi) perylene 2/4 1.702-01 mg/kg 
Chrysene, 2/4 1.70B-01 mg/kg 
Di-n-butylp.htha:late 1/4. 7 •. 702-02 mg/kg 
Di-n-octylphthalate' 1/4 1.202-01 mg/kg 
Dibenz (a,h) anthracene 1/4 1.30B-01 mg/kg 
Diethylphthalate 1/4 4.002-01 mg/kg 
·Fluoranthene 2/4 3.10B-01 tUg/kg 
Indeno (1,2,3 -cd) pyrene 2/4 1.602-01 mg/kg 
Pyrene 2/4 2.952-01 mg/kg 
b:i:s(2-Ethylhexyl)phthalate 2/4 1.702-01 mg/kg 
Alpha act! "ity 4/4 1.70E+01 pCil/g 
Beta activity 4/4 2.37E+Ol pCi/g 

--- _______________ ~ _______________ LOCATION=SWMU, 193B MXDIA=MCNairy Groundwater -----------------------------------

Analyte 

Trichloroethene 
ciS-1,2-Dichioroethene 
Alpha activity 

·Frequency 
of 

Detection' 

1/2 
1:/2 
l/2 

Maximum 
detected 

concentration 

1.302-02' 
2.302-02 
1.292+00; 

Background: 
concentration 

Exceed 
Background? units 

:~~ ,.1 
pCi/L 



• Table 1.6. Comparison of maximum detected concentrations and activities to background concentrations 
by location and medium 

Analyte 

Betaact:lvity 

LOCATION=SWMU 193B MEDIA=MCNairy Groundwater 
( continued) --------~-----------------------. 

Frequency 
,of 

. Detection" 

2/2 . 

Maximum 
detected' 

·concentration 

4.80E+00 

. Background 
concentration 

Exceed 
Background? Units 

pCi/L 

-----~-------------.----------------- LOCATION"SWMU 193B MEDIA=RGAGroundwater -----------------------------------

• 

Analyte 

1,1-Dichlorqe tbene 
Acetone 
carbon Tetrachloride 
Di-n-butylphthalate 

. Trichloroethane 
bis,(2-Ethylhexyl)phthalate 
'cis-l,2-Diclil.oroethene 
trans-l,2-Dichloroethene 
Alpha activity 
Beta activity 
Technetium-99 

Analyte 

Aluminum 
Barium . 
Beryllium 
. Chromium 
Cobalt 
Copper 
Iron 
Lithium 
Magnesium 
·Manganese 
Nickel 
potassium 
sodium 
strontium 
vanadium 
Zinc 
Acetone 
Toluene 

'Alpha activity 
Beta activity . 

Frequency 
of 

Detection 

3/17 
1/2 
1/5 
2/10 
17/17 
1/10 
12/17 
8/17 
12/17 
16/17 
'8/17 

. Maximum 
detected 

concentration 

2.008-02. 
3 •. 30E-02 
5.50E:"03 
1.308-02 

. 5.,OOE-Ol 
1.80E-02 
.9.87E-02 
8.10E-04 
6.60~+02 .. 
5.85E+02 
6.108+.01. 

Background 
concentration 

LOCATION=SWMU 193BiMEDIA=Bubsu%£ace Soil 

Frequency Maximum 
of detected Background 

Detection· concentration concentratlon 

4/f. 1.12E+04 12000.00 
4/4 8.42E+01 170.00 
2/f. 1.;57E+00 0.69 
4/4 .8.87E+Ol 
4/4 7.76E+00 13.00 
4/f. 7.43E+00 25.00 
4/f. 2.43E+04 28000.00 
'4/4 7.72E+00 
4/f. 4.31E+03 2100.00 
4/4 2.22E+02 . 820.00! 
2/4. 2:.06E+oi 
4/4 6. 86E+02 950 •• 00' 
4/f. 4.48E+02 340 •• 00' 
4/4 9. 39E'I'01 
4/4 6.50E+01 37.00 
4/4 5. 57E+.01- 60.00 
1/1 8'.00E-02 
1/3 1.'OOE-02 
4/4' 1.,868+01 
4/4 2 •. 298+01· 

Exceed. 
Background? 

Exceed 
'Background? 

No 
No 
Yes 

No 
No 
No 

Yes 
No 

·No 
Yes 

·Yes.· 
No 

Units 

mg/L 
mg/L 
mg/L 
mg/L 
mg/t. 
mg/L 
mg/L 
mg/L 
pCi/L 

. pCi/L 
pCi/L 

units 

mg/kg 
mg/kg 
·mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 

.mg/k9. 
··mg/kg. 

.mg/kg, 
mg/~g. 
mg/kg, 
mg/kg 
.mg/kg 
mg/kg 
·pCi/g 
pCi/g 

------------------~-------------------
LOCATIONaSWMU 1·93B MEDIA=SUrface Soil' --:..- - - -- - - - - ------ - - - -:- - -'------- - -- _. 

Frequency Maximum 
of detected Background Exceed , 

,Units Analyte Detection concentration .concentration . Background? 

• Aluminum 2/2 1.08E+04 13000 .. 00 No mg/kg 
Barium 2/2 8.42E+01 200.00 No mg/kg, 
Beryllium 1/2 1.5·7E+OO 0.,67 Yes mg/kg 

A-99 



Tabl,e 1.,6. ,Comparison; of maximum .detected concentrations arid'activities to background concentrations 
by location and medium 

-------------------------------------- LOCATION=SWMU, 193B 'MEDIA=Surface Soil 
(·continued) -----------------~--------~----------

Frequency : Maximum 
of detected Background: Exceed 

Ancllyte Detection ,concentration concentration Background? . Units 

'Chromium 2/2 8.871+01 mg/kg 
Cobalt 2/2 7.761+00 14.00 No IIIg/kg 
Copper 2/2 7 .• 438+00 ])9.00 No mg/kg 
Iron 212 2.431+04 '28000 .• 00 No mg/kg 
Lithium 2/2 7.728+00. mg/kg 
Magnesium 2/2 4'.312+03' 7700.00] No, mg/kg 
Manganese 2/2 2.228+02' 1500,.00: No mg/kg 
Nickel 1/2 2.068+01 mg/kg 
Potassium 2/2 6.868+02 13'00. DO, No mg/kg 
Sodium 2/2 ;2 .• 498+02' .3'20.00' No, mg/kg 
Strontium 2/2 9.392+01 mg/kg 
Vanadium 2/2 6.508+01 3'S.00, Yes mg/kg 
Zinc 2/2 5.571+01 65.00: No, mg/kg 
Toluene 1/2 1.008-02: mg/kg 
'Alpha activity 2/2 1.868+01 pC:l:/g 
Beta activity 2'/2 .2.298+01 pCi/g 

-- - - - - - -- - - --- ----- - -- - - - - ---- - --- LOCATION=SWMU 'l'93C MEDIAcoMcNairy :Groundwater -- - -- -- - - -- - -- - - - - - - -- -- - -'-- - - -- - -. 

Frequency Maximum 
of detected Background Exceed • Andyte Detection :concentration concentration Background? units 

Aluminum 4/4 9.042+01 mg/L 
. Antimony 5/5 2.501:-01 mg/L 
Arsenic, 5/.5 3.602-02 mg/L 
Barium 5/5 '6.701-01 mg/L 
Beryllium 5/5 2.501-02 tig/L 
Cadmium 5'/5 1.002:"01 mg/L 
Cal:cium 5/5 4.101+01 mg/L 
Chl:oride 5/5 1.681+01 mg/L 
Chromium 3/3 2.321,..01 mg/L 
Cobalt 5/5 1.21:&:-01 mg/L 
Copper 5/5 1.632-01 mg/L 
Fluoride '4/4 2.801-01 mg/L 
Iron 5/5 1.~791+Cl2 mg/L 
Lead 1/1 2.501:"01 mg/L 
Magnesium' 5/5 2.16:&:+01 mg/L 
Manganese 5/5· 3'. 91:&:+ClO mg/L 
Mercury 1/1 2,001,..04 mg/L 
Molybdenum 4/4 1.001,..01 mg/L 
Nickel 515 1.098-01 mg/L 
Nitrate as Nitrogen 5/5 1.001+00 mg/L 
'Potassium' 5/5 1.oiB+.02. mg/L 
Selenium 3/3 5.001-03 mg/L 
sil:ica 5/5 1.S01+01 mg/L 
Silver 3/3 ,6.001'-02 mg/L 

. Sodium 5/5 2.631+01 mg/L 
Tetraoxo-sulfate,(l-.) 5/5. 1.301+01 mg/L 
Tha:llium 2/2 1.231,..01. mg/L 
Uranium 'J/g 1.S01~02 mg/L 
vanadium ;' .. /2 'S .36E:"01 mg/L 
Zinc 5/5 S.64E,..01 mg/L 
1,1,1":Trichloroethane 4/4 5.002:"03 mg/L 
1,11,2-Trichloroethane 4/4 'S.00E-03 mg/L i., l,l-Dichloroethane 4/4 S.00E-03 mglL 
1,1-Dichl:oroethene 4/4 S.00E-03 mg/L 
1,2-Dichl:oroethane 4/4' is .00E-03 mg/L 

A-IOO 



• Table 1.G. Comparison of maximum detected concentrations and activities to background concentrations 
by location and medium ' 

---------------------------------- LOCATION=SWMU 193C MEDIA~McNairy Groundwater ----- ___________________________ _ 

. Analyte ' 

Benzene 
Bromodichloromethane 
Carbon Tiatrachloride 
cblorofoxm 
Ethylbenzene 

.. PolYchl:orihated biphenyl 
Tetrachloroethene 
Toluene 
Trichl:oroethene' 

.'VinYl Chloride. 
Xylene 

. cis-l', 2-Dichloroethene 
tralis-.l,2-Dichloroethene 
Alpba activity 
Beta ',activity 
'aadon-222 
Technetium-99 

Analyte 

.1,2-:Dlchloroethene 
Trichloroethene 

Frequency 
of 

Detection 

4/4 
, 4/4 
4/4 
4/4 
4/4 
1/1 
4/4 
4/4 
12/12 
4/4 . 
4/4 
4/4 
4/4 
12/12 
12/12 
2/2 
13/13 

(continued)' . 

. Maximum. 
. detected 

concentrat±on 

5.0.0E-OJ 
S.OOE-OJ 
S.0.OE-03 
5 •. 00E-OJ 
5~OOE-OJ 
1.00E:"O·, 
S.00E-03 
S.00E-03 
2.00E-03 
1.00E-02 
1.00E-02 
5.00E-OJ 
S.OOE-OJ 
1.07E+02 

,2.J6E+02 
1.S7E+02 
2.70E+Ol 

Background 
. concentration 

LOCATION=SWMU 193C. MEDiA=RGA GrOundwater 

Frequency 
" of . 

Detection 

1/2 
1/2 

Maximum' 
.' detected 

concentration 

S.'62E:"01, 
1. 62E-Ol 

·Background 
concentration' 

Exceed 
Background? 

Exceed: 
Background? 

Units 

mg/L 
mg/L· 
mg/L 
mg/L 

. mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

'mg/L 
mg/L 
uig/L 

. mg/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 

units, 

mg/L 
mg/L 

------------------------------------ LOCATloN=SWMU 19JC.MEDIA=SUbsurface Soil -----------------------------------. 

Frequency Maximum 
of detected Background Exceed 

Analyte Detection concentration concentration Background? units 

Aluminum '20/20 1.37E+04 12000.00 Yes mg/kg 
Arsenic 5/20 6.S7E+00 7.90 No mg/kg 
Barium 1/1 1.42E+02 170.00 No mg/kg 
Beryllium 10/20 9.BOE-01 0.69 Yes ,mg/kg 
Boron 1/20 c 1.00E+02 'mg/kg 
Cadmium 3/59 5.00E+00 0.21 Yes mg/kg 
'calcium 18/20 4.00E+OS 6100.00 . Yes mg/kg 
Chromium 59/61 B.30E+01 ,mg/kg 
CObalt 17/20 8. GlE+01 13.00 Yes " 'mg/kg 
Copper 16/20 2.B2E+01 25.00 Yes ' . ,mg/kg 
Iron 6/6, J.00E:t'04 . 2BOOO.00 Ye~ . lui9/kg 
Lead, 42/61 6.77E+01 23.00 Yes ,mg/kg, 
Lithium 11/20 1.2SE+01 ,mg/kg 
Magnesium 20/20 1.4SE:t'04 2100.00 Yes mg/kg, 
Manganese 20/20 2.27E+03 820.00 Yes mg/kg: 
Nickel: 13/20 2.1SE+Ol uig/kg 
Potassium 20/20 ' .1.S7E+03 950.00 YE!'s mglkg 
Sodium l.S/20 4.44E+02 J40.00 Yes mg/kg 
Strontium 20/20 J.91E+02 . ,~. mg/kg' 
Vanadium 20/20 4.42E+01 37.00 Yes mg/kg, 
zinc 19/20 9.2SE+01 60.00 :Yes' mg/kg, 

• Xylene 1/20 1.00E-02 . mg/kg: 
Alpha activity 53/53 4.00E+00 ,pC:i:/g 
Beta activity 53/53 1.00E+Ol pCi/; 

A-lOt 



Table. 1. &. Comparison ·of ,maximum. detected concentrations and activities' to background' ,concentrations 
by l:ocation and lIIedium, 

-------------------------------------~ LOCATION=SWMU 193C. MEDIA=Surface· Soil ---~~--------------------.---.---------

Analyte 

Aluminum 
Boron 
Calcium 
,Chromium 
Cobalt 
Copper 
Lead 
Lithium 
Magnesium 
'Manganese 
Nickel 
.~otassium' 
sodium 
Strontium' 
Vanadium 

'zinc 

Analyte 

Aluminum 
Arsenic 

. Barium 
Beryllium 
Cadmium 
calcium 
Chromium 
Coba,llt 
Copper 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Nickel 
Potassium 
sodium 
Strontium 
Vanadium 
Zinc 
8thylbenzene 
Alpha activity 
Beta activity 

Analyte 

1: I 1 , 1-Trichloroethane 
1: , 1-Dichloroethene 
Carbon .Tetrachloride 
Trichloroethene 
Cis-l I 2-Dich':i!oroethene 

Frequency Maxi1ll1im 
of detected' 'Background Exceed' 

Detection concentration concentration Background? Units' 

s/s 3.36'E+03 13000.00 ,No 'mg/kg 
1/5 1.00E+02 ,mg/kg 
'5/5 4.00E+05 200000 .• 00 Yes mg/kg 
3/5 1.20E+Ol mg/kg 
2/5 2.14E+OO 14.00 No mg/kg 
2/5 2.82E+Ol 19 .• 00 Yes mg/kg 
1/5 &.77E+Ol 36'.00 .Yes mg/kg 
3/5 1:.25E"'01 mg/kg 
5/5 1:.45E+04 77.00 1.00 Yes, mg/kg 
5/5 1: .:"98E+02' 1:500'.00, No mg/kg 
1/5 &.43E+00' mg/kg 
5/5 1:.S7E+03 1300.,00 Yes mg/kg 
4/5 3 .10E+02~ 320:.;00; No mg/kg 
5/5 3.91E+02 mg/kg 
5/5 & .70E+00; 38.,00' No mg/kg 
5/5 9.25E+Ol 6'5.00 Yes mg/kg 

LOCATION=SWMtr 1:94 MEDIA=SUbsurface Soil - - --- - - - -- ---- - - - __________________ '" 

Frequency Maximum 
:of detl!!cted 'Background Exceed 

'Detection' concentration concentrat:l.!on Background? UnitS. 
12/12 1.458+04 120.00.00 Yes mg/kg 
1/12 6'.738+00 7.90 No, mg/kg, 
12/12 1.398+02 170.00 No mg/kg 
6/12 4:.808+00 0.69 Yes mg/kg 
1/35 8:.'558+00· '0.21' Yes mg/kg' 
12/12 6'. 81E+03 6100.00 Yes mg/kg 
35/35 1·.038+02 mg/kg 
12/12' 9.46E+00 1:3 .• 00 No mg/kg 
12/12 1.678+01: 25;.00 No mg/kg 
1:2/12 .2,.008+04 28000.00 No mg/kg 
20/35 3 •. 608+02 23'.00 Yes mg/kg 
1:2/12 9.[008+00 mg/kg 
'12/1:2 2 •. 348+03 21:00,.00 Yes mg/kg 
12/1:2 4 •. 678+02 820,.00 No mg/kg 
8/12 1.378+01 mg/kg 
12/12 6.328+02 950.00 No mg/kg 
8/12 3.698+02 340'.00 Yes mg/kg 
12/12' 2.608+01 .mg/kg 
12/12" 2.588+01 37.'00 No mg/kg 
11/12 6.768+01 60'.00 Yes mg/kg 
1/19 1.508-02 mg/kg 
23'/23 2.508+00. pCi/g 
23/23 7.008+00 pCi/g 

LOCATION ... SWMU 99A MEDIA=McNairy 'Groundwater -'-- - - - -- -- - - - - -- - - - --- ----- --- - - - -. 

Frequency 
of 

Detection 

1/4 
1/4 
1/4 
3/4 
2/4 

,Maximum . 
detected 

concentration 

];.208-03 
2.298-02' 
2.80E-03 
5.198-01 
1.l:SE-01 

'Background 
.concentration 

Exceed 
Background? Units 

mg/L 

mg//LL " •. , mg" 
mg/L 
mg/L 



• Table 1.6. Comparison of maximum detected coIlcentrations and activities.to background' concentrations 
by location and medium . 

----------------------------------- LOCAT~ON~SWMU 99~ MEDIAaMcNairy Groundwater -----------------~--------------
.. '( continued) . 

Analyte. 

Alpha ac~ivity 
Beta act:Lv,ity 
Technetium-99 

FreqUency 
of ' 

Detection 

2/2 
2/2 
2/2 

Maximum 
detected 

.. concentration 

2.90E+00 
j.50E+01 
1.90E+01 

, Background' 
concentration 

Exceed 
Background? units 

pCi/L 
pCi/L 
pCi/L 

-- ---- - --- - -- - - -- ----- --- - --- - - -- --- - LOCATION=~ 99A MEDIA=RGA 'Groundwater -- - -- - -- - --- - --- - - -- - - ---- --- - - - - .. -

•• 

Analyte 

,Aluminum 
Arsenic 
Bariuin 
.Beryllium 
Calcium 
'Chloride 
Chromium 
Cobalt 

. Copper 
. Fluoride . 
Iron 
Lead 
L:l!thium 
Magnesium 

; Manganese 
Mercury 
Nickel 
Nitrate as Nitrogen 
Potassium 
S'Uica 
Sodium 
Strontium 

. SUlfate 
Tetraoxo-sulfate (1:-,) , 
vanadium 
. zinc 
1,1-Dichloroethene 
Trichloroethene 
bis(2-Ethylhexyl)pht:halate 
cis-i,2-D1chloroethene 
trans-l,2,-Dichloroethene 
Alpha activity 
Beta activity 
Radon-222 
TeclUletit.un-99 . 

Frequency 
of 

Detection' 

16/35 
4/27 
39/39 
8/35 . 
39/39 
9/.9 
11/39 
20/37 
9/35 
8/8 
31/39 
6129 
6/23 
39/39 
37/39 
5/25 
16/39 
7/9 
24/39 
'9/9 
39/39 
30/30 
2/2 
7/7 

.10/28 
10135 
7./33 
41/43' 
5/10 
10/33 
3/33 
'33/39 
39/39' 
4/4 
34/40, 

:Max:Lmum 
detected 

concentration 

6.59E+02 
1. 00E-02 
3.30E+00 
1. 00E-01 

·1.20E+02 
1.20E+02 
1.7,8E+00' 
5 .• 70E-01 
'6.4.0E-01 
2.00E-01 
1.20E+03 
4.10E-.01 
1.70E".0l: 
4.97E+01 
·4 •. 60E+00 
2.00E-02 
·9.10E-01: 
2.10E+00 

. '2.17E+Ol 
2.50E+01 
7.24E+Ol 
.4 .. 70E-Ol 
1.92E+Ol 
2.20E+Ol 
2.1:5E+00 
2.55E+0.0, 
6.50E-.02 
2.37E+00' 
1.60E-02· 
3.48E-'O,2 
'6.00E-04 
5.38EiOl. 
1.37E+02 
6.75E+02 
1.39E+02, 

Background 
concentration 

Exceed 
Background? units 

mg/L 
ing/L 
mg/L 
mg/L 
mglL 
mg/L 
mg/L 
mg/L 
trig/L 
mg/L 
mg/L 
mg/L 

. mg/'i.. 
. mg/L 
.. mg/L 

rtig/L 
mg/L 
mg/L 

,mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L, 
mg/L 
mg/L 
mg/L 
mg/L 
pCi/L 
pCi/L 
pCi/L 

'pCi/L 

______________ , ______ ~--------'""!------- LOCA.TION'=BWMU' 99A 'MEDIJl=Stibs~ace Soil ---------------~-------":'-----------. 

Frequency Maximum' 
of detected Background Exceed,-,' 

. Analyte Detection' ' . concentration concentration Background? "onits 

Aluminum 22/22 1.41£+04 12000.00 Yes mg/kg 

Antimony 5/22 2.90E+00 0.21 Yes Img/kg 

Arsenic 11/22 8.55E+00 7.90 ' Yes Img/kg 

• . Barium 22/22 2.47E+03 170.00 Yes '.'mg/kg 
Beryllium 11/22 8.90E-Ol 0.69 yes ,mg/kg 

A-I03 . 



.' Table 1.,Ei. Comparison of maximum detected concentrations and activities to background concentrations 
by location and medium 

------------------------------------- ~OCATION=SWMD 99A MEDIA=Subsurface Soil 
,(continued) ------~~~---------------------------

Frequency 
of 

Analyte Detection 

Cadm:Lum 5/22 
calcium, 20/20 
cllromium 22/22 
cobailt 20/22 
Copper 21/22 
Cyani!de 2/1G 
Iron 22/22 
Lead Ei/22 
L:fjthiUln 17/17 
Magnesium' 22/22 
Manganese, 22/22 
Mercury 5/22 
Nickel' 17./22 
Potassium' 22/22 
Selenium 5/20 
Silver 5/22 
Sodium 14'/22 
Strontium: 17/17 
Thallium '5/22 
vanadium 22/22 
Zinc 21/22 
1,,1,1-Trichloroethane 5/8, 
1, 1,'2, 2''';Tetrachloroethane s/8~ 
1,1,2-Tr:l:chloroethane SIB 
1,1-Dichloroethane. 5/8 

.1,,1";Dichloroethene 5/10 
1,,2,4-Tr:l:chlorobenzene 5/22 
1,.2 -Dichrorobenzene 5/22 
1,,2-Dich1oroethane, 's/B~ 
1,,2-Dichloroethene 5/5 
1,2-Dichloropropane 5/8 
1,3-Dichlorobenzene '5/22 
1,4-DichlorobenZene 5/22 
2,.4,S-TriCblorophenol 5/22 
2,4,6-Trr~orophenol 5/22 
2,4-DichlorophenolJ ·5/22 
2,4-Dimethylphenol 5/22 
2,4-Dinitrophenol 5/6' 
2,4-Din:l:trotoluene 5/22 
2,6-DWtrotoluene 5/22 
2-Butanone 5/8 
2 -Chloronaphthalene 5/22 
2-Chlorophenol 5/22 
2-Hexanone SiB 
2-Methyl-4,G.-dinitrophenol 5/22 
2-Methylnaphthalene 5/22 
2-Methylphenol 5/22 
2-Nitroanil'ine 5/22 
2-Nitrophenol . 5/22 
3,3"'-Dichlorobenzidine 5/22 
3 -Nitroaniline. 5/22 
4,4'-ooD 2/2 
4,4"-DDE: 2/2 
4,4"-DDT 2/2 
4-Bromophenyl ,phenyl ether 5/22 
4-Chloro-3-methylphenol . 5/22 
4-Cllloroaniline 5/22 
4-Chlorophenyl phenyl ether 5/22 
4-Methyl-2-pentanone 5/8 

'Maximum 
detected Background' 

:concentration concentr!ltion 

8.30E'-01 0'.21 
2.87E+Os 61'OO.iOO' 
4'. 57E+01 
1.l:9E+Ol 13.00' 
1. Ei4E+Ol 25.00 
5'.40E-.01 
2 .• 33E+04 2BOOO.00 
4.73E,..01 23.00 
1,. 29E:+-Ol 
2.73E+04 2100.00 
1.46E+03 B20.00 
1.20E-Ol 0.13 
2.'58:&:+01 
1.12E+03 950.00 
3,.20E-Ol 
7.10E-Ol 
3,. 93E+02 340.00 
s.14E+02 
5.90E-0:J; 0.34 
3.'55E+Ol 37.00 
1.'li3E+02 liO.OO 
G.OOE-OJ 
1i'.00E-03 
1i.'00E-03 
1i .. 00E-03 
6.,00E-03 
4.10E-Ol 
4 .. 10E-Ol 
6,.iOOE-03 
6,.OOE-03 
6.00E-03 
',.10E-Ol 
4.10E-0! 
2 .• 10E+OO 
4.10E-01 
4.10E-Ol 
4.10E-Ol 
2.10E+00 
4.10E-01 
4.10E-Ol 
1.20E-02 
4.10E-Ol 
.4.10E";01 
1,20E-02 
2.10E+00 
4.10E-Ol 
4.10E-Ol 
2.10E+00 
4.10E-Ol 
8.20E-Ol 
2.10E+00 
3.50E-02' 
3.50E-02' 
3.50E-02 
4.10E-Ol 
4.10E-Ol 
4.10E-Ol 
4.10E-Ol 
1.20E-02' 

Exceed 
Background? 

Yes 
Yes 

No 
No 

No 
Yes 

Yes 
Yes· 
No 

Yes 

Yes 

Yes' 
,No 
Yes 

units 

mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg, 
mg/kg 
mg/kg 
mg/kg, 
mg/kg, 
mg/kg, 
mg/kg, 
mg/kg, 
mg/kg 
mg/kg, 
mg/kg, 
mg/kg, 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg • 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
,mg/kg' 
,mg/kg 
,mg/kg 
mg/kg 
,mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
,mg/kg '.' , ' 



• Table 1.6. Comparison of maximum detected concentrations and activities to background concentrations 
, by location and medium " 

-------'------------------------------ LOCATIONcSWMU 99A MEDIA=Subsurface Soil 
(continued') --------------------~-------------. 

• 

Ana:lyte 

4:'Methylphenol 
4;..Nitroaniline 
4-Nitrophenol,: 
Acenaphthene 
Acenaphthylene, 
Acetone 
Aldrin 
Anthracene 
Benz (a) anthracene 
Benzene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
'Benzo (ghi )perylene 
Benzo(k)fluoranthene 
.Benzoic Acid ' 
'Benzyl Alcohol 
Bromo~chlorcmethane 
Bromoform 

, 'Bromomethane 
Butyl benzyl phthalate 
carbon Disulfide 
Carbon Tetrachloride 

, Chlorobenzene 
chloroethane 
Chloroform 

. ,ciuoromethane 
Chrysene 
Di-n-butylphthalate 
Di-n-octylphthalate 
iJibenz(a,h) anthracene 
D:Lbenzofuran 
Di:bremochloromethane 
Dteldrin . 
Diethylphthalate ' 
Dimethylphthalate 
'Endosulfan I 
Endosulfan II 
EndosUlfan,8ulfate 
EDdrin 
Endrin Ketone 
Ethylbenzene 
Fluoranthene . 
Fluorene' 
Heptachlor 
Heptach.lor,EpoX1de 
Hexacblorobenzene 
Hexachlorobutadiene 
Hexacblorocyclopentadiene " 

, Hexachloroethane 
Indeno('1,2, 3-c:d)pyrene 
Isophorone 

'Methoxychlor 
Methylene Chloride 
N-Nitroso-di-n-propylamine 

. N-Nitrosodiphenylamine 
Naphthalene 
Nitrobenzene 
PCB-IOlE; , 
PCB-1221 

Frequency 
of 

Detection 

5/22 
5/22 
5/22 
7/22, 
G/22 
5/8 
2/2 
7/22 
8/22 
S/S 
7/22 
11/22 
7/22 
S/22 
5/5 
5/5 
sIs 
s/S, 
S/S 
5/;6 
S/S 
S/S 
S/S 
sis, 
s/s 
sIs' 
7/22 
5/22 
5/22 
G/22 
G/22' 
,sis 
2/2 
5/22 
5/22 
.2/2 
2/2 
2/2 
2/2 
2/2 
5/8 
9/22 
G/22 
2/2 
2/2 
5/22 
5/22 
5/22 

'. ,5/22 
7/22 
5/22 
2/2 
5/S 
5/22 
5/22 
5/22 
5/22 
3/23 
2/23 

·Maximum 
detected 

concentration. 

4.l:0E-Ol 
2.ioE+OO 
2'.lOE+OO 
4,.lOE-Ol 
G.10E •. Ol 
5.30E-.a2 

, 1.,7.0E-02 . 
7.50E-Ol 
1.70E+OO 
G.,OOE;"03 

, 2.10E+OO 
5.70E+OO 
1.lSE+OO 
7.90E;"Ol 
2.10E+OO 
·4.10E-Ol 
G.OOE-03 
G.OOE-03 
1.20E-02 
4.10E-Ol 
G.OOE-03 
,6.00E-03 
6. ()QE-03 
1.20E-02 
,G.OOE-03 
1.20E-02 
2.l!OE+OO: 
4;lOE':'Ol 
4,.,l'OE,-Ol 
4.S0E-01 
4.10E-Ol 
G .• OOE-03 
3.50E-02 
4.10E-Ol 
4.10E-Ol: 
'l.70E-02 
J.50E-02 
J.50E-02 
J.50E-il2 

, 3.50E-02 
G.OOE-OJ 
2.66E+oa 
4.10E-01 
1.70E-02 
'1.70E-02 
4.10E-Ol 
4.fOE-Ol 
4.10E-Ol 
4.10E-Ol 
1.05E+OO 
4.10E-Ol 
1.70E-Ol 
8.·QOE:-03 
4.10E-Ol 
4.10E-Ol 
4.10E-Ol 
4.10E;"Ol 
1.S7E+OO 
1.70E-Ol 

Background 
concentration 

Exceed 
Background? Units 

mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/xg 
ing/kg 
mg/kg 
mg/kg 
mg/kg 
Dig/kg 
mg/kg 
mg/kg 
,mg/kg 
mg/kg 
mg/kg 

,mg/kg 
mg/kg 
mg/kg 
mg/kg 

, mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
Dig/kg 
mg/kg 
mg/kg 
mg/kg 

,lIig/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg, 
mg/kg, 
mg/kg, 
mg/kg, 
Dig/kg 
mg/kg 
mg/kg 
mg/kg 

,lllgjkg 
mg/kg: 
mg/kg 
mg/kg 



Table 1.6. 'Comparison of maximum detected concentrations and activities .to background concentrations 
by location and, medium 

------------------------------------- LOCATION=~WMU 99A MEDIA=Subsurface Soil ------------- ______ .----------______ . 

Analyte 

PCB-1232 
PCB-1242 
PCB.-1248 
PCB-1254 
PCB:' 1260 
pentachlorophenol 
Phenan,threne 
Phenol . 
Pyrene 
Styrene 
Tetrachloroethene 
Toluene 
Toxaphene 
Trichloroethene 
'vinylAcetate 
Vinyl Chloride 
xylene 
alpha-SHC 
alpha-Chlordane 
beta,..BHC 
bisi(2 -Chloroetboxy) methane 
bis'(2 -Chloroethyl ),ether , 
bls(2,..Chloroisopropyl) ether 
bis:(2 -Ethylhexylliphthalate 
cis.'"1,3~Dichloropropene. 

·delta-BBC 
gamma-SHC(Lindane) 
gamma-Chlordane 
trans-l:,3-Dichloropropene. 
Alphaactivi ty 
Beta activity 
CesiUm-137 
Neptunium-23.7 
plutonium-239' 
Technetium-99' 
Thorium-230 
Thorium-234 . 
uranium-234 
uranium-235: 
11ranium-238: 

Analyte 

Alum!num 
Arsenic 
Barium 
BeryHium' 
c~Jjcium 
. Chromium 
Cobalt 
Copper 
Iron 
Lithium 
,Magnesium' 

Frequency 
'of ' 

Detection 

2/23 
2/23 
2/23 
3/23 
7/23, 
5/22 
7/22' 
5/22 
8/22 
5/8 
5/8 
s/8 
2/2 
6/10 
5/5 
5/10 
5/5 
2/2 
2/2 
2/2 
5/22 
5/22' 
5/22 
5/22' 
5/8 
2/2 
2/2 
2/2 
5/8 
.20/21 
21/21 
3/21 
4;/4 
3/31 

'6/23 
·3/3' 
.1/21 
4/4 
3/24 
4'/4 

!l,continued) 

Maximum' 
detected 

concentration 

1.7QE-Ol 
1 .• 7.0B,.01 
1,.70B:-Ol 
3.'50B-01 
6'.318-01 
2 .• 10B+00 
1.'63E+00 
4.10E:'01 
2.70E+00 
60.00E-03 
6.'00E-03' 
6.100E-03: 
3.'50E-Ol 
6.'OOE-03 
1.2'OE-02 
1 •. 20E-02 
6.'00E"'03" 
1 •. 70E:-02' 
1 •. 70E-01 
1.70E-02 
4 •. ioE-01 
4.10E-01 
4.·10E"'01 
3 .,60E-01 
6.'OOE-03 
1. 7 DE,.. 02: 
1.70E-02' 
1. 70E-01 
6.100E-03 
1~42E+02' 
2. 73E+03 
1.90E+00' 
1.28E+01 
6.:00E-03 
2. 65E+03 
6.70B-Ol 
5.3,OB+Ol 
1 •. 64E+Ol 
4.10B-02 
5.PB+Ol 

Background 
concentration 

0 1.28 

2'.'80 

2, •. 40 
0.14 
1.20 

'Exceedl 

Background? 

Yes 

Yes 

Yes 
NOl 
Yes 

Units 

mg/kg 
mg/kg 
mg/kg 
.mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
lUg/kg 
mg/kg. 
mg/kg 
mg/kg: 
mg/kg 

mg/kg, • mg/kg, . 
mg/kg . 
mg/kg 
mg/kg, 
mg/kg, 
mg/kg .. 
mg/kg, 
mg/kg, 
pCi/g, 
pCi/g 
pCi/g, 
pCi/g 
pCi/g 
pei/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 

LOCATION=SWMU 99A MEDIA=BurfaceSoil ---------------------------------------

Frequency Maximum 
of detected Background Exceed 

Detection concentration concentration Background? t1nits 

13/13 1.29E+04 130.00.00' No mg/kg 
6/13 8.S5B+00 12.:00' No mg/kg 
'13/13 2.4.7E+03 200 •. 00, Yes mg/kg 
5/13 8.,90B-Ol 0.67 Yes 'mg/kg 
11/11 2.8,7E+05 2000.00.,00, Yes mg/kg 
13'/13 4.57E+Ol :mg/kg 
U/13 9.6,78+00 14.00' No mg/kg 
12/13 1.22E+Ol. 19.!00 No mg/kg '.' U/13 2.338+0.4 280'00.100: No mg/kg 
13/13 1.29E+Ol. mg/kg 
13'/13 2.73E+04 .77.00.:00' Yes mg/kg 

A-I}i06 



• Table 1.6. comparison of maximum detected concentrations and activities to background' concentrations 
by location and medium . 

-------------------------------------- LOCATION=SWMU 99A MEDIA=Surfacesoil 
(continued) 

--------------"---------------------_. 

• 

• 

Analyte 

Manganese 
Nickel 
Potassium 
sodium 
strontium 
Vanadium 
Zinc 
'Acenaphthene 
Acenaphthylene 
Anthracene 
Benz (a-),anthracene 
Benzo(a)pyrene 
Banzo(b)fluoranthene 
Benzo (ghi)perylene 
,Banzo (k) fluoranthene 
Chrysene 
Dibenz(a,h}anthracene 
Dibenzofuran 
Fluoranthene 
Fluorene 
Indeno (1, 2, 3-cd)pyrene 
PCB-1016 
PCB-1254 
PCB-1260 
Phenanthrene 

.Pyrene . 
Alpha acti vi ty 
Beta activity 
Cesium-137 
Neptunium-237 
Technetium-99 
Thorium-234 
uranium-234 
uranium-238 

Analyte 

Barium 
calcium 
Chloride 
Chromium 
COpper 
Fluoride 
Iron 
Magnesium 
Manganese 
Nitrate as Nitrogen 
Silica 
Sodium 
sulfate 
Tetraoxo-sulfate (1-) 
Zinc 
Trichloroethene 
Alpha activi ty 

Frequency 
of 

Detection 

13/13 
8/13 
13/13 
6/];3 
13/13 
.13/13 
12/13 
2/13 
1/13 
2/13 
3/13 
2/-13 
6/13 
2/13 
3/13 
2/13 
1/13 
1/1;3 
4/l3 
1/13 
2/13 
1/16 
1/16 
5/16 
2/13 
3/13 
15/];6 
];6/16 
3/16 
1/1 
3/16 
1/16 
1/1 
1/1 

Maximum 
detected 

concentration 

3 .. 87E+02 
2.16E+Ol 
1.12E+03 
3~ 6.6E+02 
5.14E+02 
3.5SE+Ol 
1.63E+02 
3.30E-Ol 
6.10E-01 
7.S0E-01 
1.70E+OO 
2.10E+OO 
S.70E+OO 
1.18E+OO 
7.90E-Ol 
2.10E+OO 
4.S0E-01 
1.23E-Ol 
2.66E+OO 
2.19E-Ol 
1.0SE+OO 
1.S7E+OO 
9.fiOE-02 
6.3lE-01 
1.63E+OO 
2.70E+OO 
1.42E+02 
2 •. 73E+03 
1.90E+OO 
1.2SE+01 
2.6SE+03 
5.30E+Ol 
1.64E+01 
5.17E+Ol 

Background 
concentration 

1500.00 

1300.00 
320.00 

38.00 
65.00 

0.49 
0.10 
2.50 

2.50 
1.20 

Exceed 
Background? 

No 

No 
Yes 

No 
Yes 

Yes 
Yes 
Yes 

Yes 
Yes 

units 

mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg, 
mg/kg, 
mglkg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 
pCi/g 

L~ION=~ 99BMEDIA=RGA Groundwater -----------------------------------

Frequency 
'of 

Detection 

7/7 
7/7 
7/7 
1/7 
1/7 
7/7 
3/7 
7/7 
5/7 
7/7 
7/7 
7/7 
2/2 
5/5 
2/7 
16/1fi 
12/16 

Maximum 
detected 

concentration 

2.70E+OO 
3.27E+Ol 
1.0SE+02 
2 •. fiOE-Ol 
4.00E-02 
2.10E-Ol 
3.34E+OO 
1.31E+Ol 
2.90E-Ol 
2.10E+OO 
2.'OOE+Ol; 
7.BfiE+Ol 
2.67E+Ol 
2.90E+Ol 
fi.00E-02 
2.30E+00 
4.20E+00 

A-to7 

Background 
concentration 

Exceed 
Background? Units 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

. mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
pCi/L 



Tabl;e 1.,6. Comparison of maximum detected concentrations and activities .to background concentrations 
by l;ocation and medium 

-------------- -------------.---------- LOCATIONaSWMtJ 99B MEDIA=RGA Groundwater ---------------------------------- __ 

Analyte 

Beta activity 
Radon-222' 
Tecbnetium-99 

--~-----------------.-------~---------

Analyte 

Aluminum 
Arsenic, 
'Barium 
Beryllium 
Calcium 

. ,Chromium, 
CObalt, 
,Copper 
Iron' 
Lithium 
Magnesiwn' 
Manganese 
Nickel 
Potassiwn 

. Sodium 
Strontiwn 
Vanadium 
zinc 
Acetone 
Methylene Chloride 
A!l.pha activity 
Beta activity 

Frequency 
of . 

Detection 

16/16 
4/4 
12/17 

(continued) 

Maximum 
detected. 

concentration 

4.50E+Ol 
4.12E+02 

.. 1.908+'01 

Background 
concentration 

Exceed" 
Background? units 

pCi/L 
pei/I. 
pCi/L 

LOCATION=SWMO 99B MEDIAaSubsurfaceSoil ------------------------------------
Frequency. Maximum 

of detected Background' Exceed 
Detection concentration concentration Background? Units 

BIB 1.70B+04 12000 .• '00 Yes mg/kg 
2'/6 8.058+00 7.90 Yes ,mg/kg 
8/,8 1.558+02 170 .• 00 No, mg/kg 
6/8 1.008+00 0.69 Yes mg/kg 
6/6 7 •. 178+03 '6100.00 Yes ,mg/kg 
8/8 2.618+01 mg/kg 
8/8 6,.9.4B+00 13' .. 00 No mg/kg 
8/B 1.3.08+01 25.00 No mg/kg 
BlB 1.B1E+04 28000.00 No, mg/kg 
8/8 1 .• 148+01 nig/kg • B/8 2.'538+03. 2100.00 Yes nig/kg 
8/8 5,.24E+02 S20.00 No mg/kg 
5/S 2.51E+01 mg/kg 
SIB 1.'04E+03 '950.00 Yes mg/kg 
3/B 31.'09E+02 340 .• 00 No mg/kg 
8/a 2.22E+01 .mg/kg 
8/8 3'.44E+01 37.00 No mg/kg 
B/a 5.22E+Ol 60.00 No' mg/kg. 
1/7 5.50E-01 mglkg 
3/7 1.208+00 mg/kg 
8/a 2.148+01 pCi/g 
B/a 2.268+01 pCi/g 

A-108 



• 

• 

• 

Table 1.7. Recommended dietary allowances of essential 
human nutrients 

Calcium 

,Chloride 

Copper 

Fluoride 

Iodine 

Analyte 

Iron 

Magnesium 

Molybdenum 

Phosphorus 

Potassium 

Selenium 

Sodium 

Recommended dietary 
allowance" 

(mg/d) 

800 

600b 

1.~2.0 

1.5-2.5 

0.12 

ro 
170 

0;05-0.15 

800 

'1,600b 

0.03 

400b 

DTaken from National Research Council (NRC); 1989. Recommel/ded 
Dietary Allowal/ces, 10th Ed. RDAs listed are those for children ages7-
10. 

bEstimated minimum requirements ofhealthy:persons ages(i-:9. 

A-I09 



Table 1.S. Comparison of maximum detected concentrations of essential nutrients to recommended-dietary allowances 
for children 

---------------------~------------------------------- LOCATION=AOC 204 MEDLA=RGA G~dwater -------------------------------------------------------

~ ...... .... 
o 

-Analyte 

1, 1, I-Trichloroethane 
l,l-Dichloroethme 
l,l-Dichloroethene 
PCB-12S4 
PCB-12S0 
Polychlorinated biphenyl 
Tetrachloroethene 
Trichloroethene 
vinyl Chloride 
cis-l,2-Dich1oroethene 
trans-l,2-Dichloroethene 
Alpha activity 
Beta activity 

Frequency 
of 

Detection 

11/11 
111 
12/15-
11111-
11/11 
1/1 
11/11 
15/15 
114 
3/4 
2/4 
2/4 
2/4 

Maximum 
detected -

concentratio~ 

1.S0E-02 
s.OOE+DD 
4.0DE-D2 
2.S0E-02 
2.SDE-02 
1.70E-Ol 
S.OOE+OO 
7.70E-Ol 
1.OOE-04 
6.00E-03 
1.00E-04 
6.S0E+OO 
S.2DE+OD 

units 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/r. 
pci/L 
pCi/L 

Daily dose 
for child 

1.SOE-02 
S~OPE+DO 
4.00E-D2 
2.SDE-02 
2.S0E-D2-
1.70E-Ol 
S.OOE+OO 
7.70E-Ol 
1.00E-D4 
6.00E-03 
1.00E-D4 

------------------------------------------------------ LOCATION=AOC 204 MEDLA=SUbsurface Soil 

Frequency Maximum 
of detected. Daily dose 

Analyte Detection concentration units for child 

1, 1, I-Trichloroethane 10/16 1.0DE+OO mg/kg 2.00E-04 
1,1-Dichloroethane S/14 LOOE+OO mg/kg 2.DOE-04 
l,l-Dichloroethene 11/17 4.00E-02 mg/kg S.OOE-Oli 
PCB-12S4 11/11 2.S0E-02 mg/kg S.OOE-Oli 
PCB-1260 11/11 2.S0E-0~ mg/kg S.OOE-Oli 
Polychlorinated biphenyl SIB LOOE-Ol mg/kg 2.00E-OS 
Tetrachloroethene 11/17 1.OOE+OO mg/kg 2.flOE-04 
Trichloroethene 11/17 1.00E+OO mg/kg 2.00E-04 
Alpha activity 616 1. 96E+Ol pCi/g 
Beta activity 616 2.91E+Ol pCi/g 

RDA 
for 

child 

RDA 
for 

child 

115 RDA 

115 RDA 

Exceed 
RDA? 

Exceed 
RDA? 

--------------------------------------------------- LOCATION=SHMU lS3A MEDIA=MCNairy Groundwater ---------------------------------------------- _____ _ 

Frequency Maximum RDA 
of detected Daily dose for Exceed 

Analyte Detection concentration Units for child child 115 RDA RDA? 

Calcium 4/4 S.21E+Ol mg/L S.21E+Ol S.OOE+02 1.liOE+02 No 

• • • 



-. • 
T~le 1.8. Comparison of maximum detected cC?llc~tradons of essential ilutri@ilts to recommended dietary a1l6w~ces 

,for chil~en 

• 
... --"".;,-------------:-~----------::..----,.-------- ...... ----- LOCATI6N~sWMri '!93A MEDIA.=McNcl.i;Y 'Groundwater ------------------- .... " ... - ... _-------------------- ... - .. ----

(continued) 

Frequency MaXimUm RDA 
of de~l!ccted " Di!-ily dose for Exceed 

AnalYte Detection conCentra.t~on units for child child 1/5 RDA RDA? 

Chloride 4/4 1.60E+Ol mg/L 1.60E+Ol 6'.OOE+02 1.2,OE+02 No 
Irori' ' , 4/4 3.i4E+02 mg/L 3.14_E+02 1.00E+oi '2.00E+OO Yes 

, Magn~sium 4/4 4.,O:a,E+Ol ·mg/L 4.02E+Ol 1.70!;+02 3.40E+Oi Yes 
potassium 4/4' 2.1SE+Ol mg/r,. 2.1S~+Ol 1.60E+03 3.20,E+!)2 No 
Sodium 4/4 8.08:8+01 mg/L 8.08E+Ol 
Tetraoxo-sulfat~(l-) 4/4 8.40E+01 ms/L 8.401:+oi -
Acetone 1/1 1.40E-62 mg/L 1.40E-02 
Diethylphthalate i/6 i:'OE-02 mg/L 1.90E.,02 
Trichloroethane B/~3 1~10E-oi mg/L 1.~OE-02 

CiS-l,2-Dichloroethene 1/11 1.,70E-01 mg/L 1.70E-01 
Alpha actiVity 6/111 4.00E+0i', pC.UL > Beta activity .' B/l0 6.46E+Ol PCi/L I - Teclmetium-99 5/10 1.45~+O2 . pCi/L - Thorium-234 1/1 B.40E.,.01 ~pci/L ~ 

Uranium-a].! 1/1 a.ioE-oi pCi/L 
Urail~um-23B i/i 1.~:?E+00 ·pei/i. 

-----------------------,------ ... -:- .. ."..-.------------'-:----- LOCATJ:ON=~ !.93A ~IAaRGA Gr~water ----.,.------------------------- ... ---- .. --------- ________ _ 

Frequency ,Maximum RDA 
. 'of detected Daily dOse for Exceed 

Analyte Detection concentration OllitS for child child 1/5 RbA' RDA? 

