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EXECUTIVE SUMMARY 

INTRODUCTION 

In accordance with the Federal Facility Agreement, the Department of the Army (the Army) 

is in the process of implementing the Basin F Liquid Interim Response Action (IRA) at the 

Rocky Mountain Arsenal (RMA). As part of this action, the Army has selected a 

proprietary incineration system to treat the Basin F liquid presently stored in three 

aboveground storage tanks (totaling 4 million gallons) and an engineered surface 

impoundment, Pond A (totaling approximately 6.5 million gallons). The incineration system 

is a submerged quench incinerator (SQI) develope<J;;hy T-Thermal, Inc. of Conshohocken, 

Pennsylvania. This selection process has been doj£mente1i|ithe Final Decision Document 

for the Basin F Liquid Treatment Interim Response/ Action (Woodward-Clyde, 1990). 

Subsequently, the Army has tasked Roy F. westoijyliic. (WESTON) to design and construct 

the incineration facility. As part ojiihat assignment, WESTON has prepared this report, 

entitled Draft Human Health Ris& Ass$s5%p.nt - Volumes I and II. which has been written 

to establish risk-based numeri^emi&sien limits for the incineration facility. All supporting 

documentation is provided;;!*! Voluiii|: II Appendices. A summary of the numeric emission 

limits was included in the DrapJrnpementation Document (WESTON, December, 1990). 

Prior to the performance of the risk assessment, a document entitled Ambient Air Quality 

Modeling and Health Risk Assessment Protocols was submitted by WESTON (September, 

1990) to the U.S. Environmental Protection Agency (EPA) Region VTII office in Denver, 

Colorado, with copies sent to the Program Manager for the Rocky Mountain Arsenal. 

Comments were received from EPA and the Army (October 18,1990). The comments were 

addressed, and a revised protocol was submitted to the Army (WESTON, December, 1990). 

ES-1 
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OBJECTIVES AND APPROACH OF THE RISK ASSESSMENT 

The criteria used to establish risk-based numerical emission limits for the SQI were stated 

in the Final Decision Document (Woodward-Clyde, 1990) as follows: 

To be consistent with EPA guidance that CERCLA remedial actions be 
protective of human health and the environment, operation of the SQI facility 
should create no cumulative excess cancer risk higher than 1E-06 (1 in 1 
million) for carcinogens, or hazard index greater than 1 for noncarcinogenic 
compounds, in the nearest exposed population, whether on or off the arsenal. 

Should either of these criteria be exceeded, an analysis of the contributing 
factors would be presented to the appropriate agencies, as outlined in the 
Final Decision Document (Woodwa#^Oy|h|, 1990), to determine whether a 
change in design would be necessary. 

To accomplish these objectives, WESTO^.cpnductid^a multiple exposure pathway, human 

health risk assessment using the following^docupieiits as general guidance: 

Risk Assessment Gul|ancp^iSüperfund: Human Health Evaluation Manual 
(EPA 1989).    ,:,,,

T::"J". 

Methodologyflfpr Assessing Health Risks Associated with Indirect Exposure 
to Combustor%|issiols (EPA 1990). 

The risk assessment process consisted of the following specific steps: 

Characterization of Land Use ~ On-site and off-site land and water uses were 
evaluated to identify: 

Potentially-exposed populations  in areas  affected by incinerator 
emissions 

Population activities relating to potential pathways of exposure 

Selection of Chemicals and Determination of Emission Rates ~ Data from 
test burns, waste stream analyses, and hazardous waste emissions inventories 
were evaluated to estimate emission rates for: 

ES-2 
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Principal  organic  hazardous  constituents,   including  products  of 
incomplete combustion and dioxins/furans 

Trace metals 

Criteria pollutants and acid gases 

Air Quality and Deposition Modeling Analysis - Ambient air dispersion and 
deposition analyses of incinerator emissions were conducted according to 
conservatively modified versions of EPA-approved models (Industrial Source 
Complex Short-Term Model (ISCST) and UNAMAP VI version of ISCST, 
respectively). Isopleths were plotted to determine areas of maximum air 
dispersion and total (wet and dry) surface deposition for a 10-kilometer radius 
around the incinerator. 

Determination of Kev Pollutants qpd Pathways - Land and water use 
information, pollutant emission rate data, and air quality and deposition 
modeling results were integratedjtb determine chemical specific exposure 
pathways of concern for adults, children and infants. 

Air pathway - 

Inhalation 

Soil pathwajp::::. 

Dermal absorption 
;.::Sp il/Dü||; ingestion 

'v^etabJP consumption 
Milk consumption 
Beef consumption 

Surface water pathway 

fish consumption 

drinking water consumption 

Breast milk consumption 

Exposure Assessment ~ Average and maximum lifetime daily intakes were 
calculated for adults, children, and infants in four maximum exposure 
scenarios under base case (average expected) and sensitivity case (reasonable 
worst case) emissions condition. Figure ES-1 illustrates specific pathways 
evaluated for each scenario. 

ES-3 
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Resident A -Located at maximum off-site residential area of dry 
deposition and air concentration. 

Resident B - Located at maximum off-site residential area of total 
deposition. 

Farmer ~ Located at maximum off-site agricultural area of total 
deposition. 

Worker ~ Maintenance worker on-site exposed to area-weighted total 
deposition and air concentration. 

Toxicitv Assessment ~ Exposure route-specific carcinogenic slope factors and 
noncarcinogenic reference doses were:, determined for each chemical 
evaluated. 

Risk Characterization - Total lifetime excess carcinogenic risk and 
noncarcinogenic hazard indices wfjre emulated1 for each scenario, by chemical 
and exposure pathway. 

Uncertainty and Sensitivity AnalffSfift - Uncertainties and assumptions in the 
risk assessment were evalüa!ed#; 'Ä quantitative sensitivity analysis was 
performed on those parameters having the major influence on the risk results. 

Health Risk-Based Numerical forijssforis Limits 

Health risk-based numericaleimjssion limits are not intended to represent emission rate 

criteria for demonstrating compliance with action and chemical specific applicable or 

relevant and appropriate requirements (ARARs). Compliance with ARARs will be 

demonstrated through implementation of monitoring procedures, trial burns, and stack tests. 

The list of chemicals evaluated with their respective emission rates determined under 

average expected (base case) and reasonable worst case (sensitivity case) conditions of 

operation are shown in Table ES-1. 

Under base case conditions, which are conservative upper bound estimates of continuous 

operating conditions, both total lifetime excess carcinogenic risks and noncarcinogenic 
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Table ES-1 

Emission Rates for Rocky Mountain Arsenal 
Basin F Waste Submerged Quench Incinerator 

Category/ Base Case (a) Sensitivity Case (b) m 
Pollutant (ton/yr) (Ib/hr) (g/sec) (tonjyr) (Ib/hr) (g/sec)      ^H 

Dioxins/Furans 
4.16E-09 1.19E-09 1.50E-10 6.63E-08 1.90E-08 U.S. EPA TEF 2.39E-09 

Metals 
1.80E-02 5.15E-03 6.49E-04 2.50E-02 7.14E-03 Aluminum 8.99E-04 

Antimony 6.34E-04 1.81E-04 2.28E-05 1.08E-01 3.10E-02 3.90E-03 
Arsenic 3.59E-03 1.03E-03 1.29E-04 8.67E-03 2.48E-03 3.12E-04 
Barium 8.79E-04 2.51E-04 3.16E-05 1.83E+01 5.24E+00 6.60E-01 
Beryllium 3.66E-05 1.05E-05 1.32E-06 1.53E-03 4.37E-04 5.50E-05 
Boron 2.68E-02 7.65E-03 9.63E-04 3.63E-02 1.04E-02 1.31E-03 
Cadmium 1.04E-04 2.98E-05 3.76E-06 2.03E-03 5.79E-04 7.30E-05 
Calcium 1.54E-01 4.39E-02 5.53E-03 2.93E-01 8.36E-02 1.05E-02 
Chromium 2.47E-04 7.05E-05 8.88E-06 3.32E-04 9.49E-05 1.20E-05 
Cobalt 7.89E-04 2.25E-04 2.84E-05 8.13E-04 2.32E-04 2.93E-05 
Copper 3.35E+00 9.59E-01 1.21E-01 6.35E+00 1.82E+00 2.29E-01 
Iron 4.77E-02 1.36E-02 1.72E-03 8.13E-02 2.32E-02 2.93E-03 
Lead 1.12E-03 3.21E-04 4.05E-05 3.33E-02 9.52E-03 1.20E-03 
Lithium 1.10E-04 3.14E-05 3.96E-06 2.07E-04 5.92E-05 7.45E-06 
Magnesium 1.43E-01 4.08E-02 5.14E-03 2.39E-01 6.81E-02 8.59E-03 
Manganese 6.16E-03 1.76E-03 222E-04 6.93E-03 1.98E-03 2.50E-04 
Mercury 9.93E-04 2.84E-04 3.57E-05 1.08E-01 3.10E-02 3.90E-03 
Molybdenum 1.10E-02 3.15E-03 3.97E-04 1.14E-02 3.25E-03 4.09E-04           J 

Nickel 2.86E-02 8.18E-03 1.03E-03 2.97E-02 8.49E-03 1.07E-03 
Potassium 1.14E+00 3.25E-01 4.09E-02 2.54E+00 7.24E-01 9.13E-02 
Selenium 9.20E+00 2.63E+00 3.31E-01 9.20E+00 2.63E+00 3.31E-01 
Silicon 1.58E-01 4.52E-02 5.70E-03 1.89E-01 5.41E-02 6.81E-03   ^ft 
Silver 9.52E-02 2.72E-02 3.43E-03 1.08E+00 3.10E-01 3.90E-02   ^T 
Sodium 1.17E+02 3.34E401 4.21E+00 5.56E+02 1.59E+02 2.00E+01 
Strontium 3.66E-05 1.05E-05 1.32E-06 5.66E-05 1.62E-05 2.04E-06 
Thallium 9.25E-03 2.64E-03 3.33E-04 1.08E-01 3.10E-02 3.90E-03 
Tin 8.09E-03 2.31E-03 2.91E-04 8.79E-03 2.51E-03 3.16E-04 
Titanium 6.10E-05 1.74E-05 2.20E-06 1.07E-04 3.07E-05 3.87E-06 
Vanadium 2.34E-03 6.68E-04 8.42E-05 2.62E-03 7.49E-04 9.44E-05 
Yttrium NA NA NA 2.14E-05 6.11E-06 7.70E-07 
Zinc 1.63E-02 4.65E-03 5.86E-04 3.34E-02 9.54E-03 1.20E-03 

Organics 
1,1-Dichloroethene 3.81 E-ll 1.09E-11 1.37E-12 
1,2-Dichloroethene 2.65E-11 7.57E-12 9.53E-13 
1,2-Dichloropropane 3.07E-12 8.77E-13 1.11E-13 
1,3-Dimethy lbenzene 2.72E-08 7.77E-09 9.79E-10 
Acetone 1.07E-11 3.07E-12 3.87E-13 
Ammonia 326E-03 9.32E-04 1.17E-04 
Benzene 1.40E-07 3.99E-08 5.03E-09 
Bromomethane 1.36E-08 3.89E-09 4.90E-10 
Carbon Tetrachloride 4.34E-11 1.24E-11 1.56E-12 
Chlorobenzene 3.37E-08 9.62E-09 1.21E-09 
Chloroform 6.87E-12 L96E-12 2.47E-13 
Ethylbenzene 4.08E-08 1.17E-08 1.47E-09 
Methanol 1.63E-07 4.65E-08 5.86E-09 
Methylene Chloride 1.36E-08 3.89E-09 4.90E-10 
Tetra chlorethene 5.43E-10 1.55E-10 1.95E-11 
Toluene 6.80E-08 1.94E-08 2.45E-09 
Trichloroethene 8.33E-11 2.38E-11 3.00E-12 m 
Xylene 2.72E-08 7.77E-09 9.79E-10 w 
4-Chlorophenylmethylsulfone 2.52E-H 7.21E-12 9.08E-13 
4-Chlorophenylmethylsulfoxide 9.40E-11 2.69E-11 3.38E-12 
4-Nitrophenol 5.76E-11 1.64E-11 2.07E-12 1 
Aldrin 6.91E-12 1.97E-12 2.49E-13 .._ 
Atrazine 1.54E-12 4.39E-13 5.53E-14 



Table ES-1 
(continued) 

Category/ Base Case (a) Sensitivity Case (b) 
Pollutant (ton/yr) (Ib/hr) (g/sec) (ton/yr)                 (Ib/hr)                  (g/sec) 

Organics 
Hydrogen Cyanide 6.46E-08 1.85E-08 2.32E-09 
Dieldrin 1.42E-12 4.06E-13 5.11E-14 
Diisopropyl Methylphosphonate 2.49E-10 7.13E-11 8.98E-12 
Dimethyl Methylphosphonate 5.95E-09 1.70E-09 2.14E-10 
Dimethyldisulfide 6.91E-10 1.97E-10 2.49E-11 
Dimethylphosphate 1.63E-09 4.66E-10 5.87E-11 
Dithiane 2.49E-13 7.13E-14 8.98E-15 
Endrin 1.38E-12 3.95E-13 4.97E-14 
Hexachlorocyclopentadiene 1.28E-11 3.67E-12 4.63E-13 
Isodrin 3.64E-12 1.04E-12 1.31E-13 
Malathion 5.56E-12 1.59E-12 2.00E-13 

Parathion 7.68E-13 2.19E-13 2.76E-14 
Supona 2.30E-12 6.58E-13 8.29E-14 
Urea 9.98E-07 2.85E-07 3.59E-08 
Vapona 6.14E-12 1.75E-12 2.21E-13 
p,p-DDE 1.15E-08 3.29E-09 4.14E-10 
p,p-DDT 2.30E-12 6.58E-13 8.29E-14 

PICs with Specific Precursors 
Vinyl Chloride 1.36E-07 3.89E-08 4.90E-09 
Methyl Chloride 1.36E-07 3.89E-08 4.90E-09 
Styrene 1.36E-07 3.90E-08 4.91E-09 
Phenol 7.37E-07 2.11E-07 2.65E-08 
Benzaldehyde 1.42E-07 4.05E-08 5.10E-09 
Benzoic Acid 6.86E-08 1.96E-08 2.47E-09 
Acetonitrile 6.52E-10 1.86E-10 2.35E-11 
Acrylonitrile 6.52E-11 1.86E-11 2.35E-12 
Cyanogen 6.52E-12 1.86E-12 2.35E-13 
Hexachlorobenzene 4.64E-10 1.32E-10 1.67E-11 
Pentachlorobenzene 2.07E-10 5.93E-11 7.47E-12 
Terra chlorobenzene 8.75E-11 2.50E-11 3.15E-12 
Trichlorobenzene 4.62E-11 1.32E-11 1.66E-12 
Dichloro benzene 2.45E-11 6.99E-12 8.81E-13 
Biphenyl 6.82E-08 1.95E-08 2.45E-09 
4-Chlorobiphenyl 7.88E-08 2.25E-08 2.84E-09 
4,4-Chlorobiphenyl 1.03E-09 2.95E-10 3.72E-11 
Benzonitrile 6.52E-11 1.86E-11 2.35E-12 
Pyridine 6.52E-12 1.86E-12 2.35E-13 
Carbazole 1.30E-11 3.73E-12 4.70E-13 
Ouinoline 326E-11 9.32E-12 1.17E-12 

PICs without Specific Precursors 
Benzofuran 2.72E-07 7.77E-08 9.79E-09 
Dibenzofuran 1.36E-08 3.88E-09 4.89E-10 
Acenaphthalene 6.80E-08 1.94E-08 2.45E-09 
Acenaphthene 6.80E-08 1.94E-08 2.45E-09 
Fluoranthene 4.08E-08 1.17E-08 1.47E-09 
Phenanthrene 2.72E-08 7.77E-09 9.79E-10 
Pyrene 1.36E-08 3.88E-09 4.89E-10 
Fluorene 1.36E-08 3.88E-09 4.89E-10 
Benzo(a)pyrene 1.36E-08 3.88E-09 4.89E-10 
E>ibenzo(a)anthracene 1.36E-08 3.88E-09 4.89E-10 
Chrysene 1.36E-08 3.88E-09 4.89E-10 



Table ES-1 
(continued) 

Category/ Base Case (a) Sensitivity Case (b) | 
Pollutant (ton/yr) db/hr) (g/sec) (ton/yr) db/hr) (g/sec)      ™ 

Acid Gases & Other Compounds 
14.00 (c) 4.00 0.50 14.00 4.00 Particulate Matter 0.50 

Carbon Monoxide 4.71 1.35 0.17 7.29 (e) 2.08 0.26 
Hydrogen Chloride 4.73 (d) 1.35 0.17 14.00 (f) 4.00 0.50 
Hydrogen Fluoride 0.17 0.049 0.006 0.32 0.092 0.012 
Nitric Acid 3.85 1.10 0.14 3.85 1.10 0.14 
Nitrogen Dioxide 32.13 9.18 1.16 143.22 <f) 40.92 5.16 
Phosphate 3.44 0.98 0.12 15.04 4.30 0.54 
Sulfuric Acid 10.40 2.97 0.37 17.34 4.96 0.62 
Sulfur Dioxide 24.43 (d) 6.98 0.88 101.50 <P 29.00 3.65 

(a) These estimates are based upon the acceptable results during the test bum for dioxins/furans and the maximum of the acceptable 
test results or the maximum of the averages waste stream data for inorganics (including metals, acid gases and other compounds). 
The volatile and semi-volatile organic emissions are based upon Dellinger's analysis of the maximum of the averages wastestream data. 

(b) For metals: based upon the maximum value of the test results from the test burn, the maximum of the maximum values from the 
wastestream data, and the EPA Guidance Tier II limits for complex terrain. 

For dioxins/furans: based upon the 95% confidence interval from WESTON's hazardous waste incinerator emissions database. 
For acid gases & other compounds: based upon the maximum value of the test results from the test burn and the maximum of the 
maximum values from the wastestream data. 

(c) Based upon Colorado's emission limitation of 0.08 gr/dscf @ 12% C02. 
(d) Based upon the February 1989 test burn, which tested for the specific compound. 
(e) Based upon Federal emission limitation of 100 ppm. 
(f) Based upon vendor performance guarantees. 



hazard indices satisfied the criteria specified in the Final Decision Document (Woodward- 

Clyde, 1990). That is, for any scenario, total lifetime excess carcinogenic risk was less than 

1E-06 (1 in 1 million) and hazard index scores were less than 1. The results are briefly 

summarized in Table ES-2. 

In conclusion, the Resident-A scenario represents the nearest most exposed population 

because it demonstrates the highest carcinogenic and noncarcinogenic health risk; 

nevertheless, these risk results satisfy the acceptance criteria for cancer risk and 

noncarcinogenic health effects. Therefore, in accordance with the Final Decision Document 

(Woodward-Clyde, 1990), the operation of the SQI uider base case emissions conditions 

would meet the requirements of EPA guidance ;jp§|CERCLA remedial actions to be 

protective of public health. 

Sensitivity case emissions conditions represent reasonable estimates of worst case continuous 

operating conditions. Under sensitivity case emissions conditions, the calculated total 

lifetime excess carcinogenic risk satisfied theteriteria of 1E-06 in all four scenarios; however, 

in several cases, hazard indices exceeded i by a small margin (see Table ES-3). 

The excursions above unity were primarily related to the hazard quotient values in the 

inhalation pathway for two meiaLs.TDarium and silver. Barium contributed 49 percent and 

silver 29 percent to the total hazard index in each specific scenario. 

In accordance with guidance established by EPA (Risk Assessment Guidance for 

Superfund\ it was concluded that these exceedances of unity were not of concern for the 

following reasons: 

EPA Tier II guidance values for hazardous waste emissions were used to 
provide a highly conservative estimate of sensitivity case emissions for several 
metals, including barium and silver. These values, which were not required 
for inclusion in this risk assessment, were four orders of magnitude greater 
than the maximum values obtained from test burn data. Noncarcinogenic risk 
(i.e., hazard index) is assumed to be linearly proportional to emission rate, 
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Table ES-2 

Cancer Risk and Hazard Indices Under 
Base Case Emissions Conditions 

Total Lifetime3 

Exposure Scenario Excess Cancer Risk Hazard Index 

Resident A 1.5 E-08 

Adult 0.3 

Child 0.8 

Infant 0.5 

Resident B 2.5E-09          , 

Adult 0.1 

Child 0.1 

Infant 0.1 

Farmer 5$E#' 

Adult 0.1 

Child 0.3 

Infant 0.1 

Worker 7.6 E-10 

Adult 0.3 

Represents the sum of adult, child, and infant carcinogenic risk for each scenario. 
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Table ES-3 

Cancer Risk and Hazard Indices Under 
Sensitivity Case Emissions Conditions 

Total Lifetime 

Exposure Scenario Excess Cancer Risk Hazard Index 

Resident A 6.1 E-08 

Adult 1.8 

Child 4.0 

Infant 2.6 

Resident B 1.0 E-08 

Adult 0.3 

Child 0.6 

Infant 0.4 

Farmer 2S:JEsM 

Adult 0.6 

Child 1.4 

Infant 0.9 

Worker jf    2.2E-09 

Adult 0.2 
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and therefore, the total hazard index scores would fall well below the level of 
concern (i.e., 1.0) if the more realistic empirical data were used. 

For conservativeness, and for consistency with other routes of exposure, 
chronic inhalation reference doses (RfDs) were used to estimate risk, even 
though the duration of inhalation exposure is of a subchronic nature (i.e., less 
than seven years). The subchronic RfDs for barium and silver are one order 
of magnitude higher than their subchronic RfDs; therefore, the revised hazard 
quotients for barium and silver would be one order of magnitude lower than 
values presented in this analysis. This would result in a net decrease of the 
total hazard indices to less than 1.0 in all cases. 

CONCLUSIONS 

A multipathway human health risk assessment wa^ondilted by WESTON for the Army's 

proposed submerged quench incinerator for th#lasj||:F Liquid Project at Rocky Mountain 

Arsenal. Based on the results of this report, it is. concluded that the operation of this 

incinerator will pose no human health ris^föMlinogenic or noncarcinogenic) as defined in 

the Final Decision Document, as described W$&£ current EPA guidance for Superfund Risk 

Assessments, and in accordance vgüh cSßCÄ remedial action objectives. 

f 
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SECTION 1 

INTRODUCTION 

This document is a comprehensive, multiple exposure pathway, human health risk 

assessment prepared for the proposed Basin F Liquid Incineration Project at the U.S. 

Army's Rocky Mountain Arsenal (RMA) facility. 

The RMA facility is located just north of Stapleton Airport in Denver, Colorado. RMA has 

been required to install and operate the incinerator?i;p conjunction with the U.S. Army 

Corps of Engineers, to destroy over 10.5 million galloiisöf liquid hazardous waste stored on- 

site in three tanks and a double-lined pond in anjirea knoi&j|;as Basin F. The action is part 

of the Interim Remedial Action (IRA) select^fltq Jffat and dispose of Basin F Liquid. As 

part of the design and implementation phases of th&project, outlined in the Final Decision 

Document (Woodward-Clyde, 1990a), a homaniiheaHh risk assessment is required. 

1.1  OBJECTIVES OF THE RIsgASpSfeiffiNT 

The primary objective of file heäl|| risk assessment conducted by Roy F. Weston Inc. 

(WESTON) for RMA was to äJS&Lstm the establishment of chemical emission limits for the 

Basin F Liquid Incineration Project. These emission limits are to be protective of human 

health, as stated in the Final Decision Document (Woodward-Clyde, 1990a). A brief 

summary of the risk characterization results and a discussion of applicable or relevant and 

appropriate requirements (ARARs) has been presented in the Implementation Document 

(WESTON, 1990) submitted to RMA in December, 1990. The present document provides 

the detailed methods and results of the risk assessment, including the air modeling and 

emissions characterization. 

A risk assessment for the proposed Basin F Liquid Incineration Project was previously 

performed by Woodward-Clyde Consultants (1990b) to assist in the screening and selection 

of interim remedial actions (IRAs) as required under CERCLA and the National 
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Contingency Plan. Additionally, on-site (Ebasco, 1990) and off-site (ESE et al., 1989) 

human health risk assessments have been performed for RMA with respect to worker and 

residential exposures, respectively, to existing on-site contamination. To maintain 

consistency with these studies, WESTON reviewed the data from these previous on-site and 

off-site evaluations and, where relevant, utilized previously developed exposure assumptions 

and input parameters, toxicity criteria, and background data. 

In accordance with the guidance set forth in the Final Decision Document (Woodward- 

Clyde, 1990a), the approach for the risk assessment process used to establish emission limits 

was as follows: 

Base case ("average") and sensitivipcase (Wö% case, upper bound) emission 
rates of the SQI were determined from evaluation of historical waste stream 
characterization data, test burn.daia, and WESTON's hazardous waste 
incinerator emissions inventory, as:described in detail in Section 5. The 
facility has an assumed opepffilojsai lifetime of 2 years. 

The emissions data werfe/ased to conjunction with the air modeling, exposure 
assessment and toxielty as^sment results to calculate noncarcinogenic hazard 
indices and carcinogüiücrisk for each chemical and pathway in each proposed 
exposure scenario 

As directed Hi.the FJal Decision Document (Woodward-Clyde, 1990a), 
cumulative excess carcinogenic risk and noncarcinogenic hazard indices were 
determined for eaef exposure scenario. If it was determined that excess 
cancer risk did not exceed 1E-06, and the noncarcinogenic hazard index did 
not exceed 1 for the nearest reasonable maximum exposure scenario, the 
emission rates predicted for the contaminants of concern were considered 
protective of human health, the criteria promulgated in the Final Decision 
Document (Woodward-Clyde, 1990a). WESTON developed four exposure 
scenarios that were representative of hypothetical maximum exposed 
individuals in the vicinity of the facility. 

Should the cumulative cancer risk or noncarcinogenic hazard index exceed the 
limits described above for the most reasonable maximally-exposed individual, 
each contaminant and pathway assessed in that scenario would be evaluated 
to develop a profile of the major contributor(s) to risk. A report summarizing 
these findings would then be presented to the appropriate agencies, as 
outlined in the Final Decision Document (Woodward-Clyde, 1990a), to 
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determine whether a change in the design of the treatment system would be 
necessary. 

The risk assessment presented in this report is a comprehensive evaluation that examines 

all possible direct and indirect exposure pathways and sensitive subpopulations. In addition 

to the Final Decision Document (Woodward-Clyde, 1990a), the approach and methodology 

draws upon the guidance set forth in the recently revised United States Environmental 

Protection Agency (EPA) Risk Assessment Guidance for Superfund: Human Health 

Evaluation Manual (EPA 1989) and the Methodology for Assessing Health Risks 

Associated With Indirect Exposure to Combustor Emissions (EPA 1990). These and other 

pertinent guidance documents are cited and referenceil in the appropriate sections of this 

report. jff'    :;i-iihi;. 

To be consistent with the most recent EPA""giadance (EPA 1989; 1990), WESTON 

considered certain pathways of indirect ei^ia|ife;;that%ere not originally considered in the 

SQI risk assessment as part of the IRA (Woodward-Clyde, 1990b). These additional 

pathways include: breast milk cöhsun^tion; irigestion of fish from contaminated surface 

waters; vegetable root uptake ;;p£;me|lls and organics; and beef and dairy cattle exposure 

with subsequent human coJSumpiapi öP homegrown or commercially-produced beef and 

cow's milk. 

1.2  HEALTH RISK ASSESSMENT OVERVIEW 

Risk assessment is a complex and continually evolving process drawing upon a variety of 

disciplines, including air pollution engineering, process engineering, meteorology, 

environmental resource management, computer technology, biology, chemistry, and 

toxicology. Regulatory agency requirements for preparing risk assessments, and the need 

for defensibility of the results, necessitates the inclusion of large amounts of supportive data, 

often resulting in voluminous documents that may be difficult to review and understand, 

particularly by the public.   A brief summary of the risk assessment process follows to 
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provide an overall perspective. Each section thereafter is presented in a form that is 

designed to be understandable to the public. 

Figure 1-1 is a flow chart of the major phases of the multipathway human health risk 

assessment and further serves to identify the individual sections of the report and how they 

interrelate. The approach used here generally adheres to the guidance recommended by 

the EPA for conducting a baseline risk assessment for Superfund sites. 

Section 2 is a brief description of the proposed submerged quench incinerator with a 

discussion of the technical components of the system. Geographic and demographic 

characteristics of the potentially affected area arogpl&e facility are discussed in Section 

3. Its purpose is to identify land-use patterns andipsist in cl^acterizing potentially exposed 

populations. 

A critical technical task is to characterise;. the ;<&emicals likely to be emitted from the 

incinerator system and to determine t&e projected emission rates from the stack (Section 

5). The next steps are the assessment^tfte-.fate of the chemicals in the atmosphere and 

the resultant surface deposiliofc (Section 6), followed by the identification of those pollutants 

that have a realistic potential for c&Qtributing to human exposure through specific direct 

(e.g., inhalation, soil ingestion)and Indirect (e.g., consumption of contaminated vegetables, 

beef, dairy products, fish) pathways (Section 7). 

Once the pollutants and pathways are determined, the potential human exposure to these 

pollutants from all pathways is estimated (Section 8). It is important to note that the 

estimated pollutant exposure level of sensitive human populations greatly exceeds that likely 

to occur in terms of the amount, duration, and frequency of actual pollutant exposure. The 

intent of this approach is to provide the public the benefit of the doubt (i.e., the maximum- 

exposed individual, or MEI, is unrealistically overexposed relative to the probable exposure 

of affected populations). 
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The conservatism of both the average case and worst case potential exposure estimates is 

further amplified by the degree of safety incorporated into the toxicity criteria (i.e., 

reference doses and cancer potency factors) for the evaluated pollutants. The net result is 

that both carcinogenic risk and noncarcinogenic hazard indices represent upper-bound 

estimates of adverse health effects that are unlikely to be achieved or exceeded under actual 

exposure conditions. The established health effects criteria for these pollutants are 

discussed in Section 9. 

The risk characterization (Section 10) is the process of comparing the estimated potential 

lifetime daily intakes of the chemicals of concern bjpthe exposed individuals with the 

allowable exposure level (toxicity criteria). Bap||;pn these comparisons, potential 

carcinogenic risk estimates and the degree of nojßiardnogeiile.adverse health effects can be 

predicted. 

Section 11 of the report discusses the risk: lesüfe.in relationship to the uncertainties and 

assumptions associated with each stepjaf the risk assessment process. A sensitivity analysis 

is included in this section, the objective of which is to evaluate quantitatively those factors 

having the greatest influence on risk. This allows one to obtain a clear perspective of the 

range of risks in relationshiphto the frnjportant variables inherent in the incinerator operation 

and the risk assessment process: 
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SECTION 2 

FACILITY DESCRIPTION 

2.1  FACILITY HISTORY 

The following facility description is a summary of the information provided in the Final 

Decision Document (Woodward-Clyde, 1990) for the Basin F Liquid Incineration Project. 

Rocky Mountain Arsenal (RMA) occupies approximately 17,000 acres (27 square miles) in 

Adams County, directly northeast of metropolitan Deafer, Colorado (Refer to Figure 2-1). 

RMA was established in 1942 and has been the site of manufacture of chemical incendiary 

munitions and chemical munitions demilitari?pion. Agpcultural chemicals including 

pesticides were manufactured at RMA from i#47..to' 1982. 

In 1956, an evaporation pond called Basin F was constructed in the northern part of RMA. 

Basin F had a surface area of 92.7 actesand äjeapacity of approximately 243 million gallons. 

From August 1957 until its use was discontinued in December 1981, Basin F was the only 

evaporative disposal facility iß jseiyfce at RMA. 

In 1986, the Department of the.Ajmy, Shell Oil Company, and the EPA Region VIII, agreed 

that an accelerated remediation be undertaken pursuant to CERCLA (Comprehensive 

Environmental Response, Compensation and Liability Act) to contain the liquid and 

contaminated soils in and under Basin F. In a June 5, 1987 report to the court, the 

Organizations and the State agreed that fourteen interim actions, including the Basin F 

Interim Remedial Action (IRA), were necessary to expedite the cleanup of RMA. 

In the first part of Basin F remediation, Basin F liquid was transferred to three lined steel 

storage tanks and to one double-lined covered pond. Transfer of Basin F liquid to tanks 

and Pond A for interim storage was initiated in May, 1988 and completed in December 

1988. Presently approximately 4 million gallons of liquid are stored in the tank farm and 

4.5 million gallons are stored in Pond A. 
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22  FACILITY DESCRIPTION 

The Army has selected submerged quench incineration (SQI) to thermally treat 10.5 million 

gallons of stored liquid from Basin F at Rocky Mountain Arsenal as an Interim Remedial 

Action. The SQI consists of a feed system to inject the Basin F liquid into the incinerator; 

the high temperature incinerator with a quench chamber to cool the gases and dissolve the 

molten salts from combustion; a brine concentrator; and associated air pollution control 

equipment. 

2.3  PROCESS DESCRIPTION 

The submerged quench incineration process (seJpFigure 2£§|;:will use a vertical downfired 

liquid incinerator. The liquid to be incinerate$|^ojid be injected at the top of the furnace 

into a gas flame. Burning the liquid at J^gh temperature (about 1,900°F) is expected to 

destroy the organic compounds in Basin F;iiqüid. After incineration, all the combustion 

products will be forced downward aölöolellji a liquid quench tank, to aid in washing out 

particulates and cleaning the e^bausi gasest The high temperatures will melt non- 

combustible components of the Basin F liquid producing molten salts, which will flow down 

the walls of the incineratqiilftnd als||be cooled in a quench chamber. The exhaust gases, 

which will include a mixture sf: .combustion byproducts and other gases, will be passed 

through air pollution control devices, which include a venturi scrubber and a packed tower. 

The brine from this process may be disposed of off-site as a liquid. 

Operation of the submerged quench incineration process will require the transportation into 

the Arsenal of 2,600 cubic yards per year of sodium hydroxide, a caustic compound used in 

the air pollution control process. The submerged quench incineration process will produce 

salts of about 25 percent of the original volume of the Basin F liquid. These salts, which 

contain metals, will be disposed of in an off-site hazardous waste landfill. 

The facility is expected to operate for a period of 2 years, commencing in late 1991 or early 

1992. 
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FIGURE 2-1  SITE LOCATION MAP - ROCKY MOUNTAIN ARSENAL 
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2.4 PHYSICAL EMISSION CHARACTERISTICS 

The physical emission characteristics of the submerged quench incinerator have not been 

finalized at this time. The incinerator will be designed and operated to meet the RCRA 

incinerator requirements, which are presented in Table 2-1. The trial burn will be required 

to demonstrate the ability of the incinerator to achieve the performance requirements 

outlined in the Final Decision Document (Woodward-Clyde, 1990) 

2.5 GOOD ENGINEERING PRACTICE ANALYSIS 

Section 123 of the Clean Air Act defines Good Enpteering Practice (GEP), with respect 

to stack heights, as "the height necessary to enspre that fiiitiissions from the stack do not 

result in excessive concentrations of any pollutantA the immediate vicinity of the source 

as a result of atmospheric downwash, eddies or waifes. which may be created by the source 

itself, nearby structures or nearby terrain ^bitaeles,". For this analysis, 40 Code of Federal 

Regulations (CFR) 51.1(h) defines.."fr«^rby,v■&& "...that distance up to five times the lesser 

of the height or the (projected) width grmqsnsion of a structure, but not greater than 0.8 

km...." jmm?9m. 

According to 40 CFR 51.1(ii),GEJP stack height means the greater of the following three 

factors: 

1. 65 meters, measured from the ground-level elevation at the base of the stack. 

2. For stacks in existence after January 12, 1979, 

Hg      =     H + 1.5 L 

Where: 

Hg      =     GEP stack height 

H        =     height of nearby structure(s) measured from the ground-level 
elevation at the base of the stack 

L =     lesser of height or projected width of nearby structures 
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• 
Table 2-1 

RCRA Incinerator Requirements8 

Destruction and Removal 
Compounds/Emissions                                                         Efficiencies 

Dioxins and Dibenzofurans                                           99.9999% 

Polychorinated Biphenyls                                              99.9999% 

All other Organic Compounds                                      99.99% 

Particulates Emissions                                                               0.08 grains per dry standard 

cubic ft. @ 7% 02 

Hydrogen Chloride Emissions                                                 1.8 kg/hour 

• 4.0 lb/hour 

a 40 CFR 264.343 (Performance Stafpards) 

• 
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3.        The height demonstrated by fluid model or field study which satisfies the 

definition of GEP in Section 123 of the Clean Air Act." 

This GEP stack height analysis will be based upon the EPA (1985) guideline document. 

The GEP determination will be made for each building, and then the stack will be 

associated with the nearby building which would result in the greatest GEP. The stack 

height for the SQI has not been specified at this time. When the stack height is finalized 

the GEP analysis described above will be performed to determine if building downwash of 

the stack gases could occur and if building downwash effects will be incorporated into the 

modeling analyses. 
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SECTION 3 

DESCRIPTION OF SURROUNDING AREA 

3.1 INTRODUCTION 

This section provides an overview of land use and population characteristics of the area 

around RMA expected to be affected by emissions from the facility. The information 

compiled is important in identifying: 

Potentially-exposed populations in arejä|§iffected by air dispersion or surface 
deposition of stack emissions 

Population activities that need to-be .considered in determining both direct 
and indirect pathways of exposü&'::^;«tack emissions 

Results of the air dispersion and surface d^sitfoffimodeling isopleths (refer to Section 6) 

showed the major area to be aihset&feby emissions was within a 10-km radius of the 

incinerator. Therefore, the evalniitofipFlälä usage was particularly focused on the areas 

predicted by the modeling to; ÄöwiHhe''Hqghest deposition and ambient air concentrations. 

3.2 LOCATION AND GEOGKAff«Y 

The Rocky Mountain Arsenal, located in Adams County, lies approximately 10 miles 

northeast of downtown Denver. The site occupies 16,914 acres. RMA is bounded by East 

96th Avenue on the north, Buckley Road on the east, East 56th Avenue on the south, 

Quebec Street on the west, and Highway 2 on the northwest. The landscape is generally 

described as high plains, which is flat and broad (Ebasco, 1990). 
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33  ON-SITE LAND AND WATER USE CHARACTERIZATION 

33.1  On-Site Land Use 

With respect to its former high level of activity, the RMA property can be viewed as an 

abandoned industrial site. RMA employed as many as 3,000 people when it was a fully 

operable production facility for chemicals, explosives, agricultural chemicals, and pesticides. 

Currently there is relatively little activity on the base. The primary activities that do occur 

involve administration, remediation, and maintenance of the facility. 

The current land uses at the RMA site can be classified as industrial, commercial, and 

recreational. The industrial classification relates to tie commercial nature of the existing 

buildings: an army administration building; :iiire depa!i|atent; groundwater treatment 

faculties; rail classification yard; and a post of$j§&, Jjjpe recreational classification is related 

to the limited occurrence of "catch and thjöw" fishi||;;(Ebasco, 1990) from several streams 

on the site. The greatest proportion of aciiagesiiaiiilhe site is classified as a natural habitat 

for wildlife, which includes a baldipeagte management area on the northwestern section 

(Ebasco, 1990). 

33.2 Restrictions Limiting fon-Sitfrland Use 

An agreement was made among the EPA the U.S. Army, Shell Chemical Company, the 

Agency for Toxic Substances and Disease Registry (ATSDR), and the U.S Department of 

the Interior. This agreement, called the Federal Facility Agreement (EPA et al., 1989), set 

forth the following restrictions on RMA (Ebasco, 1990): 

U.S government retains title of the arsenal 
Residential development - PROHIBITED 
Wildlife habitat - preserved and managed to protect endangered species 
No major geophysical alterations can be made on-site 
Fish may be caught; fish consumption - PROHIBITED 

fe 
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3.3.3  On-Site Water Use 

There are several lakes located on the southern sections of the arsenal: Upper Derby, Lower 

Derby, Mary, and Ladora Lakes. Ladora Lake is the only natural lake. The other lakes 

were created using water from the Highline Lateral. The Highline Lateral is an aqueduct 

that is connected to the main Highline Canal, which brings water from the Rocky Mountains 

into the Denver area. 

