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Because the facility has not begun normal operations, and a trial bum has not been 

conducted, site-specific data on chemical emissions from the incinerator are not currently 

available. Consequently, chemical-specific emission rates were developed for the facility 

using conservative methodologies designed to overpredict actual emissions. Potential 

emissions from the incinerator were based on assuming: (1) maximum permitted 

emissions for those chemicals explicitly listed in the permit; (2) a DRE performance 

standard of 99.99% 'for organic hazardous constituents regulated under the Resource 

Conservation and Recovery Act (RCRA); (3) a DRE of 99.9999% for polychlorinated 

biphenyls (PCBs) that are regulated under the Toxic Substances Control Act (TSCA); 

and (4) emission rates for barium and thallium based on the procedures for determining 

default values for system removal efficiencies (SREs) described in 40 CFR Part 266, 

Appendix IX (page 611).  

Consistent with the SLRA guidance, potential emissions from the incinerator stack 

were modeled using the COMPDEP air dispersion model to predict chemical 

concentrations and deposition rates in the vicinity of the facility.  

The quantitative assessment of exposures and risks presented in the SLRA focuses 

on three specific locations selected from the modeled receptors. The following three 

locations were chosen, based on discussions with UDEQ, because they best characterize 

conservative, worst-case exposure from stack emissions: 1) the location of the nearest 

current resident in the general vicinity of Iosepa in the Skull Valley ("Nearest Resident"); 

2) a "theoretical" location directly north of the incinerator, in the prevailing wind 

direction at the north edge of the 10 mile buffer zone. boundary ("North Edge of Buffer 

Zone"); and 3) a "theoretical" location directly south of the incinerator, the closest site at 

the south edge of the 10 mile buffer zone boundary ("South Edge of Buffer Zone"). The 

"."theoretical" receptors represent locations where no actual residents reside, but reflect 

the nearest downwind locations at the buffer zone boundary that could theoretically 

support residential development. Local zoning restrictions preclude residential 

occupation within the designated buffer zone known as the West Desert Hazardous 

Industry Area (see Appendix G, Attachment G-1).  

At each of the three identified locations, chemical-specific concentrations were 

estimated in environmental media (e.g., air, soil and food) to which individuals may be
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exposed. Procedures used to estimate concentrations in these environmental media are 

specified in SLRA guidance and consist of fate and transport models that are designed to 

overstate actual media concentrations. This is achieved by employing models that 

neglect degradation and other attenuation mechanisms that would reduce environmental 

concentrations, and applying USEPA-recommended conservative default input 

assumptions in the model.  

At each of the three locations, in accordance with SLRA guidance, exposure to a 

hypothetical subsistence farmer, adult resident and child resident was assessed. These 

hypothetical individuals may be directly exposed to emissions from the incineration by 

the inhalation route (direct exposure), or indirectly by incorporation of chemicals in the 

food chain and consumption of contaminated vegetables, meat or dairy products. Direct 

and indirect exposures to hypothetical individuals at the three identified locations were 

estimated and cancer risks and the potential for noncancer effects were calculated using 

SLRA guidance. Tables I-1 and 1-2 present the calculated excess lifetime cancer risks 

and hazard indices for each receptor at these three locations. In all cases, the risks 

calculated for receptors on the north edge of the buffer zone boundary were the great 

Thus, for illustrative purposes, all subsequent calculations and results in this report 

presented for this location.  

Table I-1 summarizes the excess lifetime cancer risks to the subsistenc' 

resident and child resident through indirect and direct exposure to emis' C 

facility for each of the three receptor locations. The total (sum of in, 

exposures) excess lifetime cancer risks are 3 x 10', 4 x 10-7 and 1 ' 

hypothetical subsistence farmer, adult resident and child resider •6 

north edge of the buffer zone boundary. These calculated ri• 

than the USEPA benchmark of acceptability of 1 x 10. (s',,e 

excess lifetime cancer risk associated with exposure to' -o 

incinerator are considered de minimis. 0,. P 

Table 1-2 summarizes the potential for nonca
receptor through indirect and direct exposure ," 

the three locations. The potential for nonca.  

quotient, which is the ratio of the chemical-specith,
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TABLE 1-2 
Hazard Indices 

Receptor Exposure Subsistence Resident Resident 

Location Pathway Farmer Adult Child 

Indirect Exposure 

Liver 0.014 0.00026 0.00119 

Neurotoxic 0.045 0.00046 0.0026 

Nearest Residence Direct Exposure 

Liver 0.018 0.018 0.018 

Neurotoxic 0.022 0.022 0.022 

Total" 0.022 0.022 0.022 

Indirect Exposure 

Liver 0.049 0.00092 0.0042 

Neurotoxic 0.15 0.0016 0.0091 
North Edge of Direct Exposure 
Buffer Zone 

Liver 0.048 0.048 0.048 

Neurotoxic 0.060 0.060 0.060 

Totals 0.060 0.060 0.060 

Indirect Exposure 

Liver 0.046 0.00086 0.0039 

Neurotoxic 0.15 0.0015 0.0086 
South Edge of Direct Exposure 
Buffer Zone 

Liver 0.045 0.045 0.045 

Neurotoxic 0.057 0.057 0.057 

Total* 0.057 0.057 0.057 

Note: 

Total is the sum of all HOs for the individual constituents for direct exposure.
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derived by USEPA to be adequately protective of human health. Based on SLRA 

guidance, hazard quotient values for chemicals affecting the same target organ are 

summed to derive the hazard indices listed in Tables 1-2. Noncarcinogenic effects 

measured via hepatotoxicity (liver effects) due to indiret exposure to facility emissions 

were 0.049, 0.00092 and 0.0042 for the subsistence farmer, adult resident and child 

resident, respectively, at the north edge of the buffer zone boundary. Neurotoxicity due 

to indirect exposure to emissions at the north edge of the buffer zone boundary was 

calculated to be 0.15, 0.0016 and 0.0091 for the subsistence farmer, adult resident and 

child resident, respectively. For the direct exposure calculations, hepatoxicity was 

calculated to be 0.048 and neurotoxicity was calculated to be 0.060 for each receptor. As 

expected, the hazard index values calculated for each toxic endpoint by direct exposure is 

identical across receptors at a given location, because no receptor-specific variables are 

used in the calculation of these values.  

The USEPA (1994b) has established a benchmark for hazard indices of 0.25, a level 

which is designed to be adequately protective of human health considering noncancer 

effects. Addition of the direct exposure hazard quotient for each chemical yields a 

hazard index of 0.060, a factor of 4 below the 0.25 level. Thus, the potential for 

noncancer health effects is below the level of regulatory concern.  

The modeled concentration of lead in the soil was calculated to be 03 mg/kg. This 

value is well below the USEPA benchmark of 100 mg/kg (USEPA 1994b). In addition, 

the modeled concentration of lead in air was calculated to be 0.004 Pg/m 3, well below 

the USEPA benchmark of 0.2 ug/m 3 (USEPA 1994b). These calculations indicate that 

no adverse effects due to lead released from the incinerator stack would be expected.  

These results demonstrate that all USEPA-established criteria are met and, 

therefore, no unacceptable carcinogenic or noncarcinogenic health risks are expected to 

result from exposure to stack gas constituents emitted from the USPCI Clive facility. -
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II. INTRODUCTION

A. Purpose 

The purpose of this document was to conduct a screening level -risk assessment 

(SLRA) of the potential risks to hypothetical receptors from exposure to emissions from 

the Clive incinerator located in Tooele County, Utah. This SLRA was conducted in 

support of a modification request to reduce the DRE performance standard from 

99.9999 % to 99.99%. Based on the calculations and results presented here, all USEPA

established criteria are met and, therefore, no unacceptable carcinogenic risks or 

noncarcinogenic health effects would be expected from exposure to incinerator emissions 

from this facility under the modified performance standard.  

This screening level risk assessment was conducted following the draft Guidance for 

Performing Screening Level Risk Analyses at Combustion Facilities Burning Hazardous 

Wastes (USEPA 1994a; SLRA guidance; Downs 1994) with modifications suggested in 

three draft errata to USEPA (1994a) provided to USPCI by the Utah Department of 

Environmental Quality. The screening procedure is based on the guidance in the interim 

final report Methodology for Assessing Health Risks Associated with Indirect Exposure to 

Combustor Emissions (USEPA 1990), the draft Addendum to Methodology for Assessing 

Health Risks Associated with Indirect Exposure to Combustion Emissions (USEPA 1993) 

and the draft implementation guidance entitled Implementation Guidance for Conducting 

Indirect Exposure Analysis at RCRA Combustion Units (USEPA 1994b).  

The screening procedure provides a conservative estimate of potential carcinogenic 

risks and noncarcinogenic health effects posed to hypothetical receptors from exposure 

via direct and indirect pathways to emissions of the most significant substances from the 

facility.  

This screening assessment follows the approach included in the SLRA guidance.  

Exposure routes considered in this SLRA include both direct exposures from inhalation
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and indirect exposures from dermal contact with soil and ingestion (both soil and food 

chain exposures). Indirect exposure analysis expands the analysis of routes by which 

contamination may reach individuals. These pathways predominantly involve 

concentration of contaminants in biological media (e.g., plants) and subsequent ingestion 

of contaminated foods. Aspects of the fate, transport and food chain modeling have 

been made intentionally conservative in this screening study to overestimate the actual 

risk associated with emissions from the facility (USEPA 1994a).  

Three receptor scenarios have been developed for this evaluation: 1) a subsistence 

farmer; 2) a resident adult; and 3) a resident child. Pathways of exposure include beef, 

milk and vegetable consumption, incidental soil ingestion, dermal contact with soil and 

inhalation for the farmer; and consumption of vegetables, incidental soil ingestion, 

dermal contact with soil and inhalation for the residents. The target risk levels identified 

in the implementation guidance are a total carcinogenic risk of less than 1 x 10 "' and 

hazard indices less than 0.25 (USEPA 1994b).  

B. Site Background 

USPCI has constructed a commercial transfer, storage and treatment facility capable 

of incinerating wastes. The incinerator was designed to thermally treat hazardous, toxic, 

medical and non-hazardous wastes regulated under the Resource Conservation and 

Recovery Act (RCRA), Toxic Substances Control Act (TSCA), Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA) and Superfund 

Amendments Reauthorization Act (SARA Title III). Non-hazardous and medical wastes 

are currently regulated as solid waste under RCRA, Subtitle D, by the Utah Division of 

Solid and Hazardous Waste (DSHW) (Solid Waste Permitting and Management 

Regulations R45 0-301). USPCI is required to comply with all regulations that may be 

applicable to its facility.  

The Clive incinerator is located three miles south of Interstate 80 (1-80) about 80 

miles west of Salt Lake City, Utah. The facility is located on private land, approximately 

37 miles northwest of Grantsville in Tooele County. The Clive incinerator is located 

within the West Desert Hazardous Industry Area, which has been designated by the
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Board of County Commissioners of Tooele County for -the location of commercial 

hazardous waste treatment, storage and disposal facilities.
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1II. EXPOSURE ASSESSMENT

The purpose of this assessment was to perform a screening level evaluation of the 

potential risks from direct and indirect exposure to incinerator emissions. This type of 

risk assessment follows four basic steps: (1) estimation of emissions from the incinerator 

stack (these estimates are used until actual operating data are collected); (2) air 

dispersion and deposition modeling of pollutant emissions to estimate the concentrations 

of various pollutants at locations surrounding the facility; (3) estimation of chemical 

concentrations in soil, plants and other environmental media, and exposure to individuals 

from contact with these media; and (4) estimation of the noncancer hazards and 

carcinogenic risk based on the estimated intakes and toxicological properties of 

individual contaminants. As part of the screening assessment, default values were used 

as parameters in the exposure algorithms. These default values were taken from the 

SLRA guidance when site-specific values could not be determined. The default values 

used are typically conservative and tend to overestimate the actual risk associated with 

exposure to incinerator emissions (USEPA 1994a). According to the guidance, if the 

final estimated risk is below levels of concern, then there is good reason to conclude that 

further analysis of the risk from stack emissions is unnecessary (USEPA 1994a).  

A. Estimation of Chemical-Specific Emission Rates 

The SLRA has been conducted considering exposures to the identified receptors 

through direct inhalation and via indirect pathways of exposure, i.e., incorporation of 

chemicals into the food chain. In the absence of site-specific data, the following 

procedure was used to select chemicals and develop emission rates for the quantitative 

risk evaluation.
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1. Selection of Chemicals 

USEPA (1994a) guidance requires that the risks associated with indirect 

exposures be evaluated for a specified list of constituents, which consist of 

environmentally persistent compounds such as polycyclic aromatic hydrocarbons 

(PAils), polychlorinated biphenyls (PCBs), dioxins and dioxin-like compounds, and 

metals. Consistent with this guidance, Table III-1 lists the compounds that were 

evaluated for assessing exposures through indirect pathways. As shown in the table, 

as per the SLRA guidance from USEPA, PAHs are represented by benzo(a)pyrene, 

the most potent carcinogen of the PAHs identified in the guidance, and dioxins and 

dioxin-like compounds are represented by 2,3,7,8-tetrachlorodibenzo(p)dioxin 

(2,3,7,8-TCDD) equivalents.  

In addition to the indirect pathways, exposure to these compounds would also 

occur through direct inhalation. USEPA (1994a) guidance requires that 

uncombusted or partially combusted chemicals and other products of incomplete 

combustion that are released from the incinerator stack be considered in evaluating 

direct exposures. Since the facility has not begun normal operations, site-specific 

data are unavailable to develop emission estimates for all chemicals that could 

potentially be released from the incinerator. However, based on professional 

experience (expert testimony of J.J. Santoleri as referenced in the risk assessment 

attachment to the June 14, 1994 USPCI request for Class 3 modification regarding 

its Clive incineration facility) and information contained in the Environmental 

-Impact Statement (USDI 1990), a list of constituents was identified that could be 

present in significant concentrations in the feed to the incinerator. These 

constituents are included in Table rn-1 for assessing exposures via direct inhalation.  

Other chemicals could potentially be present in stack emissions that may not be 

present in significant concentrations in the waste feed but could be produced in the 

combustion process. In order to identify these compounds, stack testing data from 

the nearby Aptus facility was reviewed. Attachment A-1 of Appendix A contains the 

Aptus results of stack testing of the Hazardous Substance List Compounds under 

three test conditions, each condition consisting of three runs conducted between

ENVIRON-11-



TABLE 111-1 
Estimated Emission Rates 

Estimated Emission Rate Basis 
Chemical (g/sec) 

INDIRECT EXPOSURE_ 

Antimony 2.14 x 100 b, c 

Arsenic 5.65 x 10.' c 

Barium 3.78 x 100 d 

Benzo(a)pyrene Toxicity Equivalents 3.89 x 10.3 e 

Beryllium 2.97 x 10"4 c 

Bis(2-ethylhexyl)phthalate 1.07 x 104 f 

Cadmium 9.92 x 10. c 

Chromium (VI) 2.38 x 10.' c 

Dinitrobenzene, 1,3- 3.89 x 10. e 

Dinitrotoluene, 2,4- 3.89 x 10-3 e 

Dinitrotoluene, 2,6- 3.89 x 10.' e 

Di-n-octylphthalate 1.90 x 10.1 f 

Hexachlorobenzene 1.93 x 104 f 

Lead 6.43 x 10.1 c 

Mercury 5.72 x 10.1 c 

Nickel 3.78 x 10+' b, c 

Nitrobenzene .3.89 x 10. e 

PCBs, Total 4.70 x 104 g 

Pentachloronitrobenzene 3.89 x 10.' e 

Pentachlorophenol 3.89 x 10. e 

Selenium 2.86 x 10k' b, c 

Silver 2.14 x 10*' b, c 

TCDD Toxicity Equivalents, 2,3,7,8- 3.05 x 10- f 

Thallium (1) 2.14 x 10' d
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TABLE III-1 
Estimated Emission Rates 

Chemical Estimated Emission Rate Basis 

(g/sec) 

DIRECT EXPOSURE 

Acetone 3.89 x 10' e 

Acrylamide 3.89 x 10.' e, h 

Acrylonitrile 3.89 x 10.' e, h 

Benzene 3.89 x 10.' e, h 

Benzoic Acid 1.78 x 10-3 f 

Bromodichloromethane 2.03 x 104 f 

Bromoform 231 x 10-3 f 

Bromomethane 1.13 x 104 f 

Butyl Alcohol 3.89 x 10-3 e 

Butylbenzylphthalate 3.38 x 10. f 

Carbon Disulfide 3.89 x 10.3 e 

Carbon Tetrachloride 3.89 x 10.3 e, i 

Chlorobenzene 3.89 x 10.' e, i 

Chloroform 2.34 x 10.3 f 

Chloromethane 1.10 x 10-3 f 

Creosote 3.89 x 10-3 e 

Cresols 3.89 x 106 e 

Cresylic Acid 3.89 x 10-3  e 

Cyclohexanone 3.89 x 10. e 

Dibromochloromethane 1.56 x 10-3 f 

Dichlorobenzene, 1,2- 4.95 x 10.5  f 

Dichlorobenzene, 1,3- 4.49 x 10-' f 

Dichlorobenzene, 1,4- 3.87 x 10" f 

Dichloroethane, 1,1- 3.78 x 10' f

ENVIRON-13-

L



TABLE 111-1 
Estimated Emission Rates

Estimated Emission Rate Bass 

(g/sec) 

Dichloroethane, 1,2- 1.93 x 10-4 f 

Dichloroethylene, 1,1- 1.29 x 10' f 

Dichloroethylene, 1,2- 8.24 x 104 f 

Dichlorophenol, 2,4- 4.56 x 10.' f 

Dichloropropene, cis-1,3- 8.20 x 10.' f 

Dichloropropene, trans-1,3- 6.69 x 10' f 

Dimethylphthalate 2.12 x 10.' f 

Di-n-butylphthalate 5.76 x I0-" f 

Ethoxyethanol, 2- 3.89 x 10.'- e 

Ethyl Acetate 3.89 x 10- e 

Ethyl Ether 3.89 x 10. e 

Ethylbenzene 3.89 x 10. e 

Hexachlorocyclopentadiene 2.73 x 10i4 f 

Isobutanol 3.89 x 10.' e 

Methanol 3.89 x 10. e 

Methyl Ethyl Ketone 3.89 x 10. e 

Methylene Chloride 3.89 x 10. e, i 

Methylnaphthalene, 2- 3.34 x 10." f 

Napthalene 6.27 x 10.' f 

Nitropropane, 2- 3.89 x 10.' e 

Orthodichlorobenzene 3.89 x 10"' e 

Phenol 3.82 x 10"' f 

Pyridine 3.89 x 10"' e 

Tetrachloroethylene 3.89 x 10' e, i 

Toluene 3.89 x 10" e, i
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TABLE 111-1 
Estimated Emission Rates 

Estimated Emission Rate 
Chemical (g/sec) Basis 

Trichlorobenzene, 1,2,4- 1.02 x 10-4 f 

Trichloroethane, 1,1,1- 3.89 x 10.' e, i 

Trichloroethane, 1,1,2- 3.89 x 10' e 

Trichloroethylene 3.89 x 10.3 e 

Trichlorofluoromethane 4.78 x 10.' f 

Trichlorophenol, 2,4,6- 2.64 x 10-4 f 

Trichlorotrifluoroethane 3.89 x 10.3 e 

Trichlorotrifluoroethene 3.89 x 10.' e 

Vinyl Chloride 4.41 x 10"4 f 

Xylene 3.89 x 10.' e

Notes (see text and Appendix A for further detail): 

a All chemicals listed in USEPA (1994a) SLRA guidance.  
b Calculated from allowable feed rate and assumed 0% SRE as follows: 

feed rate (g/sec) = emission rate (g/sec) 
c Permit limit.  
d Calculated from allowable feed rate and assumed 90% SRE as follows: 

feed rate (g/sec) x (1-SRE) = emission rate (g/sec) 
e Calculated assuming compound comprises 1% of a 30,859 lb/hr organic waste 

stream (USPCI 1994) and 99.99% DRE as follows: 
feed rate (g/sec) x fraction of waste stream that is compound of interest x (1
DRE) = emission rate (g/sec) 

f Arithmetic average of Aptus trial burn data (Appendix A, Attachment A-1, A-2).  
g Calculated from TSCA Approval Order of a 3,700 lb/hr PCB waste stream and 

99.9999% DRE as follows: 
feed rate (g/sec) x (1-DRE) = emission rate (g/sec) 

h Chemical listed in Attachment 1 to USPCI's Request for Class 3 Modification 
(June 14, 1994).  

i Chemical listed in both EIS (USDI 1990, page D-8) and Attachment 1 to USPCI's 
Request for Class 3 Modification (June 14, 1994).
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March and May 1992. Additional compounds were identified from the testing results 

and included in Table Ill-1 for evaluating risks associated with direct exposures.  

2. Development of Emission Rates 

Because the Clive facility has not yet conducted a trial burn, emission rates for 

the facility had to be estimated from other sources. As mentioned above, a list of 

constituents is specified in the SLRA guidance (USEPA 1994a) for evaluating 

indirect pathways of exposure, which are included in Table IH-i. These constituents 

were broadly classified into organic chemicals and metals and further divided based 

on the sources of information available for characterizing emissions.  

Indirect exposure - organic emissions 

The SLRA was conducted to evaluate the risks associated with operation of the 

incinerator at a DRE of 99.99% for RCRA hazardous wastes and 99.9999% for 

TSCA wastes, specifically PCBs. Furthermore, the TSCA Approval (June 14, 1994) 

includes a feed rate limit for PCBs of 3,700 lb/hr. Thus, although it is unlikely that 

the facility will continuously operate at the maximum permitted capacity and it is 

likely that the actual DRE for PCBs would exceed 99.9999%, to ensure compliance 

with the standard, it was conservatively assumed that the facility will operate at a 

maximum feed rate of 3,700 lb/hr and a DRE of 99.9999%. This would 

conservatively produce an emission rate for PCBs of 4.70 x 10" g/sec as presented in 

Table 11-1.  

The other organic compounds listed in Table ,T1-i are not expected to be 

present in significant concentrations in the feed to the incinerator, and as evident 

from the results of the Aptus stack testing, would not be present in significant 

concentrations in the stack gases. Only 4 of the- other 11 organic chemicals being 

evaluated for indirect exposures were detected in the Aptus test results contained in 

Attachment A-i of Appendix A. For estimating emission rates for these four 

chemicals, bis(2-ethylhexyl)phthalate, di-n-octylphthalate, hexachlorobenzene and 

2,3,7,8-TCDD equivalents, the available data from Aptus was used. Attachment A-2 

of Appendix A contains the results of Aptus testing for dioxins and dioxin-like

ENVIRON-16-



compounds. Emission rates were estimated using the reported concentrations listed 

in the cited attachments and the volumetric flow rate of stack gases for the Clive 

incinerator (51,700 dscfm or 24.4 dscm/sec, UDEQ 1991) using the following 

equation: 

stack concentration ) x stack flow rate , se 109 e o ec) 

This equation is applied as follows, using hexachlorobenzene and 2,3,7,8-TCDD 

equivalents as examples:

Hexachlorobenzene 

Run No. Stack concentration (ngfdscm) 

11 3,540 

12 not listed 

13 not listed 

4 5,400 

5 11,070 

6 11,660 

7 not listed 

8 not listed 

9 not listed 

avg of 4 runs 7,918

7,918 ng x 24.4 dscm x g 1.93 x 10-4 g 
dscm see 109 ng seC
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2,3,7,8-TCDD equivalents 

Run No. Stack Concentration (ng/dscm) 

11 20.69 

12 17.46 

13 8.71 

4 10.28 

5 19.08 

6 15.93 

7 9.22 

8 6.08 

_9 5.07 

avg of 9 runs 12.50

12.50 ng m x 
dscm

24.4 dscm x g 3.05 x 10 7  g 
sec 109 ng Sec

The concentration in stack gases was determined based on the arithmetic average for 

the nine Aptus runs reporting detectable levels. Runs in which the chemical was not 

detected were not included in the average, thereby overstating the actual emissions.  

Where Aptus data for specific chemicals were not available (7 of the chemicals 

evaluated via the indirect exposure pathway), it was conservatively assumed that the 

chemical constitutes one percent of the estimated 30,859 lb/hr (3,888 g/sec) organic 

waste feed rate (USPCI 1994), to which a DRE bf 99.99% was applied as shown in 

the following equation: 

feedý rate (3)x fraction of chemical x (1 -DR.E) = emission rate(.)
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This equation is applied as follows, using acetone as an example:

3,888 -9- x 0.01 x (1-0.9999) = 3.89 x 10-' g 
sec sec 

It should be noted that application of this procedure for the 7 organic chemicals 

that were not detected in the Aptus test runs produces an emission rate of 3.89 x 

10"-, which is the highest emission rate in Table III-1. The assumption of these 7 

chemicals being present in significant concentrations (1 percent) in the waste stream 

is extremely conservative.  

Indirect exposure - metals 

Permit limits (UDEQ 1991) have been established for six metals (arsenic, 

beryllium, cadmium, chromium, lead and mercury) which are listed in Table I1-1.  

It was conservatively assumed that the facility will operate at the permit limits for 

these metals and all of the chromium emissions will be in the carcinogenic 

hexavalent form. Thus, these maximum permitted rates were used in Table III-1.  

Emission rates for barium and thallium were estimated based on the procedures 

for determining default values for system removal efficiencies (SREs) described in 

40 CFR Part 266, Appendix IX (page 611). For a spray dryer and fabric filter 

combination, the conservatively estimated SRE is specified to be 90 percent for 

volatile metals. Barium and thallium typically enter the air pollution control system 

as fine, submicron particles for which a 90 percent SRE would be appropriate as a 

conservative estimate. Confirmation of this value will be conducted during the trial 

burn for the incinerator. Thus, emission rates for barium and thallium were 

developed based on an SRE of 90 percent and the maximum allowable feed rates of 

300 and 17.01 lbs/hr, respectively, as listed in the trial bum plan (UDEQ 1991).  

The emission rate of thallium was estimated as follows, for illustrative 

purposes:

ENVIRON-19-



feed rate( (1 -SR = emission rate 

2.14 x (1-0.90) = 2.14 x 10-1 
sec sec 

Finally, it was conservatively assumed that all the. antimony, nickel, selenium and 

silver in the waste feed to the incinerator would be emitted from the stack. Thus, 

the emission rates for these metals in Table M-1 reflect the maximum allowable 

feed rates of 17.0, 300.0, 226.8, and 170.1 lb/hr, respectively (2.14, 37.8, 28.6, and 

21.4 g/s, respectively) (UDEQ 1991).  

Direct exposure 

As mentioned previously, the list of chemicals that was evaluated for direct 

inhalation exposures was developed based on consideration of chemicals that were 

identified as being present in the waste feed in significant amounts (based on the 

EIS and USPCI's request for Class 3 modification, June 14, 1994), and those that 

were detected in stack emissions from the Aptus test runs. Emissions of constituents 

that may be present in the feed in significant concentrations, but were not identified 

in the Aptus testing, were calculated based on conservatively assuming each chemical 

constitutes 1 percent of the organic waste feed, and applying a 99.99% DRE to the 

chemical feed rate.  

Emission rates for compounds identified from the Aptus testing were developed 

using the reported Aptus concentrations in Attachment A-i, Appendix A, and the 

Clive incinerator stack flow rate as described above. Table I1I-1 summarizes the 

estimated emission rates using the conservative methodologies described above. It 

should be noted that as part of the trial burn for the facility, an expanded list of 

organic compounds will be analyzed in stack gases as shown in Attachment A-3, 

Appendix A, which will provide site-specific data.
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B. Air Dispersion Modeling and Deposition Calculations 

Stack emissions from the facility's incinerator may disperse downwind, deposit in the 

area surrounding the facility and migrate in the environment to points of potential 

human exposure. Plants and livestock in the vicinity of the USPCI facility may also be 

exposed to stack emissions and provide a potential source of indirect exposure to humans 

near the facility. Air dispersion modeling of stack emissions was conducted to evaluate 

exposures in the vicinity of the facility.  

1. COMPDEP Model 

Atmospheric dispersion and transport of emissions from the Clive incinerator 

were evaluated using USEPA-approved dispersion modeling tools and approaches, as 

provided in the SLRA guidance (USEPA 1994a). The USEPA-recommended 

COMPDEP air dispersion model is used to predict impacts in flat and complex 

terrain (elevations above stack height). Local meteorological data (e.g., wind speeds, 

wind directions, stability category) from two years of observations (1991 and 1992) at 

the meteorological monitoring tower at the Clive facility were used in the modeling.  

Precipitation data from Dugway and Grantsville, Utah, were used as input data to 

the model. Terrain features were developed from USGS topographic maps of the 

region. Overall, the dispersion model input parameters, such as surface roughness, 

particle size distribution and dispersion characteristics were developed based on the 

SLRA guidance (USEPA 1994a). Details of the input data are provided in 

Appendix G.  

2. Exposure Locations 

The Clive facility is located within the designated West Desert Hazardous 

Industry Area, where no residences can be located. Accordingly, for purposes of the 

SLRA, locations of actual or theoretical residents were identified. The nearest 

actual receptors live in the vicinity of Iosepa in the Skull Valley approximately 25 

miles from the facility. This location was modeled for the purposes of the SLRA. In 

addition, based on discussions with UDEQ, attempts were made to determine the 

closest theoretical resident to the Clive facility. The Tooele County Zoning
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Ordinance, Chapter 18, prohibits dwelling units within 10 miles of a hazardous waste 

zone (see Appendix G, Attachment G-1). Therefore, a 10 mile radius was identified 

around the boundaries of the West Desert Hazardous Industry Area, and two 

theoretical receptors were identified for the quantitative assessment of risks. These 

theoretical receptors were located on the south boundary of the 10 mile buffer zone 

and on the north boundary of the buffer zone. The south location is the closest to 

the Clive facility, while the north receptor is in the direction of the prevailing winds.  

The nearest actual residence and both of the theoretical receptor locations were 

modeled in the SLRA; however, since the greatest exposure and risk was associated 

with the north boundary receptor location (Tables I-1, 1-2, M-2), details of the 

assessment are only presented for this location. In addition, it should be noted that 

the south boundary location is within the Wendover Air Force Range (Appendix G, 

Attachment G-1).  

The COMPDEP modeling results using the maximum prediction from the two 

individual years of meteorological data for the three-receptor locations are 

summarized in Table 111-2. These results were used to determine the risks and 

hazards to receptors at these locations. Since, as previously stated, the exposure and 

risk is greatest at the northern theoretical location, the chemical-specific air 

concentrations/deposition rates are presented for only that location in Appendix A, 

Table A-i. The average daily intake via inhalation of each chemical of concern is 

listed in Appendix C, Table C-14; Appendix D, Table D-7; and Appendix E, 

Table E-7.  

C. Exposure Receptors 

While four human receptors are identified in the SLRA guidance (USEPA 1994a), it 

has been determined by USPCI and UDEQ that, because of the location of the Clive 

facility, a subsistence fisher does not require evaluation in the SLRA. Therefore, the 

following three receptors were evaluated at all three locations: 1) a subsistence farmer; 

2) an adult resident and 3) a child resident.
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TABLE 111-2 
COMPI)EP Modeling: Maximum Results for Discrete Recentors For Unit Emissinns (I a/.•

Annual Annual Annual Annual 
Receptor Dry Wet Combined Average 
Location Deposition Deposition Deposition Concentration 

Receptor (UTM meters)__ Year (g/m1 ) (g/m,) (g/m 2) (pg/mr) 
Nearest 358380 E 1991 1.00 x 104 6.55 x 10 6 1.07 x 104 2.38 x 10.  

Residence 4503600 N I 1 

North Edge 318438 E 1992 3.61 x 104 1.05 x 10' 3.72 x 104 6.30 x 10' 
of Buffer Zone 4540714 N I I I 

South Edge 318438 E 1991 3.35 x 104 1.49 x 10" 3.50 x 10"4 6.00 x 10' 
of Buffer Zone 4489238 N _



USEPA guidance (USEPA 1994a) specifies the particular exposure scenarios that 

should be evaluated and provides default values for most input parameters (see 

Appendix B, Table B-i). In addition, the guidance also allows the flexibility to use 

available site-specific information to modify certain assumptions. For example, site

specific land use information may be used to determine that certain assumptions 

regarding the exposure scenarios are implausible (e.g., that exposure occurs at the points 

of maximum air concentration and maximum deposition) and to make alternative 

assumptions (e.g., to identify locations at which the exposure scenarios used for the 

screening analysis are plausible).  

1. Subsistence Farmer 

Exposures of a subsistence farmer were evaluated by considering exposure 

pathways for consumption of beef, consumption of cow's milk, consumption of 

aboveground vegetables, consumption of root vegetables, incidental ingestion of soil 

and inhalation of airborne contaminants. The exposure assumptions adopted for the 

subsistence farmer receptor are listed in Table 11-3. The exposure parameter values 

in Table 111-3 are conservative default values specified in the SLRA guidance 

(USEPA 1994a). Site-specific parameter values include average annual precipitation 

(P), irrigation (I), surface runoff (R), and evapotranspiration (EV). Long-term data 

for these parameters in the Clive incinerator area are reported to be P (average 

precipitation for 1991 and 1992) is 19 cm/yr, I is 70 cm/yr (Baes et al. 1984), R is 

less than 3 cm/yr (Geraghty et al. 1973) and EV is less than 60 cm/yr (Geraghty et 

al. 1973).  

2. Adult Resident 

Exposures of the adult resident were evaluated by considering exposure pathways 

for consumption of aboveground vegetables, consumption of root vegetables, 

incidental ingestion of soil and inhalation of airborne contaminants. Exposure 

assumptions adopted for the adult resident receptor are listed in Table 111-3 based 

on the SLRA guidance (USEPA 1994a).
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TABLE 111-3 
Exposure Parameter Values

Exposure Scenario 

Subsistence Adult Child.  

