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1. INTRODUCTION 

Settlement with Industrial Users of the Hammond Sanitary District (HSD) in February 1997, 
resulted in establishment of a Trust Agreement for Grand Calumet River Restoration Fund 
(GCRRF).  Following this settlement, a Memorandum of Understanding among The U.S. 
Environmental Protection Agency (EPA), U.S. Fish and Wildlife Service (USFWS), Indiana 
Department of Natural Resources (IDNR), and Indiana Department of Environmental 
Management (IDEM) created the GCRRF Council and provided guidelines for the Council’s 
management of the fund and implementation of activities to address the effects of sediment 
contamination in the West Branch of the Grand Calumet River (WBGCR). 

Currently, the GCRRF Council implements activities related to this project per the Memorandum 
of Understanding.  The goal of the parties is to address the effects of sediment contamination in 
the WBGCR, specifically for the purpose of addressing and correcting environmental 
contamination in the area of concern, including the cleanup of contaminated sediments in the 
Grand Calumet River (GCR), and the remediation and restoration of natural resource damages 
within the area of concern. 

This human health risk assessment addresses potential current and future exposure by human 
receptors to constituents in sediments, surface water, and fish tissue.  The primary objective of 
the Baseline Human Health Risk Assessment (BHHRA) is to provide an analysis of potential 
health risks posed by hazardous substances at the site in the absence of any future response 
action (i.e., establish a baseline risk determination) in order to evaluate, select, and design 
remedial actions that will be protective of human health.  

1.1 SITE DESCRIPTION 

1.1.1 General Area 

The Great Lakes Water Quality Agreement of 1978 identified the GCR and Indiana Harbor 
Canal (IHC) as one of 43 areas of concern having one or more specific impairments to beneficial 
uses of Great Lakes waters.  The Agreement directed that a Remedial Action Plan (RAP) be 
developed and implemented at each area of concern in order to restore the beneficial uses.  
IDEM submitted a Stage 1 RAP to the International Joint Commission in 1991 and a Stage 2 
RAP in 1997.   

The Grand Calumet River is located in Lake County in northwestern Indiana (Figure 1-1).  The 
river’s watershed is relatively flat and comprises approximately 22 square miles of northern  
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Indiana.  The GCR comprises two east-west oriented branches that meet at the southern end of 
the IHC.  The site vicinity and project area are shown in Figure 1-1.  The East Branch of the 
Grand Calumet River (EBGCR) originates at the Grand Calumet River Lagoons, just east of the 
United States Steel Gary Works facility.  The EBGCR flows west from this point for 
approximately 10 miles to its confluence with the IHC.  The WBGCR usually flows both east 
and west, with a hydraulic divide typically present in the vicinity of the HSD outfall east of 
Columbia Avenue.  Historically, the volume and direction of water flow through the river were 
determined by Lake Michigan water levels.  During periods of high lake levels, flow may be to 
the west throughout the WBGCR.  Drops in the level of Lake Michigan since 1997 have resulted 
in reduced water levels in the river. 

The surrounding area, which represents one of the most heavily industrialized areas in the United 
States, contains steel mills and heavy manufacturing sites associated with the steel industry, 
petroleum-related land uses, packaging operations, chemical processing plants, and other 
industrial land uses.  The land surrounding the river is primarily industrial and commercial 
interspersed with residential areas.   

1.1.2 West Branch Grand Calumet River 

The project area evaluated in this phase of work includes the west branch of the river extending 
from Indianapolis Boulevard west to the Indiana/Illinois state line. 

The sediments throughout the WBGCR are highly contaminated with heavy metals and various 
organic compounds, including semivolatile organic compounds (SVOCs), chlorinated pesticides, 
and polychlorinated biphenyls (PCBs). 

1.2 SITE HISTORY 

1.2.1 General Area 

There has been a long history of industrial activities within the Grand Calumet River basin, with 
the land located north of the river being one of the most heavily industrialized areas in the 
United States (Natural Resources Trustees 1997).  In response to concerns regarding 
environmental contamination and associated impairment of beneficial uses, IDEM and its 
partners developed a Stage 1 RAP for the IHC, the Grand Calumet River, and nearshore Lake 
Michigan in 1991 (IDEM 1991).  As part of this effort, IDEM (2004) compiled information on 
potential contaminant sources within the Area of Concern, which included eight major permitted 
industrial point source dischargers [i.e., permitted under the National Pollutant Discharge 
Elimination System (NPDES), including U.S. Steel, LTV Steel, ISPAT Inland Steel, PRAXAIR, 
CERESTA, BP Amoco, NIPSCO, and State Line Energy] and many minor discharges.  
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Contamination problems within the area are extensive.  Within the environs are: 52 properties 
that were listed in the Comprehensive Environmental Response, Compensation, and Liability 
Information System (CERCLIS) as containing potentially uncontrolled hazardous wastes that 
require investigation; and more than 400 facilities that were subject to regulation under the 
Resource Conservation and Recovery Act (RCRA), which means that they generate, transport, 
treat, store, or dispose of hazardous wastes; and, three municipal wastewater treatment plants 
(WWTP) (i.e., that are operated by the Hammond, Gary, and East Chicago Sanitary Districts). 

In total, it was estimated that the Grand Calumet River and the IHC also received more than 11 
billion gallons/year of untreated stormwater via 12 combined sewer overflow outfalls (CSO) 
(IDEM 1991).  The locations of existing and historic outfalls within the Area of Concern are 
shown in Figure 1-2.  Discharges of oil and releases of other hazardous substances from both 
historic and ongoing contaminant sources have resulted in the presence of a variety of toxic 
and/or bioaccumulative substances in the receiving water systems within the Area of Concern.  
Some of the substances that have been released include total organic carbons (TOC), nutrients, 
metals, oil and grease, phenolics, polycyclic aromatic hydrocarbons (PAHs), phthalates, 
pesticides, and PCBs (FWENC 2003). 

1.2.2 West Branch Grand Calumet River 

The WBGCR has received inputs of contaminants from several sources over the past century.  
First, the HSD has discharged effluent from its wastewater treatment plant to the WBGCR in the 
vicinity of Columbia Avenue.  This source is particularly important because the HSD facility 
receives both municipal sewage and industrial wastewaters and is known to have released metals 
and PAHs and other hazardous substances into the WBGCR.  In addition, CSOs (e.g., at Johnson 
Avenue, Sohl Avenue, and Columbia Avenue) discharge stormwater and untreated wastewater to 
the river during periods of high precipitation (FWENC 2003).   

Additional details of the site operational history, aerial photographs, previous investigations, and 
detailed descriptions of each reach can be found in the WBGCR Site Characterization Report 
(FWENC 2003). 

1.3 OBJECTIVES 

The purpose of the BHHRA was to estimate and characterize potential human cancer risks and 
non-cancer adverse health effects associated with exposure to contaminants at the WBGCR.  
Risks were estimated for reasonably impacted receptor populations under both current and 
assumed future site conditions.  Potential risks were estimated relative to potentially complete  
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exposure pathways involving contaminated sediment, and surface water, and fish tissue at the 
WBCGR.  Risk associated with groundwater and soil was not evaluated because potential 
exposure to these media is beyond the scope of this study.  

1.4 RISK ASSESSMENT METHODOLOGY 

This BHHRA was conducted in accordance with the EPA Risk Assessment Guidance for 
Superfund (RAGS), Volume I: Human Health Evaluation Manual, Part A (EPA 1989), Part D 
(EPA 2001a), and Part E (EPA 2004a), and in accordance with methodologies approved by EPA 
Region 5 and IDEM.  The risk assessment methodology used in this BHHRA involved a four-
step process: data evaluation, exposure assessment, toxicity assessment, and risk characterization 
(see Figure 1-3).  The BHHRA is divided into the following sections and supporting appendices: 

1. Evaluate analytical data, identify the chemicals of potential concern (COPCs), and calculate 
exposure point concentrations (EPCs) in each impacted medium (see Section 2); 

2. Identify potential receptors and complete pathways of exposure in terms of a conceptual site 
model and quantify exposures (i.e., develop receptor-specific exposure parameters) (see 
Section 3); 

3. Evaluate the toxicity and environmental mobility of the COPCs (see Section 4); 

4. Quantify human contaminant intakes and calculate human health risks and identify chemicals 
of concern (COCs) (see Section 5); and 

5. Analyze uncertainty (see Section 6). 

A brief summary of the BHHRA findings and a discussion of other risk assessments for the area 
is provided in Section 7.  References cited in the BHHRA are listed in Section 8.  It should be 
noted that the numbering of tables follows the RAGS-D format.  Consequently, there are no 
tables numbered as “Table 8” as Table 8 is for radiological risk characterization, which is not 
applicable to this BHHRA.   
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2. DATA EVALUATION 

This chapter summarizes results of the data evaluation step of the risk assessment process.  In 
this step, site investigation results are evaluated to assess data quality (analytical methods, 
quantitation limits, use of qualifiers and codes, and field and laboratory contamination) and 
usability; develop a database; and select COPCs for environmental media in different reaches of 
the WBGCR.  The approach to COPC selection was based on EPA guidance.   

2.1 DATA SOURCES 

The Grand Calumet River system has been sampled frequently over the past 30 years to monitor 
contaminant concentrations in water, sediment, and fish.  Water quality data have indicated 
contamination problems with both conventional pollutants (e.g., ammonia, dissolved oxygen) as 
well as hazardous substances.  Sediment quality monitoring has identified toxic substances 
including PCBs, PAHs, dioxins, and heavy metals.  Although PCBs have historically been the 
contaminant of greatest concern, large areas of apparently petroleum-saturated sediments were 
identified along with contamination by heavy metals (EPA 1994).   

Based on a preliminary analysis of potential restoration technologies, the physical site 
conditions, and waterway setting, Tetra Tech EC, Inc. (TtEC, formerly Foster Wheeler 
Environmental Corporation [FWENC]) proposed dividing approximately 2-1/2 miles of the 
WBGCR, located between Indianapolis Boulevard and the Indiana/Illinois state line, into the 
following project reaches (FWENC 2002a): 

Reach 1: from the Indianapolis Boulevard Bridge to the Interstate 90 Bridge, 

Reach 2: from the Interstate 90 Bridge to the Columbia Avenue Bridge,    

Reach 3: from the Columbia Avenue Bridge to the Calumet Avenue Bridge, 

Reach 4: from the Calumet Avenue Bridge to the Sohl Road Bridge,    

Reach 5: from the Sohl Road Bridge to the Hohman Avenue Bridge, 

Reach 6: from the Hohman Avenue Bridge to the railroad bridge, and 

Reach 7: from the railroad bridge to the Indiana/Illinois state line. 

The southern bank of Reach 1 is contiguous with an area identified as Roxana Marsh.  
Investigation of Roxana Marsh and site characterization of the WBGCR were conducted 
following the GCRRF Council-approved work plans.  Media sampled included sediment and 
surface water.  Environmental media sampling events included the collection of trip and/or 
equipment blanks and the analysis of method blanks for the purposes of quality control (QC). 
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The site characterization involved collection of samples from shallow sediment samples (0 to 
2 feet below ground surface [bgs] or below the mudline), deeper sediment samples (extending 
from the surface to greater than 7 feet bgs) from Reaches 1 to 7 and Roxana Marsh, an area 
contiguous with the southern bank of Reach 1, and two surface water samples.  Sample interval 
lengths varied with the thickness of the homogeneous surficial sediment layer.  Historical 
sediment data from the Sediment Injury Report (MacDonald and Ingersoll 2000) Database were 
included.  Historical results include surface sediment samples, shallow sediment samples 
(extending from the surface to up to 2 feet bgs), and some deeper sediment samples (from the 
surface to up to 5 feet bgs).  There are a few historical sediment sample results that extend from 
the surface to 9 feet bgs.  These results (UH9.4, UG 9-all, UH 8.5, UH 9.2-all, UH 9.4-all, 
UH9.1, UH9.2, and UH9.3) were not utilized in the BHHRA because the boring logs were not 
available and therefore it could not be determined if the sampled interval was relatively 
homogeneous.   