AluminUm 4/4 1.78E':01 mg/L 'l.7BE-Ol 
Ammonia. 1/1 j .:0,01::-01 mg/L 3.0QE-Dl 
calCium 5/5 1~34l!:+02 mg/L 1.34E+02 B.00E+02 1.60E+02 No 
chlorlde sIS 6.40~+01 mg/L 6.40E+Ol 6.00E+02 1.20E+02 No 
Copper l/4 1.BOE-02 . mg/L 1.BOE-02 1.00E.f.OD :Z.OOE-Ol . No 
Fluoride 1/1 4.20E-0! mii/L 4'-20E-Ol 1.50E+OO -:3.00:&:"01 Yes Iron' ' 7/9 3.66]1:+01 mg/L 3.66E+01 ·1.00E+01 2.00E+OO Yes 
~agne~~Uin 5/5 1~BSE+01 mg/L 1.8SE+01 1.70E+02 , ' 3.40E ... 01 No 
,Potassium 5/5 2.6SE+02 ing/L 2.6SB+1l2 1.60E ... 03 3.20E+02 No 
Silica 1/1 1.90E+Ol. mg/L 1.90E+Ol 
SodiiliR sIs 1.34E+02 mg/L 1. 34E+02 
Tetraaxo-sulfa~~(~-) 515 2. 62E+02 mg/L 2.62E+02 
Zinc 4/4 2. 12E':'Ol mg/L 2.12E-Ol 
1,1 .. pichlClroethene 2/43 2.00E-04 mg/i. 2. o OE;... 04 
Diethylpht~late 3/25 1.SOE-02 iIIg/L ~.SOE-02 



Table 1.8. Comparison of maximum detected. concentrations of essential nutrients to recommended dietary allowances 
for children 

.--------------------------------------------------- ~ION=SNMU 193A MEDIA=RGA Groundwater- ------------------------------------------------------
(continued) 

Frequency Maximum 
of detected _- Daily dose 

Analyte Detection concentration units for child 

Pentachlorophenol 1/25 1.2oE-02 mg/L 1.2oE-02 
Trichloroethene 44/51 6.7oE+00 mg/L 6.70E+00-
bis(2-Ethylhexyl)phthalate 3/25 2.20E-02 mg/L 2.201£-02 
CiS-1,2-Dichloroethene 17/4.2 8.401£-02 mg/L 8.401£-02 
trans-1,2-Dichloroethene 7/43 7.001£-04 mg/L 7.001£-04 
Alpha activity 19/34 1.761£+01 pCi/L 
Beta activity 34/34 8.80B+02 pCi/L 
Technetium-99 25/39 1.39E+03 pCi/L 
Thorium-234 1/8 -S.40B-Ol pCi/L 

----~--------------------------------~-------------- LOCATION-SWMU 193A MKDLA=SUbsurface soil , .... .... Frequency Maximum N 
of detected Daily dose 

Analyte Detection concentration units for child 

Aluminum 8/8 1.4oE+04 mg/kg 2.80E+00 
Barium 8/8 8.731£+01 mg/kg 1.7sB-02 
Beryllium 5/8 7.00B-01 mg/kg 1.40B-04 
Calcium 4/4 2.73E+05 mg/kg S.41iE+01 
Chromium 8/8 2.77E+Ol mg/kg 5.54E-03 
Cobalt 8/8 8.66B+OO mg/kg 1.73E-03 
_Copper 8/8 7.31E+00 mg/kg 1.UB-03 
Iron 8/8 1.54E+04 mg/kg 3.08E+00 
Lithium 8/8 1. 12E+01 mg/kg 2.24B-0~ 
Magnesium 8/8 _1.70E+04 mg/kg 3.40E+00 
Manganese B/8 5.641£+02 mg/kg 1.131£-01 
Nickel 5/8 9.16E+00 mg/kg 1.83E-03 
PotassiUm 8/8 1. 44E+03 mg/kg 2.881£-01 
Silver 1/8 4.00E+00 mg/kg 8.ooE-04 
Sodium 5/8 3.131£+02 mg/kg 6.26E-02 
Strontium B/8 2.53E+02 mg/kg 5.061£-02 
Vanadium 8/8 3.15E+01 mg/kg 6.301£-03 
Zinc 8/8 5.54E+01 mg/kg 1.1lE-02 
Acetone 1/2 1.101£-02 mg/kg 2.20E-06 -
Anthracene 1/8 1. 16E-Ol mg/kg 2.3-2E-05 
Benz (a) anthracene 2/8 1.80E-Ol mg/kg 3.60E-05 
Benzo(a)pyrene 2/8 2.501£-01 mg/kg 5.001£-05 

• • 

RDA 
for 

child 

RDA 
for 

child 

8.00E+02· 

1.S0E+02 

1.60E+03 

1/5 RDA 

liS RDA 

1.60E+02 

3.00E+01 

3.20E+02 

Exceed 
RDA? 

Exceed 
RDA? 

No 

No 

No 

• 



• • 
Table 1.B. Compa~ison of maximum detected concentrations of essential nut~ients to recommended dietary allowances 

for children 

• 
. -- --~-- - .... --.. -- - ---- -- ----- ----- ------------'"~------.,-~LOCATION=SWMU 193A MEDIA=SUbsurface Boil ------------ -- - -------- -"---- - - - - - - - - - - - - - - - - - - - -"'--- ---

. ~ (continued) ~ ~ ~ 

Frec;lllency MaxilllUlil RDA 
of detected Daily dose for Exceed 

Analyte Detection concezltration units for child chi1~ 1/5 RDA RDA? 

Benzo(b)fluoranthene 2/S S.10B-02 DIg/kg 1.02B-OS 
Benzo(ghi)perylene 2/B 1. 70E-01 n'lg'/kg 3.40B-OS 
ChryseI1e 2/8 1.70E-0,. mg/kg 3.40E-O,S 
Di-n-butylphthalate l/S" 7.70E-02 " mg/kg 1.S4E-OS 
Di-n-octylphthalate l/S 1.20E-Ol mg/kg 2.40E-OS 
Dibenz(a,h)anthracene UB 1.30E-01 mg/kg 2.60E-OS 
Diethylphthalate l/B 4.oo:i!:-01 mg/kg B.OOB-05 
Fluoranthefte 2/8 3.10E-01 mg/kg 6.20E-05 
Indeno (1, 2, 3-cd)pyrene 2/B . 1.60E-01 mg/kg 3.20B-05 
Pyrene 2/B 2·9.5B-01 mg/kg 5.90B-OS 
bis(2-EthylheXyl)phtha~ate 2/8 1.70E-01 mg/kg 3.40:8-05 

:> A,lpha act! vi ty B/B 2.60E+01 pCi/g 
I ...... Beta activity BIB 2.37E+01 pCi/g ...... 
w 

------------,--------------------------~---------------- LOCATIPN=SWMD 193A MED~8urface 80ii -------------------------------------"'-~------------- ___ _ 

Frequency Maximum 
of detectea 

A,!lalyte Detection concentration 

Aluminum 4/4 1.09E+0. 
Barium 4/4 B.40E+01 
Beryllium 1/4 6.40E-01 
CalCium 2/2 2.73E+05 
Chromium' 4/4 2.65E+01 
Cobalt 4/4 5.70E+00 
Copper 4/4 7.31E+00 
Iron 4/4 1.54E+04 
Lithium 4/4 1.12E+01 
Magnesium 4/4 1.70E+04 
Manganese 4/4 3.9BE+02 
Nickel 2/4 7.S0E+00 
Potassium 4/4 1.44~+03 
sodium-~· 1/4 2.13E+02 
Strontium 4/4 2.53E+02 
Vanadium 4/4, 3.1SE+Ol 
Zinc 4/4 S.S4E+01 
Anthracene 114 i.16E-01 

Daily dose 
units for child 

mg/kg 2.1BE+00 
mg/kg 1.6SE-02 
mg/kg 1.2BE-04 
mg/kg 5.46E+01 
mg/kg s.30i-0] 
mg/kg 1.14E-03 
mg/kg 1.4EiE-03 
mg/kg 3.08E+00 
mg/kg 2.24~-03 
mg/kg 3.40E+00 
mg/kg 7.96E-02 
lng/kg 1.50E-03 
mg/kg 2.BBE-01 
mg/kg 4.26Jl:-02 
mg/kg 5.06E-02 
mg/kg 6.30E-03 
mg/kg 1.11E-02 
mg/kg 2.32E-05 

~ 
for 

child 

B.00E+02 

1.50E+02 

1.60E+03 

1/5 RDA 

1.60E+02 

3.00E+01 

3.20E+02 

Exceed 
RDA? 

No 

No 

No 



1-

Table 1. s. ~Ql1IPa~isQIl 6fmaximum detected concentrations of essential nutrients to recCJllllle.Ildeci ciietazy iil_llowil,nce~ 
for children 

.----------------------------.. --- .. ----"---- .. " .. --- ..... -- ..... LOcATION=SWMO 193A MEDIA=SUJ:'face Boll --------------------------------------------------------

Analyte 

Benz (a) anthracene 
Benzo (a) pyren~ 
Benzo(b)fluoranthene 
Be~o(ghi)perylene 
~St:!ll~ 
D~-il-l>utY:l.phthalate 
Di-n-octylphthalate 
Dibenz (a,h) anthracene 
DietJiylphthalat~ - - "" 
Fluoranthene 
J:ndeno(i,2,3 .. cd)pyrene 
pYrene " "" "" 
bis(2-Et.llY:1.pexy:1.)p~tllalate 
AlPlui. activity 
Beta activity 

-- -""- (continued) "- " 

Frequency 
of 

Detection 

2/4 
2/4 
2/4 
2/4 
2/4 
i/4 
1/4 
1/4 
i/4 
'1./4 
2/4 
2/4 
2/4 
4/4 
4/4 

Maximum 
~tectE:!ci . 

cOiicentration 

1.S0E-01 
2.50E-Ol 
5.ioE'-02 
1.70E""01 
1.70:&:-oi 
7.70E-02 
1.. 20.E" 01 
1.30E-01 
4.00li:-Ql 
~,10E-01 
1.60E-Ol 
2.95E-Ol 
LioE-Ol 
1.70E+Ol 
2.37E+01 

units 

mg/kg 
mg/kg 
1II9/k g 
mg/kg 
mg/kg 
mg/ltg 
mg/kg 
mg/kg 
mg'/kg 
me/kg 
mg/kg 
mg/kg 
mg/kg 
pC~/g 
pei/go 

Daily dose 
for child 

3.608-05 
5.00:11:...;05 
1,02:&:-05 
3.40E-05 
3.4oE-05 
1.54E-oS 
2.40£-\15 
2.60E-OS 
8.00E-05 
6.20E-05 
3.2ilE-05 
5.90£-05 
3~40E""05 

RDA for 
ch:!.ld l/!) ".RPA 

EXceed 
~A? 

----------.------------- .. -- ....... - ... ,,- ... ---"~------.,----- ~TION=SWMU 193~ MEDIA=McNairy Groundwater ---------------------------------- --- - - -- -- -- - _____ _ 

Trichloroethene 
cis":i,:Z:"DItfhioroetbene 
Alpha activity 
Beta activity 

~equency 
of 

Dfilt:.ect;!'OtL 

1/2 
1/2 
l./'lo 
2/2 

Maximum 
detected 

c~cent:r;~t;OI1 

1.30E-02 
2.3oE-02 
1.~9E+00 
4.80E+00 

t1I!it:;s 

mg/L 
mg/t 
pCi/L 
pCi/L 

Daily dose 
~or child 

1.30E-02 
2.30li:-O~ 

RDA 
for 

•. child 
Exceed 

RoP.I\.? 

---- --- - ------------------"-------""-;;;-- ...... "--""--"--.,--.,.-"- LOCA'l':1:ON=S~ :L93~ MEDIA=RGA Groundwater ------------------------------------ --- - -- - -.,.- ---- -.,-"-

Analyte 

1,1..;.Il:!,c~l.oroetheri.e 
Acetone 
Carbon Tetrachloride 
Di-n-butylphtllal.a~e 

• 

Frequency 
of 

D~t~ction 

3/17. 
i/2 
l./5 
2/10 

Maximum 
dElt:.ectfilg 

concentration 

2.00E-02 
3 .:3D~-D2 
fi.~oE-O~ 
1.30E-02 

units 

mg/t 
mg/r.. 
.tng/L 
mg/L 

• 

Daily dose 
for child 

2.ooE-02 
3.30E-02 
5.50E-03 
1.30E-02 

RDA 
for 

child 1/5 RnA 
~ceed 

RnA? 

• 



• • 
Table 1. 8, Comparison of maximuin detected concentrations of esseI1t;ial nutrients to recommended dietary allowances 

for children 

• 
.-,..--.., ---- ------------------------------------------- LOcATION .. SWMU 193B ~IA=RGA Groundwater -----------,.,-------------------------.,.----- - -- - -- - ----

(continued) 

Frequency Maximum RDA 
of detected Daily dose for Exceed 

Analyte Detection concentration Units for child child l/S RDA RDA? 

Trichloroethene 17/17 S.DD~-Di mg/L S.DDE-Dl 
bis(2-Ethyih8xyl)pbt~late 1/10 1.8DE-D2 mg/L 1. 80E-D2 
cis-l,2-Dichloroetbene 12/17 9.87E-02 mg/L 9.87E-D2 
trans-l,2-Dichloroetbene 8/17' 8.1DE-D4 mg/r. iI.l0E-D4-
Alpha activity 12/17 fi.fiDE+D2 pCi/L 
Beta activity 16/17 S.8S~+02 pCi/L 
Technetium-99 8/17 6.10:';:+01 pCi/L 

----- ----------------,...,------------------------------ LOCATION=S1iMQ 193:8 MEDIA=SUbsurface Soil -,------------------------------"'----- ------ - - - -- --- ---

> Frequency 
I of ..-..- Analyte Detection VI 

Aluminum 4/4 
Barium 4/4 
Beryllium 2/4 
Chromium 4/4 
cobait ' 4/4 
Copper 4/4 
Iron 4/4 
Lithium 4/4 
Magnesium 4/4 
Manganese 4/4 
Nickel 2/4 
Potassium 4/4 
Sodium 4/4 
strontium 4/4 
Vanadium 4/4 
Zinc 4/4 
ACetone 1/1 
Toluene 1/3 
Alpha activity 4/4 
Beta activity 4/4 

Maximum 
detected 

concentration Units 

1.12E+04 mg/kg 
8.42E+01 mg/kg 
1.S7E+OO mg/kg 
8.siE+ai' mg/kg 
7.76E+OO mg/kg 
7.43E+OO mg/kg 
2.43E+04 mg/kg 
7.72E+OO mg/kg 
4.31E+0J. mg/kg 
2.22E+02 1iIg/kg 
2.06E+Ol mg/kg 
fi.86E+02 mg/kg 
4.4BE+D2 mg/kg 
9.39E+01 mg/kg 
6.50E+Ol mg/kg 
S.S7E+D1 mg/kg 
S.OOE-02 mg/kg' 
1.00E-02 mg/kg 
I.BfiE+D1 pCi/g 
2.29~+01 pCi/g 

Daily dOEle 
for child 

2.24E+DD 
1.6SE-02 
3.14E-04 
1. 77E-02 
1.SSE-03 
1.UE-03 
4.86E+OO 
1.S4E-03 
8.fi2E-01 
4.44E-"02 
4.12E-03 
1.37E-Ol 
B.9fiE-D2 
l.BSE-02 
1.30E-02 
1.11E-02 
1.60E-OS 
2.00E-Dfi 

RDA 
for 

child 

1.S0E+02 

1/5 RDA 

3.00.E+Ol 

Exceed 
RDA? 

No 



Table 1.B. Comparison of maximum detected concentrations of essential nutriEmts tc) .recommenc3.ed diet~ !lllClwance~ 
. for children 

-----------------------------------------------.----'- LOCATION=SWMU 193B MEDIA=SUrface Soil -----.---------;;;-------"--"--------------------.--------------

FreqUency Maximum RDA 
of detected Daily dose for Exceed 

Analyte Detecti.oIl con.centratiCI.D Ullits for child chill,i 1/5 RDA RDA? 

Aluminum 2/2 1.OBE+04 mg/kg 2.1.6E+00 
Barium 2/2 S.42E+01 lIig/kg 1.6SE-02 
Beryllium 1/2 1.57E+00 mg/kg 3.14E-04 
Chromium 2n B.87E+01 mg/kg 1.77E-'02 
Cobalt 2/2 7.76E+00 uig/kg 1.sSE-Ol 
Copper 2/2 7.43E+00 mg/kg 1.49E-0) 
Iron 2/2 2.43E+04 mg/kg 4.BIi~+00 

Lithium 2/2 7.7~E+00 uig/kg 1.s4E-03 
Magnesium -;'/2 4.3lE+03 mg/kg B.62E-Ol 
MaDganelie 2/2 2.22E+02 mg/kg 4.44E-02 
Nickel 1/2 ~.0~E+01 mg/kg 4.12E-03 
Potassium 2/2 6.B6E+02 Dlg/kg 1.37E-Ol 

> SodiUlll- - 2/2- 2.49E+02 mg/kg 4.9.8E-02 , 
Strontium 2/2 9.39B+01 mg/kg 1.BBB-02 .,.... .,.... Vanadiwil 2/2 Ii.SOE+01 mg/kg 1.30E-02 

0\ Zinc 2/2 s.s7E+oi . mg/kg 1.11E-02 
Toluene i/2 1.00E-02 mg/kg 2.00E-OS 
Alpha activity 2/2 1.BIiE+01 pCi/g 
Beta CiCtivity 2/2 2.29E+01 pCil51 

------------------------------------------------- :r.oc:;ATION .. SWMU 193C MEDIA=McNairy Groundwater ------------------------,..,.---.,.-'--- .... --= .. ---------.:..----
Frequeil~ Maxiimmi 

of detected 
Arialyte Detection concentration 

Aluminum 4/4 9.04E+01 
Antiliiony 5/5 2.s0E-01 
Arsenic 515 3.60E"02 
Barium 5/5 6.701i:-01 
Beryllium 5/5 2. 5 ()1!:-02, 
Cadmium sIs 1.00E-01 
Calcium 515 4.10E+oi 
Chloride 5/5 l.6B~+Ol 

Chromium 3/3 2.32E-01 
COlJalt 515 1.2U-01 
Copper 5/5 1.63E-01. 
Fluoride 4/4 2.80E-0]' 
iron 5/5 1.79E+02 

• 

Daily dose 
Units for child 

mg/L 9.04E+01 
mg/L 2.S0E-01 
mg/L 3.60E-02 
mg/L 6.70E-Ol 
mg/L 2.S0li:-O~ 
mg/L 1.00E-Ol 
mg/!. 4.10E+01 
mg/L 1.DBE+01 
mg/L ~.32E-01 
mg/L 1.2U-01 
mg/L 1. 63E-Ol 
mg/L 2.80E-01 
mg/L 1.79E+02 

• 

RDA 
for· 

child 

S.00:&:+02 
6.00E+02 

1.110E+00 
LSOE+OO 
1.OOE+D1 
- -

1/5 RilA 

1./iOE+02 
1.20E+02 

2.00E-01 
3.00E-01 
2.00~+00 

Exceed 
RDA? 

No 
No 

No 
No 
Yes 

• 



• • 
Table 1.8. Comparison of maximum detected concentr~tioDS of essential nutrients to recommended diet~ allowances 

for children 

• 
----------------"-.,---,..-- .. -----------,..,..,----------- LOCATION=SWMU 193e MEDI.A:oMcNairy Groundwater ----------------------------------------------------

(continued) 

Frequency Maximum RDA 
of detected Daily dose for ~ceed 

AAalyte Detection concentration units for child child 1/5 RDA RDA? 

Lead 1/1 2.s0E-Ol mg/L 2.S0E-Ol 
Magnesium S/S 2.16E+Ol mg/L 2.16E+Ol 1.70E+02 3.40E+Ol No 
M~nganese s/s 3.91E+OO mg/L 3:91E+OO 
Mercury 1/1 2.00E-04 mg/L 2.00E-04 
Molybdenum 4/4 1. OOE-Ol mg/L 1.00E-Ol S.OOE.,,02 1.00E-02 Yes 
Nickel 5/5 1.09E-Ol mg/L 1.09E"-()1 
Nitrate as Nitrogen 5/5 1.00E+CU) mg/L 1.DDE+DO 
Potassium S/S 1.0lE+D2 mg/L 1.OlE+02 1.6DE+03 3.2DE+02 No 
Selenium 3/3 - S. OOE-03 mg/L S.ODE-03 
silica 5/5 1.80E+Ol mg/L 1.80E+Ol 

:> 
Silver 3/3 6.00E-02 mg/L 6.00E-D2 

I 
Sodium 5/5 2.63Z+01 mg/L 2.63E+Ol 

.-. Tetraoxo-sulfate(l-) 5/5 1.30E+Ol mg/L 1.30E+O~ 
~ Thallium 2/2 1.23E-Ol mg/L 1.23E-01 -....l 

uranium 9/9 i.BOE-02 mg/L -1.80E-02 
Vanadiuui 2/2 S.36E-Ol mg/L S.36E-Ol 
Zinc 5/S S.64E-Ol mg/L S.64E-Ol 
i;i,l-Trichloroethane 4/4 S.OOE-03 _ mg/i. S.OOE-03 
i,1,2~Tr!chloroetban~ 4/4 s.OOE-O-3 mg/L s.00E-03 
1,1-Dichloroethane . 4/4 S.OOE-O] mg/L S.OOE-03 
1,1-Dichloroethene 4/4 S.DOE-D3 mg/L S.OOE""03 
1,2-Dich~oroethane 4/4 S.OOE-03 mg/L s.OQE-03 
Benzene 4/4 S.00E-03 mg/L S.OOE-03 
BromodiChloromethane 4/4. S.DOE-03 mg/L S.DOE-03 
car~n Tetrachloride 4/4 s.00E-03 mg/L 5.00:8-03 
Chloroform 4/4 S.OOE-03 mg/L S.00E-03 
Ethylbenzene 4/4 S.ODE-D3 mg/L S.DDE-D3 
Polychlorinated biphenyl 1/1 1.00E-04 mg/L 1.00E-04 
TetraCh16roethene 4/4 S.ODE-03 mg/L S.00E-03 
Toluene 4/4 S.DOE-03 mg/L S.DDE-D3 
Trichloroe.thene 12/12 2.DOE-03 mg/L 2.00E-03 
Vinyl Chloride 4/4 1.00E-02 mg/L 1.DOE-02 
xylene 4/4 i. OOE-02 mg/L 1.00E-02 
cis-1,2-DiChloroethene 4/4 S.OOE-1)3 mg/L S.00E-03 
trans-1,2-D~Chloroethene 4/4 s.OOE-03 mg/L S.00E-03 
Alpha actiVity 12/12 i.07E+02 pCi/L 
Beta activity 12/12 2.3EiE+02 pCi/L 
Radon-222 2/2 1.S7E+02 pCi/L 
Technetium-99 13/13 2.70E+Ol pCi/L 



Table 1. B. comparison of .1Iia.Xitnuin det~cted concentrations of essential nutrients to .recOIilmeDded dieti,Uy allowances 
for' children 

.---- ------ - -- .,.-" ... ", .. ~--------:"--------------.,.----.,,- ... LOc::ATION=SWMtJ 193C MEDIA=RGA q~water ------------- ------.--_ ... -"--------- ------ ---- --.- ...... -- ----

Freqriency Maximum RDA 
of dete'cted Daily dose for Exceed 

Analyte Detection 'COIlCeIltra tion Units for child child 1/5 RDA RDA? 

:t,?-Dichloroethene 1/2 S.62E-01 mgjL 5.62E;.oi 
Ttichloroethl9le 1/2 1.62E-Ol mg/L 1.62E-Ol 

. -- --- --- - - - - - - - --- - - - ---.,-----.,-- -~ ... - ... -----------.,.- . LOCATION=SWMU 1.93CMEDIA=S\ll:)surface Soil ---.--- - -.-"- ""--- -- -- ---- - -- -- - - - - - - - - --- - .. - - - - - - - -- - - ---

Frequ~cy 
of 

Analyte Detection 

Aluminwn 20/20 
A:r!u!iilc 5/20 

;J> BariUm 1/1 
I Beryllium 10/20 ...... .... ·Boron ' ~/20 00 

Cadmium 3/59 
Calcium 1B/20 
Chromiwn 5lJ/6:!, 
Cobalt 17/20 
Copper 16/20 
Iron 6/' 
Lead 42/6i 
Lithiwn 17/20 
Magnesium 20/20 
Manganese 20/20 
Nickel 13/20 
Potassiwn 20/20 
S6d:LwU·· 15/20 
StrontiUm 20/20 
Vanadium 20/20 
Zinc '19/20 
Xylene 1/20 
Alpha activity 53/53 
Beta activity 53/53 

• 

Maximum 
detected 

concent7:a.t-4Qil UIi!ts 

1.37E+04 Dig/kg 
'.S7E+00 mg/kg 
l..42E+O:a mg/kg 
9.80E-Ol mg/kg 
1.00E+02 mg/kg 
5.00E+00 mg/kg 
.4.00E+OS. mg/kg 
B.30E+01 mg/kg 
8.61.E+01, mg/kg 
2.S2E+i!i mg/kg 
3.00E+04 mg/kg 
6.77E+01 mg/kg 
1.2.5E+oi mg/kg 
1.45E+04 mg/kg 
2.27li:+03 DIg/kg 
2.15E+01 mg/kg 
1.S7E+03 fDg'/kg 
4.44E+02 mg/kg 
3.9lE+02 mg/kg 
4 •. 42E+01 lDg/kg 
9.25E+01 tDg/kg 
1.00li:-02 mg/kg 
4.00E+00 pCi/g 
1.00E+01 pCi/g 

• 

Daily dose 
for child 

2.74E+OO 
1. 31E-oj 
2.84E-02 
1.96E-04 
2.01)];:-02 
1. 00E-03 
8.00E+Ol 
1..66E-02 
1.72E-02 
5. 64E-03 
'.00li:+00 
1.35E-02 
2.50:&:-03 
2.90E+00 
4.S4E-Ol 
4.30E-03 
3.i4E-01 
8.BBE-02 
7.B2E-02 
8.84E-03 
1.85E-02 
2.00E-0' 

RDA 
for 

chil~ 

8.00E+02 

1.00E+00 
LOOE+01 

1.50E+02 

1.60E+03 

1/5 1li>A 

1.60E+02 

2.00E-Ol 
2.00E+OO 

3.00~+01 

3.20E+02 

Exceeg 
RDA? 

Ne:> 

No 
Yes 

No 

No 

• 



• • 
Table 1.8. comparison of maximum de~ected concentrations of essential nu~rients to recommended dietary allowances 

for children 

• 
.--------.,.----'-"'--------------------------------.,.- .. --'- LOCATION .. SWMU 193C MEDIAaSurface Soil ------------------.,.,..--'"''''--------------------------------

Frequency Maximum RDA 
of detected Daily dose for Exceed 

Analyte Detection concentratiQn Units for child child 1/5 RDA RDA? 

Aluminum 5/5 3.3riE+03 DIg/kg ri.72E-0~ 

Boron 1/5 1.00E+02 DIg/kg 2.00E-02 
Calcium 5/5 4.00E+05 mg/kg EI.OOE+01 8.00E+02 1.riOE+02 No 
Chromium 3/5 1.20E+Ol mg/kg 2.40E-03 
Cobalt 2/5 2.14E+DO mg/kg 4.28E-04 
Copper 2/5 2.S2E+D1 m9'lltg S.64E-03 1. OOE+OO 2.00E-01 No 
Lead 1/5 6.77B+01 mg/kg 1.35E-02 
Lithium 3/5 1.25£+01 mg/kg 2.50B-03-
Magnesium 5/5 1. 45E+04 mg/kg 2.90E+00 1.50E+02 3.00E+Ol No 
Manganese 5/5 1.98E+02 mg/kg 3.9riE-02 
Nickel 1/5 6.43E+OO mg/kg 1.29B-03 
Potassium 5/5 1.S7E+Ol mg/kg l.14E-01 1.60E+03 3.20E+02 No 

:> Sodium 4/5 l.10E+02 DIg/kg 6.20E-02 
I - Strontium 5/5 3.91E+02 DIg/kg 7.82E-02 - Vanadium 5/5 . 6.70E+00 mg/ks 1.l4E-03 \0 

Zinc 5/5 9.25E+01 mg/kg ·1.85E-02 

.-------------------------------------"'-------------- LOCATIQN=SWMU 194.MEDIA=Subsurface Soil --------------------------_- ... "--------------------- ..... "'--

Frequ~cy 
of 

Analyte Detection 

Aluminum 12/12 
Arsenic 1/12 
Barium 12/12 
Beryllium 6/12 
cadmium 1/35 
Calcium 12/12 
Ch'rorid.l¥R 35/35 
Cobalt 12/12 
Copper 12/12 
Iron 12/12 
Lead 20/35 
Lithium 12/12 
Magnesium 12/12 
Manganese 12/12 
Nickel 8/12 
Potassium 12/12 

Maximum 
detected 

concentration Units 

1.45B+04 mg/kg 
·6.73E+00 mg/kg 
1.l9E+02 mg/kg 
4.80E+00 mg/kg 
8.55E+00 mg/kg 
ri.8iE+03 mg/kg 
1.03E+0.2 mg/kg 
9.461;:+00 DIg/kg 
1.67E+01 mg/kg 
2.00E+D4 mg/kg 
3.60E+02 mg/kg 
9.00E+00 mg/kg 
2.34E+03 mg/kg 
4.67~+02 mg/kg 
1. 37E+01 mg/kg 
ri.32E+02 DIg/kg 

Daily dose 
for child 

2.90E+00 
1.35E-03 
2.78E-02 
9.riOE-04 
1. 71E.,.03 
1.3riB+00 
2.0riE-02 
1. 89E-03 
3.34E-03 
4.00E+00 
7.20E-02 
1. 80E-03 
4.6BE.;.01 
9.34E-02 
2.74E-03 
1.2riE-01 

RDA 
for 

child 

8.00E+02 

1.50E+02· 

1/5 RDA 

1.60E+02 

3.00E+01 

Exceed 
RDA? 

No 

No 



Table 1.8. Comparison of maximum detected concentrations of essential nutrients to recommended dietary allowances 
for children 

-------------------------------------~-------------- LOCATION=SWMD 194 MEDLAaSubsurface Soil -------------------------------------------------------
(continued) 

Frequency Maximum RDA 
of detected Daily dose for Exceed 

Analyte " Detection concentration units for child child 1/5 RDA RDA., 

Sodium 8/12 3. 69E+02 mg/kg 7.38E-02 
Strontium 12/12 2.60E+01 mg/kg" 5.20E-03 
Vanadium 12/12 2.58B+01 mg/kg 5.16B-03 
Zinc 11/1~ 6.76B+Ol mg/kg 1.35E-02 
Ethylbenzene 1/19 1.50E-02 mg/kg 3.00E-06 
Alpha activity 23/23 2.50E+00 pCi/g 
Beta activity 23/23 7.00E+00 pCi/g 

__________________________________________________ LOCATION=SWMU 99A MEDIA=MeNairy Groundwater -----------------------------------------------------

> Frequency Maximum RDA 
I .... of detected Daily dose for Exceed 

N 
0 Analyte Detection concentration units for child child 1/5 RDA RDA? 

l,l,l-Trichloroeth~" 1/4 1.2oB-03 mg/L 1.20B-03 
l,l-Dichloroethene 1/4 2.29E-02 mg/L 2.29E-02 
Carbon Tetrachloride 1/4 2.80E-03 mg/L 2.80E-03 
Trichloroethene 3/4 5.19B-Ol mg/L 5.19B-01 
CiS-1,2-Dichloroethene 2/4 1.15B-01 mg/L 1.15B-Ol 
Alpha activity 2/2 2.90E+00 pCi/L 
Beta activity 2/2 3.5OB+01 pCi/L 
Technetium-99 2/2 1.9OB+ol pCi/L 

---------------------------------------------------- LOCATION=SKMU 99A MEDLAaRGA Groundwater ------------------------------------------------~- ____ _ 

Frequency Maximum 
of detected 

Analyte Deter;:tion concentration 

Aluminum 16/35 6.59E+02 
Arsenic 4/27 1. 008-02 
Barium 39/39 3.30E+00 
Beryllium 8/35 1.008-01 
Calcium 39/39 1.208+02 
Chloride 9/9 1.208+02 
Chromium 11/39 1.78E+00 
Cobalt 20/37 5.708-01 

• 

Daily dose" 
units for child 

mg/L 6.59E+02 
mg/L" 1.00B-02 
mg/L 3.30E+00 
mg/L 1.008-01 
mg/L 1.208+02 
mg/L 1.208+02 
mg/L 1. 788+00 
mg/L 5.708-01 

• 

RDA 
for 

child 

8.008+02 
6.008+02 

1/5 RDA 

1.608+02 
1.208+02 

Exceed 
RDA? 

No 
Yes 

• 



• • • 
T~le1.8. 'Co,mparison of max.i,lIIUIIl detected concentrati~ of 'e!!sential nutrients to recOmmended. dietary allowances 

, . ' . . for children 

• ..,.------'--'----...:------.--------~---'''',.--------.---.;.------ LOCA!I.'IClN=SWMtJ 99A MED:rA=RGA GrOundwater . .,.-----"'--------------..,--,--. .,,--".,-.;.----.,.------------------" . . , ". '-(Continued) , 

FrequenCy MClXimum 
of detested Daiiy dose 

¥1alyt~ Di!t:ection concentration un~ts for' ,child 

ImA 
for Exceed 

child, '1/5 RDA RDA? 

C;opper 9/35 6.40E-01 mg/L 6.~I)E-01 
Fluoride 8/8 2.00E-01 mg/L 2.00E-01 
Iron 31/39 1.20E+03 mg/L 1.20:8+03 
Lead 6/29' 4.10E-oi ,mijj/L 4.10E-01 
Lithium 6/23 ,1.70E-Ol mg/t 1:70:8-01 
Magilesium 39/39 4.97E+01 ~/~ 4:'S7E+Ol 

'Manganese 37/39 4.~OE+00 tng/~ 4:60E+00 
MercUry !i/~!i 2.00E-02 . ,.tiiiJ/~ ,~. OOE"O~ 
Nickel- 16/39 9;ioE..,01 mg/L 9.10E..,01· 
Nitrate as Nitrogen 7/9 2.1QE+'00 "!fIg/L 2.iDE+OO 

. Potassium 24/39 2.17E+Ol mg/~ 2.:17E+Ol 
> silica ' 9/9 2;50E+Ol mg/L 2:50E+01 
I Sodium -39/39 7.24E+01 r.ng/~ 7. 24E+.01< -I-.J strontium 30/30 4:70i':.01 fiiij/L . 4,. ,OE"'!)l - sulfate. ' 212 1. 92E.j,Ol melt ,1. 92E+Ol 

Tetraoxo-sulfate(l-) 7/7 2.20E+Ol .mg/L 2.2oE+ol 
vanadium ' 10/28 ,~.15E+.OO mg/~ 2.1513+00 
Zinc 10/35 2.~~E+00, mglL ,2.'SSE+OO 
l,l--Di,$loroethene 7n3 6 .S.Q~..,.,02 mg/r.. 6.50:8-02 
Tricllloroethene 41/43 . . 2.37E+00 rsig/L . ~.37E+00 
bis(2-E1:hylill!Xyl) phthaiate SliD 1.60E.,.02 ing/t 1.60E-02 
cis-l,2..,.Dichloroethene 10133 3.48E-02 me/L 3.4BE~02 
trans-.l,2-Dichl9J::Oethene 3/33 6.008-04 mg/L 6.00E-04 
Alpha activity 33n' S.38E+01 .pCi/L 
Beta activity 39/39 1.37E+02 pCi!L 
Rad()n-222 4/4 6:75:8+02 pCi/~ 

1.00E+00 2.0.0~-lh Yes 
1.50:8+00 3.00E-Ol No 
1.OOp;+Dl 2.00E+OO Yes 

1. 70E+D2 3.40:8+01 Yes 

1.6DE+03 3.20E+02 No 

Technetium'; 99 34/40 1.39E+02 pCi/L 

--------------------------,.;..;.:----------;.-----.:.------- LOCATION=SWMu 99A MEDIA..SUbsurface Soil 
, , -------------------------------------------------------

,Frequency Maxinnltit RDA 
of ' '. detected Daily dose for Exceed 

Analyte. Detection concentration units for child chiici 1/5 ImA RDA? 

Aluminum 22/22 1.41E+04 mg/kg 2.B2:8+00 
Antimony 5/22 2.90E+DO mg/kg SiBOE-04 
Arsenic 11/22 8.SSE+OO mg/kg 1. 'tIE-03 
Barium 22{22 2.4,':8+03 mg/kg 4.94E-Ol 



Table ·1.8. comparison of maximum detected concentrations of essential nutrients to recommended dietary allowances 
. for c:h.il.~~ 

..,.,.--' .. -.,. .. -----.,--------------------------------------- LOCATION=SWMO 99A MEDIA=SUbsurface Soil 
(continued) 

-------------------------------------------------------

FreqUency 
of 

Ma:!.yte Detecti.on 

Bery1l.ium li/22 
Cadmium 5/22 
Calcium 20/20 
Chr6lidum 22/22 
Cobalt 20/22 
Cgppe:r: 21/22 
cyanide 2/i6 
iron :a:a/:a:a 
Lead 6/22 
LIth.ium 17/17 

)-
Magnesium 22/22 

I 
Manganese. 22/22 - Mercury 5/?~ 

N Nickel 17/22 N 
Potassium 22/22 
Selenium 5/29 
Silver 5/22 
sodium 14/22 
strontium 17/17 
ThaiHWii 5/22 
Vanadium 22/22 
Zinc 21/22 
i,i~l-Tdchioroethane S/B 
lil,2,2-Tet:rachloroethane sIs 
1,i,7~T:r:i~9rQet~~ 5/B 
1,1-Dich16roethaDe 5/B 
1,1-Dichloroethene 5/10 
1,2,4-Trichlorobenzene 5/22. 
i,2":Dichlo:r:o]:)~2:f!I1e 5/2:a 
l.,:a-Dic~o:r:oeth;iile 5/B 
1.,2-DiCh16roethene 5/5 
1,2-Dichloropropane S/B 
1,3 "P!._c:hl.o~E!I!~!!Jle 5/22 
1.,4-J:)ic::g.~oJ:C?]:)erl,zf!Iie 5/22 
2,4,5-~riChl.orOphenoi 5/22 
2,4,6-Trichlorophenol 5/22 
2,4-DiChlorophen.cl 5/"~ 
2,4-Dimethylph~ol ~/~2 
2,4-Dinitraphen6l 5/6 

• 

MaxiliiWil 
detected 

concentration, Units 

IL90E-Ol mg/kg 
B.30E-Ot mg/kg 
2.87E+05 iiI9'/kg 
4.57E+Ol mg/kg 
1. 19E+Ol mg/kg 
1. 64E+.Ol mg/kg 
5.40:8-0i mg/kg 
:a.33~+04 1iI9/kg 
4.73E+Ol iig/kg 
1.29E+Ol mg/kg 
2.73E+04 mg/kg 
i.46E+03 mg/kg 
;i.~o~"o~ 1I19/kg 
2.S8E+Ol mg/kg 
i.12E+03 mg/kg 
3.20E-Ql 1II9/kg 
7.10E-Ol nig/kg 
3.93E+02. mg/kg 
5. 14E+02 mg/ltg 
S.90E-oi mg/kg 
3.5SE+Ol mg/kg 
1.63E+02 mg/kg 
6.00E-OJ mg/kg 
6.00E-03 mg/kg 
6.00~ .. OJ mg/kiJ 
6.00E-OJ tog/kg 
6.00E-OJ mg/kg 
4.10E-Ol mg/lc9 
4.1.0E,.()~ mg/kg 
6.00E-03 mg/kg 
6.00E-03 mg/kg 
ii.OOE-OJ mg/kg 
4.1.0E",01. mg/kg' 
4.10E-Ol mg/kg' 
2.l0E+00 mg/kg 
4.ioE-Ol mg/kg 
•• ~0~~01 .1!I9/kg 
4.:l.Q~-()1. lri9/fg 
2.l0E+00 liIg/kiJ 

• 

Daily dose 
for Child 

1.7BB-04 
1..6Eii!-0. 
5.74E+Ol 
9.14E-03 
~.38_E"93 
3.28E-03 
LOBE-04 
4,66E+00 
9.46E-03 
2.58E-03 
S.46E+00 
2.92:8":01 
2.40E-OS 
S.16E-03 
2.24B-oi 
6.40~-QS 
1.42E-04 
7.S6E-()2 
1.03E-Ol 
1.lBE-04 
7.ioB-O] 
3.26E-02 
1.20E-0i; 
1..20E-06 
1.~OE-06 
1.20E-06 
1.20E-06 
B.2(j~-o.5 
B.20]!:.,,05 
1.20E-06 
1.20E-06 
l.20E-06 
B.20E-05 
S.20E-05 
4.20E-04 
iI.20E-OS 
B ."1lE: ... 0!:i 
B.20]!:-Q5 
4.20E-04 

RDA 
for 

child 

8.00E+02 

1,.SOE+02 

1.60E+03 

l/5RDA 

1.60E+02 

3.00E+Ol 

Exceed 
RDA? 

No 

No 

• 



• • 
Table 1.8. Comparison of maxiliium detected concentrationS of. essential nutrients to recoUDllended d,ietary allowances 

for children 

• 
.-- - ----------..;------------------------------~~------ LOCATION .. SliMU 99A MEDIA-SUbsurface Soil ---,.---.------------------------ .,.---- ------- - - -- -- --. .,-.,.-" 

(continued) 

Frequency Maximum RDA 
of detected Daily dose for EXceed 

Analyte Detection concentration Units for child child 1/5 RDA RDA? 

2,4-Dinitrotoluene 5/22 4.10B-01 mg/kg 8.~OE-05 

2,6-Dinitrotoluene 5/22 4.10B-Ol mg/kg 8.20B-05 
2-Butanone 5/8 1.20B-02 mg/kg 2.40B-06 
2-Chloronaphthalene 5/22· 4.10E-Ol mg/kg B.20E-OS 
2-Chlorophenol 5/22 4.10E-Ol mg/kg 8.20E-OS 
2-Hexanone 5/8 1.20E-02 mg/kg 2.40E-06 
2-Methyl-4,'-dinitrophenol 5/22 2.10£+00 mg/kg 4.20E-04 
2-Methylnaphthalene 5/22 4.10E-Ol mg/kg 8.20E-05 
2-Methylphenol 5/22 4.10E-01 mg/kg B.20E-OS 
2 "-Ni troani line 5/22 2.1QE+00 mg/kg 4.20E-04 
2-Nitrophen9l 5/22 4.10E-oi mg/kg 8.20E-05 

> 3,3'-Dichlorobenzidine 5/22 8.20E.,.01 mg/kg 1.64E-04 
I - 3-Nitroaniline 5/22 2.10E+00 mg/kg 4.20E-04 

N 4,4'-DDD 2/2 3.50B-02 mg/kg 7. DOE.,. 06 \H 
4,-4'-DDE 2/2 3;50E-02 mg/kg -7.00E-06 
4,4'-DDT 2/2 3.50E-02 mg/kg 7.00E-06 
4-Bromophenyl phenyl ethe~ 5/22 4.10E-01 mg/kg 8.20E-05 
4-~10ro-3-methylphenol 5/22 4.10E-Ol mg/kg 8.20B-05 
4-Chloroaniline 5/22 4.10E-01 mg/kg 8.20E-05 
4-Chlorophenyl phenyl ether 5/22 4.10E-Ol mg/kg 8.20E-OS 
4-Methyl-2-pentanone 5/8 1.20E-02 mg/kg 2.40E-06 
4-Methylphenol 5/22 4.10E-Ol mg/kg 8.20E-OS 
4-Nitroaniline 5/22 2.10E+00 mg/kg 4.20£-04 
4";Nitrophenol 5/22 2.10E+00 mg/kg 4.20E-04 
Acenaphthene 7/22 4.10E-Ol mg/kg - 8.20E-OS 
Aceilaphthylene 6/22 6.10E-Ol mg/kg 1.22B-04 
Acetone 5/8 S.30E-02 mg/kg 1.06E-OS 
Aldrin 2/2 1.70E-02 mg/kg 3.40E-06 
Anthracene 7/22 7.S0E-Ol ing/kg 1.50B-04 
Benz (a)anihracene 8/22 1.70E+00 mg/kg 3.40E-04 
Benzene S/B 6.00E-03 mg/kg 1.20B-01i 
Benzo (a) pyrene 7/22 2.108+00 mglkg 4.20E-04 
Beilzo(b)fluoranth~e 11/22 5.70E+00 mg/kg 1.14E-03 
Benzo(ghilperylene 7/22 1.1BE+00 mg/kg 2.36E-04 
Ben~9(k)fluoranthene S/22 7.90E-01 mg/kg 1.58E-04 
Benzoic Acid 5/5 :?10E+00 mg/kg 4.20E-04 
Benzyl Alcohol 5/5 4.10E-Ol mg/kg 8.20E-OS 
Bromodichloromethane 5/8 '.00E-03 mg/kg 1.20E-06 
Bromoform 5/B 6.00E-03 mg/kg 1.20E-06 



Tal::Ile ~. 8. CQinpcl~:l.~OI1 6f ~mum detect;~d ¢QncentratiOIlS 6f essential nutrients to recommended dietary allowanc;es 
. . , . for Children 

,-- - -- - - - - - - - - - - - - - - --- - -- -- - ..... - ---- ............ - ............ - ...... -.,.- LOcATION=SWMU 99A MEDIA=SUbsurface S():l.l --------- -- -- -- --- -- -- - - ------ - -- - - -- - - - - - - - - - -- -- - ------- -.... (contlnued)-----

Freq1!ency 
of 

~ill.yt~ netection 

Bromomethane 5/8 
~\ltyl. b~zy~plltha~ate 5/6 
carbOn Disulfide ' 5/8 
Carbon Tetrachloride S/S 
c:hl.o;-~benz!30e s/B 
Chloroethaile S/S 
Chlorof6rt1l S/S 

. Chioromethane 5/8 
Chrysene 7/22 
Di-n-butylphtbalate 5/22 

)- pi-n-octylphthalate 5/22 
I Dibenz(a,h) anthracene 6/2.2 .... DibenzofUtaIl 6/7.7. N 
~ DibrOinOchlorOllletbane SiB 

Iiieidi-:lll· - 2/2 
Diethylpht~ate 5/22 
Dimethylphthalate ~12~ 
Endosulfan ~ 2/2 
EildoiluHim II 2/2 
Endosul£an SUlfate U~ 
End:t'in 2/2 
EDdrin Ketone 2/2 
Bthylben~ene S/~ 
Fl.uo:rilnt;hene 9/22 
Fluorene 6/22 
Heptachlor 2/2 
Heptachlor ~CIX.1,.d!! 2/2 
HeXachlorobenzene 5/22 
HeXaciitot-oButad!ene , s/22 
H~Chiorocyclopentadiene 5/22 
Hexachloroethane ~/22 
Inden()(1,2,:J"'cg.)~ene 7/22 
I~oPllor6ne 5/22 
MethoXychlor '}.f2 
Methylene Chloride ~/S 
N-Nitroso-4!-1:i-p:r6pYliUirl.ne 5/22 
N-N~trosodiphenylaiidn:e 5/22 
Naphthalene 5/22 
Nitrobenzene ~n.2 

• 

Maximum 
detected " 

concentration units 

1.20E-02 mg/kg 
4.10E-Ol mg/kg 
6.ooi-G3 mg/kg 
6.00E-03 mg/kg 
ii.OOE-OJ mg/kg 
1.208-02 mg/kg 
6.00E-03 mg/kg 
1.20E-02 mg!kg 

·2.10E+OO mg/kg 
4.1()~"Ol mg/kg 
4.10E-01 mg/kg 
4.IiO~-01 mg/lt9" 
4.10E-01 mg/kg 
Ii.ooi-oj mg/kg 
3.50B-02 mg/kg 
4.10E-01 mg/kg 
•• ].0]£-01, mg/kg 
1.70E-02· mg/kg 
3.S0E-1l2 mg/kg 
3.S0E-02 mg/kg 
3.50E-02 mg/kg 
3.50E-D2 mg/kg 

.6.001;,..03 mg/kg 
2.66E+00 mg/kg 
4.10E-il1 mg/kg 
1.70E-02 mg/kg' 
1.70E-02 mg/kg 
4.10E-Ol mg/kg 
4.10E-0! mg/kg 
4.10E-"01 mg/kg 
4.~OE-Ol lng/kg 
1.0SE+00 mg/kg 
4.10E-01 .mg/kg 
1.70~-01 mg/kg 
S.00E.,.03 mg/kg 
4.10E-Ol mg/kg 
4.10E-01 mg/kg 
4.10~-01 irig/kg 
4.~OE.,.01 iil9/kg 

• 

Daily dose 
for child 

2.40E-06 
S.208-0S 
1.201 .. 06 
1.20E-06 
1.20E-06 
2.40E-06 
1.2.0IHI.6 
2.40E-06 
4.~.OB-04 
S.20E-OS 
S:20E-05 
9.60E-OS 
B.ioE-OS 
i.20E-Q6 
·7.00E.,.06 
8.20E-1)5 
8.20E.,OS 
3.40E-ili; 
'LODE-e6 
7.00E-06 
7.00E-OEi 
'.ODE-a6 
1.20E-06 
S.32E-04 
S.2DB-OS 
3.40E .. 06 
3.40E-06 
8.2ilE-OS 
8.20B-OS 
S.~0~-05 
8.20E-OS 
2.10E-il4 
8.20:8-05 
3.40~.,,()c5 

1.60E-06 
8.20E-OS 
S.:2DE-DS 
S.~O~."OS 
8.20E-OS 

RDA ' 
for 

child liS RDA 
Exceed 

RDA? 