Exposure Parameter Farmer Resident Resident 

CR,. = Consumption rate of soil (kg/day) 0.0001 0.0001 0.0002 

F. = Fraction of consumed soil contaminated 1 1 
(unitless) 

CRq = Consumption rate of above ground vegetables 0.024 0.024 0.005 
(kg/day) 

Fm f Fraction of above ground vegetables 0.95 0.25 0.25 
contaminated (unitless) 

CRg = Consumption rate of root vegetables (kg/day) 0.0063 0.0063 0.0014 

Fbi = Fraction of root vegetables contaminated 0.95 0.25 0.25 

(unitiess) 

CRt, = Consumption rate of beef (kg/day) 0.1 NA NA 

F•, = Fraction of beef contaminated (unitless) 0.44 NA NA 

CR-& = Consumption rate of milk (kg/day) 03 NA NA 

F, = Fraction of milk contaminated (unitless) 0.40 NA NA 

ED = Exposure duration (yr) 40 30 6 

EF = Exposure frequency (day/yr) 350 350 350 

BW = Body weight (kg) 70 70 15 

AT = Averaging time (yr) 70 70 70 

AT = Averaging time (day) 25,550 25,550 25,550 

IR = Inhalation rate (m3/hour) 1 1 02 

ET Exposure time (hour/day) 24 .24 24 

Tc = Total time period over which deposition 30 30 30 
occurs (yr) 

P = Average annual precipitation (cm/yr)* 19 19 19 

I = Average annual irrigation (cm/yr) 70 70 70 

R = Average annual surface runoff (cm/yr) 3 3 3 

EV = Average annual evapotranspiration (cm/yr) 60 60 60 

Notes: 

Average annual precipitation was calculated using 1991 and 1992 data.  

Source

ENVIRON

U.S. Environmental Protection Agency (USEPA). 1994. Guidance for performing screening level risk 
analyses at combustion facilities burning hazardous wastes. Draft. Office of Emergency and Remedial 

Response. Washington, D.C. April 15.
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3. Child Resident 

Exposures of the child resident were evaluated by considering exposure pathways 

for consumption of aboveground vegetables, consumption of root vegetables, 

incidental ingestion of soil and inhalation of airborne contaminants. Exposure 

assumptions adopted for the child resident receptor are listed in Table 111-3 based on 

the SLRA guidance (USEPA 1994a).  

D. Estimation of Media Concentrations and Chemical Intakes via Different Exposure 

Routes 

The USEPA equations used to estimate concentrations in environmental media 

based on the air dispersion and deposition modeling are summarized in Appendix B.  

Appendix B also contains chemical-specific parameter values used in the fate and 

transport equations. USEPA (1994a) provides specific guidance on the equations and 

conservative default values for the input parameters that were incorporated in this 

analysis. Appendix C contains the equations used to estimate chemical concentrations in 

milk and meat that are consumed by the subsistence farmer. Accumulation of chemicals 

in milk and meat was assumed to occur as a result of partitioning of chemicals released 

from the incinerator stack into media such as forage and soil consumed by dairy cows 

and cattle.  

Appendices C, D and E provide the equations used to calculate the exposure dose 

for the subsistence farmer, adult resident and child resident, respectively. These 

equations are also specified in the SLRA guidance (USEPA 1994a) and combine the 

media concentrations in Appendix B with behavioral characteristics, such as.ingestion 

rates of individuals and duration of exposure, to estimate exposures via different routes 

.of exposure.  

The potential routes of exposure evaluated in this SLRA are discussed in further 

detail in this section. Inhalation of incinerator stack gases and particulates is the only 

direct route of exposure. Other routes, including ingestion of beef and vegetables, 

ingestion of soil, and dermal contact with soil are indirect exposure routes.
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1. Soil Exposure Routes 

Incidental ingestion of soil: This pathway incorporated consumption of 

100 mg/day of soil for the adult receptors and 200 mg/day for the child (see 

Appendix C, Table C-5; Appendix D, Table D-1; and Appendix E, Table E-1). The 

concentration of chemicals in soil was developed from the deposition (combined wet 

and dry) at the location of the receptors (see Appendix B, Table B-2). Consistent 

with the conservative SLRA guidance (USEXPA 1994a and errata), the soil mixing 

depth within which deposited chemicals would be mixed was assumed to be 1 cm 

when estimating concentrations in milk, beef and aboveground vegetation and 20 cm 

for root vegetables. The soil bulk density was 1.5 g/cm3. The estimated 

concentration of each chemical of concern in soil is listed in Appendix B, Tables B-9, 

B-10 and B-11 for the subsistence farmer, adult resident and child resident, 

respectively.  

2. Terrestrial Food Chain Exposure Routes 

Consumption of beef: This pathway included the subsistence farmer's 

consumption of 100 g/day of beef with 44% being obtained from the affected area as 

specified by USEPA (1994a; see Appendix C, Table C-8). The concentration of the 

constituents in beef was determined by incorporating the consumption of plants 

impacted by the facility and consumption of soil, along with the chemical-specific 

biotransfer factor for beef (see Appendix C, Table C-3). The concentration of the 

chemical in plants incorporates both direct deposition (wet and dry) onto plants and 

air-to-plant transfer from the vapor phase (see Appendix C, Tables C-1 and C-2).  

The estimated concentration of each chemical of concern in beef is listed in 

Appendix C, Table C-12 for the subsistence farmer receptor.  

Consumption of cow's milk: This pathway included the subsistence farmer's 

consumption of 300 g/day of milk with 40% coming from the affected area as 

specified by USEPA (1994a; see Appendix C, Table C-9). The milk concentration 

incorporated the consumption of both soil and plants by the cow and the chemical

specific biotransfer factor for milk (see Appendix C, Table C-4). The plant and soil 

levels were calculated as they were for the beef ingestion. The estimated
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concentration of each chemical of concern in milk is listed in Appendix C, 

Table C-12 for the subsistence farmer receptor.  

Consumption of aboveground vegetables: This pathway was based on 

consumption of 24 g/day of aboveground vegetables for the adult and 5 g/day of 

aboveground vegetables for the child as specified by USEPA (1994a; see Appendix 

C, Table C-6; Appendix D, Table D-2; and Appendix E, Table E-2). In addition, for 

the subsistence farmer it was assumed that 95% of the vegetables are grown in the 

affected area, while for the adult and child resident it was assumed that 25% of the 

vegetables are home grown. The concentration of chemicals in the aboveground 

plant was a combination of direct deposition (both wet and dc'y) and air-to-plant 

transfer, which incorporated the chemical-specific air-to-plant biotransfer factor (see 

Appendix B, Tables B-6 and B-7). The estimated concentration of each chemical of 

concern in aboveground vegetables is listed in Appendix B, Tables B-9, B-10 and 

B-11 for each receptor.  

Consumption of root vegetables: This pathway was based on consumption of 

6.3 g/day of root vegetables by the adults and 1.4 g/day by the child as specified by 

USEPA (1994d; see Appendix C, Table C-7; Appendix D, Table D-3; and Appendix 

E, Table E-3). In addition, it was assumed that 95% of the vegetables are home 

grown by the subsistence farmer and 25% for the adult and child resident. The 

concentration of chemicals in root vegetables was calculated by taking into account 

the predicted soil concentration with a mixing depth of 20 cm, chemical specific soil

water partition coefficient and the uptake of the chemicals from the soil pore water 

(see Appendix B, Table B-8). The estimated concentration of each chemical of 

concern in root vegetables is listed in Appendix B, Tables B-9, B-10 and B-11 for 

each receptor.  

3. Air Exposure Route 

Direct inhalation: This pathway assumed the inhalation of 20 m3/day for adults 

and 5 m&/day for the child receptor as specified by USEPA (1994a; see Appendix C, 

Table C-11; Appendix D, Table D-5; and Appendix E, Table E-5). The 

concentration of chemicals was based on the predicted annual ambient air
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concentrations listed in Table E11-3 (see Appendix A, Table A-i for chemical-specific 

values).
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IV. RISK CHARACTERIZATION 

A. Estimation of Carcinogenic Risk and Noncarcinogenic Health Effects 

In the final phase of the SLRA, the estimated intakes (as calculated using the 

formulas presented in Appendices C, D and E) and toxicity values (from Appendix B, 

Table B-i) are combined to calculate potential human health risks. Point estimates of 

carcinogenic risk (expressed as the probability of excess lifetime cases of cancer for an 

exposed individual) and the potential for noncarcinogenic health effects (expressed as 

hazard indices) are thereby developed.  

To estimate potential cancer risks, the estimated intakes are multiplied by cancer 

slope factors (CSFs), representing the "plausible upper-bound estimate of the probability 

of a response per unit intake of a chemical over a lifetime" (USEPA 1989).  

The equation used to calculate carcinogenic risk for indirect exposures is as follows 

(USEPA 1994a - page C-6-9): 

Risk = I x EDxEF x CSF 
BWx ATx 365 

where: 

Risk = Carcinogenic risk, (e.g., 1 x 10' is one excess cancer in one million 

persons exposed), (unitless); 

I = Total daily intake of contaminant, (mg/day); 

ED = Exposure duration, (years); 

EF = Exposure frequency, (days/year); 

BW = Body weight, (kg); 

AT = Averaging time (years); 

365 = Units conversion factor, (days/year); and 

CSF = Oral cancer slope factor, (mg/kg-day)"1
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The equation used to calculate carcinogenic risk for direct exposures is as follows 

(USEPA 1994a - page C-6-43): 

Riski, = ADI. x CSF, 

where: 

Risk. = Carcinogenic risk via inhalation, (unitless); 

ADI, = Average daily intake via inhalation, (mg/kg-day); and 

CSF = Inhalation carcinogenic slope factor, (mg/kg-day)"4 

Current scientific knowledge is insufficient to determine whether the presence of 

more than one chemical would result in effects that are synergistic (greater than the 

summed risks from the individual chemicals) or antagonistic (less than the summed 

individual chemical risks). Given this uncertainty, USEPA guidance calls for the 

assumption of additivity of cancer risks in evaluating total risks from multiple chemical 

exposures (USEPA 1989).  

To estimate the potential for noncarcinogenic health effects, chemical-specific 

intakes are compared to USEPA-derived reference values resulting in a hazard quotient 

(HQ). The reference value is "an estimate of daily exposures to the human population 

(including sensitive subgroups) that is likely to be without appreciable risk of deleterious 

effects during the lifetime" (USEPA 1989).  

The equation used to estimate the potential for noncarcinogenic health effects due 

to indirect exposure is as follows (USEPA 1994a - page C-6-10): 

HQ= 
BWx Rfl 

where: 

HQ = Hazard quotient, (unitless); 

I = Total daily intake of contaminant, (mg/day); 

BW = Body weight, (kg); and 

RfD = Reference dose (mg/kg-day).
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The equation used to calculate noncarcinogenic risk as a result of a direct exposure 

is as follows (USEPA 1994a - page C-6-44): 

HQm = C(-.) x 10-O 

where: 

HQi = Hazard quotient via inhalation, (unitless); 

C(,I) = Concentration in air, (ptg/m 3); 

RfC = Reference concentration, (mg/m 3); and 

10.1 = Units conversion factor, (mg/jig).  

An HQ is calculated for each chemical in each exposure route. The HQs for all 

chemicals affecting the same target organ are summed to derive a route-specific hazard 

index (HI). An HI that is less than 1 indicates that no reference values have been 

exceeded, and that it is unlikely that even sensitive sub-populations will experience 

adverse effects. If an HI exceeds 1, it is often necessary to perform a more detailed 

evaluation of potential exposure and mechanisms of toxicity. Since chemical exposure 

may occur from background sources, USEPA guidance (1994a) requires that 75% of the 

HI be allocated to background exposures, so that impacts from the facility cannot 

account for more than 25% of the HI.  

The equations used to calculate the average daily intake for all indirect exposures 

and the average daily intake via inhalation (direct exposure) are presented in Appendix 

C for the subsistence farmer, Appendix D for the adult resident and Appendix E for the 

child resident. These average daily intakes were used to calculate the excess lifetime 

cancer risk and hazard quotient for each chemical constituent assumed to be present in 

stack emissions. The equations used to calculate cancer risks and hazard quotients are 

presented in Appendix F.  

The SLRA guidance (USEPA 1994a) provides the procedure for calculating overall 

cancer risk and hazard indices for each receptor. Carcinogenic risks for indirect 

exposures were calculated separate from those for direct exposure for each receptor.

ENVIRON-32-



Addition of these subtotals yielded the overall excess lifetime cancer risk for each 

receptor from exposure to emissions from the facility. Hazard quotients for chemicals 

that affect the same target organ were added together to obtain a hazard index for the 

target organ.  

Indirect Exposures 

The SLRA guidance (USEPA 1994a) lists bis(2-ethylhexyl)phthalate, 

di(n)octylphthalate, hexachlorobenzene, pentachloronitrobenzene, and pentachlorophenol 

as hepatotoxins. Antimony, barium, cadmium, chromium VI, nickel and selenium are 

also reported to adversely effect the liver (ATSDR 1989). Therefore, in the indirect 

exposure scenarios, a hazard index for liver effects was calculated by addition of the 

individual hazard quotients calculated for bis(2-ethylhexyl)phthalate, di(n)octylphthalate, 

hexachlorobenzene, pentachloronitrobenzene, pentachlorophenol, antimony, barium, 

cadmium, chromium VI, nickel and selenium.  

The SLRA guidance (USEPA 1994a) lists 2,4-dinitrotoluene, 2,6-dinitrotoluene and 

mercury as neurotoxicants. Antimony, barium, cadmium, chromium VI, nickel, selenium 

and silver are also reported to have adverse neurological affects. Therefore, the hazard 

index for neurotoxic effects was calculated by addition of the hazard quotients calculated 

for 2,4-dinitrotoluene, 2,6-dinitrotoluene, mercury, antimony, barium, cadmium, 

chromium VI, nickel, selenium and silver.  

Direct Exposures 

The liver is the target organ affected by exposure to 1,2,4-trichlorobenzene (USEPA 

1994d) and 1,4-dichlorobenzene (USEPA 1995). Acrylonitrile, barium, chlorobenzene, 

methylene chloride, nitrobenzene, 2-nitropropane, toluene and 1,1,1-trichloroethane are 

reported to adversely affect the liver as well (ATSDR 1989). Therefore, in the direct 

exposure scenarios, a hazard index for liver effects was calculated by addition of 

individual hazard quotients calculated for 1,2,4-trichlorobenzene, 1,4-dichlorobenzene, 

acrylonitrile, barium, chlorobenzene, methylene chloride, nitrobenzene, 2-nitropropane, 

toluene and 1,1,1-trichloroethane. Acrylonitrile, ethylbenzene, barium, mercury, toluene 

and 1,1,1-trichloroethane are reported to have adverse neurological effects (ATSDR
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1989). Thus a hazard index for neurotoxic effects was-calculated by addition of the 

hazard quotients calculated for acrylonitrile, ethylbenzene, barium, mercury, toluene and 

1,1,1-trichloroethane. In addition, the hazard quotients for each of the chemicals in the 

direct pathway were summed to calculate a total hazard index for the direct pathway. As 

this value was calculated to be less than 0.25, no further organ-specific toxicities were 

evaluated.  

B. Results and Conclusions 

The implementation guidance (USEPA 1994b) addresses acceptable target risk 

levels. To this end the guidance states that: 

"To ensure protection of human health from emissions of toxic constituents, 
the total incremental risk from the high-end individual exposure to 
carcinogenic constituents should not exceed 10'*. For systemic toxicants, 
the hazard quotient (e.g., the ratio of the total daily oral intake to the 
reference dose) for the constituent or, when appropriate, the mixture 
should be less than 0.25. In the case of lead, for which there is no 
reference dose, direct comparison with media-specific health based levels is 
suggested, after adjusting for background levels; specifically, values of 100 
mg/kg for soils and 0.2 ug/m 3 for air are recommended." 

Table VI-1 summarizes the hypothetical excess lifetime cancer risks to the receptors 

through indirect and direct exposure to emissions from the facility. The total (sum of 

indirect and direct exposures) excess lifetime cancer risks are 3 x 10", 4 x 10.' and 1 x 10' 

'for the subsistence farmer, adult resident and child resident, respectively. None of 

these calculated risks exceeds the benchmark of 1 x 10' established by the USEPA, 

indicating that excess lifetime cancer risk due to exposure to emissions from the Clive 

incinerator would not be expected.  

Table VI-2 summarizes the hypothetical noncarcinogenic risks to the receptors 

through indirect and direct exposure to emissions from the facility. Noncarcinogenic 

effects measured via hepatotoxicity due to indirect exposure to emissions were 0.049,
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TABLE VI-1 
Excess Lifetime Cancer Risks to Hypothetical 

ReceDtors at the North Edge of the Buffer Zone Boundary

Subsistence Resident Resident 
Farmer Adult Child 

Indirect Exposure 2 x 10"6. 7 x 10. 5 x 10.  

Direct Exposure 4 x 10.' 3 x 10-1 6 x 10.  

Total 3 x 10"6 4 x 10.7 1 x 10-7
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TABLE VI-2 
Hazard Indices at the North Edge of the Buffer Zone Boundary 

Subsistence Resident Resident 

Farmer Adult Child 

Indirect Exposure 

Liver 0.049 0.00092 0.0042 

Neurotoxic 0.15 0.0016 0.0091 

Direct Exposure 

Liver 0.048 0.048 0.048 

Neurotoxic 0.060 0.060 0.060 

Total' 0.060 0.060 0.060 
iotu: 

*Total is the su= of all H~s for the individual constituents for direct exposure.



0.00092 and 0.0042 for the subsistence farmer, adult resident and child resident, 

respectively. Neurotoxicity due to indirect exposure to emissions was calculated to be 

0.15, 0.0016 and 0.0091 for the subsistence farmer, adult resident and child resident, 

respectively. For the direct exposure calculations, noncarcinogenic hepatoxicity was 

calculated to be 0.048 and neurotoxicity was calculated to be 0.060 for each receptor at a 

given location. The hazard index calculated for each toxic endpoint would be expected 

to be identical across receptors, as no receptor-specific variables are used in the 

calculation of these values.  

The USEPA (1994b) has established a benchmark for hazard indices of 0.25, a level 

which is designed to be adequately protective of human health considering noncancer 

effects. Addition of the direct exposure hazard quotient for each chemical yields a 

hazard index of 0.060, a factor of 4 below the 0.25 level. Thus, the potential for 

noncancer health effects is below the level of regulatory concern.  

The modeled concentration of lead in the soil was calculated to be 0.3 mg/kg. This 

value is well below the USEPA benchmark of 100 mg/kg. In addition, the modeled 

concentration of lead in air was calculated to be 0.004 pg/m 3. Again, this value is well 

below the USEPA benchmark of 0.2 /g/m 3. These calculations indicate that no adverse 

effects due to lead released in the emission would be expected.  

C. Uncertainty 

Prevailing winds will disperse the emitted stack gas constituents in the environment, 

effectively diluting the concentrations existing at the point of release. It is possible that 

individuals may be exposed to these emissions. The magnitude and extent of their 

exposure, however, will depend on the locations of these individuals in relation to the 

dispersed plume from the incinerator stack. In addition, the COMPDEP modeling 

results for the discrete receptors described in Appendix G, Table G-4 were calculated 

using meteorological data from two different years. The higher of the two sets of 

predictions was then used to estimate risks in this assessment. Since the exposure 

duration is 6-40 years, it would be more scientifically valid to use the average of these 

COMPDEP results to calculate the risk. Doing this would decrease the overall 

calculated risk estimates by approximately one-third.
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To estimate emission rates for organic constituents that were expected to be major 

constituents in the waste feed, it was conservatively assumed that each organic 

constituent comprised 1% of the waste stream. In general, estimated emission rates 

were at least one order of magnitude greater for those constituents assumed to be 1% of 

the waste feed, than the trial bum data from the Aptus incinerator. Exposure to 

benzo(a)pyrene toxicity equivalents contribute to the majority of the indirect cancer risk 

at this facility. Benzo(a)pyrene toxicity equivalents is one of the constituents assumed to 

be 1% of the waste stream. The assumption that a number of the constituents 

represented 1% of the waste stream was intentionally conservative, thus resulting in a 

potential overestimation of the risks attributable to these constituents. Emission 

estimates for the twelve metals and PCBs were based on permit limits or maximum 

allowable waste feeds for the Clive facility and conservatively estimated SRE/DRE for 

these compounds.  

The risk assessment methodology evaluates potential exposure to a hypothetical 

adult located continuously for 30-40 years at the selected receptor location points from 

modeling of contaminants emitted from the incinerator stack. The exposed individual is 

assumed to be restricted to this point of maximum exposure for 30-40 years, and is 

further assumed to be exposed irrespective of the operational status of the facility.  

Given the overly conservative nature of these assumptions, any actual risks will be 

significantly lower than those estimated in this assessment.  

The volumetric soil water content (0s) has been assumed to be 20%. Due to the 

sandy nature of the soil and low rate of precipitation in the vicinity of the site, this 

assumption is very conservative. Site-specific data indicate that the soil would not be 

expected to support water retention to this extent.  

The primary sources of uncertainty in the risk characterization are associated with 

the dose-response evaluation (toxicity assessment of chemicals of concern). It is well 

known that there is significant uncertainty associated with current assessments of the 

toxicity of various chemicals. Sources of uncertainty in current toxicity assessments for 

various chemicals may include a paucity of toxicological data, a need to extrapolate from 

animals to humans, a need to extrapolate from high to low doses and a lack of 

knowledge regarding potential interactions among various chemicals. The regulatory
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approach to dealing with these sources of uncertainty is to apply conservative 

extrapolation methods or safety factors in deriving dose-response parameters (e.g., slope 

factors and reference doses).  

USEPA has proposed a lower cancer slope factor for dioxins than the cancer slope 

factor which was used in this risk assessment. Applying the proposed lower cancer slope 

factor would reduce the cancer risks due to exposure to dioxins by a factor of 

approximately one-third (USEPA 1994c).  

These results demonstrate that all USEPA-established criteria are met and, 

therefore, no acceptable carcinogenic or noncarcinogenic health risks are expected to 

result from exposure to stack gas constituents emitted from the USPCI Clive facility. As 

discussed above, several sources or uncertainty exist in the SLRA and conservative 

methodologies designed to overstate actual risks were incorporated in the assessment, 

therefore, the risk estimates presented in this SLRA likely overstate any actual risks 

posed by this facility.  

01-3937A:PCC00794.W51
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APPENDIX A 

Emission Rates and Ambient Impacts 
for the Location 

at the North Edge of 
the Buffer Zone Boundary



TABLE A-1 
:o,, P,•*o- and Ambipnt Imnacts for the North Boundary Location('.

I.~~ ~ _________________ .__ Indirect Exposure An ul Ambient______ -___________ 

Annual"c) Dry Annual(') Wet Annual(e) Ambient 
Deposition R.ite Deposition Rate Air Concentration 

.Emission Rate~6 ) (Dyd) ,(Dvr) (Cv) 
Chemical (g/sec) (g/m-.vr) (g/m-vr) (u-/mn) 

Antimony 2.14e + 00 7.73e-04 2.24e-05 1.35e-02 

Arsenic 5.65e-03 2.04e-06 5.92e-08 3.56e-05 

Barium 3.78e + 00 1.37e-03 3.96e-05 2.38e-02 

Beryllium 2.97e-04 1.07e-07 3.11e-09 1.87e-06 

Benzo(a) vrene Toxicity Equivalents 3.89e-03 1.41e-06 4.07e-08 2.45e-05 

Bis(2-ethvlhexvi)phthalate 1.07e-04 3.87e-08 1.12e-09 6.74e-07 

Cadmium 9.92e-03 3.59e-06 1.04e-07  6.25e-05 

Chromium (VI) 2.38e-03 8.60e-07 2.49e-08 1.50e-05 

Dinitrobenzene. 1.3- 3.89e-03 1.41e-06 4.07e-OS 2.45e-05 

Dinitrotoiuene. 2.4- 3.89e-03 1.41e-06 4.07e-08 2.45e-05 

Dinitrotoluene. 2.6- 3.89e-03 1.41e-06 4.07e-08 2.45e-05 

Di(n)octvlphthalate 1.90e-05 6.87e-09 1.99e-10 1.20e-07 

Hexachlorobenzene 1.93e-04 6.98e-08 2.02e-09 1.22e-06 

Mercury 5.72e-01 2.07e-04 5.99e-06 3.60e-03 

Nickel 3.78e+01 1.37e-03 3.96e-05 2.38e-02 

Nitrobenzene 3.89e-03 1.41e-06 4.07e-08 2.45e-05 

PCBs. Total 4.70e-04 1.70e-07 4.92e-09 2.96e-06 

Pentachloronitrobenzene 3.89e-03 1.41e-06 4.07e-08 2.45e-05 

Pentachloropheriol 3.89e-03 1.41e-06 4.07e-08 2.45e-05 

Selenium 2.86e+01 1.03e-02 2.99e-04 1.SOe-01 

Silver 2.14e+01 7.73e-03 2.24e-04 1.35e-01 

TCDDioxin Toxicity Equivalents, 3.05e-07 1.10e-10 3.19e-12 1.92e-09 

2.3.7.5

Thallium (1) 2.14e-01 7.73e-05 2.24e-06 1.35e-03 

Lead 6.43e-01 2.32e-04 6.73e-06 4.05e-03

Notes: 

4) The unitized dry deposition rate, wet deposition rate and ambient air concentration are 3.61e-04, 1.05e-05 and 6.30e-03, 

respectively.  
(b) Basis for each emission rate is provided in Table III-1.  
(c) Annual rates and concentrations modeled from 1992 meteoroloical data as presented in AppendLx G. Table G-4.
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TABLE A-2 
Emission Rates and Ambient Impacts for the North Boundary Location€a) 

fli..~ppt Vis'¢nn~nrp

Annual(c) Ambient 
Air Concentration 

Emission Rate(b) (Cy) 
Chemical (g/sec) (pg/m) 

Acetone 3.89e-03 2.45e-05 

Acrvlamide 3.89e-03 2.45e-05 

Acrvlonitrile 3.89e-03 2.45e-05 

Benzene 3.89e-03 2.45e-05 

Benzoic Acid 1.78e-03 1.12e-05 

Bromodichloromethane 2.03e-04 1.28e-06 

Bromoform 231e-03 1.45e-05 

Bromomethane 1.13e-04 7.12e-07 

Butvl Alcohol 3.89e-03 2.45e-05 

Butvlbenzvlphthalate 3.38e-05 2.13e-07 

Carbon Disulfide 3.89e-03 2.45e-05 

Carbon Tetrachloride 3.89e-03 2.45e-05 

Chlorobenzene 3.89e-03 2.45e-05 

Chloroform 2.34e-03 1.47e-05 

Chloromethane 1.10e-03 6.93e-06 

Creosote 3.89e-03 2.45e-05 

Cresols 3.89e-03 2.45e-05 

Cresvlic Acid 3.89e-03 2.45e-05 

Cvclohexanone 3.89e-03 2.45e-05 

Dibromochloromethane 1 6e-03 9.V2e-06 

Dichlorobenzene. 1.2- 4.95e-05 3.12e-07 

Dichlorobenzene. 1.3- 4.49e-05 2.83e-07 

Dichlorobenzene. 1.4- 3.87e-05 2.44e-07 

Dichloroethane. 1.1- 3.78e-05 2.38e-07 

Dichloroethane. 1.2- 1.93e-04 1.22e-06 

Dichloroethvlene. 1.1- 1.29e-04 8.12e-07 

Dichloroethvlene. 1.2- 8.24e-04 5.19e-06 

Dichlorophenol. 2.4- 4.56e-05 2.87e-07 

Dichloropropene. cis-1.3- 8.20e-05 5.16e-07 

Dichloropropene. trans-13- 6.69e-05 4.21e-07 

Dimethvlphthalate 2.12e-05 1.33e-0 7 

Di-n-butvlphthalate 5.76e-05 3.63e-07 

Ethoxvethanol. 2- 3.89e-03 2.45e-05 

Ethyl Acetate 3.S9e-03 2.45e-05 

Ethvl Benzene 3.89e-03 2.45e-05 

Ethyl Ether 3.89e-03 2.45e-05 

Hexachlorocvclopentadiene 2.73e-04 1.72e-06 

Isobutanol 3.89e-03 2.45e-05 

Methanol 3.89e-03 2.45e-05 

Methyl ethyl ketone 3.89e-03 2.45e-05 

Methvlene chloride 3.89e-03 2.45e-05 

Methvlnaphthalene, 2- 334e-05 2.10e-07
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TABLE A-2.  
Emission Rates and Ambient Impacts for the North Boundary LocationM" 

Direct Exposure 

Annual(') Ambient 
Air Concentration I Emission Rate(b) (qy) Chemical (g/see) (/gglm) 

Naphthalene 6.27e-05 3.95e-07 

Nitropropane, 2- 3.89e-03 2.45e-05 

Orthodichlorobenzene 3.89e-03 2.45e-05 

Phenol 3.82e-05 2.41e-07 

Pyridine 3.89e-03 2.45e-05 

Tetrachloroethylene 3.89e-03 2.45e-05 

Toluene 3.89e-03 2.45e-05 

Trichlorobenzene, 1,2,4- 1.02e-04 6.42e-07 

Trichloroethane, 1.1,1- 3.89e-03 2.45e-05 

Trichloroethane. 1,1,2- 3.89e-03 2.45e-05 

Trichloroethylene 3.89e-03 2.45e-05 

Trichlorofluoromethane 4.78e-05 3.Ole-07 

Trichlorophenol, 2.4,6- 2.64e-04 1.66e-06 

Trichlorotrifluoranthene 3.89e-03 2.45e-05 

Trichlorotrifluoroethane 3.89e-03 2.45e-05 

Vinyl Chloride 4.41e-04 2.78e-06 

Xvlene 3.89e-03 2.45e-05

Notes: 

(a) The unitized ambient air concentration is 6.30e-03.  
* Basis for each emission rate is provided in Table MI-1.  
€ Annual rates and concentrations modeled from 1992 meteorological data as presented in Appendix 

G. Table G-4.
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Attachment A-1 

Stack Testing of the Hazardous Substance 
List Compounds at the Aptus Facility



Table 4-82 
Hazardous Sulstance List 

Volatile Organics 
Run No. 11 Volume of Gas Collected: 50.35 (DSLI 

.Name ".Aont Dctetd ... . Concntraa.. "Emission:rate 

Benzene 570 11,321 0.0014 
Bromodichloromethane 1300 25,820 0.0033 
Bromoform 9470 188,086 0.0244 
Bromom ethane 380 7,547 0.0009 
Chloroform 7355 146,080 0.0189 
Chloromethane 1460 28,997 0.0037 
Dibromochloromethane 3210 63,755 0.0082 
1,1-Dichloroethane 78 1,549 0.0002 
1,2-Dichloroethane 283 5,621 0.0007 
cis- 1,3-Dichloropropene 206 4,091 0.0005 
1,1 -Dichloroethylene 504 10,010 0.0012 
trans- 1,3-D ichloroprop ene 177 3,515 0.0004 
Methylene chloride 2450 48,660 0.0063 
Tetrachloroethylene 850 16,882 0.0021 
Toluene 110 2,185 0.0002 
Carbon Tetrachloride 13640 270,908 0.0351 
Trichloroethylene 500 9,931 0.0012 
Vinyl chloride 1110 22,046 0.0028
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Table 4-83 
Hazardous Substa~nce List 

Volatile Organics 
Rum No. 12 VOIUrMC of G co1,cr-.t 91 17" "I"4T

4-94

S....... ...... ' ...- . .. ... ... : 

Name A~6u ocentration mison rate: 

Benzene 660 12,760 0.0015 
Bromodichloromethane 310 5,993 0.0007 
Chloroform 7478 144,578 0.0176 
Chloromethane 1850 35,768 0.0043 
1,2-Dichloroethane 126 2,436 0.0002 
cis-1,3-Dichloropropene 179 3,461 0.0004 
1,1-Dichloroethylene 88 1,701 0.0002 
trans-1,3-Dichloropropene 149 2,881 0.0003 
Methylene chloride 2230 43,114 0.0052 
Tetrachloroethylene 870 16,820 0.0020 
Toluene 111 2,146 0.0002 
Carbon Terrachloride 8870 171,491 0.0209 
Trichloroethylene 560 10,827 0.0013 
Vinyl chloride 820 15,854 0.0019



Table 4-84 
Hazardous Substance List 

"Volatile Organics 
Run No. 13 Volume of Gas Collected: 50.34 (DSL% 

ta ....... Ck 
N '" " " .. .. " .. "' " "etect' d " " : C centra"""u :.... .. * mim io r ate 

Benz=ene 370 7,351 0.0008 
Bromodichloromethane 201 3,993 0.0004 
Chloroform 4826 95,876 0.0113 
Chloromethane 910 18,079 0.0021 
1,2-Dichloroethane 370 7,351 0.0008 
cis - 1,3-Dichloropropene 95 1,887 0.0002 
1,2-Dichloroethylene 1700 33,773 0.0040 
trans- 1,3-Dichloropropene 64 1,271 0.0001 
Methylene chloride 2060 40,925 0.0048 
Tetrachloroethylene 390 7,748 0.0009 
Toluene 101 2,007 0.0002 
Carbon Tetrachloride 5000 99,333 0.0118 
Trichloroethylene 292 5,801 0.0006 
Vinyl chloride 490 9,735 0.0011
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Table 4-85 
Hazardous Substance List 

Volatile Organics 
Run Nn 4 Volume of Gas Collected: 53.29 (DSL)

4-96

-0 :t'~ ...  
Name... outaltet .. . ]nision rate.  

*. ... ..  

... ... .. f .....  