Background concentrations of inorganic compounds were estimated from samples collected from 
Lake Mary.  These data were provided to TtEC by the USFWS and IDEM. 

Surface water data were obtained from several sources.  Two samples were collected during the 
site characterization, one from Reach 1 and one from Reach 4.  These samples were analyzed for 
pesticides/PCBs, SVOCs, and metals.  Surface water samples were collected from Reach 6 
pursuant to an investigation of the former Manufactured Gas Plan (MGP) site in this area.  These 
samples were analyzed for VOCs, SVOCs, metals, and total cyanide.  The U.S. Geological 
Survey (USGS) fixed station monitor (#05536357) at Hohman Ave in Reach 5 is sampled 
monthly for dissolved and total metals, and various other parameters such as phenol, alkalinity, 
biological oxygen demand (BOD), total suspended solids (TSS), and E. coli.  These data were 
obtained from EPA’s STORET database by IDEM and provided to TtEC for incorporation into 
the WBGCR database. 

Fish samples have been collected on several occasions.  Typically whole fish samples were 
analyzed.  In the fall of 2002, the USFWS and IDEM conducted fish sampling.  These samples 
were filleted, and only the edible portions of fish tissue were submitted for analysis.  As fillet 
samples are more representative of what would be ingested by fish consumers, this data set was 
utilized for this BHHRA.  The USFWS/IDEM fish tissue samples were analyzed for PAHs, 
SVOCs, pesticides, PCBs (both as Aroclors and as congeners), and metals.   

Complex mixtures, such as Aroclors, can be altered by bioaccumulation and bioconcentration.  
Consequently, PCB results reported as specific Aroclors may be inexact.  The risk assessment-
preferred approach for tissue samples is to analyze for each PCB congener and then evaluate the 
results based on their structural similarity to 2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-
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TCDD), which is commonly referred to as “dioxin.”  PCBs that are structurally similar to 
2,3,7,8-TCDD are computed as dioxin toxicity equivalents (Dioxin-TEQs).  PCBs that are not 
structurally similar to 2,3,7,8-TCDD are described as “Nondioxin-like PCBs.”  Nondioxin-like 
PCBs are evaluated as the sum of all the nondioxin-like PCBs.  Dioxin TEQs are evaluated as 
the concentration of a specific congener multiplied by a toxicity equivalency factor (TEF).  The 
products of each congener times its TEF are then summed together.  The specific factors used to 
compute Dioxin TEQs for PCB congeners are (EPA 1996a): 

Analyte PCB Number TEF1/ 
3,3',4,4' – TeCB 77 0.0005 
2,3,3',4,4' – PeCB 105 0.0001 
2,3,4,4',5 – PeCB 114 0.0005 
2,3'',4,4',5 – PeCB 118 0.0001 
2',3,4,4',5 – PeCB 123 0.0001 
3,3',4,4',5 – PeCB 126 0.1 
2,3,3',4,4',5 – HxCB 156 (+157) 0.0005 
2,3,3',4,4',6 – HxCB 158 0 
2,3',4,4',5,5' – HxCB 167 0.00001 
3,3’,4,4’,5,5’-HxCB 169 0.01 
2,2',3,3',4,4',5 – HpCB 170 0.0001 
2,2',3,4,4',5,5' – HpCB 180 (+193) 0.00001 
2,3,3',4,4',5,5' – HpCB 189 0.0001 
1/ The toxicity equivalency factors (TEFs) used are from references cited in IRIS (EPA 2004b). 

 
Laboratory analytical data for the WBGCR site characterization and Roxana Marsh investigation 
were uploaded electronically into an Access© database from laboratory provided electronic 
deliverables.  Sediment samples were analyzed by Severn Trent Laboratories and EnChem 
Laboratory, respectively.  Surface water samples were analyzed by Columbia Analytical 
Services.  The historical data were entered by MacDonald Environmental Sciences Limited 
(MESL) and provided to TtEC electronically in a Microsoft Access© database.  For quality 
assurance (QA)/quality control (QC) purposes, the database listings were reviewed and any 
abnormalities were then compared to available laboratory reports.  Discrepancies were resolved 
in favor of the laboratory reports.  When laboratory reports were not sufficient, the laboratory 
was contacted for further clarification.  The Access© database was used by TtEC risk assessment 
personnel to create output files, prepare summary statistics tables using Excel©, and calculate 
exposure point estimates using ProUCL Version 2.1. 

All Roxana investigation data and WBGCR site characterization data were validated by 
Laboratory Data Consultants, Inc. (LDC) in Carlsbad, California, using guidance from EPA 
Contract Laboratory Program National Functional Guidelines (NFG) (EPA 1994, 1999), Test 
Methods for Evaluating Solid Waste (EPA 1996b), and the Final QAPP (FWENC 2002b).   
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2.2 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN 

The existing analytical data are reviewed to identify those chemicals that represent more than 99 
percent of the risk associated with each media of interest and distinct area of contamination.  
Chemicals not retained as COPCs may be considered to have minimal influence on total risk 
estimates.  The process for selecting COPCs is defined in EPA RAGS Part A (EPA 1989).  The 
COPC list was first generated based on the list of all chemicals detected in each medium for each 
reach.  Detected chemicals are those constituents that were detected above the sample 
quantitation limit (SQL), including those that were reported with selected qualifiers (e.g., J, B, E, 
etc.) that imply uncertain concentration but not uncertain identity.  Working from this initial list, 
chemicals were eliminated, provided certain criteria were met.  These criteria are as follows: 

• Chemicals attributable to field or laboratory contamination (e.g., organic chemicals 
qualified as B) based on guidance in the Functional Guidelines for Organics (EPA 1994) 
were eliminated because these are not indicators of site-related contamination. 

• Chemicals that are essential nutrients were eliminated from the COPC list if on-site 
concentrations were consistent with naturally occurring levels.  The essential nutrients 
eliminated on this basis include calcium, magnesium, sodium, and potassium. 

• Chemicals whose maximum detected concentration in sediment or surface water was 
below a screening toxicity value were eliminated from the COPC list.  Toxicity-based 
screening criteria were not available for fish; therefore, all chemicals detected in fish 
tissue were retained as COPCs.  Selection of screening values is discussed further below. 

• It should be highlighted that comparison to background was only used as a criterion for 
eliminating a constituent as a COPC when no anthropogenic source of that constituent 
could be identified and the concentrations observed within a reach were less than the 
maximum detected sediment concentration from Lake Mary.  The only detected chemical 
that was eliminated based on this comparison to background was iron in Reach 7 
sediments.  This approach is consistent with EPA CERCLA policy (EPA 2002a). 

Screening toxicity values were derived from the EPA Region 9 Preliminary Remediation Goals 
(PRGs) and IDEM’s default residential criteria under the Risk Integrated System of Closure.  
The IDEM criteria are used by several programs including the State Cleanup Program and the 
Voluntary Remediation Program.  For soil, the IDEM exposure factors were somewhat more 
conservative than the PRGs.  Therefore, the IDEM criteria was used as the toxicity-based 
concentration screen after adjusting the values to represent a cancer risk level of 1x10-6 or hazard 
quotient of 0.1 (i.e., the current criteria divided by a factor of 10).  If no IDEM criterion was 
available for a detected chemical, then the Region 9 PRG was used as a screening criteria.  
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Region 9 PRGs represent a 1x10-6 cancer risk level or hazard quotient of 1.  Therefore, only 
those Region 9 PRGs based on non-cancer endpoints needed to be divided by 10, so that the 
concentration corresponds to a hazard quotient of 0.1.  Sediment data were screened against 
IDEM criteria/Region 9 PRG established for residential soil.  Surface water was screened against 
the IDEM criteria for residential groundwater/Region 9 PRG for drinking water.  Surface water 
data were also screened using Great Lakes Water Quality criteria.  Fish data were not screened 
using a toxicity-based screening criteria.  The United States Food and Drug Administration 
(USFDA) tolerance levels were not used as screening criteria because they do not represent a 
uniform risk-based level.   

Several detected COPCs did not have published PRGs or IDEM criteria.  For these chemicals, 
appropriate surrogate values were utilized for COPC screening.  As shown below, the surrogate 
compounds are either specific isomers of a parent compound, specific mixtures of a group of 
compounds, or in the case of endrin aldehyde and endrin ketone, a degradation product of the 
parent compound.  In the case of chromium, toxicity values are specific to the valence state but 
analytical results for all media were reported as “chromium.”  Therefore, the same ratio of 1:6 
for Cr VI : Cr III assumed in the PRG was assumed here, and the PRG for “Total Chromium” as 
utilized as a screening criteria for chromium.  The surrogate relationships assumed were: 

Detected Chemical Surrogate 
alpha-Chlordane 
gamma-Chlordane 

Chlordane 

Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 

PCBs 

Chromium Total Chromium (1:6 ratio Cr VI:Cr III) 
Cyanide 
Cyanide (Chlorine Amenable) 
Cyanide (Total) 

Cyanide, free 

delta-BHC 
Hexachlorocyclohexane-all 
isomers 

Hexachlorocyclohexane (technical 
grade) 

Endosulfan I 
Endosulfan II 
Endosulfan sulfate 

Endosulfan 

Endrin aldehyde 
Endrin ketone 

Endrin 

Because there is neither an IDEM criteria nor a Region 9 PRG for titanium, the EPA Region III 
Risk-Based Concentration was used as a screening criterion.  Tables summarizing the COPC 
screening process for each of the three exposure media and reach combinations are presented as 
Tables 2.1 through 2.21.  The results are discussed further below. 
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As a result of the screening process, the surface sediment COPCs are: 

• Reach 1 - PCBs (Aroclor 1242, Aroclor 1248, and Aroclor 1260), dieldrin, bis(2-
ethylhexyl)phthalate, carbazole, PAHs (benzo(a)pyrene, benzo(a)anthracene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene, chrysene, 
dibenz(a,h)anthracene, indeno(1,2,3-c,d)pyrene, naphthalene, phenanthrene, and pyrene), 
aluminum, antimony, arsenic, cadmium, chromium, iron, lead, manganese, nickel, and 
zinc (Table 2.1). 

• Reach 2 - PCBs (Aroclor 1248), 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), 
pesticides (4,4’-DDE, Total DDT, gamma-BHC or Lindane, total chlordane, dieldrin, 
toxaphene, heptachlor, hexachlorocyclohexane), carbazole, PAHs (benzo(a)pyrene, 
benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene, 
chrysene, dibenz(a,h)anthracene, indeno(1,2,3-c,d)pyrene, phenanthrene, and pyrene), 
aluminum, antimony, arsenic, cadmium, chromium, iron, lead, manganese, mercury and 
zinc (Table 2.2). 

• Reach 3 - PCBs (Aroclor 1248 and Aroclor 1260), dieldrin, PAHs (benzo(a)pyrene, 
benzo(a)anthracene, benzo(g,h,i)perylene, indeno(1,2,3-c,d)pyrene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, chrysene, dibenz(a,h)anthracene, and phenanthrene), arsenic, 
cadmium, chromium, lead, and mercury (Table 2.3). 

• Reach 4 - PCBs (Aroclor 1248 and Aroclor 1260), PAHs (acenaphthene, benzo(a)pyrene, 
benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene, 
chrysene, dibenz(a,h)anthracene, indeno(1,2,3-c,d)pyrene, 2-methylnaphthalene, 
naphthalene, and phenanthrene) antimony, arsenic, cadmium, chromium, iron, lead, 
manganese, and mercury (Table 2.4). 

• Reach 5 - PCBs (Aroclor 1248), PAHs (benzo(a)pyrene, benzo(a)anthracene, 
benzo(b)fluoranthene, benzo(g,h,i)perylene, dibenz(a,h)anthracene, indeno(1,2,3-
c,d)pyrene), aluminum, antimony, arsenic, cadmium, iron, lead, and manganese (Table 
2.5). 