Surface water drainage at RMA is a complicated process; water on-site is drained by the 

First and Second Creek. Water from the First and Second Creek is then intercepted by the 

O'Brian Canal and the Burlington Ditch. Both the Q'Bnan Canal and the Burlington Ditch 

then proceed to drain into the South Platte jjtver. Blithe O'Brian Canal and the 

Burlington Ditch are irrigation ditches, which l^aspjrt water for agricultural purposes (ESE 

etal., 1989). 

33.4 Restrictions Limiting On-SitfflfiUerljfe 

Drinking water uses of groundw&ter. and surface water are prohibited by the Federal Facility 

Agreement (EPA et al., ifp). Prlbntly, there are four groundwater treatment systems 

located on the northwestern1 W(4e,öf the arsenal: Irondale, Northwest Boundary, North 

Boundary, and Basin A Neck systems. For safety reasons, the North and Northwest 

Boundary Systems have a bedrock barrier, which separates treated from contaminated water. 

After 1957, there is only one water basin (Basin F) located on-site. Basin F was the only 

evaporative disposal system available at the facility. There are plans, however, to develop 

more basins and reservoirs for flood control and thereby to prevent contamination of water 

bodies off-site (Ebasco, 1990). 
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3.4  OFF-SITE LAND AND WATER USE CHARACTERIZATION 

3.4.1  Off-Site Land Use 

Land usage around RMA is characterized by a varied pattern of heavy and light industrial, 

residential, and agricultural designations (Figure 3-1). Agriculture predominates to the 

north and east, heavy industry to the west and south, and commercial uses primarily to the 

west. Residential areas are intermixed with commercial zones to the west and south. 

Commerce City, to the west, is associated with heavy industry, such as petroleum refineries, 

tank farms, and construction equipment yards. Gravel and sewage treatment facilities to the 

northwest are located near the South Platte River. 

The industry occupying the most acreage near RM& is StäpÜeton International Airport. This 

airport is the fifth largest in the United States and has grown rapidly. Recently, plans have 

been made to relocate the airport to the :&a^tern si|ife::of RMA Originally, the airport was 

to expand onto RMA land. These planslperil^ftcted because of both the loud airport 

noise affecting nearby residential aigp|^d:;$lfcause of the time required to clean up RMA 

(Ebasco, 1990). 

■ 
■ 

■ 
I 
I 

I 
I 

Several residential areas bidder ti^RMA property, primarily to the northwest, west, and 

south (e.g., Irondale, Dupont; Hanson).   Adult and childhood activities associated with 

residences (e.g., outdoor play, school activities, home gardening) have been previously 

documented (Woodward-Clyde, 1990) and were likewise considered in the development of        M 

potential pathways of exposure for this risk assessment. 

I 
Since 1950, off-site agricultural land has been used primarily for grain crops, as temporarily 

idle fields, and to a lesser extent, pasture lands. This area includes approximately 2,500 to ■ 

2,700 acres of irrigated farm land. Water for most of this land is supplied primarily by a 

combination of several irrigation ditches traversing certain areas just off-site (ESE et al., ■ 

1989). 
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The primary field crops for this area are winter wheat, hay, barley, corn for grain and 

silage, sugar beets, and oats. Other crops grown include sorghum, dry beans, and spring 

wheat. Of the field crops listed, winter and spring wheat, barley, sugar beets, and dry beans 

are all produced for human consumption (ESE et al., 1989). 

Pastureland and livestock are not as important to the rural agronomy as are the grain fields. 

Pastureland is confined to limited areas, most of which is contiguous with the O'Brian Canal 

and the Fulton Ditch (ESE et al., 1989). 

In view of the large acreage of agricultural land north]; and east of the site, the possible 

existence of beef or dairy cattle farms was investigated. Information obtained from the 

Adams County Agricultural Extension Service ;siggestedril%re were several feedlots and 

beef/dairy cattle operations within a 30-km radius ofeie incinerator. A tour by automobile 

of the northwestern, northern, and eastern.perimeter of RMA in late October, 1990 revealed 

six locations where cattle were observed grazing near farmhouses or on apparent farmlands. 

No determination was made as to whether these were dairy or beef cattle. 

3.4.2  Off-Site Water Use 

Off-site water use (i.e., potabfei^tefsources, recreational fisheries) was initially evaluated 

within a 20-km radius around the proposed incinerator site. Consideration was given to the 

predicted level of surface deposition on the water body and associated watershed, as well 

as to the potential for surface water and soil runoff from the RMA site into these water 

bodies. The objective of this evaluation was to identify any possible uses of local off-site 

surface waters that should be considered as possible human exposure pathways (i.e., 

drinking water, fish ingestion). 

3.4.2.1  Classification of Rivers. Lakes, and Ponds As Potable Water Supplies 

The Department of Natural Resources (DNR) Water Conservation Board, the DNR's State 

Engineering Board (Water Quality), water treatment plants in Adams County and Denver 
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County, and the Denver Department of Health (Water Quality) were contacted to identify 

potable surface water sources. Those designated as potable water supplies were Standley 

Lake and Marston Lake Reservoir. These lakes and their associated watersheds are well 

beyond the range of significant aerial deposition predicted from incinerator emissions: 

Standley Lake is over 16 km west of the incineration site, and Marston Lake Reservoir is 

located approximately 22 km southwest of the site. It is important to note that surface 

drainage in this region is toward the northeast; drainage from RMA is directed to the South 

Platte River, which flows in a north-northeasterly direction (ESE et al., 1989). Therefore, 

it is unlikely that drainage from RMA would have any effect on potential drinking water 

sources such as Marston Lake Reservoir or Standley Lake. 

3.4.2.2  Classification of Rivers. Lakes, and Poffiiffs as Ptffeijpal Fisheries 

Potential fishing areas within the 10-km radius of; the incinerator were evaluated initially 

from a review of the on-post (Ebasco, 199Ö) and; off-post (ESE et al., 1989) human health 

exposure assessments. In addition^ dfte. DNK'.Fish and Game Department (Division of 

Wildlife) and local parks were contacted for fishing information. 

Except for the limited "cätph andllhrow" fishing on-site at RMA, no lakes, ponds, or 

reservoirs were identified as de|||nja|ed fishing areas within a 5-km radius of the incinerator. 

However, lying in the area between a 5- to 10-km radius of the incinerator site are several 

lakes and ponds designated as recreational fishing areas. 

The only lake located northeast of the arsenal is Barr Lake, a nonpotable water body. Barr 

Lake is classified as a wildlife refuge on its southern portion, and on its northern half, it is 

used for recreational purposes, such as fishing. However, based on the air modeling results, 

this lake does not receive significant aerial deposition (see Section 6). Moreover, even 

though the lake does lie in the general direction of surface drainage from RMA (i.e., to the 

northeast), it was concluded that impact via this transport mechanism would not contribute 

significantly to the total contaminant loading relative to other water bodies closer to RMA 

(see Engineers Lake below). 
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Cherry Creek Reservoir, located approximately 20 km southeast of the arsenal, is classified 

as a flood control reservoir. Although it may support fishing, it is sufficiently out of range 

of both aerial deposition and drainage originating from the site. 

Four smaller water bodies located in Adams County, all approximately 8 km west of RMA, 

were identified as designated recreational fishing areas; they are: 

Clear Creek Pond 
Engineers Lake 
Rotella Park Pond 
Grandview Ponds 1 to 4 

Based on the air dispersion and surface deposition JSopleth'i|$ection 6), Engineers Lake was 

determined to be the water body with the highest potential for impact. Data for surface 

area and depth of Engineers Lake were provided by the DNR Department of Wildlife and 

were confirmed by the Adams County Park"Service; Some data required for the surface 

water modeling of contaminant loading such, as flow rates and average suspended solids 

concentrations, were not available...forEngineers Lake, and assumptions were therefore 

made for these parameters (see-Appendix 7A). Appendix 3A contains published data on 

specific locations and fish, populations for Engineers Lake and the other three recreational 

fishing areas that were evaluated. •/• 

Surface water drainage from RMA to the South Platte River is significant, as discussed 

earlier (Section 3.3.3). Although it is known that the river is fished recreationally, no creel 

data or designated fishing locations in the vicinity of the drainage area were available. The 

South Platte River was excluded as a potential human exposure pathway through fish 

consumption for the following reasons: 

Any contaminants entering the South Platte River as runoff (resulting from 
on-site deposition from the incinerator) will likely be highly diluted on a 
continual basis due to the river's low retention time and high flow rate. 
Therefore, bioaccumulation potential in game fish is anticipated to be 
relatively low compared with ponds or lakes where retention times are much 
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longer and the volume of surface water available for contaminant loading is 
much smaller. 

Deposition into the South Platte River was not significant compared with 
deposition predicted for the previously discussed recreational fishing areas 
(i.e., Engineers Lake). 

3.5  CONCLUSIONS 

On-site and off-site land uses were characterized with respect to human activities relevant 

to evaluating potential human exposure to incinerator emissions. 

It was concluded that the current major activities on-site are maintenance of the grounds 

and administrative functions. Off-site, resifential aricfr agricultural (i.e., livestock, 

vegetables), land uses, and recreational (i.e., fi$hqig) water uses have been documented. 

This information was subsequently usejlln^he l!|\?elopment of the human exposure 

pathways and scenarios (Sections 7 and 8), 
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SECTION 4 

THE PROCESS OF POLLUTANT IDENTIFICATION AND SELECTION 

4.1 INTRODUCTION 

The purpose of this section is to provide a brief overview of the process by which chemicals 

emitted from the incinerator were identified and initially selected for evaluation. Figure 4-1 

illustrates the basic process of initial pollutant identification and the final pollutant selection 

process. The primary sources of information used in tile identification of the pollutants of 

concern for this project were historical waste streamk?data, test burn data, and an analysis 

of products of incomplete combustion (PICs). :i||h addition to these sources of data, an 

evaluation of current literature and compute|||lat(|Sases for hazardous waste incinerator 

combustion products was performed to Identify-ipössible contaminants that may not be 

apparent from the site specific data discussed above» 

4.2 POLLUTANTS IN THE WASTE PROFILE 

Four general groups of pojlitantsl&b typically produced in the incineration of hazardous 

waste. These chemicals äi&k|#perally categorized as principal organic hazardous 

constituents (POHCs), products of incomplete combustion (PICs), metals (inorganics), and 

criteria pollutants (gases, particulates, and acid gases). The complete list of chemicals 

identified for analysis in this risk assessment is summarized in Table 4-1. The methodology 

for calculating emission rates is completely discussed in Section 5, and Appendices 5A and 

5B. It is important to note that not all of the chemicals in this list are evaluated for every 

exposure route or pathway. The process by which pollutants are individually selected for 

the exposure assessment is presented in Section 7. 
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COMPREHENSIVE 

LITERATURE REVIEW 

\ f 

IDENTIFICATION OF POLLUTANTS 

• Analysis of liquid waste stream 

• Evaluation of test burn data 

• Analysis of products of incomplete 
combustion(PIC 's) 

• Measured from similar facilities 

JL 
RETAIN FOR EVALUATION 

• Generally recognized as pollutant from 
incinerator systems 

• Considered of potential toxicological 
significance 

• Required by Regulatory Agencies 

1 

1 
ELIMINATE FROM CONSIDERATION 

• Not significant component of emissions 
from incinerator systems 

• Not toxic in levels emitted from incinerator 
systems 

FINAL LIST OF 
POLLUTANTS 

RMAFG41-H/0M-1/91 

FIGURE 4-1  PROCESS OF POLLUTANT SELECTION 
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Ploxins/Furans 
U.S.EPATEF 

Mfitala 
Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium • 

Calcium 
Chromium 

Cobalt 
Copper 

Iron 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Potassium 

Selenium 

Silicon 

Silver 

Sodium 

Strontium 

Thallium 

Tin 

. Titanium 

Vanadium 

Yttrium 

Zinc 

TABLE 4-1 
LIST OF POLLUTANTS 

SELECTED FOR ANALYSIS 

* 

kl 

Qrganics 
1,1-Dichloroethene 

1,2-Dichloroethene 

1,2-Dichloropropane 

1,3-Dimethylbenzene 

Acetone 

Ammonia 

Benzene 

Bromomethane 

Carbon Tetrachloride 

Chlorobenzene 

Chloroform 
Ethylbenzene 

Methanol 

Methylene Chloride 

Tetrachlorethene 

Toluene 

Trichloroethene 

Xylene 

4-Chlorophenylmethylsulfone 

4-Chlorophenylmethylsulfoxlde 

4-Nitrophenol 

Aldrin 

Atrazine 

Hydrogen Cyanide 

Dieldrin 

Diisopropyl Methylphosphonate 

Dimethyl Methylphosphonate 

Dimethyldisulfide 

Dimethylphosphate 

Dithiane 

Endrin 

Hexachlorocyclopentadiene 

Isodrin 

Malathion 

Parathion 

Supona 

Urea 

Vapona 

p,p-DDE 

p,p-DDT 

PICs with Specific Precursors 
Vinyl Chloride 

Methyl Chloride 

Styrene 

Phenol 

Benzaldehyde 

Benzoic Acid 

Acetonitrile 

Acrylonitrile 

Cyanogen 

Hexachlorobenzene 

Pentachlorobenzene 

Tetra chlorobenzene 

Trichlorobenzene 

Dichloro benzene 

Biphenyl 

4-Chlorobiphenyl 

4,4-Chlorobiphenyl 

Benzonitrile 

Pyridine 

Carbazole 

Quinoline 

PICs without Specific Precursors 

Benzofuran 

Dibenzofuran 

Acenaphthalene 

Acenaphthene 

Fluoranthene 

Phenanthrene 

Pyrene 

Fluorene 

Benzo(a)pyrene 

Dibenzo(a)anthracene 

Chrysene 

Acid Gases & Other Compounds 

Particulate Matter 
Carbon Monoxide 

Hydrogen Chloride 

Hydrogen Fluoride 

Nitric Acid 

Nitrogen Dioxide 

Phosphate 

Sulfuric Acid 

Sulfur Dioxide 
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4.2.1  Key Organic Pollutants 

Organic compounds were identified either as POHCs from an analysis of the waste stream 

composition or from the analysis of PICs resulting from combustion of the POHCs. 

Approximately 40 POHCs were identified covering a range of compounds including volatiles, 

semi-volatiles, and pesticides. 

Polychlorinated dibenzo-p-dioxins (dioxins) and polychlorinated dibenzofurans (furans) were 

determined from an evaluation of test burn data, and are expressed in terms of toxic 

equivalency factors (TEFs) based on the most recenyEPA guidance (EPA, 1989a). The 

specific congeners and isomers of dioxins and furanf w^re evaluated and are presented in 

complete detail in Section 5 (Appendix 5A Tj|fe 5A-4);-.:The emissions of dioxins and 

furans are expressed in terms of their toxicity-.relarioriship to 2,3,7,8-tetrachlorodibenzo-p- 

dioxin (2,3,7,8-TCDD), the most toxic dioxin derivative, and which is assigned a toxic 

equivalence of unity (1.0). All other congeners: have a toxic equivalence of some fraction 

of 1.0 based on their known or predicted toxlcity in various animal tests. This is the EPA 

accepted approach for the evaluation of exposure to dioxins and furans. Although there are 

numerous weighting schemes-to;;determine TEFs, WESTON has utilized the 1989 EPA 

methodology (EPA, 1989a-)',::-which is'.also internationally accepted. 

4.2.2  Products of Incomplete Combustion (With or Without Precursors') 

Products of incomplete (PICs) are organic compounds present in emissions from an 

incinerator and which are formed from the thermal breakdown of chemicals present in the 

waste stream, reformation reactions, or some other process subsequent to incineration 

(Trenholm and Hathaway, 1984; Oppelt, 1987). Over 30 specific PICs, with or without 

precursors, were identified (Table 4-1) and their emission rates estimated by Dr. Barry 

Dellinger3. 

Barry Dellinger, Ph.D. Principal Investigator, Group Leader, Environmental Sciences. 
University of Dayton Research Institute, Dayton, Ohio. Nationally recognized expert 
on the evaluation of thermal destruction of organic hazardous waste constituents and 
the generation of products of incomplete combustion. 
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4.2.3 Trace Metals 

Thirty-one metals were identified for evaluation. Identification of metals and determination 

of their emission rates was based on the waste stream analysis, test burn data, and EPA Tier 

II guidance for hazardous waste incineration (EPA, 1989b) as discussed in detail in Section 

5. 

4.2.4 Criteria Pollutants and Acid Gases 

Selected criteria pollutants (particulate matter, sulfur dioxide, nitrogen dioxide, and carbon 

monoxide) and acid gases (primarily hydrogen chloride and hydrogen fluoride) were 

identified. Their emission rates were determineJiPfrom teslburn data, vendor guarantees, 

and WESTON's hazardous waste emissions inventory database. 

4.3  Summary 

The initial pollutant identificatiapprocessignd its interrelationship with the methodology 

used to characterize eniission#iä{es.lvaS;.discussed. 
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SECTION 5 

DETERMINATION OF EMISSION RATES 

5.1  INTRODUCTION 

Once the pollutants are identified, the next step in identifying process emissions is to predict 

the mass of these pollutants emitted from the stack over time (i.e., the emission rates). 

Emission factors are used to predict the concentrations and emission rates of the pollutants 

likely to be emitted from proposed facilities or frqi% facilities for which there are no 

emissions data. Emission factors account for variations; in emissions with respect to facility 

capacities and stack gas conditions (i.e., moismrei:conterit|||6mperature, and excess air) so 

that they can be used to estimate likely emissions from a facility that is basically similar in 

design and operation. Therefore, it is importaflfciifchat the emission factors be developed 

from emissions data from comparable • operating .facilities. The assumptions used in 

developing the emission factors and" rates for a specific pollutant emitted from the Rocky 

Mountain Arsenal Basin F UquidiiWasteiSuhmerged Quench Incinerator were based on the 

waste stream analysis, test bum .results* Federal or Colorado regulations, or WESTON's 

comprehensive database-of;: incinerator emission test results. The key elements of the 

process used to determine the base case emission factors and rates for a pollutant are 

presented in a simplified flow diagram (see Figure 5-1). A more detailed discussion of the 

estimation of both base case and sensitivity case emissions rates is presented in subsection 

5.3. 

52 APPROACH USED TO ESTIMATE EMISSIONS 

The current analyses of emissions for four separate groups of pollutants are reported in this 

section. These categories are: polychlorinated dibenzo-p-dioxins (dioxins or PCDDs) and 

poly chlorinated dibenzofurans (furans or PCDFs); inorganics (trace metals); volatile and 

semi-volatile organics (including products of incomplete combustion (PICs) and principal 

organic hazardous constituents (POHCs); and the criteria pollutants and acid gases. To 
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provide as conservative an estimate of emissions as possible, the emission factors for each 

category of pollutants were derived from several methods and were based upon one or 

several of the following sources: 

The test burn data obtained by T-Thermal in February 1989 and August 1990 

The expected waste feed rate and composition (based upon previous Basin F 
sampling data) and published EPA control equipment removal efficiencies 

Federal and Colorado emission limitations 

Emission test data obtained from other hazardous waste incineration facilities 
(from WESTON's comprehensive database) 

The first method used to estimate emissions wp: based on-ihe test burn conducted by T- 

THERMAL in August 1990. This test burn wa|yc$mprised of nine test runs performed on 

a pilot-scale incinerator, which burned Bas.io.-F. liquid: and hydrazine wastewater. Most of 

the test runs could not be used to develop ejnai^ion^factors because dried waste clogged the 

atomizing tip of the nozzle during.^sri^g. There were no equipment operating difficulties 

during test runs 4 and 8; therefore*; only- test runs 4 and 8 were used to estimate the 

expected emission rates foF.dioicfns and- furans. Test run 4 was used to estimate the 

expected emission rates folltietals aid other inorganics (criteria pollutants and acid gases). 

The average of all the test mrisnwj|pised in determining an upper bound sensitivity scenario 

for metals and criteria pollutants and acid gases. 

The second method used to estimate emissions was based on the expected feed rate of the 

waste being incinerated. WESTON investigated, collected, and assembled previous 

analytical data on the Basin F liquids. Sources of information and test data included Rocky 

Mountain Arsenal, Woodward-Clyde Consultants, T-THERMAL, Waterway Experiment 

Station, Ebasco, and Shell Oil Company. Testing occurred from 1978 through 1989. 

WESTON also performed a series of tests on the pond and storage tanks in August and 

October 1989, and in February and April 1990. All of the test data were reviewed and 

converted into common units, parts per million by weight.  Then the arithmetic mean and 
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the maximum values were determined for each of the groups of data (historical Basin F, 

pond, and storage tanks). The maximum of the arithmetic means was determined by taking 

the highest value of the arithmetic means for the historical Basin F, pond, and storage tank 

data. Similarly, the maximum of the maximums was determined by taking the highest value 

of the maximums determined for each group of data. 

For certain inorganics, the maximum of the arithmetic mean and maximum of the maximum 

waste feed values were used to estimate the expected (i.e., base case) and reasonable worst 

case (i.e., sensitivity case) emissions, respectively. For metals, the volatilization and removal 

efficiencies for the individual elements were based onfthe Guidance on Metals and HCL 

Controls from Hazardous Waste Incineration (EPjfl|!|89). For acid gases, criteria, and 

other inorganic pollutants, conversion and remo:yj3: efficiencies were based upon regulatory 

requirements, the literature, and data for similar rjputants. 

The maximum of the arithmetic means'-in'the:.waste feed were the basis of expected 

emission estimates for volatile and .semi-völatile organics other than dioxins/furans. 

Destruction efficiencies and PlCformatiön.rajtes were estimated by Dr. Barry Dellinger of 

the University of Dayton Rföearch:. Institute and were based on the results of his 

experimental studies.  Dr. Bellinger^, report is presented as Appendix 5B. 

The third method used to determine the emission factors was based on EPA Tier II 

Guidelines emission levels for metals (EPA 1989). The Federal government has developed 

metal emission guidelines (Tier II) for complex and noncomplex terrain, and urban and 

rural areas. These guidelines were developed as emission levels that would generate 

acceptable concentrations of carcinogenic metals such that more refined risk analysis would 

not be required. The sum of the ratios of the expected total emission rates of carcinogenic 

metals (arsenic, beryllium, cadmium, and chromium) to the Tier II carcinogenic metals 

emission rates must not exceed 1.0, or a more refined dispersion modeling and risk 

assessment must be conducted. These emission rates were not applicable to this facility 

because more refined modeling and risk assessment was conducted; however, the Tier II 

values were used to develop the sensitivity case emission rates for metals. 
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The fourth method used to determine emission factors was based upon a comprehensive 

database of air emissions from waste burning facilities developed by WESTON. The 

database contains information compiled from 12 hazardous waste incineration facilities. 

Because there is wide variation among these facilities in terms of incinerator design, 

processing capacities, stack gas conditions, combustion conditions, and other parameters, 

emission factors, which are independent of these parameters, are used to standardize 

emissions data. Emission factors are usually calculated as the mass emissions per unit 

weight of waste processed (e.g., pounds of pollutant per ton of waste processed), or as the 

mass emissions per standardized stack gas volume (e.g., nanograms per normal cubic meter 

of stack gas). Consequently, emission factors can be jijed to estimate the emissions rates 

for facilities that may be similar in concept but thakJI^yary in design and operation. The 

sensitivity case for dioxins and furans was basedppon tfiillSjji percent confidence interval 

(log-normal of the mean) of the emission factal|c;ai|ulated for the facilities in the database. 

5.3  PRESENTATION OF EMISSION Fl|f JjI&jaND EMISSION RATES 

Emission factors and emission rates have been developed for the following groups of 

pollutants: 

• Dioxins and furans:!l§i::;:;#
;: 

• Trace metals 
• Volatile and semi-volatile organic compounds (including PICs and POHCs) 
• Criteria pollutants and acid gases 

The emission factors and the emission rates used in the health risk assessment are presented 

in Table 5-1. A detailed explanation of the basis for selecting the emission factors and 

emission rates is presented in Appendix 5A. 

Two sets of emission rates are shown in Table 5-1 for each pollutant. The first set, called 

the base case emission rates, represents the most likely long-term average pollutant 

emissions. The second set of emission rates, shown in Table 5-1, represent the sensitivity 

case values. As the sensitivity case analysis is intended to show the effects of higher than 
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Table 5-1 
Emissions Factors and Emissions Rates8 

Category/ Base Case (a) Sensitivity Case (b) g 
Pollutant (ton/yr) (W/hr) (g/sec) (ton/yr) (Ib/hr) (g/sec)        M 

Dioxins/Furans 
4.16E-09 1.19E-09 1.50E-10 6.63E-08 1.90E-08 U.S. EPA TEF 2.39E-09 

Metals 
1.80E-02 5.15E-03 6.49E-04 2.50E-02 7.14E-03 Aluminum 8.99E-04 

Antimony 6.34E-04 1.81E-04 2.28E-05 1.08E-01 3.10E-02 3.90E-03 
Arsenic 3.59E-03 1.03E-03 1.29E-04 8.67E-03 2.48E-03 3.12E-04 
Barium 8.79E-04 2.51 E-04 3.16E-05 L83E+01 5.24E+00 6.60E-01 
Beryllium 3.66E-05 1.05E-05 1.32E-06 1.53E-03 4.37E-04 5.50E-05 
Boron 2.68E-02 7.65E-03 9.63E-04 3.63E-02 1.04E-02 1.31E-03 
Cadmium 1.04E-04 2.98E-05 3.76E-06 2.03E-03 5.79E-04 7.30E-05 
Calcium 1.54E-01 4.39E-02 5.53E-03 2.93E-01 8.36E-02 1.05E-02 
Chromium 2.47E-04 7.05E-05 8.88E-06 3.32E-04 9.49E-05 1.20E-05 
Cobalt 7.89E-04 2.25E-04 2.84E-05 8.13E-04 2.32E-04 2.93E-05 
Copper 3.35E+00 9.59E-01 121E-01 6.35E+00 1.82E+00 2.29E-01 
Iron 4.77E-02 1.36E-02 1.72E-03 8.13E-02 2.32E-02 2.93E-03 
Lead 1.12E-03 3.21E-04 4.05E-05 3.33E-02 9.52E-03 UOE-03 
Lithium 1.10E-04 3.14E-05 3.96E-06 2.07E-04 5.92E-05 7.45E-06 
Magnesium 1.43E-01 4.08E-02 5.14E-03 2.39E-01 6.81E-02 8.59E-03 
Manganese 6.16E-03 1.76E-03 2.22E-04 6.93E-03 1.98E-03 2.50E-04 
Mercury 9.93E-04 2.84E-04 3.57E-05 1.08E-01 3.10E-02 3.90E-03 
Molybdenum 1.10E-02 3.15E-03 3.97E-04 1.14E-02 3.25E-03 4.09E-04 
Nickel 2.86E-02 8.18E-03 1.03E-03 2.97E-02 8.49E-03 1.07E-03 
Potassium 1.14E+00 3.25E-01 4.09E-02 2.54E+00 7.24E-01 9.13E-02          . 
Selenium 9.20E+00 2.63E+00 3.31E-01 9.20E+00 2.63E+00 3.31E-01        J 
Silicon 1.58E-01 4.52E-02 5.70E-03 1.89E-01 5.41 E-02 6.81E-03      M 
Silver 9.52E-02 2.72E-02 3.43E-03 1.08E+00 3.10E-01 3.90E-02      ^| 
Sodium 1.17E+02 3.34E+01 4.21E+00 5.56E+02 1.59E+02 2.00E+01           1 
Strontium 3.66E-05 1.05E-05 1.32E-06 5.66E-05 1.62E-05 2.04E-06          | 
Thallium 9.25E-03 2.64E-03 3.33E-04 1.08E-01 3.10E-02 3.90E-03 
Tin 8.09E-03 2.31 E-03 2.91E-04 8.79E-03 2.51E-03 3.16E-04 
Titanium 6.10E-05 1.74E-05 2.20E-06 1.07E-04 3.07E-05 3.87E-06 
Vanadium 2.34E-03 6.68E-04 8.42E-05 2.62E-03 7.49E-04 9.44E-05 
Yttrium NA NA NA 2.14E-05 6.11 E-06 7.70E-07 
Zinc 1.63E-02 4.65E-03 5.86E-04 3.34E-02 9.54E-03 120E-03 

Organics 
1,1-Dichloroethene 3.81E-11 1.09E-11 1.37E-12 
1,2-Dichloroethene 2.65E-11 7.57E-12 9.53E-13 j 
1,2-Dichloropropane 3.07E-12 8.77E-13 1.11E-13 j 
1,3-Dimethy lbenzene 2.72E-08 7.77E-09 9.79E-10 
Acetone 1.07E-11 3.07E-12 3.87E-13 
Ammonia 3.26E-03 9.32E-04 1.17E-04 1 
Benzene 1.40E-07 3.99E-08 5.03E-09 1 
Bromomethane 1.36E-08 3.89E-09 4.90E-10 
Carbon Tetrachloride 4.34E-11 1.24E-11 1.56E-12 
Chlorobenzene 3.37E-08 9.62E-09 1.21E-09 
Chloroform 6.87E-12 1.96E-12 2.47E-13 
Ethylbenzene 4.08E-08 1.17E-08 1.47E-09 
Methanol 1.63E-07 4.65E-08 5.86E-09 
Methylene Chloride 1.36E-08 3.89E-09 4.90E-10 
Tetrachlorethene 5.43E-10 1.55E-10 1.95E-11 
Toluene 6.80E-08 1.94E-08 2.45E-09 
Trichloroethene 8.33E-11 2.38E-11 3.00E-12 A 
Xylene 2.72E-08 7.77E-09 9.79E-10 m 
4-Chlorophenylmethylsulfone 2.52E-11 7.21E-12 9.08E-13 
4-Chlorophenylmethylsulfoxide 9.40E-11 2.69E-11 3.38E-12 
4-Nitrophenol 5.76E-11 1.64E-11 2.07E-12 
Aldrin 6.91E-12 1.97E-12 2.49E-13 
Atrazine 1.54E-12 4.39E-13 5.53E-14 



Table 5-1 
(continued) 

Category/ 
Pollutant (tonlyr) 

Base Case (a) 
(Ib/hr) (g/sec) 

Sensitivity Case (b) 
(tonlyr)                  (Ib/hr)                   (g/sec) 

Organics 
6.46E-08 
1.42E-12 

1.85E-08 
4.06E-13 

2.32E-09 
5.11 E-14 

Hydrogen Cyanide 
Dieldrin 
Oiisopropyl Methylphosphonate 
Dimethyl Methylphosphonate 
Dimethyldisulfide 
Dimethylphosphate 
Dithiane 

2.49E-10 
5.95E-09 
6.91E-10 
1.63E-09 
2.49E-13 

7.13E-11 
1.70E-09 
1.97E-10 
4.66E-10 
7.13E-14 

8.98E-12 
2.14E-10 
2.49E-11 
5.87E-11 
8.98E-15 

Endrin 1.38E-12 3.95E-13 4.97E-14 
Hexachlorocyclopentadiene 
Isodrin 

1.29E-11 
3.65E-12 

3.67E-12 
1.04E-12 

4.63E-13 
1.31E-13 

Malathion 5.56E-12 1.59E-12 2.00E-13 
Parathion 7.68E-13 2.19E-13 2.76E-14 
Supona 2.30E-12 6.58E-13 8.29E-14 
Urea 9.98E-07 2.85E-07 3.59E-08 
Vapona 6.14E-12 1.75E-12 2.21E-13 
p,p-DDE 1.15E-08 3.29E-09 4.14E-10 
p,p-DDT 2.30E-12 6.58E-13 8.29E-14 

PICs with Specific Precursors 
L36E-07 3.89E-08 4.90E-09 Vinyl Chloride 

Methyl Chloride 1.36E-07 3.89E-08 4.90E-09 
Styrene 1.36E-07 3.90E-08 4.91 E-09 
Phenol 7.37E-07 2.11 E-07 2.65E-08 
Benzaldehyde 
Benzoic Acid 

1.42E-07 
6.86E-08 

4.05E-08 
1.96E-08 

5.10E-09 
2.47E-09 

I   Acetonitrile 6.52E-10 1.86E-10 2.35E-11 
Acrylonitrile 6.52E-11 1.86E-11 2.35E-12 
Cyanogen 
Hexachlorobenzene 

6.52E-12 
4.64E-10 

1.86E-12 
1.32E-10 

2.35E-13 
1.67E-11 

Pentachlorobenzene 2.07E-10 5.93E-11 7.47E-12 
Terra chlorobenzene 8.75E-11 2.50E-11 3.15E-12 
Trichlorobenzene 4.62E-11 1.32E-11 1.66E-12 
Dichloro benzene 2.45E-11 6.99E-12 8.81E-13 
Biphenyl 6.82E-08 1.95E-08 2.45E-09 
4-Chlorobiphenyl 
4,4-Chlorobiphenyl 
Benzonitrile 
Pyridine 

7.88E-08 
1.03E-09 
6.52E-11 
6.52E-12 

2.25E-08 
2.95E-10 
1.86E-11 
1.86E-12 

2.84E-09 
3.72E-11 
2.35E-12 
2.35E-13 

Carbazole 1.31E-11 3.73E-12 4.70E-13 
Quinoline 3.26E-11 9.32E-12 1.17E-12 

PICs without Specific Precursors 
2.72E-07 7.77E-08 9.79E-09 Benzofuran 

EHbenzofuran 1.36E-08 3.88E-09 4.89E-10 
Acenaphthalene 
Acenaphthene 
Fluoranthene 

6.80E-08 
6.80E-08 
4.08E-08 

1.94E-08 
1.94E-08 
1.17E-08 

2.45E-09 
2.45E-09 
1.47E-09 

Phenanthrene 2.72E-08 7.77E-09 9.79E-10 
Pyrene 1.36E-08 3.88E-09 4.89E-10 
Fluorene 1.36E-08 3.88E-09 4.89E-10 
Benzo(a)pyrene 
Dibenzo(a)anthracene 

1.36E-08 
1.36E-08 

3.88E-09 
3.88E-09 

4.89E-10 
4.89E-10 

Chrysene 1.36E-08 3.88E-09 4.89E-10 
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Table 5-1 
(continued) 

Category/ Base Case (a) Sensitivity Case (b) M 
Pollutant (ton/yr) (Ib/kr) (g/sec) (ton/yr) (lb/hr) (g/sec)        ^ 

Acid Gases & Other Compounds 
14.00 (0 4.00 0.50 14.00 4.00 Participate Matter 0.50 

Carbon Monoxide 4.71 1.35 0.17 7.29 (e) 2.08 0.26 
Hydrogen Chloride 4.73 (d) 1.35 0.17 14.00 (ft 4.00 0.50 
Hydrogen Fluoride 0.17 0.049 0.006 0.32 0.092 0.012 
Nitric Acid 3.85 1.10 0.14 3.85 1.10 0.14 
Nitrogen Dioxide 32.13 9.18 1.16 143.22 (ft 40.92 5.16 
Phosphate 3.44 0.98 0.12 15.04 4.30 0.54 
Sulfuric Acid 10.40 2.97 0.37 17.34 4.96 0.62 
Sulfur Dioxide 24.43 (d) 6.98 0.88 101.50 <P 29.00 3.65 

(a) These estimates are based upon the acceptable results during the test burn for dioxins/furans and the maximum of the acceptable 
test results or the maximum of the averages waste stream data for inorganics (including metals, acid gases and other compounds). 
The volatile and semi-volatile organic emissions are based upon Dellinger's analysis of the maximum of the averages wastestream data. 

(b) For metals: based upon the maximum value of the test results from the test burn, the maximum of the maximum values from the 
wastestream data, and the EPA Guidance Tier II limits for complex terrain. 

For dioxins/furans: based upon the 95% confidence interval from WESTON's hazardous waste incinerator emissions database. 
For acid gases & other compounds: based upon the maximum value of the test results from the test burn and the maximum of the 
maximum values from the wastestream data. 

(c) Based upon Colorado's emission limitation of 0.08 gr/dscf @ 12% C02. 
(d) Based upon the February 1989 test burn, which tested for the specific compound. 
(e) Based upon Federal emission limitation of 100 ppm. 
(f) Based upon vendor performance guarantees. 
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average pollutant emissions on the health risk, the emission factors and emission rates used 

are on the high end of the expected range of emissions. 

The base case toxic equivalence emission factor for dioxin/furan is based on the acceptable 

runs from the test burn (runs 4 and 8). The sensitivity case toxic equivalence emission 

factor for dioxin/furan is the upper 95 percent confidence level for WESTON's 

comprehensive emissions database. The upper 95 percent confidence level was selected for 

use in the sensitivity case because the 95 percent confidence interval of the mean is a good 

statistical predictor of two measures: the range within which there is 95 percent confidence 

that the true mean of the sample facilities would fall, and the range within which 95 percent 

of the results of new tests on the same or similar facilities would be expected to fall. 

For the trace metals, the base case emission factors and emission rates were based on the 

maximum values from the acceptable runs fromiljgiFest burn (run 4), or from the controlled 

maximum of the average values from thel^a&te streite, whichever was greater. Similarly, 

the metals emission rates developed for fh'fc sensitivity case were based on the maximum 

values among: 

The average Qiiiil^it 'fulsn from the test burn 
The Tier II limitations;; 
The controlled inaximim of the maximum values from the waste stream 

The emissions rates for the volatile and semi-volatile organic compounds were based on the 

maximum of the average values from the waste stream, their destruction efficiencies, and 

products of incomplete combustion (PICs) as estimated by Dr. Barry Dellinger (Appendix 

5B). 

The base case emission rates for other inorganic compounds, including acid gases and 

criteria pollutants were based on the maximum values between the acceptable tests from the 

trial burn and the controlled maximum of the average values from the waste stream. Since 

total paniculate matter was not determined during the trial burn, Colorado's emission 

limitation was used. The sensitivity case was based on vendor performance guarantees for 
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HC1, N02, and S02. The other pollutants were based on the maximum values between the 

average of all test runs from the trial burn and the controlled maximum of the maximum 

values from the waste stream. 

~-v.| 
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SECTION 6 

AIR QUALITY AND DEPOSITION MODELING ANALYSIS 

6.1 INTRODUCTION 

Based on the emission factors developed in Section 5, both ambient concentrations and 

deposition rates can be predicted. Ambient air quality effects were predicted using 

EPA-approved models. However, there are a number of modifications to these models that 

have been performed to estimate particle depositiojirequired for the comprehensive 

all-pathway risk assessment. This section describesjpipodels used, explains the necessary 

modifications to determine dry and wet depjpition, and. presents a series of tables 

summarizing the results of the modeling anales,. .;$••' 

The proposed SQI system is located in aft area that is defined as flat or simple terrain, 

based on EPA criteria. That is, in the impact area of the facility, there is no terrain that 

is higher than the release height öf the stack (base elevation plus stack height). As a result, 

it was only necessary to condac|iöne;;i|(pe of modeling analysis to identify the worst-case 

predicted ground-level impact of the facility on ambient air quality. This included a simple 

terrain (or noncomplex terrain) analysis. 

The simple terrain modeling was conducted using the EPA-approved model known as the 

Industrial Source Complex Short-Term (ISCST) air dispersion model. 

6.2 AIR QUALITY MODELING 

The modeling procedure used for the simple terrain analysis followed the recommended 

techniques described in Guidance on Air Quality Models (Revised), dated July 1986 (EPA, 

1986a). 
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The EPA UNAMAP VI version of the ISCST model was used to calculate ambient 

pollutant concentrations for all pollutants for the terrain surrounding the facility. The 

ISCST model was executed in the rural "regulatory" mode, which selects the appropriate 

constants and features to be consistent with the requirements defined in the Guidance on 

Air Quality Models (Revised), including: 

Stack tip downwash 
Final plume rise 
Buoyancy-induced dispersion 
Vertical potential temperature gradient 
Treatment for calms 
Wind profile exponents 

A dense polar coordinate grid of receptors was- estabjishedfö that the ambient air quality 

impacts of the facility could be estimated. Figure16:1 illustrates these estimated ambient 

air quality impacts through a series of concentration isopleths. 