Benzene 324 6,080 0.0007 

Bromodichloromethane 184 3,453 0.0004 

Chloroform 3500 65,676 0.0084 

Chloromethane 1380 25,895 0.0033 

cis- 1,3-Dichloropropene 247 4,635 0.0005 

1,1-Dichloroethylene 130 2,439 0.0003 

trans- 1,3-Dichloropropene 215 4,034 0.0005 

Methylene chloride 2580 48,412 0.0062 

Tetrachloroethylene 960 18,014 0.0123 

Toluene 245 4,597 0.0005 

Carbon Tetrachloride 4350 81,626 0.0105 

Trichloroethylene 370 6,943 0.0008 

Vinyl chloride 630 11,822 0.0015



Table 4-86 
Hazardous Substance List 

Volatile Organics 
Run No. 5 Volume of Gas Collected: 5264 MDST'

4-97

.Total' Stack. . . .  

Name :. Am~~~~oant DetcctedCnetain~rt 

Benzene 270 5,129 0.0006 
Bromodichloromethane 339 6,440 0.0007 
Bromomethane 91 1,729 0.0002 
Chloroform 4835 91,850 0.0110 
Chloromethane 4070 77,318 0.0092 
cis-1,3-Dichloropropene 188 3,571 0.0004 
1,2-Dichloroethane 96 1,824 0.0002 
1,1 -Dichloroethylene 507 9,631 0.0011 
trans- 1,3-Dichloropropene 147 2,793 0.0003 
Methylene chloride 7730 146,847 0.0176 
Tetrachloroethylene 1380 26,216 0.0031 
Toluene 141 2,679 0.0003 
Carbon Tetrachloride 10570 200,798 0.0241 
Trichloroethylene 600 11,398 0.0013 
Trichlorofluoromethane 180 3,419 0.0004 
Vinyl chloride 1100 20,897 0.0025



Table 4-87 
Hazardous Substance List 

Volatile Organics 
Run No. 6 Volume of Gas Collcctcd: 51.49 (DSL, 

.... ...... ; o t 

:. . .. " . "- " " . . ... :-::"'":''. " '. ""''" ." :. .... ": ": Em iss i ra 
........................  

Benuzne 460 8,934 0.0010 
Chloroform 3024 58,735 0.0070 
Chloromethane 3507 68,116 0.0081 
1,2-Dichloroezhane 590 11,459 0.0013 
cis- 1,3-Dichloropropcne 180 3,496 0.0004 
trans-1,3-Dichloropropene 145 2,816 b.0003 
Etbylben~zne 44 855 0.0001 
Methylene chloride 8250 160,238 0.0191 
Tetrachloroethylene 1200 23,307 0.0027 
Toluene 300 5,827 0.0006 
1,1,1 -Trichloroethane 150 2,913 0.0003 
Carbon Tetrachloride 2264 43,973 0.0052 
Trichloroethyiene 460 8,934 0.0010 
Vinyl chloride 820 15,927 0.0019
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Table 4-88 
Hazardous Substance List 

Volatile Organics 
Run No- 7 Volume of Gzs Collected !2.15 (DSI 

...... ::Total 
..... .. .. * ......... .1 Name::.:.......:..:::.....:::::.. ... u.t Detected Concentration ::. .i:. Emssionratei .. . ..-.........- .. ..-. . E"M. . "a, ei 

Benzene 295 5,657 0.0006 
Bromodichloromethane 700 13,42- 0.0016 
Bromoform 58 1,112 0.0001 
Chloroform 6135 117,639 0.0145 
Chloromethane 5154 98,828 0.0121 
1,2-Dichloroethane 1560 29,913 0.0036 
cis- 1,3 - Dichloropropene 207 3,969 0.0004 
1,1 -Dichloroethylene 139 2,665 0.0003 
trans- 1,3-Dichloropropene 171 3,279 0.0004 
Methylene chloride 5240 100,478 0.0124 
Tetrachloroethylene 1050 20,134 0.0024 
Toluene 138 2,646 0.0003 
Carbon Tetrachloride 15250 292,420 0.0360 
Trichloroethytene 410 7,862 0.0009 
Trichlorofluoromethane 26 499 0.0000 
Vinyl chloride 2430 46,595 0.0057
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Table 4-89 
Hazardous Substance List 

Volatile Organics 
Run No. 8 Volume of Gas Collccr 52.55 (DSL) 

*.. ... 33 A=an tected eiei~~in msin 

Bezene 203 3,863 0.0004 
Bromodichloromethane 132 2,512 0.0003 

Chloroform 3890 74,025 0.0092 
Chloromethane 1343 25,557 0.0031 
1,2-Dichioroethane 188 3,578 0.0004 

cis- 1,3-Dicbloropropene 119 2,265 0.0002 

trans- 1,3-Dichloropropene 96 1,827 0.0002 

Methylene chloride 1539 29,286 0.0036 

Tetrachloroethylene 1220 23,216 0.0028 

Toluene 109 2,074 0.0002 

Carbon Tetrachloride 5180 98,573 0.0122 

Trichloroethylene 370 7,041 0.0008 
Vinyl chloride 540 10,276 0.0012
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Table 4-90 
Hazardous Substance List 

Volatile Organics 
Run No. 9 

Volume of Gas Collectcd: 52.38 DSL% 

.. . .7 "..*. 7.. ... ... .A ..n Dt ec" . ...... ..t .. "": * • . ."...dao• " ! 

Benzene 310 .5.919 0.0007 
Bromodicbloromethant 2534,.0.05 
Chloroform 3664 49,830 0.0004 
Cblorometh an e 1.10 25.584 0.0030 
1,2- Dicloroeth ane 61 1.165 0.0001 cis-1,3-Dichioroprop.n . 150 2.864 0.0003 

trans- 1,3-Diehloropropcne 118 2X23 0.0002 EtbyNbenzene 48 916 0.000 r 

Methylene chloride 1608 30,701 0.0037 Tetrae.hloro.thyi.n 760 14.511 0.D017 
Toluene 165 3,150 0.0003 
Carbon Totracblormde 4787 91.307 0.0110 
Tichl oroethy anc 310 5.919 0.0007 
Vinyl c hlorid e 500 9,546 0.0011
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Table 4-91 
Hazardous Substance List 

Semivolatile Organics

Un No.- 11 a S.... __ _ __ _ __ _ __ _ _

:--TotaI .:..:7 l... SUac .•~.Emission 

.. .... . :.Amount......... Concentmtib Mate-.

* 0.000191 
0.000229 
0.000178 
0.005790 

*0.000565 
0.000499 
0.000971 
0.001746 
0.000459 
0.000075 
0.000331

7.01.  
8.42 
6.55 

212-32 
20.75 

18.32 
35.64 
64.0.3 
16.86 
2.76 

12.14

1,3-Dichlorobenzene 
.1,4- Dichlorobenzene 

1.2-Dichlorobenzene 
Benzoic Acid 
1,2,4-Tricblorobenzene 
Napthalene 
Hexacbhlorocyclopentadiefle 
2,4,6-Trichiorophenol 
Hexachlorobenzene 
Di-n-butylphth~alate 
bis(2-gthyIhexyl)phthaIate

1.47 
1.77 
1-38 

44.62 
4.36 
3.85 
7.49 

13.46 
3-54 
0.58 
2-55
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Table 4-92 
Hazardous Substance List 

Semivolatile Organics 

Run No.: 12 Volume of Gas collected (dscfl: I r.904 

-Nae 2~ute~~%.;::~:K 10nentat.a: 2.. Ra0 

1,3-Dichlorobenzent 6.34 1.42 0.000173 
1,4-Dichlorobenzene , 7.04 1.57 0.000192 
Benzoic Acid 214.56 47.98 0.005864 
1,2,4-Trichlorobenzene 20.39 4-56 0.000557 
Napthalene 7.73 1.73 0.000211 
2,4,6-Trichlorophenol 53.55 11.97 0.001463 
Di-n-butylphthalate 21.42 4.79 0.000585 
bis(2-Ethylhexyl)phthalate 6-56 1.47 0.000179
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Table 4-93 
Hazardous Substance List 

Semivolatile Organics 

Run No: 13 Volume of Gas colicecgd Cdscf] 147_120 

To z a ' . . . ....... . .. .. .. :..:......:: E m issio n Name 6 Amu.t ete td . onE~n.:* Rate 

Benzoic Acid 181.31 43.49 0.005167 
1,2,4-Trichlorobenzmne 8.41 2.02 0.0002-39 
Napthalene 17.99 4.31 0.000512 
,4,6-Trichlorophenol 39.96 9.58 0.001138 

bis(2-Ethylhcxyl)phthalate 13.71 3.29 0.000390
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Table 4-94 
Hazardous Substance List 

Semivolatile Organics

4-105

0-aff~c 01 54.fl CUflICtCUI 1 :M9791 

............... .....  

.... .... ......  

Phenol 4.55 1.03 0.000133 
1.3-Dichlorobcnzene 7.91 1.80 0.000232 

1.4-Dichlorobenzene 5.06 1.15 0.000148 

1.2-Dichlorobcnzcne 8-50 1.93 0.000249 

Benzoic acid 356.57 81.08 0.010476 

2,4-Dichloroph en ol 5.23 1.19 0.000153 

1,2,4-Trichlorobcnzent 15.14 3.44 0.000444 

Naphthalene 6.97 1.58 0.000204 

Hexachlorocyclopentadiene 34.81 7.92 0.001022 

2,4.6-Trichlorophenol 36.24 8.24 0.001064 

Hcxadilorobenzcne 23.77 5.40 0.000698 
Butyi bnzyiph th glale 5.71 1.30 0.000167 
bis(2-Ehyhex-yl)phthalate 21.71 4.94 0.000637 
Di-n-ocy~phthalaz 3.43 0.78 0.000100



Table 4-95 

Hazardous Substance List 

Semivolatile Organics 

Run No: 5 Volume of Gas collected (dscf): 156.364

.Nam e . .. . . :.. : ..."i.t....: .:: :::..:j.. ...C . S tack 0. ..:::.:..:. .."." Emission .  

S......... . . o" " " t Detected-::-. "A n once nt ration'...: Rate 

Phenol 9.34 2.11 0.000253 

1,3-Dichlorobenzene 10.77 2.43 0.000292 

1,4-Dichlorobenzene 8.23 1.86 0.000223 

1,2-Dichlorobenzene 11.15 2.52 0.000302 

Benzoic acid 459.45 103.75 0.012461 

2,4-Dichlorophenol 4.56 1.03 0.000124 

1,2,4-Trichlorobenzene 26.08 5.89 0.000707 

Naphthalene 10.40 2.35 0.000282 

H exachlorocyclopenta diene 107.46 24.27 0.002914 

2,4,6-Trichlorophenol 61.80 13.96 0.001676 

Hexacblorobenzene 49.04 11.07 0.00133 

Butylbenzylphthalate 4.53 1.02 0.000123 

bis(2-Ethylhexyl)phthalate 29.40 6.64 0.000797 

Di-n-butylphthalate 7.93 1.79 0.000215
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Table 4-96 
Hazardous Substance List 

Semivolatile Organics 

Run No: 6 Volume of Gas collected (dsc[.: 147.439 
Total Stack Emission 

Name : -Amount Detected Concentration Rate 

Phenol 6.50 1.56 0.000186 

1,3-Dicblorobenzene 8.69 2.08 0.000249 

1,2-Dichlorobenzene 9.54 2.28 0.000273 

Benzoic acid 490.93 117.57 0.014044 

2,4-Dichlorophenol 14.15 3.39 0.000405 

1,2,4-Trichlorobenzene 20.34 4.87 0.000582 

Naphthalene 6.67 1.60 0.000191 

2-Methylnaphthalene 5.72 1.37 0.000164 

Hexachlorocyclopentadiene 21.28 5.10 0.000609 

2,4,6-Trichlorophenol 32.44 7.77 0.000928 

Dimethylphthalate 3.65 0.87 0.000104 

Hexachiorobenzene 48.68 11.66 0.001393 

Butylben.zylphthalate 7.65 1.83 0.000219 

bis(2-Ethylhexyl)phthalate 24.57 5.88 0.000703 

Di-n- butylphthalate 9.56 2.29 0.000273
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Table 4-97 
Hazardous Substance List 

Semivolatile Organics 

Run No.- 7 Volume of Gas collected Cdsc :1

STotal . ~ 1tc~.: ~ BMISSIon ..  

Na e Am.. n ":t" .. """Conccntratio`-:'Rate 

bis(2-EthylhexyI)phthalatr 17.59 4.07 0.00050270
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Table 4-98 
Hazardous Sustance List 

Semivolatile Organics

I �R

Naii2 ~ . .*te .ý6 ... . . ..  

Name .. ,. ... ount~ .. 7~: ceStrack .i:';,;>::....Emsso IRate

bis(2-Ethylhexyl)phthalatc 31.45 7.01 0.000871 

i'.
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Table 4-99 
Hazardous Substance List 

Semivolatile Organics 

Run No.: 9 Volume of Gas collected (dscfl: 149.483 

.. .." . ...... . .  
Name* 'A iut' t tidcenzmrat ..... .: JRat

bis (2-Ethylhexyl)phthalat e 15.82 3.74 0.000452 
w
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Attachment A-2 

Stack Testing Results for Dioxins 
and Dioxin-like Compounds 

at the Aptus Facility
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T1able 4-16 
Chlorinated Dioxin/Puran Stack Concentration~s 

Condition I 
Ran 13

Date: 01/10/92

Stc L :'*'. .*** 

""e iftolat. ".2 ;:

2.3.7.8 -TCIOD 
1.2.3.7.8-PeCDIJ 

1.2.1.6.7.8 -I lCOD 
t.2.3.7.11.9-I1aCOO 
1.2.3.4.6.7.11-11p=O 
OCOD

29.5 
26.0

0.38 
8.0 
8.0 
t.6 
2.2 

7.08 
6.24

11 
56 
56 
as 

120 
381 
336

0.5 
0.8 
0.1 
0.1 

0.08 
0.001

0.38 
0.52 
0.10 
0.16 
0.22 

0.0708 
0.00624

21 
28 

S.6 
81.s 
12 

3.81 
0.336

2.3.7.8 -TCDF8 

1.2.3.67.8 -1recor 
2.1.4.67.8-PeVCOI 
1.2.3..7.8.-8 ICO P 

2.11.4.6.7.8-I IPCDP 

1,2.3.4.7.8.9-I IPCOP 
OCOp 

TOTAL TCit) 
TOTAL PeCUD 
TOTAL IIxCOD 
TOTAL IIpCDD 

TOTAL TCDP 
TOTAL PeCDF 
TOTAL IIxCDF 
TOTAL IIpCDP*

8.1 (4) 
17.9 
18.1 

61.3 
1,.4 

22.) 

50.0 (1) 
81.9 
)5.9 

74.6 
92.2 
60.1 

322 (1) 
326 
246 
I13 (I)

2.0 
4.29 

86.2 
4.65 
7.75 
0.74 
12.0 
1.29 

11.6 
87.9 
22.1 
84.6

77.2 
18.2 
59.0 
27.6

107 
2318 
405 

251 
118 

40 
6.46 
231 
438 

622 
964 

785

0.2 
0.031 
0.3 
0.1 
0.1 
0.A 
0.8 

0.08 
0.01 

0:00.1

0.20 
0.21S 

3.7.3 
1.62 

0.16.1 

0.77S 
0.014 
0.820 

0.0429 
0.0 D1) 

0.32 

0.18 
0.0708

4865 
2124 

3180 
81487

tII 
11.6 
202 

4.0 
6.46 

2.31 
0.438 

(2) .20.7 

(3) 26.1 
(2) 5.81

0.20 (2) 
3.91 (3) 
2.91 (2) 

0.163 (2)

10.1 
281 
158 

8.78

(1) Dolutlts ueculls -te -ed.  

(2) Soumlet: Igag tlpdilc to ite I milemI Peoccda re slot PislttAllot RI bb Aitocbied *11gb VILpspaawe 10 MWduuse of Chiotlasled Dlb'e ato-p-O loxlai 
and -Dlb~eatnlmsma (CODs and COVý Part It. U.S. V.?A. NMatch. 1989 

(5) Tothelty PVqulvsakmc7 8Factols fot oil congeners mot Ilsied above ate 0.  

(4) flor 2.).7.9-TCDF used cooflrmasIlog .saxlys It I Id.
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Attachment A-3 

Target Analytes for 
Analysis of Stack Gas Samples



Table 1. .  
Target Analytes for Analysis of Stack Gas Samples 

Collected by the VOST Train for 
Volatile Organic Compounds by Method 8240A

Acetone 1,2-Dichloropropane 

Benzene 1,3-Dichloro-2-propanol 

Bromodichloromethane cis-1,3-Dichloropropene 

Bromoethene trans-1,3-Dichloropropene 

Bromoform Ethylbenzene 

Bromomethane n-Hexane 

2-Butanone 2-Hexanone 

1,3-Butadiene Iodomethane 

Carbon disulfide Methylene chloride 

Carbon tetrachloride Methyl iodide 

Chlorobenzene 4-Methyl-2-pentanone 

Chlorodibromomethane Styrene 

Chloroethane 1,1,1,2-Tetrachloroethane 

Chloroform 1,1,2,2,-Tetrachloroethane 

Chloromethane Tetrachloroethene 

2-Chloropropane 1,1,2-Trichloro-1,2,2-trifluoroethane 

1,2-Dibromo-3-chloropropane Toluene 

1,2-Dibromoethane 1,1,1-Trichloroethane 

Dibromoethane 1,1,2-Trichloroethane 

1,4-Dichloro-2-butene Trichloroethene 

Dichlorodifluoromethane 1,2,3-Trichloropropane 

1,1-Dichloroethane Trichlorofluoromethane 

1,2-Dichloroethane Vinyl acetate 

1,1-Dichloroethene Vinyl chloride 

trans- 1,2-Dichloroethene Xylene (Total)



Acenaphthene bis(2-Chloroethyl)ether 

Acenaphthylene bis(2-Chloroethoxy) methane 

Acetophenone bis(2-Chloroisopropyl) ether 

2-Acetylarninofluorene 1-Chloronaphthalene 

4-Aminobiphenyl 2-Chloronaphthalene 

Aniline 2-Chlorophenol 

Anthracene 4-Chlorophenylphenyl ether 

Aramite Chrysene 

Benz(a)anthracene DDE 

Benz(a)pyrene Di-n-butylphthalate 

Benz(e)pyrene Diallate (cis or trans) 

Benzaldehyde Dibenz(ah)anthracene 

Benzenethiol Dibenz(aý)acridine 

Benzidine Dibenzofilran.  

Benzo(b)fluoranthene 1,2-Dichlorobenzene 

Benzo(ghi)perylene 1,3-Dichlorobenzene 

Benzoo)fluoranthene 1,4-Dichlorobenzene 

Benzo(k)fluoranthene 3,3'-Dichlorobenzidine 

Benzoic acid 2,4-Dichlorophenol 

Benzyl alcohol 2,6-Dichlorophenol 

Biphenyl Diethylphthalate 

4-Bromophenylphenyl ether p-Dimethylaminoazobenzene 

Butylbenzylphthalate 7,12-Dimethylbenz(a)anthracene 

P- oaniline 3,3'-Dimethylbenzidine

Table 2. 
Target Analytes for Analysis of Stack Gas Samples 

Collected by the Semi-VOST Train for 
Semi-Volatile Organic Compounds by Method 8270A



4-Chloro-3-methylphenol Dimethylphthalate 

Chlorobenzilate 2,4-Dimethylphenol 

Dimethylphenethylamine 3-Methylcholanthrene 

1,3-Dinitrobenzene Methyl tnethanesulfonate 

4,6-Dindtro-2-methylphenol 2-Methylnaphthalene 

2,4-Dinitrophenol 2-Methylphenol 

2,4-Dinitrotoluene 3-Methylphenol 

2,6-Dinitrotoluene 4-Methylphenol 

Di-n-octylphthalate N-Nitrosodiethylamine 

Diphenylamine N-Nitrosodimethylaniine 

1,2-Diphenylhydrazine N-Nitrosodiphenylamine 

bis(2-Ethylhexyl)phthalate N-Nitroso-di-n-butylamine 

Ethyl methanesulfonate N-Nitroso-di-n-propylarriine 

Fluorene N-Nitrosomethylethylamine 

Fluoranthene N-Nitrosomorpholine 

Heptachlor N-Nitrosopiperidine 

Hexachlorobenzene N-Nitrosopyrrolidine 

Hexachlorobutadiene Naphthalene 

Hexachlorocyclopentadiene 1,4-Naphthoq=* one 

Hexachloroethane 1-Naphthylamine 

Hexachlorophene 2-Naphthylamine 

Hexachloropropene 2-Nitronniline 

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

Table 2. 
Target Analytes for Analysis of Stack Gas Samples 

Collected by the Semi-VOST Train for 
Semi-Volatile Organic Compounds'by Method 8270A 

(Continued)



Table 2.  
Target Analytes for Analysis of Stack Gas Samples 

Collected by the Semi-VOST Train for 
Semi-Volatile Organic Compounds by Method 8270A 

(Continued)

Isosafrole 4-Nitroaniline 

Isophorone 5-Nitro-o-toluidine 

Methapyrilene 2-Nitrophenol 

Methoxychior 4-Nitrophenol 

Methylcyclohexane Nitrobenzene 

4-Nitroquinoline-1-oxide Pyridine 

Pentachlorobenzene Quinoline 

Pent achloronitrobenzene Safrole 

Pentachiorophenol 1,2,4,5-Tetrachlorobeflzefle 

Phenacetin 2,3,4,6-Tetrachiorophenol 

Phen~anthrene o-Toluidine 

Phenol p-Toluidine 

p-Phenylenediamine 1,2,4-Trichlorobenzene 

2-Picoline 2,4,5-Trichiorophenol 

Pronam~ide 2,4,6-Trichlorophenol 

Pyrene sym-Trinitrobenzene



APPENDIX B 

Chemical Concentrations 
for Evaluation of 

All Receptors



Each of the equations presented in this appendix was provided in USEPA's Guidance 

for Performing Screening Level Risk Analyses at Combustion Facilities Burning Hazardous 

Wastes (1994) with modifications to equations and exposure assumptions detailed in the 

errata entitled Guidance for Performing Screening Level Risk Analyses at Combustion 

Facilities Burning Hazardous Wastes: Errata, revised draft dated October 14, 1994.
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TABLE B-1 

Chemical-Specific Constants Table______ 

Cltemticat/Pltysivatlt Prpert ies Trains icr Factors Otlher 
P~arameters 

ksg FV Kd, 11v RCIF ami Fiv 

(p~g polliflatit/ 

Chemical (yr*') (utaitless) (nd,/g or (jug pollutant/g plan11t) / g pilant tisslle)/ (day/kg) (daiy/kg) (uttitless) 
1,/kg) (p~g pollutant/g air) (jug polhitfflt/ 

ml, pore water) I_________ 

[INDIR~cr ExposumE-___ ____-____ _________ 
_____ 

Antimony NA 0.00 2.00c +00 NA 3.00c-02 1.00c-03 1.OOc-0.4 6.00c-01 

Arsenic NA 0.00 2.90c + 0 1 NA 8.00c-03 2.00c-03 6.00c-03 2.00Cc-0 

Barium NA 0.00 5.30c +02 NA 1.50c-02 1.50c-04 3.S0e-04 6.O0c-0I 

Beryllium NA 0.00 7.0~c + 0 1 NA 1.50c-03 1.00e-03 8.00e-07 6.00c-01 

IBcnzo(a)pyrcnc 'loxicity 1!qtiivalcrits NA 4.O0c-0l1 1.20C +0W 1.30c +06 1.60a +03 3.40c-02 1.10c-02 6.O0c-01 

llis(2.ctliylhcxyl)phthalaatc NA 8.OOC.0I 4.60c 4 M 6.4t0 + 0S 4.50c4O03 NA NA 6.00c-01 

Cadmium NA 0.00 1.(Cc +402 NA 3.20c-02 1.20e-01I 7.60c-03 6.00c-01 

Chromium (VI) NA 0.00 LRiOC+ 0 NA 4.50c-03 5.50c-03 1.30c-03 6.00c-01 

l)initrotbcnzcnc, 1,3- NA 1.0C c+00 2.80i±-0l 6.80c-03 1.2Sc +00 7.90c-07 2.50c-07 6.00c-01 

1i~nitrotoliiene, 2,4- NA 1.00c +00 8.70c-01 1.50c +02 1.90C +00 2.50c-06 7.90c-07 6.00c-01 

l)injitrotolucen, 2.6- NA 1.00Cc +00 6.70c-01 1.30c +02 1.70C +00 1.90c-06 6.10e-07 6.00c-01 

lDi(n)octylphthalatc NA 8.00C-01 I.0c + 07 6.60c +09 4.60c+U05 NA NA 6.00c-Ol 

llexaclilorobenizene NA I.00 + 00 2.80c +03 2.90c +02 5.20c +02 8.00c-03 2.50c-03 6.00c.01 

Mercury NA 100c + 00 1.50c+ 02 1.00c +03 7.00c-03 2.50c-01 4.50c-04 6.00c-O1 

Nickel NA 0.00 8.20c + 01 NA 4.OOL-03 6.00c-03 1.00c-03 6,C0c-Ol 

Nitrobcrizenc NA 1.00L + 0 6.0Cc-Ut1 7.00c-Ol 1.00C +00 1.70c-06 5.40c-07 6.00c-O1 

I'C~s, Ibtal NA I .00c +400 4.10LC 4 0P3 41.20c + 03 2. 10c 403 5.00c-02 1 .60c-020.0C0 

Pentacliloronitrobcnzctic NA l.tX0c +00 3.80c +02 7.90~c-UI 1.loc.+U02 1.10C-03 3.50c-04 6.00c.C)l 

Pentachloroplicnol NA l.(00c4+00 1.10c 4 03 5.1 c + 03 2.50L + 02 3.00c-03 9.60lc.016.0C0 

Selenium NA 0.00 4.30c +0W NA 2.UX~c-02 I-SOL-02 4.00jc-03 6.OWc-Ol 

Silver NA 0.00 4.lU)c-U NA 1.00Cc-U 3.00c-03 2.(X~c-02 6.00c-Ol 

TCDDioxin Toxicity Elquivalents. 2.3,7,8- 7.00c-02 6.0Cc-0l 2S0C + 0.1 2.70c +405 3.90e+ 03 l.10C-01 3.50c02 .0C! 

Th1allIum (I) NA -0.00 7.40c+01 NA 4.00c-0.l 4l.00c-02 2.00c-03 60C0 

Leýad NA0.00 6'.00c +02 NA NA NA NA 60Cc-01

E N V I It ONB-n



TABLE B-1 

Chemical-Specific Constants Table 

Health Benchmarks 

Oa C Inhalation Cancer Slope Chronic Reference 

Oral Cancer Slope Factor Oral Reference Dose Factor(a) Concentration 
hemical(mg/kg-day)'(mg (mg/kg-day)I (mg/rmn) 

[INDIRECr EXPOSURE I[ Value Reference Value Reference Value I Reference" I Value Reference' 

Antmony NA S 4.00e-04 S NA NA 

Aeaenk 1.750e+00 S 3.06e-04 S 1.50e+01 NA 

Darhim NA S 7.00e-02 S NA 5.00e-04 i 

Besyhlunm 4.300+00 S 5.000-03 S 8.40e+00 H NA 

Benz-(a)pyrene Toxicity Equivalents 7.30e+00 S NA S 6.10e+00('A B NA 

Bls(2-elhylhexyl)phthalate 1,40.-2 S 2.00e.02 S 1.40e-02 E NA 

Cadtiaum NA S I.00-e-03 S 6.30e+00 I NA 

Chromium (VI) NA S 5.00e-03 S 4.10e+01 Ii NA 

Dnitrobenzene. 1.3- NA S 1.00e-04 S NA NA 

Dialtrotoluene. 2.4- 6,80e.01 S 2.00e-03 S 6.80C.01 E NA 

Dlallrotolene. 2.6. 6.80e-01 S 1.00c-03 S 6.80C-01 E NA 

Di(n)octylphtha"ate NA S 2.00e-02 S NA NA 

Ilexachloeobcnzene 1.60e+00 S 3.000-04 S 1.60e+00 It NA 

Mefcury NA S 3.00e.04 S NA 3.00e-04 ! 

Nickel NA S 2.00o-02 S NA NA 

Nitrobenzeno NA S 5.00e-04 S NA 2.00e-03 If 

PCII. Total 7.70e+00 S NA S 7.70e+00 . NA 

P,.---hloroaltrobenzen, 2.60e-0l S 3.00e.-03 S 2.601,-01 13 NA 

Pentachloropheol 1.20e-01 S 3.00o-02 S 1.20e-01 E NA 

Sel num NA $ 5.000-03 S NA NA 

SNver NA S 5.00e-03 S NA NA 

TCDDioxbn Toxicity Equivalents, 2,3.7.8- 1.56e+05 S NA s 1.16e+05 it NA 

Thallium (I) NA s 8.000-05 S NA NA 

Lead NA S NA S NA NA
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TABLE B-1 
Cheinical-Specific Constants Table

Hlealth Benchmarks 

Inhalation Cancer Slope Factor: " 1 Chronic Reference Concentration 
Chemical (mg/kg-day)- (mg/mn) 

DIR!CI'E IXPOSURI Value Reference" Value Rererence1 

Acetone NA NA 

Acrylamide 4.55c + 00 1 NA 

Acrylonitrile 2.38c-01 I 2.00c-03 I 

Benzene 2.90c.O2 I 6.00c-03 C 

Benzoic Acid NA NA 

llromodichloromcthanc NA NA 

Bromororm 3.85c-03 ii NA 

Jrontomelhane NA 5.00c-03 I 

Butyl Alcohol NA NA 

Butyibenzylplhthalatc NA NA 

Carbon Disulfide NA I.OOc-02 If 

Carbon Tetrachloride 5.30c0.2 II 2.00c-03 I) 

Chlorobenzene NA 2.00c-02 II 

Chloroform 8.05e-02 II NA 

Chloronicthane 6.30c.03 II NA 

Creosols NA NA 

Creosote NA NA 

Crcsylic Acid NA NA 

Cyclohexanone NA NA 

Dibromochloromethabne NA NA 

Dichlorobenzene, 1,2- NA 2.00c-01 I!
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TFABLE B1-1 
aCheical-Specific Constants Table

hlealth Bhenchumarks 

Chemicalhttlutltioti Cancer Slope Fatctor" ~ i Chronic Rtereretuce Concentration 
ClC11.1(iig/kg-claiyY-' 1 m/ 

ValuMCI J ietc* atej hererence* 

Dichlorobmcricnc 1,3- NA 2.00c-O1 G 

Dichlorobcnzenc, 1,4I- NA 8.00C-01 

Dichloroetbane, 1,1- NA NA 

Dichlorocthane, 1,2- 9.10c-02 IiNA 

Dichloroethylciie, 1,1- 1.7Sc-Ol INA 

Dichlorocthylene, 1,2- NA NA 

Dichlorophenol, 2,4- NA NA 

Dichloropropene. cis-1,3- 1.30e-01 F 2.00c-02 

Dichloropropene, trans-I ,3- 1.30C-01 1: 2.00c-02 

Dirnethylphilhalate NA NA 

Di-n-butylphithalate NA NA 

E-thoxyethanol, 2- NA 2.00c-O1 

Ethyl Acetate NA NA 

Ethyl llenzene NA 1.00C +00 

Ethyl Ether NA NA 

I Icxachlorocyclopcntadicflc NA 7.OE~c-05 

Isobutanol NA NA 

MEK NA O +0 

Methanol NA NA 

Methylene chloride 1.&Ic-03 I3.00e +00 

Methylnaplithaicnc, 2- NA NA 

Naphthialene NA NAý
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'IAl$Ll�.. li-I

CaiinticaiI-specific constants rawle

Ilcoith Bienchmairks 

Inhlaltilon Cancer Slope Factor") i Chronic Itercreuice Concentration 

Chemical (mg/kg-dny)*' (mg/rnO) 

Volue f llerereulce* Value Itlererence* 

Nitropropane. 2- 9.0C +O 00 2.OOL-02I 

Orthodlchlorobenzcne NA NA 

Phenol NA NA 

Pyridine NA NA 

Tretrachloractbylene 2.00c-03(c) A NA 

Toluene NA 4.00c-O 1I 

Trichlorobcnzene, 1,2,4- NA 2.00c-01 I 

Trichloroclthane. 1.,14. NA 1.00C +O 03 

Trichloroethane, 1,1,2- 5.70C-02 IINA 

Trichlorocthylcen 6.00e-03(c) A NA 

*Irichlorofluoronielhaflc NA NA 

Trichlorophenol, 2,4,6- LWJC-02 1I NA 

Triclulorotrifluornnuhenc NA NA 

Trichlorot rifluoroct tinnc NA NA 

Vinyl Chloride 3.00c-01 I NA 

I[-Xylenc 
NA NA
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TABLE B-1 

Chemical-Specific Constants Table 

Hlealth Benchmarks 

Inhalation Cancer Slope Factor"'( Chronic Reference Concentration 
Chmcl(mg/kg-day)* 1  

(mg/rn3) 
Now: 

NA - Not Available.  
4 'ENVIRON derived Inhalation cancer slope factors (CSP,) from die Inhalation unit risk factors (URF1 ) published In IRIS or IKAST using the following equation: 

CS• (kg-day/mg) - URP, (mi'pg) x 70 kg x 1.000 pg/mg + 20 na'day. where 70 kg is body weight and 20 m"/day Is breathing rate.  
0 Withdrawn.  
4.) Interim number.  
" References are as follows: 

S - United States Environmental Protection Agency (USEPA). 1994. Office of Emergency and Remedial Response (OERR). Draft Guidance for Performing ,crening Level Risk Analyses at Combuution Facilities Burning 
Ilazardous Waster. Washington. D.C. April 15. and. Utah Department of Environmental Quality (UDEQ). Division of Solid and I azadous Waste. Letter to Wiiam D. Cobb regarding protocol documents and 
screening level risk assessment review comments which included copies of chemical specific inputs for eight metals, the errata dated October 4, 1994 and derivation of time-averaged soil concentration equations dated 
November 22. 1994.  