• 



• • 
Table 1. B. Comparison of iilaximum detected concentrations of essential nutrients to recOmmended dietary allowances 

for children 

• 
---------------------------------------------~------- tocATION=SWMU 99A MEDIA=SUbsurface Soil ------~------------------------------------------------

(continued) 

Frequency Maximum RDA 
of detected Daily dose for Exceed 

AIlalyte Detection concentration units for child chiid 1/5 RDA RDA? 

PCB-101E; 3/23 1.B7E+00 tog/kg 3.74E-04 
PCB-1221 2/23 1..70E-01 mg/kg 3.40E-05 
P~-1232 2/23 1.70B-01 mg/kg 3.40E-05 
PCB-1242 2/23· 1.70E-01 mg/kg 3.40E-OS 
PCB-1248 2/23 1. 70E-Dl mg/kg 3.40E-05 
PCB-12S4 3/23 3.50E-01 mg/kg 7.00E-05 
PCB-12EiO 7/23 6.31E-01 mg/kg 1.26E-04 
pentaChlorophenol 5/22 2.10E+00 mg/kg 4.20E-04 
Phenanthrene 7/22 1. Ei3E+00 mg/kg 3.2EiE-04 
Phenol 5/22 4.1QE.,.01 mg/kg B.20E-OS 
Pyrene S/22 2.70E+00 mg/ltg 5.40E-04 

» Styrene 5/S Ei.00E-03 mg/kg 1.20E-D6 
I 

Tetrachloroethene 5/S Ei. ODE-03 mg/kg l.20E-OEi ...... 
N Toluene s/s Ei.00E-03 mg/kg 1.20E-OEi VI 

Toxaphene 2/2 3.S0E-Ol mg/kg ·7.00E-OS 
Trichloroethene 6/10 Ei.00E-03 mg/kg 1:20E-OEi 
viIlY:J.. Acetate 5/5 1.20E-02 mg/kg 2.40E-06 
Vinyl Chloride 5/10 1.20E-02 mg/kg 2.40E-OEi 
Xylene 515 6.00E-03 mg/kg 1.20B.-OEi 
alpha-BHC 2/2 1. 70E"-02 mg/kg 3.40lj:-OEi 
alpha-Chlordane 2/2 1.70E-Ol mg/kg 3.40E-05 
beta-BHC 2/2 1.70E-02 mg/kg 3.40E-OEi 
bis(2-Chloroethoxy)methane 5/22 4.l0E-01 mg/kg S.20E-OS 
bis(2-Chloroethyl)ether 5/22 4.10E-Ol mg/kg S.20E-05 
bis (2-Chloz:oisoprcpyl) ether. 5/22 4.l0E-Ol mg/kg S.20E-OS 
bis(2-Ethylhexyl)phthalate 5/22 3.EiOE-Ol mg/kg 7.20E-05 
cis~1,3"-Dichloropropene S/B i.oOE-03 mg/kg 1.2DE-06 
delta-BHC 2/2 1.70E-02 mg/kg 3 .. 40E-06 
gamma-BHC(Lindane) 2/2 1.70E-02 mg/kg 3.40E-OEi 
gamma-Chlordane 2/2 1.70E-Ol mg/kg 3.40E-OS 
traris-l,3-DicJ:lloropropene 5/S Ei.00E-03 mg/kg 1.2DE-OEi 
Alpha actiVity 20/21 1.42E+02 pCi/g 
Beta activity 2l/2i 2.73E+03 pCi/g 
Cesium-137 3/21 1.90E+00 pCi/g 
Neptunium-237 4/4 1.2BE+Ol pCi/g 
Plutonium-239 3/3 Ei.00E-03 pCi/g 
TechnetiUlll-99 6/23 2. Ei5E+03 pCi/g 
Thorium-230 3/3 Ei.70E-Ol pCi/g 
Thorium-234 1/21 5.30E+01 pCi/!;!, 



ta.lJJ.~;L. 8. Compa.rj.son of iiwdim:lii1 detected concentrations of. essential nutrients to recQIII!IIe.Jlge4 cU~t~ry Iill:lowanC~fiI 
~Clr c:p.J_l~1!!l 

--------------;..--;..--~'":~ .. "':.,.-.. --.,..,,..--., .... --- .... "'.., .. ---"'--'"'--- LOCATION=SWMU 99A MEDIA=subsurface Soil ----------------;;.--;..----------;,.-----""---------~----..;-----

Analyte 

Uranium-234 
Urilfiium-235 
Uranium-liB 

F'tl!qu~cy 
of 

pet;ectioJl 

4/4 
31~4 
4/4 

(cond.n~ed) 

MWUlUIii 
detected ,_ 

concetltrati6il 

L64E+oi 
4.10~-02 
S.17E+Ol 

units 

pC;!g 
pCi/go 
pCi/g 

Dai-ly ~!l.e 
for Child. 

RnA 
for 

child l/S RDA 
~ceeci 
~A? 

, .. -,-.,..,..,._----------------------------""------""----~-- ... _ .. ---~~ION=~WMU 99A MEDIA=Surface Soil --------------------------------------------------------