6.3   DEPOSITION MODELING e 

In the past, health risk a5Sessrriii|s for toxic pollutants emitted by hazardous waste 

incineration facilities have be«fi:.limifcd to the inhalation pathway, based on predictions of 

ambient exposure levels using aif-quality dispersion models as described earlier. Recently, 

concerns about potential risks from indirect pathways have led to the necessity of conducting 

multipathway risk assessments. To conduct such studies, estimates of the rate of deposition 

over time for toxic pollutants emitted by such facilities are needed. The two major methods 

for the accumulation of materials in soils, water, and vegetation are wet and dry deposition. 

The methods used to estimate each of these processes are described in the subsections that 

follow. 
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6.3.1  Dry Deposition 

Dry deposition is driven by atmospheric processes, the properties of the surfaces upon which 

materials deposit, and the properties of the particles being deposited. Previous studies of 

dry deposition have used only gravitational settling velocities to remove particles from the 

atmosphere. In particular, the EPA's Industrial Source Complex (ISC) model, which 

contains a gravitational algorithm, has been used in the past to calculate dry deposition. 

However, this model generally does not account for the properties of the particles deposited, 

the surface properties that affect dry deposition, or the hourly meteorological effects other 

than stability. 

Work by Sehmel and Hodgsen (1978) has resulted itr%paramcterization of the dry 

deposition process, taking more fully into account hourly meteorological conditions (e.g., 

wind speed, stability, etc.), particle properties (e.g., density, size), and the surface properties 

(e.g., surface roughness) upon which material is dry deposited. 

The basic approach to dry deposition involves calculation of the ambient ground-level 

concentration and the deposition-velocity.  The deposition flux is given by: 

-F = Vd   *   X, 

Where: 

-F        = Downward flux of material deposited 

Vd       = Deposition velocity 

X;        = Ambient concentration for pollutant i 

Therefore, if an estimate of the deposition velocity and the ambient concentration for a 

pollutant can be made, the dry deposition flux can be calculated. Ransieri and Croes (1987) 

of the California Air Resources Board (CARB) have developed computer algorithms based 

on Sehmel and Hodgsen's work that provide hourly values of dry deposition velocity using 

preprocessed meteorologic data that can be obtained using the EPA preprocessor program. 
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WESTON has modified the EPA UNAMAP VI version of the ISCST model incorporating 

the CARB algorithms to calculate dry deposition. This model calculates hourly ambient 

ground-level pollutant concentrations, as well as hourly deposition velocities, to predict the 

dry deposition flux at each receptor. 

This model allows for building wake effects and terrain adjustments and incorporates a 

separate surface roughness coefficient (Z0) for each receptor. Source information required 

for the model includes: 

Source emission parameters 

Stack height 
Stack gas velocity 
Stack gas temperature 
Pollutant emission rate   . 
Building dimensions (for $&%& effects option) 

Mass particle size distribution 

Particle density (by me) 

Required meteorologic infariMtfiÖii is- provided by the standard UNAMAP meteorologic 

preprocessor file. In addilon^ a value for the surface roughness coefficient (Z0) must be 

supplied for each receptor. Model output includes the annual average pollutant 

concentration at each receptor, the total annual dry deposition at each receptor, and the 

average annual dry deposition velocity at each receptor. Figure 6-2 illustrates the dry 

deposition in the study area. 

6.3.2 Wet Deposition 

The wet deposition process involves the removal of particles by precipitation. Currently, no 

widely accepted wet deposition models are available. Several studies have developed 

mechanisms for the removal of particles from the atmosphere during a rain storm. These 

studies assume that particle washout or scavenging is proportional to the mass of the plume 
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exposed to the rain storm, the intensity and duration of the event, and the size distribution 

of the particles in the plume (Radke et al., 1980; Scire and Lurman, 1983). 

The scavenging coefficients that have been developed in these studies are based on a very 

limited number of original studies and are generally related to removal of sulfate aerosols. 

For example, the work of Scire and Lurman is for sulfate and nitrate aerosols. Radke et 

al. included measurements in power plant, pulp and paper boilers, and volcanic plumes that 

have large concentrations of sulfate aerosols. Since these aerosols are hygroscopic (i.e., they 

have an affinity for absorbing water in the air), it is likely that scavenging coefficients based 

on these sources will be higher than for other lessjvater-soluble species, such as the 

pollutants under consideration in this study. Unfortunately, there are no quantifiable data 

available upon which to base a more reasonable1 scavenging coefficient. Therefore, the 

scavenging coefficients used in this study should be viewed as conservative and should 

provide an upper bound on the amount of.wet deposition likely to occur in an area. 

EPA (1986b) has developed an algorithm that uses scavenging coefficients to calculate wet 

deposition based on the work of Bowman et al. (1987) and Radke et al. (1980). The 

algorithm includes particle sue and rainfall intensity-dependent washout coefficients to 

calculate wet deposition;:b]ased online mass of pollutants in a vertical column of air 

extending from the bottom to fetopi of the plume. WESTON has integrated this algorithm 

into the ISCST model in order to conservatively calculate wet deposition resulting from rain 

storms. 

To calculate wet deposition, the same information used for the dry deposition calculation 

is required (i.e., source-emission characteristics and hour-by-hour meteorology). In addition, 

rainfall intensity and rainfall type (e.g., thunderstorm, showers, steady precipitation) are also 

needed. This model has been modified to compute dry deposition only when no wet 

deposition, i.e., no rainfall, is occurring. 
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Therefore, the wet and dry algorithms, which are now a part of the WESTON-modified 

EPA ISC model, enable WESTON to predict the total deposition resulting from emissions 

from hazardous waste incineration facilities. Figure 6-3 illustrates the predicted total wet 

deposition in the study area, and Figure 6-4 illustrates the total deposition (wet plus dry). 

A more detailed description of the overall deposition modeling analysis and relevant 

parameters are included in Appendix 6A (Air Quality Modeling Protocol). 

6.4  AIR QUALITY AND DEPOSITION MODELING RESULTS 

As noted in Subsection 6.2, the ISCST model results wire used to characterize ambient air 

quality effects due to facility emissions. Table 6-1 preseats the base case emission rates and 

the annual average ground-level pollutant concentrations Ö£o|ganics, inorganics, and metals 

as predicted by the model for the exposure scenario. Metals produced the highest risk. 

Four exposure scenarios were evaluatedyin .terms of human health risk. The exposure 

assumptions are discussed in detail in Section & The highest risk was associated with the 

Resident-A scenario exposure (refer to Sections 10 and 11 for a full discussion). 

The deposition modeling anaJpf&iinciMted both dry and wet pollutant deposition. Table 6-2 

presents the dry and wet deposition values under the Resident-A scenario exposure. 
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• 
Table 6-1 

Predicted Annual Average Ground-Level 
Concentration for Resident, Scenario-A 

— 

Pollutant 
Emission Rate 

(g/sec) 

Annual Average 
Concentration 

(^g/m3) 

.— 

ORGANICS 

Acetone 3.87E-13 1.76E-13 

Acetonitrile 2.35E-11 1.07E-11 

Acrylonitrile 2.35Ent2:' 1.07E-12 

Aldrin 2,4?£-I3-... 1.14E-13 

Atrazine 5.53E-14  ""If 2.52E-14 

Benzaldehyde 540E-O9 2.33E-09 
}~-^ 

Benzene 5.03E-#9 2.29E-09 

Benzofuran '^.|9E-09 4.46E-09 m Benzoic Acid ';1|; 2.47E-09 1.13E-09 

Benzonitrile ^■"=llr:   2.35E-12 1.07E-12 

Biphenyl                                    .Jffift;;;;;-:. ;;-3; 2.45E-09 1.12E-09 

Bromomethane                    dfc. 4.90E-10 2.23E-10 

Carbazole 4.70E-13 2.14E-13 

Carbon Tetrachloride 1.56E-12 7.11E-13 

Chlorobenzene 1.21E-09 5.52E-10 

4-Chlorobiphenyl 2.84E-09 1.30E-09 

4,4-Chlorobiphenyl 3.72E-11 1.70E-11 

Chloroform 2.47E-13 1.13E-13 

4-Chlorophenylmethylsulfone 9.08E-13 4.14E-13 

4-Chlorophenylmethylsulfoxide 3.38E-12 1.54E-12 

p,p-DDE 4.14E-10 1.89E-10 

p.p-DDT 8.29E-14 3.78E-14 

Dibenzofuran 4.89E-10 2.23E-10 

• Dichlorobenzenes (total) 8.81E-13 4.02E-13 

5 
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Table 6-1 
(continued) 

■""■■■..'.-4 

• 

Pollutant 
Emission Rate 

(g/sec) 

Annual Average 
Concentration 

frig/m3) 

• 

• 

1,4-Dichlorobenzene 5.57E-14 2.54E-14 

1,1-Dichloroethene 1.37E-12 6.25E-13 

1,2-Dichlorethene 9.53E-13 4.35E-13 

1,2-Dichloropropane 1.11E-13 5.06E-14 

Dieldrin 5.11E-14 2.33E-14 

Diisopropyl Methylphosphonate 8.98E-12 4.09E-12 

1,3-Dimethylbenzene 93&;M 4.46E-10 

Dimethyldisulfide ..2;49E-11     :;::;> 1.14E-11 

Dimethyl Methylphosphonate .3Jm-w 9.76E-11 

Dimethylphosphate 5.87E-.11 2.68E-11 

Dioxins/Furans (EPA TEFs) 1J8E-10 6.84E-11 

Dithiane                                                .»llllpffl 8.98E-15 4.09E-15 

Endrin                                                 •'iHk. P-l||!p":'  4.97E-14 2.27E-14 

Ethylbenzene 1.47E-09 6.70E-10 

Hexachlorobenzene 1.67E-11 7.62E-12 

Hexachlorocyclopentadiene 4.63E-13 2.11E-13 

Isodrin 1.31E-13 5.97E-14 

Malathion 2.00E-13 9.12E-14 

Methanol 5.68E-09 2.59E-09 

Methyl Chloride 4.90E-09 2.23E-09 

Methylene Chloride 4.90E-10 2.23E-10 

4-Nitrophenol 2.07E-12 9.44E-13 

PAHs 

Acenaphthalene 2.45E-09 1.12E-09 

Acenaphthene 2.45E-09 1.12E-09 

Benzo(a)pyrene 4.89E-10 2.23E-10 

Chrysene 4.89E-10 2.23E-10 

5. 32C/S6 
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Table 6-1 
(continued) 

Pollutant 
Emission Rate 

(g/sec) 

Annual Average 
Concentration 

(Ag/m3) 

Dibenzo(a,h) anthracene 4.89E-10 2.23E-10 

Fluoranthene 1.47E-09 6.70E-10 

Fluorene 4.89E-10 2.23E-10 

Phenanthrene 9.79E-10 4.46E-10 

Pyrene 4.89E-10 2.23E-10 

Parathion 2.76E-14 1.26E-14 

Pentachlorobenzene 7.47E-« • 3.41E-12 

Phenol ,;fö5E-08     '■ 1.21E-08 

Pyridine • .2„35E-L3 ■ 1.07E-13 

Quinoline L:17E-12 5.34E-13 

Styrene '"'.'.'.."'iSiE-t» 2.24E-09 

Supona M||| 8.29E-14 3.78E-14 

Tetrachlorobenzene 3.15E-12 1.44E-12 

Tetrachloroethene 1.95E-11 8.89E-12 

Toluene                                .;;§;£.          "Hg; 2.45E-09 1.12E-09 

Trichlorobenzene                       ':i-8|fe..4P"' 1.66E-12 7.57E-13 

Trichloroethene 3.00E-12 1.37E-12 

Urea 3.59E-08 1.64E-08 

Vapona 2.21E-13 1.01E-13 

Vinyl Chloride 4.90E-09 2.23E-09 

Xylene 9.79E-10 4.46E-10 

INORGANICS 

Aluminum 6.49E-04 2.96E-04 

Ammonia 1.17E-04 5.34E-05 

Antimony 2.28E-05 1.04E-05 

Arsenic 1.29E-04 5.88E-05 

Barium 3.16E-05 1.44E-05 

532C/S6 
6-17 

1/24/91 



Table 6-1 
(continued) • 

• 

• 

Pollutant 
Emission Rate 

(g/sec) 

Annual Average 
Concentration 

(Ag/m3) 

Beryllium 1.32E-06 6.02E-07 

Boron 9.63E-04 4.39E-04 

Cadmium 3.76E-06 1.71E-06 

Calcium 5.53E-03 2.52E-03 

Chromium (III) 8.58E-06 3.91E-06 

Chromium (VI) 3.02E#: 1.38E-07 

Cobalt 2#tE-<£-. 1.30E-05 

Copper ,121E-01    ■■■■■/::;■ 5.52E-02 

Cyanogen "•;"235E-13 1.07E-13 

Hydrogen Cyanide :j[j=siS:.!!:_ z$m$9 1.06E-09 

Iron Ji-BE-03 7.84E-04 

Lead Z   4.05E-05 1.85E-05 

Lithium                                             'fl&::. 3.96E-06 1.81E-06 

Magnesium 5.14E-03 2.34E-03 

Manganese 2.22E-04 1.01E-04 

Mercury 3.57E-05 1.63E-05 

Molybdenum 3.97E-04 1.81E-04 

Nickel 1.03E-03 4.70E-04 

Phosphate 1.20E-01 5.47E-02 

Potassium 4.09E-02 1.87E-02 

Selenium 3.31E-01 1.51E-01 

Silicon 5.70E-03 2.60E-03 

Silver 3.43E-03 1.56E-03 

Sodium 4.21E+00 1.92E+00 

Strontium 1.32E-06 6.02E-07 

Thallium 3.33E-04 1.52E-04 

Tin 2.91E-04 1.33E-04 
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Table 6-1 
(continued) 

Pollutant 
Emission Rate 

(g/sec) 

Annual Average 
Concentration 

O^g/m3) 

Titanium 2.20E-06 1.00E-06 

Vanadium 8.42E-05 3.84E-05 

Yttrium 7.70E-07 3.51E-07 

Zinc 5.86E-04 2.67E-04 

CRITERIA POLLUTANTS/ACID GASES 

Carbon Monoxide 1.70£-Q1 7.75E-02 

Hydrogen Chloride 4fOE-oi:   ;; 7.75E-02 

Hydrogen Fluorides ;üi|r6.(X#03 2.74E-03 

Nitric Acid L40E-01 6.38E-02 

Nitrogen Dioxide '•: ■ 1,1<5E^ 5.29E-01 

Particulate Matter . .    5.00E-01 2.28E-01 

Sulfur Dioxide 8.80E-01 4.01E-01 

Sulfuric Acid Mist 
1                                                                                                                    ■■niiiiii'1'".,!!,,     '"'niiii 

3.70E-01 
"                                           = 

1.69E-01 
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Table 6-2 

Total Deposition Rates for 
Resident, Scenario-A 

(g/m2/yr) 

Pollutant Dry Deposition Total Deposition 

ORGANICS 

Acetone NA NA 

Acetonitrile 4.39E-14 8.22E-14 

Acrylonitrile NA                                  _,::=&, NA 

Aldrin 4.66E-16,;:||||::; 8.71E-16 

Atrazine 1.03E-J6 1.94E-16 

Benzaldehyde 9J4E-12   • 1.78E-11 

Benzene NA    ':;;^|||,. NA 

Benzofuran •   .1.83E-11 3.43E-11 

Benzoic Acid «1.626-12 8.64E-12 

Benzonitrile •   4.39E-15 8.22E-15 

Biphenyl .    '.    NA NA 

Bromomethane NA NA 

Carbazole                             ':;"l!|| !:,.      Jl          8.79E-16 1.64E-15 

Carbon Tetrachloride "'■IIP'          NA NA 

Chlorobenzene NA NA 

4-Chlorobiphenyl 5.31E-12 9.94E-12 

4,4-Chlorobiphenyl 6.96E-14 1.30E-13 

Chloroform NA NA 

4-Chlorophenylmethylsulfone 1.70E-15 3.18E-15 

4-Chlorophenylmethylsulfoxide 6.32E-15 1.18E-14 

p,p-DDE 7.74E-13 1.45E-12 

p,p-DDT 1.55E-16 2.90E-16 

Dibenzofuran 9.14E-13 1.71E-12 

Dichlorobenzenes (total) NA NA 

1,4-Dichlorobenzene NA NA 
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Table 6-2 
(continued) 

Pollutant Dry Deposition Total Deposition 

1,1-Dichloroethene NA NA 

1,2-Dichloroethene NA NA 

1,2-Dichloropropane NA NA 

Dielcirin 9.56E-17 1.79E-16 

Diisopropyl Methylphosphonate 1.68E-14 3.14E-14 

1,3-Dimethylbenzene 1.83E-12 3.43E-12 

Dimethyldisulfide NA                 J$$? NA 

Dimethyl Methylphosphonate 4.00E-13 •;• 7.49E-13 

Dimethylphosphate 1.10E»p'         "-I 2.05E-13 

Dioxins/Furans (EPA TEFs) 2.8ÖE-13     •' 5.25E-13 

Dithiane sMsjL.68E-n     , 3.14E-17 

Endrin p.»Sd? •. 1.74E-16 

Ethylbenzene NA    ••' NA 

Hexachlorobenzene ••   3i,l2E-14 5.84E-14 

Hexachloropcyclopentadiene .   .     .            &66E-16 1.62E-15 

Isodrin 2.45E-16 4.58E-16 

Malathion l|i;,:;   ,;i|
|:          3.74E-16 7.00E-16 

Methanol ':*W              1.06E-11 1.99E-11 

Methyl Chloride NA NA 

Methylene Chloride NA NA 

4-Nitrophenol 7.24E-15 3.87E-15 

PAHs 

Acenaphthalene 8.57E-12 4.58E-12 

Acenaphthene 8.57E-12 4.58E-12 

Benzo(a)pyrene 1.71E-12 9.14E-13 

Chrysene 1.71E-12 9.14E-D 

Dibenzo(a,h) anthracene 1.71E-12 9.14E-13 

Fluoranthene 5.14E-12 2.75E-12 
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Table 6-2 
(continued) 

Pollutant Dry Deposition Total Deposition 

Fluorene 1.71E-12 9.14E-13 

Phenanthrene 3.43E-12 1.83E-12 

Pyrene 1.71E-12 9.14E-13 

Parathion 9.66E-17 5.16E-17 

Pentachlorobenzene 2.61E-14 1.40E-14 

Phenol 9.27E-11 4.96E-11 

Pyridine NA NA 

Quinoline 4.09E-15   : ; 
2.19E-15 

Styrene NA NA 

Supona 2.ÖQE-16 1.55E-16 

Tetrachlorobenzene 1.10E-14-  .. 5.89E-15 

Tetrachloroethene mv':: 
NA 

Toluene . :   NA.;: 
NA 

Trichlorobenzene ..■;''■'■ ■=.':.5,8IE-15 3.10E-15 

Trichloroethene '•'':.■       NA NA 

Urea '     1.26E-10 6.71E-11 

Vapona Ife, ,jf'          7.73E-16 4.13E-16 

Vinyl Chloride '*W          NA NA 

Xylene NA NA 

INORGANICS 

Aluminum NA NA 

Ammonia NA NA 

Antimony 7.98E-08 4.26E-08 

Arsenic 4.51E-07 2.41E-07 

Barium 1.11E-07 5.91E-08 

Beryllium 4.62E-09 2.47E-09 

Boron NA NA 

Cadmium NA NA 

S32C/S6 
6-22 

1/24/91 



• 

• 

• 

s 

Table 6-2 
(continued) 

Pollutant Dry Deposition Total Deposition 

Calcium NA NA 

Chromium (III) NA NA 

Chromium (VI) NA NA 

Cobalt NA NA 

Copper 4.23E-04 2.26E-04 

Cyanogen NA NA 

Hydrogen Cyanide NA                                   .HIP NA 

Iron NA NA 

Lead 1.42E-G7 7.57E-08 

Lithium NA-7:. NA 

Magnesium MA             :
"'1|H::^ NA 

Manganese W' • ^w •'" NA 

Mercury 2.2SE-07 6.68E-08 

Molybdenum ,:,v|'   J;;im j' NA 

Nickel NA NA 

Phosphate NA NA 

Potassium Uli,..    .Jf        NA NA 

Selenium 1.16E-03 6.19E-04 

Silicon NA NA 

Silver ■ 6.41E-06 1.20E-05 

Sodium NA NA 

Strontium NA NA 

Thallium 6.23E-07 1.17E-06 

Tin NA NA 

Titanium NA NA 

Vanadium NA NA 

Yttrium NA NA 

Zinc NA NA 

32C/S6. 
6-23 

1/24/91 



SECTION 6 

CITED REFERENCES 

Bowman, C, H. Geary, Jr., and G. Schewe. 1987. "Incorporation of Wet Deposition in the 
Industrial Source Complex Model." APCA paper 87-73.6, 80th Annual Meeting of APCA 
New York, N.Y. 

EPA (U.S. Environmental Protection Agency). 1986a. Guidance on Air Quality Models 
(Revised). EPA 450/2-78-027R. Research Triangle Park, NC. 

EPA (U.S. Environmental Protection Agency). 1986b. User's Network for Applied 
Modeling of Air Pollution fUNAMAPVD. Version 3.4 (Computer Programs on Tape). 
National Technical Information Service, Springfield, j|I.  NTIS No. PB 86-222361. 

Radke, L., P. Hobbs, and M. Eltgroth. 198Q:,'"-""Scavenging of Aerosol Particles by 
Precipitation." J. Applied Meteorology 19: 71 &''•:'•' 

Ransieri, A. and B. Croes. 1987. California Ait Resources Board (CARB), personal 
communication with John Barone of WEfT#:^s[, Ju% 1987. 

Scire, J. and F. Lurman. 1983. Development of the Mesopuff II Dispersion Model. 
Presented at the Sixth Symposium, on Turbulence and Diffusion, American Meteorological 
Society. -fiL ^ililife-1' 

Sehmel, G. and W. HodgseruL-'1975, "A-.Model for Predicting Dry Deposition of Particles 
and Gases to Environment|||urfaces:' U.S. DOE Contract EY-76-C-06-1830, January 1978. 

6-24 
532C/S6 1/24/91 



SECTION 7 

DETERMINATION OF KEY PATHWAYS AND POLLUTANTS 

7.1  INTRODUCTION 

The exposure assessment serves as the cornerstone of the risk assessment process, providing 

an evaluation of the potential human exposure to the chemicals of concern. The source of 

the chemicals of concern in this risk assessment is the stack of the proposed submerged 

quench incinerator at the Rocky Mountain Arsenal. ;;;;Puman exposure to these emitted 

chemicals may occur through several potential environmental pathways (air, water, and soil) 

and by several routes of exposure (inhalation, ..jp;estioriji;;:®|d dermal contact). The first 

important step of the exposure assessment is to identify the relevant pathways and routes 

of exposure that are specific to off-site and on-site receptors. 

Gases and particulates emitted from-the proposed resource recovery facility are a complex 

mixture of elements and compounds. N.öt alLof these emissions produce an adverse health 

effect through all exposure pathways. Therefore, a preliminary evaluation was performed 

to determine the pollutanj||Df concern in each environmental pathway and to ensure that 

all pathways and pollutants triäE\qnta^pbtentially pose a risk to human health were ultimately 

addressed. 

This section discusses in detail the process of pathway and pollutant selection. Based upon 

a comprehensive analysis of site characteristics, the pathways and pollutants that are clearly 

of no significance to health risk were eliminated from further consideration. The 

subsequent evaluation then focuses on those pathways and pollutants most critical to the risk 

assessment. It is important to note that the criteria used to screen potential pollutants and 

pathways are extremely conservative such that one can have a high degree of confidence that 

the inclusion of these eliminated pathways and pollutants in the risk assessment would have 

had only a negligible effect on the results. Particular emphasis is placed on an evaluation 
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of pollutants and pathways of specific concern for infants and children, who represent 

sensitive subgroups of the population. 

Factors considered in this selection process included: 

Location of the incinerator 
Local land use 
Local water use 
Existing ambient background surface-water and soil pollutant concentrations 
Transport modeling results 
Relative toxicity of emitted pollutants 
Persistence and mobility of pollutants  J& 

7-2  THE PROCESS OF KEY PATHWAY ANlfeJÖLLlfJto SELECTION 

An initial preliminary evaluation of all possible ptf||ways was conducted to determine the 

potential for population exposure. The general-framework for this process, illustrated in 

Figure 7-1, takes the form of a decision network designed to clearly identify the key 

exposure pathways and the pollutants likely,to be associated with those pathways. 

The first step is to evaluate the emission, dispersion, and deposition modeling data to 

determine the likelihood and;e||ej#f human exposure. The distribution profile of emitted 

pollutants in each of the environmental media is contrasted with local land and water use 

activities to determine the likelihood of exposure through a given pathway. The exposed 

population analysis identifies those pathways that are not anticipated to result in significant 

human exposure, and accordingly, require no further analysis. The pathways associated with 

likely exposure are identified, and subsequently undergo a quantitative analysis to estimate 

the extent of pollutant transport through the environment and the magnitude of exposure 

to humans. This more detailed analysis of the magnitude of exposure is presented in 

Section 8, "Exposure Assessment." 
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The purpose of the pollutant selection process is to determine, for each identified pathway, 

those pollutants that represent a potential hazard to the exposed population. Screening 

factors that were considered in this determination include: 

Comparison of predicted media concentrations of each pollutant with existing 
background levels. 

Comparison of media concentrations with established indices of toxicity, such 
as Ambient Water Quality Criteria (AWQC) for the Protection of Human 
Health. 

Toxicological evaluation in the absence of established toxicity criteria. 

Determination of persistence and rn|ii|tv; characteristics specific to each 
pathway (e.g., air, water, soil, etc.).- '•' 

The preliminary pathway and pollutant analysis is based on the assumption that pollutant 

transport and the resultant exposure to..the .population occur directly through air, and 

indirectly through soil and water. An;assess%p of the potential indirect exposure through 

food supply and other ingestion pathways is conducted after the fate of the emitted material 

in air, soils, and water has been, estimated. "'Using ambient concentration data developed 

for each of these media, a determination fs made of the potential for the biological medium 

to serve as a pathway of human exposure. Such biological media may include garden fruits 

and vegetables, agricultural crops' agricultural livestock, and recreationally caught fish. A 

discussion of those routes of exposure via food consumption is presented for each of their 

respective pathways (e.g., soil-vegetable consumption, water-fish consumption). 

The subsections that follow present the rationale used for the determination of primary 

routes of exposure through air, soil, and water pathways. 

7.3  AIR PATHWAY 

The inhalation of pollutants predicted to be emitted to the atmosphere from the submerged 

quench incinerator stack represents a direct route of human exposure.    As such, all 
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pollutants (both carcinogens and noncarcinogens), including criteria gases and participates, 

were evaluated for their potential adverse health effects through inhalation. 

The organic and trace metal pollutants in ambient air may exist either as a vapor or 

adsorbed onto stack gas paniculate matter. For example, the majority of trace metals 

emitted from the combustion process are generally adsorbed on particulates in the gas 

stream, with the exception of the more volatile metals, such as mercury. Studies of the 

distribution of organic compounds between the solid (particulate) or vapor phase have 

yielded conflicting results. For example, some test data show a majority of organic 

compounds in the vapor phase, whereas other test-data show a majority of organic 

compounds adsorbed onto the particulate matter (£zuczwa and Hites, 1985). 

Given the equivocal nature of these studies*- no judgment has been made in this risk 

assessment regarding the distribution .ftLjhe pollutants among those adsorbed onto 

particulates available for deposition, or those in lh§ vapor phase available for inhalation. 

It is therefore conservatively assumed lor the soil and water pathways that the total mass 

of each pollutant emitted from ..the iscmexator stack is adsorbed onto particulates for 

subsequent deposition on soil. Similarly» for the inhalation pathway, the total mass of each 

pollutant emitted is assumed to rBk in the vapor phase. The pollutants selected for 

evaluation by the inhalation pathwily5 are listed in Table 7-1. 

7.4  SOIL PATHWAY 

Both organic and inorganic pollutants adsorbed onto the particulate emissions from the SQI 

reach the soil principally through either wet or dry deposition. Once incorporated into the 

soil, the pollutants are available for transport to human receptors through several pathways, 

including: 

Direct ingestion of soil 
Ingestion of locally or home grown agricultural products 
Consumption of meat and dairy products from locally raised animals 
Dermal absorption 
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Table 7-1 
# 

List of Pollutants Selected 
for Inhalation Pathway Evaluation 

Organics Isodrin Beryllium 
Acetone Malathion Boron 
Acetonitrile Methanol Cadmium 
Acrylonitrile Methyl Chloride Calcium 
Aldrin Methylene Chloride Chromium (III) 
Atrazine 4-NitrophenoI Chromium (VI) 
Benzaldehyde PAHs Cobalt 
Benzene Acenaphthalene Copper 
Benzofuran Acenaphthene Cyanogen 
Benzoic Acid Benzo(a)pyrene Hydrogen Cyanide 
Benzonitrile Chrysene Iron 
Biphenyl Dibenzo(a,h)anthracene   :;H||| Lead 
Bromomethane Fluoranthene Lithium 
Carbazole Fluorene Magnesium 
Carbon Tetrachloride Phenanthrene Manganese 
Chlorobenzene Pyrene .:H:;:::::.....             '"■•Ife|::1. Mercury 
4-Chlorobiphenyl Parathiott Molybdenum 
4,4-ChlorobiphenyI Pentachlorpben^Be M: Nickel 

• 
Chloroform Phetto* Phosphate 
4-ChlorophenylmethylsuIfone Pjtfaia«! Potassium 
4-ChIorophenyimethylsulfoxide iQtuinQHtte Selenium 
p,p-DDE Stjtttiie Silicon 
p.p-DDT SupöBia Silver 
Dibenzofuran Tgitachlorobenzene Sodium 
Dichlorobenzenes (total) TeiiH$chIoroethene Strontium 
1,4-Dichlorobenzene Talijene Thallium 
1,1-Dichloroethene Trichlorobenzene Tin 
1,2-Dichloroethene Trichloroethene Titanium 
1,2-Dichloropropane Urea Vanadium 
Dieldrin Vapona Yttrium 
DiisopropylMethylphosphonate Vinyl Chloride Zinc 
1,3-DimethyIbenzene Xylene 
Dimethyldisulfide Criteria Pollutants/Acid Gases 
Dimethyl Methylphosphonate Inoreanics Carbon Monoxide 
Dimethylphosphate Aluminum Hydrogen Chloride 
Dioxins/Furans (EPA TEFs) Ammonia Hydrogen Fluorides 
Dithiane Antimony Nitric Acid 
Endrin Arsenic Nitrogen Dioxide 
Ethylbenzene Barium Particulate Matter 
Hexachlorobenzene Sulfur Dioxide 
Hexachlorocyclopentadiene SulfuricAcid Mist 

• 
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7.4.1 Potential Routes of Exposure 

Based on local land use and population activity patterns in the vicinity of the Rocky 

Mountain Arsenal, the anticipated routes of exposure through the soil pathway are discussed 

in the subsections that follow. 

7.4.1.1 Dermal Absorption Through Soil Contact 

Exposure to pollutants incorporated into soils may result from direct contact with and 

subsequent absorption through the skin. The degree of.exposure is largely dependent on the 

concentration of the pollutant in the soil, the absojt^jiion rate through the skin, and the 

frequency of contact with the soil. Dermal exposfre is exp&fcfted to occur in both child and 

adult exposure scenarios. Home gardens and agricultural activities are common in the area 

near the proposed site and represent one oJLthe prrneigal dermal exposure routes for adults. 

Adult dermal exposure is evaluated in Subsection 8.2,3 of the exposure assessment. Children 

are expected to play outside and came in contact with soil. Dermal exposure of children 

is evaluated in Subsection 8.3.3.   -; 

7.4.12  Soil and Dust Ingestjon 

Adults and children may inadvertently ingest soil adhering to hands during work, gardening, 

or play. Consequently, soil and dust ingestion are considered potential routes of exposure 

for adults and children. These pathways are evaluated in Section 8. 

7.4.1.3  Consumption of Vegetables From A Typical Home Garden 

The exposure resulting from the consumption of vegetables from a typical home garden has 

been evaluated in the exposure assessment (Subsection 8.2.2.1) for the following reasons: 

The prevalence of home gardens within a 5-kilometer radius of the proposed 
site. 
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The potential for vegetables to accumulate certain pollutants from the soil or 
for the pollutant to adhere to plant surfaces. 

7.4.1.4 Consumption of Milk 

Dairy cattle are raised in the vicinity of the proposed SQI facility. The potential exists for 

bioconcentration of some pollutants in the milk of dairy livestock through contaminated feed 

ingestion, and local residents and farmers are anticipated to consume some home- or locally- 

produced milk. Therefore, exposure resulting from the consumption of cow's milk is 

evaluated in Subsection 8.2.2.2. 

7.4.1.5 Consumption of Beef Products 

In addition to dairy cattle, livestock may alsipfjy-eared for beef consumption. Beef 

production is regarded as a potential mechanism of indirect human exposure to pollutants 

emitted from hazardous waste incinerators afld; resource recovery facilities (EPA, 1990a). 

A quantitative exposure assessment is presented for this pathway in Subsection 8.2.2.2. 

7.4.2  Selection of Pollutants For Sfrfl Pathway 

To select pollutants of concern in tie soil pathway, conservative pollutant soil concentrations 

resulting from SQI stack emissions were predicted and then compared to existing 

background data. This screening is done only for inorganics since organic background data 

were not available. The following equation was used to predict conservative soil 

concentrations of the inorganics: 

DR * AT * CF 

CS       =  

BD * D 

« 
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Where: 

CS      =       Total pollutant concentration in soil due to deposition from facility 
(mg/kg) 

DR     =        Pollutant deposition rate (g/m2 /yr) 

AT      =        Accumulation time (2-year lifetime of incinerator unit) 

BD      =        Bulk density of soil (1,425 kg/ m3) 

D       =        Mixing depth (0.01 m) - the depth of the soil in which the element is 
retained and presumed to be equally distributed 

CF     =        Conversion factor (1,000 mg/g||i§i:;: 

The soil bulk density was based on an average bulk density value for various soil types that 

occur in the vicinity of Rocky Mountain Arsenal (i&rice, 1990). 

In estimating soil concentrations for this initial screening analysis, several conservative 

assumptions were made: 

Soil concentrations wi|e calculated using the upper range (i.e., sensitivity 
case) emission ^estimates and, consequently, overestimated the probable soil 
concentrations.  "•••'_' 

Soil concentrations were calculated for the location of maximum total (wet 
and dry) deposition. This represents the maximum possible soil pollutant 
concentrations to which a potential human receptor could be exposed. 

Pollutants were assumed to be distributed equally throughout the soil to a 
depth of only 1 centimeter (0.01 m). This maximizes soil concentrations by 
at least one order of magnitude (in the more detailed analysis in Section 8, 
a soil depth of 10 to 20 cm was used, which results in a more plausible 
pollutant soil concentration). 

Soil concentrations of inorganic chemicals based on maximum emission rates and which 

were used in the initial screening process are presented in Table 7-2. Appendix 8A 

7-9 
532C/S7 1/24/91 



Table 7-2 

Comparison of Predicted Inorganic Soil Concentrations Due to Submerged Quench 
Incinerator Emissions with Existing Background Levels 

2-year Soil 
Concentration (1 cm) Mean Background* Soil Concentration:' 

Due to Incinerator Soil Concentration Mean Background 
Pollutant Emissions (mg/kg) (mg/kg) Ratio 

Inorsanics 
Aluminum 0.018 15,358.0 0.00 
Antimon/ 0.08 ND NA 
Arsenic"4 0.01 4.9 0.00 
Barium 13.00 131.0 0.10 
Beryllium"'" 0.00 6.1 0.00 
Boron 0.03 29.0 0.00 
Cadmium 0.00 038 0.00 
Calcium 021 ,sÜh379.0 0.00 
Chromium (total) 0.00 '      18.0 0.00 
Chromium (VI)C 0.00 1.8 0.00 
Cobalt 0.00 "-■■■M. 0.00 
Copper" 430 i2i-: 

038 
Iron 0.06 16,424.0 0.00 
Lead04 0.02 16.0 0.00 
Lithium 0.00 10.0 0.00 
Magnesium 0.17 2,673.0 0.00 
Manganese 0.01 180.0 0.00 
Mercury01' 0.08 0.1 0.77 
Molybdenum m 14.0 0.00 
Nickel am 20.0 0.00 
Phosphate 

■ &«.. - 460.0 0.00 
Potassium ,■■/■"     1.79 1,564.0 0.00 
Selenium0 

'•llllli,. 6.50;|1 0.97 6.71 
Silicon '•"••.-.'•••QJ3:'-- 300,000.0 0.00 
Silver" ''0.77 83 0.09 
Sodium8 

392.98 740.0 033« 
Strontium 0.00 45.0 0.00 
Thallium" 0.08 12 0.06 
Tin 0.01 109.0 0.00 
Titanium 0.00 2,600.0 0.00 
Vanadium 0.00 39.0 0.00 
Yttrium 0.00 25.0 0.00 
Zinc 0.02 35.0 0.00 

aWESTON, Inc. Draft Background Geographical CharacterizationRenort. Rockv Flats Plant Golden. Colorado. 
Prepared by Roy F. Weston, Inc., Lakewood, Colorado, December, 1989. 
"Carcinogen by oral route of administration (EPA, 1990b). 
cAssumed 10% of chromium (total). 
"Selected as a contaminant of concern for soil pathways analysis. 
Will be evaluated by dermal route of exposure through the soil pathway. 
Values shown as 0.00 were <0.01 because of rounding off to nearest one-hundredth. 
Eliminated as a contaminant of concern based on its low toxicity potential. 
NA - Not applicable 
ND - Not detected 
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+ presents the derivation of soil concentrations for both organics and inorganics selected for 

detailed evaluation in the exposure assessment (Section 8). 

To determine if emissions from the SQI facility would elevate the concentrations of 

inorganics in the soil, the conservatively predicted levels were compared with local average 

soil background concentrations measured at the Rocky Flats facility (WESTON, 1989; Table 

7-2). Inorganic pollutants with predicted soil concentrations of 1 percent or more of the 

background levels (i.e., had a predicted soil to background ratio greater than 0.01), were 

selected as pollutants of concern. Based on this criterion, the following metals were 

eliminated from all exposure routes of concern in thejipil: 

Aluminum 
Boron 
Cadmium 
Calcium 
Chromium III 
Chromium VI 
Cobalt 
Iron 
Lithium 
Magnesium 
Manganese   J 

||;; Molybdenum 
Nickel 
Phosphate 
Potassium 
Silicon 
Strontium 
Tin 
Titanium 
Vanadium 
Yttrium 
Zinc 

Although sodium was greater trial 1 percent of background levels, it was dropped as a 

pollutant of concern through the soil pathway due to its relatively low toxicity. 

Metals classified as carcinogens by the oral route (arsenic, beryllium, and lead) were 

selected even if their predicted soil level met the criterion for exclusion. Metals known to 

be carcinogenic only by the inhalation route (cadmium, chromium VI, and nickel) were 

screened from the soil pathway (but were included in the inhalation pathway) on the basis 

of the background criteria. 

All volatile organic compounds (VOCs) were excluded from the soil pathway based on the 

following reasoning: 
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VOCs are likely to be emitted as vapors. 
VOCs are unlikely to be deposited in soils following their emission. 
VOCs are unlikely to be persistent in soils, if deposited. 

For purposes of this screening procedure, a VOC is defined as any chemical (carcinogen or 

noncarcinogen) with a vapor pressure greater than IE+02 mm Hg and/or Henry's Law 

constants greater than 1E-03 atm-m3/mol (Lyman et al., 1982). The vapor pressure criterion 

was derived from inspection of the range of vapor pressures of chemicals that EPA classifies 

as volatiles (EPA, 1986a). 