I - USEPA. 1995. Integrated Risk Information System (IRIS) On-line Database. July 31.  
II USEPA. 1994. hfealth Effects Assessment Summary Tables (IIEAST). Supplemental No. I to the March 1994 Annual Update. EPA 540/R-94/059. July.  
A - USEPA. Environmental Criteria and Assessment Office (ECAO). Superfund Technical Support Center. 1993. Intern Criteria for PCE and TCE (facsimile). November.  
D - USEPA. 1992. IIEAST. Annual FY 1992. OERR 9200.6-303 (92-4). March.  
C U USEPA. ECAO. 1994. Risk Assessment Issue Paper for: Derivation of a Provisional Chronic Inhalation RfC for Benzene. (CASRN 71-43-2). March 23.  
D = USEPA. ECAO. 1994. Risk Assessment Issue Paper for: Derivation of a Provisional Chronic Inhalation RfC for Carbon Tetrachlorlde (CASRN 56-23-5). April II.  

0 - Oral cancer slope factor used as the inhalation cancer slope factor.  
P I ENVIRON derived based on 1.3-dichloropropene (total) 1542-75-671.  
0 - ENVIRON derived based on analogy to 1.2.dichlorobeazenne 19-50-11.

B-7



TABLE B-2 
Soil Concentration Due to Deposition 

Equation 

Sc = Dyd + Dyw . [1.0 - exp(-ks - Tc)] 100 
Z .BDk 

Parameter Value 

Sc = Soil concentration of pollutant after total time period of 
deposition (mg/kg) 

Dyd = Yearly dry deposition rate of pollutant (g/m 2/yr) modeled (see Table A-i) 

Dyw = Yearly wet deposition rate of pollutant (g/m 2/yr) modeled (see Table A-i) 

ks = soil loss constant (yr) calculated 
(see Tables B-3, B-5) 

Tc = Total time period over which deposition occurs (yr) 30 

100 = Units conversion factor ([mg-m 2]/[kg-cml) 

Z = Soil mixing depth (cm) Pathway Specific; 
1 for soil, milk, beef, and 
aboveground vegetables; 

20 for root vegetables 

BD = Soil bulk density (g/cm3) 1.5 

Chemicals 

Antimony Hexachlorobenzene 
Arsenic Mercury 
Barium Nickel 

Beryllium Nitrobenzene 
Benzo(a)pyrene toxicity equivalents Total PCBs 

Bis(2-ethylhexyl)phthalate Pentachloronitrobenzene 
Cadmium Pentachlorophenol 

Chromium (VI) Selenium 
1,3-Dinitrobenzene Silver 
2,4-Dinitrotoluene 2,3,7,8-TCDDioxin toxicity equivalents 
2,6-Dinitrotoluene Thallium (I) 
Di(n)octylphthalate Lead 

Description

This equation is used to calculate soil concentration as a result of wet and dry deposition onto soil.  
Contaminants are assumed to be incorporated only to a finite depth (the mixing depth, Z). The equation 
•hs~r,,,,l- h,p ,,e,.,- uAh•n rhe cnul ln• term. ks. is not zero.

ENVIRON

Source 

SLRA Guidance page C-4-15 and errata dated 10/14/94.
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TABLE B-3 
Loss Constant Due to Leaching 

Equation 

P P+I-R-EV 

Z •(1 + Kd., BD) 

Parameter Value 

ksl = Loss constant due to leaching (yr") 

P = Average annual precipitation (cm/yr) 19 

I = Average annual irrigation (cm/yr) 70 

R = Average annual surface runoff (cm/yr) 3 

EV Average annual evapotranspiration (cm/yr) 60 

Z = Soil mixing depth (cm) 1 

8, Volumetric soil water content (crn2/cm3) 0.2 

Kd, = Soil-water partition coefficient (mL/g) chemical-specific 
(see Table B-i) 

BD = Soil bulk density (g/cm3) 1.5 

Chemicals 

Antimony Hexachlorobenzene 
Arsenic Mercury 
Barium Nickel 

Beryllium Nitrobenzene 
Benzo(a)pyrene Toxicity Equivalents Total PCBs 

Bis(2-ethylhexyl)phthalate Pentachloronitrobenzene 
Cadmium Pentachlorophenol 

Chromium (VI) Selenium 
1,3-Dinitrobenzene Silver 
2,4-Dinitrotoluene 2,3,7,8-TCDDioxin Toxicity Equivalents 
2,6-Dinitrotoluene Thallium (I) 
Di(n)octylphthalate Lead 

Description

This equation is used to calculate the soil loss constant, which accounts for the loss of contaminant from

Source 

Errata dated 10/14/94.
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TABLE B-4 

Loss Constant Due to Surface Runoff

Equation

R ksr 
R 

z .(e, + Kd, BD) 

Parameter Value 

ksr = Loss constant due to surface runoff (.vr) 

R = Average annual surface runoff (cm/yr) 3 

Z - Soil mindng depth (cm) 1 

, = Volumetric soil water content (cm 3/cm3 ) 0.2 

Kd, = Soil-water partition coefficient (mL/g) chemical-specific 
(see Table B-1) 

BD = Soil bulk density (g/cm 3) 1.5 

Chemicals 

Antimony Hexachlorobenzene 

Arsenic Mercury 

Barium Nickel 

Beryllium Nitrobenzene 

Benzo(a)pyrene Toxicity Equivalents Total PCBs 

Bis(2-ethylhexyl)phthalate Pentachloronitrobenzene 

Cadmium Pentachlorophenol 

Chromium (VI) Selenium 

1,3-Dinitrobenzene Silver 

2,4-Dinitrotoluene 2,3,7,8-TCDDioxin Toxicity Equivalents 

2,6-Dinitrotoluene Thallium (I) 

Di(n)octylphthalate Lead 

Description

This equation is used to calculate the soil loss constant, which accounts for tUe loss ot contaminant UUo 
,.:1 tI, eVSMU n

Source 

Errata dated 10/14/94.
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TABLE B-S 
Soil Loss Constant 

Equation 

ks = ksl + kse + ksr + ksg + ksv 

Parameter Value 

ks = Soil loss constant due to all processes (yr") 

ksl = Loss constant due to leaching (yr") calculated 
(see Table B-3) 

kse = Loss constant due to soil erosion (yr') 0 

ksr = Loss constant due to surface runoff (yr") calculated 
(see Table B4) 

ksg = Loss constant due to degradation (yr') chemical-specific 
(see Table B-i) 

ksv = Loss constant due to volatilization (yr"4) 0 

Chemicals 

Antimony Hexachlorobenzene 
Arsenic Mercury 
Barium Nickel 

Beryllium Nitrobenzene 
Benzo(a)pyrene Toxidcity Equivalents Total PCBs 

Bis(2-ethylhexyl)phthalate Pentachloronitrobenzene 
Cadmium Pentachlorophenol 

Chromium (VI) Selenium 
1,3-Dinitrobenzene Silver 
2,4-Dinitrotoluene 2,3,7,8-TCDDioxin Toxicity Equivalents 
2,6-Dinitrotoluene Thallium (I) 
Di(n)octylphthalate Lead 

Description

This equation is used to calculate the soil loss constant, which accounts for the loss of contaminant from 

soil by several mechanisms.

Source

ENVIRONB-11
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TABLE B-6 
Ahnrvaornind Veoetable Concentration Due to Direct Deposition

Equation 

Pd 1000 [(1.0 - Fv) - Dyd + (Fw • Dyw)] Rp [1.0 - exp(-kp * Tp)] 

Yp - k 

Parameter Value 

Pd Concentration in plant due to direct deposition (mg/kg) 

1000 - Units conversion factor (mg/g) 

Fv Fraction of air concentration in vapor phase (unitless) chemical-specific 
(see Table B-1) 

Dyd = Yearly dry deposition rate (g/m 2/yr) modeled (see Table A-i) 

Fw = Fraction of wet deposition that adheres to plant (unitless) chemical-specific 
(see Table B-i) 

Dyw Yearly wet deposition rate (g/m 2/yr) modeled (see Table A-i) 

Rp = Interception fraction of edible portion of plant (unitless) 0.04 

kp = Plant surface loss coefficient (yr"*) 18 

Tp = Length of plant exposure to deposition of edible portion of plant, 0.16 
per harvest (yr) 

Yp = Yield or standing crop biomass of the edible portion of the plant 1.7 
(kg DW/m•) 

Chemicals 

Antimony Hexachlorobenzene 

Arsenic Mercury 

Barium Nickel 

Beryllium Nitrobenzene 

Benzo(a)pyrene toxicity equivalents Total PCBs 

Bis(2-ethylhexyl)phthalate Pentachloronitrobenze 

Cadmium Pentachlorophenol 

Chromium (VI) Selenium 

1,3-Dinitrobenzene Silver 

2,4-Dinitrotoluene 2,3,7,8-TCDDioxin toxicity equivalents 

2,6-Dinitrotoluene Thallium (I) 

Di(n)octylphthalate 

Description

This equation is used to calculate the contaminant concentration in aoovegrouno vegetauon uue to we 
A.A. :f, o ,f pntm annts on the nlant surface.

Source 

SLRA Guidance page C-4-12.
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TABLE B-7 
Aboveground Vegetable Concentration Due to Air-to-Plant Transfer 

Equation 

(Fv - Cy) - (VGb • By) 
Pv=.  Pa 

Parameter Value 

Pv = Concentration of pollutant in the plant due to air-to-plant 
transfer (mg/kg) 

Fv = Fraction of pollutant air concentration present in the vapor chemical-specific 
phase (unitless) (see Table B-i) 

Cy - Concentration of pollutant in air due to direct emissions (ug/m') modeled (see Table A-i) 

VG, Aboveground vegetable correction factor (unitless) 0.01 

By = Air-to-plant biotransfer factor chemical-specific 
([rag pollutant/kg plant tissue DW]/[pg pollutant/g air]) (see Table B-i) 

pa Density of air (g/m 3) 1.2 x 10? 

Chemicals 

Benzo(a)pyrene toxicity equivalents Hexachlo'robenzene 
Bis(2-ethylhexyl)phthalate Mercury 

1,3-Dinitrobenzene Nitrobenzene 
2,4-Dinitrotoluene Total PCBs 
2,6-Dinitrotoluene Pentachloronitrobenzene 

Di(n)octylphthalate Pentachlorophenol 
2,3,7,8-TCDDioxin toxicity equivalents 

Description 
Thi eqaton s sedto alulae he ontmiantcocenraionin boegrun veetaio du t diec

This equation is used to calculate the contaminant concentration in aboveground vegetation due to direct 
uptake of vapor phase contaminants into the plant leaves.  

Source 

SLRA Guidance page C-4-13 modified per errata dated 10/14/94.
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TABLE B-8 
Root Vegetable Concentration Due to Root Uptake 

Equation 

Sc (VGbg " RCF) .g kg 
Pr.- Kd, mg g 

Parameter Value 

Prb, = Concentration of pollutant in below ground plant parts due to 
root uptake (mg/kg) 

Sc = Soil concentration of pollutant (mg/kg) calculated 
(see Tables B-2, B-3) 

VGb - Below ground vegetable correction factor (unitless) 0.01 

RCF = Ratio of concentration in roots to concentration in soil pore chemical-specific 
water ([mg pollutant/kg plant tissue FW]/[pg pollutant/mL pore (see Table B-1) 

water]) 

Kd, = Soil-water partition coefficient (mL/g) chemical-specific 
(see Table B-1) 

Chemicals 

Antimony Hexachiorobenzene 
Arsenic Mercury 
Barium Nickel 

Beryllium Nitrobeazene 
Benzo(a)pyrene toxicity equivalents Total PCBs 

Bis(2-ethylhexyl)phthalate Pentachloronitrobenzene 
Cadmium Pentacllorophenol 

Chromium (VI) Selenium 
1,3-Dinitrobenzene Silver 

2,4-Dinitrotoluene 2,3,7,8-TCDDioxin toxicity equivalents 
2,6-Dinitrotoluene Thallium (I) 
Di(n)octylphthalate 

Description

This equation is used to calculate the contaminant concentration in root vegetables due to uptake from the 
€n1u~e

Source 

SLRA Guidance page C-4-16 modified per errata dated 10/14/94.
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TABLE B-9 (alcnlntions• for Subsistence Farmer

Chemical Sc ksl ksr ks f Pd Pv Scbg* IPrbg 
(ig/k[g) (yr') (yr") (yr!') (mI/kg) (mg/kg) (mg/kg) (ma/kg) 

Antimony 5.85e-03 8.13e + 00 9.38c-01 9.06e+00 9.71e-04 0 2.93e-04 4.39e-08 

Arsenic 2.11e-04 5.95c-01 6.86e-02 6.64e-01 2.53e-06 0 1.06e-05 2.91e-11 

Barium 1.71e + 00 3.27e-02 3.77e-03 3.65e-02 1.71e-03 0 8.55e-02 2.42e-08 

Beryllium 2.67e-05 2.47e-01 2.85c-02 2.76e-01 1.35e-07 0 1.34e-06 2.86e-13 

Benzo(a)pyrene Toxicity Equivalents 2.82e-03 1.44e-03 1.67c-04 1.61e-03 1.07c-06 1.06c-04 1.41e-04 1.88e-07 

Bis(2-ethylhexyl)phthalate 7.91e-05 3.77e-04 4.35e-05 4.20e-04 1.04e-08 2.87e-06 3.95e-06 3.87e-09 

Cadmium 1.98c-03 1.08c-01 1.25e-02 1.21e-01 4.50e-06 0 9.91e-05 1.98e-10 

Chromium (VI) 5.53e-05 9.56e-01 1.IOe-01 1.07e + 00 1.08e-06 0 2.77e-06 6.92e-12 

Dinitrobenzene, 1,3- 2.06e-06 4.19c+(01 4.84e+00 4.68e+01 3.02e-08 1.39e-12 1.03e-07 4.60e-09 

Dinitrotoluene, 2,4- 5.00e-06 1.73e + 01 1.99e + 00 1.93e + 01 3.02e-03 3.06e-08 2.50e-07 5.47e-09 

Dinitrotoluene, 2,6- 4.01e-06 2.16e+01 2.49e+00 2.41e+01 3.02e-08 2.65e-08 2.00e-07 5.08e-09 

Di(n)octylphthalate 1.41e-05 9.12e-07 1.05e-07 1.02e-06 1.84e-09 5.26e-03 7.07e-07 1.71e-10 

Hexachlorobenzene 1.30e-04 6.19e-03 7.14e-04 6.90e-03 1.50e-09 2.94e-09 6.48e-06 1.20e-08 

Mercury L08C-01 1.15e-01 1.33e-02 1.29e-01 4.43e-06 3.00c-05 5.39c-03 2.52c'09 

Nickel 3.98e-01 2.11e-01 2.44e-02 2.35e-01 1.71e-03 0 1.99e-02 9.70c-09 

Nitrobenzcne 3.66e-06 2.36e + 01 2.73e + 00 2.64c+01 3.02e-08 1.43e-10 1.83c-07 4.88e-09 

PCBs, Total 3.27e-04 4.03e-03 4.65e-04 4.50e-03 3.64e-09 1.04e-07 1.64e-05 7.99e-08 

Pentachloronitrobenzene 1.48e-03 4.56c-02 5.26e-03 5.09e-02 3.02c-08 1.61e-10 7.42c-05 2.15c-07 

Pentachlorophenol 2.25e-03 1.58e-02 1.82e-03 1.76e-02 3.02e-08 1.04e-06 1.12e-04 2.56e-07 

Selenium 1.63e-01 3.91e+00 4.51e-01 4.36e+00 1.30e-02 0 8.13e-03 3.78e-07 

Silver 1.46c-02 3.25e+01 3.75e + 00 3.63e+01 9.71e-03 0 7.32e-04 1.83e-06 

TCDDioxin Toxicity Equivalents, 2,3,7,8- 9.41e-08 6.93c-04 8.00e-05 7.08e-02 5.68e-11 2.59e-09 4.70e-09 7.34e-12 

Thallium (I) 2.03e-02 2.34c-01 2.70e-02 2.61e-01 9.71e-05 0 1.02c-03 5.50e-11 

Lead 3.07e-01 2.89e-02 3.33c-03 3.22e-02 0 0 1.53e-02 0 

Note: 

* Scbg is the soil concentration due to deposition for root vegetables using a soil mixing depth of 20 cm.

E N V IR0 N
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TABLE B-10 
Calculations for Adult Resident 

Chemicul Sc ksl) (ksr ks Pd Pv Scbg* Prbg 
(mg•/kg) (YTa (yr") (y,r") (mgr kg) (mg/kg) (ng/kg) (mg/kg 

Antimony 5.85c-03 8.13e +(X) 9.38e-01 9.06c + 00 9.71e-04 0 2.93e-04 4.39e-08 

Arsenic 2.1 lc-04 5.95c-0 1 6.86e-02 6.64c-01 2.53e-06 0 1.06e-05 2.91e-11 

Barium 1.71 c + (0 3.27e-02 3.77c-03 3.65e-02 1.71e-03 0 8.55c-02 2.42e-08 

Beryllium 2.67e-05 2.47e-01 2.85c-02 2.76c-01 1.35c-07 0 1.34c-06 2.86c-13 

Benzo(a)pyrene Toxicity Equivalents 2.82e-03 1.44c-03 1.67e-04 1.61e-03 1.07c-06 1.06e-04 1.41C.04 1.88c-07 

Bis(2-ethylhexyl) phthalate 7.91e-05 3.77e-04 4.35e-05 4.20e-04 1.04e-08 2.87e-06 3.95e-06 3.87e-09 

Cadmium 1.98e-03 1.08e-01 1.25e-02 1.21e-01 4.50e-06 0 9.91c-05 1.98e-10 

Chromium (VI) 5.53e-05 9.56e-01 1.10e-01 1.07e + 00 1.08e-06 0 2.77e-06 6.92e-12 

Dinitrobenzene, 1,3- 2.06e-06 4.19e+01 4.84e + 00 4.68e+O1 3.02e-08 1.39e-12 1.03e-07 4.60e-09 

Dinitrotoluene, 2,4- 5.00e-06 1.73e+01 1.99e + 00 1.93e+01 3.02e-08 3.06e-08 2.50e-07 5.47e-09 

Dinitrotoluene, 2,6- 4.01c-06 2.16e+01 2.49e+ 00 2.41e+ 01 3.02e-08 2.65e-08 2.00e-07 5.08e-09 

Di(n)octylphthalate 1.41e-05 9.12e-07 1.05e-07 1.02e-06 1.84e-09 5.26e-03 7.07e-07 1.71e-10 

Hexachlorobenzene 1.30e-04 6.19e-03 7.14e-04 6.90e-03 1.50e-09 2.94e-09 6.48e-06 1.20e-08 

Mercury 1.08e-01 1.15e-01 1.33e-02 1.29e-01 4.43e-06 3.00e-05 5.39e-03 2.52e-09 

Nickel 3.98e-01 2.1le-01 2.44e-02 2.35e-01 1.71e-03 0 1.99e-02 9.70c-09 

Nitrobenzene 3.66e-06 2.36c+01 2.73c+00 2.64e+01 3.02e-08 1.43e-10 1.83e-07 4.88e-09 

PCBs, Total 3.27e-04 4.03e-03 4.65e-04 4.50e-03 - 3.64e-09 1.04c-07 1.64e-05 7.99e-08 

Pentachloronitrobenzene 1.48e-03 4.56e-02 5.26e-03 5.09e-02 3.02e-08 1.61e-10 7.42e-05 2.15c-07 

Pentachlorophenol 2.25e-03 1.58e-02 1.82e-03 1.76c-02 3.02c-08 1.04c-06 1.12e-04 2.56c-07 

Selenium 1.63e-01 3.91e+00 4.51e-01 4.36e+00 1.30e-02 0 8.13e-03 3.78e-07 

Silver 1.46e-02 3.25e+01 3.75e + 00 3.63e+01 9.71e-03 0 7.326-0 4  1.83c-06 

TCDDioxin Toxicity Equivalents, 2,3,7,8- 9.41c-08 6.93c-04 8.00e-05 7.08eM02 5.68c-11 2.59e-09 4.70e-09 7.34c-12 

Thallium (I) 2.03e-02 2.34c-0t 2.70e-02 2.61c-01 9.71e-05 0 1.02e-03 5.50e-11 

Lead 3.07e-01 2.89c-02  3.33c-03 3.22e-02 0 0 1.53c-02 0 

Note: 

* fScbg is the soil concentrathiot due to deposition for root vegetables usig a soil mixing depth of 20 cm.
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TABLE B-11 
Calculations for Child Resident 

Chemical S I ksl I ks ks Pd Pv Scbg* Prbg Chemica l_ r'_) I 1__" (mg/kg) (mg/kg) ing/kg) (mg/kg) 

Antimony 5.85e-03 8.13e + 00 9.38e-01 9.06e + 00 9.71e-04 0 2.93e-04 4.39e-08 

Arsenic 2.11e-04 5.95C-01 6.86e-02 6.64c-01 2.53e-06 0 1.06e-05 2.91c-11 

Barium 1.71e +00 3.27e-02 3.77e-03 3.65e-02 1.71e-03 0 8.55e-02 2.42e-08 

Beryllium 2.67e-05 2.47e-01 2.85e-02 2.76e-01 1.35e-07 0 1.34e-06 2.86c-13 

Benzo(a)pyrene Toxicity Equivalents 2.82e-03 1.44e-03 1.67¢-04 1.61e-03 1.07c-06 1.06c-04 1.4le-04 1.88c-07 

Bis(2-ethylhexyl)phthalate 7.91e-05 3.77c-04 4.35e-05 4.20c-04 1.04e-08 2.87e-06 3.95e-06 3.87e-09 

Cadmium 1.98c-03 1.08c-01 1.25e-02 1.21e-01 4.50c-06 0 9.91e-05 1.98e-10 

Chromium (VI) 5.53c-05 9.56e-01 1.10e-01 1.07e +00 1.08c-06 0 2.77e-06 6.92e-12 

Dinitrobenzene, 1,3- 2.06c-06 4.19e+01 4.84c+00 4.68e+01 3.02e-08 1.39c-12 1.03e-07 4.60e-09 

Dinitrotoluene, 2,4- 5.00e-06 1.73c+01 1.99c + 00 1.93e + 01 3.02e-08 3.06e-08 2.50e-07 5.47e-09 

Dinitrotoluene, 2,6- 4.01e-06 2.16e+01 2.49e+00 2.41e+01 3.02c-08 2.65e-08 2.00e-07 5.08e-09 

Di(n)octylphthalate 1.41c-05 9.12e-07 1.05e-07 1.02e-06 1.84e-09 5.26e-03 7.07e-07 1.71e-10 

Hexachlorobenzcne 1.30c-04 6.19e-03 7.14c-04 6.90c-03 1.50e-09 2.94e-09 6.48c-06 1.20e-08 

Mercury 1.08c-01 1.15c-01 1.33c-02 1.29c-01 4.43e-06 3.00e-05 5.39c-03 2.52e-09 

Nickel 3.98e-01 2.1le-01 2.44e-02 2.35e-01 1.71e-03 0 1.99e-02 9.70c-09 

Nitrobenzene .3.66e-06 2.36c + 01 2.73c + 00 2.64c+01 3.02c-08 1.43c-(10 1.83c-07 4.88c-09 

PCBs, Total 3.27c-04 4.03c-03 4.65c-04 4.50e-03 3.64e-09 1.04c-07 1.64c-05 7.99e-08 

Pcntachloronitrobenzene 1.48e-03 4.56e-02 5.26e-03 5.09c-02 3.02e-08 t.61e-10 7.42e-05 2.15e-07 

Pentachlorophenol 2.25e-03 1.58c-02 1.82c-03 1.76c-02 3.02e-08 1.04e-06 1.12e-04 2.56e-07 

Selenium 1.63e-01 3.91e+00 4.51e-01 4.36e+00 1.30e-02 0 8.13e-03 3.78e-07 

Silver 1A6e-02 3.25e+01 3.75e + 00 3.63e+01 9.71e-03 0 7.32e-04 1.83e-06 

TCDDioxin Toxicity Equivalents, 2,3,7,8- 9.41e-08 6.93e-04 8.00e-05 7.08e-02 5.68e-11 2.59c-09 4.70e-09 7.34e-12 

Thallium (I) 2.03e-02 2.34e-01 2.70e-02 2.61e-01 9.71c-05 0 1.02c-03 5.50e-11 

Lead 3.07e-01 2.89e-02 3.33e-03 3.22e-02 2.92e-04 0 1.53e-02 0 

Note: 

* Scbg is the soil concentration due to deposition for root vcgctables using a soil mixing depth of 20 cm.
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APPENDIX C 

Exposure Calculations for 
Subsistence Farmer



Each of the equations presented in this appendix was provided in USEPA's 

Guidance for Performing Screening Level Risk Analyses at Combustion Facilities Burning 

Hazardous Wastes (1994) with modifications to equations and exposure assumptions 

detailed in the errata entitled Guidance for Performing Screening Level Risk Analyses at 

Combustion Facilities Burning Hazardous Wastes: Errata, revised draft dated October 14, 

1994.
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TABLE C-1 
Aboveground Plant Concentration Due to Direct Deposition 

Equation

Pd = 1000 • [(1.0 - Fv) Dyd + (Fw • Dyw)] • Rp • [1.0 - exp(-kp • Tp)] 

Yp kp 

Parameter Value 

Pd = Concentration in plant due to direct deposition (mg/kg) 

1000 = Units conversion factor (mg/g) 

Fv = Fraction of air concentration present in the vapor phase chemical-specific 
(unitless) (see Table B-i) 

Dyd = Yearly dry deposition rate (g/m 2/yr) modeled (see Table A-1) 

Fw = Fraction of wet deposition that adheres to plant surfaces chemical-specific 
(unitless) (see Table B-i) 

Dyw Yearly wet deposition rate (g/m 2/yr) modeled (see Table A-i) 

Rp Interception fraction of edible portion of the plant tissue 0.44 
(unitless) 

kp = Plant surface loss coefficient (yr") 18 

Tp = Length of the plant's exposure to deposition per harvest of the 0.12 
edible portion of the plant (yr) 

Yp = Yield or standing crop biomass of the edible portion of the plant 0.2 
(kg DW/m2 ) 

Chemicals 

Antimony Mercury 
Arsenic Nickel 
Barium Nitrobenzene 

Beryllium Total PCBs 
Benzo(a)pyrene toxicity equivalents Pentachloronitrobenzene 

Cadmium Pentachlorophenol 
Chromium (VI) Selenium 

1,3-Dinitrobenzene Silver 
2,4-Dinitrotoluene 2,3,7,8-TCDDioxin toxicity equivalents 
2,6-Dinitrotoluene Thallium (I) 
Hexachlorobenzene 

Description

This equation is used to calculate the contaminant concentration in iboveground vegetation due to wet and 
dry deposition of contaminants on the plant surface.

.Source

SLRA Guidance pages C-2-4 and C4-12.
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TABLE C-2 
Aboveground Plant Concentration Due to Air-to-Plant Transfer

Equation

(Fv Cy) • (VGw BV) 

Pa 

Parameter Value 

PV = Concentration of pollutant in the plant due to air-to-plant 
transfer (mg/kg) 

Fv = Fraction of pollutant air concentration present in the vapor chemical-specific 

phase (unitless) (see Table B-i) 

Cy = Concentration of pollutant in air due to direct emissions modeled (see Table A-i) 

(tug pollutant/m
3) 

VG, = Aboveground vegetable correction factor (unitless) 0.01 

Bv = Air-to-plant biotransfer factor chemical-specific 

([mg pollutant/kg plant tissue DW]/[gug pollutant/g air]) (see Table B-i) 

p, = Density of air (g/m 2) 1.2 x 03 

Chemicals 

Benzo(a)pyrene toxicity equivalents Nitrobenzene 
1,3-Dinitrobenzene Total PCBs 
2,4-Dinitrotoluene Pentachloronitrobenzene 
2,6-Dinitrotoluene Pentachlorophenol 

Hexachlorobenzene 2,3,7,8-TCDDioin toxicty equivalents 
Mercury 

Description

This equation is used to calculate the contaminant concentration in aboveground vegetauon due to direct 
uptake of vapor phase contaminants into the plant leaves.

Source

SLRA Guidance page C-4-13 modified per errata dated 10/14/94.
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TABLE C-3 
Beef Concentration Due to Plant and Soil Ingestion

Equation

Abq. = (F -Qp -P + Qs • Sc) • BabhEf

Parameter Value 

Afr = Concentration of pollutant in beef (mg/kg) 

F = Fraction of plant grown on contaminated soil and eaten by the 1 

animal (unitless) 

Qp = Quantity of plant eaten by the animal each day 8.8 
(kg plant tissue DW/day) 

P = Total concentration of pollutant in the plant eaten by the animal calculated 
(mg/kg) = Pd + Pv (see Tables C-1, C-2) 

Qs Quantity of soil eaten by the animal (kg soil/day) 0.4 

Sc = Soil concentration (mg/kg) calculated 
(see Table B-2) 

Ba., = Biotransfer factor for beef (day/kg) chemical-specific 
(see Table B-1) 

Chemicals 

Antimony Mercury 
Arsenic Nickel 
Barium Nitrobenzene 

BeryUium Total PCBs 

Benzo(a)pyrene toxicity equivalents Pentachloronitrobenzene 
Cadmium Pentachlorophenol 

Chromium (VI) Selenium 

1,3-Dinitrobenzene Silver 
2.4-Dinitrotoluene 2,3,7,8-TCDDioxin toxicity equivalents 
,6-Dinitrotoluene Thallium (I) 

Hexachlorobenzene 

Description

This equation is used to calculate the concentration of contaminants in beef from ingestion ot forage and 
soil.

Source

I.PRA Guidance nae C-4-22..
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TABLE C4 
Milk Concentration Due to Plant and Soil Ingestion 

Equation 

Awi = (F • Qp - P + Qs • Sc) •Bawk 

Parameter Value 

A.Ik Concentration of pollutant in milk (mg/kg) 

F Fraction of plant grown on contaminated soil and eaten by the 1 
animal (unitless) 

Op = Quantity of plant eaten by the animal each day 13.2 
(kg plant tissue DW/day) 

P = Total concentration of pollutant in the plant eaten by the animal calculated 
(mg/kg) = Pd + Pv (see Tables C-i, C-2) 

Qs = Quantity of soil eaten by the animal (kg soil/day) 0.4 

Sc = Soil concentration (mg/kg) calculated 
(see Table B-2) 

Ba,=. Biotransfer factor for milk (day/kg) chemical-specific 
(see Table B-i) 

Chemicals 

Antimony Mercury 
Arsenic Nickel 
Barium Nitrobenzene 

Beryllium Total PCBs 
Benzo(a)pyrene toxicity equivalents Pentachloronitrobenzene 

Cadmium Pentachlorophenol 
Chromium (VI) Selenium 

1,3-Dinitrobenzene Silver 
2,4-Dinitrotoluene 2,3,7,8-TCDDioxin toxicity equivalents 
2,6-Dinitrotoluene Thallium (I) 

Hexacldorobenzene 

Description

This equation is' used to calculate the concentration of contaminants in milk from ingestion of forage and 
soil.  