Frequency 
of 

Ana1yte ~te~tion 

:> Aiuminum 13/13 , 
~' Arsenic 6/i3 
0\ Barium l-3/P 

13~!ylli¢il 5/13 
CalCium l)'-/U 
Ch~um 13/13 
Cobalt iiI 1.-3 
copper 12/13 
Iron 13/13 
Lithium ;1.3/l.:3 
Magnes~~ 13/13 
Mai1g~~SI! ];3/13 
NiCkel 8/13 
potassium 1:3/13 
Sociium 6/13 
Strontium 13/13 
varladIUiii -- 13/13 
Zinc 120-3 
Acenaphthene 2/13 
Acenaph~hyle.J1E! 1/13 
Aftthracene 2/13 
Benz (a) anthracene 3/1,3 
Benzo(a)pyr~ 2/13 
Benzo (b) fluoranthene G/i3 
~~~o (gll~)pe~lene 2/i3 
Benzo(k)fluoranthene 3/13 
Chrysene ~/l~ 
Dibenz(a,h)8,llth.rac~ne 1/13 

• 

M~~ 
detected 

concentration units 

1. 29E+04 mg/kg 
B.SSE+OO mg/.ltg 
2.47E+03 mg/kg 
8.90E,,;01 mg/kg 
~.87E+OS mg/kg 
4.S7E+OJ. mg/kg 
9.~7li:+00 ' mg/!t9' 
1.22E+01 mg/kg 
2.338+04 mg/kg 
1.29E+01 iii9'/kg 
2.73ll:+04 mg/kg 
3.872+02 mg/kg 
2_.16E+01 mg/ltg 
1.12E+03 mg/kg 
3.66E+02 mg/kg 
S.i4E+02 mg/kg 
3.!s~J;:+0~ mg/kg 
1.63E+02 mg/kg 
3.30E-01 mg/kg 
6.10E-Ol mg/kg 
7.S0li:-oi mg/k9 
1.70E+00 mg/kg 
2.10E+00 mg/kg 
5.70:11:+00 mg/kg 
1.1SE+OO mg/kg 
7.90E-lll mg/kg 
2.l0E+OO mg/kg 
4.BOE-01 mg/kg 

• 

Daiiy dose 
for child 

2.58E+00 
1.71E-03 
4.94E-01 
~" 7!"J;:,"'04 
S.74E+Ol 
9.142-03 
-1.93E-03 
2.44E-03 
4.6,"E+00 
2.SBE-03 
5.46E+00 
7.74E-02 
4.:32E-0:3 
2.24E-Ol 
7.3:aE-02 
1.03E..;01 
7.10E-03 
3.26E-02 
6.60E-OS 
i.2:211;-04 
l.SOE-04 
3.40E-04 
4.20E-04 
1.~4li:-()3 
,2.36E-04 
1.SBE-04 
4.20'E':04 
9.60E-OS 

RDA 
for 

child 

B.OOE+02 

1.S0E+02 

l/S .lIDA 

1.60E+02 

EXceed 
@~? 

No 

No 

• 



• • 
Table 1. S. Comparison of maximum detected concentrations of essentia! nutrients to recommended· dietary allowances 

for children 

• 
."'-~--- '--- --- ------------- --------------- ... --":----------. LOCATION=SWMU 99A MEDIA=Surface Soil --------.---------------------------- --- '--- - - - - - ---------

(continued) 

Frequency Maximum RDA 
of detected Daily dose for Exceed 

Analyte Detection concentration Units for child child 1/5 RDA R!>A? 

Dibenzofuran 1/13 1.23E-01 mg/kg 2.46E-OS 
Fluoranthene 4/13 2.66~+00 mg/kg 5.32E-04 
Fl uorerie· .. - 1/13 2.19E-01 mg/kg 4.3SiHjs 
Indeno(1,2,3".cd)pyrene 2/13' 1.0SE+00 mg/kg 2.10E-04 
PCB-l016 1116 1.S7E+00 mg/kg 3.74E-04 
PCB-1254 1/16 9.60E-02 mg/kg 1.92E-05 
PCB-1260 5/16 6.31E-01 mg/kg 1.26E-04 
PheJlanthrene 2/13 1. 63E+00 mg/kg :3.26E-04 
Pyrene 3/13 2.70E+00 mg/kg 5.40E-04 
Alpha activity 15/16 1.4~E+02 pc:i/g 
Beta activity 16/16 2.73E+03 pCi/g 

> Cesium-137 3/16 1.90E+00 pCi/g 
I ..- Neptunium-237 1/1 1.28E+01 pC;/g 

N Technetium'" 99 3/16 2.65E+03 pCi/g --.J 
Thorium-234 1/16 5.30E+Ol pc:i/g 
Uranium-234 1/1 1. 64E+Ol pCi/g 
Uranium-238 1/1 5.17E+01 pCi/g 

. ------ -------------- ------------ -~.-!-~~-------------- LOCA.TION'=S1IMp' 9,9B MBD~RGA G::tt::Ju.D.dwater ~-.~~-~-----.--------- ------ -- -- - - - - - - - - - - - - - - - - -.-"" ~ - - - -_ 

Frequency Maximum RDA 
of detected Daily dose for Exceed 

Analyte Deteetion concentration units for child child 1/5 RDA RDA? 

Barium 7/7 2.70E+00 mg/L 2.70E+00 
Calcium 7/7 3.27E+01 mg/L 3:27E+Ol 8.00E+02 1.60E+02 No 
Chloride 7/7 l,08E+02 mg/L 1.08E+02 6.00E+02 ~.20E+02 No 
Chi-Omium 1/7 2.60~-01 mg/L 2.60E-Ol 
Copper 1/7: 4.00E-02. ·mg/L 4.00E-02 1.00E+00 2.00E-01 .No 
Fluoride 7/7 2.10E-01 mg/L 2.10E-01 1.50E+00 3.00E-01. No 
Iron 3/7 3.34E+00 mg/L 3.34E+00 1.00E+Ol 2.00E+00 Yes 
Magnesium 7/7 1.31E+Ol mg/L 1.31E+Ol 1.70E+02 3.40E+Ol No 
Manganese 5/7 2.90E-Ol mg/L 2.90E-Ol 
Nitrate as Nttrogen 7/7 2.10E+00 mg/L 2.10E+00 
Silica 7/7 2.00E+Ol mg/L 2.00E+Ol 
sodium 7/7 7.8611:+01 mg/L 7.86E+Ol 
SUlfate 2/2 2.67E+Ol mg/L 2.67E+Ol 
Tetraoxo-sulfate(l-) 5/5 2.90E+Ol mg/L 2.90E+Ol 



Tabiel. S. comparison of maxilUlDll det4!ct~d C:OIlC~t:7;@.1:~()1ls o~. e~sential nutrients torei::ommended dietary ailowances 
for Children 

,-- ... - .. ,..--------------------------------------------- LOcATION=SWMt7 99B MEDIA=RGA GrouIlCiWClt~r 
( contillueg) 

--------------------------------------------------------"- ,- -- - - . -. . 

Aiialyte 

7::LJlC 
TriChloroethene 
Alpha activity 
B~t:llact:ivity 
Radon-222 
Techn~ti~""9 

-FrequenCy' 
of 

Ilet~ction 

2/7 
16/16 
12/16 
16/i6 
4/4 
12/17 

Maximum 
detected . 

conc~t::rllt1-()i:J. 

6.00E-02 
2.~Q~+09 
4.20E+00 
4.50E+lll 
4.:J.,2~+02 
1.90E+Ol 

Uni~s 

mg/L 
~/L 
pCi/L 
pei/I. 
pCi/L 
pCi/L 

Daily clQlle 
for Child 

6.00E-02 
2.JOE+OO 

RDA 
for 

child 
Exceed 

1/5 RDA . !IDA? . 

.----------------;.;.;.-.""~ . .,.:.,. .. -~.,.-------.,.---------------- LOCATION,=,SWMtJ 99B MEDlAaSubsu.r_facEl ~O:L:l .. - ....... :.,. ......... .,. ... - .... ;-.-.,..,.,. .... -.",--".- ... : ... --.... --- ... ---,..- .. ----.,...,-----,.--

;> 
Frequ~cy MaxiftnDn 

of •. detected 
I - AIlalyte Detection c:onc:eiitrat-ion 
IV 
00 

Aluminum s/s 1.70,£+04 
Arsenic 2/6 B.OSE+.OO 
Barium &/& l.S5E+02 
BerYllium 6/B ],.OOI:+OQ_ 
Calcium 6/6 1.17E+OJ 
Cll±6ifii uiiI s/s 2.61E+oi 
Cobalt B/~ 6.941:+00 
~()pper S/S 1.30E+Ol 
Iron S/B 1. BlE+04 
Lithium B/B. l.-14i:+01, 
Magnesium B/S 2.S3E+03 
Manganese &/s S.24E+02 
Nickel_ S/B 2.-~l,E+01 
potassium ~/~ 1.Q4E+OJ 
Sodium J/B J.09E+02 
Strontiuiil S/8 2.22:8+01 
VanadiuIil B/8 3.44E+01 
zinc BIB 5.2~E+01 
Acet()n~ 1/7 S.SOE-Ol 

-. Me_thY:Li:!ile Chloride jj7 1.20E+OO 
A!P!l~ activity 8/8 2.14E+01 
Beta activity· sis. 2.26E+01 

• 

Daily dose 
units for child 

DIg/kg J.40E+OO 
mg/kg i.61E-03 
mg/kg 3.10E-02 
mg/kg 2.00E-04 
mg/kg 1.43E+00 
mg/kg !;'~2l!:-OJ 
mg/kg 1.39E-03 
mg/kg 2.60E-03 
mg/kg 3.62E+00 
mg/kg ~,2BE-03 
mg/kg S.06E-Ol 
mg/kg 1.0SE-Ol 
ing/leg S,02E-OJ 
mg/kg 2.0BE-01 
uig/kg· 6.1BE-02 
mg/kg 4.44E-OJ 
m9/kg 6.BBE-OJ 
mgjkg 1. 04E-O~ 
mg/kg 1.1OE-04 
mg/kg 2.40E-04 
pCi/g 
pCi/§' 

• 

RnA 
.for 

child 

B.OOE+02 

1.SOE+02 

1.60E+03 

1/5 RDA 

1.60E+02 

J.OOE+01 

3.20E+02 

Exceed 
RDA? 

No 

No 

No 

• 



e-----------------------------------
Table 1.9. Chemicals of potential concern 

LOCATION-Aoe 204 MED_NAME=RGA Groundwater ------__________________________ 0 

Analyte 

1,1-Dichloroethane 
1,1-Dichloroethene 
PCB-1254 ° 

PCB-1260 
Polycblorinatedbiphenyl 
Tetrachloroethane 
Trichloroethane 
Vinyl Chloride 
CiS-1j2-Dichloroethene 

Frequency 
of 

Detection 

1/1 
12/15 
11/11 
11/11 
1/1 
11/11 
15/15 
1/4 
3/4 

------------------------------------ LOCATION=ACe 204 MED_~=SUbBurface soil ------------------------------- __ 

Analyte 

1,1-Dichloroethene 
PCB-1254 
PCB-1260 
Polychlorinated biphenyl 
Tetracbloroetbene 
Tr:i:chloroethene 

Frequency 
of 

Detection 

11/17 
11/11 
11/11 
s/s 
11/17 
11/17 

--------------------------------- LOCATI~-SWMO 193A MEn_NAME=McNairy Groundwater ------------------------------

Analyte 

Iron 
Tetraoxo-sulfate(l-) * 
'1'richloroethene 
cis-1,2-Dichloroethene 
Tecbnetium-99 
tJ'rani um-23 S 

Frequency 
° of 
Detection 

4/4 
4/4 
S/13 
1/11 
5/10 
1/1 

---~-----------------------~------- LOCAT~ONa~ 193A MED~NAME=RGA Groundwater --------------------------------

e 

Analyte 

AmIIIonia 
Fluoride 
Iron 
.8ilica* 

° Tetraoxo-sulfate(l- ) * 
Zinc ° 

1,1-Dichloroethene 
Pentachlorophenol 
Trichloroethene 
bis(2-Ethylhexyl)phthalate 
ciS-l,2-Dichloroethene 
Technetium-99 

Frequ~cy 
of 

Detection 

1/1 
1/1 
7/9 
1/1 
5/5 
4/4 
2/43 
1/25 
44/51 
3/25 
17/42 
26/39 

* COPC will be evaluated qualitatively 

A-129 



-"---------------------------------
Table 1.9. 'Chemicals, of potential concern 

LOCATION ... SWMO 193A MED_NAME=Subsilrface, Soil 

Analyte 

Aluminum 
Beryllium 
t:hrcmium 
Anthracene 
Benz (a) anthracene 
BtmZoi(a),pyrene 
Benzo:(b) fluoranthene, 
Benzo:(gh:i:) perylene* 
Chrysene . 
Di-n-butylphthalate 
Di-n..,octylphthalate 
Dibenz ,(a, h)!anthracene 
Fluoranthene, 
IDdeno,(1,,2,3-cd) pyrena 
Pyrene 
bis(2-Ethylhexyllphthalate 

Frequency 
of 

Detection 

8/8 
S/8 
:8/8 
1/8 
2/8 
2/8 
2/8 
2/8 
2/8 
1/8 
1/8 
l/a 
2/a 
2/a 
2/& 
~/a 

• ---------------------------------

-------.----------------------------., LOCATION .. SIIMO 193A'MED...:,NAME .. surface :Soil -----------------------------------, 

'Analyte 

Cbrtmlium 
Anthracene, 
Benz (a) ,anthracene 
Benzo (a) pyrena 
Benzo (b) fluoranthene 
Benzo (ghi)perylene* 
'cbryaene 
Di-n-butylphtb&late 
Di~n-octylphtb&late 
Dibenz (a, hI aJithracene' 
PlucrantheDe 
~ (1:, 2,3-cd):pyrene 
Pyrena . . . 
.bis(2-Ethylhexyllphthalat fil 

Frequency 
of' 

Detection 

4/4 
1/4. 
2/4 
2/4 
2/4. 

.2/4 
2/4-
1/4 
1/4. 
1/4. 
2/4 
2/4 
2/4 
2/4 

'.' : , " 

---------------------.,-----:...:---- LOCATION .. S1iMU, 193B MED.:.,;.NAME';'McNairy·Gratindwater ---.. ---------------------------. 

Analyte 

Trichloroethene 
c:1;s-1:,2-Dichloroethena, 

Frequency 
of 

Detection 

1/2 
1/2. 

-------____________________________ ,LOCATION .. S1iMU 1:93B MED_NAME .. RGA'GroUnciwater .. ----------------------------------

Analyte 

1,1-DiChl:oroethene 
Acetone 
Carbon. Tetrachloride 
Di.,n-butylphthalate 
Trichl'oroethene 

Frequency 
of' 

Detection, 

3/17 
1/2 
1/5, 
2/10 
17/17 

.' cope wilili be evaluated qualitatively: 

A-130 

• 



:e-----------------------------.,---- Table 1.9. Chemicals of potential concern 

LOCATION=SWMO 193B MEn NAME=RGA Groundwater 
( continued) 

Analyte 

bis(2-Ethylhexyllphthalate 
cis-l,2-Dichloroethene 
Tecbnetium-99 

Frequency 
of 

Detection 

1/10 
12/17 
8/17 

--------------------------------

---------------------------------~- LOCAXION=SWMO 193B MED~NAME=SUbsurface Soil -------________________________ _ 

ADalyte 

Beryllium 
Chromium 
Vanadium 

Frequency 
of 

Detection 

2/4 
4/4 
4/4 

-------.:---------------------------- LOCATION"SWMU 193BMBD_NAME=Surface Soil -----------------_______ . _________ _ 

ADalyte 

Beryllium 
Chromium' 
Vanadium, 

Frequency 
of 

Detection 

1/2 
2/2 
2/2 

14IIIt-----:------------------~------ ~TIONmSNMcr 193C MED_NAME=McNairy Groundwater 

Frequency . 
of . 

e 

Analyte 

Aluminum 
Antimcny 
Arsenic 
Bar,*um 

. Beryllium 
cadmium 
'Chromium 
Cobalt 
Iron 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
silica* 
Silver 
Tetraaxo-sulfate(l-) * 
Thallium* 
uranium 
Vanadium 
Zinc 
1,1,2-Trich1oroethane 
1,1-Dichloroethene 
1,2-Dichloroethane 
Benzene 
Bromodichlorcmethane 
carbon Tetrachloride 

Detection 

4/4 
·s/s 
sis 
sis 
sis 
sIs 
3/3 
sis 
sis 
1/1 
S/S 
1/1 
4/4 
sIs 
5/5 
3/3 
5/5 
2/2 
9/9 
2/2 
s/s 
4/4 
4/4 
4/4 
4/4 
4/4 
4/4 

* COPC wUlbe evaluated qualitatively 

A-BI 



Table 1.'9,. Chemical!s of potential concern 

LOCATION=SWMO, 193.C MED,;..NAMEaMcNairyGroundwater 
(continued) 

Ana1yte. 

Chloroform: 
Ethylbenzene 
polychlorinated 'biphenyl 
TetrachlorOe~e 
Trichloroethene 
Vinyl Chloride 
Xylene 
cis,.1,2-D:l!ch];oroethene 
trans-l,2-Dichloroethene 
Radon~222' 

Frequency 
of " 

Detection 

4/4 
4/4 
1/1 
4/4 
12/12 
4/4 
4/4 
4/4 
4/4 
2/2' 

• ----------------'--------------_. 

----------------------------------- LOCATION .. SWMU :193C MED_NAMBaRGAGroundwater -------------~-------------------. 

Analyte 

1,2-Dichloroethene 
Trichloroethene 

Frequency 
of 

Detection 

----------------------------------- LOCATION .. SWMt7l!93C MED_N1\ME"SUbsurface Soil --------------.,--------,..,.---------

Ana1yte 

Aluminum 
BerylliUm 
cadmium 
Chromium 
Cobalt 
Iron 
Lead 
Manganese 
Vanadium, 
zinc 
Xylene 

Frequency 
of 

Detection 

.20/20 
lO/20 
3/S9 
59/61 
17/201 

6/6' 
42/61 

. 20/2"0! 
20/20; 
19/20 
1/20 

.--__________________________________ LOCATION .. SWMt7 193C MBD.:..NAME"'Burface 'Soil ------------------------------------

Ana1yte 

CbromiWII' 
Lead 
Zinc 

Frequency 
of 

Detection 

3/S 
lIs 
5/S 

___________________________________ , LOCATIONaSWMtJ 194, MED~~ .. SUbsurface'Soil --------------'---------------------

Analyte 

Aluminum 
Beryll!i~ 

Frequency· 
of 

Detection 

12'/12 
6/12 

* COPC will be evaluated qwcl:itatively 

A-132 



• ' , 

,~---------~------------------------
Table 1.9'. Chemicals of potential concern 

LOCATION=SWMU 194 MED NAME=Subsurface Soil 
(continued) 

Analyte 

Cadmium 
Chromium 
Lead 
Zinc 
Ethylbenzene 

Frequency 
of 

Detection 

1/35 
35/35 
20/35 
11/12 
1/19 

-------------------------------_. 

--------------------------------- LOCATION~SNMU 99AMED_NAME=McNairy G~water -- _______________ -------------. 

Anillyte 

1,1-Dichloroethene 
CarbanTetrachloride 
Trichloroethane 
CiS-1,2-D:Lchloroethene 

Frequency 
of 

Detection 

1/4 
1/4, 
3/4 
2/4 

----------------------------------- ~IONaSWMD 99A MED~NAMEaRGA Groundwater -----------_____________________ _ 

• 
Anill.yte 

, AlUDdnum 
Arsenic 
Barium 
Berylli1.DD 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Lithium 
Manganese 
Mercury 
Nickel 
silica* 
sulfate * 
Tetraaxo-sulfate(l-) * 
vanadium 
Zinc 
1,1-Dichloroetbene 
Trichloroethane 
bia(2-Ethylhex:yl)phthal;ate 
cis-l,2-Dichloroethene 
Radan-222 
Teclmet"i1.DD-99 

Frequency 
of 

Detection' 

16/35 
4/27 

.39/39 
8/35 
11/39 
20/37 
9/35 
31/39 
'/29 
'/23 
37/39 
5/25 
16/39 
9/9 
2/2 
7/7 
10/28 
10/35 
7/33 
41/43 
5/];0 
10/33 
4/4 
34/40 

--------~-------------------------- L~ON=SNMU 99A MED_NAME=SUbsurface Soil ---------------------------------. 

• 
Analyte 

Aluminum 
Antimony 
Araeni'c 

Frequency 
of 

Detection 

22/22 
5/22 
11/22 

* COPC will be evaluated qualitatively 

A-133 



Table 1. 9. Chemicals of potential ,concern 

-----------------------------------LOCATION .. SWMU 99A MED:NAME=SubsurfaceSoil 
( continued) 

Analyte 

Barium 
Beryllium 
cadmium 
Chromium' 
Lead: 
Manganese 
Tbal1ium* 
zinc 
1,1-Dichloroethene 
1,2,:'-'rrl.chl.orobei1zene 
1,2-DichlorObeazene 
1,3-Dich1orabenzene 
1, '""Dichlorobenzene 
2,4',5..;'rrl.chlorophenol 
2,4o,:'';'rrl.chlorophenol 
2', '"Din! trotolueile 
2,6-DiDitrotoluene 
2:-Chloronaphthalene 
2-He:KR uone* 
2"Methyl-4,Ii-dinitropbenol* 
2-Methylnaphthalene* 
2-Nitroaniline 
2-'Nitrophenol* 
3,3.'-Dlchlorobenzidine 
3';'Nitroaniline* 
4,4.'..,DDD 
4,4~-DDB 
,4,4 "-DDT 
4-Bromophenylphenyl ether* 
4-Chloro.-3-methylphenol* 
4 -Chlorophenyl phenyl ,ether.* 
4-NitroaniliDe* . 
Acenaphthene 
Acenaphthylene* 
Aldrin 
Anthracene 
BenZ (a) anthracene 
Benzo (a) pyrena 
Benzo (b) fluoranthene 
Banzo Cgh!)·pe:r:ylene* 
Benzo(k)fluoranthene 
Butyl 'benzyl. phthalate 
Chrysene 
Di-a.-butylphthalate 
Di-a.-octYlphthalate 
Dihenz;(a,h) anthracene 
Dibanzofuran 
Dieldrin 
BrIdo81ilfan I* 
EndDsulfan. II* 
EDdosulfan SUlfate* 
Endrin 
EndrinlCetone* 
Ethylbanzene 
Fluoranthene 
Fluorene 
Heptachlor 
Heptachlor Epoxide 
Hexachlorobenzene· 
Hexachlorobutadiene 

Frequency 
of 

Detection 

22/22, 
11/22 
5/22 
22/22 
'122 . 
22/22 
5/22 
21/22 
.5/10 
5/22 
.5/22 
5122 
5/22 
5/22 
5/22 
'5/22 
'5/22 
;5/22 
5/8 
'5/22 
5/22 
5/22 
5/22 
5/22 
5/22 
2/2 
2/2 
2/2 
5/22 
5/22' 
5/22 
5/22 
7/22 
Ii/22' 
2/2 
7/22 
8/22 
7/22 
11/22 
7/22 
&/22 
5/6 
7/22 
5/22 
5/22 
Ii/22 
'/22 

" 2/2, 
2/2 
2/2 
2/2 
2/2 
2/2 
:5/a 
9/22 
i'/22 
i2/2 
2/2" 
5/22 
5/22 

* COPC will be eva!uated'qualitatively 

A-1'34 
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• . Table 1 .. 9. Chemicals of potential concern 

--------------------------------- LOCATIONaSWMU 99A MED NAME=Subsurface .Soil --- _____________________________ _ 

• 

. (contInued) 

Analyte 

Hexachlorocyclopentadiene 
Hexachloroethane 
Zndeno(1,2,3-cd)pyrene 
Methoxychlor 
N-Nitroso-di~n-prqpylamine. 
N-Nitrosodiphenylamine· 
Naphthalene 
PCB';1016 
PCB-1221 
PCB";1232 
PCB-1242 
PCB~124'8 

PCB-1254 
PCB-121iO 
Pentachlorophenol 
Phenanthrene* 
Pyrene 
Toxaphene 
Vinyl Chloride 
Xylene 
alpha-BHC 
alpha-Chlordane * 
beta-SHe 
bis(2-Chloroetboxy)methane* 
bis(2-Chloroetbyl)etber 
bis'(2-Chloroisopropyl) ether 
bis'.(2-Ethylhexyl) phthalate 
cis,..1,3-Dichloropropene* 
delta-SHC· 
gamma-SHC (Lindane) 
gamma-Chlordane· 
trans-1,3-DiChloropropene* 
Cesium-13? 
Neptunium-237 
Technetium-99 
'l'horium-234 
'OraJiium-234 
'Oranium-238 

Frequency 
of 

Detection 

5/22 
5/2"2 
7/22 
2/2 
5/22 
5/22 
5/22 
3/23 
2/23 
2/23 
2/23 
2/23 

" 3/23 
7/23 
5/22 
7/22 
8/22 
2/2 
5/10. 
5/S 
2/2 
2/2 
2/2 
5/22 
5/22 
'5/22 
5/22 
5/8 
2/2 
2/2 
2/2 
5/8 
3/21 
4/4 
1i/23 
1/21 
4/4 
4/4 

--------------------~---------------- LOCAXZ~aSNMO 99A MED_NAMEmSUrfaceSoil -----------------------------------

• 

Analyte 

Barium 
BerylliUlll 
. ChroIIIium 
Zinc 
Acenapht:hene 
Acenaphthylene* 
Anthracene 
Benz (a) anthracene 
Benzo,(a)pyrene 
Benzo'(b)fluoranthene 
Benzo.(ghi)perylene* 
Benzo,(k) fluoranthene 
Chrysene 
Dibenz(a,h)anthracene 

Frequency 
of 

Detection 

13/13 
5/13 
13/13 
12/13 
2/13 
1/13 
2/13 
3/13 
2/13 
1i/13 
2/13 
3/13 
2/13 
1/13 

* cope will be evaluated qualitatively 

A-l3S 



Table 1 .• 9.. Chemicals of potential concern 

------------------------------------- LOCATION=SWMD 99A MEDNAME=SurfaceSoil 
{continued) 

Analyte 

Dibanzofuran 
Fluoranthena 
Fluorene 
Indeno:(1,2,3-cd)pyrene 
PCB-lOU 
PCB-1254 
PCB-1260 
Phenanthrene * 
Pyrena 
Cesium-137 
Neptunium-237 
Tec:bnetium~99 
Thorium-234 
tJranium-234 
tJranium~231 

Frec:zuency 
of 

Detection 

1/13 
4/13 
1/13 
2/13 
1/16 
1/16 
5/16 
2/13 
3/13 
3/16 
:1/1 
3/16 
1/16 
1/1 
1/1 

• -----------------------------------

----------------------------------- LOcATION"~S1IMO'- 99B MED_Hl\ME .. RGA.:GrOUDdwater ----------------------!""------ _____ . 

Analyte 

Barium 
Chromium 
Iran 
Manganese 
Silica* . 
SUlfate* 
Tetraoxo-sulfate(l-) * 
'Zinc . 
Trichloroethane 
Radon-222 . 

Frequency 
of 

Detection 

7/7 
1/7 
3/7 
5/7 
7/7 
2/2 
515 
2/7 
16/16 
4/4 

----------------------------------- LOCA~ION=swMu 99B MED_NAME=SUbsurface Soil ----------------------------------. 

. Analyte 

Aluminum 
Arsenic 
Beryllium 
Chromium 
Methylene Chloride 

. Frequency 
of 

Detection 

1/1' 
2/6 
6/1' 
a/I 
3/7 

* cope will be evaluated qualitatively 

A-136 
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Table 1. 10. SUmmary of data evaluation 

- - -_- - - -- - -- - - -------------- ---- ----- --:-~--- ---- --- ----- LOCATIOH=AOC 204MBDIAaRGA Groundwater --------..,------ -- - - ------ --- ----- - - --., -- - - - - - - -- - - - -- - ---

Analyte 

l,l,l-TrichloroetbaDe 
l,l-Dichloroetnane 
i,l-DichloroetheDe 
PCB-1254 
PCB-1a60 
P<>iychlorinated biph8Dyl 
Tetrachloroetherie 
Trichloroethe"." 
vinyl Chloride 
cis-l,2":Dichloroethene 
trans-1,2"'Dichioroethene 
Alpha activity 
Beta activity 

Preqlleucy 
of 

Detection 

11/11 
1/1 
12/15 
il/l1 
ii/l1 
1/1 
11/11 
Hi/1S 
i/4 
3/4 
2/4 
2/4 
2/4 

Nondetected 
Range 

1.00E-03 - 1.00B-03 

1.00B-03 - 1.00B-03 
LOOB-1I3 - 1.00B-03 
i.00s-03 - 1.00B-03 
i.;oi-Ol - 1.70B+00 
1.;OB+00 - 2.60B+00 

Detected 
Range 

1.00B-02 - 1.80E-02 
5.00B+00 - S.OOB+OO 
1.00B-04 - 4.00E-02 
2.S0E-02 - 2.50E-02 
2.soi-02 - 2.50E-02 
1. 7 DB-til - 1. 70E-01 
5.00S-03 - 5.00B+00 
5.00B-03 - 7.70B-01 
1.boB-04 - 1.00B-04 
9.00B-04 - 6.00B-03 
1.00E-04 - 1.00B-04 
2.40B+00 - 6.BOB+00 
3.40B+00 - 5~20B+00 

Arithmetic cOPC/ 
Mean HI ncR Units Basis· 

1.13E-02 5.4E-02 mg/L No 
5.00E+00 2.7B-02 mg/L Yes/p 
3.25E-02 1. BB-03 !L3B-07 mg/I.. Yes/P 
2.50B-02 1.9B-05 8.0B-06 mg/L Yes/p 
2.50B-02 4.4E-06 mg/L Yes/p 
1. 7 DB.,. 01 8.0B-06 mg/L Yes/p 
4.59B-Ol 7.9B-03 5.7E-05 mg/L Yea!p 
1.4iB-oi 1.21;-03 1. U:-04 mg/L Yes/P 
7.75B-04 1.7B-0& mg/L Yes/p 
3.48B-03 2.0B-03 mg/L Yes/P 
5.50B-04 4.0B-D3 mg/L No 
2.92B+00 pCi/L Yes/Qual 
3.28B+00 pCi/L Yes/Qual 

-....! - _____ ---- -- ------------------------------,.---"'--'------ LOCA'l'IOH=AOC 204 MBDIA=SUbaurface Soil --------- -------~'-.;,-'"-------------------- --~,. --- -- ------

Frequeucy 
Arithmetic of Nondetected Detected copc/ 

Analyte Detection RaDge Range Mean HI BLCR Units Basis· 

l,l,l-Tr~chloroethane 10/16 1..00E-02 - 1.00B-02 1.00E-02 - 1.00:8+00 4.64E-02 1.2B+02 mg/kg No 
1.1-Dichloroethane 8/14 1.00E-02 - 1.00E-02 1.00B+00 - 1..00B+00 5.74B-Ol 6.7B+Ol mg/kg No 
l,l-Dichloroetbene 11/17 3.36B-Ol - 4.27E-Ol 4.00B-02 - 4.00B-02 9.35B-02 3.5B+00 3.9B-03 mg/kg Yes/p 
PCB-12S4 11/11 2.50B-02 - 2.S0B-02 2.50B-02 6.&B-02 9.9B-03 mg/kg Yes/P 
PO-i260 11/11 2.50B"'0-2 - 2.50B-02 2.50B-02 9.8B-03 mg/kg Yes/p 
Poiychlorinated biphenyl 1/8 1.00s-oi - 1.0gB-01 1.00E-01 1.0B-02 mg/kg Yes/P 
TetrachlorOethene 11/1.7 1.00B-02 - 1.00B-02 5.00B-oj - "1.0 lJ.t.00 4. 73liHll 1.2B+Ol 1.3B-oi mg/kg Yes/p 
Trichloroethane 11/17 3.36B-01 - 4.27B-01 s.00i-03 - 1.00B+00 1.678-01 1.2B+00 9.l.Il.,.02 mg/kg Yes/p 
Alpha activity 6/6 9.50B+00 - 1.96B+Ol 1.53B+01 pCi/g YeS/Qual 
Beta activity 6/6 1.7lB+Ol - 2.9lB+Ol 2.27B+Ol peilg Yes/Qual 

- - - - - - - - - - - ------'--'- --"'"' ------- - --------------------- LOCATIOH-SliMO 193A MEDIA-McNairy Groundwater - --- - ------------ -----'----- --- --- -- -- - - - - - - ,,-- - - - - - --

Ana1yte 

Calcium 
Chloride 

Frequeucy 
of Nondetected Detected Arithmetic 

Detection Range Range Mean HI 

4/4 1.301+01 - 1.21B+Ol 3.53B+Ol 
4/4 8.00E+00 - L&OB+Ol 1.25B+01 

*P= > PRG, B= > Background, Ba > Essential Nutrient, BioaBioaccUmulates, Qual=Qualitative ana1yte 

copc/ 
ELCR Units Basis· 

mg/L No 
mg/L No 



Table 1.10. summary of data evaluation 

---------------------------------------------------- LOCATICN=SWMD 19lA MBDIAaMcHairy Groundwater ---------------------------------------------______ _ 

Analyte 

Iron 
Magnesium 
Potassium 
Sodium 
Tetraoxo-sulfate(l-) 
Acetone 
Diethylphthalate 
Trichloroethene 
ciS-1,2-Dichloroethene 
Alpha activity 
Beta activity 
Tecbne~iWll-99 
Thorium-2l4 
uranium-2l1 
Uranium-238 

Frequency 
of 

Detection 

4/4 
4/4 
4/4 
4/4 
4/4 
1/1 
1/6 
8/13 
1/11 
6/10 
8/10 
5/10 
1/1 
1/1 
1/1 

Hondetected 
Range 

1.00E-02 - 4.00E-02 
1.00B-03 - 1.00B-03 
1.00B-03 - 2.00B+00 
2.90B-01 - 1.40E+00 
1.00E+00 - 4.40E+00 
4.00E+00 - 8.50E+00 

(continued) 

Detected 
Range 

2.89E+00 - 3.14B+02 
5.31E+00 - 4.02B+01 
4.07B+00 - 2.15E+01 
1.64B+01 - 8.08E+01 
2.10E+01 - 8.40B+Ol 
1.40E-02 - 1.40E-02 
1.90E-02 - 1.90E-02 
2.00E-04 - 1.10B-02 
1.70B-Ol - 1.70B-Ol 
2.40E+00 - 4.00B+Ol 
5.10B+00 - 6.46E+Ol 
1.00E+Ol - 1.45E+02 
S.40B-01 - S.40B-01 
8.10E-01 - 8.10E-01 
1.32E+00 - 1.32B+00 

Arithmetic 
Mean 

8.36B+01 
1.46Bi-Ol 
9.112E+00 
4.13B+Ol 
5.05B+Ol 
1.40B-02 
1.04B-02 
1.70B-03 
6.85B+00 
4.44E+00 
2.13E+Ol 
1.38E+Ol 
S.40B-01 
8.10E-Ol 
1.l2E+00 

HI 

4.5E-Ol 

2.0E-02 
1.2B+00 
1.2E-03 
2.0B-03 

BLCR 

1.4B-04 

2.8E+Ol 
2.0B+00 
8.7E-Ol 
6.2B-Ol 

Units 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
pCi/L 
pCi/L 
pCi/L 
pei/L 
pCi/L 
pCi/L 

COPC/ 
Basis· 

Yes/PE 
Yes/E 
No 
Yes/Qual 
YeS/Qual 
No 
No 
Yes/p 
Yes/P 
YeS/Qual 
Yes/Qual 
Yes/P 
No 
Ho 
Yes/P 

------------------------------------------------------ LOCATICN-SMMD 191A MEDXA-RGA Groundwater ------------------------------------------------- ____ _ 

Analyte 

Aluminum 
AmmoIlia 
Calcium 
Chloride 
Copper 
Fluoride 
Iron 
Magnesium 
Potassium 
Silica 
Sodium 
Tetraoxo-sulfate(l-) 
Zinc 
1.1-Dichloroethene 
Diethylphthalate 
Pentachlorophenol 
Trichloroethane 

• 

Frequency 
of 

Detection 

4/4 
1/1 
5/5 
5/5 
1/4 
1/1 
7/9 
5/5 
5/5 
1/1 
5/5 
5/5 
4/4 
2/43 
3/25 
1/25 
44/51 

Nondetected 
Range 

1.00E-02 - 1.00E-02 

1.00E-02 - 1.00B-02 

1.00B-03 - 5.00B+00 
1.00E-02 - 4.00B-02 
1.00B-02 - 4.00B-02 
1.00B-03 - 1.00B-03 

Detected 
Range 

1.29E-Ol - 1.78B-Ol 
3.00B-Ol - 3.00B-Ol 
2.62E+Ol - 1.34B+02 
1:30B+Ol - 6.4~~+Ol 
1.80E-02 - 1.80E-02 
4.20B-Ol - 4.20B-Ol 
2.00B-02 - 3.66B+Ol 
1.91E+00 - 1.85B+01 
2.6'B+00 - 2.'SB+02 
1.90B+01 - 1.90B+Ol 
3.50E+01 - 1.34E+02 
2.10B+Ol - 2.62E+02 
7.20B-02 - 2.12E-Ol 
1.00E-04 - 2.00E-04 
9.00E-03 - 1.50E-02 
1.20B-02 - 1.20E-02 
2.00E-04 - 6.70E+00 

Arithmetic 
Mean 

1.UE-Ol 
3.00E-Ol 
5.96B+Ol 
3.10E+01 
8.2SE-03 
4.20B-Ol 
2.93£+00 
1.05E+Ol 
'.10£+01 
1.90B+01 
7.80£+01 
1. 12E+02 
1.21B-01 
1.68E-04 
9. 17E-03 
7.74B-03 
7. 76B-02 

JII 

1.5B+00 

6.0B-02 
9.1B-02 
4.5B-Ol 

4.5E-01 
1.8E-03 
1.2E+00 
2.3E-02 
1.2B-03 

9.3E-07 

2.1E-OS 
1.4E-04 

*p. :. PBS, Boo ,. Background, ~ ,. Essential NUtrient, Bio .. Bioaccumulates, Qual..gualitative analyte 

• 

COPC/ 
Units Basis· 

mg/L No 
mg/L Yes/Oual 
mg/L Ho 
mg/L No 
mg/L No 
mg/L Yes/PE 
mg/L Yes/PE 
mg/L No 
mg/L No 
mg/L Yes/Qual 
mg/L Yes/Qual 
mg/L YeS/Qual 
mg/L Yes/Bio 
mg/L Yes/p 
mg/L No 
mg/L Yes/P 
mg/L Yes/P 

• 
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Table 1.10. SUmmary of data evaluation 

------------------------------------------------------ LOCA7ION=SHMU 193A MEDIA-BOA Groundwater ------------------------------------------------------
(continued) 

Frecauency 
of lIlondetected Detected Arithmetic COPCI 

Analyte Detection Range Range Mean Bl: BLCR Units Basis* 

bis(2-Etbylhexy1)pbthalate 3/25 1.00B-02 - 4.00E-02 1.30B-02 - 2.20B-02 7.94B-03 2.68-02 3.1E-04 mg/L Yes/P 
ciS-l,2-Dichloroethene . 17/u 1.002-03 - 5.00E+00 1.00B-04 - 8.40B-02 1.51B-03 2.0B-03 
trans-l,2-Dichloroethene 7/43 1. 00B-03 - 5.00B+00 1.00B-04 - 7.00B-04 3.07B-04 4.0B-03 
Alpha activity U/H -4.10B-01 - 4.00B+00 1.50B+00 - 1.76B+Ol 3.64B+00 

mg/L Yes/P 
mg/L No 
pCi/L Yes/Qual 

Beta activity 34/34 2.90B+00 - 8.BOB+02 B.53B+01 pCi/L YeS/Qual 
Technetium-99 26/39 -7.602+00 - 1.70E+Ol 8.008+00 - 1.39B+03 1.212+02 
Thorium-234 l/B -1. 65B+02 - 5.58B+Ol 5.402-01 - 5.401:-01 -2.S1E+Ol 

pCi/L Yes/P 
pCi/L No 

------------------------------------------------------ LOCA7IONcSHMU 193A MEDIA-SUbsurface Soil ------------------------------------------------------

Analyte 

Aluminum 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lithium 
Magnesium 
Manganese 
Nickel 
Potassium 
silver 
sodium 
Strontium 
Vanadium 
Zinc 
Acetone 
Anthracene 
Benzla)anthracene 
Benzo(a)pyrene 
Benzolb)fluoranthene 
Benzo (gh1) perylene 
Chrysene 

FreIJUI!DCY 
of 

Detection 

8/8 
a/a 
5/8 
4/4 
8/8 
alB 
8/a 
B/B 
8/8 
B/B 
8/8 
5/B 
B/B 
l/B 
5/B 
B/B 
B/B 
B/B 
1/2 
l/B 
2/8 
2/B 
2/8 
2/B 
2/B 

Nondetected 
Range 

5.00B-Ol - 5.00B-Ol 

5.00B+00 - 5.00B+00 

4.00B+00 - 4.00B+00 
2.00B+02 - 2.00B+02 

1.00£-02 - 1.00B-02 
5.00£-01 - 5.00B-Ol 
5.00B-Ol - 5.00B-01 
5.00E-01 - 5.00B-Ol 
5.00B-Ol - 5.00B-01 
5.00B-Ol - 5.00B-01 
5.00B-01 5.00B-Ol 

Detected 
Range 

3.018+03 - 1.40B+04 
2.16B+01 - B.73B+01 
5.20B-01 - 7.00B-01 
1.062+03 - 2.73B+05 
4.318+00 - 2.77E+01 
1.47E+00 - B.66B+OO 
2.458+00 - 7.31B+00 
3.74B+03 - 1.542+04 
3.7B8+00 - 1. 12B+01 
1. 16B+03 - 1.70B+04 
4.868+01 - 5.64B+02 
5.50E+00 - 9. 16l.+OO 
2.89B+02 - 1.44 +03 
4.00B+00 - 4.00B+00 
2.13B+02 - 3.138+02 
6.36E+00 - 2.53E+02 
5.672+00 - 3. 15E+Ol 
1.B48+01 - 5.548+01 
1.10B-02 - 1.10B-02 
1.16B-Ol - 1. 16B-01 
1.60B-Ol - 1.80E-Ol 
2.40B-Ol - 2.50B-Ol 
3.90B-02 - 5.10B-02 
1.668-01 - 1.70B-01 
1.70B-01 1.70B-Ol 

Arithmetic 
Mean 

9.718+03 
5. 66E+01 
4.60B-Ol 
9.07E+04 
1. 65E+Ol 
4.138+00 
4.97B+00 
1.11B+04 
7. 14E+00 
3.9211:+03 
2.30E+02 
5.428+00 
5.27B+02 
2.25B+00 
1.948+02 
7.47B+Ol 
2.18B+Ol 
3.458+01 
B.OOB-03 
2.33B-Ol 
1.75B-Ol 
2.49B-Ol 
4.77B-02 
1.UB-oi 
2.30E-Ol 

Bl: 

7.3£+02 
3.7£+01 
1.6B-Ol 

4.BE-Ol 
2.1B+02 
7.4B+Ol 
3.1B+02 
7.0B+Ol 

1.4B+Ol 
3.4B+Ol 

6.1B+00 

B.OB+02 
5.68-01 
4.08+02 
9.2E+Ol 
6.5£+02 

BLCR 

1 •. 0B-04 

4.91il+02 

8.5B-03 
8.SE-04 
8.5B-03 

8.5B-Ol 

*p= > PRO, Ba > Background, E. > Essential NUtrient, BiocBioaccumulates, Qual-Qualitative analyte 

cope/ 
Units Basis* 

mg/kg Yes/PB 
mg/kg No 
mg/kg Yes/PB 
mg/kg No 
mg/kg Yes/p 
mg/kg No 
mg/kg No 
mg/kg No 
mg/kg No 
mg/kg No 
mg/kg No 
mg/kg No 
mg/kg No 
mg/kg No 
mg/kg Na 
mg/kg No 
mg/kg No 
mg/kg No 
mg/kg No 
mg/kg Yes/Bio 
mg/kg Yes/P 
mg/kg Yes/P 
mg/kg Yes/P 
mg/kg Yes/Qual 
mg/kg Yes/Bio 



Table 1.10. SUmmary of data evaluation 

------------------------------------------------------ LOCAXIQN-SWMU 19lA MEDIA-SUbsurface soil ------------------------------------------------------

Analyte 

Di-n-butylphthalate 
Di-n-octylphtbalate 
Dibenz(a,h)anthracene 
Diethylphthalate 
Fluoranthene 
Indeno (1,2, 3-gd)pyrene 
Pyrene 
bis(2-BthylhexYl )phthalate 
Alpha activity 
Beta activity 

Analyte 

Aluminum 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lithium 
MagnesiuIII 
Manganese 
Nickel 
Potassium 
Sodium 
StrontiulII 
vanadium 
Zinc 
Anthracene 
Benz (a) anthracene 
Benzo (a) pyrene 
Benzo(b)fluoranthene 
Benzo(ghi)perylene 

Frequency 
of 

Detection 

'.1/8 
1/8 
1/8 
1/8 
2/8 
2/8 
2/8 
2/8 
8/8 
8/8 

Frequency 
of 

Detection 

4/4 
4/4 
1/4 
2/2 
4/4 
4/4 
4/4 
4/4 
4/4 
4/4 
4/4 
2/4 
4/4 
1/4 
4/4 
4/4 
4/4 
1/4 
2/4 
2/4 
2/4 
2/4 

(continued) 

Rondetected Detected Aritbmetic 
llange llange Mean 

5.00B-01 - 6.60B-Ol 7.70B-02 - 7.70B-02 2.388-01 
5.00B-Ol - 5.00B-01 1.20B-Ol - 1.20B-Ol 2.l4B-01 
5.00B-Ol - 5.00B-Ol 1.l0B-Ol - 1.30B-Ol 2.35B-01 
5.00B-01 - 5.00B-Ol 4.00B-Ol - 4.00B-Ol 2.69E-Ol 
5.00B-Ol - 5.00E-Ol 2.30B-Ol - 3.10B-Ol 2.88B-Ol 
5.00B-Ol - 5.0011:-01 1.3811:-01 - 1.6011:-01 1.54B-Ol 
5.00B-Ol - S.OOB-Ol 2.40B-02 - 2.95E-Ol 2.271:-01 
5.00B-Ol - 5.00B-Ol 8.108-02 - 1.70B-Ol 2. 19B-01 

9.608+00 - 2.60B+01 1.628+01 
1.418+01 - 2.37B+Ol 1.90E+Ol 

LOCATXOH-SNMO 193A MEDXA-8urface Soil 

Rondetected 
llange 

5.00B-Ol - 5.00E-Ol 

5.00E+00 - 5.00E+00 

2.008+02 - 2.00B+02 

5.00E-Ol - 5.0p8-01 
5.00B-01 - 5.00B-01 
5.00B-01 - 5.00E-01 
5.00E-01 - 5.008-01 
5.00E-Ol 5.00E-01 

Detected 
Range 

3.018+03 - 1.09B+04 
2.16B+01 - 8.40E+01 
6.408-01 - 6.40B-Ol 
8.768+04 - 2.73B+05 
4.318+00 - 2.65B+01 
1.47B+00 - 5.70£+00 
2.45B+00 - 7.318+00 
3.74B+03 - 1.54E+04 
3.781£+00 - 1.12~tOl 
1.66E+Ol - 1.70B+04 
1.35B+02 - 3.98B+02 
7.27E+00 - 7.50£+00 
2.898+02 - 1.44E+03 
2.13E+02 - 2.13E+02 
1.21B+Ol - 2.53E+02 
5.678+00 - 3.15E+Ol 
3.34B+01 - 5.54B+Ol 
1.16B-01 - 1.168-01 
1.608-01 - 1.80E-Ol 
2.40B-Ol - 2.50B-Ol 
3.908-02 - 5.10B-02 
1.66E-Ol 1.70E-01 

Arithmetic 
Mean 

7.24E+03 
5.34B+01 
3.48B-01 
1.80B+05 
1.29B+Ol 
3.36E+00 
5.32B+00 
9.39£+03 
6.841:+00 
6.918+03 
2.14B+02 
4.94E+00 
6.78B+02 
1.28B+02 
1.228+02 
1.768+01 
4.64E+Ol 
2.17E-01 
2.10B-Ol 
2.48B-Ol 
1.48B-Ol 
2.09B-01 

HI 

2.6B+02 
4.9B+Ol 

2.0B+03 
4.3B+Ol 

3.28+01 
1,48+01 

HI 

7.3B+02 
3.7B+01 
loU-Ol 

4.8E-01 
2.1B+02 
7.48+01 
3.1B+02 
7.08+01 

1.4E+01 
3.4E+01 

8.0E+02 
5.6li:-01 
4.0B+02 
6.58+02 

ELCR 

8.5B-04 

8.5B-03 

2.88-01 

1.0E-04 

4.9E+02 

8.5E-03 
8.5E-04 
8.SE-03 

*pa > PRG, Ba > Background, E= > Bssential NUtrient, BioDBioaccumulates, QualaQualitative analyte 

• • 

copc/ 
Units Basis* 

mg/kg Yes/Bio 
mg/kg Yes/Bio 
mg/kg Yes/p 
mg/kg No 
mg/kg Yes/Bio 
mg/kg Yes/p 
mg/kg Yes/Bio 
mg/kg Yes/Bio 
pCi/g Yes/Qual 
pCi/g YeS/Qual 

COPC/ 
Units Basis* 

mg/kg No 
mg/kg No 
IIIg/kg No 
mg/kg No 
mg/kg Yes/p 
mg/kg No 
mg/kg No 
mg/kg No 
mg/kg No 
lIIg/kg No 
mg/kg No 
mg/kg No 
mg/kg No 
lIIg/kg No 
mg/kg No 
mg/kg No 
mg/kg No 
mg/kg Yes/Bio 
mg/kg Yes/p 
mg/kg Yes/p 
mg/kg Yes/P 
mg/kg YeS/Qual 

• 



• • • 
Table 1.10. SUmmary of data evaluation 

- - - -- - - - -- ----- ------ --- ---------- ---- ---- --- - --------- LOCATION ... SWMt1 193A MEDIA"SUrface Soil -~ - - --- ""'.--- ------ - -- ---- - -- - ------ - -.; - - - - -- -- - -- --- - - --
(continued) 

J'requency 
of HoDdetected Detected Arithmetic COPc/ 

Analyte ]Jetection Range Range Mean HI ELCR Units Basis· 

Chrysene 2/4 5.008-01 - 5.008-01 1.70B-01 - 1.70B-01 2.10E-01 1.5H-01 mg/kg Yes/Bio 
Di-n-butylpbthalate 1/4 5.00E-01 - 6.60il"oi 7.70E-02 - 7.70B-02 2.27B_01 2.6E+02 mg/kg Yes/Bio 
Di-n-octylphthalate 1/4 5.00B-01 - 5.00B-01 1.20E-01 - 1.20B-01 2.11:8-01 4.9B+01 mg/kg Yes/Bia 
Dibenz (a,h) anthracene 1/4 5.00B-01 - 5.001:-oi 1.30B-01 - 1.30E.;01 2.20E-oi 1.5E-04 mg/kg Yes/P 
Diethylphthalate 1/4 5.00B-01 - 5.0DB-01 4.00E-01 - 4.00E-Ol 2.8IB-Ol 2.0B+03 mg/kg No 
Fluoranthene 2/4 5.00B-01 - 5.00B-01 2.308-01 - 3.10B-01 2.60E-01 4.3B+01 mg/kg Yes/Bio 
XDdeno (1,2, 3-cd)pyrene 2/4 5.00B-01 - 5.00E-01 1.3IB-01 - 1.60B-01 2.00E-01 B.S8-03 mg/kg Yes/p 
Pyrene 2/4 5.00B-01 - 5.00B-01 2.40B-02 - 2.95E-01 2.05E-Ol 3.2E+Ol mg/kg Yes/Bio 
bis(2-BthylheXyl)phthalate 2/4 5.00B-01 - 5.00E-Ol I.I0B-02 - 1.70B-01 1. 88E-oi 1.4E+01 2.18-01 mg/kg Yes/Bio 
Alpha activity 4/4 J.60B+I)(1 - 1.70E+01 1.32E+01 pCi/g Yes/Qua.l 
Beta activity 4/4 1.41:8+01 - 2.37B+01 2.108+01 pCi/g Yes/Qual 

> I -~ -----------------------------------------~--- .. ------ LOCArIONaSWMD193B MBDLAOMcNairy Groundwater ---------~~-----------------------.;-----------------
..... Frequency 

Hcmdetected of Detected Aritbinetic COPC/ 
Analyte Detection Range RaIlge Mean HI ELC.R units Basis· 

Trichlorcietbene In 1.00E-03 - 1.00E-03 1.308-02 - 1.30B-02 7.00E-03 1.2B-03 1.4B-04 mg/L Yes/p 
cis-1,2-Dichloroethene 1/2 1.00B-03 - 1.00E-03 2.30:8-02 - 2.30E-02 1.20B-02 2.0B-03 mg/L Yes/P 
Alpha activity 1/~ 1.20B+00 - 1.20E+00 1.29B+00 - 1.29B+00 1. 25B+00 pCi/L YeS/Qual 
Beta activity 212 3.15B+00 - 4.IOE+00 3.9BE+00 pCi/L Yes/Qual 

------- .. .; .. -- .. -------------------------------~-------.. - LOCATION ... SNMD 193B MBDlAaRGA Groundwater -----------------~- .. ----------------------- .. ----------- l-' .. _ . 

Frequency 
...:. 

of Hondetected Detected Arithmetic Copc/ 
Analyte Detection Range Range . Mean HI ELCR Units Basis· 

1,1-Dichloroethene 3/17 1.90B-04 - 5.00E-02 2.30B-04 -2.00E-02 3.36B-04 1.8B-03 9.3B-07 mg/L Yes/p 
Acetone 1/2 1. 00B-02 - 1.00B-02 3~30B-02 - 3.30E-02 1.90i-02 2.0B-02 mg/L Yes/p 
Carbon Tetrachloride 1/5 5.00E-03 - 5.00E-02 5.S0B-03 - 5.50E-03 i.21E-02 1.2B-04 1. SE-OS Ing/L Yes/p 
Di-n-butylpbt~late . 2/10 2.00£"-02 - :il. 00B-02 1.30E-02 - 1.30B-02 1.06B-02 1. 3Ji!-01 mg/L Yes/Bio 
Trichloroetbene 17/17 1.00B-04 - 5.00B-Ol 1.018-01 1.2B"03 1.4E-04 mg/L Yes/p 
bis(2-Ethylhexyl)phthalate 1/10 2.00E-02 - 2.00E-02 1.10£-02 - 1. 801-02 1.08E-02 2.6B-02 3.1E-04 mg/L Yes/P 
cis-l,2-Dicbloroethen8 12/17 2.2I1E-04 - 5.00E-03 1.90B-04 - 9.87E-02 2.92E-03 2.0i-03 mg/L Yes/P 
trans-1,2-Dichloroethene 8/17 4.90E-04 - 2.00E+00 i.00B-04 - 8.10E-04 3.29E-04 4:0E-03 mg/L No 
Alpha activity 12/17 1.10E+00 - 2.80B+00 i.ociB+OO - 6.60E+02 6.09E+00 pCi/L Yes/Qual 

*p .. ,. PRG, Ba ,. BackgrOUnd, Ea ,. Bssential NUtrient, Bio .. BioacCUlllUlates, Qual .. Qualitative analyte 



Table 1.10. SUmmary of data evaluation 

------------------------------------------------------ LOCArIOR=BHMD 19]B MED1A=RGA Groundwater ------------------------------------------------------
(continued) 

Frequency 
of Jlandetected Detected Aritbmetic COPCI 

Analyte Detection Range Range Mean BI BLCR. Units Basis· 

Beta activity 16/17 5.122+00 - 5.122+00 2.702+00 - 5.852+02 2.392+01 pCilL YeslQual 
Technetium-99 8/17 -5.00E-Ol - 1.202+01 1.452+01 - 6.102+01 1.892+01 2.82+01 pCi/L Yes/P 

------------------------------------------------------ ~TICN=BHMD 193B MEDIA.Subsurface Soil ------------------------------------------------------

Frequency 
of Jlandetected Detected Arithmetic copel 

Analyte Detection llaDge Range Mean HI BLCll units Basis· 

Aluminum 4/4 7.632+03 - 1.12E+04 9.98E+03 7.3E+02 mg/kg No 

> Barium 4/4 3.802+01 - 8.422+01 5.36E+Ol 3.7E+Ol mg/kg No 
I 

Beryllium 2/'" 5.002-01 - 5.002-01 5.90E-01 - 1.57E+00 6.65E-Ol 1.6E-01 1. OE-04 DIg/kg Yes/PB - Chromium 4/4 1.04B+01 - 8.87B+01 3.24B+Ol 4.82-01 4.9B+02 mg/kg Yes/p 
~ Cobalt 4/4 3.182+00 - 7.76E+00 .... 99E+00 2.1E+02 mg/kg No IV copper "'1'" 4.182+00 - 7.UE+00 6.21E+00 7.4E+01 mg/kg No 

Iron 4/4 9.73B+03 - 2.4:32+04 1.45E+04 3.1E+02 mg/kg No 
Lithium 4/4 3.44B+00 - 7.72B+00 5.822+00 7.0B+Ol mg/kg No 
Magnesium 4/4 7.742+02 - 4.31B+03 1.i42+03 mg/kg No 
Manganese 4/4 1.05B+02 - 2.22B+02 1.542+02 1.42+01 mg/kg No 
Nickel 2/4 5.002+00 - 5.002+00 7.82B+00 - 2.062+01 8.362+00· ].42+01 mg/kg No 
Potassium 4/4 2.372+02 - 6.862+02 3.91B+02 mg/kg No 
SodiU1ll 4/4 2.442+02 - 4.48B+02 3.122+02 mg/kg YeslB 
Strontium 4/4 8.112+00 - 9.392+01 3.13E+01 8.02+02 mg/kg No 
Vanadium 4/4 1.75B+Ol - 6.50B+Ol ].10B+01 5.6B-Ol mg/kg Yes/pB 
Zinc 4/4 1.752+01 - 5.572+01 3.09B+01 4.02+02 mg/~g No 
Acetone 1/1 8.002-02 - 8.0Illi- 02 8.00E-02 9.2B+01 mg/kg No 
Toluene 1/3 1.00E-02 - 1.00E-1l2 1.00B-02 - 1.00:8'-02 6. 67B-03 9.8E+01 mg/kg No 
~lpha activity 4/4 2.14E+00 1.863+01 1.192+01 pCi/g Yesloual 
Beta activity 4/4 9.102+00 - 2.29E+Ol 1.52B+Ol pCi/g Yes/Qual 

------------------------------------------------------- ~TICNaSKMD 193B MED1A=8urface Soil -------------------------------------------- ___________ _ 

Frequency 
of Jlandetected Detected Arithmetic copcl 

Analyte Detection llaDge Range Mean HI BLCll units Basis· 

Aluminum 2/2 7.43E+03 - 1.08B+04 9.12B+03 7.32+02 mg/kg No 
Barium 212 3.802+01 - 8.422+01 6. 11B+Ol 3.7E+Ol mg/kg No 

*p .. > PRG, B= > Background, E= :. Essential Nutrient, Bio=Bioaccumulates, Qual.,QuaHtat!ve analyte 

• • • 



>-I ..... 
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w 

• • • 
Tab.le 1.10. 'B\mImary of data evaluatiOn 

LOCATION"81Oio' InS. MEDIA..SUrface Boil - .. _. . ---------------------.--------------------------------- ---. ----------------- -- --.--~.;.---- --- .---- --~-- ... ~ ~ --. ---- --

Analyte 

Beryllium 
Chromium 
cobalt 
Copper' 
Iron' 