• Reach 6 - benzene, PAHs (acenaphthene, benzo(a)pyrene, benzo(a)anthracene, 
benzo(k)fluoranthene, dibenz(a,h)anthracene, indeno(1,2,3-c,d)pyrene, chrysene, 2-
methylnaphthalene, naphthalene, phenanthrene, and pyrene), aluminum, antimony, 
arsenic, cadmium, chromium, iron, lead, and manganese (Table 2.6). 

• Reach 7 - PCBs (Aroclor 1248 and Aroclor 1260), pesticides (total chlordane, dieldrin, 
4,4’-DDE, total DDT, heptachlor, and toxaphene), benzene, PAHs (benzo(a)pyrene, 
benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene, 
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dibenz(a,h)anthracene, indeno(1,2,3-c,d)pyrene, chrysene, 2-methylnaphthalene, 
naphthalene, and phenanthrene) arsenic, cadmium, lead, manganese, and mercury (Table 
2.7). 

• Roxana Marsh – PCBs (Aroclor 1248, Aroclor 1254, and Aroclor 1260), dieldrin, PAHs 
(benzo(a)pyrene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, 
benzo(g,h,i)perylene, chrysene, dibenz(a,h)anthracene, indeno(1,2,3-c,d)pyrene, and 
pyrene), arsenic, cadmium, chromium, iron, lead, and mercury (Table 2.8). 

IDEM supplied surface water data from the STORET database for the USGS fixed station 
(#05536357) at Hohman Avenue.  Reach 1 and 4 were collected by TtEC, and Reach 6 data were 
available from a former ThermoRetec investigation (ThermoRetec 1999).  No surface water 
COPCs were identified for Reaches 2, 3, and 7 because no data were available for these reaches.  
Examination of Tables 2.9 to 2.12 indicates that there is little variation in the concentrations 
detected between the various reaches.  Therefore, for the purposes of calculating exposure point 
concentrations, results from surface water sampling were combined (see Table 3.9).  The surface 
water COPCs identified for each reach are: 

• Reach 1 – arsenic and lead (Table 2.9). 

• Reach 4 - arsenic and lead (Table 2.10). 

• Reach 6 – naphthalene, chlorodibromomethane, arsenic, and lead (Table 2.11). 

• Reach 5 – aluminum, arsenic, chromium, and lead (Table 2.12). 

Fish data were summarized by species within each reach.  PCB congener results were 
summarized as “Nondioxin-like PCBs” and as “Dioxin TEQs.”  The detected analytes, all of 
which were considered COPCs, are: 

• Reach 1 – four Carp Fillet composite – PCBs, pesticides (alpha- and gamma-chlordane, 
o,p’-DDD, p,p’-DDD, p,p’-DDE, and trans trans-nonachlor), PAHs (acenaphthene, 
acenaphthylene, anthracene, fluoranthene, fluorene, methylnaphthalene, phenanthrene, 
and pyrene), and metals (chromium, copper, iron, selenium, and zinc) (Table 2.13). 

• Reach 1 Chinook Fillet – PCBs, pesticides (alpha- and gamma-chlordane, p,p’-DDD, p,p’-
DDE, p,p’-DDT, dieldrin, and cis- and trans-nonachlor), PAHs (acenaphthene, 
acenaphthylene, anthracene, fluoranthene, fluorene, 1-methylnaphthalene, phenanthrene), 
and metals (chromium, copper, iron, mercury, selenium, and zinc) (Table 2.14). 

• Reach 1 six Goldfish Fillet composite – PCBs, Bis(2-ethylhexyl)phthalate, PAHs 
(fluorene, methylnaphthalene, naphthalene), pesticides (alpha- and gamma-chlordane, 
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o,p’-DDD, p,p’-DDD, p,p’-DDE, and trans-nonachlor), and metals (chromium, copper, 
iron, lead, selenium, and zinc) (Table 2.15). 

• Reach 1 Steelhead Fillet – PCBs, pesticides (alpha- and gamma-chlordane, p,p’-DDD, 
p,p’-DDE, p,p’DDT and cis- and trans-nonachlor), PAHs (acenaphthene, anthracene, 
fluoranthene, fluorene, methylnaphthalene, and phenanthrene), and metals (chromium, 
copper, iron, lead, mercury, selenium, and zinc) (Table 2.16). 

• Reach 2 Chinook Fillet - PCBs, pesticides (alpha-chlordane, o,p’-DDD, p,p’-DDD, p,p’-
DDE, p,p’-DDT, dieldrin, and cis- and trans-nonachlor), PAHs (acenaphthene, 
anthracene, fluoranthene, fluorene, methylnaphthalene, and phenanthrene), and metals 
(aluminum, chromium, copper, iron, lead, manganese, mercury, selenium, and zinc) 
(Table 2.17).  

• Reach 2 six Goldfish Fillet composite - PCBs, pesticides (alpha- and gamma-chlordane, 
o,p’-DDD, p,p’-DDD, p,p’-DDE, dieldrin, gamma-BHC and trans-nonachlor), PAHs 
(acenaphthene, anthracene, fluorene, and methylnaphthalene), and metals (chromium, 
copper, iron, selenium, and zinc) (Table 2.18). 

• Reach 6 two Carp Fillet composite - PCBs, pesticides (alpha- and gamma-chlordane, o,p’-
DDD, p,p’-DDD, p,p’-DDE, dieldrin, and cis- and trans-nonachlor), PAHs (acenaphthene, 
acenaphthylene, anthracene, benz(a)anthracene, benzo(b)fluoranthene, chrysene, 
fluoranthene, fluorene, 2-methylnaphthalene, naphthalene, phenanthrene, and pyrene), and 
metals (aluminum, chromium, copper, iron, lead, selenium, and zinc) (Table 2.19). 

• Reach 7 Carp Fillet - PCBs, pesticides (alpha- and gamma-chlordane, o,p’-DDD, p,p’-
DDD, p,p’-DDE, dieldrin, and cis- and trans-nonachlor), PAHs (acenaphthene, benzoic 
acid, fluoranthene, fluorene, 1- and 2-methylnaphthalene, naphthalene, phenanthrene and 
pyrene), and metals (aluminum, chromium, copper, iron, lead, selenium, and zinc) (Table 
2.20). 

• Reach 7 Goldfish Fillet - PCBs, pesticides (chlordane, o,p’-DDD, p,p’-DDD, p,p’-DDE, 
dieldrin, and cis- and trans-nonachlor), PAHs (acenaphthene, acenaphthylene, anthracene, 
benz(a)anthracene, chrysene, dibenzofuran, fluoranthene, fluorene, methylnaphthalene, 
naphthalene, phenanthrene and pyrene), and metals (chromium, copper, iron, selenium, 
and zinc) (Table 2.21). 

2.3 EXPOSURE POINT CONCENTRATIONS 

In order to quantify the magnitude of exposure that occurs to a receptor, EPCs must first be 
estimated for the COPCs from the available and applicable data sets.  The EPC is the estimated 
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concentration of the COPC in a medium to which a receptor would be exposed.  It is entered into 
equations in conjunction with other exposure factors to calculate chemical daily intakes. 

EPCs were calculated using the EPA program, ProUCL (Version 2.1).  After COPCs were 
determined within each media associated with the site, the 95 percent upper confidence limit 
(UCL) on the mean was calculated for each COPC based on the statistical distribution of each 
data set.  The UCL is an upper-bound estimate of the average or mean concentration of a COPC 
within a specific area.  One-half the SQL was used as the concentration for that sample for 
purposes of statistical evaluation when that constituent was not detected.  In addition, samples 
with field duplicate samples were averaged together prior to inclusion into the statistical 
evaluation. 

The method of calculation of the 95 percent UCL of the arithmetic mean for a data set with a 
normal distribution is as follows: 

1n
S

txUCL%95 x
05.0,df

−
⋅+=  

where: 
x  = Arithmetic mean of the sample results 
Sx  = Standard deviation of the sample results 
n  = Number of sample results 
tdf,0.05  =  Student’s distribution parameter; depends on the degrees of freedom (df) 

and for a 95 percent confidence level, α = 0.05  

The method of calculation of the 95 percent UCL of the arithmetic mean for a data set with a 
log-normal distribution is as follows: 
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where: 
y  = Arithmetic mean of the transformed results [yi = lnXI] 

Sy = Standard deviation of the transformed results [yi = lnXI]  
n = Number of sample results 
H0.95  = H statistic depends on Sy and n for the 95 percent confidence level 

Using ProUCL, a statistical test was performed to determine if the distribution for a COPC 
followed a normal or log-normal distribution.  Based on this determination, the 95 percent UCL 
was calculated by one of the above equations.  If a data set was found to be neither normally or 
log-normally distributed, a UCL was calculated based on the standard deviation value of the log-
normally transformed data set.  Depending on the standard deviation, a 95 percent, 97.5 percent, 
or 99 percent Chebyshev UCL was calculated and recommended as the EPC by the ProUCL 
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software (EPA 2001b).  If the recommended 95 percent UCL was greater than the maximum 
detected concentration, then the maximum detected concentration was used as the EPC. 

Tables 3.1 through 3.18 summarize the EPC development process and the resulting EPCs for 
each chemical in each of the three exposure media (sediment, surface water, and fish tissue).   



Baseline Human Health Risk Assessment  October 2005 
West Branch of the Grand Calumet River Revision 2 

I:\WP\AA23\19587-4-05\19587_rev2.DOC • 10/13/05 3-1

3. EXPOSURE ASSESSMENT 

The exposure assessment describes, both qualitatively and quantitatively, the most significant 
potential pathways through which people may contact contamination in various media at the 
Site.  The exposure assessment considers site conditions associated with both current and 
reasonably foreseeable future uses.  A complete human exposure pathway is composed of the 
following elements (EPA 1989): 

• A source and mechanism of chemical release to the environment; 

• An environmental transport medium for the released chemical or mechanisms of transfer 
of the chemical from one medium to another; 

• A point of potential contact by humans with the contaminated medium; and 

• An effective route of exposure (i.e., ingestion, dermal absorption, or inhalation) for that 
chemical. 

This section presents the exposure assessment step of the BHHRA.  The purpose of the exposure 
assessment was to identify the populations that may come into contact with the COPCs at the site 
and the pathways by which they may be exposed.  The extent of the exposures was then 
quantified.  

Section 3.1 reviews the environmental setting and land use at the WBGCR.  Section 3.2 includes 
the potential source areas, release mechanisms, receptor populations, and exposure pathways to 
be carried through the evaluation.  Section 3.3 presents the calculation of the concentrations of 
the COPCs potentially present at the points of exposure.  Section 3.4 presents the chronic daily 
intake (CDI) calculations (i.e., the amount of COPCs that an individual would be exposed to 
each day) for each route of exposure using population-specific exposure factors and presents the 
input values obtained using the population-specific exposure factors. 

3.1 SITE DESCRIPTION 

3.1.1 Exposure Setting 

The first step was to characterize the site and human populations on and near the site.  
Information for this step is presented in Sections 1 and 3 of the Site Characterization Report 
(FWENC 2003), including: surface features, meteorology, surface water hydrology, geology, soil 
characteristics, demography and land use, and ecology.  This exposure setting information 
supports the identification of potential exposure pathways described in Section 3.2. 
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Land use in the site environs includes residential, recreational, and commercial/industrial uses.  
The following characterizes land use for each of the seven reaches and Roxana Marsh based on 
review of aerial photographs and observations made by TtEC personnel during the site 
characterization and site reconnaissance. Observations regarding the River depth and width are 
those conditions that existed at the time of the sampling; the same conditions may not exist today 
or in the future. 

• Reach 1 – The WBGCR is approximately 1 to 2 feet deep in this area, but may be as much 
as 3 to 4 feet deep in channelized areas near the abandoned trestles.  Industrial land use 
predominates on the northeastern side of the WBGCR.  On the northwest end there is 
open land with three sets of railroad tracks; just north of this area are single-family 
residences.  The south side of the WBGCR is contiguous with Roxana Marsh.  The land 
surface adjacent to the river is well vegetated.  There are several small business located on 
the eastern end, including National Recovery Systems, TopBulb, the National Briquette 
Company, and the Ki-Yowga Club.  To the north of the HSD is Kosciuszko Park, which 
includes ball fields, slides, and other recreational facilities.   