All other organic compounds predicted in the emissiojplist were included for evaluation in 

the final soil pathway. Criterion pollutants and acid "gases were excluded on the basis of 

their physical state (gas) and were evaluated ogf in,the inhalation pathway. The final list 

of contaminants that were evaluated for the soü pathway are presented in Table 7-3. 

7.5  SURFACE WATER PATHWAY 

There were no waterbodies designäted-.:fbr'drinking water use within a 10-km radius of the 

SQI; hence, this pathway was.ttGt;fensiäered in the risk assessment. Several surface water 

bodies were identified neälttle. proposed site that provide a potential for indirect exposure 

to contaminants through the ing^siion of fish. 

Four small waterbodies designated for recreational fishing were determined to be located 

approximately 8 km west of the SQI and were within the predicted deposition area. 

Clear Creek Pond 
Engineers Lake 
Rotella Park Pond 
Grandview Ponds 1-4 

Engineers Lake was selected as the body of water for evaluation of the fish consumption 

pathway for the following reasons: 
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Table 7-3 

List of Pollutants Selected for Soil Pathway Evaluation 

Organics 

Acetonitrile Dieldrin Chrysene 
Aldrin Diisopropyl Methylphosphonate Dibenzo(a,h)anthracene 
Atrazine 1,3-Dimethylbenzene Fluoranthene 
Benzaldehyde Dimethylphosphate Fluorene 
Benzofuran Dioxins/Furans (EPA TEFs) Phenanthrene 
Benzoic Acid Dithiane Pyrene 
Benzonitrile Endrin Parathion 
Carbazole Hexachlorobenzene  " Phenol 
4-Chlorobiphenyl Hexachlorocyclopgatadiene Quinoline 
4,4-Chlorobiphenyl Isodrin Supona 
4-Chlorophenylmethylsulfone Malathion    .jfp"' Tetrachlorobenzene 
4-Chlorophenylmethylsulfoxide Methanol Trichlorobenzene 
p,p-DDE 4-Nitrophenof'' Urea 
p,p-DDT PAHs   •.."•: Vapona 
Dibenzofuran Acenaphihalerie 

Acenaphthöne 
Benzo(a)pyrene 

Inorganics 

Antimony Lead 
Arsenic ;; Mfricury 
Barium ^pilienium 
Beryllium Silver 
Copper 
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It was the closest waterbody to the facility boundary within the region of 
highest total deposition. 

It is a popular recreational fishery with a variety of top and bottom feeding 
species. 

Due to the relative size of its watershed area, its low outflow rates, and 
therefore long retention time, pollutant concentrations will be maximized so 
as to provide a conservative estimate of pollutant bioaccumulation in edible 
fish. 

Contaminants for the surface water pathways were screened using a modification of the 

conservative Tier 1 analysis (EPA, 1986b). The contaminant water concentrations calculated 

with the Tier 1 method are based on the assumption|p||all contaminants emitted from the 

facility in a 1-year period are directly deposited-into thl%lse. Furthermore, the model 

typically assumes that the emitted pollutant mass is Concentrated into a water column with 

a volume equivalent to one square meter times its depth (in meters). This latter assumption 

is included to compensate for the large dftiitibn..factor associated with the high flow rates 

and short retention times of rivers-ai&d,streÄ (for which the Tier 1 model is designed). 

Engineers Lake was assumed to have a;r$$ively low turnover (0.5 yr), thus it would be too 

conservative to use the water^cölumh; volume to calculate the water concentrations of 

contaminants. Thereforer..WESTO$ 'has assumed the pollutants are distributed throughout 

the lake's volume. Nevertheless, the results will still be highly conservative given the 

assumptions that 50 percent of thelotal emitted contaminant mass (i.e., emitted over 1 year 

of operation) is deposited in the lake, and that the sensitivity case emission rates were used. 

Furthermore, no degradation or dilution was assumed in the Tier 1 screening. All VOCs 

were excluded from this analysis and from the detailed surface water pathway evaluation 

using the same criteria as employed for soils (Section 7.4.2). Refer to Appendix 7A for a 

detailed description of the calculations. 

The surface water concentrations for each contaminant predicted from the Tier 1 analysis 

and the respective Ambient Water Quality Criteria (AWQC) for fish ingestion (EPA, 1986c) 

are presented in Table 7-4. Contaminants were selected for analysis in the surface water 

pathway if the predicted surface water concentrations for a given chemical exceeded  10 
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percent of its respective health-based AWQC, or if the contaminant was carcinogenic by the 

oral exposure route. All contaminants evaluated were less than 10 percent of their health- 

based AWQC (Table 7-4) and, therefore, were excluded from further analysis. The list of 

pollutants selected for the surface water pathway appears in Table 7-5. 

The Tier 1 surface water concentrations are overly conservative and are intended only for 

screening purposes. The Tier 2 method (Appendix 7A) is used to further evaluate surface 

water concentrations for the selected surface water pathway contaminants, taking into 

account deposition and dilution based on lake volume and outflow. 

7.6  CONSUMPTION OF BREAST MILK 

An important pathway for evaluation is the cök&urflption of breast milk by infants nursing 

from mothers exposed directly or indirectly to. .facility emissions. Chemicals that 

bioaccumulate in fat are likely to achieve measurable- levels in breast milk. Such compounds 

are organic chemicals with high lipig solubility, and persistence in body tissues (i.e., long 

whole body half-lives). The limiting faetöVin .evaluating these pollutants in this pathway is 

the lack of available half-life .a^:.tissueMistribution data necessary to determine breast milk 

concentrations (refer to Appendix 8® for the equations and assumptions). 

With the possible exception of lead, there are insufficient data to quantitate the transfer of 

metals into human breast milk. For lead, it may be possible to estimate transfer into breast 

milk if the blood lead levels of the mother are known. However, the estimation of blood 

lead levels is beyond the scope of this risk assessment. 

All organic compounds were included in the evaluation of the breast milk consumption 

pathway for noncarcinogenic effects. Those organics classified as oral carcinogens were 

evaluated for carcinogenic risk by this pathway. Inorganics were excluded from this 

evaluation due to the insufficiency of data for estimating breast milk concentrations. 
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Table 7-5 

List of Pollutants Selected for Surface Water Pathway Evaluation 

Organics 

Acetonitrile Dieldrin Benzo(a)pyrene 
Aldrin Diisopropyl Methylphosphonate Chrysene 
Atrazine 1,3-Dimethylbenzene Dibenzo(a,h)anthracene 
Benzaldehyde Dioxins/Furans (EPA TEFS) Fluorene 
Benzofuran Dithiane Phenanthrene 
Benzoic Acid Endrin Pyrene 
Benzonitrile Hexachlorobenzene Parathion 
Carbazole Hexachlorocyclopentajphe Phenol 
4-Chlorobiphenyl Isodrin Quinoline 
4,4-Chlorobiphenyl Malathion Supona 
4-Chlorophenylmethylsulfone Methanol Trichlorobenzene 
4-Chlorophenylmethylsulfoxide 4-Nitrophenol Urea 
p,p-DDE PAHs Vapona 
p,p-DDT Acenaphtjöniene 
Dibenzofuran Acenaphthene' 

pgjSnics 

Aluminum Chromium: (VI)           Magnesium Tin 
Arsenic Cobalt Molybdenum Titanium 
Barium Coppij Selenium Vanadium 
Beryllium Iron Silver Yttrium 
Boron Lead Strontium Zinc 
Cadmium Lithium 
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7-7      SUMMARY OF CRITICAL PATHWAYS AND ASSOCIATED POLLUTANTS OF 
CONCERN 

The following list presents the critical routes of exposure for each environmental medium 

selected on the basis of the pollutant pathways analysis: 

Direct inhalation of pollutant emissions 
Ingestion of soil/house dust 
Dermal absorption through soil contact 
Consumption of vegetables from home gardens 
Consumption of milk 
Consumption of beef products 
Consumption of fish 
Consumption of breast milk by nur:s^'1r%nts 

These pathways and their relationships to eacl|||fc are presented in Figure 7-2. 

For each of the foregoing critical routes of-exposure, the associated pollutants of concern 

selected for the quantitative exposiiffe assessment and risk characterization are presented in 

Table 7-6. ■5%!i:=#PW' 
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SECTION 8 

EXPOSURE ASSESSMENT 

8.1  INTRODUCTION 

The goal of this section is to predict the potential exposure concentrations and the daily 

intakes for all of the identified pathways and pollutants under average expected (base case) 

emissions conditions. This section incorporates information from each of the preceding 

sections with site-specific information such as meteorological conditions, land use patterns, 

agricultural practices, etc., in order to predict the jplutant levels to which "hypothetical" 

individuals would be exposed. Daily intakes okjpllutariisiätere estimated for each of the 

individuals and were used in the estimation of risk* based on the toxicity values presented 

in Section 9. 

Dispersion and deposition modeling^ presented in Section 6, identified how pollutants were 

distributed in the area surrounding the SQL Dispersion modeling identified the ambient 

air concentrations of the pollutanfsv and deposition modeling identified the pollutant 

deposition rates under beif| dry äl«l wet deposition conditions. This information was 

integrated with information cö&cej.flmg land uses surrounding the proposed SQI on RMA 

to select hypothetical human receptors for the exposure assessment. 

8.1.1 Characterization of Exposure Scenarios 

Numerous potential exposure scenarios are possible in the study area surrounding the 

proposed SQI at RMA. The objective of this assessment is to calculate the potential risk 

to a reasonable maximally exposed individual (RMEI). "Reasonable maximum exposure" 

is defined by the EPA as "the highest exposure that is reasonably expected to occur at a site" 

(EPA 1989a). However, because the results of the modeling effort indicate varying patterns 

of wet deposition, dry deposition, and ambient air concentrations, both within and outside 

the arsenal boundaries, it is difficult to define "a priori" an absolute RMEI that represents 
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the maximally exposed person. Therefore, to meet the requirements of the Final Decision 

Document (Woodward-Clyde, 1990a), four reasonable maximum exposure scenarios were 

evaluated in the risk assessment. The scenario(s) ultimately yielding the greatest 

carcinogenic risk and noncarcinogenic health effects will be used as the basis to assess 

numerical chemical emissions limits for the SQL 

The scenarios presented below represent hypothetical current use conditions. No future use 

conditions were evaluated since hypothetical exposures in this case would not likely exceed 

any present use exposures; this is based on the assessment that pathways of exposure and 

areas of maximum effect of emissions would not be different from any of the present use 

conditions assessed. The four potential RMEIs were characterized as: 

Resident A 
A hypothetical individual currently'• living within the off-site residential area 
where inhalation and dry ^jgj^itiori"1^)! be maximal (i.e., just north of the 
fenceline). • • 

Resident B 
A hypothetical indrnduaiicuirently living within the off-site residential area 
where total deppsitiö#;(dry plus wet) is maximal (i.e., just south of the 
property fencejirie),;' •. 

Farmer 
A hypothetical individual currently living on a local cattle farm where total 
deposition is highest for that land use (i.e., just northwest of site). 

On-site Worker 
A maintenance worker on-site  exposed  to area-weighted air and soil 
concentrations of pollutants as determined from the modeling results. 

The respective locations of these RMEIs are approximated on the site diagram in Figure 

8-1. The deposition values, isopleths, and specific locations were discussed in more detail 

in Section 6. The following text describes in detail the exposure routes and general 

assumptions for each scenario. 
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FIGURE 8-1  GENERAL LOCATIONS OF REASONABLE, MAXIMALLY-EXPOSED 
INDIVIDUALS BASED UPON AMBIENT AIR AND DEPOSITION MODELING. 



Resident-A Scenario -- Resident-A is assumed to be living in a residential area where off- 

site dry deposition and ambient air concentrations are maximal. This area falls outside 

thearsenal boundaries (off-site) since individuals are not permitted to live on the grounds 

of the arsenal (U.S. Army, 1990a). The maximum off-site dry deposition and air 

concentration occur at the same location, directly north of the arsenal (i.e., bearing 010° and 

2,000 meters from the proposed SQI). The site-specific contribution of wet deposition at 

this location also was included. 

Resident-A is assumed to be exposed to all pathways of exposure listed for the air 

(Subsection 7.3), soil (Subsection 7.4), and surface walfer (Subsection 7.5) pathways. The 

air pathway represents the route of exposure for jflfcant inhalation. The soil pathway 

includes the following routes of exposure: 

Soil/dust ingestion 
Dermal absorption 
Vegetable consumption 
Milk and beef consurapi&n 

The surface water pathway inchides the fish ingestion route of exposure. The milk and beef 

that are consumed are assumed to be obtained from a local farm, which is the same farm 

evaluated under the Farmer''Sllaajp). 

Mother's milk ingestion and inhalation are the only pathways evaluated for infants (all 

resident and farmer scenarios). 

Resident-B Scenario - Resident-B is assumed to be living in a residential area where off-site 

wet (and total) deposition is maximal. As with the Resident-A scenario, Resident-B is 

assumed to be living off-site. The Resident-B location falls directly south of the arsenal 

(i.e., bearing 180° and 6,000 meters from the proposed SQI). Resident-B is assumed to be 

exposed through the same pathways of exposure through which Resident-A is exposed. 
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Farmer Scenario - For the Farmer scenario, it was assumed that a cattle farm is located 

where off-site deposition (wet and dry) and air concentration are highest for that land use. 

This location was chosen based on areas where cows were observed grazing, and is located 

off-site (i.e., bearing 300° and 2,500 meters from the proposed SQI). It was assumed that 

the individual at this location is a subsistence farmer, and so not only raises beef and dairy 

cattle, but also grows cattle feed and vegetables. The pathways of exposure evaluated under 

the Farmer scenario are the same as those being evaluated for the Resident-A and 

Resident-B scenarios. 

Worker Scenario - Since the highest air concentratiojpof pollutants as well as maximum 

deposition and consequent soil concentrations were predicted to occur on the arsenal site 

proper, a scenario that evaluates a worker at thefpsenal was developed. Maximal exposure 

would occur to those workers who spend the greatest amount of time outdoors. 

Maintenance workers on the road and theigipundpGföw spend 90 percent of a working year 

outside, and thus are the workers at the arsenal that have the highest potential for exposure. 

Their work activities include road'.repair aftd grading, building or fixing culverts and 

drainage ditches, building or tearing down fences, snow removal, etc. They have complete 

access to the entire arsenal (-1,700 acr^S), and could be working in any area of the arsenal 

at any given time (U.S. Aftopy, 1990% Thus, area-weighted total deposition rates and air 

concentrations for the entire" a^enJi::Were used in estimating risk to the worker. 

The routes of exposure evaluated under the Worker scenario include inhalation, soil/dust 

ingestion, and dermal absorption from soil. These are the only routes through which 

exposure is expected to occur to the worker. 

8.1.2  General Approach 

The following subsections evaluate the potential exposure to pollutants through each of the 

exposure routes under consideration and are summarized in Table 8-1. The estimated 

exposure concentrations were calculated using the base case emission rates for each of the 

pollutants (refer to Section 5). Pollutant intakes expressed in milligram of pollutant per 
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kilogram of body weight per day (mg/kg/day) were calculated for an adult (Subsection 8.2), 

a child age 1 to 6 years, and an infant age 0 to 1 years (Subsection 8.3). Because of their 

behavioral patterns (e.g., frequent hand-to-mouth contact, frequent outdoor play) and their 

small body size, small children might have the potential for a greater intake of pollutants 

than an average adult and, therefore, might be at a higher risk. Similarly, breast feeding 

infants, because of their small body size, may be at risk due to the concentration of 

pollutants in mother's milk. 

The calculation of exposure doses is a complex process and involves numerous variables that 

must be estimated. In calculating exposure doses, WESTON, in cooperation with RMA 

Project Management Personnel and EPA Region VUpaoyeloped exposure factors consistent 

with the following documents: 

Ebasco Services, Inc. 1990. FinalHwnan Health Exposure Assessment for 
the Rocky Mountain Arsga^=;=...yoiiS%e IV. Preliminary Pollutant Limit 
(PPLV) Methodology. Version- 4,1, September, 1990. Contract No. 
DAAA15-88-0024. 

ESE (Environmental Science. & Engineering, Inc.), Harding Lawson 
Associates, and AppKfcdiEnvironmental, Inc. 1989. Technical Support for 
Rocky Mountain-•: Arsenal. Offpost Operable Unit Endangerment 
Assessment J|easibilitiStudy with Applicable and Appropriate Requirements. 
Volume I. Brlft Firp Report Version 2.1. March 1989. Contract No. 
DAAA15-88-D-Ö021, 

Woodward-Clyde Consultants. 1990. Draft Public Health Risk Assessment 
Report. Submerged Quench Incinerator. Task IRA-2. Basin F Liquids 
Treatment Design. Version 2.1. January 1990. Contract No. DAAA15-88-D- 
0022/0001. 

When exposure factors were available in these documents, they were used. If appropriate 

exposure factors were not available, or there were inconsistencies between available factors 

and the identified exposure scenarios, then standard EPA references or other relevant 

references were used for their selection. In some cases, variables specific to the RMA area 

were obtained from local agencies (e.g., types of livestock, types of forage, crop yield, 

growing time for vegetables, etc.).  Tables that present the predicted intakes of pollutants 
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through the applicable exposure routes for adults, children, and infants are presented at the 

end of Section 8 . 

The soil concentrations used in the estimation of pollutant intakes through soil-mediated 

exposure routes were based on pollutant deposition calculated for a 2-year facility lifetime. 

Two soil concentrations were calculated for pollutants of concern through soil-related 

pathways, one representing the maximum soil concentration (i.e., the concentration at the 

end of year 2), the other representing the average soil concentration over 70 years (an 

average lifetime). They are described in Appendix 8A. The average soil concentrations 

over the 70-year exposure period were used in calculating carcinogenic risk through all 

soil-mediated pathways for children and adults, since! the .calculation of carcinogenic risk is 

based on a 70-year lifetime exposure. Infants :apexpos§l$or only 1 year, during which 

exposure concentrations will be at a maximum. In order to prevent underestimating 

carcinogenic risk to the infant, maximum.soil conceifi|rations were used instead of average 

soil concentrations in calculating the mothSi^s :fa&ke: and resultant carcinogenic risk to the 

infant. Maximum soil concentratiqnp(||p wei§|used to calculate noncarcinogenic risk to an 

infant, child, or adult, since it is possible-that any individual may be exposed to maximum 

soil concentrations. More detailed information on soil concentrations are presented in 

Appendix 8A. 

The air pathway was evaluated for all of the pollutants of concern as identified in Section 

7. The pollutants that were evaluated for the soil pathway were chosen based on the 

physical characteristics of chemicals as well as a comparison to background levels. This 

screening process is described in greater detail in Section 7. In screening pollutants for the 

surface water pathway, a worst case (Tier 1) approach was used to calculate surface water 

pollutant concentrations. However, in order to determine more realistic levels of exposure 

through the surface water pathway, a Tier 2 evaluation was conducted. The details of this 

methodology, including the predicted surface water concentrations of the pollutants of 

concern, are presented in Appendix 7A. 
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8.2  ROUTES OF EXPOSURE CONSIDERED FOR THE ADULT 

The routes of exposure evaluated for adults are discussed below. All tables containing 

exposure doses calculated for the adult, based on the Resident-A Resident-B, Farmer, and 

Worker exposure scenarios, are presented at the end of Section 8. 

8.2.1 Adult Inhalation Exposure 

As discussed in Section 7, inhalation exposure was estimated for all pollutants of concern. 

For the inhalation pathway, the total duration of exposure for an adult was assumed to be 

continuous over the facility lifetime. Thus, inhalation exposure to adults under the 

Resident-A Resident B, and Farmer scenarios wep assuaiidjjo occur for 365 days per year 

for 2 years. Inhalation exposure to workers would j|cur for 250 days per year, based on a 

5-day work week for 50 weeks per year.:: It was assumed that indoor air exposure was 

equivalent to outdoor exposure. This assumption is-, likely to lead to an overestimation of 

exposure because indoor concentrations resulting from air-dispersed, outdoor-generated 

pollutants will most likely be lower thaß £hfc outdoor concentrations. 

Based on these assumptigj§| the Flowing equation was used to calculate the estimated 

daily intake through inhalation? 

EDI inh 

Cair x BR x EF 

BWxF 

Where: 

EDI inh 

c. 

BR 

Estimated daily intake through inhalation (mg pollutant/kg 
body weight/day) 

Pollutant concentration in ambient air (/xg/m3) 

Breathing rate for an adult: 

20  m3/day  -  Resident-A   Resident-B,   and  Farmer 
scenarios (Woodward-Clyde, 1990) 
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10 m3/day - Worker scenario (Ebasco, 1990) 

EF =        Exposure frequency: 

365  days/yr - Resident-A, Resident-B, and Farmer 
scenarios 

250 days/yr - Worker scenario 

BW =        Body weight for an adult, 70 kg (Ebasco, 1990) 

F =        Conversion factor:   103 Mg/mg; 365 days/yr 

Predicted ambient air concentrations for the Residenfctp Resident-B, Farmer, and Worker 

scenarios were calculated in the modeling analysis and are presented in Table 8-2. The 

estimated daily intakes through the inhalation eposure route are presented in Tables 8-3 

and 8-4 for the Resident-A scenario, Tables 8-5and;;S-6 for the Resident-B scenario, Tables 

8-7 and 8-8 for the Farmer scenario, aninT^bles;iij|::and 8-10 for the Worker scenario. 

(Tables are presented at the end of this s&tion^"::; • 

8.2.2  Adult Ingestion Exposure —v. 

The ingestion of vegetables*'.-.milk, beef, soil/dust, and fish are discussed in the following 

subsections. All of these inge'stäön "routes of exposure were evaluated for the Resident-A, 

Resident-B, and Farmer scenarios. Only the soil/dust ingestion route was evaluated for the 

Worker scenario. 

8.2.2.1  Vegetable Consumption 

Vegetables and fruits from home vegetable gardens can be potentially contaminated by 

airborne pollutants emitted from the proposed SQL Three locally grown food crops were 

selected to identify potential exposure to pollutants through vegetable/fruit ingestion. 

Carrots were selected to represent a root vegetable, lettuce to represent a leafy vegetable, 

and tomatoes to represent a fruiting vegetable or vine crop. Ingestion rates were based on 

the average daily consumption of these food groups. For example, the carrot ingestion rate 
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was based on the consumption of all root vegetables; the lettuce Ingestion rate was based 

on the consumption of all leafy vegetables; and the tomato Ingestion rate was based on the 

consumption of fruiting vegetables. This simplified the exposure calculation while taking 

into account all vegetables potentially consumed from household gardens. The Ingestion 

rates used in this assessment were based on EPA (1990a) estimates. 

For the Resident-A and Resident-B scenarios, it was assumed that 58 percent of all 

vegetables consumed were homegrown or obtained from a local source. This percentage 

.s based on data for rural households (ESE et al., 1989). For the Farmer scenario it was 

assumed that 90 percent of all vegetables consumed «fee homegrown (EPA 1990b). 

Consistent with the analysis in this report of: öfter soil-retated exposure pathways the 

contaminant soil concentrations were based an deposition determined over the 2-year life 

of the mcinerator. Soil concentrations were calculated as described in Appendix 8A using 

a mixing depth of 20 cm to account for soil cultivation (EPA 1986a). 

Pollutants may contaminate plants through two principal mechanisms: absorption through 

root uptake from contaminated soil and direct deposition on aboveground par« of the plan« 

(leaves, frmts, stems). Deposition «fte aboveground secdon of the plan, (tomatoes and 

lettuce only) will occur primarily in the form of dty deposition, which will uniformly cover 

ail exposed surfaces.   I, „as contetvatively assumed that all dty deposition on the plant 

surface dunng the growing season was retained and was not washed off by rain events  Dty 

deposition rates are presented in Appendix 8B, Tables 8B-8 through 8B-19. However it was 

also assumed that wet deposition was no. retained on the plant and ran off the plan, surface 

to the ground, even «hough it is likely that some we. deposition would be retained on plants 

after a rain even,.  Although this is no. a conservative assumption, it tends to offset the 

previous assumption that all dry deposition is retained on the plant surface. 

The fo.lowing subsections discuss the methodology that „as used to calculate pollutant 

exposure through vegetable Ingestion. The average and maximum daily intakes of pollutants 

through total vegetable Ingestion are summarized in Tables 8-3 and 8-4 for the Resident-A 

532C/S8 ^-11 

1/24/91 



scenario Tables 8-5 and 8-6 for the Resident-B scenario, and Tables 8-7 and 8-8 for the 

Farmer scenario. Intermediate calculations nsed to determine total vegetable intakes, as 

well as intakes for the individual vegetables are presented in Appendix 8B. 

Rnn, Vegetables - The carrot, which is an edible taproot, served as a surrogate for root 

vegetables grown in home gardens. Thus, the carrot Ingestion rate was based on the 

consumption of all root vegetables for the Farmer scenario. For the Resident-A and 

Resident-B scenarios, the root vegetable intakes were assumed not to include potatoes, smce 

it is unlikely that residents would grow potatoes in their home gardens. 

Carrots were assumed to accumulate pollutants only through uptake from the soil. The 

absorption of pollutants deposited on the leaves,and themfflbsequent translocation to the 

root were assumed to be negligible (Wipf et afcWfÄ It also was assumed that the carrots 

would be washed before being eaten, so that the adherence of soil to the carrots would not 

contribute to pollutant intake. 

The general formulas used to ÄÄ^sure through carrot Ingestion include the 

calculation of the pollutant can^n'tration in the carrot: 

and, the calculation of the estimated intake due to the consumption of carrots: 

Crw™, x IR x HG x F 'Carrot 

EDI Car 
BW 

Where: 

EDI =   Estimated  daily intake  due  to  consumption of carrots  (mg 
Car pollutant/kg body weight/day), Appendix 8B 

C Carrot 

C-Soil 

Pollutant concentration in the carrot (mg/kg), Appendix 8B 

Pollutant concentration in the soil (mg/kg), Appendix 8B 
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RUF 

m 
-  Root uptake factor (dimension^), Appendix 8B 

= ™^;z%zxirmseam daiiy consumptioa of 

Up 
° =  Fraction homegrown: 

•   58% - Resident-A and Resident-B scenarios (ESE et al., 1989) 

90% - Farmer scenario (EPA, 1990b) 

F =   Conversion factor, 10'3 kg/g;:|!l
p 

BW -      D    A 
=   Body weight, average agT^^pbasco, 1990) 

- p- it h p:;;:::ri:;r^ rr*- - ™— 
for .bis assessment is described i.^JT ^ denVat'°n * "* RU* ■"< 

«^»-u^^^r " 'he CaiCU,a"°n °f'*»' —on, * 
•he Resident-A and Resident^! "   ^ ingeS,i°n "*> °f '" «"* ** 

calculated from dry we^"       r "" *" ^ *" ^ F*™ —rio were ry weignt Ingestion rates for root veeetahl« fth* * 

potatoes) (EPA 1990a), assuming a moisture coZ^J    Te        f     "^ «^ 

P-cent for al, other root vegetables (Baes et a,      84    Z "^ "" 88 

- average dty „eigbt Ingestion rate! for ^Z^T'^ "7 ^ °" 

body weight/day and 0.19 g/kg bodv weiph, ,A 
% ^ °( °'02 g/k« 

stakes of pollutants «hrou^r«^ ^"^ 

Append, 8B. Average J J^ ~ * * "* « — - 

ingestion (i.e., root, leafy, and fruiting vege a        1 ^ "" "' 

Tables 8-5 and 8-6, and Tables 8-7 and 8Tf      e^ T""" '" ^ " ^ ^ 
scenarios, respectively. Restdent-A Residen.-B, and Farmer 
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poflt.j uv lettuce and tomatoes, respectively,   ^ui   y 

vegetables are as follows: 

^Tomato (Lettuce) 

EDI Ing 

= cSurface + cUptake 

Cromato (Lettuce) X ^Tomato (Uttuce) X HG X F 

BWf 

Where: 
EDI Ing 

^Tomato (Lettuce) 

c surface 

•-Uptake 

IR-Tomato (Lettuce) 

HG 

= Pollutant cor&mm in leafy or fruiting vegetables (mg/kg), 

Appendix 8B 

. Polin®« «emrition in plant due to surfaee deposition 

(mg/kg),, Appendix 8B 

»J^Ätcotcentration in plan, due to root uptake (mg/kg), 
;ilt^pend£§8B 

= Inges%n rate, daily consumption of leafy or fruiting vegetables 

(EPA, 1990a): 

64 g/day - Tomatoes 

11.9 g/day - Lettuce 

= Fraction homegrown: 

. 58% - Resident-A and Resident-B scenarios (ESE et al., 

1989) 

90% - Farmer scenario (EPA 1990b) 

=  Conversion factor, 10"3 kg/g 

'/■ 
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BW - Body weight, average adult (70 kg) (Ebasco, 1990) 

Plant pollutant concentrations due to surface deposition and root uptake are presented and 
described in Appendix 8B. 

Calculation of Daily Tnr^eS - Total pollutant concentrations in tomatoes and lettuce were 

determined by adding the concentrations due to deposition and root uptake and are 

summarized in Appendix 8B. The ingestion rates used for lettuce (11.9 g/day) and tomatoes 

(64 g/day) were wet weight ingestion rates for leafy and fruiting vegetables, respectively 

These values were calculated from dry weight ingestion^tes for leafy vegetables (0 008 g/kg 

body weight/day) and fruiting vegetables (0.06 g/k^ody weight/day) for individuals over 

the age of 13 years (EPA 1990a), assuming a moisture cornet of 95 percent for lettuce and 

94 percent for tomatoes (Baes et al., 1984),   Average and maximum daily intakes of 

pollutants for all exposure scenarios through;tomlland lettuce ingestion for the adult are 

summarized in Appendix 8B. The estimated daily take through total vegetable ingestion 
was calculated by the following equation: 

EDIVeg   = (EDte&j "BDJTLB*  + EDI, 
Lettuce ) 

Average and maximum daily (Makes of pollutants through total vegetable ingestion (i e 

root, leafy, and fruiting vegetables! are summarized in Tables 8-3 and 8-», Tables 8-5 and 

8-6, and Tables 8-7 and 8-8 for the Resident-A, Residen.-B, and Farmer scenarios 
respectively. ' 

Several assumptions that contributed to the conservatism of the dosage estimates were made 

m the computation of pollutant exposure through vegetable ingestion. These assumptions 
included: 

' otudrr8edadati0n °f P°UutantS 0n Plant surf^s via photolysis or volatilization 

Tomatoes and lettuce were not washed before 

532C/S8 
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indirect human exposure to pollutants may occur when farm ammats near me —■ 

site consume feed and/or incidental soU during grazing or feeding. These pollutants may 

then be incorporated into beef or dairy products that are consumed by human receptors. 

The consumption of beef and dairy products was evalujed for the Resident-A, Resrdent-B, 

and Farmer scenarios. 

Two farm products (milk and beef) were select .investigate the potential for poUutant 

uptake by humans. The highest exposure wouid be expected for farmers who consume then- 

own animals (beef) or animal products (äfr. Exposure of the general public nugh, occur 

if beef or dairy products were obtained from * local farmer, but would be expected o be 

lower than exposure for farmers,* was.assutned that a subsistence fanner would home 

produce 100 percent of aU meat andÄ consumed. For the Resident-A and Rest ent-B 

scenarios, it was assumed thai 5 percent oi; all meat and milk consumed was obtatned from 

a local source. 

Four major types of feed are consumed by dairy and beef cattle raised in the vicinity of 

RMA: hay, corn silage, grain, and pasture grass (Stanton, 1990). In addition, catt e m thts 

area are fed a protein supplement. The dietary intakes of each type of feed for the 

animals are discussed in Appendix 8C. Although some beef and dairy cattle rarsed m the 

area are grazed, lactating dairy cows and finishing stock are not, and thus, the .ngesuon of 

pasture grass and incidental soil was not evaluated as par, of the cattle diet. The cattle, as 

well as the cattle feed, were assumed to be raised a, the same location for all scenanos. 

This location was chosen based on the area of highest deposition and air concentration 

where cows were observed grazing. 

8-16 
532C/S8 



The methods used to calculate the pollutant concentrations in cattle feed were the same as 

those used for tomatoes and lettuce. They are described in Appendix 8C. These include the 

direct deposition of airborne pollutants on plant surfaces and root uptake of pollutants from 

soil. 

The final step is to determine the human exposure due to the consumption of dairy and beef 

products. This was calculated as follows: 

EDIMi Milk and beef 

Where: 

EDI Milk (beef) 

'Product 

I^Milk (beef) 

HG 

F 

BW 

^Product x IR x F x HG 

BW 

=  Estimated daily intake resulting .from the ingestion of milk or 
beef (mg pollutanjt|pg bpjdy weight/day) 

=  Pollutant concentration in the farm product: milk or beef 
(mg/kg), Appendix SC. 

= Ingestios:;Eäte, äv&lage daily adult consumption of milk or beef 
(g/day) (Fries, 1986; Pao et al., 1982) 

= Fraction homegrown: 

•ii;;::l;     5W& - Resident-A and Resident-B scenarios 
.. 100% - Farmer scenarios 

=  Conversion factor, 10"3 kg/g 

=  Body weight, average adult (70 kg) (Ebasco, 1990) 

Factors used to calculate pollutant concentrations in milk and beef are summarized in 

Appendix 8C. The average milk consumption rate for an adult was estimated to be 305 

g/day (Fries, 1986), and the average beef consumption rate was estimated to be 66.8 g/day 

(Fries, 1986). The consumption rates of milk fat and beef fat are used in calculating dioxin 

intake (Appendix 8C). Since the fat content of whole milk is about 4 percent, the daily 

consumption equates to about 12 g of milk fat/day for an adult. Fat content varies greatly 

between different cuts of beef. However, the most recent available data show that the 

average percentage of beef fat ingested by adults is 22 percent (Fries, 1986). This translates 
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to an average daily ingestion of 14.7 g of beef fat/day. Average and maximum daily intake 

rates of pollutants through milk and beef consumption are presented in Tables 8-3 and 8-4 

for the Resident-A scenario, Tables 8-5 and 8-6 for the Resident-B scenario, and Tables 8-7 

and 8-8 for the Farmer scenario. 

8.2.2.3  Soil/Dust Ingestion 

The potential for oral intake of pollutants by older children and adults through soil/dust 

ingestion, although not as great as that for young children (Subsection 8.3), was evaluated. 

Pollutant intake via soil/dust ingestion was calculai&dpsing the following formula: 

Qoil X ^Soil/dust Xi'l|i J|P: 

EDIsoil/dust ~     

Where: 

M: 

EDIsoii/dust =  Estimated, d&üy intake due to soil/dust ingestion (mg 
pollutattf^g body weight/day) 

Csoj, =Jti|^ollutan|lconcentration in soil (mg/kg) 

IRsoii/Dust =  Ingesfcfon rate, annual average adult daily ingestion of soil 
and dust: 

0.1 g/day - Resident-A Resident-B, and Farmer 
scenarios (EPA 1990b) 

0.05 g/day - Worker scenario (Ebasco, 1990) 

EF =  Exposure frequency: 

365 days/year - Resident-A Resident-B, and Farmer 
scenarios 

225 days/year - Worker scenario (U.S. Army, 1990b) 

F =  Conversion factors: 10"3 kg/g, yr/365 days 
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BW = Body weight, average adult (70 kg) (Ebasco, 1990). 

It was assumed that adults could be exposed to outdoor soils during a variety of outdoor 

activities such as farming, gardening, yard work, or maintenance work. Although exposure 

to a mixture of tilled and untilled soils might occur, the untilled soil (10-cm mixing depth) 

was used as a more conservative estimate of soil exposure. It was assumed that the 

concentrations of pollutants in indoor dusts were the same as those in the soil, since indoor 

dust that is associated with outdoor soil typically comes from tracking in soil from outdoor 

sources. This assumption was based on a review of several studies on lead that indicate a 

lack of consistency between outdoor soil and indoor dust concentrations, (i.e., lead 

concentrations were sometimes higher in house dusfcilhan in outdoor soil, while in other 

cases they were higher in soil (CDHS, 198§|). Pre1%ted average and maximum 

concentrations for the pollutants of concern in the top 10 cm of soil are listed for the 

exposure scenarios in Appendix 8A These^concenteations are based on the total deposition 

for each scenario location. 

An annual average soil/dust ingesfcuon jäte of 100 mg/day was assumed for adults under the 

Resident-A Resident-B, and Farmer scenarios (EPA 1990b). This soil/dust ingestion rate 

is based on a 365 day per..y$ar exposure. The worker was assumed to ingest 50 mg/day of 

soil/dust on those days when he is in direct contact with soil (Ebasco, 1990). It was 

assumed that a road and grounds crew worker would spend 90 percent of his time outside 

(U.S. Army, 1990b). This amounts to 225 days/year based on a 5-day work week for 50 

weeks/year. 

Average and maximum daily intakes of pollutants through soil/dust ingestion are presented 

in Tables 8-3 and 8-4 for the Resident-A scenario, Tables 8-5 and 8-6 for the Resident-B 

scenario, Tables 8-7 and 8-8 for the Farmer scenario, and Tables 8-9 and 8-10 for the 

Worker scenario. The parameters used in the calculations for adult soil/dust ingestion are 

presented in Appendix 8D. 
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8.2.2.4  Fish Consumption 

Those who are most likely to be exposed to pollutants through fish consumption are local 

residents who use waters in the vicinity of the proposed SQI for recreational fishing. 

Engineers Lake, a recreational fishery about 8 km west of the facility, was selected for 

analysis because it was expected to have maximum surface water concentrations of 

pollutants. This was based on likely extended pollutant retention times as well as the impact 

of direct deposition and watershed area. Fish consumption was evaluated for the 

Resident-A, Resident-B, and Farmer scenarios. 

A fish ingestion rate was derived from data taken from a fisherman survey and creel census 

taken at lakes, reservoirs, and rivers in the RMA area (no||faeast Colorado). An average 

fish consumption rate of 4.84 g/day was used|ft;; adjlts based on data for harvest rates of 

nontrout warm-water species and the amount of ;#me anglers spend fishing (ESE et al., 

1989). 

The daily intakes of pollutants thmiighfish consumption were estimated using the following 

formulas: ..:jHi!!=!;S:::.. ':nll;b:. 

c Fish 

EDI Fish 

Where: 

-Fish 

c Water 

BCF 

EDI Fish 

=   C Waföci xBGF 

Cfich x IK. x F 'fish 

BW 

The equilibrium concentration of the pollutant in fish from 
Engineers Lake (mg/kg) 

Surface water concentration in Engineers Lake (mg/L), see 
Appendix 7A 

Bioconcentration factor (L/kg), Appendix 8E 

Estimated daily intake due to fish ingestion (mg/kg/day) 
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IR =   Ingestion rate, average daily fish consumption rate (4.84 g/day) 
(ESE et al., 1989) 

F =   Conversion factor (10"3 kg/g) 

BW =   Body weight, average adult (70 kg) (Ebasco, 1990) 

Bioconcentration factors (BCFs) for the pollutants of concern, as well as all parameters used 

to calculate daily pollutant intakes from fish ingestion, are presented in Appendix 8E. 

The estimated daily intake of organic contaminants due to fish ingestion was modified to 

account for the lipid content in the edible portion relative to that of the whole body of the 

fish. It was assumed that 10 percent of the fish lißtd content would be found in the fillet. 

This modification was made only for organic compounds since they concentrate in areas of 

high lipid content. 

The estimated daily intakes of pollutantsil|hrJighpLfish consumption are summarized in 

Tables 8-3 and 8-4 for the Resident-A scenario, Tables 8-5 and 8-6 for the Resident-B 

scenario, and Tables 8-7 and 8-§lfoipne:':;iarmer scenario. Because individuals for all 

scenarios are assumed to fish in Engineers Lake, the estimated intakes are the same for all 

exposure scenarios. 

8.2.3 Adult Dermal Exposure 

This subsection estimates the potential pollutant intake due to dermal absorption from soils. 