f.iI::hi um 
~gnO.siullL 
Manganese' 
N1Ck.e~ 
POtasSium 
Sodium ' 
strontium 
Vanadium 
zinc 
Toluene . 
Alpha activity 
Beta activity 

Frequency 
. of . 

Detection 

'1/2 
2/2 
2/2 
2/2 
l/2 
2/2 

. 2/2 
. 2/2' 

1/2 
2/2 
2/2 
2/2 
2/2 
2/2 
1/2 
2/2 
2/2 

. . (contiilUed) -

. Hondetected 
Range 

S.OOB-Ol - 5.00B-01 

5.00£+00 ... S.OOi:+OO 

1.002-02 - 1.00B-02 

Detecteci 
Range, 

1.57£+00 - 1.S7B+00 
1.04£+01 '- 8.87E+01 
3.82E+00 ..; 7.76i+00 
7.07B+00 "',?A~~oo 
1.162+04 - 2.432+04 
3.44£+00 - '.72B+00 
7.'4£+02 - 4.31£+03 
'1.138+0:2 -.2.22B+02 
2.06£+01 - 2.061:+01 
2.31~.j.02 6.86B+02 
2.44B+02 -.2.491:+02 
1.42B+01 ·9.39E+oi 
1.75£+01 - 6.50:8+01 
3.21£+01 .- 5,57£+01' 
1.00B-02 1~0IiB-02 
1. 63B+01 - 1. 86B+oi 
1. 66E+01 - 2.29B+01 

Arithmetic COPC/' 
Mean Hi ELCR UUits Basis* 

9.10E-Ol 1.6E,.01 ],.OE-04 DIg/kg Yes/PB 
4: 96E+01 4.8E-01 4.9E+02 lng/kg Yes/P 
S.79B+00 2.1B+02 lug/kg No 
7.252+00 '7.4-:8+01 mg/kg . No 
~.80B+04 3.il+02 mg/kg .No 

' S.S8B+00 '7~OB+0~ mg/kg Ho 
2.5411:+03 mg/kg No 
1.61!~02 1.4B+01 '. mg/kg No 
1.16B+01 3.4B+01 . Dig/kg No 
4.622+02 lii9/kg No 
2.472+02 mg/kg No 
S.41B+01 8.0B+02 mg/kg No 
4. 13:B+01 5.6E';'01 ,tiig/kg YeS/PB 
4.3!1E+01 4.0B+02 .liig/kg No 
7.50B-03 9.8E+01· mg/kg .No 
1.75£+01 liCi/g YeS/Qual 
1.98:8+01 }lCi/g Yes/Quai 

--- - - - - - ---- ----....... - ... .;. . .;. . .;.-.-.;. .. ~-------- ----------- ----- LOCA~OH-S'iom" .193C MED.IA-MCNairy Groundwater -- -----------_- ---- ... ..;--"-- -- -- ------ - -: - - - - - -"' - - - - - - - --

Analyte 

Aluminum 
Antimony 
. Arsenic' 
Barium 
BerYllium 
Cad1iiiUlil 
Calcium 
Chloride 
Chromium 
Cobalt 
~per 
Fluoride 
Iron 
'Lead 
Magnesium 

FreqUency 
Hondetected . of Detected. Arithmetic 

Detection lWlge Range Mean Jq. BLCR 

4/4 7.50E-Ol - ~.OtE+Ol . 2.52E+01 1.5E+00 
5/5 6.00:8':'02 - ~.SI:II-Ol 1.48E-01 5.6E~04 
5/5 5. O~~~-~~ - 3.60 -02 1.12E-02 4.5E-04 3.5E-06 
Sf$. 9.20E.,.02 - 6.70E-01 2.6SE-ili 1.0E-01 
~/5 5.DDE;'03 - 2.502-02 1.54B-02 2.6E~D3 1.il~-06 
'!o/s 1.002-02 - 1.002-01 j.liii-02 6.6E:-04 
5/5 6.48E+00 -.4.10E+01 2.191;:+01 

'5/5 1.45B+lh 1. 68E+Ol 1.S6E+01 
1/3 5. o DE.., 02 - 2.32E-oi 1.142-01 4.iE-Oj 
5/5 4.S0B-02 ...; 1.2U-Ol . 7.22B-02 !I.ii-02 
5/5 1.10B-OJ - 1.63E-01 6.52E-02 6.0B-02 

.4/4 2.00B-Ol - 2.80E-Ol 2.38E-Ol 9.1B-Ol 
5/5 S.04E+OO.- 1.7!1B+02 4.1SE+Ol 4.5£-01 
1/1 2.50E-01 2.50E-01 2.S0E-Ol 1.SE-07 
S/~ 2.14B+00 - 2.16E+01 7.47:&:+00 

*P~ > ~G, Ba ~ Background, Em > Essential Nutrient, Bio=Bioaccumulate~, QualaQuBlitative analyte 

. COPCI 
. Units Basis* 

mg/L Yes/p 
IJI9/L Yes/P 
mg/L Yes/P 
rrig/L Yes/P 
mg/L Yes/P 
liiij/L Yes/P 
Dlij/L No 
mg/L No 
mg/L Yes/P 
mg/L Yes/p 
mg/L No 
riJg/L No 
mg/L Yes/PB 
m<j/L Yes/P 
Jii!:J/L No 



Table 1.10. sUmmary of data evaluation 

---------------------------------------------------- LOCATJ:ON-SWMD 19le MEDIAaMcNairy Groundwater ------------~---------------------------------------(continued) 

Frequency 
of Jlondetected Detected Arithmetic copcl 

Analyte Detection Range Range Me~ HI BLCR units Basis* 

Manganese SIS 1.S7E-01 - 1.91B+OO 1.14B+00 &.7B-02 1II9/L Yes/P 
Mercury 1/1 2.00B-04 - 2.00B-04 2.00E-04 4.4B-04 mg/L Yes/Bio 
Molybdenum 4/4 S.00B-02 - 1.00B-01 6.lBB-02 7.SB-Ol mg/L Yes/PB 
Nickel 515 1.00B-Ol - 1.09B-01 1. OlB-01 l.OB-02 mg/L Yes/p 
Nitrate as Jlitrogen SIS 1.00B+00 - 1.00B+00 1.00B+00 2.4B+00 mg/L No 
Potassium 5/5 l.7lB+01 - 1.01B+02 6.928+01 mg/L No 
Selenium l/3 S.00B-03 - S.00B-03 S.008-0l 7.SB-Ol mg/L No 
Silica SIS 1.10B+01 - 1.BOB+Ol 1.l2E+01 mg/L Yes/Qual 
Silver l/l 5.0011:-02 - 6.0011:-02 S.&7E-02 7.SB-03 rnq/L Yes/p 
Sodium SIS 1.!lOB+01 - 2.638+01 2.2lB+01 mg/L YeS/Qual 
Tetraoxo-sulfate(l-) 5/5 9.60B+00 - 1.l0B+01 1. 19B+01 mg/L Yes/Qual 

» Thallium 2/2 6.00B-02 - 1.2lB-01 9.1SB-02 rnq/L Yes/Qual 
I Uranium 'I' 1.00E-Il] - 1.IOB-oa a.llIB-O] fo.SE-O] mg/L Yes/P - Vanadium 2/2 S.70B-02 - l.l6B-Ol 4.47B-Ol S.JB-OJ mg/L Yes/P .j:>. 

""" Zinc sis 2.60B-02 - 5.64£-01 1.B9B-Ol 4.SE-01 mg/L Yes/P 
l,l,l-Trichloroetbane 4/4 S.00B-03 - 5.001-03 5.00B-03 5.4B-02 mg/L No 
1,l,2-Tricbloroethane 4/4 S.OOB-O] - 5.00B-Ol 5.00B-Ol 1.1B-04 l.BB-OS mg/L' Yes/P 
1,l-Dicbloroetbane 4/4 S.OOB-Ol - S.OOB-OJ 5.00B-OJ 2.7B-02 1II9/L No 
1,1-Dichloroethene 4/4 5.00B-Ol - 5.00£-03 5.00B-03 1.BB-03 9.3B-07 mg/L Yes/P 
l,2-Dichloroethane 4/4 5.00B-Ol - 5.00B-03 5.00B-Ol 6.7E-04 1.lE-OS mg/L Yes/P 
Benzene 4/4 5.00B-Ol - S.00E-03 S.OOB-OJ 4.0E-04 1.SE-OS 1II9/L Yes/P 
Bromodichlorometbane 4/4 S.00B-03 - 5.00B-0] S.OOB-O] 4.0B-OJ B.4B-OS mg/L Yes/p 
Carbon Tetrachloride 4/4 S.OOB-OJ - S.OOB-O] S.00B-03 1.2B-04 1.5B-05 mg/L Yes/p 
Chloroform 4/4 5.00B-0] - 5.00B-OJ S.OOB-O] 2.0B-Ol 1.SB-05 mg/L Yes/p 
Btbylbenzene 4/4 5.00B-0] - 5.00E-0] S.OOB-OJ 4.SB-02 mg/L Yes/Bio 
Polychlorinated biphenyl 1/1 1.00B-04 - 1.00B-04 1.00B-04 B.OB-06 mg/L Yes/p 
Tetrachloroethene 4/4 5.00B-03 - 5.00IG.-0] S.OOE-O] 7.9B-Ol 5.7B-05 1II9/L Yes/p 
Toluene 4/4 5.00B-0] - 5.00B-03 5.00B-Ol 2.4B-02 mg/L No 
Trichloroethene 12/12 1.00B-03 - 2.0011:-03 1.0BB-D3 1.2B-D3 1.4E-D4 mg/L Yes/P 
Vinyl Chloride 4/4 5.DDB-D3 - 1.DDB-02 6.25B-D3 1.7B-D6 mg/L Yes/p 
Xylene 4/4 S.ODB-OJ - 1.0DB-02 7.50B-D3 4.0B-01 mg/L Yes/Bio 
cis-I,2-Dichloroetbene 4/4 5.DOB-D3 - 5.DDB-DJ 5.0DB-D3 2.0B-03 mg/L Yes/p 
trans-l,2-Dichloroethene 4/4 5.DOB-D3 - 5.00B-03 5.DOB-03 4.DE-03 mg/L Yes/p 
Alpha activity 12112 -1.BDB+01 - 1.07B+02 7.47B+DD pCi/L Yes/Qual 
Beta activity 12/12 S.SOB+D1 - 2.36B+D2 1.2911:+02 pCi/L Yes/Qual 
Radon-222 2/2 1.4lB+D2 - 1.S7B+D2 1.SDE+D2 1.4B+OD pCi/L Yes/P 
Technetium-99 13/13 -7.00B+00 - 2.70B+01 6.1BB+DO 2.BB+D1 pCi/L No 

*p- > PRG, BD > Back~, BD > Essential Nutrient, BioaBioaccumulates, Qual-Qualitative analyte 

• • • 
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Table 1.10. SUmmary of data evaluation 

------------------------,..-------.,------------------.,.-- LOQT:ION .. 8WN[1 193C MBD:IAaRGA GrOundwater -----------:---.. ----------------------:-----------------

Atialyte 

1,2-DiChloroethene 
Trichloreetheile 

Frequency 
of 

Detection 

1/2 
: 1/2 

Ncmdetected 
Range 

5.00B·-03 -= 5.00B-03 
1.001:.-03 - 1 •. 00li:-03 

---------------~~~~-~~~~-~------------------------~--- LOCAT:IONaSWMU 

Frequency 
of Hondetected 

Analyte l)et:ection . Range 

Aluminum 20/20 
Arsenic 5/20 5.00B+00 - 5.00B+00 
Barium 1/1 
Beryllium 1.0/20 5.00E-01 - 5.00E-01 
Boron 1/20 1.00E+02 - i.00B+02 
cadaiiuiri 3/59 2.ioB-01 .. 5~00B+00 
Calcium 18/20 5.008+00 5.00:8+00 
Cht'omi tiiD 59/61 2.00B+00 2.00E+00 
Cobillt 17/20 1.00B+00 .. i.OOB+OO 
COpper ·16/20 2.00:8+00 - ~·.OOE+OO 
Iron 6/6 
Lead 42/61 5.00B+00 2.00i+01 
Lithium ·.17/20 2.0DB+OO 2~OOB+00 
Magnesium 20/20 
Manganese 20/20 
Nickel 13/20 5.00E+00 - 5.002+00 
Potassium ·20/20 
SodiUm 1~/20 2.00B+02 - 2.00E+02 
Strontium 20/20 
Vanadium 20/20 
Zinc 19/20 1.50B+01 - 1.502+01. 
Xylene 1/20 !i.OOB-03 - 5.00E-03 
Alpha a5=t~:v:it:y 53/53 
Beta a&:t;ivity 53/53 

Detected Aritblnetic .CQPC/ 
RaDga Mean JiJ: ELCR .Onit~ Basis* 

5.ti2E-Ol - S.ti2B-Ol 2.82E-01 1.SE-03 mg/L Yes/p 
1. 62E-Ol - 1.628-61 8.15B-02 i.2E~03 1 .. 48-04 mg/L Yes/P 

193C MBDIA=SUbsurface Soil --------~~-~--~--~---------------------~~~~-----------

Detected Arit:hmet:ic cope/ 
Railge Mean HI ELCR Units Basis* 

3.14B+02.·- 1.37B+04 8.52B+03 7.31:+02 mg/kg Yes/PB 
5.01B+OD -.- 6.57B+oO 3.33B+00 6.sB-ai 9.2£-03 mg/kg Jio 
1.42E+02 - 1.422+02 1.42E+02 3 .• 7E+oi mg/kg ·No 
5;00:8-01 - !I.ilO:8~Oi 4.tilE-Ol 1.tiE-Ol 1.0E-04 mg/kg Yes/PB 
1.00B+02 1.00:8+02 5.25E+Ol 3.3E+02 mg/kg No .. 

2.41B-01'" 5.00B+00 1.92B+00 :J.8i-oi· 3.3B+03 mS/kg y'es/PB 
2:23i:+02 4.00':8.05 2.tiOE+04 mg/kg No .. 
3;768+00 8.']08+oi 1. 89E+ll1 4. ai:-01 4.9E+02 . mg/kg Yes/P 
1.228+00 S:6U+0l. 6.41iE+00 2.18+02 mg/kg Yes/B 
.2. 15E+00 ., 2.·828+01 7.56B+00 7.4E+01 mg/kg No 
1.208+04 - 3.008+04. 2.228+04 3.1B+Oi mg/kg Yes/PBE 
5.10E+00 .,. ti.778+oi 1.202+01 LOE'"04 'mg/kg Yes/PB 
2.50E+00 ~ 1. 253 .. oi 7.17E+00 7.0E+01 IIIg/kg No 
8.52E+02 ~.4~B.04· 3.41E+03 mg/kg No 
1.63B+01 -. 2.27B+03 3.998+02 i.4E+Ol mglkg Yes/PB 
5.!I!IB+OO - 2.158+01 !I. 7 tiE+O 0 3;4E+Ol mg/kg No 
1.i~B.t0~ - 1.578+03 5.33Bi:02 DIg/kg ·No 
2.02B+02 - 4.418+02 2. 62E+02 mg/kg ¥es/B 
7.25B+00.- 3.9iB+02 1.06E+02 8.0E+02 mg/kg No 
2.12B+00.- 4~42E+01 2.05E+Ol 5.6~"01 mg/kg Yes/PB 
1.632+01 - J.25E+01 '4.14B+01 4.0E+02 mg/kg'. Yes/B 
i.ooi~oa - 1.00E-02 2,SSE-03 1.7B+03 iilg'-/kg Yes/Bio 
1.50:8-03 - 4·110E+00 1.54E+00 pCi/ij YeS/Qual 
5.00:8:'03 - 1.002+01 4.45E+00 pCi/g Yes/Qual 

*P .. > PIG, 15 .. > BackgrOund, Em ,. Essential Nutrient, Bio=Bioaccumulates. Qual=Qualitative analyte 
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Table 1.10. Summary of data evaluation 

------------------------------------------------------- LOCAXIOH=SWMD 193C MBDIAaBurface Soil --------------------------------------------------------

Frequency 
of lIlondetected Detected Adthmetic copc/ 

Analyte Detection lWIge Range Mean HI BLeB. units Basis* 

A1Ulllinum 5/5 3.148+02 - 3.3"+03 1.908+03 7.38+02 mg/kg No 
Boron 1/5 1.008+02 - 1.00E+02 1.008+02 - 1.00E+02 6.00B+Ol 3.3B+02 mg/kg No 
calcium 5/5 2.53B+05 - 4.00B+05 3.37B+05 mg/kg No 
Chromium 3/5 2.00B+00 - 2.00E+00 4.498+00 - 1.208+01 5.90B+00 4.8E-01 4.9E+02 mg/kg Yes/P 
Cobalt 2/5 1.00B+00 - 1.00B+00 1.22B+00 - 2.14B+00 9.72B-Ol 2.1B+02 mg/kg No 
Copper 2/5 2.00B+00 - 2.00B+00 3.378+00 - 2.828+01 6. 91B+OO 7.4E+01 
Lead 1/5 2.008+01 - 2.008+01 6.778+01 - 6.778+01 2.151£+01 1.0E-04 
Lithium 3/5 2.00E+00 - 2.00B+00 5.43B+00 - 1.258+01 6.03B+00 7.0E+01 

mg/kg No 
IDg/kg Yes/PB 
mg/kg No 

Magnesium 5/5 3.19B+03 - 1.4511+04 8. 76B+03 
Manganese 5/5 3.55B+01 - 1.988+02 7.9011+01 1.4B+01 
Nickel 1/5 5.00B+00 - 5.00B+00 6.43B+00 - 6.438+00 3.29B+00 3.4E+01 

mg/kg No 
mg/kg No 
IDg/kg No 

Potassium 5/5 1.43B+02 - 1.57B+03 7.01B+02 
Sodium 4/5 2.00B+02 - 2.00B+02 2.29B+02 - 3.10B+02 2.37B+02 

mg/kg No 
mg/kg No 

Strontium 5/5 1.96B+02 - 3.91B+02 2.92B+02 8.0E+02 
Vanadium 5/5 2.12B+OO - 6.708+00 '.OOStoo 5.68-01 

mg/kg No 
mg/kg No 

Zinc 5/5 4.598+01 - 9.258+01 6.598+01 4.0B+02 mg/kg Yes/B 

------------------------------------------------------ LOCAXIOH=SWMD 194 MBDLlaSUhsurface Soil -------------------------------------------------------

Analyte 

Aluminum 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Nickel 
Potassium 
Sodium 

• 

Frequency 
of 

Detection 

12/12 
1/12 
12/12 
6/12 
1/35 
12/12 
35/35 
12/12 
12/12 
12/12 
20/35 
12/12 
12/12 
12/12 
8/12 
12/12 
8/12 

lIlondetected 
Range 

5.008+00 - 5.00E+00 

5.008-01 - 5.00B-Ol 
2.00E+00 - 5.00B+00 

5.00B+00 - 2.00E+01 

5.00E+00 - 5.00B+00 

2.00B+02 - 2.008+02 

Detected 
Range 

5.38B+03 - 1.45E+04 
6.73B+00 - 6.738+00 
2.058+01 - 1.39B+02 
5.40B-Ol - 4.80~;t00 
8.55B+00 - 8.55 +00 
5.688+02 - 6.81B+03 
8.241£+00 - 1.038+02 
2.528+00 - 9.468+00 
2.418+00 - 1.678+01 
6.41E+03 - 2.008+04 
5.03E+00 - 3.608+02 
2.418+00 - 9.008+00 
4.158+02 - 2.34E+03 
3.49B+Ol - 4. 67E+02 
5.74E+00 - .1.37E+01 
1.53E+02 - 6.328+02 
2.10B+02 -.3.698+02 

Arithmetic 
Mean HI ELCR 

9.478+03 7.38+02 
2.858+00 6.9B-01 9.2E-03 
7.518+01 3.7B+01 
7.U8-01 1.6B-01 1.0B-04 
2.15B+00 3.8B-Ol 3.3B+03 
1.671£+03 
1.848+01 4.88-01 4.9E+02 
5.058+00 2.1E+02 
7.49B+00 7.4E+Ol 
1.248+04 3.18+02 
1.198+01 1.08-04 
6.45B+00 7.08+01 
1.328+03 
1.&OB+02 1.4E+01 
7.22B+OO 3.4E+Ol 
3.808+02 
2.37B+02 

epa ~ PRO, B= ~ Background, ED ~ Essential Nutrient, BioaBioaccumulates, Qual-Qualitative analyte . 

• 

copc/ 
Units Basis· 

mg/kg Yes/PB 
mg/kg No 
mg/kg No 
mg/kg Yes/PB 
mg/kg Yes/PB 
IDg/kg No 
mg/kg Yes/P 
mg/kg No 
mg/kg No 
mg/kg No 
mg/kg Yes/PB 
mg/kg No 
mg/kg No 
mg/kg No 
mg/kg No 
mg/kg No 
mg/kg Yes/B 

• 
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TaI:lle 1.10. BUIiiIIIary of data evalllBtion 

---------------------------------------------~-------- LOCAXIONaSNMD 194 MEDlAaSUbsurface Soil -------------------------------------------------------(cont iIlued) .. 

Freqllency 
of Nondetected Detected Arithmetic COPC/ 

llnalyte Detection Range Range Mean Hl:. BLCR Units Basis· 

Strontium 12/12 3.92E+00 - 2.60B+Ol 1.29B+Ol S.OB+02 mg/kg No 
VanadiUIII 12/12 3,.502+01 - 2.5SB+Ol 1. 99B+Ol ~.6i-Ol mg/kg No 
Zinc 11/12 1.50B+Ol - 1.50E+Ol 1.57B+Ol - 6.7iSB+01 3.82E+Ol 4.0B+02 mg/kg Yes/B 
Ethylbenzene 1/19 5.00B-03 - 5.00B-03 1.50B"-02 - 1.50B-02 3.16:&:-03 1.1E+02 mg/kg Yes/Bio 
Alpha activity 23/23 1.20:8+00 - 2.50B+00 1.S5B+00 pCi/g Yes/Qual 
Beta activity 23/23 3.00B+00 - 7.00B+00 4. 83B+OO pCi/g Yes/Qual 

.--------------------------------------------------- LOCATION.BNMU 99A MEDIAaMcNairy Groundwater -----------------------------------------------------

Frequency 
of Bondetected Detected Arithmetic COpc/ 

Analyte Detection ~e Range Mean HI Etti Units Basis· 

1,l,l-Trichloroethane 1/4 5.00B-03 - 5.00B-OJ 1.20B-OJ - 1.20B-03 2.18B-OJ 5.4B-02 mg/L No 
:!.,l-Dichloroetbene 1/4 1.ooi-02 ... 1.00E-02 2.29B-02 - 2.29B-02 9.48B:-OJ 1.SE-03 9.3B-07 mg/L Yes/P 
Carbon Tetrachloride 1/4 5.00E-03 - !i.ilOE-03 2.S0E-0] - 2.SoE-03 2.5SE-03 1.2E-04 loSE-OS mg/L Yes/P 
Tricl1loroethene 3/4 5.00B-03 - 5.00B-03 3.0oE-04 - S.i,i:-Ol 1.311:-01 1.21:-03 i.4E-04 mg/L Yes/P 
cis-l,2-Dichloroethene 2/4 2.00E+00 - 2.00B+00 2.80E-02 - 1.15E-Ol 1.04E+00 2.0E-03 mg/L Yes/P 
Alpha activity 2/2 2.60B+00 - 2.90B+00 2.7SE+00 pCi/L Yes/QUal 
Beta activity 2/2 2.30B+Ol - 3.50B+Ol 2.90B+Ol pCi/L Yes/Qual 
Technetium-99 2/2 1.00E+O:1. - 1.90E+01 1.45B+01 2.SE+Ol pCi/L No 

- - ----- --------------------""-------------------------- LOCATION.S1IMU. 99A MEDIAaRGA Groundwater -----------------.---------------------- - -.- - - -- - -- --- ---

Analyte 

Aluminum 
Arsenic 
Barium 
Beryllium 
Calcium 
Chloride 
Chromium 
Cobalt 
Copper 
Fluoride 

Frequency ..: 
cif Nondetected. Detected Arithmetic 

DetectiOJi Range lWlge Mean HI ELCR 

16/35 2.00E-Ol - 1.00E+00 2.00E-Ol - 6.59E+02 2. 17E+OO 1.5E+00 
4/27 5.00B-OJ - 5.00B-OJ 5.00B-03 - 1.00B-0:2 3.S6E-OJ 4.SB-04 J.5B_06 
H/H 1.30B-Ol - J.30:8+00 S.41B-Ol 1.0B-Ol 
S/35 5.o0E-OJ - 2.50E-02 8.00E-03 - 1.00E-Ol 3.871:-03 2.61:-03 1.0E-06 
39/39 2.10E+Ol - 1.20B+02 4.14E+OI 
9/9 5.68E+oi - i.20E+02 6.83E+OI 
11/39 5.00E-02 - 6.00B-02 6.00E-02. - 1.7BE+00 4.HE-02 4.2E-OJ 
20/37 1.00E-02 - 1.00B-Ol l.00E-02 - 5.70E-Ol 5.64E-02 9.ii-02 
9/J5 1.00E-02 - 1.00E-Ol 7.00E-02 - 6.40E-Ol 3.1SE-02 6.0E-02 
SIB 1. 70E-Ol 2.00E-Ol 1.S4E""01 9.1E-02 

.p .. > PRO, B .. > Background, B" > Essential Nutrient, Bio"Bioaccumulates, Qual"Qualitative analyte 

coPc/ 
Units BaSis· 

mg/L Yes/P 
mg/L Yes/P 
mg/L Yes/P 
mg/L Yes/P 
mg/L No 
mg/L Yes/E 
mg/L Yes/P 
mg/L Yes/P 
mg/L Yes/PE 
mg/L No 



Table 1.10. SUmmary of data evaluation 

------------------------------------------------------ LOCAXIOH-SHMU 99A MEDIA-RGA Groundwate~ -------------------------------------------------------
( continued) 

Frequency 
of Nondetected Detected Adthmetic COPC/ 

10nalyte Detection Range Range Mean HI ncR units Basis· 

Iron 31/39 2.00B-01 - 3.55B-01 2.10B-01 - 1.20E+03 9. 19B+OO 4.5B-01 mg/L Yes/PE 
Lead 6/29 5.00B-02 - 2.50B-01 5.008-02 - 4.108-01 4.0lB-:-02 1.58-07 mg/L Yes/P 
Lithium 6/2l 5.00B-02 - 5.008-02 5.008-02 - 1.70B-Ol 4.45B-02 l.08-02 mg/L Yes/P 
Magnesium 39/39 8.38E+00 - 4.978+01 1. 64E+Ol mg/L Yes/E 
Manganese 37/39 1.00B-Ol - 1.00B-Ol 4.30B-02 - 4.60B+00 1. 13B+00 6.7E-02 mg/L Yes/P 
Mercury 5/25 2.00B-04 - 2.00B-04 2.00B-04 - 2.00B-02 6.llB,:,05 4.48-04 mg/L Yes/P 
Nickel 16/l9 5.00B-02 - 1.00B-Ol 5.008-02 - 9.10B-Ol 9.2S8-02 l.OE-02 mg/L Yes/p 
Nitrate as Nitrogen 7/9 1.00B+00 - 1.00B+00 1.00B+00 - 2.10B+00 1.12B+00 2.4E+00 mg/L No 
Potassium 24/39 2.00B+00 - 1.05B+01 2.088+00 - 2.17B+01 4.17B+00 mg/L No 
Silica 9/9 1.50B+Ol - 2.50B+01 1.878+01 mg/L YeS/Qual 
Sodium 39/39 1.SOB+Ol - 7.24B+Ol 5.34B+Ol mg/L Yes/Qual 
Strontium 30/30 1.20B-Ol - 4.708-01 2.UE-Ol 9.0B-Ol mg/L No 

:> sulfate: 2/2 1.758+01 - 1.928+01 1.84B+Ol mg/L Yes/Qual 
I Tetraoxo-sulfate(l-) 7/7 1.10E+01 - 2.20B+Ol 1. 67B+01 mg/I. Yes/Qual .-

.J:>. Vanadium 10/28 1.008-01 - 1.00B-Ol 8.50B-02 - 2.15B+OO 1.49B-Ol 9.1B-Ol mg/L Yes/P 
00 Zinc 10/35 1.00B-02 - 2.502-01 1.101£-02 - 2.55B+00 8. 96B':'02 '.5E-Ol mg/L Yes/P 

l,l-Dicblo~oethene 7/l1 1.00B-Ol - 5.00E-02 8.00B-Ol - 6.50B-02 1.70B-02· 1.BB-03 9.3E-07 mg/L Yes/p 
Trichloroethene 41/43 1.00B-03 - 5.00E-03 2.00B-04 - 2.37E+00 3.47B-01 1.2B-Ol 1.48-0' mg/L Yes/P 
bis(2-Ethylhexyl)phthalate 5/10 2.008-02 - 2.008-02 6.00B-Ol - 1.602-02 1.11B-02 2.61£-02 1.lB-04 mg/L Yes/P 
cis-l,2-Dicbloroethene 10/33 1.00B-03 - 2.00B+00 l.OOB-O' - 3.48E-02 3.70B-03 2.0B-03 mg/L Yes/P 
trans-l,2-Dicbloroethene 3/33 1.00B-03 - 2.008+00 3.00B-04 - 6.00B-04 5.49B-04 4.0E-03 mg/L No 
Alpha activity 33/39 -2.20B+00 - 2.60B+00 -2.50B+00 - 5.38B+01 4.S6E+00 pCi/L YeS/Qual 
Beta activity 3l1/39 3.008+00 - 1.37B+02 3.1&E+Ol pCi/L Yes/Qual 
Radon-222 4/4 2.86B+02 - 6.758+02 4.7SB+02 1.'E+OO pCi/L Yes/P 
Technetium-lI9 34/40 4.10B+00 - 1.70B+01 3.00B+00 - 1.398+02 3.488+01 2.88+01 pCi/L Yes/p 

______________________________________________________ 
LOCATIOH-SWMU lI!IA MEDIA-SUbsurtace Soil ----------------------------------.------------~-------

Frequency 
of Nondetected Detected Arithmetic coPc/ 

Analyte Detection Range Range Mean HI ELCR units Basis· 

Aluminum 22/22 1.BOB+Ol - 1.41E+04 7.55E+0·3 7.3E+02 mg/kg Yes/PB 
Antimony S/22 2.008+01 - 2.00B+Ol 1.708+00 - 2.lIOE+00 2.162+00 6.'8-02 mg/kg Yes/PB 
Arsenic 11/22 5.00B+00 - 5.00E+00 2.40E+00 - 8.SS8+00 4.22B+00 6.lI8-01 lI.2E-03 mg/kg Yes/PB 
Barium 22/22 2.03B+01 - 2.47E+03 1.53E+02 3.7E+01 mg/kg Yes/PB 
Beryllium 11/22 5.00E-01 - 5.00B-01 2.20B-01 - B.90E-01 4.12B-01 1.6B-01 1. OB-04 mg/kg Yes/PB 
Cadmium 5/22 2.008+00 - 2.00B+00 7.50B-Ol - 8.30B-01 8.1l18-01 l.8S-01 3.38+0l mg/kg Yes/PB 
Calcium 20/20 1. 148+0l - 2.87B+OS 1.668+05 mg/kg No 

*pe ~ PRG, B- ~ Background, Ee ~ Essential Nutrient, Bio=Bioaccumulates, Qual=Qualitative analyte 

• • • 



• • • 
Table 1.10. SUmmary of data evaluation 

--------------------------~-~~-~-~-------------------- LOCATION .. BNMl1 99A MEDIA-SUbsurface Soil ---~~~-~~~---------------------~~~~--------------------(cOntinued) 

Frequency 
of Nondetected Detected Arithmetic COPC/ 

Arialyte Detection Range Rqe Mean HI BLCa UIl.its Basis· 

ChrOmium 22/22 7.002+00 - 4.57E+Ol 1.UE+01 4.8E-Ol 4.92+02 mg/kg Yea/P 
Cobalt 20/22 1.00B+00 .,. 1.00B+00 1. 68B+OO - 1.19B+Ol 4.9ii+00 2.1E+02 mg/kg No 
Copper· 21/22 2.00E+OO - 2.00E+illi 1.80E+OO - 1."E+Ol 7.31B+OO 7.4B+Ol mg/kg No 
Cyanide 2/16 1.008+00 - 1.00B+00 4.40E-Ol - 5.40E-Ol 4.991:-01 2.3B+Ol mg/kg No 
Iron 22/22 1.45B+01 - 2.11B+04 1.18&+04 1.lE+02 mg/kg No 
Lead 6/22 2.00B+Ol - 2.00B+Ol 7.008+00 - 4.'73E+Ol i.36B+01 1.0E-04 mg/kg Yes/PB 
Lithium 17/17 2.8211:+00 - 1.292+01 7.lBB+OO 7.0B+Ol mg/kg No 
Magnesium 2~/~2 1.972+02 - 2.71E+04 6.UB"'Ol mg/kg No 
Manganese 22/22 3.91B+Ol - 1.46B+01 ]..02E+03 1.4B+Ol mg/kg Yes/PB MerCUry 5/22 2.002-01 - 2.00E-Ol 8.001:-02 - 1.20B-Ol 9.95B-02 1.4B-Ol mg/kg No 
Nickel ~7/~~ 5.00B+00 - 5.00E+OO 2.50E+00 - 2.58£+01 9.72E+00 1.4B+Ol mg/kg No 

> Potassium 22/22 2.28B+02 - 1.128+01 5.27B+02 mg/kg No 
I Selenium 5/20 1.00B+00 - 1.001:+00 2.90B-Ol - 3.20B-Ol 1.l1B-Ol 1.2B+Ol mg/kg No - Silver 5/22 4.00B+00 - 4.00B+00 6.40B-Ol - 7.10B-Ol '.99l£-01 6.1B+00 mg/kg No .j:>. 

Sodium 14/22 2.002+02 - 2.51B+02 6.63&'01 - 1.91B+02 2.14E+02 mg/kg Yes/B 1.0 
Strontium ",/17 8.18B+00 - 5~14B+02 2.25B+02 8.0B+02 BIg/kg No 
Thallium 5/22 1.501£+01:- 1.50B+Ol 5.10B-01 - 5.90B-Ol 5.75B-Ol mg/kg Yes/B 
VanadiuM 22/22 4.4813+00 - 3.55B+Ol 1.79B+Ol 5.6B-Ol mg/kg No 
zinc 21/22 4.76B+Ol - 4.76E+Ol 1. 16B+oi - 1. 63B+02 '.961£+01 4.0B+02 mg/kg Yes/B 
l,l,l-TrichloroethBDe 5/8 - 1.00B-02 - 1.00:&:-02 6.00E-Oj - '.00B-03 5.63B-01 1.2.:&:+02 mg/kg No 
1, 1, 2, 2-Tetrachloroethaae 5/a 1.00B-02 - 1.002-02 '.001:"'03 - '.00E-01 5.63B-01 1.82-02 mg/kg No 
l,l,2-Trichloroethane 5/8 1.002-02 - 1.00B-02 ,.OOi-03 - '.00E-01 5.63E-01 1.1E+00 4.'E-02 mg/kg No 
1,1-DichloroethBDe 5/8 1.00B-02 - 1.00:&:-02 6. o DB'" 03 - '.00B-01 5.63B-01 6.7B+Ol mg/kg No 
l,l-Dichloroethene 5/10 1.98:&:-01 - 5.27B-Ol 6.ooi-D1 - '.00E-01 8.91B-02 3.SE+00 3.9B-01 mg/kg Yes/p 
1,2,4 -TrichlorObei1zene 5/22 5.002-01 - 5.00B-Ol 3. i;OE-ih - 4.10E-Ol 2.83B-01 ~.5B+Ol mg/kg Yes/Bio 
1,2-Dichlorobenzene 5/22 5.00B-Ol - 5.00B-01 3.'01:-01 - 4.10E-Ol 2. 83B..,Ol 7.'B+Ol mg/kg Yes/Bio 
1,2-Dichloroethane 5/8 1.00E-02 '" 1.00B-02 '.00B-01 - 6. 0~li--01 5. U£-03 4.3B+00 2.2B"'02 mg/kg No 
1,2-Dichloroethene 5/5 6.00B-01 .- 6.00E-01 6.00B-01 1.0E+Ol DIg/kg No 
1,2-Dichloropropane 5/8 1.00B-02 - 1.00E-02 6.00E-03 - 6.002"'01 5. U2-01 1.6E+00 8.7B-02 mg/kg No 
1,1-~ichlorobenzene 5/22 5.00E-Ol - 5.00B-Ol 1.60B-Ol - 4.101:-01 2.83E-Ol 1.lB+01 mg/kg Yes/Bio 
J,,4-~ichlorobenzene 5/22 S.OIlB-Ol - 5.00B-Ol 1.60B-Ol - 4.10E-Ol 2.81B-Ol 1.1E+01 2.9B-Ol mg/kg Yes/P 
2,4,5-Trichloropbenol 5/22 5.00B-01 - 5.002-01 1.80B+00 - 2.ioE+00 6.41E-01 1.6B+0:Z mg/kg Yes/Bio 
2,4,6-Trichlorcphenol 5/22 5.00E-01 - 5.00B-01 1.602-01 - 4.10E-01 2.83Ji:-01 8.1B-01 mg/kg Yes/Bio 
2,4-DichloropheDol 5/22 5.00B-Ol - 5.00B-Ol 3.'0:8-01 - 4.10E-Ol 2.81E-01 6.8£+00 mg/kg No 
2,4-Dimethylphenol 5/22 5.00B-Ol - 5.00B-Ol 1.60B-Ol - 4.10B-Ol 2.81B-Ol 1.1E+Ol mg/kg No 
2,4-Dinitrophenol 5/5 4.80E-Ol - 4.80B-Ol 1.80E+00 - 2.10B+00 1.69B+OO 5.0B+00 mg/kg No 
2,4-Dinitrotoluene 5/22 5.00E-01 - 5.00E"'01 l.'DE-01 - 4.lOB-Ol 2.81B-01 4.7B+00 2.1E-02 mg/kg Yes/p 
2,6-Dinitrotoluene 5/22 5.00B-Ol - 5.00B~01 1.60B-Ol - 4.10B-Ol 2.83B-01 2.3E+00 2.1E-02 mg/kg Yes/P 
2";Butanone 5/8 1.00B-02 - 2.50:&:-01 6.lioB-01 - 1.20B-02 1. 15B--02 1.9B+02 mg/kg No 
2-Chloronaphthalene 5/22 5.00B-Ol - 5.00B-Ol 3.60B-Ol - 4.10B-01 2.81E-Ol 1.1B+02 Mg/kg Yes/Bio 

.p .. > PRQ, BoO > Baclcground, E .. > Essential Nutrient, Bio=Bioaccumulates, Qual=Qualitative analyte 



Table 1.10. SWamary of data evaluation 

-------.---------------------------------------------. LOCATICIN .. S1iMU UA MBDIA-SUbsurface Soil -------------------------------------------------------
(continued) 

Frequency 
of Nondetected Detected Arithmetic COPC/ 

Analyte Detection Range Range Me!U1 HI BLCR Units Basis· 

2-Chlorophenol 5/22 5.00B-Ol - 5.00B-Ol 3.60E-Ol - 4.10E-Ol 2.83B-Ol 7.0B+00 mg/kg No 
2-Hexanone 5/B 1.00B-02 - 1.00E-02 1.10E-02 - 1.20B-02 9.25B-03 mg/kg Yes/Oual 
2-Methyl-4,6-dinitrophenol 5/22 5.00E-01 - 5.00E-01 1.BOB+00 - 2.10B+00 6.UB-01 mg/kg Yes/Qual 
2-Metby1uaphthalene 5/22 5.00B-Ol - 5.00E-Ol 3.60B-Ol - 4.10E-Ol 2.83E-01 mg/kg Yes/Qual 
2-Methylphenol 5/22 5.00E:-Ol - 5.00E-Ol 3.60B-01 - 4.10B-01 2.83B-Ol 7.BB+01 mg/kg No 
2-Nitroaniline 5/22 5.00E-Ol - 5.00B-Ol 1.BOB+00 - 2.10E+00 6.4lB-Ol 7.0B-02 mg/kg Yes/P 
2-Nitrophenol 5/22 5.00B-01 - 5.00E-01 3.60B-Ol - 4.10B-01 2.83B-Ol mg/kg Yes/Qual 
3,l'-Dichlorobenzidine 5/22 5.00B-Ol - 5.00E-01 7.20B-Ol - B.20E-Ol 3.73B-Ol 2.1B-02 mg/kg Yes/P 
l-Nitroaniline 5/22 5.DOB-01 - 5.00B-Ol 1.BOB+00 - 2.10B+00 6.UE-Ol mg/kg Yes/Qual 
4,4'-DDD 2/2 2.00B-02 - 3.50B-02 2.75B-02 5.1B-02 mg/kg Yes/Bio 
4,4'-DDE 2/2 2.00B-02 - l.50B-02 2.75B-02 3.6E-02 mg/kg Yes/Bio 

:> 4,4'-DDT 2/2 2.00B-02 - 3.50E-02 2;'75B-02 1.0B+00 3.6B-02 mg/kg Yes/Bio 
I 

4-Bromopbeny1 phenyl eeber 5/22 5.0011:-01-- 5.00B-01 ].6011:-01 - 4.10B-01 2.83E-Dl mg/kg YeS/Qual - 4-Cbloro-l-methylpbenol 5/22 5.00B-01 - 5.00B-01 3.60B-01 - _4.10B-Ol 2. 83E-01 mg/kg Yes/Qual 
VI 4-Chloroaniline 5/22 5.00B-01 - 5.00B-Ol l.60B-Ol - 4.10B-Ol 2.83B-Ol 6.]B+00 mg/kg No 0 -4 -Chlorophenyl phenyl ether 5/22 5.00B-Ol - 5.00B-Ol 3.6GB-Ol - 4.10B-Ol 2.BlB-Ol mg/kg Yes/Qual 

4-Methyl-2-pentanane 5/8 1.00B-02 - 2.50B-Ol 1.10B-02 - 1.20B-02 1.19B-02 3.lB+Ol l119/kg No 
4-Methylphenol 5/22 5.00B-01 - 5.00B-01 l.60B-01 - 4.10B-01 2.83B-Ol 9.6B+00 mg/kg No 
4-Nitroaniline 5/22 5.00B-Ol - 5.00B-Ol 1.BOB+00 - 2.10B+DD 6.43B-Ol mg/kg Yes/Qual 
4-Nitrophenol 5/22 5.00B-Ol - 5.00E-Ol 1.BOB+00 - 2.10E+DO 6.UB-01 1.6B+02 mg/kg No 
Acenaphthene 7/22 S.OOB-Ol - 5.00E-01 3.00B-Ol - 4.lOB-Ol l. B!lB-Ol 1i.4E+Ol mg/kg YeS/Bio 
Acenaphtbylene 1i/22 5.00B-Ol - 5.0DB-Ol l.IiOB-Ol - 6.10B-Ol 4.32B-Ol mg/kg YeS/Qual 
Acetone SIB 1.00B-02 - 2.50B-Ol 1.20B-02 - 5.30B-02 2.47B-02 9.2B+Ol mg/kg No 
Aldrin 2/2 9.BOB-03 - 1.70B-02 1.l4B-02 4.BB-02 S.5E-04 mg/kg Yes/P 
Anthracene 7/22 - 5.00B-01 S.OOB-Ol l.60B-Ol - 7.50E-01 4.42E-01 6.5E+02 mg/kg Yes/Bio 
Benz (a) anthracene B/22 5.00B-01 - 5.00B-01 2.20B-Ol - 1.70B+00 4.40B-01 B.5E-Ol mg/kg Yes/P 
Benzene 5/B 1.00E-02 - 1.00B-02 1i.00B-Ol - li.ollJ:;-03 5. 63B-03 1.BB+00 5.1E-02 mg/kg No 
Benzo(a)pyrene 7/22 5.00B-Ol - 5.00B-Ol 3.IiOB-Ol - 2.l0E+00 4.lBB-Ol B.5E-04 mg/kg Yes/P 
Benzo (b) fluoranthene 11/22 5.00B-Ol - 5.00E-Ol 1.70B-Ol - 5.70E+00 5.0lE-01 B.5E-Ol mg/kg Yes/P 
Benzo(ghi)perylene 7/22 5.00B-01 - 5.00B-01 l.60B-Ol - 1. 18E+OO 4.40B-Ol mg/kg YeS/Qual 
Benzo(k)fluoranthene B/22 5.00B-Ol - 5.00B-01 3.60B-Ol - 7.90B-Ol 4.52B-Ol B.5B-02 mg/kg Yes/P 
Benzoic Acid 5/5 1.80B+00 - 2.10B+00 1.!lBE+00 9.8E+Ol mg/kg No 
Benzyl Alcohol 5/5 3.60E-Ol - 4.10B-Ol l.94B-Ol 5.BE+02 mg/kg No 
Bromodicbloromethane 5/B 1.00B-02 - 1.00E-02 1i.00E-03 - 6.00B-Ol 5.63B-Ol 1.9E+Ol 1.2B-Ol mg/kg No 
Bromoform 5/B 1.00B-02 - 1.00B-02 1i.00E-Ol - 6.00B-Ol 5. UE-03 1.IiE+Ol 5.4E-Ol mg/kg No 
Bromometbane SIB 1.00B-02 - 2.00B-02 1.10B-02 - 1.20B-02 1.05B-02 1i.2E-Ol mg/kg No 
Butyl benzyl phthalate 5/6 4.BOB-01 - 4.BOB-Ol l.60E-01 - 4.10E-Ol 3.68-E-01 l.7E+02 mg/kg Yes/Bio 
Carbon Disulfide 5/B 1.00B-02 - 1.00E-02 6.00B-03 - 6.00E-03 5.UE-Ol 4.6E+Ol mg/kg No 
Carbon Tetrachloride 5/B 1.00B-02 - 1.00B-02 6.00B-Ol - 1i.00E-Ol 5.UE-03 2.7S-01 1.IiE-02 mg/kg No 
Chlorobenzene 5/B 1.00E-02 - 1.00B-02 6.00B-Ol - 6.00B-Ol 5.6lE-0_3 5.6E+00 mg/kg No 

*pa > PKG, Ba > Background, Ea > Essential Nutrient, BioaBioaccumulates, QualaQualitative analyte 

• • • 



• • • 
Table 1.10. SUmmary of da!;a evaluatiOD 

----------------------~ ~-----------_ .. ------ --- - --- - - - ---- LOCATION .. S1IMr1 99A MBDIAaSUDsurface Boil 
(continued) --~--~-7~~--------------------------~------------------

Frequency 
of NODdetacted Detected Aritbmi!tic copc/ 

Analyte Detection Range Range MeilD HI KLCR Units Basis* 

Chloroethane 5/8 1.00B-02 - 2.00B-02 1.10B-02 - 1.20B-02 1 .• 05B-02 2.88+02 1!'g/kg No 
chloroform 5/8 1.o0B.,02 - 1.00B-02 6.00B-03 - 6.00B-03 5.63B-03 2.4E+00 2.1E-02 mg/kg No Chloromethane 5/8 1.00B-02 -2.00:8-02 1.10B-02 - 1.20B-02 1.058-02 i.38-01 mg/kg No Chrysene 7/22 5.00B-01 ~ 5.001::"01 .3.601-01 - 2.101+00 '.38E-el1 8.5B-01 mg/kg Yes/p 
Di-n-butylphthalate 5/22 5.00B-Ol - 5.00E-01 3.60B-01 - 4.lOE-01 2.831-01 2.6E+02 iiI9/kg Yes/Bio 
Di-n-octylphthalate 5/22 5.00:8-01 - 5.00B-01 3.608-01 - ... 108.,01 2.838-01 4.98+01 mg/kg Yes/Bio Dibenzla,h)iU1thracene 6/22 5.00E-ili - 5.00E-01 3.608-01 - ".soB-01 2.938-01 8.58-0" mg/kg Yes/p 
Dibenzofuran 6/22 5.0DB-oi - 5.008"'01 1.238-01 - 4.10B-01 2.778-01 6.38+00 mg/kg Yes/Bio DibiomoChloromethane 5/8 1.00B-02 - 1.008-02 6.00E-03 - 6.00B-03 5.632-03 1.5E+01 5.9B-02 mg/kg No Dieldrin·· . 2/2 2.00B-02 - 3.50B-02 2.758-02 8.08-02 5.8B-O" mg/kg Yes/p Diethylphtbalate 5/22 5.00B-01 - 5.00B,,01 3.60B-Ol - ".10B-Ol 2.UK-Ol 2.0B+03 mg/kg No Dimethylphtha1ate 5/22 5.00B-Ol - 5.00B-01 3.60B-01 - ".10B-Ol 2.s3B-0]' 2."8+04 mg/kg No > Endosulfan I 2/2 9.80B-03 - 1.70B-02 1. 34E-02 mg/kg YeS/Qual I 
Bndosulfan II 2/2 2.001-02 - 3.50B-02 2.i5B-02 mg/kg Yes/Qual .... 

V. Endosulfan Sulfate 2/2 2.00E-02 - 3.50B-02 :Z.75B-02 IIIg/kg YeS/Qual - Endrin 2/2 2.00B-02 - 3.50B-02 2.758-02 2."B-02 mg/kg Yes/P Endrin Ketone 2/2 2.001-02 - 3.5UB-02 2. i5:8-02 mg/kg Yes/oual Ethylbenzene 5/8 1.00B-02 - 1.00B-02 ii.00E-03 - 6.00B-03 5. 63E-03 1.18+02 mg/kg Yes/Bio Fluoranthene 9/22 5.00E-01 - 5.00B-oi 1·40B-Ol - 2.66B+00 4.23E-Ol 4.3E+Ol mg/kg Yes/Bio Fluorene 6/22 5.00B-Ol - 5.00B-oi 2.19B-Ol - ".10B-Ol 3.s0i.,oi 6.3B+Ol mg/kg Yes/Bio Heptachlor 2/2 9.80B-03 - 1.70B-02 1.34i-02 1.1E+00 2.8B,.03 mg/kg Yes/p Heptachlor Epoxide 2/2 9.80E-03 - 1.70:&:-02 1.34:8-02 2.71-02 1.41-03 mg/kg Yes/p Hexachlorobenzene 5/22 5.00B-01 ." 5.00B-01 3.608-01 - 4.10E"'01 2.83B-01 1.38+00 5.48-03 mg/kg Yes/P Hexachiorobutl!odiene 5/22 5.00B-Ol - 5.00B-Ol 3.60B-D1 - .4.10B-01 2.BlB-01 3.0B-Ol i.oB-ih mg/kg Yes/p 
Hexac~lorocyclopentadiene 5/22 5.00B-Ol - 5.00S-01 3.601:-01 - 4.108-01 2.BlB-01 1.01:+00 mg/kg Yes/Bio Hexachloroethane 5/22 5.001:-01 5.00E-01 3.601-01 4.10E-01 2.BlB-01 1.5B+00 S.8E-01 m§'/kg YeS/BiD Indeno (1, 2, 3-cd)pyrene 7/22 5.00B-oi - 5.00B-01 3.601-01 - 1.051:+00 4.461-01 B.5B-03 mg/kg Yes/P Isophorone 5/22 5.00B-Ol - 5.00B-01 3.60E-01 - " .10J!l:'01 2.BlE-Ol 3.01il+02 9.98+00 mg/kg No MethoXychlor ~/2 9.80E-0:Z - 1.70E-Ol 1.341:-01 8.01:+00 mg/kg Yes/Bio Methylene Chloride 5/8 1.00E-02 - 1.00E-02 2.00B-03 - 8.0DE-03 5.20E-03 7.0E+01 5.0E-01 mg/kg No 
N-Nitroso-di-n-p~cpylamine 5/22 5.00E-01 ... 5.001-01 3.60E-01 - 4.10:&:-01 2.SlE-D1 7.3E-04 mg/kg Yes/p 
N-Nitro~odiphenylamine 5/22 5. ° DE:" 01 .,. 5.00E-Ol 3.60E-Ol - 4.10E-Ol 2.838-01 1.0E+00 mg/kg Yes/Bio Naphthalene 5/22 5.00B-01 - 5.001:-01 3.60B-01 - 4.10E-01 2.831:-01 1.38+01 mg/kg Yes/Bio Nitrobenzene 5/22 5.00B-oi - 5.00E-01 3.60E-01 - 4.10B"'0! 2.8lE-01 6.11"01 mg/kg No 
PCB-1016 3/23 1.02S-01 - 1.28E-Ol 9.80E-02 -1.87:8+00 2.54E-02 2.3B-Ol 9.9E-03 mg/kg Yes/P PCB-1221 2/23 1.02E-01 - 5.45E-01 9.80E-02 - 1.70E-01 7.B2E-02 1.18-02 mg/kg Yes/p 
PCB-1232 2/23 1.02:&:-01 - 5.458-01 9.soi-02 - 1. 70E-01 7.82E-02 1.1E-02 mg/kg Yes/p 
PCB-1242 2/23 1.021:-01 - 5.45B-ol 9.80B-02 - 1.70B-01 7.82E-02 9.7E-03 mg/kg Yes/p 
PCB-i2U 2/23 1. 021:-01 - 5."5E-Ol 9.808:-02 - 1.70E-Ol 7.82E-02 1.1E-02 mg/kg Yes/p 
PCB-1254 3/23 1.02K-01 - 5.451:-01 9.60B-02 - 3.50E-01 5.921:-02 6.6E-02 9.9E-03 mg/kg Yes/P 

*p .. ~ PRG, :a .. ~ Background, E .. ~ Essential NutrieI1t, Bio .. Bioaccumulates, Qual=Qualitative anaiyte 



Table 1.10. SUmmary of data evaluation 

------------------------------------------------------ LOCATICN=S1IMtJ 99A MEDIA=SUbsurface Soil ----------------------------------_____________________ 
(continued) 

Frequency 
of Nondetected Detected Arithmetic COpc/ 

Ana1yte Detection Range Range Mean HI ELCR Units Basis* 

PCB-1260 7/2J 1.02E-Ol - 5.45B-Ol 6.00B-02 - 6.11B-01 1.04B-01 '.8B-OJ mg/kg Yes/p 
Pentachlorophenol 5/22 5.00B-Ol - S.OOE-Ol 1.80B+00 - 2.10E+00 6.43B-Ol 7.'B+01 1.J8-01 mg/kg Yes/p 
Phenanthrene 7/22 5.008-01 - S.00B-01 J.608-01 - 1.638+00 4.41E-01 mg/kg Yes/Qual 
Phenol 5/22 S.00B-01 - 5.008-01 3.60B-01 - 4.10E-01 2.83E-01 1~4B+03 mg/kg No 
Pyrene 8/22 5.00B-01 - S.OOB-Ol 1.30B-Ol - 2.70B+00 4.2SB-01 3.2E+01 mg/kg YeS/Bio 
Styrene ·5/8 1.00B-02 - 1.00B-02 6.00B-OJ - 6.00B-OJ S.6lS-0J 1.'B+02 mg/kg No 
Tetrachloroethene 5/8 1.00B-02 - 1.00B-02 6.00E-03 - 6.00B-03 S.6lB-03 1.2E+Ol 1.3E-Ol mg/kg No 
Toluene 5/8 1.00B-02 - 1.00B-02 6.00B-03 - 6.00B-OJ S.6lB-03 !I.8B+01 mg/kg No 
Toxaphene 2/2 2.00E-01 - 3.S0B-0l 2.7SB-Ol 8.5E-OJ mg/kg Yes/p 
Trich1oroethene 6/10 1.9BB-Ol· - S.27B-01 4.80B-OJ - 6.00E-03 1.36B-Ol 1.2B+00 '.lB-02 mg/kg No 
Vinyl Acetate 5/5 1.1DB-02 - 1.20E-02 1.18E-02 '.SB+Ol mg/kg No 

>- Vinyl Chloride 5/10 1.98E-01 - 1.00B+01 1.1DE-02 - 1.20E-02 1.20E-02 1.SE-OJ mg/kg Yes/p 
I XYlene 5/5 ".OOB-OJ - 6.00B-03 5.60B-OJ 1.7B+03 mg/kg Yes/Bio -VI a1pha-BBC 2/2 '.80E-OJ - 1.70E-02 1. 34B-02 2.4B-03 mg/kg Yes/p 
IV alpha-Chlordane 2/2 9.80B-02 - 1.70E-01 1.HB-01 mg/kg YeS/Qual 

beta-BHC 2/2 9.80B-03 - 1.70E-02 1.HB-02 B.2B-OJ mg/kg Yes/p 
bis(2-Ch10roethoxy)methane 5/22 5.008-01 - 5.00B-Ol J.60B-Ol - 4.10E-Ol 2.83B-Ol mg/kg Yes/Qual 
bis(2-Chloroethy1)ether 5/22 5.00B-01 - S.OOB-Ol 3.60B-01 - 4.10E-01 2.83E-01 S.9E-03 mg/kg Yes/p 
bis(2-Chloroisopropyl)ether 5/22 5.00B-01 - S.oOE-oi 3.60B-01 - 4.10B-01 2.83E-Ol 1.1E-Ol mg/kg Yes/p 
bis(2-Ethylbexyl)phtha1ate 5/22 5.00B-Ol - 5.00B-01 7.'OB-02 - 3.60B-Ol 2.37B-Ol 1.4B+Ol 2.BE-Ol mg/kg Yes/p 
cis-1.3-Dichloropropene 5/8 1.00B-02 - 1.00B-02 6.00B-03 - 6.00B-03 S.6lB-03 mg/kg Yes/Qual 
de1ta-BHC 2/2 !I.80B-03 - 1.70B-02 1.34B-02 mg/kg Yes/Qual 
gamma-BHC(Lindane) 2/2 !I.80E-03 - 1..70B-02 1.34B-02 7.7B-01. 1.2B-02 mg/kg Yes/p 
gamma-Chlordane 2/2 !I.80E-02 - 1.70B-Ol 1.34B-01 mg/kg YeS/Qual 
trans-l,3-Dichloropropene 5/8 1.00B-02 - 1.00B-02 6.00E-03 - 1i.00E-03 5.63E-03 mg/kg Yes/Qual 
Alpha activity 20/31 3.10B+00 - 3.10B+00 !I.70E+00 - 1.42B+02 2.33B+01 pCi/g YeS/Qual 
Beta activity 21/21 6.70E+00 -'2,73~03 6.15B+Ol pCi/g Yes/Qual 
Cesium-137 3/21 3.80B-Ol - 3.50B+00 1.10B+00 - 1.90B+00 3.77B-01 1.6E-02 pei/g Yes/PB 
Neptunium-237 4/4 -2.00B-OJ - 1.28B+Ol 3.20E+00 6.8E-02 pCi/g Yes/p 
Plutonium-239 3/3 -5.0DB-03 - 1i.00E-03 1. DOB-03 2.0E+00 pCi/g No 
Technetium-99 6/23 O.OOE+OO - 3.73E+00 -1.30B+00 - 2.65B+03 1.1!IB+03 4.4B+02 pCilg Yes/PB 
Thorium-230 3/3 5.BOB-01 - 6.70E-Ol 6.30B-01 1.6E+Ol pei/g No 
Tborium-234 1/31 5.30B+00 - 2.20B+Ol 5.30E+01 - 5.30.B+01 1.58E+Ol 7.2B+00 pei/g Yes/p 
Uranium-234 4/4 1.80B-Ol - 1.64B+01 4.39E+00 1.4B+Ol pCi/g Yes/PB 
Uranium-23S 3/24 1.30E+00 - 9.90E+00 7.20B-03 - 4.10E-02 4.2SB+00 1.2E-01 pei/g No 
Uranium-238 4/4 2.30B-Ol - S.17B+01 1.37B+01 4.7E-01 pei/g Yes/PB 

*p= > PBS, Ba > Background, E= > Essential NUtrient, Bio=Bioaccumulates, QualaQua1itative ana1yte 

• • • 



• • • 
Table 1.10. SUmmary of data evaluation 

-------------------------------------------------------- LOCA7ICNaBWMD 99A MEDIA-Surface Soil -----------------------------___________________________ 

Frequency 
of Ncmdetected Detected Arithmetic cOPC/ 

Analyte Detection Range Range Mean Itt BLCR. Units Basis* 

Aluminum 13/13 1.808+03 1.29E+04 6.198+03 7.3£+02 mg/ltg No 
Arsenic 6/13 5.00B+00 - 5.00E+00 5.55E+00 - 8.55E+00 4.47£+00 6.9£-01 9.2£-03 mg/kg No 

. Barium 13/13 2.088+01 - 2.47E+03 2.11E+02 3.7E+01 mg/kg Yes/PB 
BerylliUIII 5/13 5.00B-01 - 5.00E-01 5.20B-01 - 8.lIOE-01 5.38E-01 1.R-Ol 1.0E-04 mg/kg Yes/PB 
Calcium 11/11 6,108+03 - 2.87E+05 2.44E+05 mg/ltg No 
Chromium 13/13 7.008+00 - 4.57E+01 1.47B+01 4.8£-01 4.9E+02 mg/kg Yes/p 
Cobalt 11/13 1.0011:+00 - 1.00E+00 1.682+00 - lI.672+00 3.70B+00 2.1E+02 DIg/kg No 
Copper 12/13 2.002+00 - 2.00B+00 4.372+00 - 1.22B+Ol 6.661l+00 7.4E+Ol mg/kg No 
Iron 13/13 1.452+03 - 2.332+04 1.0ll2+04 3.1E+02 mg/kg No 
Lithium 13/13 2.822+00 - 1.2!18+01 7.588+00 7.0B+01 mg/kg No 
Magnesium 13/13 1.35B+03 - 2.73B+04 1.09E+04 mg/kg No 
Manganese 13/13 3.93B+01 - 3.87£+02 1.91E+02 1.4£+01 mg/kg No 
Hickel 8/13 5.00B+00 - 5.008+00 5.478+00 - 2.16B+01 8.52B+00 3.48+01 mg/kg No :> Potassium 13/13 2.91E+02 - 1.12E+03 5.47E+02 mg/kg No I 
Sodium 6/13 2.00E+02 - 2.51B+02 2. 17E+02 - 3.66E+02 1.958+02 mg/kg Yes/B ...... 

VI Strontium 13/13 1.462+01 - 5.148+02 2.71E+02 8.08+02 mg/kg No W Vanadium 13/13 4.48B+00 - 3.558+01 1.54B+01 5.6£-01 mg/kg No 
Zinc 12/13 4.768+01 - 4.76£+01 4.712+01 - 1.638+02 8.24B+01 4.08+02 mg/kg Yes/B 
Acenaphthene 2/13 5.00E-01 - 5.008-01 3.00E-01 - 3.30B-Ol 3.23-01 6.4B+01 mg/kg Yes/Bio 
AceDaphthylene 1/13 5.00B-Ol - 5.00B-01 6.10B-01 - 6.lDB-01 2.788-01 mg/kg Yes/OUal Anthracene 2/13 5.00£-01 - 5.002-01 4.91B-01 - 7.508-01 4.03E-01 6.52+02 mg/kg Yes/Bio 
Benz (a) anthracene 3/13 5.002-01 - 5.00E-01 2.20B-01 - 1.70E+00 3.388-01 8.58-03 mg/kg Yes/P 
Benzo(a)pyrene 2/13 5.00£-01 - 5.008-01 1.70£+00 - 2.10E+00 5.04B-01 8.5E-04 DIg/kg Yes/p 
Benzo (b) fluoranthene 6/13 5.00£-01 - 5.00£-01 1.70B-01 - 5.70E+00 5.31E-01 8.52-03 mg/kg . Yes/p 
Benzolghi)perylene 2/13 5.00B-Ol - 5.00B-01 5.502-01 - 1. 18B+OO 3.14E-01 mg/kg Yes/OUal 
Benzolk)fluoranthene 3/13 5.00E~01 - 5.00B-01 4.UB-01 - 7.90B-01 4.53l!:-01 8.58-02 DIg/kg Yes/p 
Chrysene 2/13 5.00B-01 - 5.00E-01 1.36B+00 - 2.10E+00 4.78E-01 8.5E-01 mg/kg Yes/p 
Dibenz(a,h)anthracene 1/13 5.00B-01 - 5.00B-01 4.80B-01 - 4.8Dl:-01 2.68E-01 8.5E-04 DIg/kg Yes/p 
Dibenzofuran 1/13 5.00E-01 - 5.00B-01 1.232-01 - 1.23.01 2.402-01 6.3E+00 mg/kg Yes/Bio 
Pluoranthene 4/13 5.00E-01 - 5.002-01 1.40B-01 - 2.66E+00 3.38B-01 4.3B+01 DIg/kg Yes/Bio 
Fluorene 1/13 5;00B~01 - 5.00B-01 2.19B-01 - 2.llIE-01 2.48B-01 6.3£+01 mg/kg Yes/Bio 
Indeno (1, 2, 3-cd)pyrene 2/13 5.00B-01 - 5.00B-01 7.80B-01 - 1.05B+00 3.52B-01 8.5E-03 mg/kg Yes/P 
PCB-1016 1/16 1.022-01 - 1.28E-01 1.872+00 - 1.87E+00 1.72B-01 2.3£-01 9.9B-03 DIg/kg Yes/p 
PCB-1254 1/16 1.02B-01 - 5.45E-01 9.60E-02 - !I.6OE-02 1.34B-01 6.68-02 9.!lE-03 mg/kg Yes/p 
PCB-1260 5/16 1.02E-01 - 5.45E-01 6.001l-02 - 6.31E-01 1.018-01 !I.8E-03 mg/kg Yes/p 
Phenanthrene 2/13 5.00B-01 - 5.00B-01 8.50B:'01 - 1. 63B+00 2.45E-Ol mg/kg YeS/Qual 
Pyrene 3/13 5.00B-01 - 5.00E-Ol 1.308-01 - 2.70E+00 2.74E-01 3.21+01 DIg/kg Yes/Bio 
Alpha activity 15/16 3.10E+00 - 3.101+00 9.70E+00 - 1.421+02 2.53E+01 pCi/g YeS/Qual 
Beta activity 16/16 6.70E+00 - 2.73E+03 8.5BE+01 pei/g Yes/Qual 
Cesium-137 3/16 3.80E-01 - 3.50E+00 1.10E+00 - 1.lIOB+00 4.S0B-01 1.6E-02 pCi/g Yes/PB 
Neptunium-237 1/1 1.288+01 - 1.28B+01 1.28B+01 6.8E-02 pei/g Yes/PB 

*p .. > PRG, B= > Background, E .. > Essential NUtrient, BioaBioaccumulates. Qua1aQua1itative analyte 