• Reach 2 – Water is typically 2 to 3 feet deep in this area but may be as much as 9 to 12 
feet deep near the HSD outfall.  The outfall forms a watershed divide in the middle of 
Reach 2, with the east side of the reach flowing predominantly east and the west side of 
the reach flowing west.  The south side of the WBGCR is primarily single-family 
residential, and includes Roxana Park, a recreational area adjacent to I-90.  The park 
includes a playground and other recreational facilities including picnic tables; there is an 
opening in the fence allowing access to footpaths along the southern bank of the WBGCR.  
A pipeline runs between the park and the WBGCR and crosses over the river east of the 
HSD outfall.  On the western end of the south bank of Reach 2 is Columbia Park, which 
includes ball fields.  The north bank includes the HSD outfall and former sludge lagoons.  
To the east, Niagara-LaSalle Steel abuts the HSD property.  The surrounding area is 
primarily single-family residential.   

• Reach 3 – The river is only about 6 to 12 inches deep and 10 feet wide in this area.  Land 
use south of the WBGCR includes an industrial area next to the Columbia Avenue Bridge 
as well as residential areas including multi-family dwellings.  Eddie’s Asphalt, and the 
Super Duper gas station face Columbia Avenue just south of the WBGCR.  Single-family 
residential neighborhood is adjacent to the south bank of the river between Eddie’s 
Asphalt and the auto repair shop at Calumet Avenue.  On the eastern end of the north 
bank are ball fields (Irving Baseball Complex), as well as a large warehouse utilized for 
sewer maintenance by the HSD.  There are also vacant lots are on the western end of the 
south side of the river.  
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• Reach 4 – Historically, water flows freely between Reaches 3, 4, and 5.  There is an open 
area to the south of Reach 4.  Water levels in Reach 4 are typically one foot or less, but 
were higher during the site characterization, when the culvert to Reach 5 was observed to 
be blocked.  On the eastern end of the north bank facing Calumet Avenue is a school (City 
Baptist Schools) with recreational facilities, including athletic fields.  A chain-link fence 
separates the school property from the river, although breeches in the fence were 
observed; to the south is Peoples Park which includes soccer fields and provides access to 
the Grand Calumet River Trail.  Immediately west of the park is a recently constructed 
outdoor skate or roller blade facility (Turner Field Skate Park), and a large maintenance or 
storage area.  Farther west of Turner Park are small businesses and residential housing, 
primarily single family.  Hammond Elderly Housing is south of Michigan Road.   

• Reach 5 – Water levels in Reach 5 are typically 1 foot or less.  Land use near the south 
bank is primarily multi-family residential and includes a recreation area on the eastern 
side; to the north, land use is primarily industrial.  Parking for American Steel Foundries 
is adjacent to the river.  North of American Steel Foundries on the other side of Hoffman 
Avenue are residential areas, but the industrial areas are fenced, limiting access.  The 
Hubert Humphrey Building, senior citizen housing, is located at the far western end of 
Reach 5, adjacent to Hohman Avenue. 

• Reach 6 – Water levels in Reach 6 are typically 1 foot or less.  The vacant lot on the south 
side was the location of a former manufactured gas plant owned by the Hammond Electric 
Company in the early 1900s, and later part of NIPSCO.  The manufactured gas plant has 
been demolished and fenced off with a 6- to 8-foot chain-link fence topped with barbed 
wire; south of this area is an auto salvage or body shop.  There is a transportation 
operation covering most of the north bank, Djuric Trucking; farther north on the other side 
of Sheffield Avenue is a residential area.  On the far west end of Reach 6 is an abandoned 
former industrial area.  

• Reach 7 – Water levels in Reach 7 are typically 1 to 2 feet.  On the eastern end of Reach 7 
are the bridge abutments for a turning bridge.  There is graffiti and other nuisance 
indications of human activity.  The south bank includes a salvage yard (Midwest Salvage) 
and large industrial buildings to the west.  One block south of the salvage yard is a 
grocery store, pharmacy, and other retail establishments.  Land use on the north bank is 
primarily industrial – Carlson-Reid, a concrete pipe manufacturer.  Beyond Reach 7, to 
the west is Dynagel manufacturing; 1 to 2 blocks to the south (approximately one-quarter 
mile) is residential single-family housing.  To the north there is a swampy area, railroad 
tracks, and abandoned land continuing for about one-half mile.  
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• Roxana Marsh – This area is generally not covered by water, but is often saturated under a 
mat of thick vegetation with several small meandering channels.  Although access to this 
area is limited to a gated dirt road off of the adjacent paved road, this area is used for 
recreational purposes.  Evidence of dumping was observed during site reconnaissance, 
including building debris and graffiti.  Several utilities are also present: NIPSCO has 
power lines on overhead towers; and Wolverine and Amoco pipelines pass through the 
area.  The Knights of Columbus meeting hall has parking on the other side of the adjacent 
paved road. 

Recreational uses of the river include angling, boating, hiking, walking and use of adjacent 
parks.  Despite annual fish consumption advisories dating from 1986, not all anglers are aware of 
the advisory and even some of those who are aware of the advisory do not necessarily follow the 
consumption advisory (Williams et al. 2000).  Fish have been documented in reaches 1, 2, 6, 
and 7.  Reaches 3, 4, and 5 currently may be isolated and/or too shallow for fish of edible size.  
Residential areas abut the River in reaches 2, 3, 4, and 5.  There are residential areas within 
approximately ¼ mile of reaches 1, 6 and 7.  In general, direct access to the River is limited by 
topography, brush, and/or fencing but is not precluded.  Utility pipelines run adjacent to and 
cross the River in Reaches 1, 2 and Roxana Marsh in several locations, and there are culverts at 
most of the roads that divide the various reaches. 

3.1.2 Environmental Setting 

Two geohydrologic units underlie the WBGCR: an unconsolidated surficial sand aquifer 
(Calumet aquifer) and a carbonate-bedrock aquifer (Silurian-Devonian aquifer).  In most of the 
area, these aquifers are separated by a confining unit of silty clay.  The Calumet aquifer is 
described as an unconfined, or water table, aquifer.  The Calumet aquifer is recharged by direct 
infiltration of precipitation.  The average depth to water is typically less than 10 feet.  Discharge 
from the Calumet aquifer is primarily to surface water. 

The WBGCR usually flows both east and west, with a hydraulic divide typically present in the 
vicinity of the HSD outfall east of Columbia Avenue.  Historically, the volume and direction of 
water flow through the river were determined by Lake Michigan water levels.  During periods of 
high lake levels, flow may be to the west throughout the WBGCR.  Drops in the level of Lake 
Michigan since 1997 have resulted in reduced water levels in the river. 

There is relatively little topographic relief in the area.  During the site characterization study, the 
water level varied from 578 feet to 580 feet.  Both riverbanks slope upward from this elevation 
to an elevation between 582 feet and 585 feet.  Beyond the riverbank, the study area is relatively 
flat.  Excluding manmade objects, ground elevations within the study area do not exceed 590 
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feet.  There is no pronounced slope to the topography along the length of the river, and 
elevations of the flood plains on both sides of the river are similar (FWENC 2003). 

During the site characterization study, non-aqueous phase liquid (NAPL) materials or significant 
petroleum sheen were encountered in many of the sediment core samples, primarily in the upper 
4 to 8 feet of sediments.   

3.2 CONCEPTUAL SITE MODEL 

Development of the human health risk assessment requires an understanding of the pathways 
through which identified receptors are exposed to COPCs.  In turn, the identification of key 
exposure pathways requires an understanding of the sources and releases of environmental 
contaminants and the fate of these substances.  This section is intended to identify the key 
exposure pathways and receptor groups in the WBGCR. 

The conceptual site model (CSM) is used to identify pathways of contaminant migration.  Only 
those pathways with a complete exposure route are selected for evaluation.  Figure 3-1 shows the 
potential pathways for contaminant migration to human receptors for the current principal 
contaminant sources.  These pathways include direct contact with impacted surface water and 
sediments and consumption of fish.  Direct contact includes incidental ingestion and dermal 
contact with sediments, and potentially inhalation of airborne particulate-bound COPCs or 
volatile COPCs.  Surface or shallow sediments are considered to be any core sample that 
includes the uppermost interval.  As stated previously, in general the highest concentrations of 
contaminants were detected within the uppermost 4 to 8 feet of sediments.  Potential exposures 
to deeper sediments, soil, and groundwater are beyond the scope of this BHHRA, which is 
focused only upon the reaches of the river system.   

The pathway screening step involves systematic examination of each contaminated 
environmental medium, contaminant transport pathway, and exposed population to define which 
combinations should be evaluated quantitatively.  The combinations to be considered are those 
that represent current complete pathways or future pathways (using realistic assumptions about 
future land use).  The following sections discuss the results of the pathway analysis steps in 
terms of potential source areas and release mechanisms (Section 3.2.1) and exposure pathways 
and receptors (Section 3.2.2). 
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Figure 3-1. Conceptual Site Model  
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3.2.1 Potential Source Areas and Release Mechanisms 

The principal current sources of COPCs are sediment deposits found in the seven reaches of the 
WBGCR and Roxana Marsh.  The principal exposure medium is sediment.  Exposures to 
sediment-related COPCs can also occur when sediments are resuspended in the water.  
Sediment-related COPCs are also taken up by micro and macrofauna that are subsequently 
ingested by fish.  Therefore, fish are a secondary exposure medium. 

Most of the area is water-covered throughout the year.  Reaches 3, 4, and 5 generally have very 
low water levels, and during periods of limited precipitation, may dry out.  During these times, it 
is possible that the particulate-bound COPCs could be entrained in ambient air.  Therefore, 
entrained dusts are a secondary exposure medium.  Although Roxana Marsh is not water-
covered, nearly all of this area is covered with thick vegetation, which minimizes dust 
generation. 

Only one volatile organic compound, benzene, was detected and is a COPC in Reach 6 and 7 
sediments.  These areas are typically water-covered, and therefore significant volatilization to 
ambient air is unlikely because the benzene would first be released to pore water, then to surface 
water, and ultimately to the atmosphere.  Benzene has not been detected in surface water 
samples.  Therefore, this pathway appears to be incomplete under current site conditions. 

As mentioned previously, sediments may become resuspended in surface water and therefore 
surface water is a secondary exposure medium.  COPCs for surface water, combined for all 
reaches, are:  aluminum, arsenic, chromium, lead, naphthalene, and chlorodibromomethane.  
Three VOCs were detected in surface water:  chlorodibromomethane, bromoform, and 
naphthalene.  Apparently, the chlorodibromomethane and bromoform are present as artifacts of 
disinfection of the HSD NPDES discharge, because trihalomethanes have not been identified in 
sediments and are not associated with the industrial discharges to the WBGCR.  In general, 
VOCs can volatilize from surface water to ambient air.  Both chlorodibromomethane and 
naphthalene were selected as COPCs for surface water.  Neither compound meets the “volatile” 
criteria of having a Henry’s Law constant greater than 10-5 (atm-m3/mol) and a molecular weight 
less than 200 g/mole.  Therefore, potential transport from surface water to ambient air is likely to 
be insignificant due to both the low volatilization potential of these compounds and the rather 
low concentrations detected. 

Although there may be other impacted environmental media (i.e., groundwater) associated with 
the WBGCR, evaluation of potential human health risks associated with groundwater exposures 
are beyond the scope of this study.   
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3.2.2 Exposure Pathways and Receptors 

Receptors identified for the BHHRA are adult municipal workers or utility workers performing 
maintenance activities within the WBGCR and Roxana Marsh, adult and child residents who 
may use the WBGCR and Roxana Marsh for recreation, and active anglers from the surrounding 
area.  Exposure pathways associated with maintenance activities include direct contact with 
sediments and surface water.  Direct contact includes both incidental ingestion of sediment and 
surface water as well as dermal absorption of COPCs in these media.  When working in Reaches 
3, 4, and 5 during extended dry periods, exposure may also include inhalation of windborne 
entrained particulate-bound COPCs.  Similarly, adult and child residents may also be exposed to 
sediment and surface water through direct contact with these media.  Anglers may directly 
contact sediment and surface water, and would also ingest fish caught from the area.  Although 
residents may also consume fish, the additional risk associated with fish ingestion will be 
calculated in the active angler scenario, and discussed as an additional component of the risk 
characterization.  Anglers may also be residents, but the exposure factors for the active angler 
already incorporate exposure from wading in the WBGCR.  The “resident” is intentionally 
assumed to be a non-anglers, so that risks associated with different uses of the WBGCR can be 
evaluated distinctly (i.e., recreational contact or “swimable” versus fishing and recreational 
contact or “fishable/swimable”).   