Source

!iL Guidance page C-4-23 and errata dated 10/14/94.
I' - -
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TABLE C-5 
Soil Intake for Subsistence Farmer 

Equation 

Io1i = Sc x CR, ou x F,i x 

Parameter Value 

, = Daily intake of contaminant from soil (mg/day) 

Sc = Soil concentration (mg/kg) calculated 
(see Table B-2) 

CRi, = Consumption rate of soil (kg/day) 0.0001 

F = Fraction of consumed soil contaminated (unitless) 1 

Chemicals 

Antimony Hexachlorobenzene 
Arsenic Mercury 
Barium Nickel 

Beryllium Nitrobenzene 
Benzo(a)pyrene toxicity equivalents Total PCBs 

Bis(2-ethylhexyl)phthalate Pentachloronitrobenzene 
Cadmium Pentachlorophenol 

Chromium (VI) Selenium 
1,3-Dinitrobenzene Silver 
2,4-Dinitrotoluene 2,3,7,8-TCDDioxin toxicity equivalents 
2,6-Dinitrotoluene Thallium (I) 
Di(n)octylphthalate 

Source 

SLRA Guidance page C-6-5.)
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TABLE C-6 
Aboveground Vegetable Intake for Subsistence Farmer 

Equation 

ls= (Pd +Pv) x CRag x Fag 

Parameter Value 

1. = Daily intake of contaminant from aboveground vegetables 
(mg/day) 

Pd = Concentration in aboveground vegetables due to deposition calculated 
(mg/kg) (see Table B-6) 

Pv = Concentration in aboveground vegetables due to air-to-plant calculated 
transfer (mg/kg) (see Table B-7) 

CR = Consumption rate of aboveground vegetables (kg/day) 0.024 

F.1 = Fraction of aboveground vegetables contaminated (unidless) 0.95 

Chemicals 

Antimony Hexachlorobenzene 
Arsenic Mercury 
Barium Nickel 

Beryllium Nitrobenzene 
Benzo(a)pyrene toxicity equivalents Total PCBs 

Bis(2-ethylhexyl)phthalate Pentachloronitrobenzene 
Cadmium Pentachlorophenol 

Chromium (VI) Selenium 
1,3-Dinitrobenzene Silver 
2,4-Dinitrotoluene 2,3,7,8-TCDDio.'n toxidcity equivalents 
2,6-Dinitrotoluene Thallium (I) 

Di(n)octylphthalate 

Source 
SLRA Guidance page C-6-6.
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TABLE C-7 
Root Vegetable Intake for Subsistence Farmer 

Equation 

'bg = Prg x CRb: x Fb, 

Parameter Value 

Ibs = Daily intake of contaminant from root vegetables (mg/day) 

Pr4 = Concentration in root vegetables (mg/kg) calculated 
(see Table B-8 

CR,. = Consumption rate of root vegetables (kg/day) 0.0063 

Fb9 = Fraction of root vegetables contaminated (unitless) 0.95 

Chemicals 

Antimony Hexachlorobenzene 

Arsenic Mercury 

Barium Nickel 

Beryllium Nitrobenzene 

Benzo(a)pyrene toxicity equivalents Total PCBs 

Bis(2-ethylhexyl)phthalate Pentachloronitrobenzene 

Cadmium Pentachlorophenol 

Chromium (VI) Selenium 

1,3-Dinitrobenzene Silver 

2,4-Dinitrotoluene 2,3,7,8-TCDDioxin toxicity equivalents 

2,6-Dinitrotoluene Thallium (1) 
Di(n)octylphthalate 

Source 

SLRA Guidance page C-6-6.
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Parameter Value 

Daily intake of contaminant from beef (mg/day) 

=, Concentration in beef (mg/kg) calculated 
(see Table C-3) 

CRr = Consumption rate of beef (kg/day) 0.1 

'F•t. = Fraction of beef contaminated (unitless) 0.44 

Chemicals 

Antimony Mercury 

Arsenic Nickel 

Barium Nitrobenzene 
Beryllium Total PCBs 

Benzo(a)pyrene toxicity equivalents Pentachloronitrobenzene 

Cadmium Pentachlorophenol 
Chromium (VI) Selenium 

1,3-Dinitrobenzene Silver 

2,4-Dinitrotoluene 2,3,7,8-TCDDioxin toxicity equivalents 

2,6-Dinitrotoluene Thallium (I) 
Hexacblorobenzene 

Source 

SLR.A Guidance page C-6-7.
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TABLE C-8 
Beef Intake for Subsistence Farmer

Equation 

l.f= A.fx Cb, x ,.
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TABLE C-9 

Milk Intake for Subsistence Farmer 

Equation 

x x Fmi, 

"Parameter Value 

= Daily intake of contaminant from milk (mg/day) 

= Concentration in milk (mg/kg) calculated 
(see Table C-4) 

CRw = Consumption rate of milk (kg/day) 0.3 

F• = Fraction of milk contaminated (unitless) 0.40 

Chemicals 

Antimony Mercury 
Arsenic Nickel 

Barium Nitrobenzene 
Beryllium Total PCBs 

Benzo(a)pyrene toxicity equivalents Pentachloronitrobenzene 
Cadmium Pentachlorophenol 

Chromium (VI) Selenium 
1,3-Dinitrobenzene Silver 
2,4-Dinitrotoluene 2,3,7,8-TCDDioxin to.icity equivalents 

2,6-Dinitrotoluene Thallium (I) 
Hexachlorobenzene 

Source 

SLRA Guidance page C-6-7.
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TABLE C-10 
Total Daily Intake for Subsistence Farmer

Equation

I = .g + Ig + 1bg + Ibf + ,-Uk

Parameter Value 

I = Total daily intake of contaminant (mg/day) 

'Ilu = Daily intake of contaminant from soil (mg/day) calculated 
(see Table C-5) 

I.l Daily intake of contaminant from aboveground vegetables calculated 

(mg/day) (see Table C-6) 

I = Daily intake of contaminant from root vegetables (mg/day) calculated 
(see Table C-7) 

Iwet = Daily intake of contaminant from beef (mg/day) calculated 
(see Table C-8) 

I = Daily intake of contaminant from milk (mg/day) calculated 
(see Table C-9) 

Chemicals 

Antimony Hexachlorobenzene 

Arsenic Mercury 

Barium Nickel 

Beryllium Nitrobenzene 

Benzo(a)pyrene toxidcity equivalents Total PCBs 

Bis(2-ethylhexyl)phthalate Pentachloronitrobenzene 

Cadmium Pentachlorophenol 

Chromium (VI) Selenium 

1,3-Dinitrobenzene Silver 

2,4-Dinitrotoluene 2,3,7,8-TCDDioxin toxicity equivalents 

2,6-Dinitrotoluene Thallium (I) 
Di(n)octylphthalate 

Source 
SLRA Guidance page C-6-8.
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ADI(inh),j = C(air),, x 1R, x ET x EF x ED. x 0.001 
BRý- x AT 

Parameter Value 

ADI(inh)ij = Average daily intake via inhalation (mg/kg-day) for i = 1..m 
chemical i in exposure scenario j j 1.3 

C(air)i, = Ambient air concentration (pg/m3, from COMPDEP) for i = 1..m 
chemical i in exposure scenario j j = 1.3 

IRI = Inhalation rate (m'/hr) 1 

ET = Exposure time (hr/day) 24 

EF = Exposure frequency (day/yr) 350 

ED, = Exposure duration (years) for exposure scenario j j = 1.3 

BWj = Body weight (kg) for exposure scenario j j = 1.3 

AT = Averaging time (days) 25,550 

0.001 = Units conversion factor (mg/pg) 

Description 

The lifetime individual cancer risk is calculated from the average daily intake via inhalation (ADI). The 
ADI is calculated for each exposure scenario.  

Source 
SLRA Guidance pages C-6-42 and C-6-43.
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TABLE C-11 
Average Daily Intake via Inhalation for Subsistence Farmer 

Equation
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TABLE C-12 
Calculations (mg/kg) for Subsistence Farnier 

Chemical ( Pdald,. _ _P__ _ _l_ A_ _ Am.,_ 

Antimony 8.51e-02 0 7.5le-04 1.13e-04 

Arsenic 2.22e.04 0 4.08e-06 1.81e-05 

Barium 1.50e-01 0 3.01e-04 9.34e-04 

Beryllium 1.18e-05 0 1.15e-07 1.33e-10 

Benzo(a)pyrene Toxicity Equivalents 9.38e-05 1.06e-04 9.82e-05 4.15e-05 

Bis(2-ethylhexyl)phthalate 0 0 0 0 

Cadmium 3.94e-04 0 5.12e-04 4.56e-05 

Chromium (VI) 9.46e-05 0 4.70e-06 1.65e-06 

Dinitrobenzene, 1,3- 2.64c-06 1.39e-12 1.90e-11 8.93e-12 

Dinitrotoluene, 2,4- 2.64e-06 3.06e-08 6.38e-ll 2.95e-11 

Dinitrotoluene, 2,6- 2.64e-06 2.65c-08 4.77e-11 2.25e-11 

Di(n)octylphthalate 0 0 0 0 

H-lexachlorobenzene 1.31e-07 2.94c-09 4.24e-07 1.34e-07 

Mercury 3.89c-04 3.00e-05 1.17e-02 2.19e-05 

Nickel 1.50c-OL 0 8.89e-03 2.14e-03 

Nitrobenzene 2.64e-06 1.43e-10 4.20e-11 1.96e-11 

PCBs, Total 3.19c-07 1.04e-07 6.73c-06 2.18e-06 

Pentachloronitrobenzene 2.64e-06 1.61e-10 6.78e-07 2.20e-07 

Pentachlorophenol 2.64e-06 1.04e-06 2.80e-06 9.10e-07 

Selenium 1.14e+00 0 1.51e-01 6.03e-02 

Silver 8.51e-01 0 2.25e-02 2.25e.-O1 

TCDDioxin Toxicity Equivalents, 2,3,7,8- 4.97e-09 2.59e-09 1.15e-08 4.81e-09 

Thallium (1) 8.51e-03 0 3.32e-03 2.41e-04 

Lead 0 0 0 0
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TABLE C-13 
Intake Calculations (mag/day) for Subsistence Farmer 

ChemHical 
beef I _ _ _blfk ------ 1 .3 5 e .0 5 6 9 e 0 

Antimony 5.85e-0 2.21e-05 2.63e-10 3.30e-051.50569e5 

Arsenic 2.11e-08 5.78e-08 1.74c-13 1.79e-07 2.17e-06 2.43e-06 

Barium 1.71e-04 3.91c-05 ,.5-01.32e-05 1.12e-04 3.35c-04 

Beryllium 2.67e-09 3.07e-09 1.71e-15 5.04e-09 1.60e-11 1.08c-08 

Benzo(a)pyrene Toxicity Equivalents 2.82e-07 2.44e-06 1.13e-09 4.32e-06 4.98e-06 1.20e-05 

Bis(2-ethylhexyl) phthal ate 7.91e-09 6.58e-08 2.32e-11 0 0 7.37-08 J 

Cadmium 1.98c-07 1.03c-07 1.19e-12 2.25e-05 5.47e-06 2.83e-05 

Chromium (VI)-ý 5.53c-09 2.46C-08 4.14c-14 2.07c-07 1.98e-07 4.35e-07 

Dinitrobenizene, 1,3- 2.06e-10 6.87e-10 2.75e-ll 8.37e-13 1.07c-12 9.23e-10 

Diiro::,,t,,!e ... 4, - 5.00e-10 1.39c-09 3.27c-11 2.81e-12 3.53c-12 1.93e-09 

Dinitrotoluene, 2,6- 4.01e-10 1.29-09 3.04e-11 1 2.10e-12 2.70c-12 1.73e-09 

Di(n) octylphithalate 1.41e-09 1.20e-04 1.02c-12 0 0 1.20e-04 

Hexachlorobenzene 1.30e-08 1.01c-10) 7.21e-11 1.87c-08 1.61e-08 4.79c-08 

Mercury "1.08c-05 7.85e-07 1.51e-1 - 5.15e-0 4  2.63e-06 5.29c-04 

Nickel 3.98e-05 3.91e-05 5.81e-11 3.91e-04 2.57e-04 7.27e-04 

Ni-'trobenzene 3.66e-10 6.91e-10 2.92e-11 1.85e-12 2.36e-12 1.09e-09 

PCBs, Total 3.27e-08 2.44e-09 4.78e-10 2.96e-07 2.62e-07 5.93e-07 

Pent ach loronit robenzene __---- 1.48e-07 6.91e-10 1.29e-09 2.99e-08 2.64c-08 2.07e-07 

Pentachlorophenol 2.25e-07 2.4Z-08 1.53e-09 1.23e-07 1.09e-07 4.83c-07 

Selenium 1.63e-05 2.96e-0,4 2.26e-09 " 6.65c-03 7.24e-03 1.42e-02 

Silver 1.46e-06 2.21e-04 1.09e-08 9.89e-04 2.70e-02 2.82e-02 

TCDDioxin Toxicity Equivalents, 9.41e-12 6.04e-ll 4.39e-14 - 5.04e-10 5.78e-10 f .815e-0O9ý 

Thalliumn (1) "•2.03e-06 2.21e-06 3.29e-13 1.46e-04 2.89e-05 L 179e-04 

I-• A 0 O_ 0 0 0 10

II a~
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TABLE C-14 

Average Daily Intake Via Inhalation for Subsistence Farmer 

Chemical ADI (mg/kg-day) 

INDIRECT EXPOSURE 

Antimony 
2.53e-06 

Arsenic 
6.68e-09 

Barium 
4.47e-06 

Beryllium 
3.51e-10 

Benzo(a)pyrene Toxicity. Equivalents 4.60e-09 

Bis(2-ethylhexyl)phthalate 
1.27e-10 

Cadmium 
1.17e-08 

Chromium (VI) 2.82e-09 

Dinitrobenzene, 1,3- 4.60e-09 

Dinmtrotoluene, 2,4- 4.60e-09 

Dinitrotoluene, 2,6- 4.60e-09 

Di(n)octylphthalate 
2.25e-11 

Hexachlorobenzene 
2.28e-10 

Mercury 6.77e-07 

Nickel 
4.47e-06 

Nitrobenzene 
4.60e-09 

PCBs, Total 5.56e-10 

Pentachloronitrobenzene 
4.60e-09 

Pentachlorophenol 4.60e-09 

Selenium 3.38e-05 

Silver 
2.53e-05 

TCDDioxin Toxicity Equivalents, 2,3,7,8- 3.61e-13 

Thallium (I) 2.53e-07 

Lead 
7.61e-07 

DIRECT EXPOSURE 

Acetone 
4.60e-09 

Acrylamide 
4.60e-09 

Acrylonitrile 
4.60e-09 

Benzene 
4.60e-09 

Benzoic Acid 2.lle-09 

Bromodichloromethane 
2.40e-10 

Bromoform 
2.73e-09 

Bromomethane 
1.34e-10 

Butyl Alcohol 
4.60e-09 

Butylbenzylphthalate 
4.00e-11

C-15 ENVIRON
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TAh 

Averae Daily IntakeViI

carbon Disulfide 

Carbon Tetrachloride 

Chlorobenzene 

Chloroform 

Chloromethane 
Creosote 

Cresols 
Cresylic Acid 

Cyclohexanone 

Dibromochloromethan1 

Dichlorobentene, 1,2

Dichlorobentene, 1,3

Dichlorobenoeae, 1,4

Dichloroerhone, 1,1

Dichloroethoane, 1,2

Dicbloroethylene, 1,1

Dichloroethylene, 1,2

Dichlorophenol, 2,4
Dichloropropene, cis-1,3

Dichloropropen¢, trans-l,3

Dimethylphthalate 

Di-n-butylphthalate 

Ethoxyethanol, 2

Ethyl Acetate 

Ethyl Benzene 

Ethyl Ether 

Hexachlorocyclopentadiene 

Isobutanol 

MEK 

Methanol 

Methylene chloride 

Methylnaphthalene, 2

Naphthalene 

Nitropropane, 2
Orthodiehlorobenzene 

Phenol

Chemica'I
I

BLE C-14 

nhalation for Subsistence Farmer 
ADI (mg/kg-day) 

4.60e-09 

4.60e-09 

4.60e-09 
2.77e-09 

1.30e-09 

4.60e-09 

4.60e-09 

4.60e-09 

4.60e-09 

1.85e-09 

5.86e-11 
531e-Ii 

4.58e-11 

4.47e-11 
2.28e-10 

1.53e-10 

9.75e-10 
539e-11 

9.70e-11 

7.91e-Ii 

2.51€-1i 

6.81e-11 

4.60e-09 
4.60e-09 

4.60e-09) 

4.60e-09 

3.23e-10 

4.60e-09 

4.60e-09 

4.60e-09 

4.60e-09 

3.95e-11 

7.42e-11 

4.60e-09 

4.60e-09 

4.52e-11 
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TABLE C-14 

Average Daily Intake Via Inhalation for Subsistence Farmer 

IChemical I A.DI (Mg/kg-day) .

Pyridine 

Tetrachloroethylene 

Toluene 

Trichlorobenzene, 1,2,4-

Trichioroethane, 1,1,1

Trichiorotrifluoranthefle 

Trichlorotrifluoroethafle

Vinyl Chloride 

Xylene

4.60e-09 
4.60eý-09 

4.60e-09 

5.65e-11 

3.12e-10 ________

4.60e-09

iZei

4.60e-09

C-17 ENVIRON

4.60e-09

5.22e-10

i

w

I

4.60e-09



APPENDIX D 

Exposure Calculations for 
Adult Resident



Each of the equations presented in this appendix was provided in USEPA's Guidance for 

Performing Screening Level Risk Analyses at Combustion Facilities Burning Hazardous Wastes 

(1994) with modifications to equations and exposure assumptions detailed in the errata entitled 

Guidance for Performing Screening Level Risk Analyses at Combustion Facilities Burning 

Hazardous Wastes: Errata, revised draft dated October 14, 1994.

ENVIROND-1



ENVIRON
D-2

TABLE D-1 
Soil Intake for Adult Resident 

Equation 

Imo = Sc x CR,,, x Fo,, 

Parameter Value 

I,Soil = Daily intake of contaminant from soil (rag/day) 

Sc = Soil concentration (mg/kg) calculated 
(see Table B-2) 

CR~j = Consumption rate of soil (kg/day) 0.0001 

F~o = Fraction of consumed soil contaminated (unitless) 1 

Chemicals 

Antimony Hexachlorobenzene 

Arsenic Mercury 

Barium Nickel 

Beryllium Nitrobenzene 

Benzo(a)pyrene toxicity equivalents Total PCBs 

Bis(2-ethylhexyl)phthalate Pentachloronitrobenzene 

Cadmium Pentachlorophenol 

Chromium (VI) Selenium 

1,3-Dinitrobenzene Silver 

2,4-Dinitrotoluene 2,3,7,8-TCDDioxin toxicity equivalents 

2,6-Dinitrotoluene Thallium (I) 

Di(n)octylphthalate 

Source 

SLRA Guidance page C-6-25.



Parameter Value 

I= Daily intake of contaminant from aboveground vegetables (mg/day) 

Pd = Concentration in aboveground vegetables due to deposition (mg/kg) calculated 
(see Table B-6) 

Pv = Concentration in aboveground vegetables due to air-to-plant transfer calculated 

(mg/kg) (see Table B-7) 

CR,? Consumption rate of aboveground vegetables (kg/day) 0.024 

F, = Fraction of aboveground vegetables contaminated (unitless) 0.25 

Chemicals 

Antimony Hexachlorobenzene 
Arsenic Mercury 
Barium Nickel 

Beryllium Nitrobentzene 
Benzo(a)pyrene toxicity equivalents Total PCBs 

Bis(2-ethylhexyl)phthalate Pentachloronitrobenzene 
Cadmium Pentachlorophenol 

Chromium (VI) Selenium 
1,3-Dinitrobenzene Silver 
2,4-Dinitrotoluene 2,3,7,8-TCDDioxin toxicity equivalents 

2,6-Dinitrotoluene Thallium (I) 
Di(n)octylphthalate 

Source 

SLRA Guidance page C-6-26.

ENVIROND-3

TABLE D-2 
Aboveground Vegetable Intake for Adult Resident 

Equation 

I.8 = (Pd + Pv) x CR,, x F,.g



ENVIRON
D-4

TABLE D-3 

Root Vegetable Intake for Adult Resident 

Equation 

Ib. = Pr, x CR., x F.b

Parameter Value 

ib = Daily intake of contaminant from root vegetables (mg/day) 

prbt = Concentration in root vegetables (mg/kg) calculated 
(see Table B-8) 

CRP, = Consumption rate of root vegetables (kg/day) 0.0063 

Fbs = Fraction of root vegetables contaminated (unitless) 0.25 

Chemicals 

Antimony Hexachlorobenzene 

Arsenic Mercury 

Barium Nickel 

Beryllium Nitrobenzene 

Benzo(a)pyrene toxicity equivalents Total PCBs 

Bis(2-ethylhexyl)phthalate Pentachloronprobenzene 

Cadmium Pentachlorophenol 

Chromium (VI) Selenium 

1,3-Dinitrobenzene Silver 

2,4-Dinitrotoluene 2,3,7,8-TCDDioxin toxicity equivalents 

2,6-Dinitrotoluene Thallium (I) 

Di(n)octylphthalate 

Source 

SLRA Guidance page C-6-26.



TABLE D-4 
Total Daily Intake for Adult Resident 

Equation 

''so I g +IL' 

Parameter Value 

= Total daily intake of contaminant (mg/day) 

= Daily intake of contaminant from soil (mg/day) calculated 
(see Table D-1) 

las Daily intake of contaminant from aboveground vegetables (mg/day) calculated 
(see Table D-2) 

I = Daily intake of contaminant from root vegetables. (mg/day) calculated 
(see Table D-3) 

Chemicals 

Antimony Hexachlorobenzene 

Arsenic Mercury 

Barium Nickel 

Beryllium Nitrobenzene 

j3enzo(a)pyrene toxicity equivalents Total PCBs 

Bis(2-ethylhexyl)phthalate Pentachloronitrobenoe 

Cadmium Pentachlorophenol 

Chromium (VI) Selenium 

1,3-Dinitrobenzene Silver 

2,4-Dinitrotoluene 2,3,7,8-TCDDioxin toxicity equivalents 

2,6-Dinitrotoluene Thallium (I) 

Di(n)octylphthalate 

Source 

SLRA Guidance page C-6-27.
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TABLE D-5 
Average Daily Intake via Inhalation 

Equation 

ADI(inh).. = C(air)ij x IR,. x ET x EF x ED. x 0.001 

BWj x AT 

Parameter Value 
ADI(inh)j = Average daily intake via inhalation (mg/kg-day) for. i = 1..m 

chemical i in exposure scenario j j 1.3 

C(air), = Ambient air concentration (pqg/mr, from COMPDEP) for i = 1..m 
chemical i in exposure scenario j j = 1.3 

IRj = Inhalation rate (m3/hr) I 

ET = Exposure time (hr/day) 24 

EF = Exposure frequency (day/yr) 350 

ED1  = Exposure duration (years) for exposure scenario j j = 1.3 

BW, = Body weight (kg) for exposure scenario j j = 1.3 

AT = Averaging time (day) 25,550 

0.001 Units conversion factor (mg/pug) 

Description 

The lifetime individual cancer risk is calculated from the average daily intake via inhalation (ADI). The 
ADI is calculated for each exposure scenario.  

Source 

SLRA Guidance pages C-6-42 and C-6-43.
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TABLE D-6 
Intake Calculations (mg/day) for Adult Resident 

Chemical lil lag I 

Antimony 5.85e-07 5.82e-06 6.92e-11 6.41e-06 

Arsenic 2.11e-08 1.52e-08 4.59e-14 3.63e-08 

Barium 1.71e-04 1.03e-05 3.81e-11 1.81e-04 

Beryllium 2.67e-09 8.08e-10 4.51e-16 3.48e-09 

Benzo(a)pyrene Toxicity Equivalents 2.82e-07 6.43e-07 2.97e-10 9.26e-07 

Bis(2-ethylhexyl)phthalate 7.91e-09 1.73e-08 6.09e-12 2.52e-08 

Cadmium 1.98e-07 2.70e-08 3.12e-13 2.25e-07 

Chromium (VI) 5.53e-09 6.48e-09 1.09e-14 1.20e-08 

Dinitrobenzene, 1,3- 2.06e-10 1.81e-10 7.25e-12 3.94e-10 

Dinitrotoluene, 2,4- 5.00e-10 3.65e-10 8.61e-12 8.74e-10 

Dinitrotoluene, 2,6- 4.01e-10 3.40e-10 8.01e-12 7.49e-10 

Di(n)octylphthalate 1.4le-09 3.16e-05 2.69e-13 3.16e-05 

Hexachlorobe-zene 1.30e-08 2.66e-11 1.90e-11 1.30e-08 

Mercury 1.08e-05 2.07e-07 3.96e-12 1.10e-05 

Nickel 3.98e-05 1.03e-05 1.53e-11 5.01e-05 

Nitrobenzene 3.66e-10 1.82e-10 7.68e-12 5.55e-10 

PCBs, Total 3.27e-08 6.43e-10 1.26e-10 3.35e-08 

Pentachloronitrobenzene 1.48e-07 1.82e-10 3.38e-10 1.49e-07 

Pentachlorophenol 2.25e-07 6.43e-09 4.02e-10 2.32e-07 

Selenium 1.63e-05 7.78e-05 5.96e-10 9.41e-05 

Silver 1.46e-06 5.82e-05 2.98e-09 5.97e-05 

TCDDioxin Toxicity Equivalents, 2,3,7,8- 9.41e-12 1.59e-11 1.16e-14 2.53e-11 

Thallium (I) 2.03e-06 5.82e-07  8.66e-14 2.62e-06 

Lead 0 0 0 0
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TABLE D-7 

Average Daily Intake Via Inhalation for Adult Resident 

Chemical ADI (mg/kg-day) 

INDIRECT EXPOSURE 

Antimony 
1.90e-06 

Arsenic 
5.01e-09 

Barium 
335e-06 

Beryllium 
2.64e-10 

Benzo(a)pyrene Toxidcity Equivalents 3.45e-09 

Bis(2-ethylhexyl)phthalate 
9.49e-11 

Cadmium 
8.80e-09 

Chromium (VI) 2.11e-09 

Dinitrobenzene, 1,3- 3.45e-09 

Dinitrotoluene, 2,4- 3.45e-09 

Dinitrotoluene, 2,6- 3.45e-09 

Di(n)octylphthalate 
1.69e-11 

Hexachlorobenzene 
1.71e-1O 

Mercury 5.08e-07 
g ickel. 335e-06 

Nitrobenzene 3.45e-09 

PCBs, Total 4.17e-10 

Pentachloronitrobenzene 3.45e-09 

Pentachlorophenol 3.45e-09 

Selenium 
2.54e-05 

Silver 
1.90e-05 

TCDDioxin Toxicity Equivalents, 2,3,7,8- 2.71e-13 

Thallium (I) 1.90e-07 

Lead 
5.71e-07 

[DIRECT EXPOSURE 
I ~~An~f~

Acetone 

Aaryiamide 
3.45e-09 

Acrylonitrile 
3.45e-09 

Benzene 
3.45e-09 

Benzoic Acid 1-58e-09 

Bromodichloromethane 
1.80e-10 

Bromoform 
2.05e-09 

Bromomethane 
1.00e-10 

Butyl Alcohol 
3.45e-09 

Butylbenzylphthmate 
3.00e-E V 
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TABLE D-7 

Average Daily Intake Via Inhalation for Adult Resident 

Chemical [ ADI (mg/kg-day) 

Carbon Disulfide 3A5e-09 

Carbon Tetrachloride 3.45e-09 

Chlorobenzene 3.45e-09 

Chloroform 2.08e-09 

Chloromethane 9.76e-10 

Creosote 3.45e-09 

Cresols 3.45e-09 

Cresylic Acid 3.45e-09 

Cyclohexanone 3.45e-09 

Dibromochloromethane 138e-09 

Dichlorobenzene, 1,2- 439e-11 

Dichlorobenzene, 1,3- 3.98e-11 

Dichlorobenzene, 1,4- '3.43e-11 

Dichloroethane, 1,1- 335e-11 

Dichloroethane, 1,2- 1.71e-10 

Dichloroethylene, 1,1- 1.14e-10 

Dichloroethylene, 1,2- 7.3le-10 

Dichlorophenol, 2,4- 4.05e-11 

Dichloropropene, cis-,3- 7.28e-11 

Dichloropropene, trans-1,3- 5.94e-11 

Dimethylphthalate 1.88e-11 

Di-n-butylphthalate 5.11e-l1 

Ethoxyethanol, 2- 3A5e-09 

Ethyl Acetate 3.45e-09 

Ethyl Benzene 3.5e-09 

Ethyl Ether 3.45e-09 

Hexachlorocyclopentadiene 2.42e-10 

Isobutanol 3A5e-09 

MEK 3.45e-09 

Methanol 3A5e-09 

Methylene chloride 3A5e-09 

Methylnaphthalene, 2- 2.96e-11 

Naphthalene 5.56e-11 

Nitropropane, 2- 3A5e-09 

Orthodichlorobenzene 3.45e-09 

Phenol 339e-11
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TABLE D-7 
Average Daily Intake Via Inhalation for Adult Resident 

Chemical [ ADI (mg/kg-day) 

Pyridine 3.45e-09 

TetrachIoroethylene 3.45e-09 

Toluene 3.45e-09 

Trichlorobenzene, 1,2,4- 9.05e-11 

Trichloroethane, 1,1,1- 3.45e-09 

Trichloroethane, 1,1,2- 3.45e-09 

Trichloroethylene 3.45e-09 

Trichlorofluoromethane 4.24e-11 

Trichlorophenol, 2,4,6- 2.34e-10 

Trichlorotrifluoranthene 3.45e-09 

Trichlorotrifluoroethane 3.45e-09 

Vinyl Chloride 3.91e-10 

Xylene 3A5e-09
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APPENDIX E 

Exposure Calculations for 
Child Resident



Each of the equations presented in this appendix was provided in USEPA's 

Guidance for Performing Screening Level Risk Analyses at Combustion Facilities Burning 

Hazardous Wastes (1994) with modifications to equations and exposure assumptions 

detailed in the errata entitled Guidance for Performing Screening Level Risk Analyses at 

Combustion Facilities Burning Hazardous Wastes: Errata, revised draft dated October 14, 

1994.  
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TABLE E-1 

Soil Intake for Child Resident 

Equation 

=Sc x CR,.j1 x F~ij

ParameterVau 

I,sail' Daily intake of contaminant from soil (rag/day) 

Sc Sil oncntraion(mgkg)calculated 
Sc = Soilconentrtio (mgkg)(see Table B-2) 

CR~o, = Consumption rate of soil (kg/day) 0.0002 

F = Fraction of consumed soil contaminated (unidless) 1

Chemicals 

Antimony Hexachlorobenzene 

Arsenic Mercury 

Barium Nickel 

Beryllium Nitrobenzene 

Benzo(a)pyrene toxicity equivalents Total PCBs 

Bis(2-ethylhexyl)phthalate Pentachloronitroberzene 

Cadmium Pentachlorophenol 

Chromium (VI) Selenium 

1,3-Dinitrobenzene Silver 

2,4-Dinitrotoluene 2,3,7,8-TCDDioxin toxicity equivalents 

2,6-Diaitrotoluene Thallium (1) 

Di(n)octyilphthalate 

Source 

SLRA Guidance page C-6-34.

ENVIRON
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Parameter Value 

la = Daily intake of contaminant from aboveground vegetables 
(mg/day) 

Pd = Concentration in aboveground vegetables due to deposition calculated (see Table B-6) 

(mg/kg) 

Pv = Concentration in abovegiround vegetables due to deposition calculated (see Table B-7) 

(mg/kg) 

CR = Consumption rate of aboveground vegetables (kg/day) 0.005 

F = Fraction of aboveground vegetables contaminated (unitless) 0.25 

Chemicals 

Antimony Hexachlorobenzene 

Arsenic Mercury 

Barium Nickel 

Beryllium Nitrobenzene 

Benzo(a)pyrene toxicity equivalents Total PCBs 

Bis(2-ethylhexyl)phthalate Pentachloronitrobenzene 

Cadmium Pentachlorophenol 
Chromium (VI) Selenium 

1,3-Dinitrobenzene Silver 

2,4-Dinitrotoluene 2,3,7,8-TCDDioxin toxicity equivalents 

2,6-Dinitrotoluene Thallium (I) 

Di(n)octylphthalate 

Source 

SLRA Guidance page C-6-35.

ENVIRONE-3

TABLE E-2 
Aboveground Vegetable Intake for Child Resident 

Equation 

Iag = (Pd + Pv) x CRg x Fjg



Parameter Value 

-I, Daily intake of contaminant from root vegetables (mg/day) 

Pr-,, Concentration in root vegetables (mg/kg) calculated (see Table B-8) 

CRbg = Consumption rate of root vegetables (kg/day) 0.0014 

Fbg = Fraction of root vegetables contaminated (unitless) 0.25 

Chemicals 

Antimony Hexachlorobenzene 
Arsenic Mercury 
Barium Nickel 

Beryllium Nitrobenzene 

Benzo(a)pyrene toxicity equivalents Total PCBs 

Bis(2-ethylhexyl)phthalate Pentachloronitrobenzene 
Cadmium Pentachlorophenol 

Chromium (VI) Selenium 
1,3-Dinitrobenzene Silver 
2,4-Dinitrotoluene 2,3,7,8-TCDDioxin toxicity equivalents 

2,6-Dinitrotoluene Thallium (I) 

Di(n)octylphthalate 

Source 

SLRA Guidance page C-6-35.

ENVIRONE-4

I TABLE E-3 
Root Vegetable Intake for Child Resident

Equation

'bg = Pr,, x CRbg x Fbg



Parameter Value 

I = Total daily intake of contaminant (mg/day) 

= Daily intake of contaminant from soil (mg/day) calculated (see Table E-1) 

Iag = Daily intake of contaminant from aboveground vegetables calculated (see Table E-2) 

(mg/day) 
4 = Daily intake of contaminant from root vegetables (mg/day) calculated (see Table E-3) 

Chemicals 

Antimony Hexachlorobenzene 

Arsenic Mercury 

Barium Nickel 

Beryllium Nitrobenzene 

Benzo(a)pyrene toxicity equivalents Total PCBs 

Bis(2-ethylhexyl)phthalate Pentachioronitrobenzene 

Cadmium Pentachlorophenol 

Chromium (VI) Selenium 

1,3-Dinitrobenzene Silver 

2,4-Dinitrotoluene 2,3,7,8-TCDDioxin toxicity equivalents 

2,6-Dinitrotoluene Thallium (I) 
Di(n)octylphthalate 

Source 
SLRA Guidance page C-6-36.1

ENVIRONE-5

TABLE E-4 
Tntnl Dailv Intake for Child Resident

Equation 

Is IJ''O + Ibg



TABLE E-5 
Average Daily Intake via Inhalation 

Equation 

C(air)ij x IR. x ET x EF x ED, x 0.001 
ADI(inh)u= BWj x AT 

Parameter Value 

ADI(inh)i4 = Average daily intake via inhalation (mg/kg-day) for i = 1..m 

chemical i in exposure scenario j j = 1..3 

C(air)i = Ambient air concentration (pug/m 3, from COMPDEP) for i = 1..m 

chemical i in exposure scenario j J = 1.3 

1Rj = Inhalation rate (m3/hr) 0.2 

ET = Exposure time (hr/day) 24 

EF = Exposure frequency (day/yr) 350 

EDi = Exposure duration (years) for exposure scenario j j = 1.3 

BWj = Body weight (kg) for exposure scenario j J= 1.3 

AT = Averaging time (day) 25,550 

0.001 = Units conversion factor (mg/pg) 

Description 

The lifetime individual cancer risk is calculated from the average daily intake via inhalation (ADI). The 

ADI is calculated for each exposure scenario.  