For adults, dermal exposure is assumed to occur during outdoor activities such as farming, 

gardening activities, yard work, and maintenance work. 

The following equation was used to calculate the dermal dose: 

Gfcj, x AF x SAF x SMF x ESA x EF x F 
EDIDerm 

BW 
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Where: 

EDlDerm =   Estimated  daily intake  due  to  dermal  exposure to soil  (mg 
pollutant/kg body weight/day) 

Qoi, =   Pollutant concentration in soil (mg/kg), Appendix 8A 

AF =   Absorption factor: 

• 10% - organics (Ebasco, 1990) 
• 1% - inorganics (Ebasco, 1990) 

SAF =   Skin adherence factor: 

• 0.51 mg/cm2 - Resident-Aiand Resident-B scenarios (Ebasco, 
1990) 4§f   '::"l||fe;. 

• 3.5 mg/cm2 - Fari||r; apf Worker scenarios (Ebasco, 1990) 

SMF              =   Soil matrix facto|||0^5},pfeöco, 1990) 

ESA =   Exposed surface area:'(1,700 cm2) (Ebasco, 1990) 

EF =   Exposure frequency, i.e., total number of exposures per year: 

• .117 day^/year - Resident-A and Resident-B scenarios 
• ..195 days/year - Farmer and Worker scenarios 

F =   Conversion factor: 10"6 kg/mg, year/365 days 

BW =   Body weight, average adult (70 kg) (Ebasco, 1990) 

Dermal exposure was assumed to occur during the warmer two-thirds of the year (i.e., 

approximately 35 weeks per year). Both the farmer and maintenance worker, who tend to 

spend a greater than average time outside, were assumed to be dermally exposed 5 days per 

week. Residents were assumed to spend less time involved in outdoor activities, and so 

were evaluated based dermal exposure 3 times per week. Both the farmer and worker, 

therefore, were assumed to be exposed for 195 days per year, and the residents for 117 days 

per year. Both the farmer and the maintenance worker were assumed to have a 50-Axm thick 

coating of dirt on their skin. The density of soil particles was assumed to be 1.5 g/cm3. The 
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soil adhering to an individual's skin, therefore, would be 3.5 mg/cm2. A lower soil adherence 

factor (0.51 mg/cm2) was assumed for the residents based on a study of children in Hartford 

(Ebasco, 1990). The adult, for all scenarios, was assumed to have a coating of dirt on both 

hands and forearms, or 1,700 cm2 of skin (Ebasco, 1990). 

Absorption of contaminants from soil is inhibited by physical-chemical bonding to the 

matrix, in addition to the fact that only a small amount of the contaminant is in direct 

contact with the skin. To account for this effect, a soil matrix factor of 0.15 was used 

(Ebasco, 1990). Due to a lack of chemical-specific data, this matrix factor was used for all 

soil contaminants. 

Dermal absorption factors of 10 percent for orgjpc pollütl|$s and 1 percent for inorganic 

pollutants were used. These values were selected to represent the differential absorption 

of organic and inorganic pollutants (Ebasco, 199Ö), 

Predicted average concentrations fo&ifoe pol||ants of concern in the uppermost 10 cm of 

soil are listed for the exposure scenarios m Appendix 8A These concentrations are based 

on the total deposition for each scenario location. The parameters that were used in the 

calculations for adult dergdai exposuase are given in Appendix 8F. 

The estimated pollutant intakes resulting from dermal exposure due to soil contact are 

summarized in Tables 8-3 and 8-4 for the Resident-A scenario, Tables 8-5 and 8-6 for the 

Resident-B scenario, Tables 8-7 and 8-8 for the Farmer scenario, and Tables 8-9 and 8-10 

for the Worker scenario. 

Table 8-11 summarizes the exposure assumptions used for the adult in estimating total daily 

intakes. Exposure assumptions used for the child and the infant are also included in this 

table and are discussed in more detail in the following subsection. 
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8.3  ROUTES OF EXPOSURE CONSIDERED FOR CHILDREN AND INFANTS 

Children and infants were evaluated in the Resident-A, Resident-B, and Fanner exposure 

scenarios. Children were assumed to be exposed to pollutants through the pathways of 

exposure applicable to adults (Subsection 8.2). Infants were assumed to be exposed to 

pollutants only by the ingestion of mother's milk and the inhalation pathway. 

Childhood exposure in this assessment was assumed to occur in children 1 to 6 years old. 

The average weight of a child between 1 and 6 years old was estimated to be 15.5 kg 

(Ebasco, 1990). The average weight of an infant age Q:# 1 was estimated to be 9 kg (EPA, 

1989b). Other infant and childhood factors sped ficn&.individual routes of exposure are 

presented in the subsections that follow. All ejpösure dosfs calculated for children and 

infants, based on the Resident-A, Resident-B/and Farmer scenarios, are presented at the 

end of Subsection 8.3. All of the exposure.assump.ftons are presented in Table 8-11. 

8.3.1  Children and Infant Inhalati^a ^xpo$gr^ 

Childhood and infant inhalation exposiure was calculated using the methodology described 

for adult inhalation (Subsection 8.2.1)- It was assumed that childhood inhalation exposure 

was continuous for the 2-year1Se|är|e of the facility, and infant exposure was continuous for 

1 year. The average inhalation rate for children, 1 to 6 years old, was estimated to be 10 

m3/day (NRC, 1977), and the average inhalation rate for infants, 0 to 1 year, was estimated 

to be 3.8 m3/day (NCRP, 1984). Predicted ambient air concentrations for the three 

exposure scenarios (Resident-A, Resident-B, and Farmer) are presented in Table 8-2. The 

estimated childhood intakes due to inhalation are presented in Tables 8-12 and 8-13 for the 

Resident-A scenario, Tables 8-14 and 8-15 for the Resident-B scenario, and Tables 8-16 and 

8-17 for the Farmer scenario. The estimated infant intakes due to inhalation are presented 

in Table 8-18 for the Resident-A scenario, Table 8-19 for the Resident-B scenario, and 

Table 8-20 for the Farmer scenario. 
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8.3.2 Children Ingestion Exposure 

8.3.2.1 Vegetable. Milk. Beef. Soil/Dust, and Fish Consumption 

Childhood ingestion exposure was calculated using the same methodology described for the 

adult (Subsection 8.2.2). Food and soil/dust ingestion rates specific to children 1 to 6 years 

old are presented in Table 8-11. It should be noted that soil/dust ingestion rates for young 

children are higher than those for older children and adults. Soil/dust ingestion in young 

children can occur indirectly by placing dirt-covered hands or objects in the mouth, or in 

some cases, by directly eating soil. The soil concentrations used in the exposure calculations 

are presented in Appendix 8A. 

Total average and maximum daily intakes for children foP|i|i::ingestion routes of exposure 

are summarized at the end of Section 8 in Tables 8-12 and 8-13 for the Resident-A scenario, 

Tables 8-14 and 8-15 for the Resident-B scenario, and Tables 8-16 and 8-17 for the Farmer 

scenario. The parameters used in the calcuiationsjfechild vegetable consumption, milk and 

beef consumption, soil/dust consumgii§i)a, and|§|h consumption are presented in Appendices 

8B, 8C, 8D, and 8E, respectively, .-. 

8.3.3 Children Dermal A^orptiort : 

This subsection estimates the potential childhood pollutant intake due to the dermal 

absorption of pollutants from soils. The methodology used to calculate the dermal intake 

of pollutants in children was the same as that described for adults in Subsection 8.2.3. Only 

the specific input parameters used to calculate doses for children are discussed in the 

following paragraphs. 

As with the adult, it was assumed that dermal exposure would occur during the warmer two- 

thirds of the year, or approximately 35 weeks per year. Also, it was assumed that children, 

on the average, would spend 5 days per week outside, resulting in a total of 195 dermal 

exposure events per year. A soil adherence factor of 0.51 mg/cm2 was used based on a 

study of children in Hartford (Ebasco, 1990).   The area of exposed skin averaged for 1 
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through 6 year-olds was estimated to be 2,188 cm2 based on exposed surface area of arms, 

hands, and legs for 50 percent of the time, and arms and hands for the other 50 percent 

(EPA, 1989b). This represents an average exposed surface area for the exposure period. 

The concentrations of pollutants in the uppermost 10 cm of soil were previously calculated 

(Appendix 8A). The estimated dosages of pollutants to children through dermal exposure 

are summarized at the end of Section 8 in Tables 8-12 and 8-13 for the Resident-A scenario, 

Tables 8-14 and 8-15 for the Resident-B scenario, and Tables 8-16 and 8-17 for the Farmer 

scenario. The parameters used in the calculations for child dermal exposure are presented 

in Appendix 8F. 

8.3.4  Infant Consumption of Mother's Milk 

The intake of pollutants by infants through,,breast =ttiUk consumption was addressed for the 

organic pollutants of concern. There were "Efficient data available in the surveyed 

literature to quantify the potential transfer of.inorganic pollutants into human breast milk. 

The estimated daily intakes, ojf. organic pollutants through breast milk ingestion were 

determined using the following equation: 

CRmMt x BMIR 
EDI 

'Bmillc 

BW 

Where: 

EDI 

^-Bmilk 

BMIR 

BW 

Estimated daily intake resulting from the ingestion of breast milk 
(mg/kg/day) 

Concentration of the pollutant in breast milk (mg/kg), Appendix 
8G 

Breast milk ingestion rate (0.8 kg/day) (Smith, 1987) 

Body weight, infant 0 to 1 year (9 kg) (EPA, 1989b) 
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Factors used in the calculation of pollutant concentrations in breast milk are more fully 

discussed in Appendix 8G. An infant was assumed to ingest 0.8 kg/day of breast milk 

(Smith, 1987), and to breast feed for 1 year. A body weight of 9 kg, the average body 

weight of children less than 1 year of age, was used (EPA 1989b). 

The maximum estimated daily intakes of pollutants for infants through breast milk ingestion 

exposure are summarized in Table 8-18 for the Resident-A scenario, Table 8-19 for the 

Resident-B scenario, and Table 8-20 for the Farmer scenario. Average daily intakes were 

not calculated for the infant; maximum daily intakes were used in calculation of both 

carcinogenic risk and noncarcinogenic health effects ftp the infant. 
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Table 8-2 :i ; , - ', 

• - :  ; ' 

Predicted Aobient Air Concentrations Li flB 

Predicted Average Annual Concentration (M3/m3) 

Pollutant Resident-A Resident-B Farmer Uorker 

ORGAN!es 
Acetone 1.76E-13 2.76E-14 6.19E-14 5.19E-14 
Acetonitrile 1.07E-11 1.68E-12 3.76E-12 3.15E-12 
Acrylonitrile 1.07E-12 1.68E-13 3.76E-13 3.15E-13 
Aldrin 1.14E-13 1.78E-14 3.98E-14 3.34E-14 
Atrazine 2.52E-14 3.95E-15 8.85E-15 7.41E-15 
Benzaldehyde 2.33E-09 3.64E-10 8.16E-10 6.83E-10 
Benzene 2.29E-09 3.59E-10 8.05E-10 6.74E-10 
Benzofuran 4.46E-09 6.99E-10 1.57E-09 1.31E-09 
Benzoic Acid 1.13E-09 1.76E-10 3.95E-10 3.31E-10 
Benzonitrile 1.07E-12 1.68E-13 3.76E-13 3.15E-13 
Biphenyl 1.12E-09 1.75E-10 3.92E-10 3.28E-10 
Bromomethane 2.23E-10 3.50E-11 7.84E-11 6.57E-11 
Carbazole 2.14E-13 3.36E-14 7.52E-14 6.30E-14 
Carbon Tetrachloride 7.11E-13 1.11E-13 2.50E-13 2.09E-13 
Chlorobenzene 5.52E-10 8.64E-11 1.94E-10 1.62E-10 
4-Chlorobiphenyl 1.30E-09 2.03E-10 4.54E-10 3.81E-10 
4,4-Chlorobiphenyl 1.70E-11 2.66E-12 5.95E-12 4.98E-12 
Chloroform 1.13E-13 1.76E-14 3.95E-14 3.31E-14 
4-Chlorophenylmethylsulfone 4.14E-13 6.48E-14 1.45E-13 1.22E-13 
4-Chlorophenylmethylsulfoxide 1.54E-12 2.41E-13 5.41E-13 4.53E-13 
p.p-DOE 1.89E-10 2.96E-11 6.62E-11 5.55E-11 
p.p-DDT 3.78E-14 5.92E-15 1.33E-14 1.11E-14 
Dibenzofuran 2.23E-10 3.49E-11 7.82E-11 6.55E-11 
Dichlorobenzenes (total) 4.02E-13 6.29E-14 1.41E-13 1.18E-13 A 

1,4-Dichlorobenzene 2.54E-14 3.98E-15 8.91E-15 7.46E-15 V 
1,1-Dichloroethene 6.25E-13 9.78E-H 2.19E-13 1.84E-13 
1,2-Dichloroethene 4.35E-13 6.80E-14 1.52E-13 1.28E-13 
1,2-Dichloropropane 5.06E-14 7.93E-15 1.78E-14 1.49E-14 
Dieldrin 2.33E-14 3.65E-15 8.18E-15 6.85E-15 
Diisopropyl Methylphosphonate 4.09E-12 6.41E-13 1.44E-12 1.20E-12 
1,3-Dimethylbenzene 4.46E-10 6.99E-11 1.57E-10 1.31E-10 
Dimethyldisutfide 1.14E-11 1.78E-12 3.98E-12 3.34E-12 
Dimethyl Methylphosphonate 9.76E-11 1.53E-11 3.42E-11 2.87E-11 
D imethylphosphate 2.68E-11 4.19E-12 9.39E-12 7.87E-12 
Dioxins/Furans (EPA TEFs) 6.84E-11 1.07E-11 2.40E-11 2.01E-11 
Dithiane 4.09E-15 6.41E-16 1.44E-15 1.20E-15 
Endrin 2.27E-14 3.55E-15 7.95E-15 6.66E-15 
Ethylbenzene 6.70E-10 1.05E-10 2.35E-10 1.97E-10 
Hexachlorobenzene 7.62E-12 1.19E-12 2.67E-12 2.24E-12 
HexachIorocycIopentadi ene 2.11E-13 3.31E-14 7.41E-14 6.20E-14 
Isodrin 5.97E-14 9.35E-15 2.10E-14 1.76E-14 
Ma lath ion 9.12E-14 1.43E-14 3.20E-14 2.68E-14 
Methanol 2.59E-09 4.06E-10 9.09E-10 7.61E-10 
Methyl Chloride 2.23E-09 3.50E-10 7.84E-10 6.57E-10 
Methylene Chloride 2.23E-10 3.50E-11 7.84E-11 6.57E-11 
4-Nitrophenol 9.44E-13 1.48E-13 3.31E-13 2.77E-13 
PAHs 

Acenaphthalene 1.12E-09 1.75E-10 3.92E-10 3.28E-10 
Acenaphthene 1.12E-09 1.75E-10 3.92E-10 3.28E-10 
Benzo(a)pyrene 2.23E-10 3.49E-11 7.82E-11 6.55E-11 
Chrysene 2.23E-10 3.49E-11 7.82E-11 6.55E-11 
Dibenzo(a,h)anthracene 2.23E-10 3.49E-11 7.82E-11 6.55E-11 
Fluoranthene 6.70E-10 1.05E-10 2.35E-10 1.97E-10 
Fluorene 2.23E-10 3.49E-11 7.82E-11 6.55E-11 
Phenanthrene 4.46E-10 6.99E-11 1.57E-10 1.31E-10 
Pyrene 2.23E-10 3.49E-11 7.82E-11 6.55E-11 

Parathion 1.26E-14 1.97E-15 4.42E-15 3.70E-15 ^^ 
Pentachlorobenzene 3.41E-12 5.33E-13 1.20E-12 1.00E-12 A 
Phenol 1.21E-08 1.89E-09 4.24E-09 3.55E-09 w 
Pyridine 1.07E-13 1.68E-K 3.76E-14 3.15E-14 
Quinoline 5.34E-13 8.35E-14 1.87E-13 1.57E-13 
Styrene 2.24E-09 3.51E-10 7.86E-10 6.58E-10 
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Table 8-2 
(continued) 

Supona 
Tetrachlorobenzene 
Tetrachloroethene 
Toluene 
Trichlorobenzene 
Trichloroethene 
Urea 
Vapona 
Vinyl Chloride 
Xylene 

INORGANICS 
Aluminum 
Ammonia 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium (III) 
Chromium (VI) 
Cobalt 
Copper 
Cyanogen 
Hydrogen Cyanide 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphate 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Titanium 
Vanadium 
Yittrium 
Zinc 

CRITERIA POLLUTANTS/ 
ACID GASES 

Carbon Monoxide 
Hydrogen Chloride 
Hydrogen Fluorides 
Nitric Acid 
Nitrogen Dioxide 
Paniculate Matter 
Sulfur Dioxide 
Sulfuric Acid Mist 

3.78E-14 
1.44E-12 
8.89E-12 
1.12E-09 
7.57E-13 
1.37E-12 
1.64E-08 
1.01E-13 
2.23E-09 
4.46E-10 

2.96E-04 
5.34E-05 
1.04E-05 
5.88E-05 
1.44E-05 
6.02E-07 
4.39E-04 
1.71E-06 
2.52E-03 
3.91E-06 
1.38E-07 
1.30E-05 
5.52E-02 
1.07E-13 
1.06E-09 
7.84E-04 
1.85E-05 
1.81E-06 
2.34E-03 
1.01E-04 
1.63E-05 
1.81E-04 
4.70E-04 
5.47E-02 
1.87E-02 
1.51E-01 
2.60E-03 
1.56E-03 
1.92E+00 
6.02E-07 
1.52E-04 
1.33E-04 
1.00E-06 
3.84E-05 
3.51E-07 
2.67E-04 

7.75E-02 
7.75E-02 
2.74E-03 
6.38E-02 
5.29E-01 
2.28E-01 
4.01E-01 
1.69E-01 

5.92E-15 
2.25E-13 
1.39E-12 
1.75E-10 
1.19E-13 
2.14E-13 
2.56E-09 
1.58E-14 
3.50E-10 
6.99E-11 

4.63E-05 
8.35E-06 
1.63E-06 
9.21E-06 
2.26E-06 
9.42E-08 
6.88E-05 
2.68E-07 
3.95E-04 
6.12E-07 
2.16E-08 
2.03E-06 
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Table 8-9 

; ; 

'       . i 

Average Total Pollutant Daily Intake for the Adult, Worker Scenario 

• 

Daily Intake (mg/kg/day) 

Soil/Dust Dermal 

Pollutant Inhalation Ingestion Absorption Total 

ORGAN ICS 
Acetone 5.07E-18 NA NA 5.07E-18 

Acetonitrile 3.08E-16 6.57E-19 5.08E-19 3.09E-16 

Acrylonitri le 3.08E-17 NA NA 3.08E-17 

Aldrin 3.26E-18 6.96E-21 5.39E-21 3.28E-18 

Atrazine 7.25E-19 1.61E-23 1.24E-23 7.25E-19 

Benzaldehyde 6.69E-14 1.43E-16 1.10E-16 6.71E-14 

Benzene 6.60E-14 NA NA 6.60E-14 

Benzofuran 1.28E-13 2.74E-16 2.12E-16 1.29E-13 

Benzoic Acid 3.24E-14 6.91E-17 5.34E-17 3.25E-14 

Benzonitrile 3.08E-17 6.57E-20 5.08E-20 3.09E-17 

Biphenyl 3.21E-14 NA NA 3.21E-14 

Bromomethane 6.42E-15 NA NA 6.42E-15 

Carbazole 6.16E-18 1.31E-20 1.02E-20 6.19E-18 

Carbon Tetrachloride 2.05E-17 NA NA 2.05E-17 

Chlorobenzene 1.59E-14 NA NA 1.59E-14 

4-Chlorobiphenyl 3.72E-14 7.94E-17 6.14E-17 3.74E-14 

4,4-Chtorobiphenyl 4.88E-16 1.04E-18 8.05E-19 4.90E-16 

Chloroform 3.24E-18 NA NA 3.24E-18 

4-Chlorophenylmethylsulfone 1.19E-17 5.28E-22 4.09E-22 1.19E-17 

4-Chlorophenylmethylsulfoxide 4.43E-17 1.97E-21 1.52E-21 4.43E-17 

p,p-DDE 5.43E-15 2.16E-18 1.67E-18 5.43E-15 

p,p-DDT 1.09E-18 4.32E-22 3.35E-22 1.09E-18 

Dibenzofuran 6.41E-15 1.37E-17 1.06E-17 6.44E-15 

Dichlorobenzenes (total) 1.16E-17 NA NA 1.16E-17 ^^^ 
1,4-D i chlorobenzene 7.30E-19 NA NA 7.30E-19 A 

1,1-Dichloroethene 1.80E-17 NA NA 1.80E-17 V 
1,2-Dichloroethene 1.25E-17 NA NA 1.25E-17 

1,2-D ichloropropane 1.46E-18 NA NA 1.46E-18 

Dieldrin 6.70E-19 1.43E-21 1.11E-21 6.73E-19 
Diisopropyl Methylphosphonate 1.18E-16 1.05E-20 8.09E-21 1.18E-16 

1,3-Dimethylbenzene 1.28E-14 2.74E-17 2.12E-17 1.29E-14 

Dimethyldisulfide 3.26E-16 NA NA 3.26E-16 

Dimethyl Methylphosphonate 2.81E-15 4.12E-21 3.19E-21 2.81E-15 

Dimethylphosphate 7.70E-16 1.64E-18 1.27E-18 7.73E-16 

Dioxins/Furans (EPA TEFs) 1.97E-15 1.03E-18 7.96E-19 1.97E-15 

Dithiane 1.18E-19 2.51E-22 1.94E-22 1.18E-19 

Endrin 6.52E-19 2.87E-22 2.22E-22 6.52E-19 

Ethylbenzene 1.93E-14 NA NA 1.93E-14 

HexachIorobenzene 2.19E-16 5.83E-20 4.51E-20 2.19E-16 

Hexachlorocyclopentadiene 6.07E-18 1.29E-20 1.00E-20 6.09E-18 

Isodrin 1.72E-18 3.66E-21 2.83E-21 1.72E-18 

Ma lath ion 2.62E-18 5.59E-21 4.33E-21 2.63E-18 

Methanol 7.45E-14 1.59E-16 1.23E-16 7.48E-14 

Methyl Chloride 6.42E-14 NA NA 6.42E-14 

Methylene Chloride 6.42E-15 NA NA 6.42E-15 

4-Nitrophenol 2.71E-17 5.79E-20 4.48E-20 2.72E-17 

PAHs 
Acenaphthalene 3.21E-14 6.85E-17 5.30E-17 3.22E-14 

Acenaphthene 3.21E-14 6.85E-17 5.30E-17 3.22E-14 

Benzo(a)pyrene 6.41E-15 2.41E-19 1.86E-19 6.41E-15 

Chrysene 6.41E-15 3.02E-19 2.34E-19 6.41E-15 

Dibenzo(a,h)anthracene 6.41E-15 3.28E-19 2.53E-19 6.41E-15 

Fluoranthene 1.93E-14 8.84E-19 6.83E-19 1.93E-14 

Fluorene 6.41E-15 1.37E-17 1.06E-17 6.44E-15 

Phenanthrene 1.28E-14 4.18E-19 3.23E-19 1.28E-14 

Pyrene 6.41E-15 2.03E-19 1.57E-19 6.41E-15 

Parathion 3.62E-19 7.72E-22 5.97E-22 3.63E-19 

PentachIorobenzene 9.79E-17 2.09E-19 1.62E-19 9.83E-17 _ 
Phenol 3.47E-13 7.41E-16 5.73E-16 3.49E-13 A 
Pyridine 3.08E-18 NA NA 3.08E-18 w 
Quinoline 1.53E-17 

8 

3.27E-20 

-48 

2.53E-20 1.54E-17 
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Styrene 
Supona 
Tetrachlorobenzene 
Tetrachloroethene 
Toluene 
Trichlorobenzene 
Trichloroethene 
Urea 
Vapona 
Vinyl Chloride 
Xylene 

INORGANICS 
Aluminum 
Ammonia 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium (III) 
Chromium (VI) 
Cobalt 
Copper 
Cyanogen 
Hydrogen Cyanide 
Iron 
Lead 
Lithium 
Magnesi urn 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphate 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Titanium 
Vanadium 
Yittrium 
Zinc 

CRITERIA POLLUTANTS/ 
ACID GASES 

Carbon Monoxide 
Hydrogen Chloride 
Hydrogen Fluorides 
Nitric Acid 
Nitrogen Dioxide 
Particulate Matter 
Sulfur Dioxide 
Sulfuric Acid Mist 

Table 8-9 
(continued) 

6.44E-14 NA NA 6.44E-14 
1.09E-18 2 32E- 21 1 79E- 21 1.09E-18 
4.13E-17 8.81E- 20 6 81E- 20 4.15E-17 
2.56E-16 NA NA 2.56E-16 
3.21E-14 NA NA 3.21E-14 
2.18E-17 4 .64E- 20 3 .59E- 20 2.18E-17 
3.93E-17 NA NA 3.93E-17 
4.71E-13 1 00E- 15 7.76E- 16 4.72E-13 
2.90E-18 6 18E- 21 4 78E- 21 2.91E-18 
6.42E-14 NA NA 6.42E-14 
1.28E-14 NA NA 1.28E-14 

8.51E-09 NA NA 8.51E-09 
1.53E-09 NA NA 1.53E-09 
2.99E-10 6.37E- 13 4 93E- 14 3.00E-10 
1.69E-09 3 61E- 12 2 79E- 13 1.70E-09 
4.14E-10 8 84E- 13 6 83E- 14 4.15E-10 
1.73E-11 3 69E- 14 2 85E- 15 1.73E-11 
1.26E-08 NA NA 1.26E-08 
4.93E-11 NA NA 4.93E-11 
7.25E-08 NA NA 7.25E-08 
1.12E-10 NA NA 1.12E-10 
3.96E-12 NA NA 3.96E-12 
3.72E-10 NA NA 3.72E-10 
1.59E-06 3 38E- 09 2 62E- 10 1.59E-06 
3.08E-18 NA NA 3.08E-18 
3.04E-14 NA NA 3.04E-14 
2.26E-08 NA NA 2.26E-08 
5.31E-10 1 13E- 12 8 76E- 14 5.32E-10 
5.19E-11 NA NA 5.19E-11 
6.74E-08 NA NA 6.74E-08 
2.91E-09 NA NA 2.91E-09 
4.68E-10 9 98E- 13 7.72E- 14 4.69E-10 
5.21E-09 NA NA 5.21E-09 
1.35E-08 NA NA 1.35E-08 
1.57E-06 NA NA 1.57E-06 
5.36E-07 NA NA 5.36E-07 
4.34E-06 9 25E- 09 7 16E- 10 4.35E-06 
7.47E-08 NA NA 7.47E-08 
4.50E-08 9 59E- 11 7.42E- 12 4.51E-08 
5.52E-05 NA NA 5.52E-05 
1.73E-11 NA NA 1.73E-11 
4.37E-09 9.SIE- 12 7 20E- 13 4.38E-09 
3.82E-09 NA NA 3.82E-09 
2.88E-11 NA NA 2.88E-11 
1.10E-09 NA NA 1.10E-09 
1.01E-11 NA NA 1.01E-11 
7.68E-09 NA NA 7.68E-09 

2.23E-06 NA NA 2.23E-06 
2.23E-06 NA NA 2.23E-06 
7.87E-08 NA NA 7.87E-08 
1.84E-06 NA NA 1.84E-06 
1.52E-05 NA NA 1.52E-05 
6.56E-06 NA NA 6.56E-06 
1.15E-05 NA NA 1.15E-05 
4.85E-06 NA NA 4.85E-06 

NA = Not applicable 
NE = Not evaluted 
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Table 8-10 

, - 

' L j  l     ^. 
Kaxinua Total Pollutant Daily Intake for the Adult, Worker Scenario 

• 

Daily Intake (mg/kg/day) 

Soil/Dust Dermal 
Pollutant Inhalation Ingestion Absorption Total 

ORGAN ICS 
Acetone 5.07E-18 NA NA 5.07E-18 
Acetonitrile 3.08E-16 6.67E-19 5.16E-19 3.09E-16 
Acrylonitrile 3.08E-17 NA NA 3.08E-17 
Aldrin 3.26E-18 7.06E-21 5.46E-21 3.28E-18 
Atrazine 7.25E-19 5.27E-22 4.08E-22 7.26E-19 
Benzaldehyde 6.69E-14 1.45E-16 1.12E-16 6.71E-14 
Benzene 6.60E-14 NA NA 6.60E-14 ' 
Benzofuran 1.28E-13 2.78E-16 2.15E-16 1.29E-13 
Benzoic Acid 3.24E-14 7.01E-17 5.42E-17 3.25E-14 
Benzonitrile 3.08E-17 6.67E-20 5.16E-20 3.09E-17 
Biphenyl 3.21E-14 NA NA 3.21E-14 
Bromomethane 6.42E-15 NA NA 6.42E-15 
Carbazole 6.16E-18 1.33E-20 1.03E-20 6.19E-18 
Carbon Tetrachloride 2.05E-17 NA NA 2.05E-17 
Chlorobenzene 1.59E-14 NA NA 1.59E-14 
4-Chlorobiphenyl 3.72E-14 8.06E-17 6.23E-17 3.74E-14 
4,4-Chlorobiphenyl 4.88E-16 1.06E-18 8.16E-19 4.90E-16 
Chloroform 3.24E-18 NA NA 3.24E-18 
4-Chlorophenylmethylsulfone 1.19E-17 1.39E-20 1.07E-20 1.19E-17 
4-Chlorophenylmethytsulfoxide 4.43E-17 5.16E-20 3.99E-20 4.44E-17 
p,p-DDE 5.43E-15 1.08E-17 8.39E-18 5.45E-15 
p,p-DDT 1.09E-18 2.17E-21 1.68E-21 1.09E-18 
Dibenzofuran 6.41E-15 1.39E-17 1.07E-17 6.44E-15 
Dichlorobenzenes (total) 1.16E-17 NA NA 1.16E-17 

1,4-Dichlorobenzene 7.30E-19 NA NA 7.30E-19 _^^ 
1,1-Dichloroethene 1.80E-17 NA NA 1.80E-17 A 
1,2-D i chIoroethene 1.25E-17 NA NA 1.25E-17 w 
1,2-Dichloropropane 1.46E-18 NA NA 1.46E-18 
Dieldrin 6.70E-19 1.45E-21 1.12E-21 6.73E-19 
Diisopropyl Methylphosphonate 1.18E-16 1.83E-19 1.42E-19 1.18E-16 
1,3-Dimethylbenzene 1.28E-14 2.78E-17 2.15E-17 1.29E-14 
Dimethyldisulfide 3.26E-16 NA NA 3.26E-16 
Dimethyl Hethylphosphonate 2.81E-15 1.44E-19 1.12E-19 2.81E-15 
Dimethylphosphate 7.70E-16 1.67E-18 1.29E-18 7.73E-16 
Dioxins/Furans (EPA TEFs) 1.97E-15 4.00E-18 3.10E-18 1.97E-15 
Dithiane 1.18E-19 2.55E-22 1.97E-22 1.18E-19 
Endrin 6.52E-19 1.31E-21 1.01E-21 6.54E-19 
Ethylbenzene 1.93E-14 NA NA 1.93E-14 
HexachIorobenzene 2.19E-16 4.21E-19 3.26E-19 2.20E-16 
Hexachlorocyclopentadiene 6.07E-18 1.31E-20 1.02E-20 6.09E-18 
Isodrin 1.72E-18 3.72E-21 2.87E-21 1.72E-18 
Ha lath ion 2.62E-18 5.67E-21 4.39E-21 2.63E-18 
Methanol 7.45E-14 1.61E-16 1.25E-16 7.48E-14 
Methyl Chloride 6.42E-14 NA NA 6.42E-14 
Methylene Chloride 6.42E-15 NA NA 6.42E-15 
4-Nitrophenol 2.71E-17 5.87E-20 4.54E-20 2.72E-17 
PAHs 

Acenaphthalene 3.21E-14 6.95E-17 5.38E-17 3.22E-14 
Acenaphthene 3.21E-14 6.95E-17 5.38E-17 3.22E-14 
Benzo(a)pyrene 6.41E-15 6.79E-18 5.25E-18 6.42E-15 
Chrysene 6.41E-15 7.71E-18 5.96E-18 6.43E-15 
Dibenzo(a,h)anthracene 6.41E-15 8.03E-18 6.21E-18 6.43E-15 
Fluoranthene 1.93E-14 2.28E-17 1.77E-17 1.93E-14 
Fluorene 6.41E-15 1.39E-17 1.07E-17 6.44E-15 
Phenanthrene 1.28E-14 1.24E-17 9.61E-18 1.29E-14 
Pyrene 6.41E-15 6.08E-18 4.70E-18 6.42E-15 

Parathion 3.62E-19 7.83E-22 6.06E-22 3.63E-19 
PentachIorobenzene 9.79E-17 2.12E-19 1.64E-19 9.83E-17 
Phenol 3.47E-13 7.52E-16 5.81E-16 3.49E-13 ^^ 
Pyridine 3.08E-18 NA NA 3.08E-18 ^ 
Quinoline 1.53E-17 3.32E-20 2.57E-20 1.54E-17 
Styrene 6.44E-14 

8- 
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Supona 
Tetrachlorobenzene 
Tetrachloroethene 
Toluene 
Trichlorobenzene 
Trichloroethene 
Urea 
Vapona 
Vinyl Chloride 
Xylene 

INORGANICS 
Aluminum 
Ammonia 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium (III) 
Chromium (VI) 
Cobalt 
Copper 
Cyanogen 
Hydrogen Cyanide 
Iron 
Lead 
lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphate 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Titanium 
Vanadium 
Yittrium 
Zinc 

CRITERIA POLLUTANTS/ 
ACID GASES 

Carbon Monoxide 
Hydrogen Chloride 
Hydrogen Fluorides 
Nitric Acid 
Nitrogen Dioxide 
Particulate Matter 
Sulfur Dioxide 
Sulfuric Acid Mist 

Table 8- 10 
(continued) 

1.09E-18 2 .35E- 21 1 82E- 21 1.09E-18 
4.13E-17 8.94E- 20 6 91E- 20 4.15E-17 
2.56E-16 NA NA 2.56E-16 
3.21E-K NA NA 3.21E-14 
2.18E-17 4 .71E- 20 3 64E- 20 2.18E-17 
3.93E-17 NA NA 3.93E-17 
4.71E-13 1 .02E- 15 7.88E- 16 4.73E-13 
2.90E-18 6 .27E- 21 4 85E- 21 2.91E-18 
6.42E-14 NA NA 6.42E-14 
1.28E-14 NA NA 1.28E-14 

8.51E-09 NA NA 8.51E-09 
1.53E-09 NA NA 1.53E-09 
2.99E-10 6 .47E- 13 5 00E- 14 3.00E-10 
1.69E-09 3 .66E- 12 2 83E- 13 1.70E-09 
4.14E-10 8 96E- 13 6 93E- 14 4.15E-10 
1.73E-11 3 .74E- 14 2 90E- 15 1.73E-11 
1.26E-08 NA NA 1.26E-08 
4.93E-11 NA NA 4.93E-11 
7.25E-08 NA NA 7.25E-08 
1.12E-10 NA NA 1.12E-10 
3.96E-12 NA NA 3.96E-12 
3.72E-10 NA NA 3.72E-10 
1.59E-06 3 43E- 09 2 65E- 10 1.59E-06 
3.08E-18 NA NA 3.08E-18 
3.04E-14 NA NA 3.04E-14 
2.26E-08 NA NA 2.26E-08 
5.31E-10 1 15E- 12 8 89E- 14 5.32E-10 
5.19E-11 NA NA 5.19E-11 
6.74E-08 NA NA 6.74E-08 
2.91E-09 NA NA 2.91E-09 
4.68E-10 1 01E- 12 7 83E- 14 4.69E-10 
5.21E-09 NA NA 5.21E-09 
1.35E-08 NA NA 1.35E-08 
1.57E-06 NA NA 1.57E-06 
5.36E-07 NA NA 5.36E-07 
4.34E-06 9.39E- 09 7.26E- 10 4.35E-06 
7.47E-08 NA NA 7.47E-08 
4.50E-08 9 73E- 11 7.53E- 12 4.51E-08 
5.52E-05 NA NA 5.52E-05 
1.73E-11 NA NA 1.73E-11 
4.37E-09 9 45E- 12 7.31E- 13 4.38E-09 
3.82E-09 NA NA 3.82E-09 
2.88E-11 NA NA 2.88E-11 
1.10E-09 NA NA 1.10E-09 
1.01E-11 NA NA 1.01E-11 
7.68E-09 NA NA 7.68E-09 

2.23E-06 NA NA 2.23E-06 
2.23E-06 NA NA 2.23E-06 
7.87E-08 NA NA 7.87E-08 
1.84E-06 NA NA 1.84E-06 
1.52E-05 NA NA 1.52E-05 
6.56E-06 NA NA 6.56E-06 
1.15E-05 NA NA 1.15E-05 
4.85E-06 NA NA 4.85E-06 

NA = Not applicable 
NE = Not evaluted 
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Table 8-18 

—V ' "  '      —   ' 

Maxi«« Total Pollutant Daily Intake for the Infant. Resident-A Scenario    °*          ' 
'  • 

Daily Intake (mg/kg/day) 

Breast Milk 
Pollutant Inhalation Ingestion Total 

ORGAN ICS 
Acetone 7.45E-17 1.29E-18 7.58E-17 
Acetonitrile 4.52E-15 2.16E-14 2.61E-14 
Acrylonitrile 4.52E-16 1.40E-18 4.54E-16 
Aldrin 4.79E-17 1.56E-16 2.04E-16 
Atrazine 1.06E-17 2.71E-17 3.78E-17 
Benzaldehyde 9.82E-13 2.60E-12 3.58E-12 
Benzene 9.68E-13 1.12E-15 9.70E-13 
Benzofuran 1.88E-12 4.88E-12 6.77E-12 
Benzoic Acid 4.76E-13 1.24E-12 1.71E-12 
Benzonitrile 4.52E-16 1.19E-15 1.64E-15 
Biphenyl 4.72E-13 1.16E-12 1.63E-12 
Bromomethane 9.43E-14 1.64E-15 9.60E-14 
Carbazole 9.05E-17 2.32E-16 3.23E-16 
Carbon Tetrachloride 3.00E-16 5.21E-18 3.06E-16 
Chlorobenzene 2.33E-13 4.04E-15 2.37E-13 
4-Chlorobiphenyl 5.47E-13 1.39E-12 1.94E-12 
4,4-Chlorobiphenyl 7.16E-15 1.82E-14 2.54E-14 
Chloroform 4.76E-17 8.26E-19 4.84E-17 
4-Chlorophenylmethylsulfone 1.75E-16 4.57E-16 6.32E-16 
4-Chlorophenylmethylsulfoxide 6.51E-16 1.70E-15 2.35E-15 
p,p-DDE 7.97E-14 1.84E-13 2.64E-13 
p.p-DDT 1.60E-17 1.88E-17 3.47E-17 
Dibenzofuran 9.41E-14 2.40E-13 3.34E-13 
Dichlorobenzenes (total) 1.70E-16 2.94E-18 1.73E-16 