3.3 FATE AND TRANSPORT MODELS 

The intermedia transfer of contaminants at the WBGCR was identified to include transfers from: 

• resuspension from sediments to surface water; 

• bioaccumulation from sediments and surface water to fish; and 

• particulate transfers from sediment to ambient air. 

Both surface water and fish have been characterized directly by sampling and analysis.  
Therefore, empirical data were used to estimate exposure point concentrations rather than fate 
and transport modeling.  The approach used to estimate transfers from sediment to ambient air is 
summarized below. 

Sediment particles may be released into the ambient air as the result of wind erosion and 
entrainment where they may be inhaled by a person.  In order for wind erosion to occur, the 
sediments would need to become exposed for a sufficient length of time such that they would dry 
out.  Wind erosion was modeled using the quantitative approach described in EPA’s 
Supplemental Soil Screening Guidance (EPA 2002c).  This approach uses a particulate emission 
factor (PEF) to define the relationship between the concentration of a chemical in exposed soil 
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and the concentration of wind-entrained dust particles in the air.  The reciprocal of the PEF is 
coupled with the concentration of the contaminant in soil to estimate a resulting concentration in 
air.  Consequently, lower PEFs are associated with higher air concentrations.  The parameters 
used to calculate a site-specific PEF are presented in Table 4.4.  The equation for the PEF is the 
following: 

( ) ( )xFU
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hrsec600,3
C
QPEF

3

t
m ⋅⎟

⎠
⎞⎜

⎝
⎛⋅−⋅

⋅=  

where: 
Q/C = Inverse of the Mean Concentration at Center of Square Source [g/m2-sec 

per kilogram per cubic meter (kg/m3)] 
Um = Mean Annual Wind Speed [m/s] 
Ut = Equivalent Threshold Value of Wind Speed at 10 m [m/s] 
V = Wind Speed in Mixing Zone [m/s] 
F(x) = Function Dependent on Um/Ut [unitless] 

The wind erosion intermedia transfer applies to the potential exposures to the Resident and 
Maintenance/Utility Worker in Reaches 3, 4, and 5.  Fishing may occur in these reaches but as 
no data are available, an EPC could not be calculated and therefore the active angler scenario is 
not evaluated for these reaches.  Values for V, Um, Ut, and F(x) used to calculate Q/C were 
based on climate data for Chicago, Illinois.  The calculated PEF was 1.78E9 m3/kg for Reaches 
3, 4, and 5.  PEF calculations can be found in Table 4.4. 

3.4 EXPOSURE PARAMETERS 

The estimation of chemical intakes for each of the routes of exposure identified in the CSM 
requires the specification of parameters that define the scenarios of potential current or future 
exposure for each of the identified receptors.  As described in the Remedial Action Objectives 
(RAO) document (TtEC 2005), reasonable maximum exposure (RME) assumptions were 
specified for the BHHRA.  The RME assessment parameter values were selected so that risk 
estimates are likely to result in an overestimate of risk so that a conservative approach would be 
taken.  These parameter assumptions are summarized in the sections that follow. 

3.4.1 Active Angler 

Fish consumption rates for the angler populations evaluated in this BHHRA were based on the 
assumption that the population of interest comprises active anglers.  Because site-specific 
information on fish consumption rates have not been collected as part of this project, data from 
other studies throughout the Great Lakes region were evaluated.  Several locations within the 
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Gary area, including the Hammond Marina, were included in a study funded by IDEM (Williams 
et al. 2000).   

Although this study did not explicitly distinguish between recreational and subsistence anglers, 
the study design was such that more active anglers were more likely to be included in the survey.  
The study was intended to investigate the consumption patterns of minority and low-income 
anglers.  “Minority active consuming-anglers” had a mean gram per day (gpd) consumption of 
27.2 grams, which is significantly higher than the “white active-consuming-anglers” who 
averaged 20.0 gpd.  Although there was a significant difference in consumption rates based on 
income, the highest income groups reported the highest consumption rates (more than twice the 
rates of the lowest income groups).  Included in the results were percentile estimates for fish 
consumption rates for “active consumers” and “potential and active consumers” for various 
breakdowns including:  three different regions of Indiana (north, central, and south), and 
awareness of fish consumption advisories (not aware, generally aware, and very aware).  Based 
on the data presented, a fish consumption rate of 37.8 gpd was selected as the adult RME 
consumption rate.  The level corresponds to the 95th percentile for active consumers in northern 
Indiana.  It also corresponds to the 80th percentile of active consumers very aware of 
consumption advisories.  The same survey was used to establish an estimate of fishing 
frequency.  The 93rd percentile of fishing frequency was 2 to 4 days per week and the 100th 
percentile was 5 to 7 days per week.  Therefore a fishing frequency of 4 days per week (or 208 
days per year) was selected for the RME case. 

These estimates (37.8 gpd and 4 days per week) are consistent with other estimates of fish 
consumption rates.  EPA-RAGS-A includes an estimate of 38 gpd as the 50th percentile for fish 
consumption (EPA 1991).  EPA currently recommends a default fish consumption rate of 
17.5 gpd for general populations and recreational fishers, which is the 90th percentile of 
recreational or sport fishers (USDA/ARS, 1998) and of the average consumption of uncooked 
fish and shellfish from estuarine and fresh waters by recreational fishers (EPA 2000).  A survey 
of Michigan anglers (West et al. 1993) estimated a mean sport fish consumption rate of 43.1 gpd 
for low-income minority anglers.   

Due to the proximity of the WBGCR to Indiana Harbor, it is assumed that fishermen spend half 
of their time fishing in the WBGCR and consequently only half of their annual consumption of 
self-caught fish comes from the WBGCR.  This assumption is reflected in the use of fractional 
adjustment in the estimates of CDI.  For ingestion exposures including incidental ingestion of 
sediment and surface water, as well as fish, the fractional adjustment takes the form of “Fraction 
Ingested” (FI).  For dermal contact exposures it takes the form of “Event Frequency” (EF). 
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3.4.1.1 Adult Active Angler 

For the purposes of this risk assessment, it was assumed that the adult active angler may be 
exposed to sediment and surface water and fish in Reaches 1, 2, 6, and 7.  See Tables 4.1, 4.2, 
and 4.3 for a summary of the exposure factors discussed below. 

A total frequency of exposure to sediment and surface water was conservatively assumed to be 
208 days/year.  This value corresponds to a fishing frequency of 4 days per week. 

The exposure duration for the anglers was assumed to be 30 years for RME, the default value for 
residents (EPA 2002c).  The adult angler’s body weight was assumed to be 70 kilogram (kg), the 
default value for residents (EPA 2002c).  The averaging time for non-carcinogenic effects was 
set equal to the exposure duration by definition (EPA 1989).  The averaging time for 
carcinogenic effects was assigned a lifetime value of 70 years (EPA 1989). 

The incidental ingestion rate of sediment by the adult anglers was assumed to be 100 milligrams 
per day (mg/day).  The 100 mg/day value represents EPA’s recommended soil ingestion rate for 
residents (EPA 2002b).  The fraction of contaminated soil or sediment ingested was 
conservatively assumed to be 0.5, based on the assumption that the active angler would divide 
his time between the WBGCR and Indiana Harbor or other fishing areas. 

The fishermen were assumed to typically wear a short-sleeved shirt, shorts, and shoes.  Thus, the 
exposed skin surface area (5,700 square centimeters [cm2]) was the sum of the average of the 
50th percentile surface area for adult males and females for the head, hands, and forearms and 
legs.  This value is the recommended exposed surface area for RME for residents (EPA 2002b).  
The soil-to-skin adherence factor was assumed to be 0.07 milligrams per square meter (mg/cm2)-
event (EPA 2004a, 2002b).  These values correspond to the recommended soil adherence factors 
for an adult resident.  Dermal exposures to sediments will differ from exposure to soil due to 
differences in their physical properties and differences in the conditions under which these types 
of exposures occur.  Studies of dermal exposures to sediments are quite limited, and therefore 
EPA recommends the same risk assessment approach for sediments as for soils (EPA 2001a).  
Specific uncertainties associated with dermal exposure to sediments are discussed in Section 6. 

Sediments in Reaches 1, 2, 6 and 7 are assumed to be sufficiently wet, so as not to emit 
particulates into the ambient air as a result of wind erosion.  Therefore, inhalation exposures to 
wind-borne particulates were not quantified for the active angler. 

When working in areas in the WBGCR, it was assumed that the angler’s forearms, hands, feet, 
and lower legs may be frequently submerged, so a total exposed skin surface area of 5,700 cm2 
was assumed to have prolonged contact with surface water (EPA 2004a). 
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The incidental ingestion rate of surface water was conservatively assumed to be 0.05 L/hour, the 
default value for swimming (EPA 1989).  Any contact by this potential receptor with the surface 
water would be incidental because the anglers cannot actually swim in the WBGCR.  In fact, 
surface water in the WBGCR is very shallow and it is quite unlikely that any ingestion would 
occur.  The total event duration and exposure time was assumed to be 2 hours, based on 
professional judgment. 

As discussed previously, the fish consumption rate was assumed to be an annual average of 37.8 
grams per day, with a fractional adjustment of 0.5 to account for fishing at other locales.  The 
exposure frequency is assumed to be 365 days per year to correspond to the use of an annual 
average consumption rate. 

3.4.1.2 Child Anglers 

The child active anglers are assumed to be children aged 6 to 10.  Younger children are unlikely 
to fish with such frequency, and exposures to older children (e.g., ages 11 to 15 and 16 to 17) are 
comparable to those for adult active anglers.  The child active angler may be exposed to 
sediment and surface water and fish in Reaches 1, 2, 6, and 7.  See Tables 4.1, 4.2, and 4.3 for a 
summary of the exposure factors discussed below. 

A total frequency of exposure to sediment and surface water, was conservatively assumed to be 
208 days/year.  This value corresponds to a fishing frequency of 4 days per week. 

The exposure duration for the child active angler was assumed to be 5 years, consistent with the 
assumed age range.  The child angler’s body weight was assumed to be 25.9 kg, the suggested 
value for this age group (EPA 2001d).  The averaging time for non-carcinogenic effects was set 
equal to the exposure duration by definition (EPA 1989).  The averaging time for carcinogenic 
effects was assigned a lifetime value of 70 years (EPA 1989). 

The incidental ingestion rate of sediment by the child angler was assumed to be 187 mg/day.  
The 187 mg/day value represents EPA’s recommended 90th percentile soil ingestion rate for 
children aged 6 to 10 (EPA 2001d).  The fraction of contaminated soil or sediment ingested was 
conservatively assumed to be 0.5, based on the assumption that the child fishermen would divide 
his time between the WBGCR and Indiana Harbor or other fishing areas. 

The child anglers were assumed to typically wear short-sleeved shirts, shorts, and shoes.  Thus, 
the exposed skin surface area (3,000 cm2) was the sum of the average of the 50th percentile 
surface area for children aged 6 to 10, for the hands, forearms, lower legs and feet.  The soil-to-
skin adherence factor was assumed to be 0.07 mg/cm2-event (EPA 2004a, 2002b).  These values 
correspond to the recommended soil adherence factors for children age 7 and up. 
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Sediments in Reaches 1, 2, 6, and 7 are assumed to be sufficiently wet, so as not to emit 
particulates into the ambient air as a result of wind erosion.  Therefore, inhalation exposures to 
wind-borne particulates were not quantified for the child active angler. 