Source 

SLRA Guidance pages C-6-42 and C-6-43.
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TABLE E-6 

Intake Values (mg/day) for Child Resident 

Chemical [1 I It 

Antimony 1.17e-06 1.21e-06 1.54e-11 2.38e-06 

Arsenic 4.22e-08 3.17e-09 1.02e-14 4.54e-08 

Barium 3.42e-04 2.14e-06 8.47e-12 3.44e-04 

Beryllium 5.34e-09 1.68e-10 1.00e-16 5.51e-09 

Benzo(a)pyrene Toxicity Equivalents 5.65e-07 1.34e-07 6.59e-11 6.99e-07 

Bis(2-ethylhexyl)phthalate 1.58e-08 3.61e-09 135e-12 1.94e-03 

Cadmium 3.97e-07 5.63e-09 6.94e-14 4.02e-07 

Chromium (VI) 1.11e-08 1.35e-09 2.42e-15 1.24e-08 

Dinitrobenzene, 1,3- 4.12e-10 3.77e-11 1.61e-12 4.52e-10 

Dinitrotoluene, 2,4- 1.00e-09 7.60e-11 1.91e-12 1.08e-09 

Dinitrotoluene, 2,6- 8.Ole-10 7.09e-11 1.78e-12 8.74e-10 

Di(n)octylphthalate 2.83e-09 6.58e-06 5.99e-14 6.58e-06 

Hexachlorobenzene 2.59e-08 5.54e-12 4.21e-12 2.59e-08 

Mercury 2.16e-05 43ke-08 8.80e-13 2.16e-05 

Nickel 7.96e-05 2.14e-06 3.40e-12 8.17'-05 

Nitrobenzene 7.32e-10 3.79e-11 1.71e-12 7.71e-10 

PCBs, Total 654e-08 1.34e-10 2.79e-11 6.56e-08 

Pentachloronitrobenzene 2.97e-07 3.79e-11 7.52e-11 2.97e-07 

Pentachlorophenol 4.50e-07 1.34e-09 8.94e-11 4.5 le-07 

Selenium 3.25e-05 1.62e-05 132e-10 4.87e-05 

Silver 2.93e-06 1.21e-05 6.40e-10 1.5le-05 

TCDDioxin Toxicity Equivalents, 2,3,7,8- 1.88e-11 331e-12 2.57e-15 2.2ke-li 

Thallium (I) 4.07e-06 1.21e-07 1.92e-14 4.19e-06 

Lead 0 3.65e-07 0 0
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TABLE E-7 
Average Daily Intake Via Inhalation for Child Resident 

Chemical ADI (mg/kg-day) 

INDIRECT EXPOSURE 

Antimony 3.54e-07 

Arsenic 9.36e-10 

Barium 6.26e-07 

Beryllium 4.92e-11 

Benzo(a)pyrene Toxicity Equivalents 6.44e-10 

Bis(2-ethylhexyl)phthalate 1.77e-11 

Cadmium 1.64e-09 

Chromium (VI) 3.94e-10 

Dinitrobenzene, 1,3- 6.44e-10 

Dinitrotoluene, 2,4- 6.44e-10 

Dinitrotoluene, 2,6- 6.44e-10 

Di(n)octylphthalate 3.15e-12 

Hexachlorobenzene 3.20e-11 

Mercury 9.47e-08 

Nickel 6.26e-07 

Nitrobenzene 6.44e-10 

PCBs, Total 7.78e-11 

Pentachloronitrobenzene 6.44e-10 

Pentachlorophenol 6.44e-10 

Selenium 4.74e-06 

Silver 3.54e-06 

TCDDioxin Toxicity Equivalents, 2,3,7,8- 5.05e-14 

Thallium (I) 3-54e-08 

Lead 1.06e-07 

DIRECT EXPOSURE 

Acetone 6.44e-10 

Acrylamide 6.44e-10 

Acrylonitrile 6.44e-10 

Benzene 6.44e-10 

Benzoic Acid 2.95e-10 

Bromodichloromethane 3.36e-11 

Bromoform 3.83e-10 

Bromomethane 1.87e-11 

Butyl Alcohol 6.44e-10 

Butylbenzylphthalate 5.60e-12
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TABLE E-7 
Average Daily Intake Via Inhalation for Child Resident 

Chemical 1 ADI (mg/kg-day) 

Carbon Disulfide 6.44e-10 

Carbon Tetrachloride 6.44e-10 

Chlorobenzcne 6.44e-10 

Chloroform 3.88e-10 

Cbloromethane 1.82e-10 

Creosote 6.44e-10 

CresoLs 6.44e-10 

Cresylic Acid 6.44e-10 

Cyclohexanone 6.44e-10 

Dibromochloromethane 2.58e-10 

Dichlorobenzene, 1,2- 8.20e-12 

Dichlorobenzene, 1,3- 7.44e-12 

Dichlorobenzene, 1,4- 6.41e-12 

Dichloroethane, 1,1- 6.26e-12 

Dichloroethane, 1,2- 3.20e-11 

Dichloroethylene, 1,1- 2.14e-11 

Dichloroethylene, 1,2- 1.36e-10 

Dichlorophenol, 2,4- 7.55e-12 

Dichloropropene, cis-1,3- 1.36e-11 

Dichloropropene, trans-i,3- 1.11e-11 

Dimethylphthalate 3.51e-12 

Di-n-butylphthalate 9_54e-12 

Ethoxyethanol, 2- 6.44e-10 

Ethyl Acetate 6.44e-10 

Ethyl Benzene 6.44e-10 

Ethyl Ether 6.44e-10 

Hexachlorocyclopentadiene 4-52e-11 

Isobutanol 6.44e-10 

MEK 6.44e-10 

Methanol 6.44e-10 

Methylene chloride 6.44e-10 

Methylnaphthalene, 2- 5.53e-12 

Naphthalene 1.04e-11 

Nitropropane, 2- 6.44e-10 

Orthodichiorobenzene 6.44e-10 

Phenol 633e-12

ENVIRON
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TABLE E-7 
Average Daily Intake Via Inhalation for Child Resident 

Chemical ADI (mg/kg-day) 

Pyridine 6.44e-10 

Tetrachloroethylene 6.44e-10 

Toluene 6.44e-10 

Trichlorobenzene, 1,2,4- 1.69e-11 

Trichloroethane, 1,1,1- 6.44e-10 

Trichloroethane, 1,1,2- 6.44e-10 

Trichloroethylene 6.44e-10 

Trichlorofluoromethane 7.92e-12 

Trichlorophenol, 2,4,6- 4.37e-11 

Trichlorotrifluoranthene 6.44e-10 

Trichlorotrifluoroethane 6.44e-10 

Vinyl Chloride 7.30e-11 

Xylene 6.44e-10
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APPENDIX F 

Risk Calculations



Each of the equations presented in this appendix was provided in USEPA's 

Guidance for Performing Screening Level Risk Analyses at Combustion Facilities Burning 

Hazardous Wastes (1994) with modifications to equations and exposure assumptions 

detailed in the errata entitled Guidance for Performing Screening Level Risk Analyses at 

Combustion Facilities Burning Hazardous Wastes: Errata, revised draft dated October 14, 

1994.  
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TABLE F-1 
Indirect Cancer Risk for Subsistence Farmer 

Carcinogens 

Equation 

Cancer Risk = IXEDxEFxCSF 
BW x AT x 365 

Parameter Value 

Cancer Risk = Individual lifetime cancer risk (unitless) 

I = Total daily intake of contaminant (mg/day) calculated 
(see Table C-10) 

ED = Exposure duration (yr) 40 

EF = Exposure frequency (day/yr) 350 

CSF = Oral cancer slope factor (per mg/kg-day) chemical-specific 
(see Table B-i) 

BW = Body weight (kg) 70 

AT = Averaging time (yr) 70 

365 = Units conversion factor (day/yr) 

Chemicals 

Antimony Hexachlorobenzene 
Arsenic Total PCBs 

Barium Nickel 

Beryllium Pentachloronitrobenzene 

Benzo(a)pyrene toxicity equivalents Pentachlorophenol 

Bis(2-ethylhexyl)phthalate Selenium 

Cadmium Silver 

Chromium (VI) 2,3,7,8-TCDDioxin toxicity equivalents 

2,4-Dinitrotoluene Thallium (I) 

2,6-Dinitrotoluene 

Source 

SLRA Guidance page C-6-9.
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TABLE F-2 

Total Indirect Cancer Risk for Subsistence Farmer 
Carcinogens

Equation 

Total Cancer Risk, = ECancer Riski

Chemicals 

Antimony Hexachlorobenzene 

Arsenic Total PCBs 

Barium Nickel 

Beryllium Pentachloronitrobenzene 

Benzo(a)pyrene toxicity equivalents Pentachlorophenol 

Bis(2-ethylhexyl)phthalate 
Selenium 

Cadmium Silver 

Chromium (VI) 2,3,7,8-TCDDioxiln toxicity equivalents 

2,4-Dinitrotoluene Thallium (I) 

2,6-Dinitrotoluene 

Source 

SLRA Guidance page C-6-11.

ENVIRON
F-3

ParameterVau 

Total Cancer Risk = Total individual lifetime cancer risk for all chemicals 

(unitless) 
Cancer Risk, = Individual lifetime cancer risk for chemical carcinogen calculated 

•i (unitless) (see Table F-1)



Lw 

Equation 

Cancer Risk(inh)ij = ADI(inh)ij x CSF(inh)i 

Parameter Value 

Cancer Risk(inh)4 = Excess lifetime cancer risk via inhalation i = I.m 
(unitless) for chemical i in exposure scenario j j = 1..3 

ADI(inh)ij Average daily intake via inhalation (mg/kg-day) i = 1..m 

for chemical i in exposure scenario j j 1..3 

CSF(inh), = Inhalation carcinogenic slope factor (per mg/kg- i = L.m 

day) for chemical i 

Description

The excess lifetime individual cancer risk is calculated from the carcinogenic slope factor (CSF) ana me 
average daily intake via inhalation (ADI) for each exposure scenario.  

Source 

SLRA Guidance page C-6-43.

ENVIRONF-4

TABLE F-3 
Direct Cancer Risk for Subsistence Farmer 

Carcinogens



The total cancer risk to the individual via inhalation is estimated by summing the lifetime cancer risk for 
all chemicals that are carcinogens via the inhalation route of exposure.  

Source 
ISLRA Guidance page C-6-44.

ENVIRON

TABLE F-4 
Total Direct Cancer Risk for Subsistence Farmer 

Carcinoa-ens

Equation 

Total Cancer Risk(inh), = Cancer Risk(inh),j 

Parameter Value 

Total Cancer Risk(inh), = Total excess lifetime cancer risk via j = 1.3 
inhalation (unitless) for exposure scenario j 

Cancer Risk(inh)ij = Excess lifetime cancer risk via inhalation i =1..m+ n 
(unitless) for chemical i in exposure scenario j = 1.3 

Description

F-5



Source 

SLRA Guidance page C-6-45.

F ENVIRON

TABLE F-5 
Overall Direct and Indirect Cancer Risk for Subsistence Farmer 

Carcinogens 

Equation 

Overall Cancer Riski = Total Cancer Risk(inh), + Total Cancer Riuk(oral)1

Parameter Value 

Overall Cancer Risk- = Overall excess lifetime cancer risk via all routes j = 1.3 

of exposure (unitless), exposure scenario j 

Total Cancer Risk (inh), = Total excess lifetime cancer risk via inhalation j = 1.3 

(unitless from Table C-15) in exposure scenario j 

Total Cancer Risk(oral)j = Total excess lifetime cancer risk via indirect (i.e., j = 1..3 
oral) exposures (unitless, from Table F-13) in 
exposure scenario j 

Description

To determine the overall carcinogenic risk from all exposure pathways, both direct inhalation and indirect 

exposure pathways (as calculated for each exposure scenario in Tables F-3, F-9 and F-14), the total cancer, 

risks for the indirect pathways are added to the total cancer risk via inhalation for each exposure scenario.

F-6



TABLE F-6 
Indirect Cancer Risk for Adult Resident 

Carcinogens 

Equation 

Cancer Risk =IxEDxEFxCSF 
BW x AT x 365

Parameter Value 

Cancer Risk = Individual lifetime cancer risk (unitless) 

I = Total daily intake of contaminant (mg/day) calculated 
(see Table D-4) 

ED = Exposure duration (yr) 30 

EF = Exposure frequency (day/yr) 350 

CSF = Oral cancer slope factor (per mg/kg-day) chemical-specific 
(see Table B-1) 

BW = Body weight (kg) 70 

AT = Averaging time (yr) 70 

365 = Units conversion factor (day/yr) 

Chemicals 

Antimony Hexachlorobenzene 
Arsenic Nickel 
Barium Total PCBs 

Beryllium Pentachloronitrobenzene 
Benzo(a)pyrene toxicity equivalents Pentachlorophenol 

Bis(2-ethylhexyl)phthalate Selenium 
Cadmium Silver 

Chromium (VI) 2,3,7,8-TCDDioxin toxicity equivalents 
2,4-Dinitrotoluene Thallium (I) 
2,6-Dinitrotoluene 

Source 

SLRA Guidance page C-6-28.

ENVIRONF-7



Parameter Value 

Total Cancer Risk = Total individual lifetime cancer risk for all 
chemicals (unidess) 

Cancer Risk. = Individual lifetime cancer risk for chemical calculated (see Table F-6) 
carcinogen i (unitless) 

Chemicals 

Antimony Hexachlorobenzene 
Arsenic Nickel 
Barium Total PCBs 

Beryllium Pentachloronitrobenzene 
Benzo(a)pyrene toxicity equivalents Pentachlorophenol 

Bis(2-ethylhexyl)phthalate Selenium 
Cadmium Silver 

Chromium (VI) 2,3,7,8-TCDDioxin toxicity equivalents 
2,4-Dinitrotoluene Thallium (I) 
2,6-Dinitrotoluene 

Source 

SLRA Guidance page C-6-30.

ENVIRONF-8

TABLE F-7 
Total Indirect Cancer Risk for Adult Resident 

Carcinogens 

Equation 

Total Cancer Risk = Cancer Risk,
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TABLE F-8 
Direct Cancer Risk for Adult Resident

Equation 

Cancer Risk(inh)ij = ADI(inh)1 , x CSF(inh), 

Parameter Value 

Cancer Risk(inh)1 j = Excess lifetime cancer risk via inhalation (unitless) for i = L.m 

chemical i in exposure scenario j j = 1.3 

ADI(inh)• = Average daily intake via inhalation (mg/kg-day) for i 1..m 

chemical i in exposure scenario j J = 1.3 

CSF(inh), = Inhalation carcinogenic slope factor (per mg/kg-day) i = L..m 

for chemical i 

Description

The excess lifetime individual cancer risk is calculated from the carcinogemc slope Iactor kjr) •uu ae 
average daily intake via inhalation (ADI) for each exposure scenario.

Source
Source



Parameter Value.  

Total Cancer Risk(inh)j = Total excess lifetime cancer risk via inhalation j = 1..3 
(unitless) for exposure scenario j 

Cancer Risk(inh)ij Excess lifetime cancer risk via inhalation i = 1..m+n 
(unitless) for chemical i in exposure scenario j j = 1.3 

Description

The total cancer risk to the individual via inhalation is estimated by summing the lifetime cancer risk for 
all chemicals that are carcinogens via the inhalation route of exposure.  

Source 
SLRA Guidance page C-6-44.

ENVIRON

TABLE F-9 
Total Direct Cancer Risk for Adult Resident 

Equation 

Total CancerRisk(inh), = Cancer Risk(inh)i,

F-10



Source 

SLRA Guidance page C-6-45.  

•E 44 ENVIRON

TABLE F-10 

Overall Direct and Indirect Cancer Risk for Adult Resident

Equation 

overall Cancer Risk i = Total Cancer Risk(inh), + Total Cancer Risk( oral)

ParameterVau 

overall Cancer Riskj = Overall excess lifetime cancer risk via all routes =1.3 

of exposure (unitless), exposure scenario j 

Total C~ancer Risk, (inh)j = Total excess lifetime cancer risk via inhalation .j = 1..3 

(unitless from Table C-15) in exposure scenario i 

Total Cancer Risk(oral)j Total excess lifetime cancer risk via indirect (i.e., j= 1.3 

oral) exposures (unitless, from Table F-13) in 

exposure scenario j

Description 

To determine the overall carcinogenic risk from all exposure pathways, both direct inhalation and indirect 

exposure pathways (as calculated for each exposure scenario in Tables F-3, F-9 and F-14), the total cancer 

risks for the indirect pathways are added to the total cancer risk via inhalation for each exposure scenario.

I•-II



TABLE F-11 
Cancer Risk for Individual Chemicals for Child Resident 

Carcinogens 

Equation 

CancerRisk I JxEDxEFxCSF 
BW x AT x 365 

Parameter Value 

Cancer Risk = Individual lifetime cancer risk (unitless) 

I = Total daily intake of contaminant (mg/day) calculated (see Table E-4) 

ED = Exposure duration (yr) 6 

EF = Exposure frequency (day/yr) 350 

CSF = Oral cancer slope factor (per mg/kg-day) chemical-specific 
(see Table B-i) 

BW = Body weight (kg) 15 

AT = Averaging time (yr) 70 

365 = Units conversion factor (day/yr) 

Chemicals 

Antimony Hexachlorobenzene 

Arsenic Nickel 

Barium Total PCBs 

Beryllium Pentachloronitrobenzene 

Benzo(a)pyrene toxicity equivalents Pentachlorophenol 

Bis(2-ethylhexyl)phthalate Selenium 

Cadmium Silver 

Chromium (VI) 2,3,7,8-TCDDioxin toxicity equivalents 

2,4-Dinitrotoluene Thallium (I) 

2,6-Dinitrotoluene 

Source 

SLRA Guidance page C-6-37.
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TABLE F-12 
Total Cancer Risk for Child Resident 

Carcinogens 

Equation 

Total Cancer Risk = • CancerRisk3 

Parameter Value 

Total Cancer Risk = Total individual lifetime cancer risk for all 

chemicals (unitless) 

Cancer Risk, = Individual lifetime cancer risk for chemical calculated (see Table F-11) 

carcinogen i (unitless) 

Chemicals 

Antimony Hexachlorobenzene 

Arsenic • Nickel 

Barium Total PCBs 

Beryllium Pentachloronitrobenzene 

Benzo(a)pyrene toxicity equivalents Pentachlorophenol 

Bis(2-ethylhexyl)phthalate Selenium 

Cadmium Silver 

Chromium (VI) 2,3,7,8-TCDDioxin toxicity equivalents 

2,4-Dinitrotoluene Thallium (I) 

2,6-Dinitrotoluene 

Source 

SLRA Guidance page C-6-39.



TABLE F-13 
Direct Cancer Risk for Child Resident 

Equation 

Cancer Risk(inh)i1 = ADI(inh)i, x CSF(inh)i 

Parameter Value 

Cancer Risk(inh)• = Excess lifetime cancer risk via inhalation (unitless) for i = 1..m 
chemical i in exposure scenario j j 1..3 

ADI(inh), = Average daily intake via inhalation (mg/kg-day) for i 1..m 
chemical i in exposure scenario j j = 1.3 

CSF(inh)1  = Inhalation carcinogenic slope factor (per mg/kg-day) i L.m 
for chemical i 

Description 

The excess lifetime individual cancer risk is calculated from the carcinogenic slope factor (CSF) and the 
average daily intake via inhalation (ADI) for each exposure scenario.  

Source 

SLRA Guidance page C-6-43.
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Total Cancer Risk(inh)j = Cancer Risk(inh)qj 

Parameter Value 

Total Cancer Risk(inh)j = Total excess lifetime cancer risk via inhalation j = 1..3 
(unitless) for exposure scenario j 

Cancer Risk(inh)1 , - Excess lifetime cancer risk via inhalation i = L..m+n 
(unitless) for chemical i in exposure scenario j j = 1.3 

Description

The total cancer risk to the individual via inhalation is estimated by summing the lifetime cancer risk for 
all chemicals that are carcinogens via the inhalation route of exposure.  

Source 

SLRA Guidance page C-6-44.

E N ENVIRON

TABLE F-14 
Direct Cancer Risk for Child Resident 

Equation

F-15



TABLE F-15 

Overall Direct and Indirect Cancer Risk for Child Resident 

Equation 

Overall Cancer Risk, = Total Cancer Risk(inh), + Total Cancer Risk(oral)j 

Parameter Value 

Overall Cancer Risk. = Overall excess lifetime cancer risk via all j = 1.3 
routes of exposure (unitless), exposure 
scenario j 

Total Cancer Risk (inh)j = Total excess lifetime cancer risk via j = 1.3 
inhalation (unitless from Table 6-15) in 
exposure scenario j 

Total Cancer Risk(oral), = Total excess lifetime cancer risk via indirect j = 1.3 
(i.e., oral) exposures (unitless, from 
Table F-13) in exposure scenario j 

Description 

To determine the overall carcinogenic risk from all exposure pathways, both direct inhalation and indirect 
exposure pathways (as calculated for each exposure scenario in Tables F-3, F-9 and F-14), the total cancer 
risks for the indirect pathways are added to the total cancer risk via inhalation for each exposure scenario.  

Source 

SLRA Guidance page C-6-45.
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ENVIRONF-17

TABLE F-16 

Hazard Quotient for Individual Chemicals for Subsistence Farmer 
SNoncarcino-ens

Equation 

I 
HQ=BW x RfD 

Parameter Value 

HQ = Hazard quotient (unitless) 

I Total daily intake of contaminant (mg/day) calculated 
(see Table C-10) 

BW = Body weight (kg) 70 

RfD Reference Dose (mg/kg-day) chemical-specfic 

Chemicals 

Antimony Hexachlorobenzene 

Arsenic Mercury 

Barium Nickel 

Beryllium Nitrobenzene 

Bis(2-ethylhexyl)phthalate Total PCBs 
Cadmium Pentachloronitrobenzene 

Chromium (VI) Pentachlorophenol 

1,3-Dinitrobenzene Selenium 

2,4-Dinitrotoluene Silver 

2,6-Dinitrotoluene Thallium (I) 

Di(n)octylphthalate 

Source 

SLRA Guidance page C-6-10.



Parameter Value 

HIlm, = Hazard index for liver effects (unitless) 

HQj = Hazard quotient for chemical i with liver effects (unitless) calculated 
(see Table F-16) 

Chemicals 

Antimony Hexachlorobenzene 
Barium Nickel 

Bis(2-ethylhexyl)phthalate Pentachloronitrobeazene 
Cadmium Pentachlorophenol 

Chromium (VI) Selenium 
Di(n)octylphthalate 

Source 

SLRA Guidance page C-6-12.

ENVIRON

TABLE F-17 
Hazard Index for Liver Effects for Subsistence Farmer 

Noncarcinogens 

Equation 

H41i,er ZHQ1

F-18



Parameter Value 

HIM=.O = Hazard index for neurotoxic effects (unitless) 

HQO = Hazard quotient for chemical i with neurotoxic effects (unitless) calculated 
(see Table F-16) 

Chemicals 

Antimony 2,6-Dinitrotoluene 

Barium Mercury 

Cadmium Nickel 

Chromium (VI) Selenium 

2,4-Dinitrotoluene Silver 

Source 

SLRA Guidance page C-6-13.

ENVIRONF-19

TABLE F-18 
Hazard Index for Neurotoxic Effects for Subsistence Farmer 

Noncarcinogens 

Equation 

HI.urowxi ) HQj



Parameter Value 

HQ(ina)i), = Hazard quotient via inhalation (unitless) for chemical i i = 1..l 
in exposure scenario j j = 1.3 

C(air)ij = Concentration in air (pg/mr, from COMPDEP) for i = 1..1 
chemical i in exposure scenario j j = 1.3 

RFCj = Reference concentration (mg/m 3) for chemical i i = 1..l 

0.001 = Units conversion factor (mg/pg) 

Description 

The hazard quotient for inhalation exposures to chemicals which have noncancer health effects is 

calculated for each exposure scenario.  

Source 

SLRA Guidance page C-6-44.

ENVIR ON

TABLE F-19 

Hazard Quotient for Individual Chemicals for Subsistence Farmer 
Noncarcinogens 

Equation 

HQ( Iinh), = C(air),, x 0.001 
RFCi

F-20



For the screening analysis, the hazard quotients for inhalation exposures to chemicals that affect the same 
target organ are added together to obtain a hazard index for the target organ. This is done for each 
exposure scenario.  

Source 

SLRA Guidance page C-6-44.

ENVIRON

TABLE F-20 
Hazard Index for Subsistence Farmer 

Noncarcinogens 

Equation

HI(inh),k = E HQ(inh)i.jk

Parameter Value 

HQ(inh)j1  Hazard index via inhalation (unitless) for target organ k = 1..h 
k in exposure scenario j i = 1.3 

HQ(inh)i,.j, Hazard quotient via inhalation (unitless) for target k = 1..h 
organ k for chemical i in exposure scenario j i = 1..1 

j = 1..3 
Description

F-21



HQ- I 
BW x RfD 

Parameter Value 

HQ = Hazard quotient (unitless) 

I = Total daily intake of contaminant (mg/day) calculated (see Table D-4) 

BW = Body weight (kg) 70 

RID = Reference Dose (mg/kg-day) chemical-specific 
(see Table B-i) 

Chemicals 

Antimony Di(n)octylphthalate 
Arsenic Hexachlorobenzene 
Barium Mercury 

Beryllium Nickel 
Bis(2-ethylhexyl)phthalate Nitrobenzene 

Cadmium Pentachloronitrobenzene 
Chromium (VI) Pentachlorophenol 

1,3-Dinitrobenzene Selenium 
2,4-Dinitrotoluene Silver 
2,6-Dinitrotoluene Thallium (I) 

Source 

SLRA Guidance page C-6-29.

ENVIRON

TABLE F-21 
Hazard Quotient for Individual Chemicals for Adult Resident 

Noncarcinogens 

Equation
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TABLE F-22 
Hazard Index for Liver Effects for Adult Resident 

Noncarcinogens 

Equation 

HIjiygr = • HQj 

Parameter Value 

HI.., Hazard index for liver effects (unitless) 

HQi - Hazard quotient for chemical i with liver effects (unitless) calculated 
(see Table F-21) 

Chemicals 

Antimony Hexachlorobenzene 
Barium Nickel 

Bis(2-ethylbexyl)phthalate Pentachloronitrobenzene 
Cadmium Pentachlorophenol 

Chromium (VI) Selenium 

Di(n)octylphthalate 

Source 

SLRA Guidance page C-6-31.
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TABLE F-23 

Hazard Index for Neurotoxic Effects for Adult Resident 
Noncarcinogens 

Equation 

HI~gurotoxc = HQj 

Parameter Value 

H'IInco. = Hazard index for neurotoxic effects (unitless) 

HQO = Hazard quotient for chemical i with neurotoxic effects calculated 

(unitless) 
(see Table F-21) 

Chemicals 

Antimony 2,6-Dinitrotoluene 

Barium Mercury 

Cadmium Nickel 

Chromium (VI) Selenium 

2,4-Dinitrotoluene Silver 

Source 

SLRA Guidance page C-6-32.  

F-24 ENVIRON



Parameter Value 

HQ(inh)j = Hazard quotient via inhalation (unitless) for chemical i i = ..L 

in exposure scenario j J 1.3 

C(air)14  = Concentration in air (pug/m 3, from COMPDEP) for i = 1..1 

chemical i in exposure scenario j j = 1.3 

RFCI Reference concentration (mg/m 3) for chemical i i = 1..l 

0.001 = Units conversion factor (mg/tug) 

Description 

The hazard quotient for inhalation exposures to chemicals which have noncancer health effects is 

calculated for each exposure scenario.  

Source 

SLRA Guidance page C-6-44.

ENVIRON
F-25

TABLE F-24 
Hazard Quotient for Adult Resident 

Noncarcinogens

Equation 

HQ~nh)~ =C(air),j x 0.001 
HQ~ih~ij= - RFC.



Source 

SLRA Guidance page C-6-44.

ENVIRON

TABLE F-25 
Hazard Index for Adult Resident 

Noncarcinogens

Equation 

HI(inh)jk = HQ(inh)1Lj.  

Parameter Value 

HQ(inh)2 •, = Hazard index via inhalation (unitless) for target organ k = 1..h 
k in exposure scenario j j = 1.3 

HQ(inh)jk, = Hazard quotient via inhalation (unitless) for target k = 1..h 
organ k for chemical i in exposure scenario j i = 1-1 

D r= 1.3 
Description

For the screening analysis, the hazard quotients for inhalation exposures to chemicals that affect the same 
target organ are added together to obtain a hazard index for the target organ. This is done for each 
exposure scenario.
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TABLE F-26 

Hazard Quotient for Child Resident 
"Noncarcinogens 

Equation 

HQ BWx RfD 

Parameter Value 
HQ = Hazard quotient (unitless) 
I = Total daily intake of contaminant (mg/day) calculated (see Table E-4) 
BW = Body weight (kg) 15 
RfD = Reference Dose (mg/kg-day) chemical-specific 

(see Table B-i) 

Chemicals 
Antimony Di(n)octylphthalate 
Arsenic Hexachlorobenzene 
Barium Mercury 

Beryllium Nickel 
Bis(2-ethylhexyl)phthalate Nitrobenzene 

Cadmium Pentachloronitrobenzene 
Chromium (VI) Pentachlorophenol 

1,3-Dinitrobenzene Selenium 
2,4-Dinitrotoluene Silver 
2,6-Dinitrotoluene Thallium (I) 

Source 
SLRA Guidance page C-6-38.
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TABLE F-27 
Hazard Index for Liver Effects for Child Resident 

NonCarcinogens 

Equation 

HIi,, =J: HQj 

Parameter Value 

HI1i = Hazard index for liver effects (unitless) 

HQ = Hazard quotient for chemical i with liver effects (uaitless) calculated 
(see Table F-26) 

Chemicals 

Antimony Hexachlorobenzene 
Barium Nickel 

Bis(2-ethylhexyl)phthalate Pentachloronitrobenzene 
Cadmium Pentachlorophenol 

Chromium (VI) Selenium 
Di(n)octylphthalate 

Source 

SLRA Guidance page C-6-40.
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TABLE F-28 
Hazard Index for Neurotoxic Effects for Child Resident 

NonCarcinogens 

Equation 

HI,4 Ugotofc =E HQ1 

Parameter Value 

HIaem.d" = Hazard index for neurotoxic effects (unitless) 

HQj = Hazard quotient for chemical i with neurotoxic effects calculated 

(unitless) (see Table F-26) 

Chemicals 

Antimony 2,6-Dinitrotoluene 

Barium Mercury 

Cadmium Nickel 

Chromium (VI) Selenium 

2,4-Dinitrotoluene Silver 

Source 

SLRA Guidance page C-6-41.

ENVIRONF-29



TABLE F-29 
Hazard Quotient for Child Resident 

Equation 

HQ(inh)1j = C(air),, x 0.001 

RFCi 

Parameter Value 

HO(inh)• = Hazard quotient via inhalation (unitless) for chemical i i = 1..1 
in exposure scenario j j = 1.3 

C(air),= Concentration in air (mg/m 3 , from COMPDEP) for i = 1..l 
chemical i in exposure scenario j j = 1..3 

RFCi = Reference concentration (mg/m3) for chemical i = 1..1 

0.001 = Units conversion factor (mg/hg) 

Description 

The hazard quotient for inhalation exposures to chemicals which have noncancer health effects is 

calculated for each exposure scenario.  

Source 

SLRA Guidance page C-6-44.

ENVIRONF-30



For the screening analysis, the hazard quotients for inhalation exposures to chemicals mat aftect me same 
target organ are added together to obtain a hazard index for the target organ. This is done for each 

exposure scenario.  

Source 

SLRA Guidance page C-6-44.