1,4-Dichlorobenzene 1.07E-17 1.86E-19 1.09E-17 ga^ 
1,1-Dichloroethene 2.64E-16 4.58E-18 2.68E-16 ^ 
1,2-Dichloroethene 1.83E-16 3.19E-18 1.87E-16 
1,2-Dichloropropane 2.14E-17 3.71E-19 2.17E-17 
Dieldrin 9.84E-18 5.80E-17 6.78E-17 
Diisopropyl Methylphosphonate 1.73E-15 4.48E-15 6.21E-15 
1,3-Dimethylbenzene 1.88E-13 4.84E-13 6.73E-13 
Dimethyldisulfide 4.79E-15 1.18E-14 1.66E-14 
Dimethyl Methylphosphonate 4.12E-14 1.13E-13 1.54E-13 
Dimethylphosphate 1.13E-14 2.86E-14 3.99E-14 
Dioxins/Furans (EPA TEFs) 2.89E-14 5.85E-13 6.14E-13 
Dithiane 1.73E-18 4.86E-18 6.59E-18 
Endrin 9.57E-18 2.42E-17 3.38E-17 
Ethyl benzene 2.83E-13 4.91E-15 2.88E-13 
HexachIorobenzene 3.22E-15 1.86E-15 5.07E-15 
Hexachlorocyclopentadiene 8.91E-17 2.57E-16 3.46E-16 
Isodrin 2.52E-17 1.08E-16 1.33E-16 
Ha lath ion 3.85E-17 9.83E-17 1.37E-16 
Methanol 1.09E-12 5.27E-12 6.37E-12 
Methyl Chloride 9.43E-13 1.64E-14 9.60E-13 
Methylene Chloride 9.43E-14 1.64E-15 9.60E-14 
4-Nitrophenol 3.99E-16 1.03E-15 1.43E-15 
PAHs 

Acenaphthalene 4.72E-13 1.22E-12 1.69E-12 
Acenaphthene 4.72E-13 1.20E-12 1.68E-12 
Benzo(a)pyrene 9.41E-14 2.40E-13 3.34E-13 
Chrysene 9.41E-14 2.40E-13 3.35E-13 
Dibenzo(a,h)anthracene 9.41E-14 2.67E-13 3.61E-13 
Fluoranthene 2.83E-13 7.20E-13 1.00E-12 
Fluorene 9.41E-14 2.41E-13 3.35E-13 
Phenanthrene 1.88E-13 4.79E-13 6.67E-13 
Pyrene 9.41E-14 2.39E-13 3.34E-13 

Parathion 5.31E-18 1.36E-17 1.89E-17 
Pentach t orobenzene 1.44E-15 8.40E-16 2.28E-15 
Phenol 5.10E-12 1.04E-13 5.21E-12 A 
Pyridine 4.52E-17 1.11E-16 1.57E-16 9 Quinoline 2.25E-16 5.97E-16 8.22E-16 
Styrene 9.45E-13 1.64E-14 9.62E-13 
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Supona 
Tetrachtorobenzene 
Tetrachloroethene 
Toluene 
Trichlorobenzene 
Trichloroethene 
Urea 
Vapona 
Vinyl Chloride 
Xylene 

INORGANICS 
Aluminum 
Ammonia 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium (III) 
Chromium (VI) 
Cobalt 
Copper 
Cyanogen 
Hydrogen Cyanide 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphate 
Potassium 
Selenium 
Silicon 
SiIver 
Sodium 
Strontium 
Thallium 
Tin 
Titanium 
Vanadium 
Yittrium 
Zinc 

CRITERIA POLLUTANTS/ 
ACID GASES 

Carbon Monoxide 
Hydrogen Chloride 
Hydrogen Fluorides 
Nitric Acid 
Nitrogen Dioxide 
Particulate Matter 
Sulfur Dioxide 
Sulfuric Acid Mist 

Tabl e 8-18 $r 
(continued) 7 

H 

1.60E-17 4.09E- 17 5.68E-17 It 
6.06E-16 3.65E- 16 9.72E-16 
3.75E-15 6.52E- 17 3.82E-15 
4.72E-13 1.36E- 15 4.73E-13 
3.20E-16 1.83E- 16 5.03E-16 
5.78E-16 1.00E- 17 5.88E-16 
6.91E-12 2.91E- 10 2.98E-10 
4.25E-17 1.13E- 16 1.56E-16 
9.43E-13 1.64E- 14 9.60E-13 
1.88E-13 1.09E- 16 1.89E-13 

1.25E-07 NE 1.25E-07 
2.25E-08 NE 2.25E-08 
4.39E-09 NE 4.39E-09 
2.48E-08 NE 2.48E-08 
6.08E-09 NE 6.08E-09 
2.54E-10 NE 2.54E-10 
1.85E-07 NE 1.85E-07 
7.24E-10 NE 7.24E-10 
1.06E-06 NE 1.06E-06 
1.65E-09 NE 1.65E-09 
5.81E-11 NE 5.81E-11 
5.47E-09 NE 5.47E-09 
2.33E-05 NE 2.33E-05 
4.52E-17 NE 4.52E-17 
4.47E-13 NE 4.47E-13 
3.31E-07 NE 3.31E-07 
7.80E-09 NE 7.80E-09 
7.62E-10 NE 7.62E-10 
9.90E-07 NE 9.90E-07 
4.27E-08 NE 4.27E-08 
6.87E-09 NE 6.87E-09 
7.64E-08 NE 7.64E-08 
1.98E-07 NE 1.98E-07 
2.31E-05 NE 2.31E-05 
7.87E-06 NE 7.87E-06 
6.37E-05 NE 6.37E-05 
1.10E-06 NE 1.10E-06 
6.60E-07 NE 6.60E-07 
8.11E-04 NE 8.11E-04 
2.54E-10 NE 2.54E-10 
6.41E-08 NE 6.41E-08 
5.60E-08 NE 5.60E-08 
4.24E-10 NE 4.24E-10 
1.62E-08 NE 1.62E-08 
1.48E-10 NE 1.48E-10 
1.13E-07 NE 1.13E-07 

3.27E-05 NE 3.27E-05 
3.27E-05 NA 3.27E-05 
1.16E-06 NA 1.16E-06 
2.70E-05 NA 2.70E-05 
2.23E-04 NA 2.23E-04 
9.63E-05 NA 9.63E-05 
1.69E-04 NA 1.69E-04 
7.12E-05 NA 7.12E-05 

NA = Not applicable 
NE = Not evaluted 
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Table 8-19 

Maxiui Total Pollutant Daily Intake for Infant, Resident-B Scenario 

Daily Intake (mg/kg/day) 

Pollutant Inhalation 
Breast Hi Ik 
Ingestion Total 

ORGAN ICS 
Acetone 1.17E-17 2.03E-19 
Acetonitrile 7.08E-16 1.65E-H 
Acrylonitrile 7.08E-17 2.19E-19 
Aldrin 7.51E-18 6.40E-17 
Atrazine 1.67E-18 4.53E-18 
Benzatdehyde 1.54E-13 5.57E-13 
Benzene 1.52E-13 1.75E-16 
Benzofuran 2.95E-13 9.17E-13 
Benzoic Acid 7.45E-14 2.41E-13 
Benzonitrile 7.08E-17 2.50E-16 
Biphenyt 7.39E-14 1.82E-13 
Bromomethane 1.48E-14 2.56E-16 
Carbazole 1.42E-17 4.09E-17 
Carbon Tetrachloride 4.70E-17 8.16E-19 
Chlorobenzene 3.65E-14 6.33E-16 
4-Chlorobiphenyl 8.56E-14 2.30E-13 
4,4-Chlorobiphenyl 1.12E-15 2.99E-15 
Chloroform 7.45E-18 1.29E-19 
4-Chlorophenylmethylsulfone 2.74E-17 9.11E-17 
4-Chlorophenylmethylsulfoxide 1.02E-16 3.32E-16 
P.p-DDE 1.25E-14 3.10E-14 
P.p-DDT 2.50E-18 3.52E-18 
Dibenzofuran 1.47E-14 4.05E-14 
Dichlorobenzenes (total) 2.66E-17 4.61E-19 

1,4-Dichlorobenzene 1.68E-18 2.91E-20 
1,1-Dichloroethene 4.13E-17 7.17E-19 
1,2-Dichloroethene 2.87E-17 4.99E-19 
1,2'Dichtoropropane 3.35E-18 5.81E-20 
Dieldrin 1.54E-18 5.17E-17 
Diisopropyt Methylphosphonate 2.71E-16 8.43E-16 
1,3-Dimethylbenzene 2.95E-14 8.58E-14 
Dimethyldisulfide 7.51E-16 1.85E-15 
Dimethyl Methylphosphonate 6.45E-15 2.94E-14 
Dimethylphosphate 1.77E-15 4.48E-15 
Dioxins/Furans (EPA TEFs) 4.52E-15 9.50E-14 
Dithiane 2.71E-19 1.40E-18 
Endrin 1.50E-18 3.82E-18 
Ethylbenzene 4.43E-14 7.69E-16 
Hexachlorobenzene 5.03E-16 3.23E-16 
Hexachlorocyclopentadiene 1.40E-17 8.07E-17 
Isodrin 3.95E-18 7.34E-17 
Malathion 6.03E-18 1.66E-17 
Methanol 1.71E-13 4.06E-12 
Methyl Chloride 1.48E-13 2.56E-15 
Methylene Chloride 1.48E-14 2.56E-16 
4-Nitrophenol 6.24E-17 1.87E-16 
PAHs 

Acenaphthalene 7.39E-14 2.26E-13 
Acenaphthene 7.39E-14 2.05E-13 
Benzo(a)pyrene 1.47E-14 3.96E-14 
Chrysene 1.47E-14 4.00E-14 
Dibenzo(a,h)anthracene 1.47E-14 6.62E-14 
Fluoranthene 4.43E-14 1.18E-13 
Fluorene 1.47E-14 4.20E-14 
Phenanthrene 2.95E-14 7.79E-14 
Pyrene 1.47E-14 3.91E-14 

Parathion 8.32E-19 2.32E-18 
Pentachlorobenzene 2.25E-16 1.58E-16 
Phenol 7.99E-13 3.36E-14 
Pyridine 7.08E-18 1.74E-17 
Quinoline 3.53E-17 1.29E-16 
Styrene 1.48E-13 2.57E-15 

1.19E-17 
1.72E-14 
7.11E-17 
7.15E-17 
6.19E-18 
7.10E-13 
1.52E-13 
1.21E-12 
3.15E-13 
3.20E-16 
2.56E-13 
1.50E-14 
5.50E-17 
4.78E-17 
3.71E-14 
3.16E-13 
4.11E-15 
7.58E-18 
1.18E-16 
4.33E-16 
4.35E-14 
6.02E-18 
5.53E-14 
2.70E-17 
1.71E-18 
4.20E-17 
2.92E-17 
3.40E-18 
5.32E-17 
1.11E-15 
1.15E-13 
2.60E-15 
3.59E-14 
6.25E-15 
9.95E-14 
1.67E-18 
5.32E-18 
4.51E-14 
8.26E-16 
9.47E-17 
7.74E-17 
2.27E-17 
4.23E-12 
1.50E-13 
1.50E-14 
2.50E-16 

3.00E-13 
2.79E-13 
5.43E-14 
5.47E-14 
8.09E-14 
1.63E-13 
5.67E-14 
1.07E-13 
5.39E-14 
3.15E-18 
3.83E-16 
8.32E-13 
2.45E-17 
1.64E-16 
1.51E-13 
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Supona 
Tetrachlorobenzene 
Tetrachloroethene 
Toluene 
T r i chIorobenzene 
Trichloroethene 
Urea 
Vapona 
Vinyl Chloride 
Xylene 

INORGANICS 
Aluminum 
Ammonia 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium (III) 
Chromium (VI) 
Cobalt 
Copper 
Cyanogen 
Hydrogen Cyanide 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphate 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Titanium 
Vanadium 
Yittrium 
Zinc 

CRITERIA POLLUTANTS/ 
ACID GASES 

Carbon Monoxide 
Hydrogen Chloride 
Hydrogen Fluorides 
Nitric Acid 
Nitrogen Dioxide 
Particulate Matter 
Sulfur Dioxide 
Sulfuric Acid Mist 

Table 8- 19 
(continued) 

2.50E-18 7 .10E- 18 9.60E-18 
9.50E-17 8 .24E- 17 1.77E-16 
5.88E-16 1 .02E- 17 5.98E-16 
7.39E-14 2 .14E- 16 7.41E-14 
5.00E-17 3 .03E- 17 8.03E-17 
9.04E-17 1 .57E- 18 9.20E-17 
1.08E-12 3 .98E- 10 3.99E-10 
6.66E-18 2 .48E- 17 3.15E-17 
1.48E-13 2 .56E- 15 1.50E-13 
2.95E-14 1 .71E- 17 2.95E-14 

1.96E-08 NE 1.96E-08 
3.53E-09 NE 3.53E-09 
6.87E-10 NE 6.87E-10 
3.89E-09 NE 3.89E-09 
9.53E-10 NE 9.53E-10 
3.98E-11 NE 3.98E-11 
2.90E-08 NE 2.90E-08 
1.13E-10 NE 1.13E-10 
1.67E-07 NE 1.67E-07 
2.59E-10 NE 2.59E-10 
9.10E-12 NE 9.10E-12 
8.56E-10 NE 8.56E-10 
3.65E-06 NE 3.65E-06 
7.08E-18 NE 7.08E-18 
6.99E-K NE 6.99E-14 
5.19E-08 NE 5.19E-08 
1.22E-09 NE 1.22E-09 
1.19E-10 NE 1.19E-10 
1.55E-07 NE 1.55E-07 
6.69E-09 NE 6.69E-09 
1.08E-09 NE 1.08E-09 
1.20E-08 NE 1.20E-08 
3.11E-08 NE 3.11E-08 
3.62E-06 NE 3.62E-06 
1.23E-06 NE 1.23E-06 
9.98E-06 NE 9.98E-06 
1.72E-07 NE 1.72E-07 
1.03E-07 NE 1.03E-07 
1.27E-04 NE 1.27E-04 
3.98E-11 NE 3.98E-11 
1.00E-08 NE 1.00E-08 
8.77E-09 NE 8.77E-09 
6.63E-11 NE 6.63E-11 
2.54E-09 NE 2.54E-09 
2.32E-11 NE 2.32E-11 
1.77E-08 NE 1.77E-08 

5.12E-06 NE 5.12E-06 
5.12E-06 NA 5.12E-06 
1.81E-07 NA 1.81E-07 
4.22E-06 NA 4.22E-06 
3.50E-05 NA 3.50E-05 
1.51E-05 NA 1.51E-05 
2.65E-05 NA 2.65E-05 
1.12E-05 NA 1.12E-05 

NA = Not applicable 
NE = Not evaluted 
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Naxil 

Table 8-20 

Total Pollutant Daily Intake for Infant. Farmer Scenario 

Daily Intake (mg/kg/day) 

Breast Hi Ik 
Pollutant Inhalation Ingestion Total 

ORGAN ICS 
Acetone 2.61E-17 4.54E-19 2.66E-17 
Acetonitrile 1.59E-15 5.08E-14 5.24E-14 
Acrylonitrile 1.59E-16 4.90E-19 1.59E-16 
Aldrin 1.68E-17 4.31E-16 4.48E-16 
Atrazine 3.74E-18 1.08E-17 1.45E-17 
Benzaldehyde 3.45E-13 1.19E-12 1.54E-12 
Benzene 3.40E-13 3.93E-16 3.40E-13 
Benzofuran 6.61E-13 2.35E-12 3.01E-12 
Benzoic Acid 1.67E-13 5.37E-13 7.04E-13 
Benzonitrile 1.59E-16 5.39E-16 6.98E-16 
Biphenyl 1.66E-13 4.08E-13 5.73E-13 
Bromomethane 3.31E-14 5.75E-16 3.37E-14 
Carbazole 3.18E-17 1.02E-16 1.34E-16 
Carbon Tetrachloride 1.05E-16 1.83E-18 1.07E-16 
Chlorobenzene 8.17E-14 1.42E-15 8.32E-14 
4-Chlorobiphenyl 1.92E-13 5.62E-13 7.53E-13 
4,4-Chlorobiphenyl 2.51E-15 7.55E-15 1.01E-14 
Chloroform 1.67E-17 2.90E-19 1.70E-17 
4-Chlorophenylmethylsulfone 6.13E-17 1.93E-16 2.54E-16 
4-Chlorophenylmethylsulfoxide 2.28E-16 7.25E-16 9.54E-16 
p.p-DDE 2.80E-14 7.35E-14 1.01E-13 
p.p-DDT 5.60E-18 1.12E-17 1.68E-17 
Dibenzofuran 3.30E-14 9.96E-14 1.33E-13 
Dichlorobenzenes (total) 5.95E-17 1.03E-18 6.05E-17 

1,4-Dichlorobenzene 3.76E-18 6.53E-20 3.83E-18 
1,1-D fchloroethene 9.26E-17 1.61E-18 9.42E-17 
1,2-Dichloroethene 6.44E-17 1.12E-18 6.55E-17 
1,2-Dichloropropane 7.50E-18 1.30E-19 7.63E-18 
Dieldrin 3.45E-18 2.56E-16 2.60E-16 
Diisopropyl Methylphosphonate 6.07E-16 1.87E-15 2.48E-15 
1,3-Dimethylbenzene 6.61E-14 2.16E-13 2.82E-13 
Dimethyldisulfide 1.68E-15 4.14E-15 5.82E-15 
Dimethyl Methylphosphonate 1.45E-14 5.59E-14 7.04E-14 
Dimethy(phosphate 3.97E-15 1.02E-K 1.41E-14 
Dioxins/Furans (EPA TEFs) 1.01E-K 2.61E-13 2.71E-13 
Dithiane 6.07E-19 2.72E-18 3.32E-18 
Endrin 3.36E-18 8.71E-18 1.21E-17 
Ethyl benzene 9.93E-14 1.72E-15 1.01E-13 
HexachIorobenzene 1.13E-15 8.45E-16 1.97E-15 
HexachlorocycIopentadi ene 3.13E-17 3.17E-16 3.48E-16 
Isodrin 8.85E-18 3.56E-16 3.65E-16 
Malathion 1.35E-17 3.83E-17 5.19E-17 
Methanol 3.84E-13 6.37E-12 6.76E-12 
Methyl Chloride 3.31E-13 5.75E-15 3.37E-13 
Methylene Chloride 3.31E-14 5.75E-16 3.37E-14 
4-Nitrophenol 1.40E-16 4.75E-16 6.14E-16 
PAHs 

Acenaphthalene 1.66E-13 6.14E-13 7.80E-13 
Acenaphthene 1.66E-13 5.06E-13 6.71E-13 
Benzo(a)pyrene 3.30E-14 1.29E-13 1.62E-13 
Chrysene 3.30E-14 1.02E-13 1.35E-13 
Dibenzo(a,h)anthracene 3.30E-14 1.64E-13 1.97E-13 
Fluoranthene 9.93E-14 2.94E-13 3.93E-13 
Fluorene 3.30E-14 1.07E-13 1.40E-13 
Phenanthrene 6.61E-14 1.86E-13 2.52E-13 
Pyrene 3.30E-14 9.51E-14 1.28E-13 

Parathion 1.86E-18 5.74E-18 7.60E-18 
PentachIorobenzene 5.05E-16 4.45E-16 9.50E-16 
Phenol 1.79E-12 1.11E-13 1.90E-12 
Pyridine 1.59E-17 3.91E-17 5.50E-17 
Quinoline 7.90E-17 3.45E-16 4.24E-16 
Styrene 3.32E-13 5.76E-15 3.37E-13 
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Supona 
Tetrachlorobenzerte 
Tetrachloroethene 
Toluene 
T r i chIorobenzene 
Trichloroethene 
Urea 
Vapona 
Vinyl Chloride 
Xylene 

INORGANICS 
Aluminum 
Ammonia 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium (III) 
Chromium (VI) 
Cobalt 
Copper 
Cyanogen 
Hydrogen Cyanide 
Iron 
Lead 
Li th i urn 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphate 
Potassium 
Selenium 
Si I icon 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Titanium 
Vanadium 
Yittrium 
Zinc 

CRITERIA POLLUTANTS/ 
ACID GASES 

Carbon Monoxide 
Hydrogen Chloride 
Hydrogen Fluorides 
Nitric Acid 
Nitrogen Dioxide 
Particulate Matter 
Sulfur Dioxide 
Sulfuric Acid Mist 

Table 8-20 
(continued) 

5.60E-18 1 73E- 17 2.29E-17 
2.13E-16 2 67E- 16 4.79E-16 
1.32E-15 2 29E- 17 1.34E-15 
1.66E-13 4 79E- 16 1.66E-13 
1.12E-16 7 20E- 17 1.84E-16 
2.03E-16 3 .52E- 18 2.06E-16 
2.43E-12 5 58E- 10 5.61E-10 
1.49E-17 5 27E- 17 6.76E-17 
3.31E-13 5 75E- 15 3.37E-13 
6.61E-14 3 83E- 17 6.62E-14 

4.38E-08 NE 4.38E-08 
7.90E-09 NE 7.90E-09 
1.54E-09 NE 1.54E-09 
8.71E-09 NE 8.71E-09 
2.13E-09 NE 2.13E-09 
8.92E-11 NE 8.92E-11 
6.51E-08 NE 6.51E-08 
2.54E-10 NE 2.54E-10 
3.74E-07 NE 3.74E-07 
5.79E-10 NE 5.79E-10 
2.04E-11 NE 2.04E-11 
1.92E-09 NE 1.92E-09 
8.17E-06 NE 8.17E-06 
1.59E-17 NE 1.59E-17 
1.57E-13 NE 1.57E-13 
1.16E-07 NE 1.16E-07 
2.74E-09 NE 2.74E-09 
2.68E-10 NE 2.68E-10 
3.47E-07 NE 3.47E-07 
1.50E-08 NE 1.50E-08 
2.41E-09 NE 2.41E-09 
2.68E-08 NE 2.68E-08 
6.96E-08 NE 6.96E-08 
8.11E-06 NE 8.11E-06 
2.76E-06 NE 2.76E-06 
2.24E-05 NE 2.24E-05 
3.85E-07 NE 3.85E-07 
2.32E-07 NE 2.32E-07 
2.84E-04 NE 2.84E-04 
8.92E-11 NE 8.92E-11 
2.25E-08 NE 2.25E-08 
1.97E-08 NE 1.97E-08 
1.49E-10 NE 1.49E-10 
5.69E-09 NE 5.69E-09 
5.20E-11 NE 5.20E-11 
3.96E-08 NE 3.96E-08 

1.15E-05 NE 1.15E-05 
1.15E-05 NA 1.15E-05 
4.05E-07 NA 4.05E-07 
9.46E-06 NA 9.46E-06 
7.84E-05 NA 7.84E-05 
3.38E-05 NA 3.38E-05 
5.94E-05 NA 5.94E-05 
2.50E-05 NA 2.50E-05 

NA = Not applicable 
NE = Not evaluted 
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SECTION 9 

TOXICITY ASSESSMENT 

9.1  INTRODUCTION 

The purpose of the human health toxicity assessment is to assign "toxicity values" to each 

pollutant evaluated in a human health risk assessment. The toxicity values are then used 

in combination with the potential dose to which a human could be exposed (Section 8) to 

evaluate the potential human health risks associated wjjjh the pollutant (Section 10). Where 

available, current human health toxicity values deve§i§g|:by the EPA (cancer slope factors 

and reference doses) have been used. If EPAjpxicity vll|$s were not available, toxicity 

values derived in EPA-approved risk assessments weie utilized. Finally, if values could not 

be found in these documents, the toxjcijty vaffie|Hiwere derived from existing toxicity 

information or health-based standards using 'procedures established by EPA (EPA 1990) 

or WESTON. 

Based on emissions from t^stiilfeurriil^pnducted by T-Thermal, Inc., in Conshohocken, 

Pennsylvania, and waste s1a§!m datl|rom the RMA site, a list of chemicals to be evaluated 

was established (Section 5). Tl|Sje;:#emicals were then screened in the pollutant/pathways 

analysis (Section 7). Based on the' specific pathways to which each chemical was assigned, 

the route-specific toxicity criteria was determined. 

92  CARCINOGENIC AND NONCARCINOGENIC RISK-BASED TOXICITY VALUES 

In evaluating potential health risks, both carcinogenic and noncarcinogenic health effects 

must be considered. The potential for producing carcinogenic effects is limited to 

substances that have been shown to be carcinogenic in animals and/or humans. Excessive 

exposure to all pollutants, carcinogens and noncarcinogens, can produce adverse 

noncarcinogenic health effects. Therefore, it is necessary to identify and select noncancer 

toxicity values (reference doses) for each contaminant selected for evaluation and to identify 
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and select cancer toxicity values (cancer slope factors) for those chemicals that show 

evidence of carcinogenic activity. 

92.1  Carcinogenic Risk-Based Toxicitv Values 

The toxicity values that were used in the evaluation of carcinogenic risks in Section 10 are 

carcinogenic slope factors developed by EPA (1990). It is assumed by EPA in developing 

carcinogenic slope factors that the risk of cancer is linearly related to dose. This means that 

even if all of the cancer data obtained from laboratory animals or epidemiological studies 

are for relatively high doses, it is conservatively assyttied that these high doses can be 

extrapolated down to extremely small doses, with some incremental risk of cancer always 

remaining. Figure 9-1 illustrates this approach, .this "riölth/eshold" theory assumes that 

even a small number of molecules (possibly a. single molecule) of a carcinogen may cause 

changes in a single cell that could result ijyhe ceir dividing in an uncontrolled manner and 

eventually lead to cancer. The slope factors ate usually derived by EPA using a linearized 

multistage model and reflect the up^er-bourtd'-limit of the cancer potency of any chemical. 

As a result, the calculated carcinogenic risk.i& likely to represent a plausible upper limit to 

the risk. The actual risk is unknown, hut is likely to be lower than the predicted risk, and 

may be even as low as zero (EPA 1986a; 1989). 

There is some dispute as to whether the extrapolation from high to low doses is a realistic 

approach. It has been argued that at low doses cells may have the ability to detoxify 

carcinogens or repair cellular damage. Although it is important to recognize the possibility 

that some carcinogens may have a threshold for toxicity, this argument is not relevant to this 

analysis. It is important that this risk assessment use the same EPA approach to calculating 

carcinogenic risk as other risk assessments. In this way, predicted risks for all scenarios and 

for all sites can be compared. 
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DOSE, ARBITRARY UNITS 

(LOGARITHMIC SCALE) 

RMAFG91A-H/DM-1/91 

FIGURE 9-1   HYPOTHETICAL DOSE-RESPONSE CURVE FOR A "NO 
THRESHOLD" OR CARCINOGENIC CHEMICAL 

9-3 



922  Noncarcinogenic Risk-Based Toxicitv Values 

The toxicity values used to evaluate the potential for noncarcinogenic health effects are 

generically referred to in this document as reference doses (RfDs). Unlike the approach 

used in evaluating carcinogenic risk, it is assumed that a threshold dose exists below which 

there is no potential for toxicity. The term RfD was developed by EPA to refer to a daily 

intake of a chemical to which an individual can be exposed without any expectation of 

noncarcinogenic adverse health effects occurring (e.g., organ damage, biochemical 

alterations, birth defects). The term is used in this assessment to apply to any established 

or derived toxicity value fitting this description. In general terms, the RfD is derived from 

a NOAEL (no-observed-adverse-effect level) or UflEL (lowest-observed-adverse-effect 

level) obtained from animal studies by the arjiication of. standard order-of-magnitude 

uncertainty factors, and in certain cases, an additional modifying factor to account for 

professional assessment of scientific uncertainties hi the available data (EPA, 1989). 

A "no-observed-adverse-effect level". (NOAEL) is that dose of chemical at which no toxic 

effects are observed in any of the .fest subjects';' The study chosen to establish the NOAEL 

is based on the criterion tha||^;;rri«|?ured toxic endpoint represents the most sensitive 

target organ or tissue (i.e.,. critical Organ) to that chemical. Since many chemicals can 

produce toxic effects on sevej§LoJ§ün systems, with each toxic effect possibly having a 

separate threshold dose, the distinction of the "critical" toxic effect provides added 

confidence that the NOAEL is protective of human health. Figure 9-2 illustrates this 

threshold theory. A variety of regulatory agencies have used the threshold approach for 

noncarcinogenic substances in the development of health effects criteria, such as worker- 

related threshold limit values (TLVs), air quality standards, FDA food additive regulations, 

and drinking water regulations. 

9.3  CANCER SLOPE FACTORS 

With the exceptions of lead and parathion, all chemicals in the study that have evidence of 

carcinogenicity in animals and/or humans and are classified as carcinogens by EPA (Groups 
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A, B, or C) and/or the International Agency for Research on Cancer (IARC) (Groups 1, 

2A, or 2B) were evaluated for potential carcinogenic risk (CIS, 1988; EPA, 1990). The 

chemicals that have been categorized as carcinogens and their EPA and IARC 

carcinogenicity classifications are presented in Table 9-1. An explanation of the EPA and 

IARC carcinogenicity classification systems is presented in Table 9-2. 

Although lead is classified by the EPA (1990) as a carcinogen (Group B2), EPA 

recommends that its carcinogenicity not be quantitated for the purpose of risk assessment 

because of the uncertainty of its carcinogenic potency. In addition, EPA has stated that lead 

does not appear to be a potent carcinogen and that atjöw doses "the non-cancer effects of 

lead are of greatest concern for regulatory purposesj||pA, 1988). There are currently no 

EPA-derived slope factors for lead. In the absjsice of aHl|pe factor for lead, it was not 

included in the evaluation of potential cancer.rjskr ; •:: 

The potential cancer risk posed by polycyclk. aromatic hydrocarbons (PAHs) was evaluated 

using the conservative traditional EPA approach, which assumes that all carcinogenic PAHs 

have the potency of benzo(a)pyrepe. (EPA; 1986a). EPA is currently re-evaluating the slope 

factors for benzo(a)pyrene. ..In; the absence of published revised values, the previously 

developed factor (EPA, 1986b) wasrused. 

9.3.1  Oral Route 

The carcinogenic potency of a chemical depends on its route of entry into the body. In 

some cases, a carcinogen may produce tumors only at or near a specific natural route of 

entry (e.g., nasal passages) and may not be carcinogenic through other exposure routes. 

This applies to several of the evaluated inorganic pollutants, including cadmium, chromium 

VI, and nickel (EPA, 1990). Therefore, cancer risk was not calculated for these metals 

through the oral route. Oral slope factors, expressed in units of (mg/kg/day)"1 and/or unit 

risk factors, expressed in units of Gug/L)"1, were available for the remaining evaluated 

carcinogens. A slope factor was calculated from the unit risk factor in accordance with EPA 

guidance (EPA, 1990) if a slope factor was unavailable. 
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932 Inhalation Route 

The carcinogenic potency of inhalation carcinogens can be presented as a slope factor 

expressed in units of (mg/kg/day)"1, or as a unit risk factor expressed in units of (/xg/m3)"1. 

These values can be interconverted in accordance with EPA guidance by taking into 

consideration the inhalation of 20 m3 of air/day and a body weight of 70 kg (EPA, 1990). 

In Section 10, the potency of inhalation carcinogens expressed as the slope factor [i.e., 

(mg/kg/day)"1] was used in conjunction with the estimated daily intakes, calculated as 

administered dose, in estimating cancer risk. 

Inhalation slope factors were available for some of the carcinogens selected for evaluation 

(EPA 1990). For the few organics for which an iÄalatiorisiöpe factor was unavailable, the 

oral slope factor was used to evaluate the inhalation pathway. For dioxins/furans (as 

2,3,7,8-TCDD) it was necessary to modify the slope factor presented by EPA and for arsenic 

it was necessary to recalculate an inhalation sl^e-factor from the unit risk factor. 

Both the unit risk factor and slope jfactar For 2,3,7,8-TCDD were derived by EPA from the 

oral slope factor. In developing|lhe; üiüt risk factor, EPA has incorporated a factor of 0.75 

to account for the fractions of inhale&particles retained in the body. The agency, however, 

did not adjust the inhalation slope factor (EPA 1985; EPA 1990). Because the fraction of 

inhaled particles is not taken into account elsewhere in the report, to be consistent with the 

approach used in developing the unit risk factor, the inhalation slope factor for 2,3,7,8- 

TCDD (EPA 1990) also was adjusted (i.e., multiplied) by a factor of 0.75. 

Although an inhalation slope factor was available for arsenic, the factor reflects the potency 

of the absorbed dose (EPA 1990). In this evaluation, the dosages that were calculated for 

the inhalation pathway were expressed as an administered dose. Therefore, an inhalation 

slope factor for arsenic was derived from the unit risk factor, which expresses the potency 

of the administered dose. 
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9.3.3  Dermal Route 

Although few data are available concerning the carcinogenic activity of chemicals that are 

systemically absorbed through dermal exposure, it is assumed that all of the chemicals that 

are carcinogenic through the oral route are potentially carcinogenic through the dermal 

route. Those chemicals that are categorized as being carcinogenic through the inhalation 

route only (i.e., cadmium, chromium, nickel) were not addressed. As discussed in 

Subsection 9.3.1, these metals cause tumors at the site of exposure (i.e., respiratory tract). 

There are inadequate data to associate these chemicals with systemic tumors as a result of 

exposure through other natural exposure routes (i.e., o|al or dermal). 

In the absence of dermal slope factors for all of Jjfg: carcinogens, a dermal slope factor was 

derived for each chemical in accordance with-EPAglüfidance by dividing its respective oral 

slope factor by an appropriate gastrointestinal absorption factor (EPA, 1989). As a result, 

each dermal slope factor represents the potency; of the absorbed dermal dose. This is 

consistent with the approach describe«!; in Subsection 9.4.3 for calculating intake through 

dermal exposure in which the esti^teddaiLy intake was expressed as an absorbed dermal 

dose. 

Ideally, each oral slope factor should be adjusted by a gastrointestinal absorption factor that 

corresponds specifically to the test species/strain and the vehicle that were used in the 

studies on which the oral slope factor was based. These data were either lacking for most 

of the chemicals or were, at best, limited. Therefore, assumptions were made regarding the 

gastrointestinal absorption of each of the chemicals, depending on their general chemical 

classification: volatile organic, semi-volatile organic, or inorganic. The assumptions were 

based on available information for substances that fall into these categories and are 

expected to be conservative. Gastrointestinal absorption factors of 90 percent (0.90), 50 

percent (0.50), and 5 percent (0.05) were assumed for volatile organics, semi-volatile 

organics, and inorganics, respectively. It should be noted that the lower the gastrointestinal 

absorption factor, the more conservative the toxicity value becomes. 
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Oral toxicity values for volatile organics are commonly based on data from oral studies in 

which the agent is administered in drinking water or by gavage, or are extrapolated from 

inhalation toxicity studies. Absorption through these routes would be expected to be close 

to or at 100 percent. Assuming the possibility of less than total absorption, a gastrointestinal 

absorption factor of 0.90 was used for volatile organics. Oral toxicity values for semi-volatile 

organics are usually derived from oral studies in which the agent is administered in the diet, 

by gavage or by capsule. In a few cases, they may also be developed from inhalation data. 

Semi-volatile organics are also expected to be well absorbed (i.e., 50 percent or greater). 

A gastrointestinal absorption factor of 50 percent was assumed for the semi-volatiles. This 

value probably best approximates absorption through ;idjetary exposure and is likely to be 

conservative for the other vehicles (i.e., gavage and capsule). Metals, in general, tend to be 

poorly absorbed in the gastrointestinal tract. Hef ever, allp|ption is highly dependent on 

the water and lipid solubility of the specific domical form(s) in which it is present. An 

absorption factor of 5 percent was used for. metals«1; .This value corresponds to the default 

value suggested by EPA for cases in which the gastrointestinal absorption of a substance is 

not known (EPA 1989). 

9.3.4  Summary 

The slope factors for the carcin|^enif pollutants are presented in Table 9-1. The reference 

or basis for each of the slope factors is indicated. 

9.4  REFERENCE DOSES FOR NONCARCINOGENIC EFFECTS 

RfDs are developed for specific exposure routes (oral, dermal, inhalation) and also are 

derived for chronic exposures and subchronic exposures (defined by EPA as 7 years or 

longer and 2 weeks to 7 years, respectively)(EPA 1989). In this toxicity assessment, only 

chronic reference doses were employed because exposure to the individual is assumed to 

occur over a lifetime. Chronic dermal RfDs had to be derived using established procedures 

because EPA has not yet assigned RfDs for chemicals with the potential for dermal 
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exposures. The RfDs used in this toxicity assessment are discussed, by exposure route, in 

the subsections that follow. 

9.4.1 Oral Route 

Establishing oral RfDs was a step-by-step process based on setting up a hierarchy for the 

available information as follows: 

1. The Integrated Risk Information System (IRIS, 1990) computer data base was 

searched for each chemical. All reportedjRfDs found were used since these 

are the most current EPA-approved .RÜPS;... 

2. If RfDs were not available on IR£$, the Health Effects Assessment Summary 

Tables fHEAST) (EPA, 19J0J wefl!l>nsulted for each chemical. If a RfD 

was located, it was used since theseittumbers have been established by EPA's 

Environmental Criteria .and Assessment Office specifically for use in risk 

assessments under:CERCLA-and RCRA. 

3. When RfDs. were not; available through EPA sources, several recent risk 

assessment doculie^nlliwritten for the on-post and off-post operable units of 

the Rocky Mountain-Arsenal (Ebasco, 1990; ESE et al., 1989) were consulted. 

RfDs had previously been derived for some chemicals not available in the 

EPA databases/documents. As these RfDs were already approved by the 

EPA, they were used where appropriate. 

4. If an RfD was available for a structurally-related compound, it was used. 

5. All other RfDs were derived by WESTON's toxicologists. See Appendix 9-A 

for the RfD derivations. 
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6. There were no toxicity data available on which to base an oral RfD for 

dibenzofuran. 

9.42 Inhalation Route 

As for the oral route, establishing inhalation RfDs was a step-by-step process based on 

developing a hierarchy for the available information as follows: 

1. The Integrated Risk Information System (IRIS, 1990) computer data base was 

searched for each chemical. All RfDs found were used since these are the 

most current EPA approved RfDs. 

2. If RfDs were not available on IRf$, the Health Effects Assessment Summary 

Tables CHEAST) (EPA, 19.90) werilonsulted for each chemical. If a RfD 

was found, it was used since these numbers have been established by EPA's 

Environmental Criterkiand Assessment Office specifically for risk assessments 

under CERCLA and RCSA sites. On occasion, a HEAST value was 

presented in mg/m3. The following equation was used to convert the value 

to mg/kg/day (EPA, 1989): 

"*%fD = RfD fmg/m3) x 20 (m3/dav>) 

70 kg 

3. When the RfDs were not available through EPA sources, several recent risk 

assessment documents written for the on-post and off-post operable units of 

the RMA (Ebasco, 1990; ESE et al, 1989) were consulted. RfDs had 

previously been derived RfDs for some chemicals not available in the EPA 

databases/documents. As these RfDs were already approved by the EPA, 

they were used as reference doses where appropriate. 
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4. If an annual National Ambient Air Quality Standard (NAAQS) was available 

for a pollutant, it was converted into a RfD. 

5. Occupational Exposure Limits (OELs) were used next to calculate inhalation 

RfDs. The OELs that were considered included the American Conference of 

Governmental Industrial Hygienists Threshold Limit Values (TLVs)(ACGIH, 

1990), the Occupational Safety and Health Administration (OSHA) 

Permissible Exposure Limit (PEL)(DOL, 1989) and the National Institute for 

Occupational Safety and Health (NIOSH) Recommended Exposure Limit 

(REL) (CDC, 1988). 

6. If both a short term NAAQS and jjf ÖEL wef&available for a chemical, the 

most conservative derived inhalation RfD was used. 

7. For the remaining organic poIlutantSv the chronic oral RfD was used, by 

default, as the chronic! illation RfD. For the derivation of the inorganic 

pollutant lithium, refer tö'-A^pendix 9B. 

8. There were several chemicals for which there were insufficient data to derive 

an inhalation RfDr 'These included dibenzofuran, phosphate, potassium, 

sodium and strontium. 

9A2.1  The Use of OELs and NAAOSs 

It is recognized that there are several factors that limit the usefulness of occupational 

guidelines in the derivation of RfDs. OELs are intended to protect healthy workers from 

adverse health effects when exposed to a chemical in the workplace over a 40-hour work 

week. Inhalation RfDs are intended to protect the general population, including sensitive 

sub-populations, based on a continuous exposure. Furthermore, OELs are derived by 

consensus as opposed to a procedure that incorporates standard uncertainty factors 

according to the nature of the toxicological database from which the RfD is derived. OELs 
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also may be based on toxic endpoints other than chronic noncarcinogenic health effects (e.g., 

irritation and odor). 