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Table 1.10. SUmmary of data evaluation 

-------------------------------------------------------- LOCArION»BWMU 99A MEDIA-Surface Soil --------------------------------------------------------
(continued) 

Frequency 
of Nondetected Detected Arithmetic COPCI 

Analyte °Detection llaDge Range Meim HI ELCR Units Basis* 

Technetium-" 3/16 O.OOB+OO - 3.73B+00 1. 66B+01 - 2.65£+03 1.71B+02 4.4B+02 pCi/g Yes/pB 
Thorium-234 1/16 5.30B+00 - 2.20E+01 5.30E+Ol - 5.30B+Ol 1.67E+01 7.2B+00 pCi/g Yeslp 
Uranium-2]4 111 1.&4E+Ol - 1.&4B+Ol 1.Ii4E+Ol 1.4E+Ol pCi/g Yes/PB 
Uranium-238 1/1 5.17E+Ol - 5. 17B+Ol 5.17B+Ol 04.7E-Ol pCi/g Yes/PB 

------------------------------------------------------ LOCAXIONaSNMU '9B MEDIAaRGA Groundwater -------------------------------------------------------

Analyte 

Barium 
Calcium 
Chloride 
Chromium 
copper 
Fluoride 
Iron 
Magnesium 
Manganese 
Nitrate as Nitrogen 
Silica 
Sodium 
SUlfate 
Tetraoxo-sulfate(l-) 
Zinc 
Trichloroethane 
Alpha activity 
Beta activity 
Radon-222 
Technet~um-99 

• 

Frequency 
of Nondetected 

Detection RaJ!ge 

7/7 
7/7 
7/7 
1/7 5.00B-02 - 6.00E-02 
1/7 2.50B-02 - 1.00B-Ol 
7/7 
3/7 3.00B-Ol - 3.60E-01 
7/7 
5/7 1.00B-Ol - 1.00B-01 
7/7 
7/7 
7/7 
2/2 
5/5 
2/7 3.00B-02 - 2.50B-Ol 
16/16 
12/16 -2.03BtOO - 4.60B+00 
16/16 
4/4 
12/17 -3.00E+00 - 1.17B+Ol 

Detected 
Range 

2.00E-Ol - 2.70E+00 
2.84B+01 - 3.27E+01 
B.2'E+Ol - 1.0BB+02 
2.60E-Ol - 2.60B-01 
4.00B-02 - 4.0IlB-02 
1.60B-Ol - 2.10B-01 
2.94B-01 - ].34£+00 
1.15B+Ol - 1.]1B+Ol 
6.00B-02 - 2.90B-01 
1.70E+00 - 2.10B+00 
1.50E+01 - 2.00B+Ol 
6.32B+01 - 7.86B+Ol 
1.75B+01 - 2. 67B+Ol 
1.92B+01 - 2.90B+01 
3.00B-02 - 6.0IlB-02 
1.30E+00 - 2.30:8°:"00 

-4.20B+00 - 4.20B+00 
3.001!:+00 - 4.50B+01 
2.57E+02 - 4.12E+02 

-2.00B+00 - 1.90B+Ol 

Arithmetic 
Mean 

4.7BB-Ol 
3.04B+01 
9.59E+01 
5.62B-02 
3.25B-02 
1.77B-Ol 
6.0BE-01 
1.23B+01 
1.65B-Ol 
1.84E+00 
1.72B+01 
6.99E+Ol 
2.21B+Ol 
2.46B+Ol 
3.72B-02 
1.94E+00 
7.42E-Ol 
1.20B+01 
3.&6E+02 
5.51B+00 

HZ ELCR 

1.0B-Ol 

4.2E-03 
6.0B-02 
'.lB-02 
4.5B-Ol 

6.7B-02 
2.4B+00 

4.5B-Ol 
1.2B-03 1.4B-04 

1.4E+00 
2.BB+Ql 

*P= ~ PRG, B- ~ Background, ED ~ Essential Nutrient, Bio-Bioaccumulates,o QualaQualitative analyte 

• 

copc/ 
Units Basis* 

mg/L Yes/p 
mg/L No 
mg/L No 
mg/L Yes/p 
mg/L No 
UlIJ/L No 
mg/L Yes/pE 
UlIJ/L No 
UlIJ/L Yes/p 
mg/L No 
mg/L YeS/Qual 
mg/L YeslQual 
mg/L YeslQual 
mg/L YeslQual 
UlIJ/L YeslBio 
UlIJ/L Yes/P 
pCi/L YeslQual 
pCi/L YeslQual 
pCi/L Yes/p 
pCi/L No 

• 
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Table 1.10.-~ of data eValuation 

-"----'----- ----.;.-"--------.,..,.----~,..---_-.. ----------------- LOCATIONaS1iMti iiBMEDIAaSubsurface soil -.- ---- -----------------.;.-- - ---- -- - -.,- -'-:- "-.-'- -'- '" --,.. - - -- -- - --

.F2:~ 
of Nolldetected Detected Arithmetic 

ADalyte Detection Range llSnge Mean HJ: 
COPC/ 

Units aasis· 

Aluminum 8/8 9.31E+03 - 1.70E+04 1.25li:+04 7.3B+02 
Arsenic 2/& 5.00li:+00 - 5.00B+00 6.89E+00 - 8.05B+00 4.i6E+00 &.9B-:01 
Barium B/B &.50E+01 - 1.55E+02 9.632+01 3.7B+01 
Beryllium 6/B 5.00B-Ol - 5.00E-01 5.70B-01 - 1.DDB+DO 5.&6B-01 1.6E-01 
Calcium. 6/6. 5.03E+02 - 7.17B+03 2. 51li:+03 
Chromium _8/8 1.18B+01 - 2.&1B+01 i. 79E+01 4.8B-01 
Cobalt ~/8 1.i1B+DO - &.948+00 4. 17JI:+00 2.1B+0_~ 
Copper 8/8 5.25B+00 - 1.30i+oi S.66B+DO 7."B+D1 
Iron s/s 1.6&B+03 - 1.81Bi-04 1.488+040 3.lB+D2 
Lithium BIB 6.;SOE+OO - 1·. 14B+01 8.622+00 7.0E+01 
Magnesium _8/8 i.ioE+Ol 2.53B+Oj 1. 76E+03 
Manganese -8/& 6.32E+01 - 5 .• 24B+02 2.43£+02 1.4B+Ol 
Nickel 5/8 ~.OOB+OO - 5.0DB+00 7.278+DO -·2.518+01 1.058+01 3.48+01 

:> Potassium 8/8 3.373+02 - 1.04B+03 6.442+02 . 
I Sodium -- 1/8 2.00B+02 - 2.008+02 2.i1E+0:i - 3.09B+02 1.58i+02 ..... 
V. Strontium 8/B 9.462+00 - 2.228+01 1.6iB+oi 8.08+02 
VI Vanadium 8/8 i.97j.j.01 - 3.4"8+01 2.462+oi 5.68-01 

Zinc 8/8 1·?1i~-t:i:J~. - 5:22B+01 3.74B+oi 4.0~+02 
Acetone 1/7 1.20E+00 - 1.20B+00 5.50B-01 - 5.S0B-01 5.93B-ili 9;2Ii:+01. 
Methylene c:hloride .3/7 i.20B+00 - 1.20B+00. 1.2 02:' iio .,. 1.208+00 8.5ii-01 7.0E+01-
Alpha activity 8/8 1.33ii-oi - 2.148+01 1.73B+oi 
Beta activity 8/8 i.is!:i+0·1 ':'-2.2&E+01 1. 86B .. 01 

1-.0E-04 

4.9B+02 

mg/kg Yes/PB 
iDg/kg Yes/PB. 
mg/kg No 
mg/kg X.ea/PB 
mg/kg No 
iiIg/kg -'ies/p 
"'!i/kg No 
iiij/kg No 
mg/kg No. 

-mil/kg No 
Di9/kg: No 
me/kg No 

-mg/kg No 
nig/kg No 
mg/kg No 
mg/xg . No 
Dig/kg No 
mg/kg No 
mg/kg No 
tUg/kg- Yes/~ 
pci/S' Yes/Qual 

. pCi/g Yes/Qual 

*P= >. PRG, Be. > BacJcgrolmli, Bco > Esaential Nutrient, Bio .. Bioac~atas, Qwi1-Ql1alitative analyte 



Table 1.11. Representativeconcentrations* of COPCs in. media 

------------------------------------------~----- LOCATIONaAOC 204 -----------------------_________________________ _ 

Analyte 

l,l-Dichlorcethane 
l,l-Dichloroethene 
PCB";125~ 
PCB-U60 
PolychloriDated biphenyl 
'l'etrachloroethene' 
'l'richlcroetbene 
~l Chloride 
cis";1:,.2-DichlorcetheDe 
Alpha activity 
Beta activity 

RGA Groundwater 
(mg/L or pCi/L)i 

5.00B~00 
4.00B-02 
2.50B-02 
2.50B-02 
1.70B-01: 
6. 41E-.Ol 
5. 51E-01 
1.00B-04 
6.00£";03 
6.061:+00 
4. 95B+00 

McNairy Groundwater 
l(lIIg/L orpCi/L) 

Surface soil 
(mg/kg. or pCi/g) 

SUbsurface soil 
(mg/kg, or pCi/gl 

4.00E-02 
2.'50E-02 
2.'50&:-02 
1.'00E-01 
'S.10E-Ol 
4. 17E-03, 

.1.'85E+01 
2. 61E+01 

--------------------------_---------------~---- ~ON~SNMU 193A--·-----------------------------________________ _ 

RGA Groundwater McNairy GrcUDdwater ,surface: soil SUbsurface 80il 
Analyte (mg/L ,~pCt/L)' (mg/Ii or pd/L) , (mg/kg ior pCi/g) (mg/kg ,or pCi/g) 

Alumimua, 6. 14B+03i 
lUaaIaDia 3.00B-O:l; 
Beryllium 6.30-01 
CbraaIiUIII' 1.222+01 1. 12B+01 
Fluoride 4.20B-01 
Iron 3.02B+01 1. 32B+02 
sUica 1.908+01 
Tetracxo-aulfate (1-) 1.02B+02 4.11£+01 
zinc 9.S7B-02 
1,l-Dichlorcethene 2.00B-04 • :Anth:raceDe: 1.161:-01 1. 16E-01 
B8DlZ la) anthracene 1.80B-Ol 1 •. 80B-D1 
Beuo(alpyreae 2.50B-01 2'.50E-01 
B8DlZO (b);fluorantliene 5'.103-02 5.10E-02 
Benzolgbi),peryleue 1.703:"01 1 •. 70B-01 
Ch%yaeae 1.7OB-01 1.70B-01 
Dt-n-buty~phtbalate 7.70B;'02 7'.70B-02' 
Dt-n~cctylphtbalate 1.20B_Ol 1.20B-01 
DilIeD2,(a,b) anthracene 1.30B_01 1.30E-01 
I'lUOX'Blltl1el1e :1.,733_01 3.10B-01 
lDdeIlo'(l, 2,3 .. cd) pyrena 1.603-;01 1.60B-01 
PeJltachlorapheDal 8.47B,.03 
Pyrena 2'.953;'01 2'.6"-01 
'l'richlcrcetheDe 1. 69B-01 3.72B-03 . 

.b1si(2-~lhexyl)phthBlate 1.29B-02 ' 1.,70B:'01 1.70E-01 
'c:!:s-l,2-DchlorcetheD.e 2. 91E-03 1.70B-01 
AlPba activity 4 •. 72£+00, 1.502+01 1 •. 703+01 'l.99B+01 
Beta' activity 1 •. 73B+02 .4.80+01 2.37B+01 2.14B+01 
'l'ecbDetium-99, 1.92£+02 3. 693+0t 
tr.I:aDiUIII_238 1.323+00 

_______________________________________________ ~ON-BWMO 193B -------.. ----------------.-----------------------

Analyte 

Beryllium 
CbraaIium 
vlUUldium 
l:,l-Dichlorcethene 
Acetone 
'c:arban Tetrachloride 
Di -n:-hutylphthalate: 

'. ", 

llGA Groundwater 
I(mg/L or pCi/Ii) 

1 • .62E_03 
3'.30B,.02: 
5.50B-03 
1.02B-02 

:McNairy Groundwater 
(lag/Ii or pd.IJ:.) 

* SmaHer of maximum detect and t1CL95 

A-156 

surface, soil 
Img/kgor pCi/g) 

1. 57B+00 
8'.873+01 
6.50B+Ol 

SUbsurface soil 
(lIIg/lcg or pCi/g) , 

7.03-01 
3 •. 84B+01 
2'. 89E+0.1 

'.' , , 



• 

• 

• 

Table 1.11. Rep~esentative concentrationB* of COPCs in media 

--------------------~-----------.:-------------- LO~ION .. SWMO 1938 ------------------------------------------------

'ADalyte 

, 'TrlchloroetbeDe 
b!S.(2-EthylliexyJ!) pbthalate . 
,.Cia-l,· 2 -Dicbloroetl:i.ene 
Alpbilaativity . 
Beta activity 

. Tec:!metium,:,,99, 

RGA Groundwater 
(mg/L or,pCi/Ii) 

5.'00&::-01 
1 •. 0lE-02 
8.22&::'03 
1.32&:+01 
4.29&:+01 
2.73&:+01: 

(continued) 

McNa1:ry'i(iroWldwater 
(mg/L, ,or pet/L), 

1.30:&:-02 

2. 3 OE,:,,02 
,1.29:&:+00 
4.80E+00' 

SUrface soil: 
(mg/kg or pet/g) 

1 .. 86:&:+01 
2.29B+01' 

SUbsurface soil 
(mg/kg orpei/g) 

,l.86B+01 
, '2. 22B+01 ' 

'; ", ' ':''''-':''-----.:--'----------------------------------- LOCA1'ION-SWMO 193C, --,.----------_________________ "''" _______________ _ 

ADalyt~' 

AlUllliDum 
AnttlllOay 
Arsenic 
Barium 
Beryllium 
'OldaI1um' 
ChrcIIIium 
c:ohalt 
Iron 
Iiead 
Manganese 
Mercury' 
Molybdenum 
Ntckel 
Silica. 
Silver 

,Tetraaxa-aulfate(l-) 
ThalliUm 
unnium 
VlU1lldium, 
Zilla 
1, i,2-,Trichloroethane 
1,l-Dichloroethena 
1,2-Dichloroethana 
1,2-Dichloroetbene 
aen.eDB 
Brcmadicblorometllane 
carhi:m 'l'etrachloride 
Chloroform 
Bthylbem:eDB , 

,lIolychlorinated bipbenyl 
'l'etracbloroetbene 
'l'r:I.chlaraedleDB 
Viayl Chloride 
Xyleua 
'Cb-l,2-D:l.cJiloroethene 
t:%aDa-l. 2 -D:l.'chloroetl:leni! 
Alpbaact:l.vi ty 
Beta activity 

, Riadon.,.222 

RGA Groundwater McNairy GrOundwater 
(lIIg/L orpCi/L) ,,(in!J/L,orpCi/L) 

5,.62E-01 

1.63-01 

3.83 .. 01 
'1. 14B-,Ol 
1.'23-02 
2.44E-01 
l.11Ii:":02 
3.54E-02 
1.4311:,:,,01 
5.33;';02 i 

'5.89£+01 
,2.50B:"01 
1.36B+00, 
,2.00B-04 
4.63-02 
S~i7B-02, 
8'.018+00. 
3.33-'02 
:6.598+00 
1.238:'0]; 
6.40J!i,;03 
i.3'6B:"Ol 
2.03B-01 
2.50B,.03 
2.50B-03 
2.SOB-03 

2.50B-03 
2.50B,.03 
2.50B-OJ 
2.50B-03 
2.50B-03 
1.00:&:-04 
2~50B-03 
1~23B-03 
9.19B-03 
5~45B-03 
5.00B-03 
5.00B-OJ 
2.401:+01 
1.571:+02 
1.57B+02 

SUrface 80il 
(mg/kgor pei/g) 

5.&7B+00 

2.&9E+01 

&.16B+01 

SUbsurface soil 
'(mg/kg or pet/g) 

S.i6B+03 

6.83B-01 
2.05B+00 
2~15B+Ol 
1.01B+Ol 
1.39B+0& 
1.36B+01 
3.81B+02 

1. 27B+01 
5.9SB+01 

1. 72B+O,O 
'5.'023+00' 

-.:- ---:..--':"----- ------------- -------- ----"'--- ----LOCA'l'ION .. S1IMt1 19 •. --- .. -- -..; -- -~- - ------ ---- -"'-"",':' - ':''''' - --- ---------,,-

ADalyte 

. AlUlllimlm 

, ." ': 

RGA Groundwater 
. ,(mg/Lor pei/L) 

MCNairy,Graundwater 
(mg/L or pCi/L) 

* Smaller of maxilllum deteCt and. ,UCL95 

A-l'S7 

SUrface 8011 ' 'SUbsW:facB Boil 
(mg/kg ,or' pet/g) , , , (Illg/kg or pei/g) 

"5.411+03 . 



• Table 1.11. Representative CODcentrations* of Copcs in media 
________________________________________________ LOCATION.S1iMt7 194 ----------------------------___________________ _ 

Analyte 

Beryllium 
cadmium 
Chromium 
Lead 
Zinc 
I:thylllenzene 
Alpha activity 
Beta activity 

RGAGroundwater 
(mg/L or pCf/L) 

,(cDlltinuedl 

McNairy Groundwater 
(III!J/Lor pCi/Ll 

Surface soil 
!(mg/kg orpCi/gl 

Subsurface soil: 
(mg/kg ,or pCi/gl 

l.2BI:+OO 
2.27E+00 
1.052+01 
l.5BE+01 
5.09E+ol 
3!.22E-03 
i.'9E+00 
5,.222+00 

________________________________________________ LO~ON.SWMD '99A ------------------------------------------------' 

Analyte 

Aluminum 
AntilIIOIlY 
Arsenic 
Barium 
Bexyllium 
cadaIi um' 
C!hromiUll\ 
Cobalt 
iCapper 
Iron 
Lead 
IJ. thium 
lMaDgaDe8e 

'IMercuxy 
Rickel 
,Silica 
SUlfate 
Tetraoxo-sulfate (1-1, 
Thallium . 
v_clium, 
zinc 
1,l-Dicb];oroetheDe 
1,2,4 -orrichlorobenzene 
l,2-DicbloxabeDzene 
l,3-Dicblo:rabeDzene 
l,4-Dicblo%Qbenzene 
2.4,5-TrlchlorapheDol 
2,4, 6-TrichloroplieDal 
2,4-DiDitrotoluene 
2,6-DiDitrotoluene 
2-Chloronaphthalene 
2-Bexancme 
2';Methyl-4,.6-d.init%-ophenol 
2-MethylDaphthalene 
2-Nitroanilina 
2'-Nitraphenol 
3',3' -Dichloxobem:idine 
3.;Nitroanilina 
4,4'-J)J)D1 
4,4'-DDS, 
4,4'-DD'l' 
4-Bromophenyl phenyl ether 
4-Chloro-3~methylphenol , 
4-Chlorophenyl phenyl ether 
4-Ritroen.tline 
Acenaphthene 

.' "., ": ~ 

RGAGJ:OUDdwater 
(mglL, or pCi/Ll, 

1 .• 0BB+Ol 

5.513-03 
3.43B.Ol 
1.04B;"02' 

1.213:-01 
9.44B,..02 
7.9BB-02: 
2'.323+01 
8'~13B-02 
7.44B-02 
1.663+00 
4.32B-04 
1.53B-01 
1.04B+Ol 
1.191:+01 
9.841:+00 

3'.613-01 
2.25B-01 
1.79B-02 

McNairy'oroundwater 
(mg/Lor pci/Ll 

1.,00-02 

* smaller ofmaxi'lllWll detect ,and UCL95 

A-IS 8 

'Surface Boil 
(msr(kg 'or pCi/g) 

2.081:+02 
'6.'67K-01 

9.40E+00 

];.131:+02 

3.30E-01 

SUbsurface soU 
. (Jllg/k!Jor pCi/gl 

4.'502+03 
2.521:+,00 
3.001:+00 
l.162+02 
3.'05B-Ol 
B.30E-Ol 
8.411:+00 

1.811:+01 

2.17E+.02 

5.90E-Ol 

9.101:+01 
6.001:-'03 
4.10E-01: 
4.10B-01: 
4.10E-Ol 
4.10E-,Ol 
5.3SB-Ol 
4.10E-01 
4.10E-'01 
4.l0E-Ol 
-i.iOE-01 
5.89E-03 
5.35B-01 
4.10B-Ol 
5.351:-01 
4.101:-01 
3'.,00-01 
5.351:-01 
3.501:-02 
3'.50B,..02 
3.501:-02 
4.10E-Ol 
4.10B-Ol 
4.10E-01 
5.35B;'01 
2.43,.01 

• 
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Table 1.11. Representative concentrat~ons* of COPCs in media 

------------------------------------------------ LOCAXION-SWMO 9SA --------------- -(continued) -- ------------------------------

Analyte 

Acenaphthylene 
Aldrin 
Anthracene 
Benz (a) an~aene 
Banza (a) pyreue 
Banza (b)f1uaxanthene 
Banza (ghi) pexylene 
Benzo (k)flucraDthene 
Butyl benzyl phthalate 
c:ubon Tetrachloride 
c:m:yaene 
Di-n-tiutylphthalate 

. Di-n-octylphthalate 
Dimm:c (a,h) anthracene 
Dil:Ieuafuxan 
Dieldrin 
Bndaaulfan I 
Bndaaulfan II 
BDdoau1fan SUlfate 
Bndrin 
Bndrin J:et:ona 
Bthylben3ene 
Fluaranthene 
Fluorene 
Heptachlor 
Heptachlor 'Epax!de 
ae.chloxabenzene 
Rexachloxabutadiene 
Hexachlo:r:Ocyalopentadiene 
Hexachloroethane 
IndeDa (1,2, 3-cd)pyrene 
Met:haxych1or 
.-RitraBo-di-n-propylamiDe 
.-Ritrasodiphenylamine 
)Japhthalene 
PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 
pmtachloraphenol 
Phmanthrene 
Py%eDe 
Toxaphene • 
Trichloroethane 
Vinyl CI1loride 
Xylene 
alpba-BIlC 
alpba-CI1lordane 
bata-BIIC 
biB (2-CI1l0r0ethclxy) methane 
biB (2-Cbloroetbyl) ether 
biB (2 .. Cbloroisoprapyl:) ether 
bis (2 -Bthylhexyl ).phthal,ate 
ciS-1,2-Dlchloroethene 
ais-1,3-Dichloropropme 
delta-BIlC 
gaama-BIlC (Lindane) 
gamma -CI1lordane 

RGA Groundwater 
(mg/L or pci/L) 

. 6.70-01 

9.50-03 
7.00-03 

McNairy Groundwater 
(mg/L or pCi/L) 

2.80S-0l 

1. 15B-01 

* Smaller of ,maxilllUlll detect and tJCL95 

A-159 

Surface soil 
(mg/kg orpCi/g) 

2.621-01 

5.931-01 
7.961-01 
4.891-01 
1.151+00 
7.40-01 
5.7U-01 

.1.lll+00 

2.511-01 
1.231-01 

8.511-01 
2.191-01 

8.011-01 

2.381-01 

9.601-02 
1.871-01 

9.921-01 
9.76E-Ol 

Subsurface soil 
(mg/kg orpCi/g) 

2.50E-01 
1.708-.02 
4.88E-Ol 
5.87B-Ol 
Ii.l.7E-Ol 
7.70B-Ol 
5.24E-Ol 
4.98B-Ol 
2.201-01 

Ii.2U-Ol 
4.10B-Ol 
4.10B-Ol 
4.45B-01 
2.46B-01 
3.50E-02 
1.70E-02 
3;508-02 
3.50B-02 
3.50B-02 
3.50E-02 
4.44E-Ol 
6.l7B-Ol 
2.45E-Ol 
1.708-02 
1.70E-02 
4.10B-Ol 
4.10E-Ol 
4.10B-Ol 
4.10B-Ol 
5.l4E-Ol 
1.70B-Ol 
4.10B-Ol 
4.10B-Ol 
4 .• 108-01 
1.59E-Ol 
1.23B-Ol 
1.23E-Ol 
1.238-01 
1.23E-Ol 
1.408-01 
1.75:8-01 
5.l58-01 
5.71E-Ol 
6.54E-Ol 
3.508-01 

1.20B-02 
l.23E-03 
1.70E-02 
1.70E-Ol 
1.70B-02 
4.10B-Ol 
4.10E-Ol 
4.101-01 
2.411-01 

4.441-0l 
1.701-02 
1.701-02 
1.701 .. 01 



• 'l'abl,e 1.1.1. Representative 'concentrations* of COPCs in ,media 

------------------------------------------------LOCATIONaSWMU 99A------------~-----------_______________________ _ 

Analyte 

trans,.1,3-Dichloropropene 
Alpha activity 
Beta activity 
Cesium-137 
BeptwUum':237 
lladoD'-222 
Technetium-99 
Thorium-234' 
,1h'.aDium-234' 
Uranium-238 

, i(cOntinued) 

RGA.Groundwater 
(mg/L or pCi/L)i 

7.14:£+00' 
4'.20:£+01, 

li.li2E+02 
4.50:£+01 

McNairy Groundwater 
(mg/L or pCi/L) 

2.901+00' 
3.50B+01, 

SUrface soil: 
(mg/kg or pei/g) 

3.642+01 
'1.'BOI+02 
1.0fiB+00 
1..288+01 

4.61B+02 
2.1lil+01. 
1.641+01. 
5 .• 178+01. 

SUbsurface soil 
(mg!kg or pei/g) 

4'. 44E-03 
3i.'O.7E+01. 
1.071+'02 
'9 .• 511-01 
1.'071+01 

3:. 17E+02 
1.951+01 
1.3BI+01 
4.351il+01 

____________________ ~--------------------------- ~OHDSNMD, 99B ---------------------------------~ _____________ _ 

Analyte: 

Allllllinum 
,Axaenic 
Barium 
Beryllium 
Chromium, 
Iron 
Manganese 
Silica 
SUlfate 
'l'etraoxD"'sulfate (1-)i 
,Zinc' 
Methyleae' Chloride 
'J.'ricbloroethene 
Alphaaeti vity 
Beta activity 
lladoD':222 

'~'.; ' .. 

RGA, Groundwater 
(.gIL or pCi/L) 

'1i.19B-02' 
:2.24B+00 
2.60:£'-01 
!I,.i7B+oo 
2.5liB+01 
1.45B+01 
5.'83B-02 

2.'08:£+00 
1.B4B+00 
1.'fi9B+,01 
4.12B+02 

McNairy Gratmc1water 
(mg!L orpc:i/L) 

, '* Smaller of maxi1l1\llll' detect ,andUCL95 

A-160 

SUrface: soil 
:(mg/kg 'orpCi/g) 

subsurface 'soU 
(mg/kgor pei/g) 

7.'04B+03 
3.4fi1il.+00 

7,.'B9E-01 
1.:06B+01 

:6.'00S-01 

1 •. 92:£+01 
2.,05S+.01 

• 
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Table 1.12. Reasonable maximum exposure assumptions and human intake factors for ingestion 
of water by a, rural residene 

,Equations 
C", xIRxEFxED 

Chemical Intake (mg I kg - day) BW x AT 

, Radionuclide Intake (pCi)= Aw xJR x EF x ED ' 

, Parameter 

Chemical concentraiionin water;= Cw 

Radiological,activity=Aw 

Ingestion rate = IR 

Exposure frequency = EF 

Exposure duration c ED 

Body weight = ,BW 

Averaging time = AT 

Units 

, 'mglL 

'pCi/L 

Ud 

d/year 

years 

kg 

yI- xday/yr 

Value used 

Chemical"specific 

Chemical~specific 

2 (adult) 
I (child) 

350 

34 (adult) 
6 (child) 

70 (adult) 
14.5 (child) 

70 x 365 (carcinogen) 

,Referencesb 

[14]' 

[14} 

.(14) 

{I 4) 

EDx 365.(noncarcinogen) 

• Equation from1p,]; , 
b ReferencesJollow Table 1.38 . 

Notes: 
Humanlntakefactors forllngestion' of water by !,rural resident 

Cohort 

Adult 

Child" 

Chemical carcinogen" 

.'.33 X 10.2 

, .. 5.67 x' ro·l 

End.,oint, 

Cheml,cal.noncarclnogen8 

2.74 X 10.2 

6;61 x10·2 

Radionuclide carcinogenb 

2'.38 X 1.04 

2.10 X 103 

"Chemicalconcentration in witer (mg/L) times intaki:factor [IJ(kg' day)] yields the default RME dose for the associated'endpoint. 
b ,Radionuclide concentration in Water (pCilL) times'the intake factor (L)yields the default RME dose. 
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Table 1.13. Reasonable maximum exposure assumptions and human intake factors for dermal! contact 
with water while showeringbyaruralresidene 

Equation 

Ab b dD (. g/k d 
Cw x SAx Pc x CFxEDxEFx ET 

sor e. 'ose mg-. ay)= -'--''-----=---------
. . BWxAT 

Parameter 

'Concentration in water =C" 

Skinisurface area exposed~ = SA 

Skin permeability constant = :p. 

Conversion factor=;CF 

Exposure'durationi= ED 

!Exposure:frequency = EF 

, Exposure time "" IE1' 

Body weight = 'BW 

:mglL 

cmlhr 

years 

bathslyr 

'hrslbath 

kg 

Valueusedi 

Chemical-specific 

1.815 (adult) 
0.72 (child) 

Chemical~specific 

10 

34 (adult) 
6 (child) 

350, 

0:2 

70:(adult): 
11'4.5 (child), 

Referencesb 

[14] 

[14] 

[1\'4] 

IUI4] 

1~14] 

Averaging time,=AT yr x:day/yr 70 x 365 (carcinogen) 
ED x 365 (noncarcinogen) 

[14]1 

,0 Equation!from [Ii]. 
Ib References follow Table 1.38. 
C Entireisurfllce area of body for bolhadultand!child. 

Noles: 

Cohort 

HumaniintakeJactors. for dermal contact with groundwater 
during showering by a. rural resident 

Endpoint 

Chemical! carcinogen" Chemical i noncarcinogen" Radionuclide carclnogen~ 

Adult 2:42 X 10.2 4'.97 X !Oi2 Not. applicable 

Chlld' INot applicable 

• Chemical concentnition iniwate~ (mglL) times chemical "Pc" (ciTVhr) times intakefactor [(L .'h~)I(cm.'kg. day]iyields defaullRME 
.doseJor.associated endpoint. . 

b Dennal absorbed dose is. not applicable to radionuclides perguidance;found in [[,I]. 
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Table 1.14. Reasonable maximum exposure assumptions and human intake factors for inhalation of 
volatile organic compounds in water while showering by a rural resident" 

Equations 
Ch . 1'1 k ( Ik d' ) , CshO.cr X IR.i. x EF x ED x ET erruca nta e mg g- ay = ...=..::=~;;:;;.:;=--------

, BWxAT 

Radionuclide Intake (pC i) = Al"x IR.i. x EF x En x IEF 

Parameter 

Time-adjusted concentration in shower = Cillo .... 

Indoor inhalation rate = IR.(. 

Exposure frequency = EF 

Exposure duration = ED 

Exposure time = ET 

Body weight = BW 

Averaging time = AT 

Activity in groundwater = Ag .. 

Inhalation exposure factor = IEF 

Maximum air concentration =C.mn 

Time of shower = t. 

Time:after shower = tz 

Concentration in groundwater = Cg .. 

Fraction volatilized =1 

Water flow rate = Fw 

Bathroom volume = V. 

'Equation from [I]. 
b :References follow Table 1.38. 

Units 

day/year 

years 

hours/day 

kg 

yr x day/yr 

pCi/L 

(L-hr)/(m]-day) 

hour 

hour 

mg/L 

unitIess 

Uh 

( gI 3)_ CgwxfXFwXtJ Carnax m m - --"------'-

Value·used 

Chemical-specific 

0.6 

350 

34 (adult) 
6 (child) 

0.2 

70 (adult) 
14'.5 (child) 

70 x 365 (carcinogen) 
ED x 365 (noncarcinogen) 

Chemical-specific 

0.2064 (tritium) 
5.6:(radon) 

o (all other radionuclides) 

Chemical-specific 

0.1 

0.1 

Chemical~specific 

0.75 

890 

II 

Va 

Referencesb 

Calculated 

'[14] 

[14] 

[14] 

[14] 

[14] 

[14] 

[15] 
[15] 

Calculated 

[14] 

[14] 

[14]' 

[14] 

[14] 

Human intake factors for Inhalation ofvolatlle organic compounds In water 
while showerIng by a rural resident 

Endpoint 
Cohort 

Radlonucllde'carclnogenb Chemical carcinogen' Chemical noncarcinogen" 

Adult 3;63 x tool 7.48 x 100
] 7.14xl03 

Child 3.10 x 100
] 3.61 X 1002 1.26 X 103 

• Chemical concentration in water (mglL)times intake factor.[U(kg. day)] yields default RME dose forthe associated endpoint. 
b Radionuclide concentration ,in water (pCi/L) times "IEF"[(L. hr/(ml' .,day») times.intake factor;[(m' • day)lhr) yields default RME dose. 
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Table. Ll'S. Reasonable ~maximumexposure assumptions and human intake factors for inhalation ,of 
volatile organic compounds in ~ater during ho.usehold use by a runl resident8 

Equations 

Parameter 

C.h . I I k.( g/. 3, d ) Chouse X 'IRair x.EF X EDiXET enuca nta e m m -, ay=..::..:;==--"---=-------
HW X A't' 

Radionuclidelntake,~pCi~ =Agw X IRair X EFx ED X IEF 

C xWHFxf 
'Chouse (mglm

3
) = :;x ER X Me 

'Units Value used 

Concentration in household!air = Chow. :mg/m1 Chemical-specific Calculated: 

Indoor inhahition rate = 'IRa'r 

'Exposure frequency =EF 

'Exposure duration = ED 

Exposure ,time = ET 

Body weight = BW 

1\ veragingtime = AT 

Activityan grolJndwater =.A,.w 

Inhalation exposure factor = IEF 

Concentration in, groundwater =Cgw 

Water f1ow~rate=WHF 

Fraction volatilized = / 

House volume:= HV 

'Exchange rate = ER 

Mixing coefficient='Mc: 

"iEquationtfrom'[I,],and [14]. 
bReferences follow Table 1.38. 

m3lhour 

day/year 

years 

Ihours/day 

tkg 

yrxday/yr 

pCi/L 

(L-hr)(m1~day) 

mg/L 

Uday 

unitless 

m1/change 

changes/day 

unitless 

0;833 

350 

34'(adult) 
6,(child) 

24' 

70 (adult) 
14.5 (child) 

70,X 365 '(carcinogen) 
E9 x .365 (noncarcinogen} 

'Chemical"specific 

0.2802 (tritium) 
7.6030 (radon) 

o (all other radionuclides) 

Chemical-specific 

890 

'0.75 

450 

10' 

0:5 

Human Intake factors;forlnbalatlon ofvolatile organic compoundsin:water 
during bouseboldi use' by a :rural resident 

,Endpoint 

:U14]1 

iUl4]i 

[[14]1 

[14]1 

[14] 

[14] 

[IS] 

[14] 

[14] 

[1'4] 

[1'4] 

['1'4] 

Cobort 
Cbemlcal carcinogen- Cbemlcal noncarcinogena Radionuclide'carcinogenb 

Adult 

Child 

.3.95 X 10'2 

3.36 x 10'2 

6~7,7x 10'" 

3.27 x .10') 

9;91' x 101 

,1'.75 x 101 

• Chemical concentration in water (mglL) limes intake factor[ml/(kg. day)] yields defaultRMEdosefor.associated endpoint. 
b Radionuclide concentration in water (pCi/L) limes "IEF"I[~l:. .h~)I(ml .:day)]times.intake factor:[(ml • day)/hr] yields defaultiRME 

dose:. 
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Table 1.16. Reasonable maximum exposure assumptions and human intake factors for 
incidental ingestion of soil by a rural residentO 

Equations 

Ch '. II k ( gIk d ) C,xCFxEFxFIxEDxIRxAC 
enuca nta e m g- ay = ~----B-W-x-A-T-----

Radionuclide Intake (pCi) = A. x CF,ocI x EF x FI x ED x IR x AC 

Parameter Units Value used 

Chemical, concentration in soil =C, mglkg Chemical-specific 

Radiological activity = A, pCi/g Chemical-specific 

Conversion factor = CF kglmg 10.6 

Conversion factor = CF nd glmg IO') 

Exposure frequency = EF dayslyr 350 

Fraction ingested = FI unitless 

Exposure duration, = ED years 34 (adult) 
6 (child) 

Ingestion rate of soil = IR mgld 100 (adult) 
200 (child) 

AreaofcontactC = AC unitless AS/AG 

AreaofSWMH= AS acres SWMU"specific 

Area:ofgarden = AG acres 0.25 

Body weight = OW :kg 70 (adult) 
14.5 (child) 

Averagingtime= AT (yrx day/yr) 70 x 365 (carcinogen) 

Referencesb 

'[\4] 

[:14] 

[:14] 

(14] 

[26] 

[14] 

[14] 
ED x 365 (noncarcinogen) 

I 'Equation from [I]. 
b References follow Table 1.38. 
C AC cannot be> I'. 

Human Intake factors.for·incidental: ingestion of soil by a rural resident 

Endpoint 
Cohort 

Radionucllde careinogenb Chemical carcinogen· Chemical noncarcinogen8 

Adult 6:65 x1O·7 1.37 X 10-6 1.19 X 103 

Child I.B x 10-6 1.32 xlO,s 4.20 x 102 

• Chemical concentration in soil (mglkg) times "AC" (unitless):times intake factor [kgl(kg. day)] yields default RME doseJor associated 
endpoint. 

b Radionuclideconcentration.is soil (pCilg),times "AC" (unitless):times intake factor (g) yields default RME dose. 
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Table 1.17. Reasonable maximum ,exposure assumptions and human intake factors for dermal 
contact with soil by a ,ruralresidene 

Equation 
Ab b d D ( /k ,d

' ) C. xCEd x SA x AF x ABS X: EF x ED 
sor e " ose mg g- ay,= . 

, BWxAT 

p,arameter 

Concentration in soil = C. 

Conversion factor = CF,d' 

Surface areae = SA 

Adherence facto~ = AF 

Absorption factord =ABS 

Exposure frequency = EF 

Exposure,duration~ = ED 

Body weight = 'BW 

Averaging time;= .AT 

• Equation from 1(;\ ]: 
b References follow :fable 1.3S. 

Units 

mglkg, 

(kg" 
cm2)/(mg"m2

) 

ml/day 

mg/cml 

unitless, . 

'day/yr 

years 

yr x day/yr 

clncludeshands and arms for adults and arms. handsJeet.and legsfor'children. 

Value used 

Chemical-specific 

0.350' (adult)! 
0.3:n(child) 

0:25 (volatile organic) 
0.1 (semi volatile organic) 

0;05~inorganic) 

350 

34 (adult) 
6' (child) 

70 (adult). 
14.5 (child) 

70, x 365 (carcinogen) 
iED x;365, (noncarcinogen) 

Referencesb 

[;1'4] 

1U14] 

1[14]1 

[14]1 

[14] 

[14] 

[14] 

d Listed:defaultfactors used'unless chemical-specific absorption factors are' available. iChemical-specificiabsorption factors:used are 0.03 
for dioxinsi~16]~:~117], 0.06 for polychlorinated' biphenyls[ I 61.:[017]. ,OlOl forcadmium[ 16].[17]. andiO.25 for carbon disulfide [IS); 

Human Intake factors;for,dermal contact with soli by a,rural.resident 

Endpoint 
Cohort 

Chemical carcinogenS Chemlcalnoncarchiogen8 !Radlonucllde carclnogenb 

Adult 2.33x.IO·' Not applicable 

Chlld i 2.lllx 10" 2.47 x 10-4 Not applicable 

·Chemical,concentration in soil (mglkg) times chemicaV'ABS"'(unitless) times intake factor [kgl(kg • day)]yields default RME dose for 
associated endpoint. 

b,Dermal absorbeddose;is not,applicable to:radioriuclides per. guidance foundlin [I). 

• 
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Table 1.18. Reasonable maximumexposu~e assumptions and human intake factors for inhalation 
of vapors and particulates emitted fromsoil:bya rural residene 

Equations 

C,xEFxEDxETxCP, -+-( 1 1) 
. . VF PEF 

Chenucal Intake (mg/mJ 
- day)= --------~---....:-. 

AT 

Radionuc1ide Intake (pCi)= A. x EF x ED x ET x CF I x (_1_ + _1_) x IR.,;, 
. VF PEF 

Parameter Units Value used Referencesb 

Concentration in soil = C. mglkg Chemical-specific 

Activity in soil = AI pCi/g Chemical-specific 

Exposure frequency = EF day/year 350 

Exposure duration = 'ED years 34 (adult) 
6 (child) 

Exposure time = ET hours/day 24 

Conversion factor = CF day/hour 1/24 

Conversion factor = CFJ glkg !OJ 

Volatilization factor = VF ml/kg Chemical-specific 

Particulate emission factor = PEF mJ/kg 3.21 x 1010 

Total inhalation rate = IR,.Jr ml/hour 0:833 (radionuclides only) 

A veraging time = AT yr x day/yr 70' x 365, (carcinogen) 
ED x 365 (noncarcinogen) 

• Equation from [20]. 
b References follow Table 1.38. 

Human Intake facton for Inhalatlonofvapon and particulates emitted 
fr:om:solJlbya rural resident 

Endpoint 

P4] 

['14] 

[14] 

[19] 

[19] 

[14]: 

[14] 

Cobort 
Radlonuclidecarclnogenb Chemical.carcinogen" Chemical' non carcinogen" 

Adult 4.66 x 10,1 9.59 x 10'1 2.38 x 108 

Child 8.22 X 10.2 9.59 x 10'1 4.20 x 10' 

• Chemical concentration in soil (mglkg).times "INF + IIPEP' [(m3IkgrITtimesintake factor [unitless») yields default RME dose for 
associated endpoint. 

bRadionuclide activity in soil (pCVg) times ".1NF + l/PEP' [(m31kg)'I) times intakefactor [(g. m3)1kg) yields default RME dose. 
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Table 1'.1:9. Reasonable maximum exposure assumptions and ,human intake factors for extemal 
exposure to lionizing radiation from soil by a rural'r:esidene 

'Equation 
Absorbed Dose (pCi- year/g) =AsxED'x EFx (l-S~) xT e x AC 

Parameter Units Value used Referencesb 

Activityinsoil=A. 

Exposure duration = !ED 

Exposure frequency= iEF 

Gamma shielding factor =S. 

Gamma,exposure tirneJactor ='T. 

Area' of contact~ = AC 

Area ofSWMU = AS 

Area of garden = AG 

·'Equation from l(20); 
b'References, follow:rable·I.38. 
C AC cannot be > \. 

pCi/g 

year 

day/day 

unitless 

hrlhr 

unitless 

acres 

acres 

Chemical-specific, 

341{adult) 
6i(chi\d~, 

350/365 

0:2 

24/24' 

AS/AG 

SWMl'J"specific 

0.25 

Human Intake factors forexternalexposure:to:lonizlng,radiatlonfrom soil by 
a ruralresldeot 

Endpoint 
Cohort 

[14] 

[14] 

[20] 

[20] 

1[26], 

'Chemical' carcinogen- ,Chemical noncarcloogen" 'Radionuclide carclnogenb 

Adult 

Child 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

• Exposure route,is:not applicable to,chemicalsnotemitting,ionizing radiation, 
bRadionuclidi: activity in I soili (pCi/g) times '~AC" (unitless)times intake factor.(yr)yieldsidefault RME dose. 

A-l:68 

2:61 x IO li 

4.60 x 10° 
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• 

• 

Table 1.20. Reasonable maximum exposure assumptiolls and human intake factors· for ingestion of 
homegrown vegetables by a rural residene 

,Equations 

Parameter 

Ch . II k ( gIk d' ) C..xFI.xIR.xEFxED enuca nta e m g- ay' = ...;:....;---:::.=---:=----
BWxAT 

Radionuclide Intake (pCi) = Av x Flv x IRv x EF x ED x CF 

Units Value used 

Chemical concentration in vegetables = C. mglkg Chemical'-specific 

Radiological activity = A. pCi/g Chemical-specific 

Diet fraction = Fl. unitless 0.4 

fngestionrate = IR. kgld 0.130 (child 3-5) 
0.1995 (adult 20:-39) 

Exposure frequency = EF dlyear 350 

Exposure duration = ED years 6 (child) 
34 (adult) 

Body weight = BW kg 14.5 (child) 
70. (adult) 

A veraging time = AT yr x day/yr 70 x 365 (carcinogen) 

Referencesb 

See Table 1.40 

See Table 1.40 

[21] 

[22] 

[14] 

[14] 

[14] 

[14] 
ED x 365 (noncarcinogen) 

Conversion factor =CF glkg 1000 

I Equation from [I]. These intake rates are for those people that<c:at vegetables and should not be combined witMhe intake rates for other 
media. 

b References follow Table ,1'.38. 

Human Intake factors for Ingestion of home-grown vegetables by a'fural resident 

Endpoint 
Cohort 

Chemical carcinogen" Chemical noncarclnogena Radlonuclide carclnogenb 

Adult 3.44 x )0-4 J.09x 10,3 6.114 x 10' 

Teen 2.26 x )0-4 1.32 X 10,3 2.49 X 10' 

ChIrd 2:95 x 10-4 3.44 x 10'3 1.09 x 10' 

I Chemical concentration in vegetables (mg!kg),(see Table 42) limes intake factor [kg/(kg 0 day)] yields default RME dose for associated 
endpoint. 

b RadionucHde activity in,soil'(pCilg)'(see Table 42),timesintake factor (g) yields default RME dose. 
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Table l.U. Reasonable maximum exposure assumptions and 'human intake' factors for consumption 
of venison by a recreational userA 

'Equations 
CdiX 1Rd x FI xEF x ED 

'ChemicalIntake (mg/kg- day.)=-=-=--~----
BWxAT 

Radionuclide IIntake (p8i) = Ad X CF x 'lR d x Fh EF x ED 

Parameter 

Chemical concentrationiri venison = Cd 

Radiological activity in. venison = 'A,s. 

Venison ingestion:rateC = 'IR.t 

Conv.ersion factor =CF 

Dietfraction =FI 

Exposure frequency = 'EF 

'Exposure duration = ED 

Body weight = BW 

Averagingtime= AT 

• Equation froml[,II]: 
b References follow Table \.38. 

'Units 

mg/kg 

pCi/g 

ikg/day 

glkg 

unit less 

day/yr, 

years 

kg 

yrxday/~ 

Value used 

Chemical-specific 

Chemical-specific 

0.032!(aduJt): 
0.032,(teen) 
0.007 (child) 

1000 

:1 

350 

22 (adult) 
12 (teen~ 
6 (child) 

70 (adult) 
43 (teen} 

14.5 (child) 

70!x 365:(carcinogen) 
ED, x 365 (noncarcinogen) 

Referencesb 

See:rable 1.40 

See Table 1.40 

See footnote b 

;[5] 

See :footnote 'b 

[!14] 

[14]; 

c Based oD'\Wo deermaximum:per year in:the state of Kentucky, 50% success rate:(Kentucky Departmentoli Fish and Wildlife. 1992~ 
Deer Surveys. Project No: W4S-24.); dressed .weight averaging \08:5 pounds per decrfor Ballard and McCrackencouilties, 600/0 of 
venison recovered per deer, 2.5 persons per household,in,Ballanl and McCrackeli,counties, and:a child consumption'rate 20% of,ihat for 
adults. 

'Human Intake; factors fon:onsumptlon ofvenlson:by a recreational user 

Endpoint 
€ohort 

Radlonucllde carcinogenb Chemical carcinogen- Chemical noncarclnogen~ 

Adult 1.38 x 10"" 4~38x 104 2.46 x 110' 

Teen 1.22·x 10;4 7.14 x 10'" 1.34 xlO' 

€hlld' 3.97x IO~' 4.63 x 10~ 1.47 x .104 

• Chemical concentration inveriison;(mglkg)(see Table 'li.46) times human·intakefacto~ [kg/(kgeday)]:yields.default RMEdose for 
,associated endpoint. 

b Radionuclide concentration,in'venison (pCilg)i(see Table L46) times human intake,factor (g) yields RMS dose. 

• 



• 

• 

• 

Table 1.22. Reasonable maximum exposure assumptions and human intake factors for consumption 
of rabbit by a recreational userD 

Equations 
Cr x IR x FI x EF x ED Chemical Intake (mglkg- day) = --'-__ r'--___ _ 

BWxAT 

Radionuclide Intake (pCi) = Ar xCF x IRr xFl x EF x ED 

Parameter 

Chemical concentration in 
rabbit =Cr 

Radiological activity in rabbit = Ar 

Rabbit ingestion ratee = IR, 

Conversion factor = CF 

Diet fraction = FI 

Exposure frequency ='EF 

Exposure duration = ED 

Bodyweight = BW 

Units 

mglkg 

pCi/g 

:kg/meal 

glkg 

unitless 

mealslyr 

years 

Value used 

Chemical-specific 

Chemical-specific 

0.0165 (adult) 
0.0082:(teen) 
0.0033 (child) 

1000 

1 

350 

22 (adult) 
12 (teen) 
6 (child) 

70 (adult) 
43 (teen) 

14.5 (child) 

Referencesb 

See Table 1047 

See Table Jt.47 

See footnote c 

[5] 

See footnote c 

[14] 

[14]' 

A veraging time = AT yr x day/yr 70 x 365 (carcinogen) 
ED x 365 (noncarcinogen) 

[14] 

• Equationfrom [\'). 
b References follow Table 1.38. 
c Based on 20 rabbits:bagged per year at WKWMA, personal communication stating dressed weight equals6O"A, of average 1.2'kg rabbit, 

2.5 persons per household in'BalJardand McCracken counties, a child consumption,rate 2()oA, of that for adultsi,and a tCen consumption 
rate 50% oC; that for adults. 

Human Intake factors for consumption of rabbit by a recreatlonal.user 

Endpoint 
Cohort 

Radlon ucllde, carcinogenb Chemlcalcarclnogen" Chemical noncarclnogen" 

Adult 7.10 x 10·' 2.26 X 10-4 1.27 x lOs 

Teen 3.13 x 10·' ,);83 X 10-4 3.44 X 104 

Child ,1.87 x 10·' 2.18 x 10-4 6.93 xlOl 

• Chemical'concentration in rabbit (mglkg) (see Table 1.47) times human intake·factor [kgl(kgeday)]yieJds.default RMEdosefor 
associated endpoint. 

bRadionuclide concentration in.rabbit (pCi/g) (see Table 1.47) times ,human intake factor· (g) yields RMS dose. . 

A-171 



'Fable 1.23. Reasonable maximum exposure, assumptions,and,humanintake factors .for consumption 
'ofquaillby a 'recreational user" 

'Equations 
Cq x IRq x FI xEF x ED 

ChemicaIIIntakei(rnglkg-day)= ---'-----'-B-W-x -A-T---

Radionuc1ide Intake (pCi)= Aq x CF x IRq x n xEF x ED 

Parameter 

Chemical concentration in quail=iCq 

Radiological activitY'in quail = Aq 

Quail ingestion rate" = IRq 

Conversion factor = CF 

Diet fraction =iH 

'Exposure frequency = IEF 

IExposure,duration =IED 

Body weight = OW 

Units 

imglkg 

pCi/g 

kg/meal 

g/kg 

unitless 

mealslyr 

years 

kg 

Value used 

Chemical-specific 

Chemical-specific 

0.0047 (adult) 
:0.0024 (teen) 

0.00094 (child) 

1000 

350, 

22 (adult) 
12 (teen)1 
6 (child) 

70'(adult), 
43 (teen) 

N.5 (child) 

Refel7encesb 

See Table 1.38 

See Table 1.38 

See footnote c 

[5J] I 

See footnote iC 

[14] 

Averaging time = AT yrxday/yr 70 x365 (carcinogen)1 
'ED x 365 (noncarcinogen) 

:[1\4] 

• Equation,froml[il'): 
'bReferences followTable 1.38. 
c Based Ion 20 quail Ibagged l per year at WKWMA, personal communication stating dressed weightequals 75% of average:O.l83 kgqunil, 

2:5 ,persons ,per household in Ballard artdiMcCrackencounties,a child1consumption rate'20% ot:thlltifor adults. and a teen consumption 
rate5O"A.,ofthat for adults. 

Human intake factors for consuinptlon ofquaiJ bya recreational user 