ENVIRONF-31

TABLE F-30 
Hazard Index for Child Resident 

Equation 

HI(inh)jk = > HQ(inh)U.k 

Parameter Value 

HQ(inh)jx = Hazard index via inhalation (unitless) for target organ k = 1..h 

k in exposure scenario j J = 1.3 

HQ(inh), = Hazard quotient via inhalation (unitless) for target k = 1..h 

organ k for chemical i in exposure scenario j i = 1..1 
j = 1.3 

Description



TABLE F-31 
Cancer Risk for Subsistence Farmer

Indirect Direct 
Chemical Cancer Risk Cancer Risk 

INDIRECT EXPOSURE 

Antimony NA NA 

Arsenic 333e-08 1.Ole-07 

Barium NA NA 

Beryllium 3.64e-10 2.95e-09 

Benzo(a)pyrene Toxicity Equivalents 6.87e-07 2.81e-08 

Bis(2-ethylhexyl)phthalate 8.08e-12 1.77e-12 

Cadmium NA 7.39e-08 

Chromium (VI) NA 1.15e-07 

Dinitrobenzene, 1,3- NA NA 

Dinitrotoluene, 2,4- 1.02e-11 3.13e-09 

Dinitrotoluene, 2,6- 9.20e-12 3.13e-09 

Di(n)octylphthalate NA NA 

Hexachlorobenzene 6.00e-10 3.65e-10 

Mercury NA NA 

Nickel NA NA 

Nitrobenzene NA NA 

PCBs, Total 3.58e-08 4.28e-09 

Pentachloronitrobenzene 4.20e-10 1.20e-09 

Pentachlorophenol 4.54e-10 5.52e-10 

Selenium NA NA 

Silver NA NA 

TCDDioxin Toxicity Equivalents, 2,3,7,8- 1.41e-06 4.19e-08 

Thallium (I) NA NA 

Lead NA NA 

DIRECT EXPOSURE 

Acetone NA NA 

Acrylamide NA 2.09e-08 

Acrylonitrile NA 1.10e-09 

Benzene NA 133e-10 

Benzoic Acid NA NA 

Bromrodichloromethane NA NA 

Bromoform NA 1.05e-11 

Bromomethane NA NA
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TABLE F-31 
Cancer Risk for Subsistence Farmer

Indirect Direct 

Chemical Cancer Risk Cancer Risk 

Butyl Alcohol NA NA 

Butylbenzylphthalate NA NA 

Carbon Disulfide NA NA 

Carbon Tetrachloride NA 2.44e-10 

Chlorobenzene NA NA 

Chloroform NA 2.23e-10 

Chloromethane NA 8.20e-12 

Creosote NA NA 

Cresols NA NA 

Cresylic Acid NA NA 

Cyclohexanone NA NA 

Dibromochloromethane NA NA 

Dichlorobenzene, 1,2- NA NA 

Dichlorobenzene, 1,3- NA NA 

Dichlorobenzene, 1,4- NA NA 

Dichloroethane, 1,1- NA NA 

Dichloroethane, 1,2- NA 2.08e-11 

Dichloroethylene, 1,1- NA 2.67e-11 

Dichloroethylene, 1,2- NA NA 

Dichlorophenol, 2,4- NA NA 

Dichloropropene, cis-1,3- NA 1.26e-11 

Dichloropropene, trans-1,3- NA 1.03e-11 

Dimethylphthalate NA NA 

Di-n-butylphthalate NA NA 

Ethoxyethanol, 2- NA NA 

Ethyl Acetate NA NA 

Ethyl Benzene NA NA 

Ethyl Ether NA NA 

Hexachlorocyclopentadiene NA NA 

Isobutanol NA NA 

MEK NA NA 

Methanol NA NA 

Methylene chloride NA 7.55e-12 

Methylnaphthalene, 2- NA NA 

Naphthalene NA NA
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TABLE F-31 
Cancer Risk for Subsistence Farmer 

Indirect Direct 
Chemical Cancer Risk Cancer Risk 

Nitropropane, 2- NA 4.33e-08 

Orthodichlorobenzene NA NA 

Phenol NA NA 

Pyridine NA NA 

Tetrachloroethylene NA 9.20e-12 

Toluene NA NA 

Trichlorobenzene, 1,2,4- NA NA 

Trichloroethane, 1,1,1- NA NA 

Trichloroethane, 1,1,2- NA 2.62e-10 

Trichloroetlaylene NA 2.76e-11 

Trichlorofluoromethane NA NA 

Trichlorophenol, 2,4,6- NA 3.4NAe-12 

Trichlorotrifluoranthene NA NA 

Trichlorotrifluoroethane NA NA 

Vinyl Chloride NA 1-57e-10 

Xylene NA NA 

Total Indirect Cancer Risk Total Direct Cancer Risk 

2.16e-06 4.42e-07 

Overall Cancer Risk 

2.61e-06 

Note: 

NA = Not Applicable.
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[ 
F

Acetone 

Acrylamide 

Acrylonitrile 

Benzene 

Butyl Alcohol 
Carbon Disulfide 

C~arbon Tetrachloride 

Chlnrobe~nzene

NA 1.57e-08 

NA 8.21e-10 

NA 1.OOe-1O 

NA NA 

NA NA 

NA 1.83e-10 

NA NA

ENVIRON
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TABLE F-32 
Cancer Risk for Adult Resident 

Indirect Direct 

Chemical Cancer Risk Cancer Risk 

INDIRECT EXPOSURE 

Antimony 
NA NA 

Arsenic 3.73e-10 7.57e-08 

Barium 
NA NA 

Beryllium 
8.78e-11 2.21e-09 

Benzo(a)pyrene Toxicity Equivalents 3.97e-08 2.11e-08 

Bis(2.ethylhexyl)phthalate 
2.07e-12 1.33e-12 

Cadmium 
NA 5.54e-08 

Chromium (VI) NA 8.66e-08 

Dinitrobenzene, 1,3- NA NA 

Dinitrotoluene, 2,4- 3.49e-12 2.35e-09 

Dinitrotoluene, 2,6- 2.99e-12 2.35e.-09 

Di(n) octylpht~halate 
NA NA 

PHexachlorobpTelne 
1.22e10 2.4e-10 

Mercury 
NA NAE 

S 

Nickel 
NA NA 

Nitrobenzene 
NA NA 

PCBs, Total 
1.51e-09 3.21e-09 

Pentachloronitrobenzene 
2.27e-10 8.97e-10 

pentachlorophenol 
1.63e-10 4.14e-10 

Selenium 
NA NA 

Silver 
NA NA 

TCDDioxin Toxicity Equivalents, 2,3,7,8- 232e-08 3.14e-08 

Thalliurn (I) 
NA NA 

Lead 
NA NA 

DIRECT EXPOSURE



TABLE F-32 
Cancer Risk for Adult Resident 

Indirect Direct 
Chemical Cancer Risk Cancer Risk 

Cresols NA NA 

Creosote NA NA 

Cresylic Acid NA NA 

Cyclohexanone NA NA 

Ethoxyethanol, 2- NA NA 

Ethyl Acetate NA NA 

Ethyl Benzene NA NA 

Ethyl Ether NA NA 

Isobutanol NA NA 

MEK NA NA 

Methanol NA NA 

Methylene chloride NA 5.66e-12 

Nitropropane, 2- NA 3.24e-08 

Orthodichlorobenzene NA NA 

Pyridine NA NA 

Tetrachloroethylene NA 6.90e-12 

Toluene NA NA 

Trichloroethane, 1,1,1- NA NA 

Trichloroethane, 1,1,2- NA 1.97e-10 

Trichloroethylene NA 2.07e-11 

Trichlorotrifluoranthene NA NA 

Trichiorotrifluoroethane NA NA 

Xylene NA NA 

Benzoic Acid NA NA 

Bromodichioromethane NA NA 

Bromoform NA 7.89e-12 

Bromomethane NA NA 

Butylbenzylphthalate NA NA 

Chloroform NA 1.67e-10 

Chloromethane NA 6.15e-12 

Dibromochloromethane NA NA' 

Dichlorobenzene, 1,2- NA NA 

Dichlorobenzene, 1,3- NA NA 

Dichorobenzene, 1,4- NA NA 

Dichloroethane, 1,1- NA NA
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,TABLE F-32 
Cancer Risk for Adult Resident 

Indirect Direct 

Chemical Cancer Risk Cancer Risk 

Dichloroethane, 1,2- NA 1.56e-11 

Dichloroethylene, 1,1- NA 2.00e-11 

Dichloroethylene, 1,2- NA NA 

Dichlorophenol, 2,4- NA NA 

Dichloropropene, cis-1,3- NA 9.46e-12 

Dichloropropene, trans-1,3- NA 7.72e-12 

Dimethylphthalate NA NA 

Di-n-butylphthalate NA NA 

Hexachlorocyclopentadiene NA NA 

Methylnaphthalene, 2- NA NA 

Naphthalene NA NA 

Phenol NA NA 

Trichlorobenzene, 1,2,4- NA NA 

Trichlorofluorometha•e NA NA 

Trichlorophenol, 2,4,6- NA 2.55e-12 
Vinyl Chloride NA 11el 

Total Indirect Cancer Total Direct Cancer Risk 
Risk 

6.54e-08 3.32e-07 

Overall Cancer Risk 

3.97e-07 

Note: 

NA = Not Applicable.
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TABLE F-33 
Cancer Risk for Child Resident

Indirect Direct 
Chemical Cancer Risk Cancer Risk 

INDIRECT EXPOSURE 

Antimony NA NA 

Arsenic 435e-10 1.41e-08 

Barium NA NA 

Beryllium 1.30e-10 4.13e-10 

Benzo(a)pyrene Toxicity Equivalents 2.80e-08 3.93e-09 

Bis(2-ethylhexyl)phthalate 1.49e-12 2.48e-13 

Cadmium NA 1.04e-08 

Chromium (VI) NA 1.62e-08 

Dinitrobenzene, 1,3- NA NA 

Dinitrotoluene, 2,4- 4.02e-12 4.38e-10 

Dinitrotoluene, 2,6- 3.26e-12 4.38e-10 

Di(n)octylphthalate NA NA 

Hexachlorobenzene 2.27e-10 5.11e-11 

Mercury NA NA 

Nickel NA NA 

Nitrobenzene v NA 

PCBs, Total 2.77e-09 5.99e-10 

Pentachloronitrobenzene 4.23e-10 1.68e-10 

Pentachlorophenol 2.97e-10 7.73e-11 

Selenium NA NA 

Silver NA NA 

TCDDioxin Toxicty Equivalents, 2,3,7,8- 1.89e-08 5.86e-09 

Thallium (I) NA NA 

Lead NA NA 

DIRECT EXPOSURE 

Acetone NA NA 

Acrylamide NA 2.93e-09 

Acrylonitrile NA 1.53e-10 

Benzene NA 1.87e-11 

Benzoic Acid NA NA 

Bromodichloromethane NA NA 

Bromoform NA .47e-12 

Bromomethane NA NA
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TABLE F-33 
Cahncer Risk for Child Resident]

Chnemical 

Butyl Alcohol 

Butylbenzylphthalate 

Carbon Disulfide 

Carbon Tetrachaloride 

Chlorobenzene 

Chloroform 

Chloromethane 

Creosote 

Cresols 

Cresylic Acid 

Cyclohexanone 

Dibromochloromethane 

Dichlorobenzene, 1,2

Dichlorobenzene, 1,3

Dichlorobenzene, 1,4

Dichloroethane, 1,1

Dichloroethane, 1,2

Dichloroethylene, 1,1

Dichloroethylene, 1,2

Dichlorophenol, 2,4

Dichloropropene, cis-1,3

Dichloropropene, trans-i,3

Dimethylphthalate 

Di-n-butylphthalate 

Ethoxyethanol, 2

Ethyl Acetate 

Ethyl Benzene 

Ethyl Ether 

Hexachlorocyclopentadiene 

Isobutanol 

MEK 

Methanol 

Methylene chloride 

Methylnaphthalene, 2

Naphthalene

TABLE F-33 Cancer Risk for Child Resident Direct 
Cancer Risk

F-39 ENVIRON

Indirect 
Cancer Risk 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA

NA 

NA 
NA 

3.41e-11 

NA 

3.12e-11 

1.15e-12 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2.91e-12 

3.74e-12 

NA 

NA 

1.77e-12 

1.44e-12 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1.06e-12 

NA 

NA



TABLE F-33 
Cancer Risk for Child Resident

Indirect Direct 

Chemical Cancer Risk Cancer Risk 

Nitropropane, 2- NA 6.06e-09 

Orthodichlorobenzene NA NA 

Phenol NA NA 

Pyridine NA NA 

Tetrachloroethylene NA 1.29e-12 

Toluene NA NA 

Trichlorobenzene, 1,2,4- NA NA 

Trichloroethane, 1,1,1- NA NA 

Trichloroethane, 1,1,2- NA 3.67e-11 

Trichloroethylene NA 3.87e-12 

Trichlorofluoromethane NA NA 

Trichlorophenol, 2,4,6- NA 4.77e-13 

Trichlorotrifluoranthene NA NA 

Trichlorotrifluoroethane NA NA 

Vinyl Chloride NA 2.19e-11 

Xylene NA NA 

Total Indirect Cancer Total Direct Cancer Risk 
Risk 

5.12e-08 6.19e-08 

Overall Cancer Risk 

1.13e-07 

Note: 

NA = Not Applicable.
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TABLE F-34 
Hazard Index for Subsistence Farmer 

Chemical Indirect HQ Direct HQ 

INDIRECT EXPOSURE 

Antimony 2.47e-03 NA 

Arsenic 1.16e-04 NA 

Barium 6.84e-05 4.76e-02 

Beryllium 3.09e-08 NA 

Benzo(a)pvrene Toxdeity Equivalents NA NA 

Bis(2-ethylhexyl)phthalate 5.27e-08 NA 

Cadmium 4.04e-04 NA 

Chromium (VI) 1.24e-06 NA 

Dinitrobenzene, 1,3- 132e-07 NA 

Dinitrotoluene, 2,4- 138e-08 NA 

Dinitrotoluene, 2,6- 2.47e-08 NA 

Di(n)octylphthalate 8.57e-05 NA 

Hexachlorobenzene 8.55e-07 NA 

Mercury 2.52e-02 1.20e-02 

Nickel 5.19e-03 NA 

Nitrobenzene 3.1le-08 L22e-05 

PCBs, Total NA NA 

Pentachioronitrobenzene 9.84e-07 NA 

Pentachlorophenol 2.30e-07 NA 

Selenium 4.06e-02 NA 

Silver 8.05e-02 NA 

TCDDioxin Toxicity Equivalents, 2,3,7,8- NA NA 

Thallium (I) 3.20e-02 NA 

Lead NA NA 

IDIRECT EXPOSURE 

Acetone NA NA 

Acrylamide NA NA 

Acrylonitrile NA 1.22e-05 

Benzene NA 4.08e-06 

Benzoic Acid NA NA 

Bromodichloromethane NA NA 

Bromoform NA NA 

Bromomethane NA 1.42e-07 

SButyl Alcohol NA NA 

SButylbenylphthalate NA NA 

Carbon Disulfide NA 2.45e-06 

Carbon Tetrachloride NA 1.22e-05 

Chlorobenzene NA 1.22e-06 

Chloroform NA NA
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TABLE F-34 

Hazard Index for Subsistence Farmer 

Chemical Indirect HQ Direct HQ 

Chloromethane NA NA 

Creosote NA NA 

Cresols NA NA 

Cresylic Acid NA NA 

Cyclohexanone NA NA 

Dibromochloromethane NA NA 

Dichlorobenzene, 1,2- NA 1.56e-09 

Dichlorobenzene, 1,3- NA 1.41e-09 

Dichlorobenzene, 1,4- NA 3.05e-10 

Dichloroethane, 1,1- NA NA 

Dichloroethane, 1,2- NA NA 

Dichloroethylene, 1,1- NA NA 

Dichloroethylene, 1,2- NA NA 

Dichlorophenol, 2,4- NA NA 

Dichloropropene, cis-1,3- NA 2.58e-08 

Dichloropropene, trans-1,3- NA 2.11e-08 

Dimethylphthalate NA NA 

Di-n-butylphthalate NA NA 

Ethoxyethanol, 2- NA 1.22e-07 

Ethyl Acetate NA NA 

Ethyl Benzene NA 2.45e-08 

Ethyl Ether NA NA 

Hexachlorocyclopentadiene NA 2.46e-05 

Isobutanol NA NA 

MEK NA 2.45e-08 

Methanol NA NA 

Methylene chloride NA 8.17e-09 

Methylnaphthalene, 2- NA NA 

Naphthalene NA NA 

Nitropropane, 2- NA 1.22e-06 

Orthodichlorobenzene NA NA 

Phenol NA NA 

Pridine NA NA 

Tetrachloroethylene NA NA 

Toluene NA 6.12e-08 

Trichlorobenzene, 1,2,4- NA 3.21e-09 

Trichloroethane, 1,1,1- NA 2.45e-08 

Trichloroethane, 1,1,2- NA NA 

Trichloroethylene NA NA 

Trichlorofluoromethane NA NA 

Trichlorophenol, 2,4,6- NA NA
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TABLE F-34 

Hazard Index for Subsistence Farmer 

Chemical Indirect HQ Direct HQ 

Trichlorotrifluoranthene NA NA 

Trichlorotrifluoroethane NA NA 

Vinyl Chloride NA NA 

Xylene NA NA 
HI r., (a) HlII•,• (C 

4.88e-02 4.76e-02 
HI%,.roi (b) H Ifterwi (d) 

1.54e-01 5.96e-02 

5.97e-02 

Notes: 

NA Not Applicable.  
(��a) HIIr equals the sum of the HQs for bis(2-ethylhexyl)phthalate, di(n)octylphthalate, 

hexachlorobenzene, pentachloronitrobenzene, pentachlorophenol, antimony, barium, cadmium, 
chromium, nickel and selenium.  

(b) , equals the sum of the HQs for 2,4-dinitrotoluene, 2,6-dinitrotoluene, mercury, 
antimony, barium, cadmium, chromium, nickel, selenium and silver.  

(C) HI,, equals the sum of the Has for acrylonitrile, chlorobenzene, methylene chloride, barium, 
nitrobenzene, 2-nitropropane, toluene, 1,1,1-trichioroethane, 1,2,4-trichlorobenzene and 1,4
dichlorobenzene.  

(d) HI.,,, ,. equals the sum of the HOs for acrylonitrile, ethylbenzene, barium, mercury, toluene 
and 1,1,1-trichloroethane.  

(W) HI,,,,, is the sum of direct exposure HQs.



TABLE F-35 
T-Th7•rA Tnd•Y fnr Adult Resident

Chemical Indirect HQ Direct HQ 

INDIRECT EXPOSURE 

Antimony 2.29e-04 NA 

Arsenic 1.73e-06 NA 

Barium 3.70e-05 4.76e-02 

Beryllium 9.94e-09 NA 

Benzo(a)pyrene Toxicity Equivalents NA NA 

Bis(2-ethylhexyl)phthalate 1.80e-08 NA 

Cadmium 3.22e-06 NA 

Chromium (VI) 3.43e-08 NA 

Dinitrobenzene, 1,3- 5.63e-08 NA 

Dinitrotoluene, 2,4- 6.24e-09 NA 

Dinitrotoluene, 2,6- 1.07e-08 NA 

Di(n)octylphthalate 2.26e-05 NA 

Hexachlorobenzene 2.32e-07 NA 

Mercury 5.23e-04 1.20e-02 

Nickel 3.58e-04 NA 

Nitrobenzene 1.59e-08 1.22e-05 

PCBs, Total NA NA 

Pentachloronitrobenzene 7.09e-07 NA 

Pentachlorophenol 1.10e-07 NA 

Selenium 2.69e-04 NA 

Silver 1.71e-04 NA 

TCDDioxin Toxicity Equivalents, 2,3,7,8- NA NA 

Thallum (1) 4.67e-04 NA 

Lead NA NA 

DIRECT EXPOSURE 

Acetone NA NA 

Acrylamide NA NA 

Acrylonitrile NA 1.22e-05 

Benzene NA 4.08e-06 

Benzoic Acid NA NA 

Bromodichloromethane NA NA 

Bromoform NA NA 

Bromomethane NA 1.42e-07 

Butyl Alcohol NA NA 

Butylbenzylphthalate NA NA 

Carbon Disulfide NA 2.45e-06 

Carbon Tetrachloride NA 1.22e-05 

Chlorobenzene NA 1.22e-06 

Chloroform NA NA
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TABLE F-35 lHazard Index for Adult Resident

Chemical Indirect HQ Direct HQ 
Chloromethane NA NA 

Creosote NA NA 

Cresols NA NA 

Cresylic Acid NA NA 

Cyclohexanone NA NA 

Dibromochloromethane NA NA 

Dichlorobenzene, 1,2- NA 1.56e-09 

Dichlorobenzene, 1,3- NA 1.41e-09 

Dichlorobenzene, 1,4- NA 3.05e-10 
Dichloroethane, 1,1- NA NA 

Dichloroethane, 1,2- NA NA 
Dichloroethylene, 1,1- NA NA 

Dichloroethylene, 1,2- NA NA 

Dichlorophenol, 2,4- NA NA 

Dichloropropene, cis-1,3- NA 2.58e-08 

Dichloropropene, trans-1,3- NA 2.11e-08 

Dimethylphthalate NA NA 

Di-n-butylphthalate NA NA 

Ethoxyethanol, 2- NA 1.22e-07 
Ethyl Acetate NA NA 

Ethyl Benzene NA 2.45e-08 

Ethyl Ether NA NA 

Hexachlorocyclopentadiene NA 2.46e-05 

Isobutanol NA NA 

MEK NA 2.45e-08 

Methanol NA NA 
Methylene chloride NA 8.17e-09 

Methylnaphthalene, 2- NA NA 

Naphthalene NA NA 

Nitropropane, 2- NA 1.22e-06 

Orthodichlorobenzene NA NA 

Phenol NA NA 

Pvridine NA NA 

Tetrachloroethylene NA NA 

Toluene NA 6.12e-08 

Trichlorobenzene, 1,2,4- NA 3.21e-09 

Trichloroethane, 1,1,1- NA 2.45e-08 

Trichloroethane, 1,1.2- NA NA 

Trichioroethvlene NA NA 

Trichlorofluoromethane NA NA 

Trichlorophenol, 2,4,6- NA NA
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TABLE F-35 
Hazard Index for Adult Resident 

Chemical I ndirect HQ Direct HQ 

Trichlorotrifluoranthene NA NA 

Trichlorotrifluoroethane NA NA 

Vinyl Chloride NA NA 
X lene NA NA 

HIF. 
9HI , W 

9.19e-04 4.76e-02 

7HInmra.oxic (b) HI,...k (d) 

1.59e-03 5.96e-02 
HIjo,2, (e) 

5.97e-02

Notes:

NA = Not Applicable.  
Hil,, equals the sum of the HQs for bis(2-ethylhexyl)phthalate, di(n)octylphthalate, 
hexachlorobenzene, pentachloronitrobenzene, pentachlorophenol, antimony, barium, cadmium, 
chromium, nickel and selenium.  

(b) ~HIncu,,,.dc equals the sum of the HQs for 2,4-dinitrotoluene, mercury, 
antimony, barium, cadmium, chromium, nickel, selenium and silver.  

(C) HIr,, equals the sum of the HQs for acrylonitrile, chlorobenzene, methylene chloride, barium, 

nitrobenzene, 2-nitropropane, toluene, 1,1,1-trichloroethane, li2,4-trichlorobenzene and 1,4

dichlorobenzene.  
(d) HI.,ur,•.,•,j equals the sum of the HQs for acrylonitrile, ethylbenzene, barium, mercury, toluene 

and 1,1,1-trichloroethane.  
(W) HIl,.. is the sum of direct exposure HQs.
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TABLE F-36 
I-Th-,arA Tndopy fnr Child Resident

Chemical Indirect HQ Direct HQ 

INDIRECT EXPOSURE 

Antimony 3.97e-04 NA 

Arsenic 1.01e-05 NA 

Barium 3.28e-04 4.76e-02 

Beryllium 7.35e-08 NA 

Benzo(a)pyrene Toxicity Equivalents NA NA 

Bis(2-ethylhexl) phthalate 6.47e-08 NA 

Cadmium 2.68e-05 NA 

Chromium (VI) 1.66e-07  NA 

Dinitrobenzene, 1,3- 3101e-07 NA 

Dinitrotoluene, 2,4- 3.60e-08 NA 

Dinitrotoluene, 2,6- 5.83e-08 NA 

Di(n)octylphthalate 2.19e-05 NA 

Hexachlorobenzene 2.16e-06 NA 

Mercury 4.80e-03 1.20e-02 

Nickel 2.72e-03 NA 

Nitrobenzene 1.03e-07 1.22e-05 

PCBs, Total NA NA 

Pentachloronitrobenzene 6.60e-06 NA 

Pentachlorophenol 1.00e-06 NA.  

Selenium 6.50e-04 NA 

Silver 2.01e-04 NA 

TCDDioxin Toxicity Equivalents, 2,3,7,8- NA NA 

Thallium (I) 3.49e-03 NA 

Lead NA NA 

DIRECT EXPOSURE 

Acetone NA NA 

Acrylamide NA NA 

Acrylonitrile NA 1.22e-05 

Benzene NA 4.08e-06 

Benzoic Acid NA NA 

Bromodichloromethafne NA NA 

Bromoform NA NA 

Bromomethane NA 1.42e-07 

Butyl Alcohol NA NA 

Butylbenzylphthalate NA NA 

Carbon Disulfide NA 2.45e-06 

Carbon Tetrachloride NA 1.22e-05 

Chlorobenzene NA 1.22e-06 

Chloroform NA NA
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Chemi 

Chloromethane 

Creosote 

Cresols 

Cresylic Acid 

Cyclohexanone 

Dibromochloromethane 

Dichlorobenzene, 1,2

Dichlorobenzene, 1,3

Dichlorobenzene, 1,4

Dichloroethane, 1,1

Dichloroethane, 1,2

Dichloroethylene, 1,1

Dichloroeth lene, 1,2

Dichloro henol, 2,4

Dichloro ro ene, cis-1,3

Dichloro ro ene, trans-1,3 

Dimethylphthalate 

Di-n-butylphthalate 

Ethoxvethanol, 2

Ethyl Acetate 

Ethyl Benzene 

Ethyl Ether 

Hexachlorocyclopentadien 
Isobutanol 

MEK 

Methanol 

Methylene chloride 

Methvlnaphthalene, 2

Naphthalene 

Nitropropane, 2

Orthodichlorobenzene 

Phenol 

Pyidine 

Tetrachloroethylene 

Toluene 

Trichlorobenzene, 1,2,4

Trichloroethane, 1,1,1

Trichloroethane, 1,1,2

Trichloroethylene 

Trichlorofluoromethane 

Trichlorophenol, 2,4,6-

TABLE F-36 
Hazard Index for Child Resident 

ical Indirect HQ Direct HQ 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA 1.56e-09 

NA 1.41e-09 
NA 3.05e-10 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA 2.58e-08 

NA 2.11e-08 

NA NA 

NA NA 

NA i22e-07 

NA NA 

NA 2.45e-08 

NA NA 
e NA 2.46e-05 

NA NA 

NA 2.45e-08 

NA NA 

NA 8.17e-09 

NA NA 

NA NA 

NA 1 N.2e-06 
NA NA 

NA NA 

NA NA 

NA NA 

NA 6.12e-08 

NA 3.21e-09 

NA 2A5e-08 

NA NA 

NA NA 

NA NA 

NA NA 
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TABLE F-36 
T-azard Index for Child Resident

Chemical Indirect HQ Direct HQ 

Trichlorotrifluoranthene NA NA 

Trichlorotrifluoroethane NA NA 

Vinyl Chloride NA NA 

Xvlene NA NA 

HI,,. ( Hlil,, W 

4.16e-03 4.76-02 

9.13e-03 5.96e-02 
HI,.., (0) 

5.97e-02 

Notes: 

NA -. Not Applicable.  
€wHIr equals the sum of the HQs for bis(2-ethylhexyl)phthalate, di(n)octylphthalate, 
hexachlorobenzene, pentachloronitrobenzene, pentachlorophenol, antimony, barium, cadmium, 
chromium, nickel and selenium.  
, equals the sum of the HOs for 2,4-dinitrotoluene, 2,6-dinitrotoluene, mercury, 
antimony, barium, cadmium, chromium, nickel, selenium and silver.  

(C) HIUl, equals the sum of the HQs for acrylonitrile, chlorobenzene, methylene chloride, barium, 
nitrobenzene, 2-nitropropane, toluene, 1,1,1-trichloroethane, 1,2,4-trichlorobenzene and 1,4
dichlorobenzene.  

(d) HIneu,.t.ld equals the sum of the HQs for acrylonitrile, ethylbenzene, barium, mercury, toluene 
and 1,1,1-trichloroethane.  
Hl,0,,,, is the sum of direct exposure HOs.
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Dispersion Modeling



I. COMPDEP MODEL

The Clive Incinerator is located in rough terrain that increases in elevation by as 

much as 1000 feet within 10 kilometers. This higher terrain is at an elevation well above 

the incinerator stack top, while a considerable area of terrain near the incinerator is at 

an elevation near that of the stack base. Therefore, the modeling analysis of the area 

considered both simple and complex terrain as well as the intermediate terrain 

processing technique as described in the USEPA's Guideline bn Air Quality Models 

(GAQM). The model chosen for this analysis is the COM'PDEP model.  

COMPDEP will estimate annual average concentrations as well as annual dry and 

wet deposition. COMIPDEP produces the same results as the Industrial Source Complex 

Short Term (ISCST) model in simple terrain, and the same results as COMPLEX I in 

complex terrain. Intermediate terrain is processed by modeling the receptors between 

stack top and plume height with both models and choosing the higher of the two 

concentrations. To account for pollutant deposition, the concentration algorithms in 

COMPLEX I were replaced with those from the Multiple Point Source Algorithm with 

Terrain Adjustments Including Deposition and Sedimentation (MPTER-DS) model.

ENVIRONG-1.



II. METEOROLOGICAL DATA

COMPDEP uses two binary meteorological input files. One is a file of hourly values 

of wind speed, wind direction, stability, mixing height and temperature. Data collected 

at the Clive monitoring station in 1991 and 1992 were used to produce separate input 

files. The data were processed with the EPA PCRAMMET program. Wind frequency 

distributions for the Clive monitoring station for 1991 and 1992 are shown in Figures G-1 

and G-2.  

A second meteorological input file is required by COMPDEP to compute estimates 

of wet deposition. This file contains hourly values of precipitation intensity and values 

for the fraction of each hour that precipitation occurred (F value). Because precipitation 

is not measured at the Clive monitoring station, hourly precipitation records for 1991 and 

1992 from nearby National Weather Service stations were used. Data from Dugway, 

Utah, which is located approximately 25 miles southeast of the Clive site, were used as 

primary data. Records from September, 1991 were missing from the Dugway data set 

and records from Grantsville, Utah, were substituted for that month. Grantsville is 

located approximately 35 miles east of the Clive site. The data from the two sites did 

not include hourly start and stop times for the precipitation events, so hourly F values 

were estimated from the duration of events and the amount of precipitation measured.  

A listing of the precipitation records that were used to build the binary input file can be 

found in Attachment G-2. Table G-1 summarizes the selection criteria for the intensity 

and duration values.  
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FIGURE G-1 

Wind Rose-Clive 19917 
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FIGURE G-2 

Wind Rose--Clive 1992
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TABLE G-1 

Criteria for Assigning Values of Precipitation Intensity and Duration

Precipitation Duration 
Precipitation Intensity (F Value) 

Intensity Precipitation D 
Category (in/hour) Value Type Value Dugway Data0•) 

None 0.0 0 Steady (e.g. rain, drizzle, snow) 1.0 Consecutive hours with 
measurable precipitation 

Light trace to 0.10 1 Showers (e.g. rain, snow) 0.5 isolated hours with less than 
0.10" precipitation 

Moderate 0.11 to 0.30 2 Thunderstorm or squall 0.25 isolated hours with more 
than 0.10" precipitation 

Heavy > 0.30 3 Frozen or none 0.0 no precipitation 

Note: 

€ Criteria developed to assign F values to hourly precipitation from Dugway site, all other listed criteria taken from COMPDEP 
documentation.

""t
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III. RECEPTOR GRID

COMPDEP modeling Was conducted at the location of the actual residence nearest 

to the incinerator. This receptor was located in the general vicinity of Iosepa in the 

Skull Valley. The UTM coordinates and elevations for this location were as follows: 

Resident) 358380 meters E, 4503600 meters N, 4257 ft MSL.  

In addition, two theoretical receptor locations were identified outside the 10 mile buffer 

zone (see Attachment G-1). These theoretical receptor locations were identified as the 

northern and southern receptors. The UTM coordinates and elevations for these two 

locations were as follows: 

Northern) 318438 meters E, 4540714 meters N, 4232 ft MSL; and 

Southern) 318438 meters E, 4489238 meters N, 4265 ft MSL.
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IV. SOURCE PARAMETERS

A. Particle Size Distribution 

COMPDEP predicts the deposition of particles to the ground. Deposition depends 

on particle size with larger particles typically depositing faster. Particle sizes from the 

Clive incinerator were divided into three categories in accord with the default 

parameters provided in the Guidance for Perfonning Screening Level Risk Analyses at 

Combustion Facilities Burning Hazardous Waste. The particle size categories are based 

on mean particle diameter and the chosen categories included 1.0, 6.0, and 15.0 microns.  

The fractional mass contained in each category were 0.78, 0.19, and 0.03, respectively.  

B. Incinerator Stack 

The incinerator exhausts from a single stack and therefore the incinerator emissions 

were modeled as a single point source. Stack parameters are listed in Table G-2.  

Direction-specific building dimensions for the structures surrounding the incinerator 

stack were determined with the GEP program from BEE-LINE Software. The GEP 

program utilizes the algorithms from the USEPA Building Profile Input Program (BPIP).  

Figure G-3 shows the structures surrounding the incinerator. GEP output is included in 

Attachment G-3. The building height and width for the structure yielding the highest 

GEP stack height were input to COMPDEP.  

C. Model Technical Options 

COMPDEP was run to produce estimates of annual deposition and annual average 

concentrations at each receptor for both 1991 and 1992 meteorological data. An 

emission rate of 1 gram per second was used for the incinerator. The following USEPA

recommended technical options were selected.
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TABLE G-2 
Clive Incinerator Stack Parameters 

Stack Base Exhaust Exit Stack 
Elevation Stack Height Temperature Velocity Diameter 

UTM Location (feet) (m) (K) (m/s) (m) 

318438.0 meters E 4265.3 60.96 345.9 19.44 1.83 

4505611.0 meters N



FIGURE G-3 

Structures Surrounding Clive Incinerator
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* Include stack downwash; 

* Include gradual plume rise; 

* Include buoyancy induced dispersion; 

* Include calm processing option; 

* Evaluate building wake effects (ISCST); 

* Power-law wind exponents: 0.07,0.07,0.10,0.15,0.35,0.55; 

• Terrain adjustments: 0.5,0.5,0.5,0.5,0.0, and 0.0; and 

* Zmin = 10.0 meters.  

A particle density of 1.0 and a surface roughness of 5.0 cm were also selected.
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V. MODELING RESULTS

Results for the discrete receptors are listed in Table G-3.
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TABLE G-3 
COMPDEP Modeling Results for Discrete Receptors 

Annual Annual Annual Annual 
Receptor Dry Wet Combined Average 

Receptor Location Deposition Deposition Deposition Concentration 
(UTM meters) Year (gWn') (g/h 2) (g/m 2) (Ag/ni 3) 

Nearest 358380 E 1991 1.00e-04 6.55e-06 1.07e-04 2.38e-03 
Residence 4503600 N 

1992 3.53e-05 6.02e-06 4.13e-05 6.97e-04 

North Edge 318438 E 1991 3.48e-04 2.31e-05 3.71c-04 5.68e-03 
of Buffer Zone 4540714 N 

1992 3.61e-04 1.05e-05 3.72e-04 6.30e-03 

South Edge 318438 E 1991 3.35-04 1.49e-05 3.50e-04 6.00e-03 
of Buffer Zone 4489238 N 

1992 2.73e-04 7.37e-05 3.47e-04 5.02e-03
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TOOELE COUNTY 
DEPARTMENT OF ENGINEERING 

47 SOUTH MAIN. TOOELE. UTASH i•aJTJ 

WNJJ V.V2-Y160

J. RAYMOND JOHNSON. VI+.  
DIRirT(-JR

"UATAýD4eecember 6, 1994

USPCI 
ATTN: Charlie Roberts 
8960 North Highway 40 
Lake Point, UT. 84074 

Dear Mr. Roberts, 

Pursuant to our discussion, dwelling units are not 
permitted within ten miles of a hazardous waste zone.  
This is covered in the Tooele County Zoning Ordnance, 
Chapter 18.  