When fishing in the WBGCR, it was assumed that the child angler’s forearms, hands, lower legs, 
and feet may be frequently submerged, so a total exposed skin surface area of 3,000 cm2 was 
assumed to have prolonged contact with surface water (EPA 2004a). 

The incidental ingestion rate of surface water was conservatively assumed to be 0.05 L/hour, the 
default value for swimming (EPA 1989).  Any contact by this potential receptor with the surface 
water would be incidental because the child will not actually be swimming in the surface water 
bodies.  In fact, surface water in the WBGCR is very shallow and it is quite unlikely that any 
ingestion would occur.  The total event duration and exposure time was assumed to be 2 hours, 
based on professional judgment. 

As discussed previously, the fish consumption rate was assumed to be proportional by body 
weight to that of the adult active angler, resulting in an intake rate of 14 grams per day, with a 
fractional adjustment of 0.5 to account for fishing at other locales.  The exposure frequency is 
assumed to be 365 days per year to correspond to the use of an annual average consumption rate. 

3.4.2 Residents 

There are residential areas on the south side of Reaches 2, 3, 4, and 5.  There are also residential 
areas within approximately one-quarter mile of Reaches 1, 6, and 7.  The following sections 
discuss specific exposure factors used to quantify exposures associated with wading in the 
WBGCR. 

3.4.2.1 Adult Residents 

The adult resident was assumed to be a current or potential future receptor who lives in the 
housing near the WBGCR.  For the purposes of this risk assessment, it was assumed that the 
adult resident may be exposed to sediment and surface water while wading in the Grand Calumet 
River.  See Tables 4.1 and 4.2 for a summary of the exposure factors discussed below. 

The frequency and duration of exposure to surface water and sediment was assumed to be 12 
days/year and 1 hour per event consistent with EPA’s default exposure factors for swimming 
(EPA 1997a). 

The exposure duration for the adult resident was assumed to be 30 years, the default values for 
an adult resident (EPA 2002b).  Body weight was assumed to be 70 kg, the default value for an 
adult resident (EPA 2002b).  The averaging time for non-carcinogenic effects was set equal to 



Baseline Human Health Risk Assessment  October 2005 
West Branch of the Grand Calumet River Revision 2 

I:\WP\AA23\19587-4-05\19587_rev2.DOC • 10/13/05 3-14

the exposure duration by definition (EPA 1989).  The averaging time for carcinogenic effects 
was assigned a lifetime value of 70 years (EPA 2002b). 

The incidental ingestion rate for sediment by the adult resident was assumed to be 100 mg/day 
for RME, the default value for soil ingestion (EPA 2002b).  The fraction of the daily intake from 
the contaminated source was assumed to be 1, or 100 percent. 

The adult resident was assumed to typically wear a short-sleeved shirt, shorts, and shoes.  Thus, 
the exposed skin surface area (5,700 cm2) was the sum of the average of the 50th percentile 
surface area for adult males and females for the forearms, hands, lower legs, and feet (EPA 
2004a).  This value is the recommended exposed surface area for RME (EPA 2002b).  The soil-
to-skin adherence factor was assumed to be 0.07 mg/cm2-event.  This value corresponds to the 
recommended adherence factors for a resident.  As discussed in Section 3.4.1.1, there are 
specific uncertainties associated with dermal absorption from sediments; these uncertainties are 
discussed in Section 6.0. 

Inhalation exposures of particulates emitted from exposed sediments in Reaches 3, 4, and 5 are 
calculated using a particulate emission factor to estimate the resulting air concentration.  As 
discussed in Section 3.3, the PEF for the resident was 1.78E9 kg/m3.  An inhalation rate of 20 
m3/day (0.83 cubic meter per hour [m3/hour] for 24 hours) was assumed.  This value is EPA’s 
recommended residential inhalation rate (EPA 2002b).  Sediments in Reaches 1, 2, 6, and 7 are 
assumed to be sufficiently wet, so as not to emit particulates into the ambient air as a result of 
wind erosion.  Sediments in Roxana Marsh are covered with a thick layer of vegetation that also 
minimizes or prevents wind erosion. 

When wading in the WBGCR, it was assumed that the adult resident’s forearms, hands, lower 
legs, and feet may contact the surface water, so a total exposed skin surface area of 5,700 cm2 
was assumed for contact with surface water.  The WBGCR is very shallow, typically l to 2 feet 
deep. 

The incidental ingestion rate of surface water was conservatively assumed to be 0.05 L/hour, the 
default value for swimming (EPA 1989).  Any contact with the surface water would be 
incidental because the adult resident will not actually be swimming in the WBGCR.  The total 
event duration and exposure time to surface water was assumed to be 1 hour, 12 times a year.  
These values correspond to EPA’s recommended frequency and duration for swimming (EPA 
1997a).  

3.4.2.2 Child Resident 

The child resident was assumed to be a current or potential future receptor who lives in the 
housing near the WBGCR.  For the purposes of this risk assessment, it was assumed that the 
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child resident may be exposed to surface water and sediments while wading in the Grand 
Calumet River.  A child is defined as an individual between 3 and 5 years of age.  This age group 
was selected for quantification because this group spends a larger amount of time outdoors than 
either younger or older children (EPA 2001d).  See Tables 4.1 and 4.2 for a summary of the 
exposure factors discussed below. 

The RME frequency of exposure to surface water and sediment was assumed to be 12 days/year 
consistent with EPA’s default exposure frequency for swimming (EPA 1997a).  The exposure 
time was assumed to be 1 hour per event. 

The exposure duration for the child resident was assumed to be 3 years to correspond with the 
assumed age range of 3 to 5 years old.  Body weight was assumed to be 16.05 kg, the default 
value for this age group resident (EPA 2001d).  The averaging time for non-carcinogenic effects 
was set equal to the exposure duration by definition (EPA 1989).  The averaging time for 
carcinogenic effects was assigned a lifetime value of 70 years (EPA 1989). 

The incidental ingestion rate for sediment by the child resident was assumed to be 150 mg/day, 
the 90th percentile recommended value for this age group (EPA 2001d).  One hundred percent of 
the daily intake was assumed to come from the contaminated source. 

The child resident was assumed to typically wear a short-sleeved shirt, shorts, and no shoes.  
Thus, the exposed skin surface area (3,300 cm2) was the average of the 50th percentile surface 
area for the forearms, hands, legs, and feet for males and females (EPA 2004a, 2001d).  The soil-
to-skin adherence factor was assumed to be 0.2 mg/cm2-event (EPA 2004a, 2002b).  These 
values correspond to the recommended adherence factors for a resident child ages 1 to 6.   

Inhalation exposures of particulates emitted from exposed sediments in Reaches 3, 4, and 5 are 
calculated using a particulate emission factor to calculate the resulting air concentration.  As 
discussed in Section 3.3.3, the PEF for the resident is 1.78E9 kg/m3.  An inhalation rate of 14 
m3/day (0.58 m3/hour for 24 hours) was assumed.  This value is EPA’s recommended inhalation 
rate for children ages 3 to 5 (EPA 2001d).  Sediments in Reaches 1, 2, 6, and 7 are assumed to be 
sufficiently wet, so as not to emit particulates into the ambient air as a result of wind erosion.  
Sediments in Roxana Marsh are covered with a thick layer of vegetation that also minimizes or 
prevents wind erosion. 

When wading in the WBGCR, it was assumed that a child’s face, forearms, hands, legs, and feet 
may contact the surface water, so a total exposed skin surface area of 3,300 cm2 was assumed for 
contact with surface water (EPA 2004a, 2001d). 

The incidental ingestion rate of surface water was conservatively assumed to be 0.05 L/hour, the 
default value for swimming (EPA 1989).  Any contact with the surface water would be 
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incidental because the child resident will not actually be swimming in the WBGCR.  The total 
event duration and exposure time to surface water was assumed to be 1 hour, 12 times a year.  
These values correspond to EPA’s recommended frequency and duration for swimming (EPA 
1997a). 

3.4.3 Maintenance/Utility Worker 

For the purposes of this risk assessment, it was assumed that the worker may be exposed to 
sediment and surface water and ambient air as the result of general maintenance activities within 
all seven reaches and Roxana Marsh.  See Tables 4.1 and 4.2 for a summary of the exposure 
factors discussed below. 

A total frequency of exposure to sediment and particulates entrained in ambient air and surface 
water, was conservatively assumed to be 8 days/year for RME exposures.  This value is a site-
specific assumption that culvert maintenance or similar activity is required for 2 days each 
quarter.  Each workday was assumed to last for 8 hours.   

The exposure duration for the worker was assumed to be 25 years for RME, the default value for 
commercial/industrial workers (EPA 2004a).  The worker’s body weight was assumed to be 70 
kg, the default value for commercial/industrial workers (EPA 1991).  The averaging time for 
non-carcinogenic effects was set equal to the exposure duration by definition (EPA 1989).  The 
averaging time for carcinogenic effects was assigned a lifetime value of 70 years (EPA 1989). 

The incidental ingestion rate of sediment by the worker was assumed to be 100 mg/day for RME.  
The 100 mg/day value represents EPA’s recommended soil ingestion rate for outdoor workers 
(EPA 2002b).  The fraction of contaminated sediment ingested was conservatively assumed to be 
1, implying that all soil, sediment, or dust contacted and incidentally ingested would be from the 
contaminated area. 

The on-site worker was assumed to typically wear a short-sleeved shirt, long pants, and shoes.  
Thus, the exposed skin surface area (3,300 cm2) was the sum of the average of the 50th 
percentile surface area for adult males and females for the face, forearms, and hands (EPA 
2002b).  The soil-to-skin adherence factor was assumed to be 0.2 mg/cm2-event (EPA 2004a, 
2002b).  These values correspond to the recommended adherence factors for an adult 
commercial/industrial worker.   

Inhalation exposures of particulates emitted from sediments in Reaches 3, 4, and 5 are calculated 
using a particulate emission factor to calculate the resulting air concentration.  As described in 
Section 3.3.1, a PEF of 1.78E9 kg/m3 for particulate emissions associated with wind erosion 
from exposed surface sediments was calculated.  An inhalation rate of 20 m3/workday or 2.5 
m3/hour for an 8-hour workday was assumed for RME exposures.  This value is EPA’s 



Baseline Human Health Risk Assessment  October 2005 
West Branch of the Grand Calumet River Revision 2 

I:\WP\AA23\19587-4-05\19587_rev2.DOC • 10/13/05 3-17

recommended outdoor worker inhalation rate (EPA 2002b).  Sediments in Reaches 1, 2, 6, and 7 
are assumed to be sufficiently wet, so as not to emit particulates into the ambient air as a result of 
wind erosion.  Sediments in Roxana Marsh are covered with a thick layer of vegetation that 
minimizes or prevents wind erosion. 

When working in areas in the WBGCR, it was assumed that the worker’s hands, feet, and lower 
legs may be frequently submerged, so a total exposed skin surface area of 4,499 cm2 was 
assumed to have prolonged contact with surface water. 

The incidental ingestion rate of surface water was conservatively assumed to be 0.05 L/hour, the 
default value for swimming (EPA 1989).  Any contact by this potential receptor with the surface 
water would be incidental because the maintenance/utility worker will not actually be swimming 
in the surface water bodies.  In fact, surface water in the WBGCR is very shallow (typically 1 to 
2 feet deep) and it is quite unlikely that any ingestion would occur.  The total event duration and 
exposure time was assumed to be 8 hours, based the on site-specific assumptions that contact is a 
full workday. 
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4. TOXICITY ASSESSMENT 

The toxicological information used for this site is based on non-carcinogenic (threshold) and 
carcinogenic (non-threshold) effects caused by exposure to chemicals that have been observed in 
humans and/or laboratory animals associated with a particular dose of that compound.  The 
toxicological information is used in conjunction with the exposure assessment to characterize 
risk associated with each COPC via the identified exposure pathways.  Toxicity profiles for 
COPCs can be found in Appendix A.  Chemical-specific toxicological parameters (i.e., non-
carcinogenic reference doses [RfDs] and reference concentrations [RfCs] and cancer slope 
factors [SFs] and unit risks [URs]) were obtained from established EPA sources with the 
following priority (EPA 2003a):  

• Tier 1: Integrated Risk Information System (IRIS) (EPA 2004b); 

• Tier 2: Provisional Peer Reviewed Toxicity Values (PPRTVs) from EPA’s Superfund 
Technical Support Center at the National Center for Environmental Assessment; 

• Tier 3: Other Toxicity Values, such as Health Effects Assessment Summary Tables 
(HEAST) (EPA 1997b), ATSDR Minimal Risk Levels (MRLs), and California 
Environmental Protection (Cal EPA) toxicity values. 