In consideration of the limitations of the OELs, an equation was developed to derive 

inhalation RfDs from OELs, incorporating uncertainty factors to account for potential 

continuity of exposure and variability in human sensitivity. In addition, the data and/or 

toxic endpoint for each of the applicable OELs were reviewed to ensure that the OEL was 

suitable to serve as the basis for a chronic inhalation RfD (ACGIH, 1986; CDC, 1988; DOL, 

1989). For each chemical, the most conservative OEL that has been developed, and which 

is based on, or protective against, noncarcinogenic effects, was used to derive the inhalation 

RfD. The equation and assumptions that were uj$||j[p calculate inhalation RfDs from 

OELs are presented in Table 9-3. The approach is consistent with EPA guidelines for 

deriving an RfD from a NOAEL (EPA 1989)r The equation calculates a daily dose to an 

exposed worker, normalized over a 7-day. exposure period (i.e., the NOAEL), and adjusts 

the dose by an uncertainty factor of 10 to take into account human variability and a 

modifying factor of 10 to account foüiiCQntinuöUs daily exposure. 

NAAQSs include primary standards, which are ambient air quality standards, that are judged 

to be protective of public.' healthlwith an adequate margin of safety, and secondary 

standards, which are intended-to protect the public welfare from any adverse effects (EPA 

1987). 

If an annual average NAAQS was available for a pollutant, it was used in preference to an 

OEL as a basis for the inhalation RfD, because an annual average NAAQS is developed 

to protect the general population, not just workers, over a long-term exposure period. 

Subsequently, the inhalation RfD for particulate matter, sulfur dioxide, and nitrogen oxides 

were calculated from the respective NAAQS expressed as an annual arithmetic mean, 

assuming an inhalation rate of 20 m3/day and a body weight of 70 kg. If only a short-term 

(i.e., less than annual) NAAQS was available, RfDs were derived using both the short-term 

value and the OEL, and the most conservative value was used. A short-term NAAQS and 

OEL were both available for carbon monoxide.    The lowest derived RfD, 4.08E-02 
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mg/kg/day, was calculated based on an OEL, an REL of 40 mg/m3 (CDC, 1988). The 

NAAQS for carbon monoxide represents an 8-hour average. Assuming the inhalation of 20 

m3 of air/day and a body weight of 70 kg, and applying a modifying factor of 10 to 

extrapolate from a short-term criterion to a long-term criterion, an RfD of 2.86E-01 

mg/kg/day was obtained based on the NAAQS. The lowest calculated value, which was 

that based on the OEL, was used. 

9.4.2.2 Adjustments to Inhalation RfDs 

In the absence of an OEL (or an NAAQS) forjpoxins/furans, the oral RfD for 

dioxins/furans (see Subsection 9.4.2) was used as :fc basis for the inhalation RfD. As 

previously discussed in Subsection 9.3.1, EPA |p89) has :.$imilarly based the inhalation 

potency factor for 2,3,7,8-TCDD on the oral|||t$#y factor indicating that its toxicity is 

presumed to be the same through both the, oral and inhalation routes. Comparable to the 

approach used in deriving the inhalation potency, factor, the inhalation RfD was adjusted 

for the fraction of inhaled particles by dividing the oral RfD by 75 percent. 

9-4.3   Dermal Route 

No RfDs have been developedf^pjA for the dermal route. Therefore, dermal RfDs were 

derived for the chemicals of concern in accordance with EPA guidelines (EPA, 1989). 

Chronic dermal RfDs were derived by multiplying the values used as the chronic oral RfDs 

by appropriate gastrointestinal absorption factors. The absorption factors that were used 

in deriving the dermal RfDs were the same as those used in deriving the dermal slope 

factors (see Subsection 9.3.3). Gastrointestinal absorption factors of 90 percent (0.90), 50 

percent (0.50), and 5 percent (0.05) were assumed for volatile organics, semi-volatile 

organics, and inorganics, respectively. 

The RfDs that were used in the evaluation of noncarcinogenic risk are presented in Table 

9-4. The source or basis of each of the RfDs is also indicated. No toxicity information was 

available for dibenzofuran; therefore, RfDs could not be derived for any route of exposure. 
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9.4.4 Summary 

This section presents the sources of information and methods used to determine chronic 

toxicity criteria for carcinogens and noncarcinogens. Tables 9-3 and 9-4 summarize the 

carcinogenic slope factors and reference doses for noncarcinogenic effects, respectively. As 

there were a number of chemicals for which EPA has not derived reference doses by certain 

routes of exposure, detailed discussions of the toxicity studies and uncertainty factors applied 

to derive the RfDs were presented in this section and in Appendices 9A and 9B. 
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Table 9-2 

EPA and IARC Categorizations of Carcinogens 
Based on Human and Animal Evidence 

EPA Categorization of Carcinogens (EPA, 1986b) 

Animal Evidence 

Sufficient Limited Inadequate No Data 
No 

Evidence 

Human Evidence 

Sufficient A A PP   :H'%i;,, A A 

Limited Bl Bl jgf" Bl " Bl Bl 

Inadequate B2 c    ":"1| |::;:              D D D 

No data B2 ':-&f'-\';,;' D D E 

No evidence B2 .:ä*Vh-   C!KI. D D E 

Kev: 

Group A - Human carcinogen (soff i: from epidemiological studies). 

Group Bl - Probable human carciii§gen (atjfjiast limited evidence of cardnogenicity to humans). 

Group B2 - Probable human carcinogen ^a combination of sufficient evidence in animals and inadequate data 
in humans). 

Group C - Possible human carcinogen (limited evidence in animals in the absence of human data). 

Group D  - Not classified (inadequate animal and human data). 

Group E - No evidence for cardnogenicity (no evidence for carcinogenirity in at least two adequate animal 
tests in different spedes, or in both epidemiological and animal studies). 

9-19 
533C/S9 1/20/91 



Table 9-2 
(continued) 

IARC Categorization of Carcinogens (WHO, 1987) 

Group 1 - Human carcinogen (sufficient evidence of carcinogenicity in humans). 

Group 2A - Probable human carcinogen (limited evidence of carcinogenicity in humans and sufficient evidence 
of carcinogenicity in experimental animals), 

Group 2B - Possible human carcinogen (limited evidence of carcinogenicity in humans and insufficient evidence 
of carcinogenicity in experimental animals; insufficient evidence of carcinogenicity in humans and 
sufficient evidence of carcinogenicity in experimental animals; or insufficient evidence of 
carcinogenicity in humans and limited evidence of caceuaogenicity in experimental animaJs, with 
supporting evidence from other relevant data). 

Group 3 - Not classifiable (substances in this category do g&ji^all into- any other category). 

Group 4 - Probably not carcinogenic to humans. 
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Table 9-3 

Approach to Deriving an Inhalation Reference 
Dose (RfD) from an Occupational Exposure Limit (OEL) 

OEL Air breathed Work week 
Inhalation (mg/m3)       x per work day        x adjustment 

RfD (mVday) factor 
(mg/kg/day)   = 

Where: 

Body weight (kg)      x      Uncertainty factor 

Inhalation 
RfD 

Inhalation reference dose. 

OEL 

Air breathed 
per work day 

Work week 
adjustment 
factor 

Occupational exposure limit. 

10 cu m. This value has been used bplSE&when deriving an inhalation-acceptable chronic 
intake (AIC) for the public frO«a:.!Wörker exposure levels (EPA, 1984b). 

5 days/7 days. Bectfäse th&QEL ispased on a 5-day work week, an adjustment was made 
to average the dose oyex -« 7-day Week. 

Body weight   =        70 kg (weitet of an ä^age adult) (EPA, 1989b). 

Uncertainty    =        100. A factor oFiöis jnscommended by the U.S. EPA when deriving RfDs from human data 
factor to account for huniaa variation (i.e., to protect sensitive members of the general population 

(e.g., children and the elderly) (EPA, 1989b). An additional modifying factor of 10 was 
included to take into account a continuous exposure for a resident (versus an intermittent 
exposure for a worker) and a lifetime exposure for a resident (versus a less than lifetime 
exposure for a worker). Uncertainty factors of 10 to 100 are commonly used by 
government agencies when deriving public health criteria from OELs (EPA, 1984b; 
MDNR, 1989; PAMS, 1983). 
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SECTION 10 

RISK CHARACTERIZATION 

In this section, both carcinogenic and noncarcinogenic risks as a result of exposure under 

base case emissions conditions were evaluated based on the pollutant daily intakes 

calculated in Section 8 and the toxicity values presented in Section 9. The total lifetime 

carcinogenic risk was calculated based on a combination of adult, child, and infant exposure 

for the Resident-A, Resident-B, and Farmer scenarios. The noncarcinogenic risk was 

evaluated separately for adult, child, and infant exposure. The Worker scenario evaluated 

carcinogenic and noncarcinogenic risk only for an. adult. The results presented in this 

section were determined on the basis of base cap (i.e., cdpservatively estimated average) 

emission rates. Risk estimates for sensitivity, eas«. emissions (worst-case maximum) are 

summarized and discussed in Section 11 in, the "Sifeisjitivity Analysis." 

10.1   DETERMINATION OF CARfJ£QGl|§C RISK 

Carcinogenic risk was calculatedr-foräach carcinogen through each exposure pathway for 

each individual. An individual's toftexcess lifetime carcinogenic risk in any given exposure 

scenario was defined as the siSüjoJpäult, child, and infant risks, which were appropriately 

adjusted for exposure duration. Total lifetime carcinogenic risk was based on the 

summation of the individual risks for the adult, child, and infant for the applicable scenarios. 

Calculation of a total carcinogenic risk allows an evaluation of overall potential risk and a 

pinpointing of those routes and pollutants that result in the highest relative risks. 

Carcinogenic risk will be calculated for each route of exposure using the following formula: 

Risk    =   EDI x CSFxEDA 

Where: 

Risk    = Excess lifetime carcinogenic risk 
EDI    = Estimated daily intake (mg/kg/day) 
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CSF    = Carcinogenic slope factor (mg/kg/day)"1 

EDA   = Exposure duration adjustment 

The carcinogenic slope factors for the inhalation, oral, and dermal routes of exposure are 

presented in Table 9-3. The estimated daily intakes were previously determined for the 

appropriate routes of exposure in Section 8. The estimated daily intakes and exposure 

duration adjustments used for the adult, child, and infant are discussed in the subsections 

that follow. The exposure duration adjustment compensates for exposure periods of less 

than 70 years. Carcinogenic risks were based upon average estimated daily intakes, which 

were derived from soil concentrations averaged over a|70-year lifetime. 

10.1.1 Adult Carcinogenic Risk 

As presented in the previous equation, ^carcinogenic risk resulting from exposure to a 

particular chemical is dependent on three- fectodir.dosage, the carcinogenic potency of the 

chemical, and exposure duration. i;;#|$Js d§| s are summarized at the end of Section 8. 

Average doses were used in deter^nin^^cinogenic risk for the adult, since carcinogenic 

risk is based on exposure over ?&ye^s..{average lifetime exposure), the majority of which 

occurs as an adult. The length of exposure also is taken into account in the calculation of 

risk, since carcinogenic potenc|^prs are based on an exposure duration of 70 years, and 

carcinogenic risk is assumed to bö proportional to exposure duration. 

For the Resident-A, Resident-B, and Farmer exposure scenarios, carcinogenic risk was 

calculated for the ingestion and dermal routes of exposure based on 1 year of exposure as 

an infant, 5 years of exposure as a child, and 64 years of exposure as an adult; therefore, an 

exposure duration adjustment of 64/70 years was used to calculate adult carcinogenic risk 

for these exposure routes. For the inhalation route of exposure, only 2 years of exposure 

(i.e., the facility lifetime) could occur over an individual's lifetime. Since children and 

infants are considered more sensitive to contaminant exposure, the maximum exposed 

individual was conservatively assumed to be in these age groups. It therefore was assumed 

that over a lifetime, 1 year of pollutant inhalation occurred as an infant, 1 year as a child, 
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and no inhalation exposure occurred as an adult. Adult carcinogenic risk from inhalation 

was evaluated separately and is presented in the sensitivity analysis (see Subsection 11.3). 

For the Worker scenario, exposure was assumed to occur over 30 years (Ebasco, 1990), 

resulting in an exposure duration adjustment of 30/70 years for the ingestion and dermal 

routes of exposure. For worker inhalation exposure, an exposure duration adjustment of 

2/70 years was used, based on the facility lifetime. 

The calculated carcinogenic risk for adults through all routes of exposure are presented in 

Appendix 8H, Tables 8H-1 through 8H-4. 

10.1.2 Child Carcinogenic Risk 

The predicted childhood doses for the apj$cable: c^cinogens are summarized at the end 

of Section 8. As with the adult, average doses w«re:used in determining carcinogenic risk. 

The childhood exposure duration wajilsumeliio be 5 years, based on the exposure scenario 

described in Subsection 8.3. Ah. exposure duration adjustment of 5/70 was used for 

childhood risk calculations for the. ingestion and dermal exposure routes. As discussed in 

Subsection 10.1.1, a child was assunpd to be exposed to pollutants through the inhalation 

route for 1 year based on overalMifetime exposure; therefore, an exposure duration of 1/70 

was used for the inhalation route. Childhood carcinogenic risk estimates for each route of 

exposure are summarized in Appendix 8H, Tables 8H-5 through 8H-7. 

10.1.3 Infant Carcinogenic Risk 

Infants are considered to be a potentially sensitive subpopulation because of potential 

pollutant exposure through the ingestion of mother's milk. The infant also is exposed 

through the inhalation pathway. The predicted infant doses for the applicable carcinogens 

are summarized at the end of Section 8. An infant was assumed to be exposed for 1 year 

based on the exposure scenario described in Subsection 8.3.4; therefore, an exposure 

duration adjustment of 1/70 was used in calculating carcinogenic risk.   Since infants are 
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exposed only for any 1 year during which exposure concentrations will be at a maximum, 

and in order to prevent underestimation of carcinogenic risk, maximum daily intakes 

determined for the mother were used instead of average lifetime daily intakes in calculating 

breast milk concentrations and infant carcinogenic risk. Tables 8H-8 and 8H-10 (Appendix 

8H) present the estimates of carcinogenic risk based on inhalation and mother's milk 

ingestion for all of the applicable exposure scenarios. 

10.1.4 Total Carcinogenic Risk 

The total carcinogenic risk for each exposure scenario was calculated by summing the 

individual risks calculated for the adult, child, and in&Blr. As previously stated, the Worker 

scenario was evaluated only for an adult. The resps are shcft?n in Tables 10-1 through 10-4 

for the Resident-A, Resident-B, Farmer, and Worker scenarios, respectively. (All tables are 

presented at the end of this section.) The following equation was used to calculate total 
risk: 

Risk, otal =   Riskinhi  +  Risfcw +     Riskd, 

Where: 

Risktota! 

Riskinh, 

Risk, 
ng 

Risk der 

=   Toralhicarcinogenic risk 

= Childhood and infant carcinogenic risk (Resident-A Resident-B, 
and Farmer scenarios), or adult carcinogenic risk (Worker 
scenario) associated with the inhalation route of exposure 

= Adult, childhood, and infant carcinogenic risk (Resident-A 
Resident-B, and Farmer scenarios) or adult carcinogenic risk 
(Worker scenario) associated with the ingestion route of exposure 

= Adult and childhood carcinogenic risk (Resident-A Resident-B, 
and Farmer Scenarios) or adult carcinogenic risk (Worker 
scenario) associated with the dermal route of exposure 
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102  DETERMINATION OF NONCARCINOGENIC RISK 

In this subsection, noncarcinogenic risks were evaluated by comparing predicted maximum 

daily intakes to reference doses (RfDs). This was accomplished by the calculation of hazard 

quotients and hazard indices. A hazard quotient for a particular pollutant through a 

given exposure route is the ratio between the predicted daily intake and the applicable RfD, 

as shown in the following equation: 

HQ =  MDI/RfD 

Where: 

HQ    =  Hazard quotient 
MDI   =  Maximum estimated daily intajle (mg/kg7day) 
RfD    =  Reference dose (mg/kg/day), . 

Maximum estimated daily intakes were based on.iijjfc&imum soil concentrations achieved over 

the 2-year facility lifetime. 

A total exposure hazard mdex;».a$: cafeaiiated for the adult, child, and infant in each scenario 

(except the worker, which is adult bpy) by summing the hazard quotients for all pollutants 

through all exposure routes. It is important to note that this methodology, unlike the 

methodology used in the evaluation of carcinogenic risk, is not a measure of and cannot be 

used to quantify risk (i.e., it does not predict the relative likelihood or probability of the 

occurrence of adverse effects). If a hazard quotient or hazard index exceeds 1, it simply 

indicates that there might be a potential for noncarcinogenic health effects occurring under 

the defined exposure conditions. Because RfDs incorporate a margin of uncertainty, 

exceedance of a criterion does not necessarily indicate that an adverse effect will occur. It 

also should be noted that, unlike the estimation of carcinogenic risk, the evaluation of 

noncarcinogenic risk does not involve an adjustment for the number of years of exposure. 

It is assumed that any chronic exposure, regardless of the duration, might potentially result 

in adverse effects if the RfD is exceeded in a given period of an individual's life (e.g., 

infancy, childhood, or adulthood). RfDs are presented in Table 9-4 in Subsection 9.4. All 
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pollutants, both carcinogens and noncarcinogens, were evaluated for potential 

noncarcinogenic effects. 

10.2.1 Adult Noncarcinogenic Risk 

The maximum estimated daily intakes for the pollutants of concern used in the evaluation 

of noncarcinogenic risk were presented in Subsection 8.2. Adult hazard quotients were 

calculated for the inhalation, ingestion, and dermal routes of exposure. These and the 

respective hazard indices are presented in Tables 10-5 through 10-8 for the Resident-A 

Resident-B, Farmer, and Worker adult scenarios, respectively. 

10.2.2 Child and Infant Noncarcinogenic Risk fl 

Noncarcinogenic risk for the child and infant was evaluated by the same method used for 

the adult. Predicted maximum estimated da% intakes for children and infants were 

presented in Subsection 8.3. Hazard^öiienfewere calculated for the inhalation, ingestion, 

and dermal routes of exposure f#.chiÄiii;.These and the respective hazard indices are 

presented in Tables 10-9 and.§||p||he child and in Tables 10-12, 10-13, and 10-14, for 

the Resident-A, Resident-B,. and Farmer Scenarios, respectively. 

10.3  RESULTS 

10.3.1  Carcinogenic Risk 

The total carcinogenic risk for base case emissions, which were based on the addition of the 

risks for the adult, childhood, and infant exposure pathways, were estimated to be 1.54 

chances in 100 million for Resident-A 2.50 chances in 1 billion for Resident-B, 5.92 chances 

in 1 billion for the Farmer, and 7.64 chances in 10 billion for the Worker. The individual 

risk estimates by pollutant and by route of exposure are presented in Tables 10-1 (Resident- 

A), 10-2 (Resident-B), 10-3 (Farmer), and 104 (Worker). Table 10-15 presents the risk for 

each of the scenarios by pathway as a percentage of total risk. The child exposure pathway 

through the inhalation route represented the majority (50-55 percent) of the risk from all 
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scenarios, followed by the inhalation pathways in the infant (33-36 percent). Ingestion 

pathways (other than breast milk) contributed 5 percent or less of the risk in all scenarios 

for any age group. Breast milk ingestion by infants contributed 8 to 9 percent of total 

carcinogenic risk. Total cancer risk was, therefore, several orders of magnitude less than 

the 1E-06 risk criterion stated in the Final Decision Document (Woodward-Clyde. 1990). 

10.32 Noncarcinogenic Risk 

The total hazard index for each exposure scenario under base case emission conditions was 

calculated by summing the respective hazard quotients for all chemicals and exposure 

pathways for each exposed individual (adult, childy. infant). Hazard indices include the 

potential for noncarcinogenic effects of carcinojfmc subsl|aces. 

Adult hazard quotients for each chemical and exposure pathway are presented in Tables 10- 

5 (Resident-A), 10-6 (Resident-B), 10-7 (Farmer), and 10-8 (Worker). Child hazard 

quotients are presented in Tables 10-9 (Resident-A), 10-10 (Resident-B), and 10-11 

(Farmer). Respective infant haz&rd quo&ettts;are summarized in Tables 10-12 through 10- 

14. A comparison of the haz^d^uötients and indices are summarized in Table 10-16. 

Hazard indices for adults, children and infants were less than unity in each of the four 

scenarios (Table 10-16). Under base case emissions conditions, therefore, noncarcinogenic 

health effects would not be anticipated in any maximum exposed individual. 

10.3.3 Summary of Results 

Figure 10-1 illustrates the ranking of the four scenarios relative to the magnitude of 

carcinogenic risk. The most reasonably maximum exposed individual under base case 

conditions was the Resident-A child. However, carcinogenic risk was almost two orders of 

magnitude (i.e., 66 fold) below the level of concern. The inhalation pathway was the 

primary contributor to total risk for the child. Similarly, the Resident-A child was the most- 
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exposed individual in terms of noncarcinogenic health risk (see Figure 10-2). Again, 

inhalation exposure was the primary contributor. 

Based upon a comprehensive multipathway human health risk assessment of the SQI, with 

four possible exposure scenarios and under conditions of average expected emission rates 

over the assumed 2-year incinerator operation, it was concluded that the facility poses 

neither carcinogenic risk nor noncarcinogenic health effects to any sensitive population, as 

defined by EPA guidance (EPA 1989) and the Final Decision Document (Woodward-Clyde, 

1990). 

A sensitivity analysis and discussion of the uncertainties and assumptions underlying these 

findings are presented in Section 11. As parfcfp the sensitivity analysis, the maximum 

expected emissions were evaluated on carcinogenic.rlsk and noncarcinogenic health effects. 
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Table 10-4 

Total Lifetime Worker Carcinogenic Risk Through the 
Inhalation, Ingestion, and Dermal Routes of Exposure 

Exposure Routes 

"73 

Pollutant Inhalation 
Soil/Dust 
Ingestion 

Dermal 
Absorption Total 

ORGAN ICS 
Acrylonitrile 
Aldrin 
Benzene 
Carbazole 
Carbon Tetrachloride 
Chloroform 
p.p-DDE 
p,p-DDT 
1,4-Dichlorobenzene 
1,1-Dichloroethene 
1,2-Dichloropropane 
Dieldrin 
Dioxins/Furans (EPA TEFs) 
HexachIorobenzene 
Methyl Chloride 
Methytene Chloride 
PAHs 

Benzo(a)pyrene 
Chrysene 
Dibenzo(a,h)anthracene 

Parathion 
Quinoline 
Styrene 
Tetrachloroethene 
Trichloroethene 
Vapona 
Vinyl Chloride 

INORGANICS 
Arsenic 
Beryllium 
Cadmium 
Chromium (VI) 
Lead 
Nickel 

Total 

2.11E-19 
1.59E-18 
5.46E-17 
3.52E-21 
7.60E-20 
7.49E-21 
5.27E-17 
1.06E-20 
5.01E-22 
6.16E-19 
2.83E-21 
3.06E-19 
6.35E-12 
1.00E-17 
1.16E-17 
2.57E-18 

1.12E-15 
1.12E-15 
1.12E-15 

NE 
5.26E-18 
3.68E-18 
2.41E-20 
1.24E-20 
2.40E-20 
2.70E-16 

7.25E-10 
4.15E-12 
8.59E-12 
4.64E-12 

NE 
7.72E-12 

7.56E-10 

NA 
5.07E-20 

NA 
1.13E-22 

NA 
NA 

3.15E-19 
6.30E-23 

NA 
NA 
NA 

9.80E-21 
6.62E-14 
4.00E-20 

NA 
NA 

1.19E-18 
1.49E-18 
1.61E-18 

NE 
1.68E-19 

NA 
NA 
NA 

7.68E-22 
NA 

2.71E-12 
6.80E-14 

NA 
NA 
NE 
NA 

2.84E-12 

NA 
7.85E-20 

NA 
1.74E-22 

NA 
NA 

4.87E-19 
9.75E-23 

NA 
NA 
NA 

1.52E-20 
1.02E-13 
6.19E-20 

NA 
NA 

1.84E-18 
2.30E-18 
2.50E-18 

NE 
2.60E-19 

NA 
NA 
NA 

1.19E-21 
NA 

4.18E-12 
1.05E-13 

NA 
NA 
NE 
NA 

4.39E-12 

2.11E-19 
1.71E-18 
5.46E-17 
3.81E-21 
7.60E-20 
7.49E-21 
5.35E-17 
1.07E-20 
5.01E-22 
6.16E-19 
2.83E-21 
3.31E-19 
6.52E-12 
1.01E-17 
1.16E-17 
2.57E-18 

1.12E-15 
1.12E-15 
1.12E-15 

NE 
5.69E-18 
3.68E-18 
2.41E-20 
1.24E-20 
2.60E-20 
2.70E-16 

7.32E-10 
4.33E-12 
8.59E-12 
4.64E-12 

NE 
7.72E-12 

7.64E-10 

539CC/S8.tbl 
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* 
Table 10-8 iwfl ia I 

Adult Hazard Index for the Inhalatior , Ingestion, 
fdP y i|f | 1    1 

and Dermal Routes of Exposure for the Worker Scenario 

Exposure Routes 

Soil/Dust Dermal 
Pollutant Inhalation Ingestion Absorption Total 

ORGAN ICS 
Acetone 2.79E-18 NA NA 2.79E-18 
Acetonitrile 3.08E-14 1.11E-17 1.72E-17 3.08E-14 
Acrylonitrile 7.02E-15 NA NA 7.02E-15 
Aldrin 1.28E-14 2.35E-16 3.64E-16 1.34E-14 
Atrazine 1.42E-16 1.05E-19 1.63E-19 1.42E-16 
Benzaldehyde 6.69E-13 1.45E-15 2.24E-15 6.72E-13 
Benzene 2.02E-12 NA NA 2.02E-12 
Benzofuran 2.57E-11 5.55E-14 8.59E-14 2.58E-11 
Benzoic Acid 8.10E-15 1.75E-17 2.71E-17 8.14E-15 
Benzonitrite 3.85E-15 8.33E-18 1.29E-17 3.87E-15 
Biphenyl 2.42E-11 NA NA 2.42E-11 
Bromomethane 3.76E-13 NA NA 3.76E-13 
Carbazole 1.23E-15 2.67E-18 4.12E-18 1.24E-15 
Carbon Tetrachloride 6.47E-16 NA NA 6.47E-16 
Chlorobenzene 3.17E-12 NA NA 3.17E-12 
4-Chlorobiphenyl 1.52E-12 3.29E-15 5.11E-15 1.53E-12 
4,4-Chlorobiphenyl 2.09E-14 4.53E-17 7.04E-17 2.10E-14 
Chloroform 6.48E-17 NA NA 6.48E-17 
4-Chlorophenylmethylsulfone 6.01E-16 7.01E-19 1.08E-18 6.03E-16 
4-Chlorophenylmethylsulfoxide 2.24E-15 2.61E-18 4.03E-18 2.24E-15 
p.p-DDE 1.09E-11 2.17E-14 3.35E-14 1.09E-11 
p,p-DDT 1.07E-15 4.34E-18 6.72E-18 1.08E-15 
Dibenzofuran NE NE NE NE 
Dichlorobenzenes (tot al) 2.89E-16 NA NA 2.89E-16 
1,1-Dichloroethene 8.81E-16 NA NA 8.81E-16 
1,2-Dichloroethene 6.25E-16 NA NA 6.25E-16 
1,2-D i chIoropropane 4.11E-18 NA NA 4.11E-18 
Dieldrin 2.63E-15 2.90E-17 4.48E-17 2.70E-15 
Dusopropyl Hethytphosphonate 1.47E-15 2.29E-18 3.54E-18 1.48E-15 
1,3-Dimethylbenzene 6.42E-14 5.55E-16 8.59E-16 6.56E-14 
Dimethyldisulfide 4.03E-14 NA NA 4.03E-14 
Dimethyl Methylphosphonate 1.56E-13 8.01E-18 1.24E-17 1.56E-13 
Dimethyl phosphate 8.84E-15 1.91E-17 2.95E-17 8.89E-15 
Dioxins/Furans (EPA TEFs) 1.97E-06 4.00E-09 6.19E-09 1.98E-06 
Dithiane 1.18E-17 2.55E-20 3.94E-20 1.18E-17 
Endrin 6.39E-15 4.37E-18 6.76E-18 6.40E-15 
Ethylbenzene 4.35E-14 NA NA 4.35E-14 
Hexachlorobenzene 2.74E-13 5.27E-16 8.15E-16 2.75E-13 
HexachIorocyclopentad iene 3.04E-13 1.88E-18 2.90E-18 3.04E-13 
Isodrin 2.45E-14 5.31E-17 8.21E-17 2.47E-14 
Ha lath ion 2.57E-16 2.84E-19 4.39E-19 2.58E-16 
Methanol 2.79E-13 3.22E-16 4.98E-16 2.80E-13 
Methyl Chloride 6.12E-13 NA NA 6.12E-13 
Methylene Chloride 7.50E-15 NA NA 7.50E-15 
4-Nitrophenol 1.09E-14 2.35E-17 3.63E-17 1.09E-14 
PAHs 

Acenaphthalene 5.35E-13 1.16E-15 1.79E-15 5.38E-13 
Acenaphthene 5.35E-13 1.16E-15 1.79E-15 5.38E-13 
Benzo(a)pyrene 2.14E-13 2.26E-16 3.50E-16 2.14E-13 
Chrysene 2.14E-13 2.57E-16 3.97E-16 2.14E-13 
Dibenzo(a,h)anthracene 2.14E-13 2.68E-16 4.14E-16 2.14E-13 
Fluoranthene 4.82E-13 5.71E-16 8.83E-16 4.83E-13 
Fluorene 1.60E-13 3.47E-16 5.36E-16 1.61E-13 
Phenanthrene 4.28E-13 4.14E-16 6.41E-16 4.29E-13 
Pyrene 2.14E-13 2.03E-16 3.14E-16 2.14E-13 

Parathion 7.10E-15 1.30E-19 2.02E-19 7.10E-15 
Pentachlorobenzene 1.22E-13 2.65E-16 4.10E-16 1.23E-13 
Phenol 1.79E-11 1.25E-15 1.94E-15 1.79E-11 
Pyridine 1.89E-16 NA NA 1.89E-16 
Quinoline 7.67E-17 1.66E-19 2.57E-19 7.71E-17 
Styrene 2.97E-13 NA NA 2.97E-13 
Supona 7.25E-15 1.57E-17 2.43E-17 7.29E-15 
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H?*?\ 

u 

te 

Tet rachlorobenzene 
Tetrachloroethene 
Toluene 
TrichIorobenzene 
Trichloroethene 
Urea 
Vapona 
Vinyl Chloride 
Xylene 

INORGANICS 
Aluminum 
Ammonia 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium (III) 
Chromium (VI) 
Cobalt 
Copper 
Cyanogen 
Hydrogen Cyanide 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphate 
Potassium 
Selenium 
Si I icon 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Titanium 
Vanadium 
Yittrium 
Zinc 

CRITERIA POLLUTANTS/ 
ACID GASES- 

Carbon Monoxide 
Hydrogen Chloride 
Hydrogen Fluorides 
Nitric Acid 
Nitrogen Dioxide 
Particulate Matter 
Sulfur Dioxide 
Sulfuric Acid Mist 

Total (Hazard Index) 

Table 10-8 
(continued) 

1.38E-13 2 ̂SE- 16 4 .61E-16 
7.39E-16 NA NA 
5.63E-14 NA NA 
7.26E-15 2 .35E- 18 3 .64E-18 
1.44E-16 NA NA 
5.56E-12 1 • 20E- 14 1 .84E-14 
3.62E-15 7.84E- 18 1 .21E-17 
4.83E-12 NA NA 
1.50E-13 NA NA 

4.17E-06 NA NA 
8.87E-08 NA NA 
5.86E-07 1 .62E- 09 2.50E-09 
8.29E-06 3 .66E- 09 5 .66E-09 
4.14E-06 1 .28E- 11 1 .98E-11 
8.48E-06 7.49E- 12 1 .16E-11 
3.07E-06 NA NA 
9.67E-07 NA NA 
4.97E-05 NA NA 
2.21E-07 NA NA 
7.76E-08 NA NA 
7.30E-06 NA NA 
1.59E-04 9 03E- 08 1 .40E-07 
1.44E-16 NA NA 
5.96E-12 NA NA 
2.21E-05 NA NA 
1.23E-06 8 21E- 10 1 .27E-09 
5.19E-07 NA NA 
1.10E-05 NA NA 
9.70E-06 NA NA 
5.46E-06 3 38E- 09 5 .22E-09 
1.02E-06 NA NA 
1.32E-04 NA NA 

NE NA NA 
NE NA NA 

2.13E-02 3 13E- 06 4 84E-06 
1.47E-03 NA NA 
4.41E-03 3 24E- 08 5 02E-08 

NE NA NA 
NE NA NA 

4.28E-05 1 35E- 07 2 09E-07 
1.87E-06 NA NA 
4.72E-09 NA NA 
2.16E-05 NA NA 
9.90E-09 NA NA 
9.38E-07 NA NA 

3.84E-05 NA NA 
2.91E-04 NA NA 
2.97E-05 NA NA 
3.46E-04 NA NA 
5.32E-04 NA NA 
1.53E-04 NA NA 
5.04E-04 NA NA 
4.76E-03 NA NA 

3.43E-02 3. 40E- 06 5 26E-06 

Y- I -I'M >'■■' :r •■■■'•■ 

1.38E-13 
7.39E-16 
5.63E-14 
7.26E-15 
1.44E-16 
5.59E-12 
3.64E-15 
4.83E-12 
1.50E-13 

4.17E-06 
8.87E-08 
5.90E-07 
8.30E-06 
4.14E-06 
8.48E-06 
3.07E-06 
9.67E-07 
4.97E-05 
2.21E-07 
7.76E-08 
7.30E-06 
1.59E-04 
1.44E-16 
5.96E-12 
2.21E-05 
1.24E-06 
5.19E-07 
1.10E-05 
9.70E-06 
5.47E-06 
1.02E-06 
1.32E-04 

NE 
NE 

2.13E-02 
1.47E-03 
4.41E-03 

NE 
NE 

4.31E-05 
1.87E-06 
4.72E-09 
2.16E-05 
9.90E-09 
9.38E-07 

3.84E-05 
2.91E-04 
2.97E-05 
3.46E-04 
5.32E-04 
1.53E-04 
5.04E-04 
4.76E-03 

3.43E-02 

lotuscon/SIOnew 
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Table 10-12 

Infant Hazard Index for the Inhalation and Mother's Hi Ik Ingestion 
Routes of Exposure for the Resident-A Scenario 

Exposure Routes 

Pollutant Inhalation Ingestion (Hazard Inc 

ORGAN ICS 
Acetone 4.09E-17 1.29E-17 5.39E-17 
Acetonitrile 4.52E-13 3.60E-13 8.13E-13 
Acrylonitrile 1.03E-13 5.17E-15 1.08E-13 
Aldrin 1.88E-13 5.19E-12 5.37E-12 
Atrazine 2.09E-15 5.43E-15 7.51E-15 
Benzaldehyde 9.82E-12 2.60E-11 3.58E-11 
Benzene 2.97E-11 1.12E-12 3.08E-11 
Benzofuran 3.77E-10 9.77E-10 1.35E-09 
Benzol'c Acid 1.19E-13 3.10E-13 4.28E-13 
Benzonitrile 5.66E-14 1.49E-13 2.06E-13 
Biphenyl 3.55E-10 2.32E-11 3.78E-10 
Bromomethane 5.52E-12 1.17E-12 6.69E-12 
Carbazole 1.81E-14 4.65E-14 6.45E-14 
Carbon Tetrachloride 9.50E-15 7.45E-15 1.70E-14 
Chlorobenzene 4.66E-11 2.02E-13 4.68E-11 
4-Chlorobiphenyl 2.23E-11 5.68E-11 7.91E-11 
4,4-Chlorobiphenyl 3.07E-13 7.82E-13 1.09E-12 
Chloroform 9.51E-16 8.26E-17 1.03E-15 
4-Chlorophenylmethylsulfone 8.83E-15 2.31E-14 3.19E-14 
4-Chlorophenylmethylsulf oxide 3.29E-14 8.57E-14 1.19E-13 
p,p-DDE 1.59E-10 3.69E-10 5.28E-10 
p,p-DDT 1.56E-14 3.76E-14 5.32E-14 
Dibenzofuran NE NE NE 
Oichlorobenzenes (total) 4.24E-15 3.27E-17 4.27E-15 
1,1-Dichloroethene 1.29E-14 5.09E-16 1.34E-14 
1,2-Dichloroethene 9.17E-15 1.59E-16 9.33E-15 
1,2-Dichloropropane 6.04E-17 7.42E-15 7.48E-15 
Dieldrin 3.86E-14 1.16E-12 1.20E-12 
Diisopropyl Hethylphosphonate 2.16E-14 5.60E-14 7.76E-14 
1,3-Oimethylbenzene 9.42E-13 9.68E-12 1.06E-11 
Dimethyldisulf ide 5.92E-13 1.46E-12 2.05E-12 
Dimethyl Hethylphosphonate 2.29E-12 6.29E-12 8.58E-12 
Dimethylphosphate 1.30E-13 3.28E-13 4.58E-13 
Dioxins/Furans (EPA TEFs) 2.89E-05 5.85E-04 6.14E-04 
D ith iane 1.73E-16 4.86E-16 6.59E-16 
Endrin 9.38E-14 8.07E-14 1.75E-13 
Ethylbenzene 6.39E-13 4.91E-14 6.88E-13 
HexachIorobenzene 4.02E-12 2.32E-12 6.34E-12 
HexachIorocycIopentadi ene 4.46E-12 3.67E-14 4.49E-12 
Isodrin 3.60E-13 1.54E-12 1.90E-12 
Ha lath ion 3.78E-15 4.91E-15 8.69E-15 
Methanol 4.10E-12 1.05E-11 1.46E-11 
Hethyl Chloride 8.98E-12 9.10E-13 9.89E-12 
Hethylene Chloride 1.10E-13 2.73E-14 1.37E-13 
4-Nitrophenol 1.59E-13 4.11E-13 5.71E-13 
PAHs 

Acenaphthalene 7.86E-12 2.03E-11 2.82E-11 
Acenaphthene 7.86E-12 2.01E-11 2.79E-11 
Benzo(a)pyrene 3.14E-12 8.01E-12 1.11E-11 
Chrysene 3.14E-12 8.01E-12 1.12E-11 
Dibenzo(a,h)anthracene 3.14E-12 8.89E-12 1.20E-11 
Fluoranthene 7.08E-12 1.80E-11 2.51E-11 
Fluorene 2.35E-12 6.03E-12 8.39E-12 
Phenanthrene 6.28E-12 1.60E-11 2.22E-11 
Pyrene 3.14E-12 7.98E-12 1.11E-11 

Parathion 1.04E-13 2.26E-15 1.06E-13 
Pentachlorobenzene 1.80E-12 1.05E-12 2.85E-12 
Phenol 2.63E-10 1.74E-13 2.63E-10 
Pyridine 2.78E-15 1.11E-13 1.14E-13 
Quinoline 1.13E-15 2.98E-15 4.11E-15 
Styrene 4.36E-12 8.21E-14 4.44E-12 
Supona 1.06E-13 2.73E-13 3.79E-13 
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Tet räch Iorobenzene 
Tetrachloroethene 
Toluene 
Trichlorobenzene 
Trichloroethene 
Urea 
Vapona 
Vinyl Chloride 
Xylene 

INORGANICS 
Aluminum 
Ammonia 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium (III) 
Chromium (VI) 
Cobalt 
Copper 
Cyanogen 
Hydrogen Cyanide 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphate 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Titanium 
Vanadium 
Yittrium 
Zinc 