Endpoint 
Cohort 

Radlonucllde carcinogen~ Chemicalicarcinogen" Chemical noncarcinogen~ 

Adult 2:02 x 10's 6.44 x 10" 3.62 X 1104 

Teen 9:17 x 10-:6 5.35 x 1O~' 1.01 x ,104 

Child I 5~3J x 10;6 6.22 x 10;' 1.97 xlOl 

• Chemicill concentration in quail (mg/kg)'(see Table 1.38) times intake.factor [kg/(kg. day)] yield5defaulti~E dose for associated 
endpoint. 

b Radionuclide concentration in quail (pCi/g):(seeTable 1.38),times intakefactor (g) yields default RME dose for associated endpoint . 

A-In 
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Table 1.24. Reasonable maximum exposure assumptions and human intake factors for ingestion 
of ,~ater by anindustriat workerB 

Equations 
'. Cw x IRw x1EFxED 

Chenucal Intake(mglkg-day) = -------
. BWxAT 

RadionucIide Intake (pCi}= Aw x IR .. x EF x ED 

Parameter Units Value used Referencesb 

Concentration in groundwater = C" 

Activity in groundwater = A" 

Ingestion rate=IR;. 

Exposure frequency = EF 

Exposure duration = ED 

Body weight = BW 

Averaging time = AT 

• Equation from,(1). 
b References follow Table '1.38; 

mglL 

pCi/L 

Uday 

day/yr 

year 

kg 

yr x day/yr 

Chemical'-specific 

Chemical~specific 

250 

25 

70 

70'x 365 (carcinogen) 
ED'x 365 (noncarcinogen) 

:Uumanintake factors for Ingestion of water by an Industrial worker 

Endpoint 

[14] 

[14J 

1[14] 

![114J 

1I4J 

Cohort 
Chemical carcinogen" Chemical Doncarcinogena Radlonucllde carclnogenb 

Worker 3.49 X 10.3 9.78 X ro·3 6.25 x loJ 

• Chemical concentration in water (mglL) times intake factor [U(kg • day») yields default RME dose for associated endpoint. 
b:Radionuclide concentration in water (pC ilL) times intake factor (L) yields,default,RMEdose. 
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Table 1.25~ Reasonable maximum exposure ,assumptions and! human intake factor'S for dermal 
contact with water whiJe.showering by ,anindustriaii workel'3 

'Equation 
A'b'. b.d Th ( Ik. d ) C",xPcxSAxEFxEDxETxCF . .n: sor e 'vose mg g- ay =..=...::...-.;;....::-----------
.. BWxAT 

'Parameter 

Concentration in water = Cw 

Skin ipermeability constant,=P. 

Skin surface,area,exposedc=SA 

Exposure frequency = EF 

Exposure duration = ED 

Exposure time = ET 

Conversion ,factor=CF 

Bodyweight i= BW 

Averaging"time = AT 

':Equation froffi'[I). 
b References follow Table :1.38; 
C :Entire surface area:ofbody. 

linits 

imglL 

cmlhr 

m1 

show.erSlyr 

years 

!hrslshower 

:~l-m)l( cm-ill) 

Ikg 

yr x day/yr 

Value used 

,Chemical-specific 

'Chemical"specific 

1:8115 

250 

25, 

,0.2 

:10 

70 

70 x 365 (carcinogen) 
ED'x 365 (noncarcinogen)' 

:Human intake factors for'dermal contactwlthiwater while showering 
by an industrial:workeJ: 

iEndpoint 
COhOA 

iReferencesb 

1[,14] 

IUl41 

IU14] 

IUI4] 

[14]] 

[14]1 

Chemical carcinogen" rChemical:noncarcinogen"' Radionucllde~carcinogen~ 

Worker 1.27 X 10-2 Not Applicable 

• Chemical concentration(mgfL)timeslchemical"Pc~'(cmlhr)times intakefactor [(L. hr)l(cm • kg:.idaY)lYieldsdefault RME dose for 
aSsociated i endpoint. 

b Dermal1absorbed dose is not applicable to radionuclides per,guidance:found inl[!I). 

• 

• 
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Table 1.26. Reasonable maximum exposure assumptions and human intake factors for inhalation 
of \'oiatileorganiccompounds in water while showering by an industrial workerQ 

Equations 

Ch . II k ( g!k d ) C ........ xIR.irxEFxEDxET enuca nta e m g- ay = -----------
BWxAT 

Radionuclide Intake (pCi) = A .... x IR .ir X EF x ED xJEF 

,Parameter Hnlts 

Concentration in shower = Clbower mg/m1 

Indoor inhalation rate = IRa'r m1lhour 

Exposure frequency = EF day/year 

Exposure duration =ED years 

Exposure time = ET hours/day 

Body weight = BW kg 

Averaging time = AT yr x day/yr 

Activity in groundwater = Agw pCi/L 

Inhalation'exposure factor = IEF (L-hr)/(m1-day) 

Maximum concentration = Como. mg/m1 

Time of shower = t, hours 

Time after shower = tz hours 

Concentration in groundwater = Cgw mg/L 

Fraction volatilized = f unitless 

Water flow rate = Fw Uh 

Bathroom volume = V. m1 

• Equation after [I) and.[14). 
b References follow Table 1.38. 

( I 3) _ Cgw x f x F w X t\ 
Camax mg m. - --"-----

Va 

Value used 

Chemical-specific 

0;6 

250 

25 

0.2 

70 

70 x.365 (carcinogen) 
ED x 365 (noncarcinogen) 

Chemical-specific 

0:206 (tritium) 
5.6 (radon) 

0.00 (other radionuclides) 

Chemical-specific 

0.1 

0.1 

Chemical"specific 

0.75 

890 

11 

Refcrencesb 

CalCulated 

[14] 

[14] 

[14] 

[14] 

[14] 

[14] 

[15] 

[14] 

[14] 

[14] 

IUI4] 

·U14] 

Human intake factors fodnhalatlon ofvoiatlle organic compounds in water while showering 
by an industrial worker 

Endpoint 
Cohort 

Radionucllde carcinogenb Chemical carcinogen~ Chemical noncarcinogen° 

Worker 1.91 X )0"1 5.34 X 10,1 3.75 X 101 

• Chemical concentration in water (mgfL) times intake factor[U(kg • day») yields default RME dose for the associated endpoint. 
b Radionuclide concentration in ,water (pCi/L) times "IEF" [(L. hrY(mJ 

0 day» times intake factor [(mJ 
0 day)lhr)yields defaultRME 

dose. 
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'Fable 1.27. Reasonable maximum exposureassurnptions .and' human intake factol7s for iincidental 
ingestion of soil by an industrial' workerD 

Equations 

Ch . 1 I k ( gIk d )' 'Cs'x IRsx FI x EF x ED x AC x CF eInlca 'nta e m g- ay = -=.::----.:=:...-.---------
BWxAT 

Radionuclide Intake (pCi) = Asx: IRs x Fix EF x ED x,AC x CF lad 

Parameter 'Units Value used' 

Concentration, in:soiJ:=Ci mglkg Chemical-specific 

Acti.vitY'in soil = A. ,pCi/g Chemical"specific 

Ingestion;rate= IR, mglday 50 

Fractiondngested l= FI ,unitless :1 

Exposure frequency = EF day/yr 250 

Exposure duration = ED year 25 

Area of contactC = AC unitless AS/AW 

AreaiofSWMU = AS acres SWM t:J"specific 

Area worker ranges=.AW acres 0,5 (or size of'site, 

whichever:is less) 

Conversion factor =iCF kglmg 10-6 

Conversion factor=:CFradi glmg ,10.3 

Body weight = BW kg 70 

A veraging!time = A1' yrx.day/yr 70x 365 (carcinogen) 
,ED x 365 (noncarcinogen) 

i Equation from ~IIJ, 
'bReferences follow. Table 1.38 . 
.• "AC" cannot be > I. 

Human Intake factors for Incidental ilngestlon'of,sollibyan, Industrial worker 

Endpoint 

Referencesb 

[14] 

[14] 

[14] 

[14] 

[28] 

[;1'4] 

;[1\4] 

Cohort 
Chemical carcinogen- Chemlcali noncarcinogena Radlon uclldecarclnogen~ 

Wor:ker 4.89 X 110.7 

·'Chemical!concentration'in soil (mglkg) times "AC",(unitless)itimes,intakefactor [kg/(kg.iday»)iyieldsdefault RME dose for associated' 
endpoint. "AC" cannot be > 1. 

biRadionuclide concentration (PCi/g) times'''AC'' (unitless) times intake factor (g) yieldsdefaultiRME dose. ~AC",cannotbe > 1. 
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Table 1.28. Reasonablemaximulll exposure assumptions and i human intake factors for dermal 
contact with soU by an industrial worker3 

Equation 

Ab b dD ( g/k d ) 
CsXCFdXSAxAFxABSxEFxED 

sor e . ose m g- ay= 
BW:KAT 

Parameter 

Concentration in soil = C. 

Conversion factor-dermal = CF d 

Surface area" = SA 

Adherence factor = AF 

Absorption facto~= ADS 

Exposure frequency = EF 

Exposure duration = ED 

Body weight = DW 

Averaging time = AT 

• Equation after [I]. 
b References follow Table 1.38. 
" Area of hands. arms, and head. 

Units 

mg/kg 

(kg-cm2)/(mg
m2

) 

m2/day 

mg/cm2 

unitless 

day/yr 

years 

kg 

yr x day/yr 

Value used 

Chemical-specific 

0.01 

0.43 

0.25 (volatile organic) 
0.10 (semivolatile organic) 

0.05 (inorganic) 

250 

25 

70 

70 x 365 (carcinogen) 
ED x 365 (noncarcinogen) 

Referencesb 

[114] 

[N] 

[14] 

[14] 

[14] 

[14] 

[14] 

d Listed default factors usediunless chemical"specific absorption factors:are available. Chemical-specific absorption factors used are 0.0) 
for dioxinsll'\6]Bnd [17],0.06 for polychlorinBtedbiphenyls [16] and [U], 0.01 for cadmium[l 6] and [In], and 0.25 for carbon 
disulfide [18]. 

Cohort 

Worker 

Human Intake factors for dermal contact with soil and'sediment by 
an Industrial worker 

Endpoint 

Chemical, carcinogen~ Chemical noncarcinogen" Radlonuclide carcinogenb 

1.50.x JO.5 4.21 X 10.5 Not Applicable 

• Chemical concentration issoil!or sediment (mglkg) times chemical'''ABS'' (unitless) times intake factor [kgl{kg • day)] yields default 
RME dose for associated endpoint. 

b Dermal absorbed'dose is not applicable to,radionuclides per guidance found'in [I]. 
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Table 11.29. Reasonable maximum exposure assumptions and human intake factors for inhalation 
of \'aporsand i particulates emitted: from soil by an industrial workera 

Equations 

C x EFx ED xET xi(_'I_: + _1_), 
5 I~ VF PEF. 

'Chemicall Intake (mg/kg -,day) = ------A-q;-, ---'------'--

( 'Ii 1) Radionucliddntake (pCi) =As x CFi,x EF xED xET X1tVF + PEF' xIRair 

iParameter 

Concentration. in ;soil='C. 

Activity in soil or'= A. 

'Conversion: facto~ = CF 

Conversion factol' = CF" 

Exposure frequency = EF 

Exposure duration = ED. 

Exposure time = ET 

Volatilization factor = VF 

rParticulate emission factor = PEF 

Total.inhalation rate = :IRa'r 

Averaging time = AT 

"Equation from [20]. 
bReferencesfollow Table 1.38~ 

l:lnits 

,mglkg 

iPCi/g 

day/hr 

glkg 

day/year 

years 

hour/day 

m3lkg 

m~ikg 

m3lhou~ 

yrxdaylyr 

Value used 

Chemical-specific 

Chemical-specific 

tl24 

103 

250 

25 

18 

'Chemical'-specific 

4.28'x 109 

2.5 (fo~ radionuclides) 

70 x 365 (carcinogen): 
ED x 365 (noncarcinogen) 

Human iintake,fadors,forhihalatlon;ofvapors and particulates emitted Ji:om,soil 
tby an, industrlal'worker 

IEndpolnt 

Referencesb 

[1'4] 

!fI4] 

1[14]1 

[19]: 

[\9]: 

[14] 

[14] 

Cohort 
Chemical carcinogen" Chemical. non carcinogen" Radlonuclide carcinogenb 

Worker 2.28 x 10.1 1.25 x roB 

• Chemical concentmtioniin soil (mg/kg)ltimes "lNF + lIPEP' :[(m'/kg)il] times intake factor [uniiless)] yields defaultrRME doseJor 
associated I endpoint. 

biRadionuclide activity in soil (pCi/g)itimes'''IIVF + IIPEP'[(m' lkg)"l] times intake factor,[(gi. m')lkg] yields:default RME dose. 

'. 
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Table 1.30. Reasonable maximum exposure assumptions and human intake factors for external 
exposure to ionizing radiation from soil by an industrialworkerD 

Equation 
Absorbed Dose (pC i- year/g) = As x ED x EF x x (1- Se) x Te x AC 

'Parameter Bnits Value used 

Activity in soil = As pCi/g Chemical-specific 

Exposure frequency = EF. day/day 250/365 

Exposure duration =ED year 25 

Gamma shielding factor = S. unitless '0.2 

Gamma exposure time factor = T e hrlhr 8124 

AreaofcontactC = AC unitless AS/AW 

Area of SWMU = AS acres SWMU-specific 

Area worker ranges = A W acres 0.5 

• Equation after [20]. 
b References follow Table 1.38. 
C AC.cannot be > I. 

Human intake factors for external exposure to ionizing radiation from soil 
by an industrililworker 

Endpoint 

'Referencesb 

[14] 

'~14] 

:[20] 

[20] 

[28] 

Cohort 
Chemical carcinogen a Chemical noncarcinogen" Radlon uclide, carcinogenb 

Worker Not applicable Not applicable 4.57 x 10° 

• Exposure,not applicablC!lo chemicals ,not emitting ionizing radiation. 
blRadionuclide activity in soil (pCi/g) times"AC" (unitless) times intake factor (yr) yields default RME dose. 
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Table 1.3,1i, Ueasonable maximum exposure assumptions and human intake factors forinddental 
ingestion ,ohoil by an' excavation worker:D 

Equations 
Ch " 11 k·( g/k d ) Csx,CFxIRsxEFxED:xFI ennca 'nta e m g- ay = "'::"'::~-----'''--.::------

.. BWxAT 

Radionuclidelntakei~pCi) =As,XCFradiX IRsixEFx ED'x FI 

Parameter Units Value used Referencesb 

Concentration in soil o~sediment = C •. 

Conversion factor = CF 

Activity in soil or sediment = A, 

Conversion factor=iCF rad: 

!Ingestion !rate=J~ 

,Exposure frequency = EF 

Exposure durationi=ED 

Fraction, ingested!= FI 

Body weight = ,BW 

Averaging time=AT 

'I Equation after [I]. 
,b References follow Table \.38. 

niglkg 

kg/mg 

pCi/g 

,g/mg 

mg/day 

day/yr 

year 

,unitless 

kg 

yrx day/yr 

Chemical-speci fi c 

.10-6 

Chemical"speci fi c 

10-3 

480 

185, 

25 

70 

70x 365 (carcinogen) 
ED x 365·(noncarcinogen) 

Human intake factors for:lncldental'lngestion,'ofsolliby:an! excavation worker 

Endpoint 

[14]! 

[14]1 

(20)! 

(14) 

(14) 

(14) 

Cohort 
Chemical carclnogen~ Chemical noncarclnogena Radlonuclldecarclnogeri~ 

Excavation 
worker 3.48 x :\0-6 

·Chemicaliconcentmtioniin soil (mg/kg) times intakefactor [kg/(kgl.·day)J.yields.default RMEdose for associated endpoint. 
biRadionuclide concentmtion in soil (pCilg) times intakeifactor (g) yields defaullRMEdose. 
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Table 1.32. Reasonable maximum exposure assumptions and human intake factors for dermal contact 
with soil by an excavation worker3 

Equation 

Ab b d D (g/k d ) 
C. x CF d. X SA x AF x ABS x EF x ED 

sor e . ose m g- ay = 
BWxAT 

Parameter 

Concentration in soH or sediment = C. 

Conversion factor-dermal = CFd 

Surface areae =SA 

Adherence factor = AF 

Absorption factord = ABS 

Exposure frequency = EF 

,Exposureduration i= ED 

Body weight = BW 

Averaging;time = AT 

• Equationifrom [,I.]. 
b References follow Table 1.38. 
c Includes skin 'Ilrea' of arms. hands. and head. 

Units 

mglkg 

(kg-cm2)/(ing
m2

) 

m2/day 

mglcm2 

unitless 

day/yr 

years 

kg 

yr x day/yr 

Value used 

Chemical-specific 

0;43 

0.25 (volatile organic) 
0.,10 (semivolatileorganic) 

0.05 (inorganic) 

185 

25 

70 

70 x 365 (carcinogen) 
ED x 365 (noncarcinogen) 

Referencesb 

[14] 

[14] 

[14] 

[14] 

(20). 

[14] 

[14] 

d Listed'defaultfactors used unless chemical-specific absorption factors are available. Chemical-specific absorption factors used are 0.03 
for dioxins l['161and [17].0.06 for polychlorinated biphenyls [I 6]and l[.J7]. 0.01 for cadmium [16] and [17]. and 0.25 for carbon 
disulfide [18]. 

Humaniintakefactors for dermal contact with soil by an excavation worker 

Cohort 

Excavation, 
worker 

Chemical carcinogen" 

1'.11 x 10's 

Endpoint 

Chemical i noncarclnogen" Radionucllde carcinogenb 

3.11 x 10's Not applicable 

• Chemical concentration in soil (mglkg):times chemicaP'ABS"(unitless) times intake factor[kgl(kg. day)] yields default RME dose for 
the associated endpoint. 

b'Oerma) absorbed.doseis not applicable to radionuclides per guidance found in [I]. 
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Table L33. Reasonable maximum exposure assumptions and humanintake factors for inhalation of 
vapors and: particulates emitted from soil byanexcavation 'workera 

Equations, 

Csx EF xED'x ET x:CF x - + -'-- . (1 1) 
VF PEF 

Chemical Intake{mglm?- day) = . 
A1i' 

Radionuc1ideIntake(pCi) = As X:CF2' xEF x ED x ET xi~ L + _1_) x IRair 
{VF PEF 

:Parameter 

Concentration: in soil or sediment = C. 

Activity in soil orsediment=A. 

eonv.ersion factor = CF 

Conversion factor = CF z 

Exposure frequency =EF 

Exposllre dllration = ED 

Exposure time = ET 

Volatilization factor = VF 

'Particulate emission factor = PEF 

,Inhalation rate =IR.lr 

Averaging time = A:r 

'Equationfrom (20). 
b:References follow Table 1'.38; 

Units 

mg/kg 

,pei/g 

daylhour 

:g/kg 

day/yr. 

years 

hours/day; 

ml/kg 

ml/kg 

ml/hour 

yrxday/yr 

Value used 

Chemical-speCific 

Chemical-specific 

1124 

IOl 

:li85 

25 

8 

Chemical~specific. 

3.21 x ((jlD 

2S(for radionuc1ides)' 

70 x365 (carcinogen). 
ED x 365 (noncarcinogen) 

Human intake factors for inhalation ofvolatlle organic compounds:and ,particulates 
emitted from soil: by ani excavation worker 

Endpoint 

Referencesb 

[1'4] 

[20] 

{1M] 

iU1'9] 

1[19]1 

[14]1 

[14]; 

Cohort 
'Chemicali carcinogen· Chemical noncarcinogen~ Radionuclide carcinogenb 

Excavation 
worker 1.695 X 10,1 

• Chemical concentrationinsoili(mg/kg),times'''lNF + IIPEP';[(rTil/kg);I] times intake factor:[m~/(kg .:day»):yields default RME dose 
for associated endpoint. 

:b Radionuclide activity in soil (pCi/g) times "INF + I/PEP' [(ml/kg)"I,]itimes intake factor [(g. nil,)/kg) yieldsidefault RME dose. 
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Table 1.34. Reasonable maximum exposure assumptions and 'human intake factOJ~s for external 
exposure to ionizing radiation from soil by an excavation workerD 

'Equation 
Absorbed Dose ~pCi- year/g) = As x EF x ED x (1- Se) x Te 

Parameter Units Value used 

Activity ,in soil or sediment = AI pCi/g Chemical-specific 

Exposure frequency = EF day/day 185/365 

Exposure duration = ED year 25 

Gamma shielding factor=S. unitless 0;2 

Gamma exposure ,time factor =T. hrlhr 8/24 

• Equation from (20). 
b References follow Table '\'.38. 

Human Intake factors for external exposure to ionizing radiation 
fromsoiJ,by an excavation worker 

Endpoint 
Cohort 

Referencesb 

(14], [20] 

[20] 

[20] 

[20] 

Chemical carcinogen" Chemlcal,noncarclnogen8 Radion uclide carcinogcnb 

Excavation, 
worker Not applicable Not applicable 

• Exposure not applicab\e:tochemica\s notemilting ionizing radiation. 
b Radionuclide concentration in soil (pCi/g) times intake factor (yr)yie\ds default RMEdose~ 
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Table'I.35 .. Reasonable maximum exposure assumptions for concentration ,or activity ofC0PCs 
in homegrown vegetables3 

Equations 

C ... = (Cw x Irr rup x CFrad) + (Cs x ACxRupv) + (Cw x 'Irrres x CFrad) + (Cs x AC x Res) + (Cw x Irrdep xCFrnd) 

_ IrxFx BVwerx[J -,exp(-AB X.fb)] _ Irx!FxlrX ~xlUl-exp(- AE x tv)] 
lrrrup- .p' Irrdep-

XAB YvxAE 
Ir x F X MLFx [,1- exp( -AB X tb)] 

Irrres = P X AB 

Parameter 

Concentration in vegetable = C. 

Concentration in groundwate~ = Cw 

Root uptake from Irrigation = .lrr rap' 

Conversion :factor for radionuclides = CFrad 

Concentration ,in soil = C. 

Areaof,contactC = AC 

Area.ofSWMl:J= AS 

Area of garden = AG 

Wet root uptake for leafyivegetables= Rap. 

lResuspension' from irrigation = Irr .... 

Resuspension: multiplier = R.. 

Aerial deposition from irrigation!= Irrdep 

Irrigation,rate = Ir 

Irrigation:period = F 

,Soil to plant uptake, wet weight = BVwoti 

Effective rate for removal' = As 

Decay·= 1. 

Half~life = Tr 

Soil leaching rate = AHI: 

Long-term deposition and~build·upl=~ 

Area density for root zone = P 

Plant mass ,leading factor = MLF 

Interception fraction = ., 

Translocation factor = T 

Decay :for removaloniproduce = AE 

Weathering half-life'=,tw 

Above.ground exposure time = t. 

Plant yieldi(wet)i= Y. 

• EquationsaJter (1),,[2],,[3] and i[4], 
bReferences 1fol1owTabie ,\'.38, 
<'AC cannot be greatei' than ,I'. 

Units 

mglkg,oripCi/g 

mglLor,pCi/L 

Ukg 

kglg 

mglkg or pCi/g 

unitless . 

acres 

acres 

kglkg 

Ukg 

unitIC:ss' 

Ukg 

Um~-day 

unitless 

kglkg 

I/day 

t/day' 

day 

t'ldily 

day 

kglm1 

unitless 

unitless 

unitless 

!\Iday 

day 

day 

kglm1 

A-184! 

Value used 

Chemical-specific 

ChemiCal-specific 

Chemical-specific 

10.3 

Chemical-specific 

AS/AG 

SWMU-specific 

0.25 

Chemical-specific 

Chemical-specific 

0.26 

Chemical-specific 

3.62 

·0.25 

Chemical-specific or 
7; 7x K..w -0.58 

A; ,.., AML 

iO.693/l'r 

Chemical-speci fic 

2.7xlO·s 

10,950 

240 

10.26 

'0.42 

I 

A.j+ :(0:693/iwl 

14 

6Q 

2 

Referenc:esb 

Calculated. 

Calculatedl 

1[26] 

Calculated 

[9] 

Calculated 

[10]: 

[10];.3 months ,a year 

[II], 

[II~! 

[11]i 

[11~i 

[2] 

1[8],.[12], [13] 

[9] 

[7] 

[2] 

[1111]: 

[2] 

(2). 

[2]i 
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Table 1.36. Reasonable maximum exposure assumptions for concentration 
or activity of copes hi deer" 

Equations 

Cforage = (Cs x R upp) + (Cs x Res) 

Parameter 

Chemical concentration in deer = Cd 

Forage-deer transfer factor = Fd, 

Chemical concentration in forage = Cr ... ,. 

Area ofcontactC = AC 

Area of SWMU = AS 

Area of deer range = AD 

Fraction of deer's food from site when on site = f. 

Quantity of forage ingested daily,by deer = Qr 

Chemical concentration in soil or sediment = C. 

Quantity of soil ingested1daily by deer = Q. 

Contaminant concentration.in surface water = C.w 

Conversion factor for radionuclides = CF nd 

Quantity of surface water ingested daily by deer = Q_ 

Soil to plant uptake (dry) = Rupp 

Soil resuspension mUltiplier = R.. 

• Equations after [I). [2). [3)iand (4). 
b All references follow Table 1.38. 
C ACcannot be > I. 

Units 

mglkg or pCi/g 

daylkg 

mglkg or pCi/g 

unitless 

acres 

acres 

unitless 

kg/day 

mglkgor pCi/g 

kg/day 

mg/L orpCi/L 

kg/g 

L/day 

unitless 

unitless 

A-li85 

Value used 

Chemical-specific 

Chemical-specific 

Chemical-specific 

ASIAD 

SWMU-specific 

494 

1.0 

1.74 

Chemical-specific 

0:034 

Chemical-specific 

locl 

Chemical-specific or 
38 x K...:o.SB 

0.25 

Referencesb 

Calculated 

Calculated 

[27] 

[5] 

[7] 

[6]; 2%of 
forage 

[8] 

[8] 

[3] 



Table 1.37. Reasonable maximum exposure assumptions for concentration 
or activity iofCOPCs 10. rabbits' 

Equations 

Parameter 

ChemiCal concentration in rabbit = Cr 

Forage-rabbit transfer factor = F:r 

Chemical concentration ,in forage = Crorag• 

ArealofcontactC = AC 

Area: of SWM l'J: = AS 

Area' ofrabbii range = AR 

!Fraclioniofrabbit foodifrom site when on site = f. 

[Quantity oHorage ingested daily by rabbit = Qr 

'Chemica:! concentration inisoilior sediment = C. 

Units 

mg/kg or pCi/g 

daylkg 

mglkg or. pCi/g 

unitless 

acres 

acres 

unitless 

kg/day 

mglkgor,pCi/g 

Quantity of soil I ingested. daily by rabbit = Q. kg/day 

Contaminant concentration lin surface water=C.w mg/I:.ofipCi/L 

Conversion factorJor radionuclides.= CF:rad:kglg 

Quantity of surface water ingested daily by rabbit = Q.... iUday 

Soil to planhiptake (dry)=:Ropp uriitless 

Soil resuspensionmultiplier = 'Ra, unitless 

8 Equations after [I]. [2]. [3] and [4]. 
b All References follow ifable .L38~ 
C AC'cannot be> 1. 
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Value used 

Chemical-specific, 

Chemical"specific 

Chemical"specific 

AS/AD 

SWMU~specific 

7.7 

1.0' 

0,237 

Chemical~specific 

0:0149 

Chemical~specific 

110-3 

0,116 

Chemical"specific or 
38 x Kaw -II.ss 

10,25 

Referencesb 

'Calculated 

Calculated 

[23] 

[24] 

[24]; 6.3.% of 
forage 

[24]: 

[8] 

[3]1 
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Table 1.38. Reasonable maximum exposure assumptions for concentl7ation 
or activity of copes in quailD 

Equations 
Cq,= Fqx[(Cr x AQx fs x Qr}+(Cs x AQ x Qs) + (Csw x CFrad x Qswl+(C j xAQx Qd 

Cforage =.(Cs x Rupp)+(Cs x Res) 

Parameter 

Chemical concentration in quail = Cq 

Forage-quail: transfer factor = Fd 

Chemical concentration in forage = Cronge 

Area ·of contacf = AC 

Area ofSWMU= AS 

Area of quail range = AQ 

Fraction of quails food from site when on site = f, 

Quantityofforage ingested daily by quail = Qr 

Chemical concentration, in ,invertebrates = C1 

Quantity of invertebrates ingested dailybyquajJ, = QI 

Chemical concentration, in soil or sediment = C, 

Quantity of soil ingested daily1by quail =Q, 

Contaminant concentration in surface water = Caw 

Conversion factor for radionuclides = CF rad 

Quantity of surface watedngested daily1by deer = Q,w 

Soil to plant uptake (dry) = R"pp 

Soil resuspension multiplier = Res 

" Equations after [,I,]. [2M31and![4]. 
b All References follow Table 1.38. 
C AC cannot be > I. 

Units 

mglkg or pCi/g 

.day/kg 

mglkg or pCi/g 

unitless 

acres 

acres 

,unitless 

kg/day 

mglkgor pCi/g 

kg/day 

mg/day or pCi/L 

kg/day 

mg/L or pCi/L 

kg/g 

Uday 

unitless 

unitless 
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Value used 

Chemical-specific 

Chemical-specific 

Chemical~specific 

AS/AQ 

SWMU-specific 

25.5 

1.0 

0.01499 

Chemical-specific 

0.002006 

Chemical-specific 

0.00158 

Chemical-specific 

10-3 

3.61 

Chemical-specific or 
38 x K..w -0.58 

0.25 

Referencesb 

Calculated 

Calculated 

[23] 

[23];88.2% of 
total food 

[23]; 11.8% of 
total food 

[25]; 9.3% of 
total food 
(same as 
turkey) 

(8) 

(8) 

[3) 
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• Table 1.39. Miscellaneous factors used to calculate chronic daily intakes of COPCs 
a 

;,; 

Vegetable particulat~ 
Permeability bio-uptake Volatilization emission 

constant factor factor factor 
Analyte (cm/br) (kg/kg) _ (m"'l/kg) (m"'l/kg) 

Aluminum 1.00E-03 1.00E-Ol 3.21E+l0 
Ammonia 1.S0E-03 7.70E+00 
Antimony 1.00E-03 1.00E-02 3.21E+l0 
Arsenic 1.00E-03 1.00E-02 3.21E+l0 
Baril.UD 1.00E-03 3.00E-03 3.21E+l0 
Beryllium 1.00E-03 2.50E-03 3.21E+l0 
cadmium 1.00E-03 1.38E-Ol 3.21E+l0 
Chromium 1.00E-03 1.00E-04 3.21E+l0 
Cobalt 1.00E-03 2.32E-02 3.21E+l0 
COpper 1.00E-03 8.00E-02 
Fluoride 1.00E-03 
Iron 1.00E-03 4.00E-04 5.47E+01 3.21E+10 
Lead 1.00E-03 7.60E-04 3.21E+l0 
Lithium 1.00E-03 6.2sE-03 
Manganese 1.00E-03 6.88E-02 3.21E+l0 
Mercury 1.00E-03 3.00E-Ol 
MDlybdenl.UD 1.00E-03 8.00E-02 
Nickel 1.00E-03 5.00E-02 
silica 
Silver 1.00E-03 2.161-05 
SUlfate- 1.00E-03 
Tetraaxo-sulfate(l-) 
Thallium 1.00E-03 1.00E-03 3.21E+l0 
uranium 1.00E-03 6.31E-04 • Vanadium 1.00E-03 1.38E-03 3.21E+l0 
Zinc 1.00E-03 2.641-01 3.2lE+l0 
1,1,2-Trichloroethane 8:40E-03 5.llB-Ol 
1,1-Dichloroetbane 8.90E-Ol 6.96E-(ll 
1,1-Dichloroethene 8.90E-03 6.96B-01 1. 52E+Q-3 3.2lE+l0 
1,2,4-Trichlorobenzene 1.00E-Ol - 3.69B-02 4.56E+04 3.2lE+l0 
1,2-Dichlorobenzene 6.10E-02 8.21B-02 1.5SE+04 3.21E+10 
1,2-Dichloroetbane 5.30E-03 1.041+00 
l,2~Dichloroethene 1.07E-03 4.061+00 
1,3-Dichlorobem:ene _8.70E-02 6.29E-02 3.2lE+l0 
1,4-Dichlorobenzene 6.20E-02 8.21E-02 1.l7E+04 3.21E+l0 
2,4,S-Trichlorophenol 5.94Ji:-02 4.8lE-02 7.l7E+05 3.2:(E+l0 
2,4,6-Tri~orophenol 5.90E-02 S.SOB-02 2.72E+OS 3.21E+l0 
2,4--Dinitrotoluene 3-.80E-03 5.3lE-01 3.7SE+OS 3.2lE+l0 
2,6-Dinitrotoluene 2.S0E-03 7.95B-01 3.05E+OS 3.21E+l0 
2-Chl.oronaphthalene 1.S8E-Ol 3.221-02 2.97E+04 3.21E+l0 
2-HexaDone 4.60E-03 1.19E+00 l.21E+l0 
2-Methyl-4,6-dinitrophenol 9.7SE-03 2.09B-Ol 7.24E+05 3.21E+l0 
2-Methylnaphthalene 1.53-01 4.211$-02 4.51E+05 3.21E+l0 
2-Ni troaniline - 5.19E-03 6.96E-Ol 1.25E+04 3.21E+l0 
2-Nitrophenol 3.21E+l0 
3,3'-DichlorObenzidine 1.70E-02 7.19£-02 1.36E+06 3.21E+l0 
3-Nitroaniline : 2.S7E-03 1.24B+00 3.21E+l0 
4-,4'-OOD 2.80E-01 3.ll£-03 2.46E+07 3.21E+l0 
4,4'-ODE 2.40E-01 3.8lE-03 2.63E+07 3.21E+l0 
4,4'-DDT 4.30E-01 1.58E-03 3.22B+07 3.21E+l0 
4-Bromophenyl phenyl ether 2.40E-01 8.U£-03 3.21E+l0 
4-Chl.oro-3-methylphenol 3.21E+l0 
4-Chl.orophenyl phenyl ether 3.21E+l0 
4-Ni troani line 2.6GE-03 1.20B+00 3.21E+l0 
Acenaphthene 2.47E-Ol 2.47£-02 2.31E+OS 3.21E+10 
Acenaphthylene 9.55E-02 5.50E-02 3.14E+05 3.21E+l0 

Acetone 5.69E-04 1.06E+Ol 
Aldrin 1.60E-Ol 1.40B-Ol 7.32E+06 3.21E+10 • Anthracene 2.24E-01 2.16E-02 8.27E+05 3.21E+l0 
Benz (a) anthracene - 8.10E-Ol 3.8lE-03 1.00E+07 3.21E+l0 

Benzene 2.10E-02 4.6GE-Ol 
Benzo (a) pyrene 1.20E+00 2.23E-03 2.60E+07 3.21E+l0 
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• Tablel.l9. Miscellaneous factors used to calculate chronic daily intakes .ofCDPCs 
.... ; 

vegetabJ:e Particulate 
permeability bio-uptake Volatilization emission 

constant factor factor factor 
Analyte (cm/hr) (kg/kg) (mAl/kg) (m"l/kg) 

Benzo (b).fluorantbene 1.2ll+00 2.2ll-0l 4.901+06 3.211+10 
Benzo (9M) perylena 1.S2E+00 1.14E-03 3.2lE+10 
Benzo(k)fluorantbene 6.00E-Ol S.761-04 4.171+07 3.211+10 
Bromodichloromethane 5. SOE-03 4.661-01 
Butyl benzyl phthalate 7.14E-02 1. 11E-02 S.SSE+06 3.21E+10 
Carbon Tetrachloride 2 .• 20E-02 1.S3E-Ol 
Chloroform B.90E-03 5.l31-01 
Chrysene B.10E-01 l .• SlE-Ol 2. BSII:+06 3.2lE+I0 
Di-n-hutylphthalate 1. 15E-01 1.111-02 8 •. 5SE+06 3.2lE+10 
Di-n-octylphthalate 2.69E+Ol l:.S5E-05 6.3SE+07 l.21E+10 
Dibenz(a,h)anthracene 2.70B+00 S.16E-04 1. 11:&:+OS 3 .• 21E+10 
Dibenzofuran 9.3lB~01 l.S3E-Ol 4.29E+OS 3.2lE+10 
Dieldrin 1.60B-02 1.6SE-02 2.2SI+06 3.21E+10 
Endosulfan I 3.211+10 
Endosulfan II 3.2lE+10 
Endosulfan SUlfate 3.211+10 
Endrin 1.60B-02 1.651-02 2.3SB+06 3.211+10 
Endrin Ketone 3.2lE+.10 
Ithylbenzene 7.401-02 1.231-01 S.71E+03 3.211+10 
Fluoranthena l.60B-Ol i.1lE-02 3.24B+06 3.2lE+10 
Fluorene 2.46E-Ol 2.16E~02 5. 41B+OS 3.211+10 
Heptachlor 1.10B-02 2.47£-02 2.39B+06 3.2lE+10 
HeptachlorBpoxicle 5. 48B-02 5.681-03 5 .• 46E+06 3.211+10 
Hexachlorobenzene 2.10B-Ol 6.492-03 .1.951+05 3.211+10 

'. Hexach1orobutadiene 1.208-01 1.272-02 .7.622+04 3 .• 2lE+10 
Hexachlorocyclopentadiene 2. 86E-02 3.69E-02 1.S1E+05 3.2lE+10 
Hexachloroethane 4.208-02 4.21:&:-02 9.571+04 3.21E+10 
Indeno,(1, 2,3 -cd) pyrene 1.901+00 1. 14E-Ol 6.0SE+07 3.2lE+I0 
Methoxychlor 1.978-02 2.1;6B-02 4.31:&:+06 3.21B+I0 
Methylene Chloride 4.50E-03 1.l6E+00 2.642+03 3.211+10 
N-Nitroso-di-n-propylamine 2.S0B-03 1.19E+00 1.11£+05 3.21E+I0 
N-Nitrosodiphenylamine 1. 95E-02 1.23E-Ol 6.0SE+05 3:.2lE+I0 
Naphthalene 6.~02-02 9.l9E-02 S.91E+04 3.211+10 
PCB-1016 7.,81£-01 2. 91E-03 S.021+05 3.211+10 
PCB-1221 9.221-02 3.221:"02 3.211+10 
PCB-1232 1.371-02 1.07E-Ol 3.211+10 
PCB-1242 3·.658-02 3.221-02 3.83£+OS 3.211+10 
PCB-124B 3,'708-01 3.33E-03 3.2lE+I0 
PCB-1254 3.46E-01 2.55£-03 5. 62B+05 3.211+10 
PCB-1260 1.018+00 S •. B7E-04 4.74B+05 3.21B+10 
PentachlorophenOl 6.508-01 2.9IE-03 1.251+06 3.211+10 
Phenanthrene 2.708-01 1.658-02 3.2lE+I0 
Polyc:hlorinated biphenyl 3.46E-Ol 2.558-03 1.008+06 3.21E+10 

. Pyrene 3.241-01 1.1lE-02 4.,028+06 3.2lE+10 
Tetrachloroethane 3.708-01 2.398-01 2.701+03 3.2l.E+I0 
Toxaphene 1.501-02 1.27E-02 1.24B+07 3.2111:+10 
Trichloroethane 1.60E-02 3.12E-Ol 3.4SE+03 3.21E+I0 
Vinyl Chloride 7.30E-03 .1.1:91+00 1.10E+03 3.21E+I0 
Xylene 9.47£-02 9.39E-02 7.231+03 3.21E+10 
alpha-BHC 1.88E-02 4.2lE-02 5.9SI+05 3.2l.E+10 
alpha-Chlordane 3 .• 2l.E+10 
beta-BKC 2.22E-02 3.UE-02 1.41E+06 3.21E+I0 
bis(2-Chloroethoxy)methane 1.40E-03 1.36E+00 3.211+10 
bis (2 ":'Chloroethyl ) ether 2.10E-03 1.l6E+00 3.541+04 3.2lE+I0 
bis(2-Chloroisopropyl)ether 1.17£-02 2.4GE-Ol 3.071+04 3.211+1:0, 

bis (2-Ethylhexyl) phthalate 2.l41-02 1..1lE-02 2.291+08 3. 21E+1O 

cis-1,2-Dichloroethene 1.001~02 6.091;"01 
cis-1,3-Dichloropropene 3.211+10 

• delta-BHC 3.121-03 1.831-01 3.21E+10: 

gamma-BHC(Lindane) 1.401;"02 5.501-02 4. 94E+OS 3.21£+10 

gamma-Chlordane 3.211+10 
trans-l,2-Dichloroethene 1.,071-03 4.061+00 

A-191 



Table 1.39. IMiscell!aneousfactors used toca:J:eu:late chronic daily intakes :of COPCs 

Analyte 

trans-1,3-Dichloropropene 
Cesium-137 
.Neptunium-237 
Radon-222 
Technetium-99 
Thorium-234 
orimium-234. 
Oranium-238; 

Permeability 
conStant. 
'('cm/hr)i 

VegetabJ.!e 
bie-uptake 

factor 
'(kg/kg)' 

1.67E-02 
3'.51E-03i 
'9 •. 69E-03 
2.08E+02' 
1 .• ,37E-O.4 
!/i,.3lE-04 
2.02E-.03 

Volatillization 
factor 

'(mA 3/kg) 

PartiCUlate 
emission 
factor 

(mA 3/kg) 

3.2l:E+l!O 
3:.21E+l!O 
3.21E+l'O 

3'.21E+l'O 
3,.21E+10 
3:.21E+10: 
3,.21E+10' 

a Source: Risk Assessment Information System,available:online at hnp:llrisk.lsd.llrnli.govitox/J;ap _loxp!hlnl 
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Table 1.40. Repr~sentative concentratio~ ~ activities of COPCs in vegetables, deer, rabbit, and qUail 

- - - - ---..,-~~.,,~--- - ---- ------------- -------~---;.. ---------- ---- -- - --- LOCATION' .. AOC 204 ------,.-,,---"'-------------------.. .,.;...;.-----.: - - - - - -- - -- - --" -- - - - - -----

Analyte. 

l,l-Dichloroethane 
l,l-Dichloroethene 
PCB-1254· 
PCB-1260 
Polychlorinat~d biphenyl 
Tetrachloroethene 
T:dcbloroethene 
vinyl Chloride 
ciS-1,2-Dichloroethene 

Soil vegetable conc. 
(DIg/kg 0;- pei/g) 

RGA Gil veg. cone. 
(mg/kg or pei/g) 

1.89E+02 
1. 51E+OO 
3.26E-Ol 
3.24E-01 
2.2lE+OO 
1.38E+01 
1.33E+Ol 
S.S4E-03 
2.08B-01 

McNairy GW veg. conc. 
(DIg/kg or pei/g) 

Soil rabbit conc. 
(DIg/kg or· pei/g) 

Soil qUail conc. 
(mg/~ or pei/g) 

Soil deer conc. 
(rng/kg or pei/g) 

-- - ~- - --- --- --------------------------- -.;.-----;..-- ----------- - -.--- LOCATICN .. SWMU 193A ---- ------~--.;.----- ----- ----- -- - ----- - - - -- - -- -- - - - - - - - -- - - - - - ----

Analyte 

AinIiIOiiia 
Chromium 
Iron 
Zinc 
l,l-Dichloroethene 
Anthracene 
Benz (a) anthracene 
Benzo(a)pyrene 
Benzo (b) fluoranthene 
Benzo(ghi)perylene 
Chryseile 
Di-n-butylphthalate 
Di-n-octylphth41ate 
Dibenz(a,h)anthracene 
Fluoranthe±le 
Indeno(I,2,3-cd)pyrene 
Pentachiorophenol 
Pyrene 
Trichloroethene 
bis(2-Ethylhexyl)phtha1ate 
ciS-l,2-Dicbloroethene 
Technetillm-99 
Uranium-238 

Soil vegetable conc. 
(DIg/kg or pei/g) 

3.1BE+OO 

3.27E-02 
4.75E-02 
6.56E-02 
1.34E-02 
4.44E-02 
4.4BE-02 
2.09E-02 
3.12E-02 
3.39E-02 
7.40E-02 
4.18E-02 

B.OOE-02 

4.61E-02 

RGA GW veg •. cone. 
(Jng/kg or pQi/g) 

B.65E+Ol 

3.91E+02 
2.21E+OO 
7.56B-03 

l.lOE-Ol 

4.07E+OO 
l.72E-01 
1.0lE-01 
1.43E+03 

McNairy GW veg. cone. 
hng/kg or pei/g) 

8.97B-O~ 

5.90E+OO 
2.74E+02 
1. 72:E-02 

Soil rabbit conc. 
(mg/kg. c,r pei/g) 

9.21E-03 

7.24E-06 
1.77E-04 
6.04E-04 
1.23E-04 
l.28B-03 
1. 67E-04 
1.338-05 
3.53E-oi 
1.54E~03 
4.72E-OS 
l.20E-03 

S.lOR-OS 

2.94B-OS 

Soil qUail conc. 
(mg/kg or pei/g) 

4.S7E-04 

l.6SE-03 

Soil deer conc. 
(mg/kg or pel/g) 

2.09E-03 

1. 6SE-06 
3.99B-OS 
1.3SE-04 
2.76E-05 
2. SSE-04 
3.76B-OS 
3.04E-06 
7.S6E-02 
3.44E-04 
1. OSE-05 
2.69E-04 

1.16E-OS 

6.71E-06 



Table 1.40. Representativeconcentrad,6iis and activities ofCOPCs in vegetables, d~e.r, r~):)it,ilIld quail 

.;. -- - -~ -- --~""---.;. ';'--'---.,.-- -"'----------------'----- -- --------------- LOCATION .. SWMO 193B -------- -- ---------- - - --- ---..,.,..'" -.. - ... .,.,.. ........ " "':.~ ;;'. __ '0; -- - - - - - - - - - - - - - -----

Analyte 

B_~rylli~ 
.Chrc5iidum 
Vanadium 
1,l-Dichioroethene 
Acetone 
carboilTetrachloride 
nf-n:'butYlphthaiai •. 
Trichloroethene 
bi.s(2':'BthYlhexyl)phthaiate 
ciS-1,2-Dichloroethene 
Technetium.;.99 

Soil vegetable cone. 
-. Clilg/kgbi pCi/g)-

4. 12l!:'-oi 
2.31E+01 
1,70E+01 

~. ClW veg. cone. 
(liI!l/kg or-pCi/g) 

6.12B-02 
1.29E+01 
1.07S-01 
1.358-01 
:i.20~+()1 
1.348-01 
2.85E-01 
2.04:£+02 

McN.airyGW vag .conc. 
(\iIg/kg or pCi/g) 

7.988-01 

Soil rabbit conc. 
eing/kg' or pCi/g) 

6.71E-05 
3.73E-02 
6o8SE-Oj 

Soil quail conc. 
emg/kg or p~i/~) 

1.78E·06 
IL19t-04 
1.52E-04 

Soil deer conc. 
(m~/kg of pc!lg) 

6.65E-06 
3.74E-03 
6.77E.,.04 

_.,._ - - - - __ - __________ . _____________ ---- - -- -----------.--------- --,.. -- LOCA'!'ION .. SWMU i93C -------.,.,.. ..... -.".,,--·00-.. -:"' .. ----';'-'--- ----------- ------ -- ------ ------".:"' ... " .. 

AD:alyte 

Aluminum 
Antimony 
Arsenic 
Barium 
~eITl:J.iwn 
Cadmium 
Chromium 
Cobalt 
iron 
Lead 
Manganese 
Mercury 
Mo 1 yi>dEmlllD. 
Nickel 
Silver 
ThaiilUiil 
uranium 
Vanad:Ll.UU 
Zinc 
1, 1, i-trichloroethane 
1,l-Dichlotoethene 
1,2~Dichioroethane 
l,2-Dlcbloroethene 
Benzene 

• 

~Ioil veget.able cone. 
(mg/kg or pCi/g) 

6.50E+00 

2.18E+Ol 

RGAGW veg. conc. 
(mg/kg or-pCi/g) 

8.88E+01 

MeNaixy. GW Vag. eonc. 
(mg/kg or p~Ug) 

4.96E+02 
1. 52E+00 
i.62E-01 
i.19E+(l() 
1.45E-Ol 
6.3~~-0~ 
1.S5E+00 

·7.32E-01 
7.62E+02 
3.24E+00 
2.ioE+ol 
4.73E",03 
7.29E-Ol 
7.91E-Ol 
4.30:£-01 
1.60E+00 
ii.30E-02 
1.09E+01 
4.55E+OO 
7.99:8-02 
9.45E-02 
1.2~E-Di 

• 

Soil rabbit conc. 
(mg/kg Q.r pCi/~) 

9.52~ .. 04 

:1.. 28E+OO 

Soil quail conc. 
(m!J/kg orpcllg) 

3.00E-04 

£i.SOE-OS 

Soil. deer coile. 
Hog/kg or pC,i/g) 

4.67E-03 

1.l0E-03 

1. G1E+OQ 

• 



• • • 

Table 1.40. Representative concentrations and activities of COPCs in vegetables, deer, rabbit, and quail 

- - - - - - - - - - - -- - --------- - - - ---- -------'"------ -- - ------- -- ------- -- LOcATION=8WMD 193C ------------- ---"'----- - ---- -- ----- -- - - - .. -~- - - - - - - - - - - - - - - - - - - - - - --

AIlalyte 

Bromodichloromethane 
carbOn TetraChloride 
Chloroform 
Etbylbenzene 
Polychlorinated bipbenyl 
Tetrachloroethene 
Tricbloroethene 
Vinyl Chloride 
xylene 
cis-l,2-Dichloroethene 
trans-l,2:'oiChloroethei1e 
Radon-222 

Soil vegetable conc. 
(1II9'/kg or pCi/g) 

-(continued) ~ 

RGA GW veg. conc. 
(mg/kg or pCi/!J> 

3.90E+ocl 

McNairy Gil veg. conc. 
(mg/kg or pei/g) 

7.40:0:-02 
4.87E-02 
7.9SE-02 
4.33E-02 
i.loE-03 
5 .• 37E-02 

2.97E-02 
S.09B-Ol 
8.8BE-02 
1.73E-Ol. 
7.90E-Ol 
1.30E-01 

Soil rabbit·conc. 
(mg/kg or pCi/g) 

Soil quail conc. 
(Iiig/kg or pCi/g) 

Soil deer cone. 
(mg/kgor pCi/g) 