4.1 NON-CARCINOGENIC EFFECTS 

The non-carcinogenic toxicological factors are based on the assumption that there is a level of 
chemical dose or intake below which no adverse health effects would be expected.  RfDs and 
RfCs that are associated with threshold effects provide the estimate of the daily dose of the 
chemical to which an individual may be exposed without an appreciable risk of adverse health 
effects, including organ damage or reproductive effects.  The chronic RfD and RfC are derived 
from either an available No Observable Adverse Effects Level (NOAEL) or the Lowest 
Observable Adverse Effects Level (LOAEL).  Uncertainty and modifying factors are applied to 
the NOAEL and LOAEL to account for interspecies differences, the duration of the critical 
study, protection of sensitive subpopulations, and any additional uncertainties associated with 
the principal study on which the toxicological factor was based. 

4.1.1 Oral/Dermal Non-Carcinogenic Effects 

The chronic oral RfD values used in the risk assessment are listed on Table 5.1.  These values 
were compiled from the hierarchy of sources listed in Section 4.0.  Some chemicals did not have 
published oral RfD values.  The following surrogate values were deemed to be appropriate to use 
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for the following chemicals relative to the oral RfD because the COPC is either a specific isomer 
of the surrogate chemical or the surrogate chemical is a particular mixture or form of the COPC. 

COPC Surrogate 
Chlordane – Alpha Chlordane 
Chlordane – Gamma Chlordane 
Nondioxin-like PCBs Aroclor 1254 
Mercury Mercuric sulfide 

 
The chronic dermal RfD values are also listed on Table 5.1.  These values were calculated from 
the oral RfD value using an oral-to-dermal adjustment factor.  The oral-to-dermal adjustment 
factor is based on the gastrointestinal absorption efficiencies listed in EPA RAGS Part E, Exhibit 
4.1 (EPA 2004a).  The methodologies developed for evaluating dermal absorption are based on 
an estimation of absorbed dose.  The IRIS-verified RfDs are typically based on an administered 
dose.  Therefore, an adjustment of the oral toxicological factor to represent an absorbed, rather 
than an administered, dose is necessary.  The adjustment accounts for the absorption efficiency 
in the critical clinical or epidemiological study forming the basis of the published toxicity factor.  
The magnitude of the toxicity factor adjustment is inversely proportional to the absorption 
fraction in the critical study.  As the absorption efficiency decreases, the difference between the 
absorbed dose and administered dose increases.  Consistent with RAGS Part E (EPA 2004a), an 
adjustment was made when the following conditions were met: 

• The toxicity value derived from the critical study is based on an administered dose 
(e.g., delivery in diet or by gavage) in its study design; and 

• A scientifically defensible database demonstrates that the gastrointestinal (GI) absorption 
of the chemical in question from a media (e.g., water, feed) similar to the one employed in 
the critical study is significantly less than 100 percent (i.e., <50 percent). 

If these conditions were not met, complete (i.e., 100 percent) absorption was assumed and no 
adjustment of the oral toxicity value was made to obtain a toxicity value to be used for the 
dermal absorption route. 

4.1.2 Inhalation Non-Carcinogenic Effects 

The chronic inhalation RfC and RfD values used in the HHRA are listed on Table 5.2.  The RfCs 
were compiled from the hierarchy of sources listed in Section 4.0.  The inhalation RfD values 
were calculated from the RfCs using the standard inhalation rate of 20 m3/day and a body weight 
of 70 kg.  This relationship is shown below: 
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Some chemicals do not have published inhalation RfD or RfC values.  The following surrogate 
values were deemed to be appropriate to use for the following chemicals relative to the 
inhalation RfC as the COPC is a specific isomer of the surrogate chemical: 

COPC Surrogate 
Chlordane – alpha Chlordane 
Chlordane – gamma Chlordane 

4.2 CARCINOGENIC EFFECTS 

EPA uses a system for classifying chemicals according to their likelihood as a human 
carcinogen.  This system is based on five categories that make up the “weight-of-evidence” 
system of carcinogenicity that are used to classify each compound.  The weight-of-evidence 
classification system is summarized below. 

Group Classification 
A This category indicates there is sufficient evidence from epidemiological studies to 

support a causal association between an agent and human cancer. 
B1 This category generally indicates there is at least limited evidence from 

epidemiologic studies of carcinogenicity to humans. 
B2 This category generally indicates, in the absence of data on humans, there is 

sufficient evidence of carcinogenicity in animals. 
C This category indicates that there is limited evidence of carcinogenicity in animals 

in the absence of data on humans. 
D This category indicates that the evidence for carcinogenicity in animals is 

inadequate, or no data are available. 
E This category indicates that there is evidence of noncarcinogenicity in at least two 

adequate animal tests in different species or in both epidemiologic and animal 
studies. 

 
The toxicity values used to evaluate carcinogenicity are SFs and URs.  These values reflect the 
relative probability that the incidence of cancer is increased in target populations exposed to that 
chemical.  Only COPCs with an EPA weight-of-evidence classification of A, B1, or B2 were 
evaluated as carcinogens in this risk assessment.  

4.2.1 Oral/Dermal Carcinogenic Effects 

The oral SF values used in this risk assessment are listed in Table 6.1.  These values were 
compiled from the hierarchy of sources listed in Section 4.0.  Some chemicals did not have 
published oral SF values.  The following surrogate values were deemed to be appropriate to use 
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for the following chemicals relative to the oral SF, because the COPC is a specific isomer of the 
surrogate chemical: 

COPC Surrogate 
Chlordane – alpha Chlordane 
Chlordane – gamma Chlordane 
o,p’-DDD p,p’-DDD 

 
The toxicities of the various carcinogenic PAHs were evaluated using toxicity equivalency 
factors (TEFs).  The most common PAHs are a set of 13 compounds, 7 of which are known or 
suspected of being human carcinogens.  Benzo(a)pyrene is considered to be one of the most 
potent PAH carcinogens.  As such, the toxicity of the other carcinogenic PAHs is typically 
expressed relative to the toxicity of benzo(a)pyrene through the use of a TEF.  The TEF is the 
ratio of the toxicity of the carcinogenic PAH to the toxicity of benzo(a)pyrene.  The TEFs for the 
carcinogenic PAHs are shown in the table below (EPA 1993).   

 

PAH 
Surrogate 
Chemical 

Toxicological 
Factor 

Toxicity Equivalency 
Factor 

Benzo(a)pyrene Benzo(a)pyrene Oral SF 1.0 
Benzo(a)anthracene Benzo(a)pyrene Oral SF 0.1 
Benzo(b)fluoranthene Benzo(a)pyrene Oral SF 0.1 
Benzo(k)fluoranthene Benzo(a)pyrene Oral SF 0.01 
Chrysene Benzo(a)pyrene Oral SF 0.001 
Dibenz(a,h)anthracene Benzo(a)pyrene Oral SF 1.0 
Indeno(1,2,3-cd)pyrene Benzo(a)pyrene Oral SF 0.1 
 

The SF used in the risk calculations for each carcinogenic PAH was the current slope factor for 
benzo(a)pyrene multiplied by the TEF for that PAH.  These calculated PAH-specific SFs are 
shown on Table 6.1. 

The dermal SF values also are listed on Table 6.1.  These values were calculated from the oral 
SF value using an oral-to-dermal adjustment factor.  This adjustment for the oral SFs was 
performed using the same general process applied for the oral RfDs, as described in Section 
4.1.1.  It is noted, however, that adjustment of the RfD required its multiplication with the oral-
to-dermal adjustment factor, while adjustment of the SF requires its division by the oral-to-
dermal adjustment factor. 

4.2.2 Inhalation Carcinogenic Effects 

The inhalation SF and UR values used in the HHRA are listed on Table 6.2.  The URs were 
compiled from the hierarchy of sources listed in Section 4.0.  The inhalation SF values were 
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calculated from the URs using an inhalation rate of 20 m3/day and a body weight of 70 kg.  This 
relationship is shown below: 
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Some chemicals did not have published inhalation SF and UR values.  The following surrogate 
values were deemed to be appropriate to use for the following chemicals relative to the 
inhalation UR, because the COPC is an isomer of the surrogate chemical: 

COPC Surrogate 
Chlordane- alpha Chlordane 
Chlordane – gamma Chlordane 
o,p’-DDD p,p’-DDD 

4.3 SPECIAL CASES 

The potential risks associated with lead, PCBs, dioxins, and furans are not assessed in the same 
manner as the rest of the COPCs.  The assessment approach applied at the WBGCR is 
summarized below. 

4.3.1 Evaluation of Lead 

Lead is typically not evaluated using standard IRIS-like toxicological parameters.  The 
Integrated Exposure Uptake Biokinetic (IEUBK) Model for lead in children and the Adult Lead 
Model (ALM) (for assessing risks associated with exposures to soil) have been developed to 
project the behavior of lead once taken into the body of a child or adult, respectively.  The 
IEUBK model is designed to predict the probable blood lead level for children between 6 months 
and 7 years of age who have been exposed to lead through environmental media (air, water, soil, 
dust, and diet).  The highest detected concentration of lead in sediments (5,200 milligrams per 
kilogram [mg/kg]) was found in Reach 3.  The receptor populations with the greatest potential 
exposure to Reach 3 sediments are adult and child residents.  For the active angler, the highest 
EPC for lead is 4,195 mg/kg in Reach 1.  The parameters used in the IEUBK model for the 
resident child wader are shown on Table 4.7.  The IEUBK model is designed for children ages 6 
months to 7 years, so it could only be used for the child active angler on a qualified basis.  The 
parameters used in the IEUBK model for the child active angler are shown in Table 4.8.  Outputs 
from the IEUBK model can be found in Appendix C.  The ALM focuses on the estimation of the 
blood lead concentrations in fetuses carried by women exposed to lead-contaminated 
soils/sediments.  Unlike the IEUPK model, the ALM does not consider contributions from other 
environmental media but it does account for a non-zero baseline blood-lead level.  The default 
baseline blood lead levels were assumed.  The parameters used in the ALM are shown on Table 
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4.9 for adult active angler.  The ALM is not applicable to exposures of less than 90 days per year 
and therefore blood lead level modeling could not be performed for the adult resident. 

4.3.2 Evaluation of Polychlorinated Biphenyls (PCBs) 

The current methodology for the evaluation of PCBs is described in PCBs:  Cancer Dose-
Response Assessment and Application to Environmental Mixtures (EPA 1996a).  The primary 
approach recommended in this guidance is to evaluate PCBs in terms of the amount of individual 
Aroclors present in each medium.  The guidance also encourages the use of congener analysis, 
particularly where the environmental processes such as weathering or bioaccumulation may have 
altered the proportion of highly chlorinated PCBs.  Where congener analysis is available the risk 
may be evaluated separately for “dioxin-like” PCB congeners.  Dioxin-like congeners are listed 
in Section 2.1.  Dioxin-like PCBs are evaluated using TEFs to calculate dioxin toxic equivalents 
(TEQs).  The resulting dioxin TEQ fraction is evaluated using cancer slope factors for 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD).  The remaining “nondioxin-like” congeners are evaluated 
using the appropriate PCB cancer slope factor.  PCB congeners were not used in calculations for 
sediment and surface water (Tables 3.1 – 3.9), as very limited congener specific data for 
sediments (8 samples) as compared to a relative large number of Aroclor results for PCBs (58 
samples).  PCB congener data were available for fish tissue, and the EPC for dioxin TEQ and 
nondioxin-like PCBs was calculated. 