Further, single family dwelling units are not permitted 
within commercial or industrial zones.  

Sincerely,

tson, P.E.

I I
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Dugway, Utah, Precipitation Record for 1991 and 1992



DUGWAY, UTAH PRECIPITATION RECORDS FOR 1991 AND 1992

example: 920103 
(yr mo day)

04 
(hr)

1 1.0 
(intensity value) (F value)



910104 04 1 

910107 23 1 

910108 01 1 

-..9- -12 1 

10 1 

SaIO16 13 1 

910228 08 1 

910301 15 1 

910311 12 1 

910315 06 1 

910319 24 1 

910320 01 1 

910321 11 1 

910402 22 1 

910410 02 1 

910411 23 1 

910412 01 1 

910424 12 1 

910425 05 1 

910426 24 1 

910427 01 1 

910503 07 1 

910509 14 1 

910511 07 2 

910514 09 1 

910515 04 1 

910525 14 1 

910526 07 1 

S" ' 06 1 

09 1 

,ouo0l 07 1 

910602 01 1 

910709 07 1 

910717 19 

910718 19 

910731 24 

910801 07 

910803 09 

910804 19 

910805 02 

910811 18 

910814 19 

910815 02 

910818 12 

910824 09 

910831 19 

910907 06 

910908 21 

910909 04 

910912 15 

911023 04 

911026 21 

911027 01 

911029 09 

"1 22 

! 12 

9.1109 07 

911114 01 

911117 19 

911118 03

0.5 06 1 1.0 
1.0 24 1 1.0 

0.5 
1.0 13 1 1.0 
0.5 11 1 1.0 

0.5 15 1 1.0 

1.0 09 1 1.0 

1.0 16 1 1.0 

0.5 

1.0 07 1 1.0 
0.5 
0.5 
1.0 12 1 1.0 
0.5 
0.5 05 1 1.0 

1.0 24 1 1.0 

0.5 08 1 1.0

0.5 
1.0 0 
0.5 
0.5 C 

1.0 C 

1.0 1 
1.0 0 
1.0 
1.0 
1.0 
0.5 
0.5 
0.5 
1.0 
0.5 
1.0 
1.0 
1.0 
0.5 
0.5 
1.0 
1.0 
0.5 
1.0 
1.0 

1 1.0 
1 0.5 
1 0.5 
1 0.5 
1 0.25 

1 0.25 

1 0.25 

? 1.0 

2 1.0 

1 1.0 

2 1.0 

1 0.5 

1 1.0 

1 1.0 

1 0.5 

1 1.0 

1 1.0 

1 0.5

07 1 1.0 08 1 1.0 09 1 1.0

15 1 

12 1 

16 1 
10 1 
19 1

0.5 
1.0 
1.0 
1.0 
1.0

22 1 1.0 
13 1 1.0 
17 1 1.0

23 1 1.0 

18 2 1.0 19 1 1.0

20 1 1.0 21 1 1.0

06 1 1.0 07 1 1.0 08 1 1.0 

09 1 1.0

6 1 1.0 07 1 1.0 08 1 1.0 09 1 1.0 10 1 1.0 11 1 1.0 12 1 1.0 13 1 1.0 15 1 0.5

:3 
18 

15 
08 
10 
05 
15

1 

1 

2 
1 
1 
1

11 1 
15 1 

08 1 

07 1 
08 1 
20 1 
20 2

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0

10 1 1.0 
20 1 1.0

19 

20 

03

1 
1 

1

1.0 
1.0 
1.0

04 1 
10 1 

16 1 
09 1 

17 1 
06 1 
18 1

12 
16 
09 
08

1 
1 
2 

1

1.0 
0.5 
1.0 
1.0 
1.0 
1.0 
0.5 

1.0 
1.0 
1.0 
1.0

05 1 1.0 06 1 1.0 07 1 1.0 08 1 1.0 09 1 1.0 13 1 1.0 14 1 1.0 

17 1 1.0 

18 1 1.0 22 1 1.0 23 1 1.0

15 1 1.0 16 1 1.0 17 1 1.0

12 1 1.0 13 1 1.0 

09 1 1.0 10 1 1.0

18 1 1.0 24 1 0.5

11 1 1.0 12 1 1.0 13 1 1.0 14 1 1.0

16 1 0.5 

22 1 0.5 
05 1 0.5

18 1 0.5 

20 1 0.25 22 1 0.25

11 
16 
05 
22 
02 
11 
23 
13

1 

1 

1 

1 
1

0.25 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0

06 
23 

03 

12

1 
2 
1

1.0 
1.0 
1.0 
1.0

08 1 0.5 10 1 1.0 11 1 1.0 
24 2 1.0 

04 1 1.0 05 1 1.0 06 1 1.0 07 1 1.0 

13 1 1.0 14 1 1.0

02 1 1.0 05 1 0.5 22 1 0.5 

20 2 1.0 21 1 1.0 22 1 1.0 23 1 1.0 24 2 1.0



911120 18 1 0.5 

911127 18 1 1.0 19 1 1.0 

911129 12 1 0.5 14 1 0.5 

911207 18 1 1.0 19 1 1.0 20 1 1.0 21 1 1.0 24 1 0.5 

'08 11 1 0.5 

'p.1219 03 1 1.0 04 1 1.0 05 1 1.0 07 1 0.5 

911230 06 1 1.0 07 1 1.0 09 1 1.0 10 1 1.0 11 1 1.0 

911231 13 1 1.0 14 1 1.0 15 1 1.0



920103 24 1 0.5 

920104 02 1 1.0 03 1 1.0 

920106 09 1 1.0 10 1 1.0 1 

o~r 09 1 0.5 

12 1 0.5 19 1 0.5 

, 06 1 1.0 07 1 1.0 0 

920212 19 1 1.0 20 1 1.0 

920213 15 1 0.5 

920214 10 1 0.5 15 1 0.5 

920216 04 1 1.0 05 1 1.0 

920222 07 2 1.0 08 1 1.0 

920304 10 1 1.0 11 1 1.0 

920306 16 1 1.0 17 1 1.0 

920307 01 1 1.0 02 1 1.0 

920308 20 1 0.5 

920317 02 1 1.0 03 1 1.0 

920322 17 1 0.5 21 1 1.0 

920326 07 1 0.5 15 1 0.5 

920421 18 1 1.0 19 1 1.0 

920506 16 1 0.5 

920507 17 1 1.0 18 2 1.0 

920508 24 1 0.5 

920509 05 1 1.0 06 2 1.0 

920512 24 1 0.25 

920513 03 1 0.5 19 1 0.5 

-920524 16 1 0.5 

920526 18 1 0.5 

920607 15 2 0.25 

*o~'~ 18 1 0.5 

07 2 1.0 08 1 1.0 

.. ,.J 13 1 0.5 24 1 0.5 

920701 01 1 1.0 02 1 1.0 

920707 22 2 0.25 

920711 18 1 0.5 22 1 1.0 

920712 03 2 1.0 04 1 1.O 

920807 15 2 0.25 

920830 15 1 1.0 16 1 1.0 

920904 05 1 1.0 06 1 1.0 

920923 21 1 0.5 

921003 06 1 0.5 

921021 24 1 0.5 

921022 01 1 0.5 

921025 07 1 1.0 08 1 1.0 

921027 19 2 1.0 20 1 1.0 

921028 05 1 1.0 06 1 1.0 

921029 15 1 0.5 

921030 08 1 1.0 09 1 1.0 

921101 24 1 0.5 

921102 01 1 0.5 05 1 1.0 

921119 21 1 1.0 22 1 1.0 

921122 11 1 1.0 12 1 1.0 

921123 02 1 1.0 03 1 1.0 

921127 21 1 1.0 22 1 1.0 

921205 06 1 0.5 

S 15 1 0.5 17 1 1.0 

10 1 1.0 11 1 1.0 

9k,6 01 1 1.0 02 1 1.0 

921217 24 1 0.5 

921218 01 1 1.0 02 1 1.0 

921228 04 1 1.0 05 1 1.0

14 1 1.0 05 1 1.0 
15 1 0.5 23 1 0.5

4 1 0.5 
8 1 1.0 

1 1 1.0

11 
09 

15 
24

1 
1 

2

1.0 
1.0 

0.5 
0.5

05 1 1.0 
22 1 1.0

06 1 1.0 07 1 1.0 08 1 1.0

19 1 1.0 20 1 1.0 21 1 1.0 23 1 0.5 

12 1 1.0 16 1 1.0 17 1 1.0 

06 1 1.0 07 1 1.0 08 1 1.0

07 1 1.0

04 1 1.0 05 1 1.0 06 1 1.0 07 2 1.0 08 2 1.0 09 1 1.0 10 1 1.0 13 1 0.5 17 2 0.5 

23 1 1.0 

07 1 1.0 08 1 1.0

09 
21 
07

1.0 
1.0 

1.0

10 1 1.0 
23 1 1.0 
08 1 1.0

11 1 1.0 
24 1 1.0 
09 1 1.0

12 1 1.0 13 1 1.0.  

10 1 1.0

1 
1 

1

15 2 1.0 16 1 1.0 17 1 1.0 18 2 1.0 19 1 1.0 20 1 1.0 21 1 1.0 22 1 1.0

06 1 1.0 07 1 1.0 08 1 1.0

14 1 1.0 

19 2 1.0 20 1 1.0 21 1 1.0 22 1 1.0 23 1 1.0 

06 1 0.5

08 1 1.0 09 1 1.0

13 1 1.0 
09 1 0.5

18 
12 
03

1 1.0 
1 1.0 

1 1.0

03 11.0 04 1 1.0 
06 1 1.0 07 1 1.0



921229 22 1 1.0 23 1 1.0 24 1 1.0 

921230 05 1 1.0 06 1 1.0 09 1 1.0 10 1 1.0
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SEE-Line Software Version: 5.1

Input 
I nput 

Output 
Output 
Output

File - USPCI.GEP 
File - USPCI.PIP 
File - USPCI.TAB 
File - USPCI.SUN 
File - USPCI.SO

BPIP (Dated: 95086)

wsuwn=..suss~n~sumls==...  

BPIP PROCESSING INFORMATION: 
SSSSSSSSSSlIIB•E•IIwtrm Zz

The ST flag has been set for processing for an ISCST2 run.

Inputs entered in METERS 
a conversion factor of

witl be converted to meters using 
1.0000. Output wilt be in meters.

The UTMP variable is set to UTMY. The input is assumed to be in 

UTH coordinates. BPIP will move the UTK origin to the first pair of 

UTM coordinates read. The UTM coordinates of the new origin wilt 

be subtracted fron all the other UTH coordinates entered to form 
this new local coordinate system.  

The new local coordinates wilt be displayed in parentheses just below.  

the UTM coordinates they represent.  

Plant north is set to 0.00 degrees with respect to True North.  

INPUT SUMMARY: 

Number of buildings to be processed : 8 

993 has 1 tier(s) with a base elevation of 1300.00 METERS 

BUILDING TIER BLDG-TIER TIER NO. OF CORNER COORDINATES 

NAME NUL4BER NUMBER HEIGHT CORNERS X Y

1 1 23.93 4
318527.00 

( 0.00 
318517.00 

C -10.00 
318500.00 

C -27.00 
318510.00 

( -17.00

4505694.00 meters 
0.00) meters 

4505684.00 meters 
-10.00) meters 

4505699.00 meters 
5.00) meters 

4505710.00 meters 
16.00) meters

has 1 tier(s) with a base elevation 
TIER BLDG-TIER TIER NO. OF 

NUMBER -NUMBER HEIGHT CORNERS

of 1300.00 METERS 
CORNER COORDINATES 

x Y

1 5 14.33 4 
318521.00 

C -6.00 
318509.00 

-18.00 
318492.00 

( -35.00 
318503.00 

( -24.00

4505620.00 meters 
-74.00) meters 

4505608.00 meters 
-86.00) meters 

4505625.00 meters 
-69.00) meters 

4505637.00 meters 
-57.00) meters

251/252 has 1 tier(s) with a base elevation of 1300.00 METERS 
BUILDING TIER BLDG-TIER TIER NO. OF CORNER COORDINATES

993

254 
BUILDING 

NAME

254



NAME NUMBER - NUMBER HEIGHT CORNERS

2511252 1 9 12.65 4
318607.00 

80.00 
318537.00 

10.00 
318530.00 

1 3.00 
318600.00 

73.00

4505685.00 meters 
-9.00) meters 

4505609.00 meters 
-85.00) meters 

4505616.00 meters 
-78.00) meters 

4505692.00 meters 
-2.00) meters

997 has 1 tier(s) with a base elevation of 1300.00 METERS 
BUILDING TIER BLDG-TIER TIER NO. OF CORNER COORDINATES 

NAME NUMBER NUMBER HEIGHT CORNERS X Y

1 13 17.07 4
318490.00 .4505663.00 meters 

( -37.00 -31.00) meters 
318480.00 4505653.00 meters 

-47.00 -41.00) meters 
318472.00 4505660.00 meters 

-55.00 -3,4.00) meters 
3189481.0&' 4505671.00 meters 

-46.00 -23.00) meters

996 has 1 tier(s) with a base elevation of 1300.00 METERS 
BUILDING TIER BLDG-TIER TIER NO. OF CORNER COORDINATES 

NAME NUMBER NUMBER HEIGHT CORNERS X Y

1 17 28.65 4
318497.00 

( -30.00 
318492.00 

C -35.00 
318486.00 

( -41.00 
318491.00 

-36.00

4505673.00 meters 
-21.00) meters 

4505668.00 meters 
-26.00) meters 

4505673.00 meters 
-21.00) meters 

4505679.00 meters 
-15.00) meters

has 1 tier(s) with a base elevation of 1300.00 METERS 
TIER BLDG-TIER TIER - NO. OF CORNER COORDINATES 

NUMBER NUMBER HEIGHT CORNERS X Y 

1 21 19.20 4
* 318560.00 

C 233.00 
3185".00 

C 17.00 
318522.00 

( -5.00 
318537.00 

( 10.00

4505736.00 meters 
42.00) meters 

4505718.00 meters 
24.00) meters 

4505739.00 meters 
45.00) meters 

4505757.00 meters 
63.00) meters

991 has I tier(s) with a base elevation of 1300.00 METERS 
BUILDING TIER BLDG-TIER TIER NO. OF CORNER COORDINATES 

NAME NUMBER NUMBER HEIGHT CORNERS X Y

1 25 19.81 8
318531.00 

( 4.00 
318520.00 

( -7.00 
318524.00 

C -3.00 
318515.00 

C -12.00 
318512.00 

C -15.00 
318504.00 

C -23.00

4505672.00 meters 
-22.00) meters 

4505660.00 meters 
-34.00) meters 

4505656.00 meters 
-38.00) meters 

4505646.00 meters 
-48.00) meters 

4505649.00 meters 
-45.00) meters 

4505640.00 meters 
-54.00) meters

x Y

997

996

102 
BUILDING 

NAME

102

991



C 

(

318493.00 
-34.00 

318522.00 
-5.00

4505650.00 meters 
-44.00) meters 

4505681.00 meters 
-13.00) meters

994 has 1 tier(s) with a base elevation of 1300.00 METERS 

BUILDING TIER BLDG-TIER TIER NO. OF CORNER COORDINATES 

NAME NUMBER NUMBER HEIGHT CORNERS X Y

994 1 29 19.20 4
318519.00 

( -8.00 
318500.00 

( -27.00 
318494.00 

( -33.00 
318513.00 

C -14.00

4505697.00 meters 
3.00) meters 

4505677.00 meters 
-17.00) meters 

4505683.00 meters 
-11.00) meters 

4505702.00 meters 
8.00) meters

Number of stacks to be processed : 1

STACK 
STACK NAME BASE HEIGHT

STACK COORDINATES 
x Y

1300.00 60.96 METERS 
318438.00 

( -89.00
4505611.00 meters 

-83.00) meters

No stacks have been detected as being atop any structures.  

OveraLL GEP Summary Table 

(Units: meters) 

StkNo: 1 Stk Name:CLIVE Stk Ht: 60.96 Prelim. GEP Stk.Ht: 

GEP: BH: 23.93 PBW: 23.96 *Eqnl Ht: 
*adjusted for a Stack-Building elevation difference of 

No. of Tiers affecting Stk: 1 Direction occurred: 219.75 

Btdg-Tier nos. contributing to GEP: 1 

Summary By Direction Table 
(Units: meters) 

Dominate stand alone tiers: 

Drtcn: 10.00

StkNo: I Stk Name:CLIVE 
GEP: 6H: 23.93 PBW: 23.96 

No single tier effects this stack for this

Stack Ht: *Equation 1 Ht: 

direction.

Drtcn: 20.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 
GEP: BH: 23.93 Pew: 23.96 *Equation 1 Ht: 

No single tier affects this stack for this direction.  

Drtcn: 30.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 
GEP: BH: 23.93 PBW: 23.96 *Equation I Ht: 

No single tier affects this stack for this direction.  

Drtcn: 40.00 

StkNo: 1 Stk Name:CLIVE Stack Kt: 
GEP: 9H: 23.93 Pew: 23.96 *Equation I fit: 

No single tier affects this stack for this direction.

65.00 59.83 
0.00

60.96 59.83

60.96 59.83

60.96 59.83

60.96 59.83

CLIVE



*Ortcn: 50.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60-.96 

GEP: BH: 23.93 PsWi 23.96 *Equation 1 Ht: 59.83 

No single tier affects this stack for this direction.  

Drtcn: 60.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 

GEP: OH: 23.93 P6W: 23.96 *Equation 1 Ht: 59.83 

No single tier affects this stack for this direction.  

Ortcn: 70.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 

GEP: SH: 23.93 P6W: 23.96 *Equation 1 Ht: 59.83 

No single tier affects this stack for this direction.  

Drtcn: 80.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96' 

GEP: SH: 23.93 P6W: 23.96 *Equation 1 Ht: 59.83 

No single tier affects this stack for this direction.  

Drtcn: 90.00 

StkNo: 1 Stk Noe:CLIVE Stack Ht: 60.96 
GEP: SH: 23.93 PBW: 23.96 *Equation 1 Ht: 59.83 

No single tier affects this stack for this direction.  

Drtcn: 100.00 

StkNo: I Stk Name:CLIVE Stack Ht: 60.96 
GEP: SH: 23.93 PBW: 23.96 *Equation 1 Nt: 59.83 

No single tier affects this stack for this direction.  

Drtcn: 110.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 
GEP: SH: 23.93 PBW: 23.96 *Equation 1 t: 59.83 

No single tier affects this stack for this direction.  

•Drtcn: 120.00 

StkNo: I Stk Name:CLIVE Stack Nt: 60.96 
GEP: SH: 23.93 P8W: 23.96 *Equation 1 Ht: 59.83 

No single tier affects this stack for this direction. • 

Drtcn: 130.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 
GEP: SN: 23.93 P9W: 23.96 'Equation I Ht: 59.83 

No single tier affects this stack for this direction.  

Ortcn: 140.00 

StkNo: I Stk Name:CLIVE Stack Nt: 60.96 
GEP: IN: 23.93 PW: 23.96 *Equation 1 Nt: 59.83 

No single tier affects this stack for this direction.  

Drtcn: 150.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 
CEP: SH: 23.93 P9W: 23.96 *Equation 1 Ht: 59.83 

No single tier affects this stack for this direction.  

Drtcn: 160.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 

GEP: OH: 23.93 PGW: 23.96 'Equation 1 Ht: 59.83 

No single tier affects this stack for this direction.  

Ortcn: 170.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96



GEP: SN: 23.93 PBW: 23.96 *Equation I Ht: 59.83 

No single tier affects this stack for this direction.  

Drtcn: 180.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 
GEP: BH: 23.93 P9W: 23.96 *Equation 1 Ht: 59.83 

No single tier affects this stack for this direction.  

Drtcn: 190.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 
GEP: SH: 23.93 P8W: 23.96 *Equation 1 Ht: 59.83 

No single tier affects this stack for this direction.  

Drtcn: 200.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 
GEP: BN: 23.93 PBW: 23.96 -Equation 1 Ht: 59.83 

No single tier affects this stack for this direction.  

Drtcn: 2.10.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 
GEP: SN: 23.93 P9W: 23.96 *Equation 1 Ht: 59.83 

Single tier MAX: ON: 23.93 PBW: 25.88 *Wake Effect Ht: 59.83 
*adjusted for a Stack-Building elevation difference of 0.00 

BldNo: 1 BId Name:993 TierNo: 1 

Drtcn: 220.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 
GEP: OH: 23.93 P9W: 23.96 *Equation 1 Ht: 59.83 

Single tier MAX: SH: 23.93 P9W: 23.90 *Wake Effect Ht: 59.78 
*adjusted for a Stack-BuiLding elevation difference of 0.00 

SidNo: 1 Bld Name:993 TierNo: 1 

Drtcn: 230.00 

StkNo: I Stk Name:CLIVE Stack Ht: 60.96 
GEP: SH: 23.93 P9W: 23.96 *Equation 1 Ht: 59.83 

Single tier MAX: BH: 23.93 P9W: 24.42 *Wake Effect Ht: 59.83 
*adjusted for a Stack-Building elevation difference of 0.00 

BldNo: 1 Sld Nwne:993 TierNo: I 

Drtcn: 240.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 
GEP: OH: 23.93 POW: 23.96 *Equation 1 Nt: 59.83 

Single tier MAX: SN: 19.81 P9W: 26.81 *Wake Effect Nt: 49.52 
*adjusted fot a Stack-BuiLding elevation difference of 0.00 

BdNo: 7 Std Name:991 TierNo:- 1 

Drtcn: 250.00 

StkNo: I Stk Name:CLIVE Stack Ht: 60.96 
GEP: BH: 23.93 P9W: 23.96 *Equation 1 Nt: 59.83 

Single tier MAX: ON: 19.81 P9W: 32.37 *Uake Effect Nt: 49.52 
*adjusted for a Stack-Building elevation difference of 0.00 

BSdNo: 7 Bld Name:991 Tierko: 1 

Drtcn: 260.00 

StkNo: I Stk Name:CLIVE Stack Ht: 60.96 
GEP: SN: 23.93 P9W: 23.96 *Equation 1 Nti 59.83 

Single tier MAX: SH: 14.33 P9W: 29.60 *Wake Effect Nt: 35.83 
*adjusted for a Stack-Building elevation difference of 0.00 

BLdNo: 2 BOd Name:254 TierNo: 1 

Drtcn: 270.00 

StkNo: I Stk Name:CLIVE Stack Nt: 60.96 
GEP: ON: 23.93 POW: 23.96 *Equation 1 Nt: 59.83 

Single tier MAX: SN: 14.33 P8W: 29.00 *Wake Effect Ht: 35.83 
*adjusted for a Stack-Building elevation difference of 0.00



BtdNo: 2 Bid NaWe:254

Drtcn: 280.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 
GEP: SH: 23.93 PBW: 23.96 *Equation 1 Ht: 59.83 

No single tier affects this stack for this direction.  

Drtcn: 290.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 
GEP: SH: 23.93 P9W: 23.96 *Equation 1 Ht: 59.83 

No single tier affects this stack for this direction.  

Drtcn: 300.00 

StkNo: I Stk Name:CLIVE Stack Ht: 60.96 
GEP: SH: 23.93 PBW: 23.96 *Equation 1 Ht: 59.83 

No single tier affects this stack for this direction.  

Drtcn: 310.00 

Stkto: 1 Stk Name:CLIVE Stack Ht: 60.96 
-CEP: BH: 23.93 PaW: 23.96 *Equation 1 Ht: 59.83 

No single tier affects this stack for this direction.  

Drtcn: 320.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 
GEP: SH: 23.93 PBU: 23.96 *Equation 1 Ht: 59.83 

No single tier affects this stack for this direction.  

Drtcn: 330.00 

StkNo: I Stk Name:CLIVE Stack Ht: 60.96 
GEP: ON: 23.93 P=W: 23.96 *Equation I Ht: 59.83 

No single tier affects this stack for this direction.  

Orten: 340.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 
GEP: BH: 23.93 POW: 23.96 *Equation 1 Ht: 59.83 

No single tier affects this stack for this direction.  

Drtcn: 350.00 

StkNo. I Stk Name:CLIVE Stack Ht: 60.96 
GEP: SH: 23.93 P9W: 23.96 Equation 1 Nt: 59.83 

No single tier affects this stack for this direction.  

Drtcn: 360.00 

StkNo: I Stk Nmme:CLIvE Stack Ht: 60.96 
GEP: SN: 23.93 P9W: 23.96 *Equation 1 Nt: 59.83 

No single tier affects this stack for this direction.  

Dominate combined buildings: 

D:tcn: 10.00 

StkNo: 1 Stk Name:CLIVE Stack Nt: 60.96 
GEP: UH: 23.93 P9W: 23.96 *Equation 1 Nt: 59.83 

No combined tiers affect this stack for this direction.  

Drtcrn: 20.00 

StkNo: 1 Stk Name:CLIVE Stack Nt: 60.96 
GEP: BH: 23.93 POW: 23.96 *Equation 1 Ht: 59.83 

No combined tiers affect this stack for this direction.  

Drtcn: 30.00 

Stklo: I Stk Name:CLIVE Stack Ht: 60.96 
GEP: SH: 23.93 P9W: 23.96 *Equation 1Ht: 59.83

TierNo: I



No combined tiers affect this stack for this direction.  

Drtcn: 40.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 

GEP: BN: 23.93 Paw: 23.96 *Equation 1 Ht: 59.83 

No combined tiers affect this stack for this direction.  

Drtcn: 50.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 

GEP: ON: 23.93 PBW: 23.96 *Equation 1 Ht: 59.83 

No combined tiers affect this stack for this direction.  

Drtcn: 60.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 

GEP: OH: 23.93 P9W: 23.96 *Equation I Ht: 59.83 

No combined tiers affect this stack for this direction.  

Drtcn: 70.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 

GEP: ON: 23.93 P9W: 23.96 *Equation 1 Ht: 59.83 

No combined tiers affect this stack for this direction.  

Ortcn: 80.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 

GEP: ON: 23.93 POW: 23.96 *Equation 1¶Ht: 59.83 

No combined tiers affect this stack for this direction.  

Ortcn: 90.00 

StkNo: 1 Stk Name:CLIVE Stack Nt: 60.96 

GEP: ON: 23.93 P9W: 23.96 .Equation 1 Ht: 59.83 

No combined tiers affect this stack for this direction.  

Drtcn: 100.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 
GEP: ON: 23.93 POW: 23.96 *Equation 1 Nt: 59.83 

No combined tiers affect this stack for this direction.  

Drtcn: 110.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 

GEP: ON: 23.93 POW: 23.96 *Equation 1 Nt: 59.83 

No combined tiers affect this stack for this direction.  

Ortcn: 120.00 

StkNo: 1 Stk Name:CLIVE Stack Nt: 60.96 

GEP: SN: 23.93 P9W: 23.96 *Equation 1 Nt: 59.83 

No combined tiers affect this stack for this direction.  

Drtcn: 130.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 

GEP: SN: 23.93 P9W: 23.96 *Equation 1 Nt: 59.83 

No combined tiers affect this stack for this direction.  

Drtcn: 140.00 

StkNo: 1 Stk Name:CLIVE Stack Nt: 60.96 

GEP: SN: 23.93 P9W: 23.96 'Equation 1 Nt: 59.83 

No combined tiers affect this stack for this direction.  

Drtcn: 150.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 

CEP: SN: 23.93 P9W: 23.96 *Equation 1 Nt: 59.83 

No combined tiers affect this stack for this direction.  

Ortcn: 160.00



StkNo: 1 *Stk Name:CLIVE Stack Mt: 60.96 
GEP: SN.: 23.93 POW: 23.96 *Equation I Ht: 59:83 

No combined tiers affect this stack for this direction.  

Ortcn: 170.00 

StkNo: I Stk Name:CLIVE Stack Ht: 60.96 

GEP: BS: 23.93 PBW: 23.96 *Equation 1 Ht: 59.83 

No combined tiers affect this stack for this direction.  

Drtcn: 180.00 

StkNo: 1 Stk Name:CLIVE Stack Nt: 60.96 
GEP: SN: 23.93 POW: 23.96 *Equation 1 Ht: 59.83 

No combined tiers affect this stack for this direction.  

Drtcn: 190.00 

StkNo: 1 Stk Name:CLIVE Stack Mt: 60.96 
GEP: BS: 23.93 PBW: 23.96 *Equation 1 Ht: 59.83' 

No combined tiers affect this stack for this direction.  

Drtcn: 200.00 

StkNo: 1 Stk Nawe:CLIVE Stack Ht: 60.96 
GEP: SN: 23.93 PBW: 23.96 *Equation 1 Ht: 59.83 

No combined tiers affect this stack for this direction.  

Ortcn: 210.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 
GEP: BS: 23.93 POW: 23.96 *Equation 1 Nt: 59.83 

Combined tier MAX: SN: 23.93 P5W: 25.88 *Wake Effect Ht: 59.83 
*adjusted for a Stack-Buitding elevation difference of 0.00 

No. of Tiers affecting Stk: 2 
Bldg-Tier nos. contributing to MAX: 1 17 

Drtcn: 220.00 

StkNo: I Stk Name:CLIVE Stack Ht: 60.96 
GEP: SN: 23.93 POW: 23.96 *Equation 1 Nt: 59.83 

Combined tier 14AX: SN: 23.93 PBW: 23.90 'Wake Effect Ht: 59.78 
*adjusted for a Stack-Building elevation difference of 0.00 

No. of Tiers affecting Stk: 2 
Btdg-Tier nos. contributing to KAX: 1 Ii 

Ortcn: 230.00 

StkNo: I Stk Name:CLIVE Stack Nt: 60.96 
GEP: SN: 23.93 POW: 23.96 *Equation 1 Nt: 59.83 

Combined tier MAX: SN: 23.93 P1W: 24.42 •Wake Effect Ht: 59.83 
*adjusted for a Stack-Building elevation difference of 0.00 

No. of Tiers affecting Stk: 2 
Bldg-Tier nos. contributing to MAX: 1 17 

Drtcn: 240.00 

StkNo: 1 Stk Name:CLIVE Stack Nt: 60.96 
GEP: SN: 23.93 POW: 23.96 *Equation 1 Ht: 59.83 

Combined tier MAX: SN: 19.81 PBW: 40.58 'Wake Effect Nt: 49.52 

*adjusted for a Stack-Buitding elevation difference of 0.00 

No. of Tiers affecting Stk: 2 
Bldg-Tier nos. contributing to MAX: 17 25 

Drtcn: 250.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 

GEP: BH: 23.93 PBW: 23.96 *Equation 1 Nt: 59.83 

Combined tier MAX: SN: 19.81 PBW: 41.09 'Wake Effect Mt: 49.52 

*adjusted for a Stack-Buitding elevation difference of 0.00 

No. oE&Tiers affecting Stk: 2 
Ul.',lier nos. contributing to MAX: 17 25 

ortcn: 260.00



StkNo: 1 Stk Name:CLIVE Stack Nt: 60.96 
CbnetirGEP: BH: 23.93 P9W: 23.96 *Equation 1 Ht: S98 

*adjusted for a Stack-BuiLding elevation difference of 0.00 
No. of Tiers affecting Stk: 2 
Bldg-Tier nos. contributing to MAX: 5 25 

Drtcn: 270.00 

StkNo: 1 Stk Naare:CLIVE Stack Nt: 60.96 
GEP: BR: 23.93 -P6W; 23.96 *Equation 1 Ht: 59.83 

Cobnined tier MAX: ON: 14.33 P6W:. 73.00 'Wake Effect Nt: 35.83 
*adjusted for a Stack-Building elevation difference of 0.00 

No. of Tiers affecting Stk: 2 
Bldg-Tier nos. contributing to KAX: 5 25 

Drtcn: 280.00 

StkNo: 1 Stk Raane*CLIVE Stack Nt: 60.96 
GEP: SH: 23.93 P9W: 23.96 'Equation 1 Nt: 59.83 

No combined tiers affect this stack for this direction 

'Drtcn: 290.00 

StkNo: 1 Stk Naane:CLMV Stack Nt: 60.96 
GEP: BN: 23.93 POW: 23.96 *Equation I Nt: 59.83 

No combined tiers affect this stack for this direction 

Ortcn: 300.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 
GEP: BR: 23.93 P9W: 23.96 'Equation I fit: 59.83 

No combined tiers affect this stack for this direction 

Drtcn: 310.00 

Stk~o: 1 Stk Name:CLIVE Stack Nt: 60.96 
GEP: BN: 23.93 POW: 23.96 'Equation 1 Nt: 59.83 

No comb)ined tiers affect this stack for this direction 

Ortcn: 320.00 

StkNo: 1 Stk Name:CLIVE Stack Ht: 60.96 
GEP: BR: 23.93 POW: 23.96 *Equation I Nt: .59.83 

No cobntind tiers affect this stack for this direction 

Drtcn: 330.00 

StkNo: 1 Stk Name:CLIVE Stack Nt: 60.96 
GEP: BH: 23.93 POW: 23.96 *Equation I Ht: 59.83 

No combined tiers affect this stack for this direction 

Drtcn: 340.00 

StkNo: 1 Stk Name:CLIVE Stack Nt: 60.96' 
GEP: BN: 23.93 PBW: 23.96 *Equation I Ht: 59.83 

No combined tiers affect this stack for this direction 

Drtcn: 350.00 

StkNo: 1 Stk Name:CLIVE Stack Nt: 60.96 
GEP: SN: 23.93 POW1: 23.96 *Equation 1 Nt: 59.83 

No comrbined tiers affect this stack for this direction 

Drtcn: 360.00 

StkNo: 1 Stk Wame:CLIVE Stack Nt: 60.96 
GEP: BH: 23.93 POW: 23.96 .Equation 1 Nt: 59.83 

No combined tiers affect this stack for this direction