-- - - - - -- - - - - - ----.,. ------'"--~--'"--------------------- - - -------,,- --- LOCATION=SWMO 99A ..,--- -----~------- -------- ------ - - -." -.~ - - -- - - - - - --- - - - - - - - - - - '" - - - - - --

Analyte 

Aluminum 
Arsenic 
Barium 
Beryliium 
ChrOmium 
Cobalt 
Copper 
Iron 
Lead 
Lithiuin 
Manganese 
Mercury 
Nickel 
Vanadium 
Zinc 
1,I-Dich+oroethene 
Acenaphthene 
Acenaphthylen~ 
Anthracene 
Benz (a) anthracene 
Benzo(a)pyrene 
Benzo (b) fluoranthene 

Soil vegetable conc. 
(mg/kg or pCi/g) 

S.47E+Ol 
1.7SB-OI 
2.4SE+00 

5.92E+Ol 

9.39E-02 
8.25E-02 
1. 67E-Ol 
2.10E-Ol 
i.28E-Ol 
3.02E-Ol 

RGA GW veg .. conc. 
(mg/kg or pCi/g) 

1.40E+02 
7.32E-02 
4.48E+00 
1.3SE-Ol 
l.64E+OO 
i.30E+OO 
1.26E+OO 
3.00E+02 
1.OSE+00 
9.79E-Ol 
2.S6E+Ol 
l.02E-02 
2.26E+00 
4.77E+OO 
5.04E+OO 
6.76E-oi 

McNairy GW veg. cone. 
emg/kg or pCi/g) 

3.93E'"OI 

Soil rabbit conc. 
emg/kgor pCi/g) 

1. 27E-03 
I.S9B-05 
2.21.E-03 

1,09E+00 

5.29E-06 
1.42E-06 
1.158-05 
2.44E-04 
3.6BE-04 
B.67E-04 

soil quail cone. 
(mg/kg or pei/g) 

1.22E-03 
4.23E-07 
4.8SE-OS 

4.46E-04 

soil deer conc. 
(mg/kg or pCi/g) 

1.30E-04 
1.S8E-06 
2.21E-04 

1.20E-oi 

S.45E-07 
1.50E-07 
1.l.8E-06 
2.43E~05 

3.65E-05 
B.5SE-0? 



Table 1.40. Representative cOnCelltriltioJl.S iUld ilctivities of cOPCs in vegetables, deer, rabbit., and 'quail 

- - - -- - - ------ -- --------------- ------------- --------------- --- ---- LOCATlaN=SWMi:1 991.. ----------- ------ - - -- -- ------ ___ ._.~ __ :_ ... '"'" ",..- _..; ___________________ ~:_ 
-(continued) .. 

Analyte 

Benzo(ghi)perylerie 
Benzo(k)fluoranthene 
Ca'rbonTetrilch16r1de 
Chrysene 
Dibenz(a,h)anthracene 
Dibenzofuran 
Fluoranthene 
Fluorene 
Indeno(1,2,3-cd)pyrerie 
PCB-1016 
PCB-1254 
PCB-.1260 
Phellant;hl:'ene 
Pyrene 
Trichloroethene 
bis(2-Ethylhexyl)phthiliate 
'cis-1,2-Dichloroethene 
CeBium-137 
Nepttinitim-237 
Radon.,.222 
Technetium-99 
Tho:dum':'234 . 
Uranium-234 
tJranium-238 

Soilvegetab~~ 90Ac. 
(mg/kg or pCi/g) 

1.95E'-Ol 
i.4gB-Oi 

3.4SE-01 
6.S4E-02 
3.2SE .. 02 
.2.31E-oi 
6.17E-02 
2.09E-01 
6.2~~-Q2 
2.52E-02 
4.BBE-02 
2.74B-01 
2.6Si:-()~ 

2.92B-01 
3.37B+00 

9.60E+04 
S.61E+OO 
4.~7~+oci 
1.35E+01 

R~ GW veg. conc. 
(mg/kg oi-pci/g) 

1.63E+Ol 
~.~iE-01 
2.44E-Ol 

5,49E-01 
3.35E+02 

MdNairy GW veg. conc. 
(ing/kg or pCi/g) 

S.4SE--D2· 

1.0S~+01 

4.00E+DO 

Soil rabbit conc. 
(~/kg o~ PGi/g) 

1.75E-03 
2.12:8-03 

4,02E-04 
9.26E-04 
3.74E...,05 
4.5gE-05 
4.26E-06 
1.S7E-03 
1.1~E:';'04 
5.77E-05 
1.37E-03 
2.BBE-OS 
5.26E"'O$ 

2.0SE'-03 
3.67E-04 

2.60E-01 
S.16E-=OS 
1.22E-04 . 
5.64E-04 

~oj.~ quail c.onc. 
(rag/kg or pci/g) 

4.36E-04 
:1;. 75E-04 
3.36E-04 
1.GSE-04 

1.02E-05 

1.52E-06 
9.04E-03 
:L97E-02 

Soil deer conc. 
(mg/kg or pCi/g) 

1.73E-04 
2,098-04 

~,0()E:-05 
9.15E-05 
3.72E-06 
4.6~~-06 
4.37E-07 
1. S5E-04 
1.13E-OS 
5;7~~-06 
1.36E-04 
2.93E .. 06 
S.31E;'06 

2.15E-04 
3.73E-Q$ 

2.97E-02 
5.i1E-0~ 
1.22E-05 
5.66E"-05 

---- ---- -----------------------------.-----.-.--.~'!~~~-~~-~~.~~~-~~-~ ~~--- LoCATION~SJlltlD 9gB. ------------- - -.-- ~ ~~~~~.;; ~.:~ -. ______ ______________ _ .~ ~.;.:.,;, ~.~ =- ___ ________ _ 

Arialyte 

Barium 
Chromium 
Iron 
Ma.I1ga.nese 
zinc 
Trichloroethene 
Radon:':Z2:Z· - -

• 

So!l vegetable cone. 
(mg/kg ,,;- pei/g) 

RGA OW veg. gon~. 
(~/~ or pCi/g) 

6.40E+OD 
B.DIE-01 
2.90j+Ol 

.4.00E+00 
i.31.E+OO 
5.01E+01 
3.41E-Ol 

MCll.a:i.:ry OW veg. . cone. 
(DIg/kg or pCi/g) 

• 

Soil rabbit conc. 
(mg/kg ()r pci/g) 

Soil quliil conc. 
(mg/kg or pei/g) 

Soil deerconc. 
(mg/kg or pCiig) 

• 



• 

• 

• 

Table 1.41. Summary of reasons for selection or dismissal of exposure routes for quantitative 
eyaluation for WAG 28 locations 

Exposed 
populations 

Current land use 

Industrial 

Exposure route, medium, and 
exposure point 

Ingestion of groundwater 

Dermal ,contact with 'groundwater while 
showering 
Inhalation ofvapors while showering in 
groundwater 

External exposure to ionizing radiation 
from groundwater while showering 
Ingestion of soil 

Dermal contact with soil 
Inhalation of vapors and particulates 
emitted from soil 
External exposure to ionizing radiation 
from soil 

Ingestion of waste 
Dermal contact with waste 
Inhalation of vapors and particulates 
emitted from waste 
External exposure to ionizing radiation 
from waste 

Ingestion of sediment 

Dermal contact with sediment 
Inhalation of particulates and vapors in 
sediment 

External exposure ·from creek sediment 
Ingestion of surface water 

Dermall contact with surface water 
Inhalation of vapors in surface water 
External exposure to ionizing radiation 
emitted from surface water 

A-197 

Route 
quantified? 

No 

No 

No 

No 

Yes 

Yes 
Yes 

Yes 

No 
No 

No 

No 

No 
No 

No 

No 
No 
No 

No 
No 

Reason for selection or 
dismissal 

Groundwater not in use 

Groundwater not in use 

Groundwater not in use 

Groundwater not in use 

Soil maybe ingested 

Soil may adhere to skin 
Vapors and particulates may 
be emittedfrom·soil 
Radionuclides may be in soil 

Waste not at site 
Waste not at site 

Waste not at site 

Waste not at site 

Sediment not at site 
Sediment not at site 

Sediment not at site 

Sediment not at site 

Surface water not at site 
Surface water not at site 
Surface water not at site 

Surface water not at site 



Table 1.41. ~(Continued) 

Exposed Exposure ,route, medium,and, 
populations exposure point 

Potential! future !land use 

Industrial 

Ingestion of groundwater 

J)ermal l contact with .groundwaterwhile 
showering 

IInhalationofvapors while showering in 
groundwater 

External exposure' to ionizing radiation 
froInI groundwater while showering 

Iingestion of soil! 

'Dermal ,contact with soil 

Inhalation of vapors and ,particulates· 
emitted from soil 
Externaliexposure to ionizing radiation 
from son 

Ingestion .of waste 

Dermal contact with waste 
Inhalation 'of vapors and particulates 
emitted from waste 
External exposure to ionizing radiation 
from waste 
Ingestion of sediment 

'Bennal contact with sediment 
'Inhalation of particulates and vapors in: 
sediment 
ExtemaIexposurefrom,sediment 
Ingestion of surface water 
Dermal,contact with' surface 'water 
Inhalation of vapors emitted by surface 
water 

External'exposure ,to ionizing radiation 
emitted' from surface water 

A-198 

Route 
quantified? 

Yes 

Yes 

Yes 

No 

yes 

Yes 

'¥es 

Yes 

No 
No, 

No 

No. 

No 
No 

No 

No 
.No 
No 
No 

No 

Reason for selection or 
dismissal 

Groundwater may be usedl >in 
future 

Groundwater may be used :in 
future 

Groundwatefmay be used in 
future 

Watefis a natural l radiation 
shield 

Soil may Ibe ingested 

Soil may'adhere to'skin 
Vapors andi particulates may 
Ibe emitted' from soil 

Radionuclidesmay be. in soil 

Waste not at site 

Waste not alsite 

Waste notat:site 

Waste ,notatsite 

Sediment not at . site 

Sediment not at site 

Sediment not at site 

Sedimentnot,at site 

Surface water not at site 
Surface water not at site 
Surface water not at site 

Surface· water not at site 

,. 

• 



• 

• 

• 

Table 1.41. (Continued) 

Exposed Exposure route, medium, and 
populations exposure point 

Potential future land use (continued) 

Excavation 

Ingestion of soil 

Dermal contact with soil 

Inhalation' of vapors and .paIticulates 
emitted from soil 
External exposure to ionizing radiation in 
soil 

Ingestion of sediment 

Dermal' contact with sediment 
Inhalation of vapors and particulates 
emitted from sediment 
External exposure to ionizing radiation 
in sediment 

'Ingestion of waste 
Dermal contact with waste 
'Inhalation of vapors and particulates 
emitted from waste 
External exposure to ionizing radiation 
in waste 

A-199 

Route 
quantified? 

Yes 

Yes 

Yes 

Yes 

No 
No 

No 

No 

No 
No 

No 

No 

Reason for selection or 
dismissal 

Soil may be ingested 

Soil may adhere to skin 

Vapors and particles may be 
emitted from soil or waste 

Soil may contain 
radionculides 

Sediment not at site 
Sediment notat site 
Sediment not at site 

Sediment not at site 

Waste not at site 

Waste not at site 
Waste not at site 

Waste not at site 



Table 1041', (Continued) 

Exposed Exposure ,route" medium"and Route Reason, for 'selection or • populations ,exposure point quantifiedff dismissal 

'Potential' future :Iand use (continued) 

Recreational 

Ingestion .ofsoil No Repeated contact by 
recreational users with soil 
unlikely/exposuretirrie limited! 

Dennal contact with soil! No Repeated contact by 
recreational users with soil 
unlikely/exposuretime Iimitedi 

Inhalation of particles and vapors emitted No Repeated ,contact by 
from soil recreational ,users with soil 

unlikely/exposure time limited 
External exposure to ionizing radiation. No Repeated contact by 
from 'soil recreational users with,soil 

unlikely/exposure time limited 
Ingestion; of waste No Waste'not at site 
lDennal contacnvith waste No Waste not at site 
'Inhalation, of vapors I and, particulates No Waste not at site 
emitted from, waste 

'External exposure'to ionizing ,radiation No Waste not at site 
,from waste 

'Ingestion of sediment No Sediment not at site 

Dennal.contact with ,sediment No Sediment not at site 

Inhalation of particulates and vapors No Sediment not at site • emitted from sediment 
External ,exposure to ionizing radiation No Sediment not atsite 
from creek sediment 
Ingestion of surface water No Surface waternotiat:site 

Dennalcontact with surface water No Surface waterinot at site 

Inhalation of vapors emitted :fromsurface No 'Surface waterinotatsite 
water 
External' exposure to 'ionizing radiation No Surface water not atsite 
from creek surface water 
Ingestion, of fish from creek surface water No Surface waterinot at site 

Ingestion'ofgame Yes Deer, rabbit; and' quail' harvest 
is'significant-in the ar.ea 

A-200 



Table 1Al. (Continued) 

Exposed Exposure route, medium, and Route Reason for selection or 
populations ,exposure point quantified? dismissal 

Potential future land use (continued) • Residential 

Ingestion ofgroundwater Yes Groundwater may be used in 
future 

Hennal contact with groundwaterwhile Yes Groundwater may be used in 
showering future 
Inhalation of vapors while showering in Yes Groundwater may be used in 
groundwater future 
Inhalation of vapors during household' use Yes Groundwater maybe used.in 
of groundwater future 
External exposure to ionizing radiation No Water is naturalradiation 
from groundwater while showering shield 

Ingestion of soil Yes Contaminated. soil may be 
ingested 6n site 

Dermal contact with soil: Yes Contaminated soiton site 
may adhere to skin 

Inhalation of vaporS and .particulates Yes Vapors and particulates may 
emitted from soil be emitted from soil on site 
External exposure to ionizing radiation Yes Radionuclides may ,be in soil 
from soil on site 

Ingestion' of waste No Waste not at site 

Dermal contact with waste No Waste not at site 
Inhalation. of vapors and particulates No Waste not at site 
emitted from waste 
External exposure to ionizing radiation No Waste not at site • from waste 

'Ingestionof sediment No Sediment not at site 

Dermal contact with sediment No Sediment not at site 

Inhalation of particulates and vapors in No Sediment not at site 
sediment 

External,exposure from creek sediment No Sediment not at site 

Ingestion of surface water No Surface water not at site 

Dermal contact with surface water No Surface water not at site 

Inhalation of vapors in surface water No Surface water not at site 

External exposure to ionizing radiation No Surface water not at site 
emitted from surface water 

• 
A-201 



Table 1.41. (Continued) 

Exposed! Exposure route, medium, and 
populations exposure point 

Potential future 'land use (continued) 

Residential (cont.} 

Ingestion, of vegetables 

Ingestion ofbeefand dairy products 

Ingestion' of pork 
Ingestion of poultry and! eggs 

'Ingestion of fish: raised in ponds ·filled 
with groundwater 

Dennal contact with,groundwater while 
swiinming in a' pond 
Inh!llation of :vapors in groundwater while 
swimming ina pondi 

Inhalation of vapors during irrigation with 
groundwater 
Externalexposure to ionizing radiation 
from groundwater while swimming in a 
pond filled with groundwatel' 

Ingestion of sediment while swimming in 
ponds filled with groundwater 

Dennal' contact with sediment while 
swimming in a pond. filled with 
groundwater 

Inhalation of vapors and particulates 
emitted from sediment in a pond filled 
with, groundwater 

External,exposure to ionizing radiation 
from sediment while swimming in a ,pond 
.filledi with 'groundwater 

A-202 

Route 
quantified? 

Yes 

No 

No 

No 

No 

No 

.No 

No 

No 

No 

No 

No 

No 

Reason for selection or 
dismissal 

Site ,is large enough for 
garden 

Concentrations may change 

Concentrations may change 

Concentrations may change 

Currently no such types of 
ponckpresent 

CUrrently no such types of 
ponds present 

Currently no such. types of 
ponds present 

Mixing volume too large 

Currently no' such types iof 
.ponds .present 

Currently no such typesiof 
,ponds ,present 

Currently no such ,types of 
ponds ,present 

Currently no such types of 
. ponds'present 

Currently no such types of 
pondS present 

•• 

• 

• 



• Table 1.42. Noncarcinogenic chronic daily intakes for current industrial worker 

-------------------------------------- LOCATION=SWMU 193AMEDIA=Surface Soil 

Analyte 

Chromium 
Anthracene 
Benz (a) anthracene 
Benzo(a) pyrene 
Benzo:(b)fluoranthene 
Benzo (ghi )perylene 
Chrysene 
Di-n-bUtylphthalate 
Di-n-octylphthalate . 
Dibenz (a,h) anthracene 
Fluoranthene 
Indeno(1,2,3-cd)pyrene 
Pyrene 
bis(2-2thylhexyl)phthalate 

Ingestion 

5.992-06 
5./iBE-OB 
B.UE-OB 
1.22E-07 
2.50E-OB 
B.32E-OB 
B.32E-OB 
3.77E-OB 
5.B7E-OB 
6.36E-OB 
1.34E-07 
7.B3E-OB 
l:.44E-07 
B.32E-OB 

Dermal 
contact 

2.57E-05 
4.B8E-07 
7.57E-07 
1. 05E-06 
2.15E-07 
7.15E-07 
7. 15E-07 
3.24E-07 
5.,05E-07 
5~·47E,...07 

1. 15E-06 
6.73E-07 
1.24E-06 
7. 15E-07 

------------------------------------
Inhalation 

of volatiles 
and 

particulates 

B.702-11 
3.202-0B 
4.112-09 
2.202-09 
2.372-09 
1.212-1:2 
1.352-0B 
2.062-09 
4.332-10 
2.69E-10 
1.932-0B 
6.052-10 
1.672-0B 
1.712-10 

-------------------------------------- LOCATION=SWMU 193B MEDIA=Surface Soil ------------------------------------

• 
Analyte 

Beryllium 
Chromium 
Vanadium 

Analyte 

Chromium 
Lead 
Zinc 

Ingestion 

7.6BE-07 
4.34E-05 
3.1BE-05 

Dermal: 
contact 

3.30E-06 
1. B7E-04 
1.37E-04 

LOCAXION=SWMU.193C MEDIA=Surface Soil 

Ingestion 

2.68E-06 
1.22E-05 
2.04E-05 

Dermal 
contact 

1. 15E-05 
5.25E-05 
8. 75E,...05 

Illhalation 
of volatiles 

and 
particulates 

1.12E-11 
6.31E-l0 
4.62E-10 

Illhalation 
of volatiles 

and 
particulates 

3.892-11 
1.772-10 
2.962-10 

------------------- -------- ---- ------- LOCATION=SWMU 99A MEDIA=SUrface 'Soil --------------- --------- --- ------ ----

• 

Analjte 

Barium 
Beryllium 
Chromium 
Zinc 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benz (a) anthracene 
Benzo (a) pyrene 
Benzo(b)fluoranthene 
Benzo(ghi)perylene 
Benzo(klfluoranthene 
Chrysene 

Ingestion 

1.02E-04 
3.26E-07 
4.~OE-06 
5.52E-05 
1.612-07 
1.28E-07 
2.90E-07 
3.B9E-07 
2.39E-07 
5 •. 63E-07 
3.65E-07 
2.BOE-07 
6.41E-07 

A-203 

Dermal 
contact 

4.3aE-04 
1.40E,...06 
1.98E-OS 
2.38E-04 
1.39E-06 
1.10E-06 
2.49E-06 
3.35E-06 
2.06E-06 
4.B4E-06 
3.14E-06 
2.41E-06 
5.51E-06 

Illhalation 
of volatiles 

and 
particulates 

1.4BE-09 
4.7,4E-1.2 
6.69E-11 
B.03E-10 
3 .• 26E-07 
1.90E-07 
1.64E-07 
1.82E-OB 
4.31E-09 
5.36E-OB 
5.31E-1.2 
3.1.4E-09 
1.04E-07 



Tal:l:J:e 1.42. Noncarcinogenic .chronic daily intakes for ·current industria~ worker 

LOCATION=SWMt1 99A MEDIA=Surface Soil 
. (continued)' 

Analyte 

Dibenz(a,h) anthracene 
Dibenzofuran 
Fluoranthene 
'Fluorene 
Indenoi(l,2,3-cd)pyrene 
PCl3-1.Dlli . 
PCl3-12S4 
PCl3-12liO 
Phenanthrene. 
Pyrene 
Cesium-137 

: Neptunium- 23 7, 
Tecbnetium-99 
Thorium-234 
Uranium-234 
Uranium'-23B 

Ingestion 

1 .•. 23B-07 
6.02B~OB 
.4.1.7B-07 
1.07B-07 
3. 92B:-07 
1. 16E:-07 
4.70B-08 
9.1liB-D8 
4.BSB-07 
4.7.BB-D7 

A-204 

Dermal 
contact 

.l.OSE-O'1i 
5.l!BE-'07 
3:.5BE-06 
'9 .• 2lE-07 
3i.37E-06 
Ii .'OOE-07 
2.42E:-D7. 
4.72E-07 
4·. 17E;'06 
4.1lE-06 

------------------~~-----~------------

;InhaJ:ation 
of volatiles 

and 
,particulates 

S.19E-l!O 
1i.'5SE-OBi 
1i.:01E-OBi 
9.2SE:-OB 
3.03E-09' 
1. DBE-O.7' 
3.90E"08 
9.01E;"08 
7.0SE-;L2 
'S.S4E-08 

~, 

• 



• Table 1.43. Carcinogenic chronic daily intakes for current industrial worker 

-------------------------------------- LOCATION=SWMU 193A MEDIA=Surface Soil -----------------,-------------------

Analyte 

Chromium 
Anthracene 
Benz (a) anthracene 
Benzo (a) pyrene 
Benzo'(b) fluoranthene 
Benzo:(ghi) perylene 
Chrysene 
Di-n-butylphthalate 
Di-n-octylphthalate 
Dibenz(a,h)anthracene 
Fiuoranthene 
Indeno (1,2,3-cd),pyrene 
Pyrene 
bis(2-Ethylhexyl)phtha1ate 

Ingestion 

2. 14E';'06 
2.03E-08 
3.15E-08 
4. 37E;"08 
8.91E-09 
2 •. 97E-08 
2.97E-08 
1.35E-08 
2.10E-08 
2.2.7E-08 
4.77E-08 
2.80E-08 
5.15E-08 
2.97E-08 

Dermal 
contact 

9.20E-06 
1.74E-07 
2.70E-07 
3.76E-07 
7.66E-08 
2.55£-07 
2.55E-07 
1.16E-07 
1:80£-07 
1.95E-07 
4.10£-07 
2.40E-07 
4.43E-07 
2.55E-07 

Inhalation 
of volatiles 

and 
particulates 

3.l:1E-11 
1.14E-08 
1.47E-09 
7.86E-I0 
8.48R-I0 
4.32E-13 
4.81E-09 
7.34E-I0 
1.54E-10 
9.62E-11 
6.88E-09 
2.16E-I0 
5.98E-09 
6.10£-11 

External 
exposure 

-------------------------------------- LOCATIONaSWMU 193B.MEDIA=Surface Soil ---------------------- ______________ , 

'Inhalation 
of volatiles 

Dermal and External 
Ana1yte Ingestion contact particulates exposure 

• Beryllium 2.74E-07 1.18E-06 3.99E-12 
Chromium 1. 55E-.05 6.66E-05 2.25E-I0 
Vanadium 1.14E-05 4.88E-.05 1.65E-I0 

-------------------------------------- LOCATION=SWMU,193C MEDIA=Surface Soil ---~------~-------------------------. 
Inhalation 

of vol:atiles 
Dermal and External 

Anal,yte Ingestion contact particulates exposure 

Chromium 9.5.6£-07 4.11E-06 1. 39E-11 
Lead 4.36E-06 . 1.87E-05 6.33E-11 
Zinc 7.27E-06 3.13£-05 1.06E-I0 

----------------- -- --- ---------------- LOCATION .. SWMU 99A MEDIA=Surfacesoil ------------.------------------- - --- --. 

• 

Analyte 

Barium 
Beryllium 
Chromium 
Zinc 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benz (a) anthracene 
Benzo(a)pyrene 
Benzo (b) fluoranthene 
Benzo(ghilperylene 
Benzo(k)fluoranthene 
Chrysene 

Ingestion 

3.63E-05 
1.16E-07 
1.64E-06 
1.97E-05 
5.77E-08 
4.57E-08 
1.04E-07 
1.39E-07 

.8.55E-08 
2.01E-07 
1.30E-07 
1.00E-0,7 
2·.29E-07 

A-20S 

Dermal 
contact 

1.56E-04 
5.011:-07 
7.07E-06 
8.48E-05 
4.96E-07 
3.93E-07 
8.91E-07 
1.20E-06 
7.35E-07 
1.73E-06 
1.12E-06 
8.60E-07 
1.97E-06 

Irihalation 
of volatiles 

and 
particulates 

5.28E-I0 
1.69E~12 
2.39E-11 
2.87E-I0 
1.16E-07 
6.79E-08 
5.85E-08 
6.49E-09 
1.54E-09 
1.91E-08 
1.89E-12 
1.12E-09 
3.71E-08 

External 
exposure 



• Tallle ·lA3;.Carcinogenic chronic1 daily intakes for currentindtistr:l:al worker 

-------------------------------------- LOCATION=SWMU 99A MEDIA .. Surface 'Soil 
(continued.), 

-------------------------~~--~--------

Analyte 

Dibenz:(a,h) anthracene 
Dibenzofuran 
Fluoranthene 
Fluorene 

'Indeno!(,l, 2 , 3 - cd'),pyrene , 
PCB:-10l'6 
PCB~12S4 

PCB'-1260 
Phenanthrene 
'Pyrene 
Cesium-13,7 
Neptunium-23~ 
Technetium-99' 
Thorium-234 
:urari.i um- 23 4 
Uranium-23S 

Ing~st:Con 

4'.3BE-OB 
2.1SE-OS 
1.49E-07 
3.B3E-OS, 
,l.{OE-07 
4.16E-OS 
1.6BE-OS' 
3.27E-OB! 
1.73E-07 
1.71E-07 
j .30E+02' 
4.00E+03 
1.44E+05 
,6.,74E+03 
'S.13E+03 
1.62E+04 

Dermal 
:contact 

3.;77E-07 
l:.BSE-07 
l.2BE-06 
3.29E-07 
1.20E-06 
2.14E-07 
B.66E-OS 
1 •. 69E-07 
l;.49E-06 
l .. 47E-06 

Inhalation' 
,of volatiles 

,and 
particulates 

1.B6E-lO. 
2·.3'4E-OB 
2.15E-OB' 
3.30E-OB' 
1.'OSE-09 
3:.S6E-OS 
1.39E-OB 
3,.22E-OBi 
2!.'S2E-12 
1.9SE-OB 
4.12E-03 
4.9SE":.02 
1.79E~OO 
B:.40E-02 
6,.3SE-02; 
2'.'OlE-01 

External 
exposure 

4.S31+0.0 
S.S'41+01 
2.101+03 
9.S5E+01 
7.49E+01 
2.36E+02 

• 

• 



• Table 1.44. Noncarcinogenic chronic daily intakes for future industrial worker 

------------------------------------- LOCATION~AOC 204 MEDIA=RGA Groundwater -----------------------------------. 

• 

Analyte 

l,l-Dichloroethane 
1,1-Dichloroethene 
PCB-12S4 . 
PCB-1260 
'Polychlorinatedbiphenyl 
Tetrachloroethene 
Trichloroethene 
vinyl Chloride 
ciS-l,~-Dichloroethene 

Ingestion 

4.89E-02 
3.91E-04 
2.4SE-04 
2.4SE-04 
1.GGE-03 
G.27E-03 
S.40E-03 
9.78E-07 
S.87E-.OS, 

Dermal 
contact 

1.sSE-03 
1.2GE-OS 
3.07E-04 
9.4GE-04 
2.09E-03 
8.42E-"03 
3.13E-04 
2.s9E-OB 
2.13E-06 

Inhalation 
of volatiles 

and 
particulates 

LOCATION=SWKU 193A'MEDIA=McRairy Groundwater 

Analyte 

Iron .. 
Tetraoxo-sulfate(l-) 
Trichloroethene 
CiS-l,2-Dichioroethene 
Technetiutn-99 
Uranium-238 

Ingestion 

1.29E+OO 
4.·02E-OJ: 
3.!G4E-OS 
1.GGE-03 

Dermal 
contact 

4.G9E-03 

2.12E-OG 
6.04E-Os 

Inhalation 
of voladles 

and 
particulates 

Inh. of 
volatiles 

while 
showering 

2.67E-02 
2.14E-04 

3.43E-03 
2.9SE-03 
S.34E-07 
3.2l:E-OS 

Inh.of 
volatiles' 

while 
showering. 

1.99E-OS 
9'.OBE-04 

LOCATION=SWMU 193A MEDIA=RGA~roundwater --------------------______________ _ 

Analyte 

Anunonia 
Fluoride 
Iron 
si1:lca 
'Tetraoxo-sulfate(l-) 
Zinc 
l,l-Dichloroethene 
Pentachlorophenol 
Trichloroethene 
bis(2-Ethylhexyl)phthalate 
CiS-l,2-Dichloroethene 
Technetium-99 

Ingestion 

2.94E-03 
4.11E-03 
2.96E-Ol 
J:.B6E-Ol 
9.98E-Ol 
9.G6E-04 
1.96E-OG 
8.29E-OS 
1.GSE-03 
1.26E-04 
2.84E-OS 

Dermal 
contact 

1.G.OE-Os 
1. 49E-Os 
1.'07E-03 

3.s1E-OG 
6.J2E-OS 
1.96E-04 
9.60E-Os 
1.07E-Os 
1.03E-OG 

Inhalation 
of volatiles 

and 
particulates 

Inh. of 
volatiles 

While 
showering 

1.07E-06 

9.03E-04 

1.SSE-OS 

--------------------------------.... ----- LOCATION=SWMU 193A MEDIA=surface Soil ------------------------------------

• 
Analyte 

Chromium 
Anthracene 
Benz (a) anthracene 
Benzoi(a·)pyrene 
Benzo'(b )fluoranthene 
Benzo(ghi)peryiene 

Ingestion 

S.99E-06 
S.GBE-OS 
B.SlE-OS 
1.22E-07 
2.s0E-OB 
S.32E-OS 

A-207 

. Dermal 
contact 

2.S7E-OS 
4.S8E-07 
7.s7E-07 
1.OSE-OG. 
2.lSE-O.7 
7.1SE-07 

Inhalation 
of volatiles 

and' 
particulates 

S.70E~11 
3'.20E-08 
4.11E-09 
2.20E-09 
2.37E-09 
1.21E-12 

Inh. of 
volatiles 

while 
showering 



Table ];.44. Noncarcinogenic ,chron:Lc daily .intakes for future industrial .worker 

-------------------------------------- LOCATION=SWMt;1, :l!l3A MEDIA=Surface Soil 
'( continued:) 

---------------~-----.-'---------~-----

Analy:te 

Chrysene 
Di-n-butylphthalate 
Di-n-octylphthalate 
Dibenz (a, h)lanthracene 
Fluoranthene 
Indeno (1;, 2,.3 -cd) pyrene 
pyrene 
bis(2-EthylhexyUphthalate 

Ingestion 

B.32E-OB 
3.77E-OB 
S. B7E-OB 
6.36E-OB 
1.34E-07 
7. B3E-OB 
1.44E-07 
B .32E-OS' 

Dermal 
contact 

7.l:SE:-07 
3.24E:"07 
S:.'OSE-07 
S.4l7E-.07 
1.l:SE:"06 
6.73E:"07 
1 .• 24E-06 
7.1SE-07 

Inhalation 
of volatiles 

and' 
particulates 

.1.3SE-OB' 
2.06E-09, 
4.33E,...10, 
2. 69E:"101 
1.93E-OB 
6,.OSE-l0' 
1.67E-OBI 
1.71E-10: 

IOO.of 
volatiles 

while 
showering 

---------------------------------- LOCATlON=SNMU 193B 'MEDIA=McNairy,Groundwater ----------------------------------. 

Analyte 

Trichloroethene 
cis-l,2-Dichloroethene 

Ingestion 

];.27E-.04 
2.2SE:"04 

J:nha.lation 
cif volatiles 

Dermal . and 
contact . particUlates 

7.39E-06: 
B.l:7E-06 

Inh •. of 
volatil:es 

while' 
showering 

6 .• 9SE-OS 
1.23E-04' 

---------------- --------------------LOCATION=SWMtJ 193B MEDIA .. RGA ,Groundwater ----..:- --- -------------- -.-----e--' 
Inhalation lnh. of 

Analyte 

1,1:-Dichloroethene 
Acetone 
Carbon Tetrachloride 
Di-n-butylphthal:ate 
Trichloroethene 
bis(2-Ethylhexyl1)phthalate 
cis-l,.2-Dichl:oroethene 
Technetium-99 

of.:vol:atiles volatiles 
De:rtll!ll and while 

Ingestion contact' particW:ates showering 

l.'SBE-.OS 
3,. 23E:-04' 
S.3BE-OS 
9,.94E-OS 
,4.B9E-03 
9«B7E-OS 
B,.04E-OS 

's.12E-07 
,6.67E-.07 
4.30E-'06 
4.1SE-OS 
2.84E-04 
'8.3SE-01i 
2.92E-06 

B.liSE-06 
1.7.6E-04 
2.94E-OS 

2.li7E-03 

4'.39E-OS 

'----------- ---------------------------: LOCATlON .. SwMo 193B MEDIA=SUrface Soil ----- -- --- ------ -------- ---- --- --- ---. 

Anaiyte 

Beryllium 
Chromium 
Vanadium 

Ingestion 

7.688-0:7 
4'.34E-05 
3.1BE-05 

Dermal 
contact 

3.308-06 
1..87E-04 
1:.37E-04 

Inhdation 
of :vol:atiles' 

and 
,particulates 

1.1.2E-ll 
6.31E-l0 
4.;62E-10 

Inh:. of. 
volatiles. 

wh:l.le' 
showering 

----- ______ - _____ , ____________ ' ___ ' __ LOCATIDN=SNMU .193CMEDlA=McNairy Groundwater ---- -------- ------ - -- - --- --------.-.. 

Anal~e. 

Aluminum' 
Antimony 

Ingestion 

3.74E-Ol 
1. 12E:-03 

A-20S 

Dermal 
contact 

1,.36E:-03 
4.06E:"06 

Inhalation 
,of volatiles 

and 
particulates 

lnh. of 
volatiles. 

while 
showering • 



• Table 1.44. Noncarcinogenic chronic daily intakes for future industrial worker 

------------------------------~--- LOCATION=SMMU 193CMEDIA=McNairy ,Groundwater ---- ____________________________ _ 

,Analyte 

Arsenic 
Barium 

. BerylliUm 
'Cadmium 
Chromium 
'CObalt 

, IrOn 
Lead; 
Manganese. 
Mercury , 
Molybdenum 
NiCkel 

. Silica 
Silver , 
Tetraoxo-sulfate (1-) 
Thal~ium 
Uranium 
Vanadium 
Zinc 
1,1,2-Trichloroethane 
1,1-Dichloroethene 
1,2:"'Dichloroethane 
Benzene 
Bromodichloromethane 
Carbon TetraChloride 
Chloroform 
Ethylbenzene 
Polychlorinated biphenyl 
Tetrachloroethene 
Trichloroethene 
Vinyi Chloride 
Xylene . 
cis-];,2-DicblorOetbene , 
trans -1,.2 - Dicbloroethene 
Radon., 222 

( continued) 

Ingestion" 

1.19E-04 
2.39E-03 
1.Q9E-04 
3.46E-04 
:I:.40E-03 
5.20E-04 
5.~6E-01, 

2.45E.,.03 
1.33E-02 
.1.96E-06 
4.52E-04 ' 
,5.26E-,04 
7.83E-02 
3.25E-04 
.6.45E-,02 
1.20E""03 
6.26E.,05 
8.18E:"'03. 

. 1.99E.-03 
2:.45E-05 

. ,2 •. 45E-.05 
2~45E';'.05 
2.45E-05 
2' •. 45E-05 
2.45E-05 
2.4'5E-05 
2.45E-:-1)5 
9.78E.,07 
2.45E-05 
1.21E-05 
8.99E-05 
5.33E-05 
4.89E-05 
4.89E"':05, 

Dermal 
.contact 

.4.34E-07 
,8.68E-06 
3.94E-07 
·1.26E-06 
5.:09E.,:06 
1'. 89E:""06 
2.09E:"'03 
8.88E-06 
4.84E-05 
7.10E-09 
1.64E-06 
1.91E-06 

1.18E-06 

4.37E,..06 
2.27E-07 
2.97E-05 
7.22E..,06: 
7. 4'6E;- 0.7" 
7.90E-07 
4. 71E-,0.7 
1.86£-06 
5.15E.,07 
1.95E;"06 
7 .90E"',O~ 
6 .• 5·7E:'" 06 

. 1.23E,..,')6 
3:29E-05 
7 •. 01E:"'07 
2.38E-06 
1 •. 83E-05 
1.78E-06 
1.90E-07 

Inhalation 
of volatiles 

'and 
J?articulates 

1nb.' of 
volatiles 

whi'le 
showering 

··1.34E';05 
1.34E-05 
1.34E-05 
1.34E-05 
1~34E-05 
1.34E-05 
1.34E-05 
1.34E-05 

f.34E-05 
6.59E-06 
4.91E-05 
2.91E-05 
2.67E-05 
2.67E-05 

-"--~------------------------------- LOCATION=SNMO 193CMED~RGA Groundwater -----------------------------------

Analyte 

1,2-Dichlorc:iethene. 
Trichloroethene '. 

-- ------- ---- -~----~-- --- - -.------ -----

Analyte 

Chromium 
Lead 
Zinc 

Ingestion 

: 5.50E;"03 
i.59E-03 

Dermal 
contact 

,2.:1:4E-05 
9.21E-05 

Inhalation 
of· volatiles . 

and 
. particulates 

Inh. of 
vo1atiles 

while 
showering 

3.:00E-03 
8'.:66E- 04' 

, " 

LOCATIQNciSWMU 193C MEDIA=Silrface So!l 
J ---- -------~- _.;";-'-". --- --- ------.---" .. -

Ingestion 

2.68E-06 
1.22E-05 
2.04E-05 

A-209 

Dermal 
contact 

1.15E-05 
5.25E-05 
8.75E-05 

lIibalation 
of volatiles 

and' 
particulates 

3.89E":11 
1.77E-10 
2.96E.,io 

Inh. of 
volatiles 

, while 
showering 



• ~rable 1 .. 44. Noncarc:i:nogeru:c 'chronic. dail:y intakes for future industrial worker 

LOCATION=SWMU 99A MEDIA=MCNairy Groundwater ---------- _______________________ _ 

Analyte 

1,1-Dichl:oroethene' 
Carbon ,Tetrachloride 
Trichloroethene 
cis-l,2-Dichloroethene 

Ingestion 

1. .02E"'04 
2.74E .. OS 
4.2GE-03 
1. 13E-'03 

Dermal 
contact 

3.29E-06 
2.19E-OE; 
2.47E-04. 
4.10E-OS 

Inhalation 
of volatiles 

and 
particulates 

rnh. of 
volatiles 

wh:tle 
showering 

5.S.GE-05 
l:.50E-05 
2.33E-03 
G.17E-04 

--------------------------------~----LOCATION .. SNMt1 99A MEDIA=RGA Groundwater ------------------~-----'----------.--

Analyte 

Aluminum 
Arsenic 
Barium 
Beryllium 
. Chromium, 
Cobalt 
Cdpper 
Iron 
Lead 

'Lithium 
~Manganese 
I Mercury 
Nickel 
Silica 
Sulfate 
Tetraoxo-sW!fate(l:-) 
vanadium . 
Zinc 
1,1-Dichloroethene 
Trichl!oroethene 
bfs(2-Ethylhexyl)phthalate 
CiS-l,2-Dic1l1oroethene 
Radon-222 
Technetium- 9 9 

Ingestion 

1.0GE-0l 
s .• 39E-Os 
3'.3GE-03 
1.01E-O.4 
1.24E-03 
9. 24E-O.4 
7.81E-04 
2.27E-Ol 
7 .• 9SE-04 
7.28E-04 
1. Ei3E-02 
4.22E-06 
X.sOE-03 
X.01E'-Ol 
1. 16E:"Ol 
9.62E-02 
3.s9E;"03 
2.20E;-03 
1.7SE-'o4 
6.61E-03 
9.36E'-Os 
1i.:89E-Os 

Dermal 
contact 

3.BsE-04 
1.96E-in 
l:.22E-Os 
3.6BE-07 

·4.50E-OEi 
·3.3sE-06 
2.S3E-06 
B.23E-04 
2.B9E-06 
2.64E-06 
S.90E-OS 
1.S3E-08 
S .. 4sE;"06 

4.21B-·04 

1.30E'-Os 
8.00E,..06 
s.6sE,...06 
3.S4E-04 
7.9SE-06 
2.s0E-06 

Inhalation 
of volatiles 

and 
particulates 

100. of' 
volatiles 

while 
showering 

9 .• 5GE-OS 
3'_G1E_03: 

3.7GE-Os 

--------------------- ----------------- LOCATION .. SWMU 99AMEDIA=Burface 'Soil --- ------ -------- --- ------ --- ~--------

Analyte. 

Barium 
'Beryllium 
Chromium 
Zinc 
Acenaphthene 
Acenaphthylene, 
Anthracene 
·Benzl(a) anthracene 
Benzo:(a),pyrene 
.Benzo:(b);fluoranthene 
Benzo:( ghi)perylene 
Benzoi(kl:fluoranthene 
Chrysene 
.Dibenz( a, hI anthracene 

Iilgestion 

1.02E-O.4 
3.2GE-07 
4.60E-OEi 
is.s2E-Os 
1.. 61.E-07 
1.2SE-07 
2.90E:"07 
3 •. 89E-07 
2.39E"-D7· 
s •. 63E-D7 
3 .. 6sE;-0'7 
2.S0E-07 
6.41E-07 
1.23E-07 

A-21O 

Dermal 
contact 

4.3SE""04 
l:.40E-OEi, 
1:.9SE-Os: 
2.3SE-04 
1.39E-O.Ei, 
1.10E-OEi 
2.49E-06 
3.3SE-06 
2.06E-06 
4.:S4E,..06 
3:.1.4E"-D6 
2.41E-06 
s.i51E,.06 
1.0SE-06 

Inhalation 
o:fvolatiles 

and 
'particulates 

1.,UE-09 
4.74E-12 
6.69E-ll, 
B.OlE-l0 
l.26E-07 
l:.90E'-O,7 
1.64E-07 
1.82E,..OS 
4.31E,..09: 
S.36E-OB 
S.31E-12 
l.1.4E-09 
1.I04E-07 
S:.l:9E-lO 

Inh·. of 
volatiles 

While 
showering 



• Table 1 .. 44. Noncarcinogenic chronic daily intakes for future industrial worker 

-------------------------------------- LOCATION=SWMU 99A MEDIA=Surface Soil 
(continued) 

-------------------------------------

Analyte 

Dibenzofuran 
Fluoranthene 
Fluorene 
Indeno(l.,2,3-cd),pyrene 
PCB-1016 
PCB-12S4 
PCB-1260 
Phenanthrene 
Pyrena 
Cesium-l.37 
Neptunium-237 
Technetium-99 
Thorium-234 
uranium-234 
Uranium-23B 

Ingestion 

6.02E-OB 
4.17E-07 
1.07E-07 
3.92E-07 
1.16E-07 
4.79E-OB 
9.l.6E-OB 
4.BSE-07 
4.7BE-07 

Dermal 
contact 

S .• lBE-07 
l.SBE-06 
9.21E-07 
l.37E-06 
Ii.OOE-O? 
2.42E-07 
4.72E-07 
4.17E-06 
4.l.1E-06 

Inhalation 
of volatiles 

and 
particulates 

6.SSE-OS 
6.0lE-OS 
9 .. 2SE-OS 
3.03E-09 
1.·OBE-07 
3.90E-OS 
9. OlE-OS 
7.0SE-12 
S.S4E-OS· 

1nh. of 
volatiles 

while 
showering 

------------------------------------- LOCATION=SWMU 99B MEDIA=RGA Groundwater -----------------------------------

•• 

• 

Analyte 

Barium 
Chromium 
Iron 
Manganese 
Silica 
Sulfate 
Tetraoxo-sulfate(l-) 
Zinc 
Trichloroethene 
Radon-222 

Ingestion 

4. BOE:"03 
6.06E;"04 
2.19E-02 
2.S4E-03 
B.97E-02 
2.S0E-01 
1. 42E:"Ol 
S.7lE-04 
2.03E-02 

A-211 

Dermal 
contact 

1.74E-OS 
2.20E':'.06 
7.96E-OS 
9.22E-06 

·9.0BE-04 

2.07E-06 
1 .• 18E-03 

Inhalation 
of volatiles 

a.nd 
particulates 

mh. of 
volatiles 

while 
showering 

l..lU-02 



• Table 1.45'. Carcinogenic chronic daily intakes for future fndustrial worker 

------------------------------------- LOCATION=1\OC 204 MEDIA"RGA Groundwater -----------------~~---~--------------

Analyte 

l~l-Dichloroethane 
1,1';Dichloroethene 
PCB-l!254 
PCB-1260, 
polychlorinated biphenyl 
'Tetrachloroethene 
Trichloroethene 
vinyl Chl:orfde 
ci!s-l,2-Dichloroethene 

Ingestion 

1.75E-02 
1.40E-04 
8.74E-05 
8.74E-05 
5·.·94E-04' 
2.24E-03 
1.·93E-03 
3 •. 49E-07 
'2.10E-05 

DeI1l\all 
contact 

5.64E-04 
4,. 52E-06 
1.l!OE-04 
.3,. 38E;'04 
'7.46E;'04 
3.01E-03 
1. 12E-04 
9'. 26E;'-09 
7.,6lE-07 

Inhalation 
of volatiles 

and 
particul!ates 

Inh. :of 
vol'at:l:J:es 

whUe 
. showering 

9.54E-03 
7.6lE-05 

l.22E-03 
1.0SE-03 
1.91E-07 
1.15E-05 

---------------------------------- LOCATION=SNMU 1931\ MED~McNairyGroundwater -----------~------------ __________ . 

Analyte 

Iron' 
Tetraoxo-sulfate(1-) 
Tdchloroethene 
cis';1,2-Dichloroethene 
Tec1metium-99 
I.Uranium-238 

Ingestion 

4.6.2E-Ol 
1.44E-Ol 
1.30E-05 
5. 94E-0.4 
2.30E+05 
i8.25E+03 

Dermal. 
contact 

7.'56E-07 
2.·16E-05 

Inhalation 
of· volatiles 

and 
,particulat~s 

lob. of 
volatiles 

while 
'showering, 

7.11E-06 
3'.24E-04 

External 
exposure 

• -------~---------------------------- LOCATION-SNMU 193A MED~RGA Groundwater ------------------------------------. 

Analyte 

Ammonia 
Fluoride 
Iron 
Silica 
Tetraoxo-sulfateJl- ), 
Zinc . 
1,l-Dfchloroethene 
Pentachlorophenol 
Trichloroethene 
bis(2-EthylhexyJ!)phthal.ate 
cis-l,2-Dicbloroethene 
Technetium~99 

Ingestion 

1.05E-03 
1.47B,..03 
1.06B;'01 
'6,,64E-02 
3.56E-01 
3, •. 45E-04 
6.'99E,..07 
2.'96E,..Os· 
5:.'91E-04 
4.5lE-05 
1.!02E,..05 
1.20E+06 

Del:1IIal:. 
contact 

5. 71E-06 
5.33E-06 
3:. 83E-04 

1~25E-06 
2.26B-08 
6. 98E:-05 
3,. 43E-Os 
3:. 83E-06 
3'. 69B-01 

Inhalati'on 
of :l(Olatiles 

and' 
particulates 

lob. of 
volatiles 

while. 
showering 

3.82E-07 

3.23E-04 

's.54E-06 

Exte:rnal 
exposure, . 

-------------------------------------- LOCATION=SWMtJ 193A Mi:DU=surface Soil -------------------------------------. 

Analyte 

Chromium 
Anthracene 
.Benz;(a) anthracene 
Benzo( a),pyrene 
Benzo '(b )ifluoranthene 
Benzo(ghi)peryl!ene 

Ingestion 

2.14E-06 
2.03E-08 
3.1sE'-08 
4 .• 37E-08 
8.91E-09 
2.97E:'08 

DeI1l\al 
contact 

9.20E-06 
1. 74E:-07 
2'.7.0E-07 
3. 76E:-07 
7. 66E;"08 
2,. 55E-07 

A-212 

Inhalation 
of· volatiles 

and 
particulates 

3.11E-3:1 
1.14E-08 
1.47E-09 
7.,86E-l:0 
8'. 48E-:l:0 
4 .• 32E-l:3. 

lob .. of 
volatiles 

while 
. showering 

Exte:rnal 
exposure 

• 



• Table 1.45. Carcinogenic chronic daily intakes for future industrial worker 
.. . , 

- --- - - --- ;..-'----- - ---- - --- - - --- --~- ---- LOCATJ:ON=SWMU 193A MEDIA=Surface Soil -- - --..: -- - __ _ ' _ ____________ ...;,. ________ _ 

Analyte 

Chrysene 
Di-n-butylphthalate 
Di-n-octylphthalate 
D±benz (a, Ii) anthracene 
Fluoranthene 
Indeno (1,2,.3 -cd)pyrene 
Pyrene 
bis(2-Ethylhexyl)phthalate 

Ingestion 

2~97E";08'· 
1.3SE-0.8 
2.10E-08 
2.21E-08: 
4.77E-08 
2.,80E~08 

5.1S£-0-8 
2.97£-08 

(continued) 

Dermal 
contact 

2 .• 55E-07 
1 ... 16E-07 
1.'80E-.07 
1'.95E~.07' 
4 •. 10E.-07 
2';40E-0:1' 
4.43E-07 
2.5SE,..07 

Inhalation 
.of :Y'olatil:es 

and 
particulates 

4'.'8lE-09 
7.34E-10 
1.54E-10 
9.62E-11 
6. 88E'-09 
2.1:6E;"1'0 
5.98E-09. 
6.10E-11 

---------------------------------- LOCATION=SWMD.193B MEnIA=McNairy Groundwater 

Inhalation 

Analyte 

Trichloroethene 
cis-1,2-Dichloroethene 

Ingestion 

4.54E-05 
8.04E-05 

Dermal 
contact 

2~64E-06 
2.92E-06 

of volatUes 
and 

particulates 

Inh. of 
voiatiles 

while 
showering 

External 
exposure 

---------------------------------
Inh. of 

, Vt?latiles 
while 

~howering 

2.48E-05 
4.39B-05 

External 
:exposure 

------------------------------------ ~CATION=SWMU 193B 'MED1A=RGA ~r~water ----;..-~----------;..--------------- __ 

• Analyte 

1,1-Dichloroethene 
Acetone 
Carbon Tetrachloride 
Di-n-butylphthalate 
Trichloroethane 
bis(2-Ethyll1eiyl)phthalate 
cis-1,2-Dichloroethene 
Technetium-99 

\ 0 

Ingestion 

5.:66E-06 
1. 15E-04 
1.92E-05· 
3.5SE-OS 
1.7SE-03 
3.52E-OS 
2.87E-OS 
'1.718+05 

Dermal', 
contacto

' 

1.'83E-07 
2.38E-07 
1:'S3E-06 
1.48E-OS 
1;018-04 
2.99E-06 
'1.04E-06, 

Inhalation 
:' of: volatiles .. axidi 

:particulates 

·:tnll.of 
volatiles 
, While 

showedng. 

3 •. 09E;':'06 
6.30)::;';05 
1.05E:"OS 

9.S48-04 

1.S'7E-OS' 

Ext~rnal 
expo.sure 

-------------------------------------- LOCATICNaSWMU 193B MEDIA=Burface Soil ------------------------------------

Analyte. 

Beryllium, 
Chromium 
vanadium 

. I~e_stion 

2.74E-07 
1.SSE-OS 
1. 14E-OS 

Dermal 
contact 

1. 18E..,06 
6.66E-05' 
4.SSE-OS 

Inhalation 
of volatiles 

and 
particulates 

3. 99E-12 
2.2SE-10 
1.6SE-l;Q 

Illh.of 
. Volatiles 

while 
shower1Jlg 

External 
exposure 

---------------------------------- LOCATIONcSWMq i93C ~I.AaMC:Nairy- ,Groundwater ----------------------------------. 

• Aluminum 
Antimony 

Ingestion 

1.34E-01 
4.:00E-04 

Dermal 
contact 

4~8SE-04' 
1.4SE-06 

A-213 

Inhalation 
of volatiles 

and 
. particulates' 

Illh. of 
volatiIes 

while 
showering 

External 
exposure 
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