CRITERIA POLLUTANTS/ 
ACID GASES 

Carbon Monoxide 
Hydrogen Chloride 
Hydrogen Fluorides 
Nitric Acid 
Nitrogen Dioxide 
Particutate Matter 
Sulfur Dioxide 
Sulfuric Acid Mist 

Total (Hazard Index) 

Table 10-12 
(continued) 

2.02E-12 1.22E ■12 3.24E-12 
1.09E-14 6.52E ■15 1.74E-14 
8.26E-13 6.82E ■15 8.33E-13 
1.07E-13 9.17E- 15 1.16E-13 
2.11E-15 1.36E- 15 3.47E-15 
8.16E-11 3.43E- 09 3.51E-09 
5.32E-14 1.41E- 13 1.95E-13 
7.09E-11 1.26E- 11 8.35E-11 
2.20E-12 5.45E- 17 2.20E-12 

6.13E-05 NE 6.13E-05 
1.30E-06 NE 1.30E-06 
8.61E-06 NE 8.61E-06 
1.22E-04 NE 1.22E-04 
6.08E-05 NE 6.08E-05 
1.25E-04 NE 1.25E-04 
4.51E-05 NE 4.51E-05 
1.42E-05 NE 1.42E-05 
7.29E-04 NE 7.29E-04 
3.24E-06 NE 3.24E-06 
1.14E-06 NE 1.14E-06 
1.07E-04 NE 1.07E-04 
2.33E-03 NE 2.33E-03 
2.11E-15 NE 2.11E-15 
8.76E-11 NE 8.76E-11 
3.25E-04 NE 3.25E-04 
1.81E-05 NE 1.81E-05 
7.62E-06 NE 7.62E-06 
1.61E-04 NE 1.61E-04 
1.42E-04 NE 1.42E-04 
8.02E-05 NE 8.02E-05 
1.50E-05 NE 1.50E-05 
1.94E-03 NE 1.94E-03 

NE NE NE 
NE NE NE 

3.12E-01 NE 3.12E-01 
2.15E-02 NE 2.15E-02 
6.47E-02 NE 6.47E-02 

NE NE NE 
NE NE NE 

6.29E-04 NE 6.29E-04 
2.75E-05 NE 2.75E-05 
6.93E-08 NE 6.93E-08 
3.18E-04 NE 3.18E-04 
1.45E-07 NE 1.45E-07 
1.38E-05 NE 1.38E-05 

5.63E-04 NE 5.63E-04 
4.28E-03 NA 4.28E-03 
4.36E-04 NA 4.36E-04 
5.09E-03 NA 5.09E-03 
7.81E-03 NA 7.81E-03 
2.24E-03 NA 2.24E-03 
7.40E-03 NA 7.40E-03 
6.98E-02 NA 6.98E-02 

5.04E-01 5.85E-04 5.04E-01 
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Table 10-13 

Infant Hazard Index for the Inhalation and Mother's Milk Ingestion 
Routes of Exposure for the Resident-B Scenario 

Pollutant Inhalation 

Exposure Routes 

Mother's Milk   Total 
Ingestion (Hazard Index) 

ORGAN ICS 
Acetone 
Acetonitrile 
Acrylonitrile 
Aldrin 
Atrazine 
Benzaldehyde 
Benzene 
Benzofuran 
Benzoic Acid 
Benzonitrile 
Biphenyl 
Bromomethane 
Carbazole 
Carbon Tetrachloride 
Chlorobenzene 
4-Chlorobiphenyl 
4,4-Chlorobiphenyl 
Chloroform 
4-Chlorophenylmethylsulfone 
4-Chlorophenylmethylsutfoxide 
p.p-DDE 
p,p-DDT 
Dibenzofuran 
Dichlorobenzenes (total) 
1,1-Dich Ioroethene 
1,2-Dichloroethene 
1,2-Dichloropropane 
Dieldrin 
Diisopropyl Methylphosphonate 
1,3-Dimethylbenzene 
Dimethyldisulfide 
Dimethyl Methylphosphonate 
Dimethylphosphate 
Dioxins/Furans (EPA TEFs) 
Dithiane 
Endrin 
Ethylbenzene 
HexachIorobenzene 
HexachIorocycIopentad i ene 
Isodrin 
Ma lath ion 
Methanol 
Methyl Chloride 
Methylene Chloride 
4-Nitrophenol 
PAHs 

Acenaphthalene 
Acenaphthene 
Benzo(a)pyrene 
Chrysene 
Dibenzo(a,h)anthracene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 

Parathion 
PentachIorobenzene 
Phenol 
Pyridine 
Quinoline 
Styrene 
Supona 

6.41E-18 
7.08E-14 
1.61E-14 
2.94E-14 
3.27E-16 
1.54E-12 
4.65E-12 
5.90E-11 
1.86E-14 
8.86E-15 
5.55E-11 
8.64E-13 
2.83E-15 
1.49E-15 
7.30E-12 
3.49E-12 
4.81E-14 
1.49E-16 
1.38E-15 
5.15E-15 
2.50E-11 
2.45E-15 

NE 
6.64E-16 
2.02E-15 
1.44E-15 
9.45E-18 
6.04E-15 
3.38E-15 
1.48E-13 
9.27E-14 
3.58E-13 
2.03E-14 
4.52E-06 
2.71E-17 
1.47E-14 
1.00E-13 
6.29E-13 
.98E-13 
.64E-14 
.91E-16 
.41E-13 

1.41E-12 
1.72E-14 
2.50E-14 

1.23E-12 
1.23E-12 
4.91E-13 
4.91E-13 
4.91E-13 
1.11E-12 
3.69E-13 
9.84E-13 
4.91E-13 
1.63E-14 
2.81E-13 
4.12E-11 
4.35E-16 
1.76E-16 
6.82E-13 
1.67E-14 

2.03E-18 
2.75E-13 
8.10E-16 
2.13E-12 
9.05E-16 
5.57E-12 
1.75E-13 
1.83E-10 
6.02E-14 
3.12E-14 
3.64E-12 
1.83E-13 
8.18E-15 
1.17E-15 
3.17E-14 
9.39E-12 
1.28E-13 
1.29E-17 
4.60E-15 
1.67E-14 
6.20E-11 
7.04E-15 

NE 
5.12E-18 
7.97E-17 
2.49E-17 
1.16E-15 
1.03E-12 
1.05E-14 
1.72E-12 
2.28E-13 
1.64E-12 
5.15E-14 
9.50E-05 
1.40E-16 
1.27E-14 
7.69E-15 
4.03E-13 
1.15E-14 
1.05E-12 
8.31E-16 
8.12E-12 
1.42E-13 
4.27E-15 
7.49E-14 

3.76E-12 
3.41E-12 
1.32E-12 
1.33E-12 
2.21E-12 
2.96E-12 
1.05E-12 
2.60E-12 
1.30E-12 
3.87E-16 
1.97E-13 
5.59E-14 
1.74E-14 
6.44E-16 
1.28E-14 
4.73E-14 

8.44E-18 
3.46E-13 
1.69E-14 
2.16E-12 
1.23E-15 
7.10E-12 
4.83E-12 
2.42E-10 
7.88E-14 
4.01E-14 
5.92E-11 
1.05E-12 
1.10E-14 
2.65E-15 
7.33E-12 
1.29E-11 
1.76E-13 
1.62E-16 
5.98E-15 
2.19E-14 
8.70E-11 
9.49E-15 

NE 
6.69E-16 
2.10E-15 
1.46E-15 
1.17E-15 
1.04E-12 
1.39E-14 
1.86E-12 
3.21E-13 
1.99E-12 
7.18E-14 
9.95E-05 
1.67E-16 
2.74E-14 
1.08E-13 
1.03E-12 
7.09E-13 
1.11E-12 
1.42E-15 
8.76E-12 
1.55E-12 
2.15E-14 
9.98E-14 

4.99E-12 
4.65E-12 
1.81E-12 
1.82E-12 
2.70E-12 
4.07E-12 
1.42E-12 
3.58E-12 
1.80E-12 
1.67E-14 
4.79E-13 
4.12E-11 
1.79E-14 
8.21E-16 
6.95E-13 
6.40E-14 
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Tet räch Iorobenzene 
Tetrachloroethene 
Toluene 
Trichlorobenzene 
Trichloroethene 
Urea 
Vapona 
Vinyl Chloride 
Xylene 

INORGANICS 
Aluminum 
Ammonia 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium (III) 
Chromium (VI) 
Cobalt 
Copper 
Cyanogen 
Hydrogen Cyanide 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphate 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Titanium 
Vanadium 
Yittrium 
Zinc 

CRITERIA POLLUTANTS/ 
ACID GASES 

Carbon Monoxide 
Hydrogen Chloride 
Hydrogen Fluorides 
Nitric Acid 
Nitrogen Dioxide 
Particulate Matter 
Sulfur Dioxide 
Sulfuric Acid Mist 

Total (Hazard Index) 

lotuseon/S10n«w 
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(continued) 
• 

3.17E-13 2.75E- 13 5.91E-13 
1.70E-15 1.02E- 15 2.72E-15 
1.29E-13 1.07E- 15 1.30E-13 
1.67E-14 1.52E- 15 1.82E-14 
3.30E-16 2.14E- 16 5.44E-16 
1.28E-11 4.69E- 09 4.71E-09 
8.33E-15 3.11E- 14 3.94E-14 
1.11E-11 1.97E- 12 1.31E-11 
3.44E-13 8.54E- 18 3.44E-13 

9.59E-06 NE 9.59E-06 
2.04E-07 NE 2.04E-07 
1.35E-06 NE 1.35E-06 
1.91E-05 NE 1.91E-05 
9.53E-06 NE 9.53E-06 
1.95E-05 NE 1.95E-05 
7.06E-06 NE 7.06E-06 
2.22E-06 NE 2.22E-06 
1.14E-04 NE 1.14E-04 
5.07E-07 NE 5.07E-07 
1.78E-07 NE 1.78E-07 
1.68E-05 NE 1.68E-05 
3.65E-04 NE 3.65E-04 
3.31E-16 NE 3.31E-16 
1.37E-11 NE 1.37E-11 
5.08E-05 NE 5.08E-05 
2.84E-06 NE 2.84E-06 
1.19E-06 NE 1.19E-06 
2.52E-05 NE 2.52E-05 
2.23E-05 NE 2.23E-05 ^^ 
1.26E-05 NE 1.26E-05 A 2.35E-06 NE 2.35E-06 WJ 
3.04E-04 NE 3.04E-04 

NE NE NE 
NE NE NE 

4.89E-02 NE 4.89E-02 
3.37E-03 NE 3.37E-03 
1.01E-02 NE 1.01E-02 

NE NE NE 
NE NE NE 

9.84E-05 NE 9.84E-05 
4.30E-06 NE 4.30E-06 
1.09E-08 NE 1.09E-08 
4.98E-05 NE 4.98E-05 
2.28E-08 NE 2.28E-08 
2.16E-06 NE 2.16E-06 

8.82E-05 NE 8.82E-05 
6.70E-04 NA 6.70E-04 
6.83E-05 NA 6.83E-05 
7.96E-04 NA 7.96E-04 
1.22E-03 NA 1.22E-03 
3.51E-04 NA 3.51E-04 — 
1.16E-03 NA 1.16E-03 
1.09E-02 NA 1.09E-02 

7.89E-02 9.50E-05 7.90E-02 

m 
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Table 10-14 

Infant Hazard Index for the Inhalation and Mother's Milk Ingestion 
Routes of Exposure for the Faraer Scenario 

Exposure Routes 

Pollutant Inhalation Ingestion (Hazard Im 

ORGAN ICS 
Acetone 1.44E-17 4.54E-18 1.89E-17 
Acetonitrile 1.59E-13 8.47E-13 1.01E-12 
Acrylonitrile 3.62E-14 1.81E-15 3.80E-14 
Aldrin 6.60E-14 1.44E-11 1.44E-11 
Atrazine 7.33E-16 2.16E-15 2.89E-15 
Benzaldehyde 3.45E-12 1.19E-11 1.54E-11 
Benzene 1.04E-11 3.93E-13 1.08E-11 
Benzofuran 1.32E-10 4.69E-10 6.02E-10 
Benzoic Acid 4.17E-14 1.34E-13 1.76E-13 
Benzonitrile 1.98E-14 6.74E-14 8.73E-14 
Biphenyl 1.24E-10 8.15E-12 1.33E-10 
Bromomethane 1.94E-12 4.10E-13 2.35E-12 
Carbazole 6.35E-15 2.05E-14 2.68E-14 
Carbon Tetrachloride 3.34E-15 2.61E-15 5.95E-15 
Chlorobenzene 1.63E-11 7.09E-14 1.64E-11 
4-Chlorobiphenyl 7.83E-12 2.29E-11 3.08E-11 
4,4-Chlorobiphenyl 1.08E-13 3.24E-13 4.32E-13 
Chloroform 3.34E-16 2.90E-17 3.63E-16 
4-Chlorophenylmethylsulfone 3.10E-15 9.74E-15 1.28E-14 
4-Chlorophenylmethylsulfoxide 1.15E-14 3.66E-14 4.82E-14 
p,p-DDE 5.59E-11 1.47E-10 2.03E-10 
p,p-DDT 5.49E-15 2.23E-14 2.78E-14 
Dibenzofuran NE NE NE 
Dichlorobenzenes (total) 1.49E-15 1.15E-17 1.50E-15 
1,1-D ichloroethene 4.54E-15 1.79E-16 4.72E-15 
1,2-0 i chIoroethene 3.22E-15 5.59E-17 3.27E-15 
1,2-Dichloropropane 2.12E-17 2.60E-15 2.62E-15 
Dieldrin 1.35E-14 5.12E-12 5.14E-12 
Oiisopropyl Hethylphosphonate 7.58E-15 2.34E-14 3.10E-14 
1,3-Dimethylbenzene 3.31E-13 4.31E-12 4.64E-12 
Dimethyldisulfide 2.08E-13 5.11E-13 7.19E-13 
Dimethyl Hethylphosphonate 8.03E-13 3.11E-12 3.91E-12 
Dimethylphosphate 4.55E-14 1.17E-13 1.62E-13 
Dioxins/Furans (EPA TEFs) 1.01E-05 2.61E-04 2.71E-04 
D i th i ane 6.07E-17 2.72E-16 3.32E-16 
Endrin 3.29E-14 2.90E-14 6.19E-14 
Ethylbenzene 2.24E-13 1.72E-14 2.41E-13 
HexachIorobenzene 1.41E-12 1.06E-12 2.47E-12 
Hexachlorocyclopentadiene 1.56E-12 4.52E-14 1.61E-12 
Isodrin 1.26E-13 5.09E-12 5.21E-12 
Halath ion 1.32E-15 1.92E-15 3.24E-15 
Methanol 1.44E-12 1.27E-11 1.42E-11 
Methyl Chloride 3.15E-12 3.19E-13 3.47E-12 
Hethylene Chloride 3.86E-14 9.58E-15 4.82E-14 
4-Nitrophenol 5.59E-14 1.90E-13 2.46E-13 
PAHs 

Acenaphthalene 2.76E-12 1.02E-11 1.30E-11 
Acenaphthene 2.76E-12 8.43E-12 1.12E-11 
Benzo(a)pyrene 1.10E-12 4.29E-12 5.39E-12 
Chrysene 1.10E-12 3.38E-12 4.49E-12 
Dibenzo(a,h)anthracene 1.10E-12 5.47E-12 6.58E-12 
Fluoranthene 2.48E-12 7.34E-12 9.82E-12 
Fluorene 8.26E-13 2.69E-12 3.51E-12 
Phenanthrene 2.20E-12 6.18E-12 8.39E-12 
Pyrene 1.10E-12 3.17E-12 4.27E-12 

Parathion 3.66E-14 9.56E-16 3.75E-14 
PentachIorobenzene 6.31E-13 5.56E-13 1.19E-12 
Phenol 9.23E-11 1.85E-13 9.25E-11 
Pyridine 9.74E-16 3.91E-14 4.01E-14 
Quinoline 3.95E-16 1.73E-15 2.12E-15 
Styrene 1.53E-12 2.88E-14 1.56E-12 
Supona 3.73E-14 1.15E-13 1.52E-13 
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Tet räch Iorobenzene 
Tetrachloroethene 
Toluene 

Trichlorobenzene 
Trichloroethene 
Urea 
Vapona 
Vinyl Chloride 
Xylene 

INORGANICS 
Aluminum 
Ammonia 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium (III) 
Chromium (VI) 
Cobalt 
Copper 
Cyanogen 
Hydrogen Cyanide 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphate 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Titanium 
Vanadium 
Yittrium 
Zinc 

CRITERIA POLLUTANTS/ 
ACID GASES 

Carbon Monoxide 
Hydrogen Chloride 
Hydrogen Fluorides 
Nitric Acid 
Nitrogen Dioxide 
Particulate Matter 
Sulfur Dioxide 
Sulfuric Acid Mist 

Total (Hazard Index) 

Table 10-K 
(cont inued) 

7.09E-13 8.89E ■13 1.60E-12 
3.81E-15 2.29E ■15 6.09E-15 
2.90E-13 2.39E ■15 2.92E-13 
3.74E-14 3.60E- 15 4.10E-14 
7.40E-16 4.79E- 16 1.22E-15 
2.86E-11 6.59E-09 6.62E-09 
1.87E-14 6.58E- 14 8.45E-14 
2.49E-11 4.42E- 12 2.93E-11 
7.72E-13 1.91E- 17 7.72E-13 

2.15E-05 NE 2.15E-05 
4.57E-07 
3.02E-06 

NE 
NE 

4.57E-07 
3.02E-06 

4.27E-05 NE 4.27E-05 
2.13E-05 NE 2.13E-05 
4.37E-05 NE 4.37E-05 
1.58E-05 
4.98E-06 

NE 
NE 

1.58E-05 
4.98E-06 

2.56E-04 NE 2.56E-04 
1.14E-06 NE 1.14E-06 
4.00E-07 NE 4.00E-07 
3.76E-05 NE 3.76E-05 
8.17E-04 NE 8.17E-04 
7.42E-16 NE 7.42E-16 
3.07E-11 NE 3.07E-11 
1.14E-04 
6.36E-06 

NE 
NE 

1.14E-04 
6.36E-06 

2.68E-06 
5.65E-05 

NE 
NE 

2.68E-06 
5.65E-05 

5.00E-05 
2.81E-05 

NE 
NE 

5.00E-05 
2.81E-05 

5.26E-06 NE 5.26E-06 
6.82E-04 NE 6.82E-04 

NE NE NE 
NE NE NE 

1.10E-01 
7.55E-03 

NE 
NE 

1.10E-01 
7.55E-03 

2.27E-02 NE 2.27E-02 NE NE NE 
NE NE NE 

2.21E-04 NE 2.21E-04 
9.64E-06 NE 9.64E-06 
2.43E-08 NE 2.43E-08 
1.12E-04 NE 1.12E-04 
5.10E-08 NE 5.10E-08 
4.83E-06 NE 4.83E-06 

1.98E-04 NE 1.98E-04 
1.50E-03 NA 1.50E-03 
1.53E-04 NA 1.53E-04 
1.78E-03 NA 1.78E-03 
2.74E-03 NA 2.74E-03 
7.87E-04 
2.60E-03 

NA 
NA 

7.87E-04 
2.60E-03 

2.45E-02 NA 2.45E-02 

1.77E-01 2.61E-04 1.77E-01 
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Table 10-15 

Distribution of Carcinogenic Risk by Pathway, as a 
Percent of Total Risk, for all Scenarios 

(Base Case Emissions Rates) 

Route of Exposure Resident-A Resident-B Farmer Worker 

Adult 

Inhalation NA NA NA 99.1 

Ingestion 0.5 2.7 5.1 0.4 

Vegetable 0.2 0.3 Jp|! 0.3 NA 

Milk 0.1 QJ^-%; 3.9 NA 

Beef <0.01 ,;'f:01 i: o.i NA 

Soil/Dust 0.1 -Häy" 0.2 0.4 

Fish 0.2              :Jji ....     1.1-:-:, 0.05 NA 

Dermal <.oi   H /.'■&* 
0.1 0.6 

Child 

Inhalation 3%;:v
;.:::>v- ¥ 53.2 50.3 NA 

Ingestion ,;;;:v;;r0l,' ..;.; 1.1 2.1 NA 

Vegetables ilfc, °-H 0.04 0.05 NA 

Milk -.0,04 0.2 1.8 NA 

Beef <.01 <.01 0.02 NA 

Soil/Dust 0.1 0.6 0.2 NA 

Fish • 0.03 0.2 0.1 NA 

Dermal 0.01 0.05 0.02 NA 

Infant 

Inhalation 36.1 34.8 32.9 NA 

Breast Milk 8.2 8.2 9.5 NA 

TOTAL RISK 1.54E-08 2.50E-09 5.92E-10 7.64E-10 

NA = Not applicable 
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Table 10-16 

Hazard Index Values For Adults, 
Children, and Infants in the Four Exposure Scenarios 

Under Base Case Emissions Conditions 

Total Hazard Index 

Exposure Scenario Adult Child Infant 
Resident-A 

Resident-B 

Farmer 

Worker 

3.1E-01 

5.4E-02 

1.2E-01 

3.4E-02 

7.7E-01 

1.2E-01 

2.7E-01 

5.0E-01 

7.9E-02 

1.8E-01 

NA 

NA = Not applicable 
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SECTION 11 

DISCUSSION OF RISKS 

11.1 INTRODUCTION 

The risk results (i.e., lifetime excess carcinogenic risk and hazard indices) presented in this 

report, as is true for all risk assessments, are relative or conditional estimates because, in 

part, they are based on a number of assumptions. These assumptions are developed when 

there is an absence of empirical or reliable scientific da|a about the toxicity of chemicals of 

concern and the degree of exposure of the individuals to those chemicals. In practice, the 

required assumptions are derived deliberately top/erestiml&e. the real (absolute) risk (i.e., 

they are "conservative"). As a consequence, t^ahspute risks reasonably can be expected 

to be lower than the relative risks, an^ iheremt^ provide a factor of safety to the 

potentially exposed individuals. 

11.2 UNCERTAINTY ANALYSIS 

The goal of an analysis ofj|§certain§|es is to provide the appropriate decision makers (i.e., 

risk managers) and the publicwilh a discussion of the range of key assumptions and site- 

related variables that significantly "influence the estimate of risk. Only with this additional 

information can the decision makers and the public have confidence that the potential 

health risks associated with operating the SQI have been addressed. 

11.2.1  Toxicity-Related Assumptions 

For a risk to exist, both exposure to the pollutants of concern and toxicity at the predicted 

exposure levels must exist. The toxicological uncertainties primarily relate to the 

methodology by which both carcinogenic and noncarcinogenic criteria are developed. 

11-1 
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Although there is evidence to suggest some carcinogens may exhibit thresholds, the no- 

threshold theory of chemical carcinogenesis assumes there is no "safe" level (i.e., threshold) 

of exposure to any pollutant shown or suspected to cause cancer (an uncertainty).  This 

implies that exposure to even a single molecule of a chemical may be associated with a 

finite risk, however small.   The assumption is that even if relatively large doses of a 

pollutant were required to cause cancer in laboratory animals, (i.e., much higher than a 

person would ever likely be exposed to over a lifetime), these exposure doses can be linearly 

extrapolated downward many orders of magnitude to estimate slope factors for humans. 

The slope factor is used to estimate an upper bound lifetime probability of an individual 

developing cancer as a result of exposure to a particular level of a carcinogen.   The 

assumptions and methodology of determining huma^iancer slope factors, therefore, likely 

result in an underestimate of actual cancer risk. 

With respect to noncarcinogenic effects, there is assumed to be a defined level of exposure 

to a pollutant that can be tolerated by an individual without the occurrence of an adverse. 

effect (i.e., a "threshold"). The approach islo: Identify a subthreshold exposure level that 

will be protective of the most sensitive individuals in the population (i.e., the reference dose, 

RfD). As this level can on|J||^|||d from animal studies or limited human toxicity 

data, the RfD incorporates uncertainty factors anywhere from one to five orders of 

magnitude, which reflects th<^||ee-of extrapolation used in the derivation (EPA, 1989a). 

The influence of specific uncertainties on the risk results are discussed in detail in the 

"Sensitivity Analysis" (Section 11.3) with respect to those chemicals that had the greatest 
effect on risk. 

n-2-2  Exposure-related Assumption«: 

In addition to toxicological criteria, the risk equation also requires an estimation of the dose 

that a hypothetical individual might receive either directly or indirectly from a source of 

emissions such as the proposed SQL As discussed in earlier sections, composite exposure 

scenarios were developed to determine the extent of exposure, and ultimately the risk. 
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Although these exposure scenarios are based on a number of standard assumptions that are 

commonly agreed upon by the scientific and regulatory communities, there are uncertainties 

inherent in them, uncertainties that need to be discussed in relation to the risk results. 

Wherever possible, site specific factors are taken into consideration in estimating exposure 

to reduce the uncertainty as much as possible. 

A number of assumptions were made in this risk assessment that overestimate exposure in 

areas where the limitations in the available data made more specific quantification difficult 

or impossible. It is inherent in these assumptions that the actual case would clearly result 

in reduced exposure and consequent risk. These cp.ttservative assumptions include the 

following: 

For routes of exposure other than direct inhalation, it was assumed that the 
maximum exposed individual stänl|üjöptdoors 24 hours/day, 365 days/year for 
70 years (i.e., the standard maximum exposed person). There were no 
modifying assumptions made üboül the person's daily and lifelong mobility,, 
nor was there recognition of the: likely protective shielding effect from living 
indoors. 

From a conservation«of*mass perspective, one would expect that a fraction of 
the pollutants einitted from the stack will be removed by the wet and dry 
deposition pjpesses^ithereby depleting the mass of pollutants in the air 
available for 'inhalation. Inhalation exposure was maximized in this risk 
assessment by assuming that the atmospheric pollutant concentrations 
resulting from stack-emissions were not reduced by the wet and dry deposition 
phenomena. Likewise, it was assumed that the total mass of emitted 
pollutants was adsorbed to particulates available for wet and dry deposition. 
Effectively, this means that the total mass of stack emissions are available 

- both for inhalation exposure and for exposure through indirect pathways as 
a result of wet or dry deposition. These assumptions greatly overestimate the 
amount of pollutants likely to be inhaled or ingested, and consequently, the 
health risk. 

The scavenging coefficients used in the calculation of wet deposition are 
generally based on research from industrial plants. The majority of the 
particles emitted from these facilities are sulfate aerosols. Sulfate aerosols 
have a great affinity for water so that coefficients based on these studies and, 
therefore, wet deposition would be overestimated. 
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It was assumed that rainfall did not remove pollutants deposited by dry 
deposition from garden fruits, leaf vegetables, and cattle feed crops. Also, it 
was assumed that these edible crops were not washed before consumption. 
These assumptions resulted in higher calculated ingestion rates for deposited 
pollutants. 

For those chemicals for which degradation was not considered, the total 2- 
year pollutant loading of the incinerator was assumed to be deposited in the 
soil at the startup of incinerator operation. Therefore, exposure through the 
soil pathway during the lifetime exposure period for these contaminants was 
based on the maximum soil concentration resulting from 2 years of deposition. 

The following assumptions that may underestimate risk were made: 

It was assumed that pollutants deposited by wet deposition (rainfall) do not 
adhere to aboveground portionsj£edible plait surfaces and, therefore, are 
not available for ingestion by the/vegetable pathway. Although it is likely that 
a small amount remains on the plants as a result of wet deposition, it was 
assumed that this was more.;';than coni|>ensated for by the assumption that 
rainfall does not wash off any poliitajits deposited by dry deposition. 

It was assumed that total .risk In a given exposure scenario is the sum of 
individual risks for each pollutant and exposure pathway, an accepted practice 
in risk assessment. Some recent research has suggested the possibility of 
synergistic effect afflong pollutants (i.e., the toxic effects of one pollutant 
being increased greä|| because of simultaneous exposure to a different 
pollutant) beyond the.slmple additive effects of the two pollutants. However, 
the available data; on this subject are not sufficient to predict the likelihood 
or magnitude of the increased toxicity potential, particularly at the low 
exposure concentrations associated with the incinerator, and with the large 
number of possible chemical interactions. Equally uncertain is the ability to 
predict the effects of antagonism on resultant risk. Antagonism is the 
phenomenon by which the toxicity of a chemical is reduced in the presence 
of another. 

As is evident from this discussion, there were a number of assumptions made in each step 

of this risk assessment (contaminant selection, air modeling, emissions estimation, toxicity 

assessment, and exposure assessment), the inherent uncertainties of which tend to 

overestimate risk. Also, some assumptions were made that may underestimate risk. Based 

on a review of these uncertainties and their relative importance, it can be reasonably 
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concluded that the estimated risk results presented in this report represent an upperbound 

estimate of the lifetime carcinogenic risk and noncarcinogenic health effects to individuals 

under the scenarios of exposure, and further, that they overestimate the true or absolute 

risk. 

113 SENSITIVITY ANALYSIS 

This subsection discusses the specific parameter values that were observed to have the most 

significant influence on the risk results. The purpose of this analysis is to demonstrate 

quantitatively the range of risk results under specified conditions such that the risk 

managers, decision makers, and public can interpretähe-..results as objectively as possible. 

11.3.1 Emission Rates 

The health risk associated with an incinerator in general is proportional to the rate at which, 

pollutants are dispersed into the atmosphere. This subsection evaluates the effect on risk 

of the upperbound emission rate&in coniparison with the average expected emission rates. 

The average expected (base case) and .reasonable worst case (sensitivity case) emission rates 

were presented in Section S'k Table Si, Base case emission rates were used to calculate the 

risks presented in Section WW^]0refoTe, represent those risks associated with expected 

operating conditions. For purposes of comparison, the risks based on sensitivity case 

emission rates are presented in Tables 11-1 through 11-4, which are located at the end of 

this section. Sensitivity case emission rates were calculated for the inorganics, the criteria 

pollutants, and dioxins/furans. As discussed in detail in Section 5, there were insufficient 

data to determine sensitivity case emission rates for the remaining organics. 

11.3.1.1 Carcinogenic Risk 

As with the results under base case emissions, total lifetime carcinogenic risk ranged from 

one to two orders of magnitude less than the 1E-06 risk criterion considered as the 

"acceptable" risk level in the Final Decision Document (Woodward-Clyde, 1990). Resident- 
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A demonstrated the highest total lifetime risk (6.14E-08) of all the four scenarios (Table 11- 

1). Breast milk ingestion (infant) and inhalation (child) accounted for 32.6 percent and 40.4 

percent, respectively, and overall the infant represented 59 percent of this risk (Table 11-2). 

The same distribution pattern of risk by pathway and subpopulation (i.e., infant and child) 

was observed for the Resident-B and Farmer scenarios, although the total risk estimates 

were lower (data not shown). The worker carcinogenic risk was primarily driven by 

inhalation (data not shown). Although Resident-A showed the highest risk in this analysis, 

the total value of 6.14E-08 is well below the level of concern. 

11.3.1.2  Noncarcinogenic Risk 

Noncarcinogenic hazard indices (HI) exceeded unify in twösöenarios under sensitivity case 

emissions conditions (Table 11-3). Adult, chf£aflf infant HI values in the Resident-A 

scenario were 1.8, 3.9, and 2.6, respective^;;:The1||gor the child in the Farmer scenario 

also exceeded unity (1.4). 

In situations where the hazard index exceeds-. 1.0, EPA (1989a) guidance recommends re- 

evaluation of the contributionr.iOf.indLvidual chemicals by toxicity endpoint and exposure 

pathway. A hazard index öf 1.0 is generally considered by EPA (1989a) as a benchmark of 

concern for noncarcinogenic eft|:^#nen evaluating large groups of chemicals with differing 

toxic endpoints across many exposure pathways. This benchmark approach conservatively 

assumes, for risk assessment purposes, that all noncarcinogenic effects are additive, which 

in fact, may not be true (e.g., the individual chemicals may be affecting different target 

organs and providing different adverse health effects). For initial assessment of 

noncarcinogenic health effects potential, this approach is useful, since, if the HI is less than 

1, there is increased confidence in the conclusion that noncarcinogenic health effects are 

unlikely. However, it is justifiable from a scientific viewpoint to more carefully assess the 

actual toxic endpoints as well as other contributing factors when the HI exceeds unity. 

An evaluation of the contributing exposure pathways and chemicals is summarized in Table 

11-4. The distinguishing features of this analysis were the following: 
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Inhalation was the major contributing exposure pathway for all subpopulations 
(> 99% in all cases). 

Four substances were consistently responsible for elevating the HI (percent 
contribution to total hazard index) above unity in all cases: 

barium (50%) 
silver (29%) 
selenium (12%) 
sulfuric acid mist (5%) 

For the following reasons, it is suggested that the excursions above unity of the hazard 

indices under sensitivity case emissions conditions arej|ot of concern: 

In all cases, inhalation exposure.Jf barium contributed approximately 50 
percent to the hazard index in each, scenario. To a lesser degree, but in a 
qualitatively similar manner, silver and selenium also contributed to these 
values. The sensitivity case^emissiott .rate for barium was calculated to be 
approximately 20,000 fold greater than its base case rate (refer to Appendix 
5A). This was an extremely conservative and unlikely estimate for the worst 
case emission rates. 

Sensitivity emissions rates for barium and several other metals were based 
upon EPA Tier II guidance (EPA 1989b). If expected emission rates for a 
single metal,j|öm a^6iiiry: are below these values, EPA does not require 
more rigorous* dispersion modeling and risk assessment. Therefore, the Tier 
II guidance values were assumed as the absolute worst case emission rates for 
all metals specifiedrty EPA for which the Tier II values exceeded the 
maximum values based on the waste stream data and the average of all test 
burn runs (acceptable and unacceptable). The metals evaluated were 
antimony, barium, beryllium, cadmium, lead, mercury, silver, thallium. The 
maximum values for barium and silver from the test burn and waste stream 
values are the same order of magnitude as the base case. Generally, there 
will be an approximately linear relationship between hazard index and 
emission rate. Therefore, it can be anticipated that the hazard index would 
be substantially lower if more realistic worse case emissions rates had been 
used. 

Chronic inhalation reference doses were used to calculate the hazard 
quotients for all metals and organics, even though the true exposure duration 
for the SQI is one of a subchronic nature (i.e., less than 7 years). If one 
recalculates the hazard quotients with subchronic reference doses, which in 
themselves are still highly conservative, the hazard quotients will decrease by 
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at least one order of magnitude. Barium has a subchronic inhalation 
reference dose of 1E-03 mg/kg/day and a chronic reference dose is 1E-04 
mg/kg/day (EPA, 1990). Therefore, under identical exposure conditions, the 
hazard quotient for barium would decrease by one order of magnitude. By 
the same rationale, selenium and silver inhalation RfDs, which were derived 
from occupational exposure limits (OELs) assuming a chronic inhalation 
exposure duration, also can justifiably be increased by an order of magnitude. 
Consequently, the hazard indices in all of the scenarios that exceeded one can 
be effectively reduced by an order of magnitude (refer to HI algorithm in 
toxicity assessment, Section 9) so that the expected range of hazard indices in 
Table 11-4 would be 0.14 to 0.40 instead of 1.4 to 4.0. 

i1-3-2 Adult Inhalation Carcinogenic Risk in Off-Site Exposure Scenarios 

Adult inhalation carcinogenic risk was not addressed in the off-site exposure scenarios 

(Resident-A, Resident-B, and Farmer). The^ipionpe for this exposure assumption was 

previously explained in Subsection 10.1.1. However, it was decided to evaluate this exposure 

pathway separately, under both base case and Sensitivity case emissions conditions, so that. 

this individual risk estimate could be. discussed'-should the issue arise. 

Table 11-5 summarizes the results,"wjtfch were determined using the equivalent exposure 

assumptions, modeling parameters, and toxicity criteria employed in the estimation of 

inhalation carcinogenic risk for. children and infants in the three off-site scenarios. The 

maximum adult inhalation carcinogenic risk calculated for the Resident-A scenario under 

base case and sensitivity case emissions conditions was 7.5E-09 and 2.2E-08, respectively. 

These relative risks are between one and two orders of magnitude less than the "acceptable" 

risk level of 1E-06 defined in the Final Decision Document (Woodward-Clyde, 1990). It is 

evident that even if these risks were to be added to the total lifetime risks calculated under 

the assumptions of the original scenarios, the resultant total risks would still be less than the 

level of concern. 
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11.4  CONCLUSIONS 

Based on an analysis of the uncertainties and assumptions in the exposure assessment and 

on the results of the sensitivity analysis, it can be concluded with reasonable confidence that 

the SQI proposed to incinerate Basin F liquid waste at RMA poses neither a significant 

carcinogenic nor noncarcinogenic health risk to the most exposed public (off-site) or the 

most exposed worker (on-site). 
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Table 11-1 

Comparison of Total Lifetime Carcinogenic Risk 
Estimated For the SQI Under Base Case and Sensitivity Case Emissions Conditions 

Exposure Scenario 

Carcinogenic Risk 

Base Case Sensitivity Case 

Resident-A 

Adult 
Child 
Infant 

8.00E-11 
8.51E-09 
6.81E-09     jff 

3.15E-10 
2.49E-08 
3.62E-08 

Total 1.54E-08 6.14E-08 

Resident-B 

Adult 
Child 
Infant 

6.88E-Ü 
JM;09 

2.59E-10 
3.98E-09 
5.78E-09 

Total .         2.5ÖB-09 1.00E-08 

Farmer 

Adult                           3 
Child 
Infant                          :':% 

3.08E-10 
11    3.10E-09 

tfei;:jf    2.51E-09 

9.93E-10 
9.08E-09 
1.46E-08 

Total 5.92E-09 2.47E-08 

Worker 

Adult 7.64E-10 2.24E-09 
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Table 11-2 

Distribution of Carcinogenic Risk By Pathway For the 
Resident-A Scenario Under Sensitivity Case Emissions Conditions 

Route of Exposure Percent of Lifetime 
Carcinogenic Risk 

Adult 

Inhalation NA 

Ingestion 0.5 

Vegetable 0.2 

Milk ,:#f;                      °-05 

Beef <0.01 

Soil/Dust 0.1 

Fish 0.2 

Dermal <0.01 

Child 

Inhalation 40.4 

Ingestion 0.1 

Vegetable          n,, 0.03 

Milk                       :iH-'l|h:#' 0.02 

Beef <0.01 

Soil/Dust 0.06 

Fish 0.03 

Dermal <0.01 

Infant 

Inhalation 26.4 

Breast Milk 32.6 

Total Risk 6.14E-08 

NA - Not applicable. Using assumptions discussed in Section 8, inhalation carcinogenic 
risk was not evaluated for the adult in any off-site exposure scenarios. Refer to 
Section 11.3.2 and Table 11-5 for a separate evaluation of this pathway. 
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Table 11-3 

• 
Noncarcinogenic Hazard Indices For the Four Exposure Scenarios 

Under Sensitivity Case Emissions Conditions 

Exposure Scenario Total Hazard Index 

Resident-A 

Adult 1.75E+00 
Child 3.95E+00 
Infant 2.59E+00 

._.. Resident-B 

Adult ,     2.74E-01 
Child ;:> 6.19E-01 
Infant 4.06E-01 

Farmer 

Adult 6.15E-01 
Child 1.39E + 00 

• Infant 9.10E-01 

Worker 

Adult 1.76E-01 

• 
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Table 11-5 

Inhalation" Carcinogenic Risk For Adult Resident, Farmers, and Workers 
Under Base Case and Sensitivity Case Emissions 

Exposure Scenario 

Inhalation Carcinogenic Risk 

Base Case Emissions Sensitivity Case Emissions 

Adult Resident-A 7.52E-09 2.19E-08 

Adult Resident-B 1.18E-09 3.44E-09 

Adult Farmer 2.64E-09 7.70E-09 

Worker 7.56E-10   J|* 2.21E-09 

'Exposure duration is adjusted for 2 years at aypage daily^xposures. 
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