The selection of the appropriate slope factor to be used in risk assessment is described in the 
guidance and EPA’s IRIS as depending on the nature of the potential PCB exposure pathway, 
and considering which Aroclors have been detected at the site relative to the Aroclors on which 
the toxicological parameters presented in the guidance were based. 

The high risk and persistence, upper-bound slope factor of 2.0 (mg/kg-day)-1 was selected for 
exposures to PCB-contaminated soil and sediments.  The upper-bound slope factor was chosen 
from the range as a conservative measure.  The central estimate slope factor is 1.0 (mg/kg-day)-1.  
Central estimates describe a typical individual’s risk, while upper bounds provide assurance that 
this risk is not likely to be underestimated if the underlying model used to develop the slope 
factor is correct (EPA 2004b).  The applicable scenarios for which this high risk and persistence 
value is recommended in the PCB guidance (EPA 1996a) and IRIS, are: 

• Sediment or soil ingestion; 

• Dust or aerosol inhalation; 

• Dermal exposure, if an absorption factor has been applied to reduce the external dose; 

• Presence of dioxin-like congeners; and 

• Early-life exposure (all pathways and mixtures). 
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The upper-bound slope factor was chosen from the range as a conservative measure.  There are 
also upper-bound and central-estimate slope factors for “low risk and persistence” and “lowest 
risk and persistence.”  These values were not utilized because they are not applicable to the 
exposure scenarios identified for the WBGCR. 

For the non-cancer assessment, Aroclor 1254 was the only PCB mixture with a published 
toxicological factor associated with non-carcinogenic health effects.  The RfD for Aroclor 1254 
is 2 x 10-5 (mg/kg-day). 

4.3.3 Dioxins and Furans 

EPA is currently performing a major reassessment of 2,3,7,8-TCDD and related polychlorinated 
dioxins and furans.  The current slope factor for 2,3,7,8-TCDD is 150,000 (mg/kg-day)-1 (EPA 
1997b).   
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5. HUMAN RISK CHARACTERIZATION 

The final step in the risk assessment process is human health risk characterization.  Risk 
characterization is performed by inputting site-specific data and assumptions into formulae 
developed by EPA for calculation of cancer risks and non-cancer hazards.  

Potential health risks were calculated for baseline conditions and address exposures to 
contaminant levels at the site as they currently exist. 

5.1 RISK CHARACTERIZATION METHODS 

Quantitative evaluation of risks involves combining exposure point concentrations, exposure 
scenarios, chemical intake models, and toxicity values using methods defined by EPA to 
calculate potential carcinogenic and non-carcinogenic risks associated with present and future 
use RME scenarios. 

Quantitative assessment of potential risks to human health associated with present and future use 
scenarios was performed by calculating CDIs for each ingestion, dermal absorption, and 
inhalation exposure pathway.  Formulae for each exposure pathway are shown on Tables 4.1 
through 4.3.  CDIs are expressed as the amount of a chemical an individual would be exposed to 
per unit body weight per day (i.e., mg/kg-day).  The CDIs are averaged over a lifetime (70 years) 
for carcinogens, and over the exposure duration for non-carcinogens (EPA 1989). 

5.1.1 Calculation of Non-Cancer Health Effects 

For non-carcinogens, exposure pathways were evaluated by comparing chemical-specific CDIs 
to their associated RfDs for the oral and dermal pathways and chemical-specific daily air 
concentrations (Cas) to RfCs for the inhalation pathways.  Potential non-carcinogenic effects are 
evaluated as the ratio of the CDI to the RfD or the Ca to the RfC.  The sum of all CDI/RfD and 
Ca/RfC ratios, which are referred to as Hazard Quotients (HQs), for the COPCs for each receptor 
in each medium is called the Hazard Index (HI) and is calculated as shown below: 

 ∑
=

=
n

1i i

i

RfD
CDI

HI  (oral and dermal pathways) 

 ∑
=

=
n

1i i

i

RfC
Ca

HI  (inhalation pathways) 

where: 
HI = Hazard Index [unitless] 
CDIi = Chronic daily intake for chemical i (mg/kg-day) 
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RfDi = Reference dose for chemical i (mg/kg-day) 
n = Number of COPCs in each medium [unitless] 
Cai = Daily air concentration for chemical i (mg/m3) 
RfCi = Reference concentration for chemical i (mg/m3) 

An HI less than 1.0 is unlikely to be associated with adverse health effects and is therefore less 
likely to be of concern than an HI greater than 1.0.  However, a conclusion should not be 
categorically drawn that all HIs less than 1.0 are “acceptable.”  This is a consequence of 
uncertainties inherent in derivation of the RfD in the exposure assessment and uncertainties 
associated with adding individual terms in the HI calculation.  In addition, for HIs greater than 
1.0, the effect/target organ-specific HIs were evaluated (assuming that chemicals that produce 
adverse effects on the same target organ are dose additive).  HIs cannot be summed across age 
groups.  Tables 7.1 through 7.5 present the EPC, intake/air concentration, RfD/RfC and 
individual hazard quotients for each receptor, exposure medium, and pathway combination. 

5.1.2 Calculation of Cancer Health Effects 

The potential incremental lifetime cancer risk due to exposure to a specific carcinogenic 
compound is calculated by comparing chemical-specific CDIs to their associated SFs for the oral 
and dermal pathways and Cas to their associated URs for the inhalation pathways.  Potential 
carcinogenic effects are evaluated as the product of the CDI and the SF or the product of the Ca 
and the UR.  The sum of all CDI*SF products and Ca*UR products for the COPCs for each 
receptor in each medium is called the Excess Lifetime Cancer Risk (ELCR) and is calculated as 
shown below: 

 ∑
=

⋅=
n

1i
ii SFCDIELCR  (oral and dermal pathways) 

 ∑
=

⋅=
n

1i
ii URCaELCR  (inhalation pathways) 

where: 
ELCR = Excess lifetime cancer risk (unitless) 
CDIi = Chronic daily intake for chemical i (mg/kg-day) 
SFi = Slope factor for chemical i (mg/kg-day)-1 
n = Number of COPCs in each medium [unitless] 
Cai = Daily air concentration for chemical i (mg/m3) 
URi = Unit risk for chemical i (mg/m3)-1 

For the purposes of this assessment, cancer risks for exposure to multiple carcinogenic 
contaminants were assumed to be additive.  EPA has determined that the acceptable risk range is 
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between 1x10-6 and 1x10-4.  An ELCR below or within this range is unlikely to be associated 
with significant risk of cancer effects and is less likely to be of concern than an ELCR exceeding 
this range.  Tables 7.1 through 7.5 present the EPC; intake or air concentration; SF or UR; and 
individual risks for each receptor, exposure medium, and pathway combination. 

5.1.3 Weighting of Risk Estimates 

In order to facilitate direct comparisons of risks associated with sediments between different 
reaches, risk estimates were computed first as if 100 percent of a receptor’s exposure occurred 
within that specific reach.  Reach-specific risk estimates are intended to facilitate the 
identification and selection of Restoration Action Objectives and associated PRGs for each 
reach.  In order to compute overall risks to each receptor group, these reach-specific risk 
estimates were then weighted by the proportional surface area of that reach to the total area that 
the receptor group may be exposed to.  Specifically, for adult and child residents and the 
maintenance/utility worker receptor groups, the total exposure area considers all seven reaches 
and Roxana Marsh.  Therefore, the weights applied to risk estimates for each of these areas is 
directly proportional to the surface area of each reach or Roxana Marsh.  Surface water was not 
evaluated on a reach-specific basis because of the limited amount of data available and the 
apparent lack of variation in surface water quality.  Given that the HSD outfall is the principal 
source of surface water, it is perhaps not surprising that surface water quality does not appear to 
be directly related to sediment quality. 

Proportional surface areas are shown in the left-most column of Tables 7.1, 7.2, and 7.5.  
Computations of these areas and weights can be found in Appendix B.  The weights are applied 
to the risk estimates listed as “Weighted Sum of Risk Estimates.”  Unweighted risk estimates are 
listed by exposure route (“Exp. Route Total”) and are summed across exposure routes (incidental 
ingestion, dermal absorption, and inhalation for Reaches 3, 4, and 5) associated with each 
exposure point (“Exposure Point Total”).  Unweighted risk estimates are provided for each 
exposure medium (“Exposure Medium Total”) and area (“Area Total”) because area totals 
represent the sum or the exposure medium estimates for all media within the reach.  Unweighted 
risk estimates for each area can be compared between reaches to identify those reaches 
containing impacted sediments presenting a higher or lower risk.  Unweighted risk estimates also 
permit the evaluation of risks as if 100 percent of the receptors exposure occurred within a 
specific reach, and facilitate the evaluation of reach specific Restoration Action Objectives and 
PRGs.  Because surface water could not be evaluated on a reach-specific basis, the exposure 
medium totals and area totals are the same.  Cumulative risk estimates based on proportionate 
exposure to sediments in each reach appear under the heading “Weighted Sum of Risk 
Estimates.”  These risk estimates represent the total carcinogenic and non-carcinogenic risks 
associated with exposure to sediments and surface water in the WBGCR. 
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For child and adult active angler, repeated exposure is likely to occur only in Reaches 1, 2, 6, 
and 7 because there are no fish present in the other areas due to the shallowness of the water.  
Therefore risk estimates for the anglers were weighted by the size of each area relative to the 
total surface area of these four reaches.  These weights are shown in the left-most column of 
Tables 7.3 and 7.4.  Unweighted risk estimates for fish ingestion were developed for each 
species sampled (“Exp. Route Total” and “Exposure Point Total” as listed under each reach by 
species).  These species-specific risk estimates are not weighted; that is, they represent the risks 
associated with exclusive ingestion of that species.  Weighted risk estimates were also developed 
for each reach based on an equal weighting of the species sampled (e.g., if four species were 
sampled in a particular reach, each species was assumed to comprise 25 percent of the fish 
caught from that reach).  These risk estimates appear under the heading “Exposure Medium 
Total – Weighted Sum of Risk Estimates” but are not weighted by the size of reach, only by the 
number or species present in that reach.  The risk estimates listed under “Area Total” include 
risks associated with incidental ingestion and dermal contact with impacted sediments and 
ingestion of all species of fish found within that reach.  “Area Total” risks may be compared for 
the various reaches to identify those reaches presenting higher or lower risks.  Cumulative risk 
estimates based on proportionate exposure to sediments and fish appear under the heading 
“Weighted Sum of Risk Estimates.”  These risk estimates represent the total carcinogenic and 
non-carcinogenic risks associated with exposure to sediments, surface water, and fish within 
Reaches 1, 2, 6, and 7 of the WBGCR. 

5.2 RESULTS OF RISK CALCULATIONS 

The following paragraphs contain discussions of the results of calculations of exposure to 
contaminated environmental media by site receptors and identification of COCs, which are 
COPCs that were found to contribute significantly to site risks.  The following table presents the 
receptor-specific summary of results of calculations of potential carcinogenic and non-
carcinogenic weighted risks associated with RME exposures to COPCs for each receptor group.   

Receptor Group Cancer Risk Hazard Index 
Adult Resident 4.7 x 10-5 0.06 
Child Resident 3.2 x 10-5 0.38 
Adult Active Angler 1.7 x 10-3 181/ 
Child Active Angler 4.9 x 10-4 202/ 
Maintenance/Utility Worker 3.6 x 10-5 0.05 
1/ When segregated by target organ, the HI for skin is 16 (see Table 9.3). 
2/ When segregated by target organ, the HI for skin 15 (see Table 9.4). 

Risk estimates are typically compared with EPA’s acceptable risk range of between 1x10-6 and 
1x10-4.  Hazard indices are generally compared to a benchmark of 1.  As shown above, both 
cancer risk and hazard index estimates for adult and child active angler exceed these thresholds.  
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Cancer risk estimates for the adult and child residents and the maintenance/utility worker 
receptor groups are toward the higher end of the acceptable risk range.   

Specific risk estimates for each receptor group by media are discussed further in subsequent 
sections.  Results of carcinogenic risk and HI calculations are summarized in Tables 7.1 through 
7.5.  The risk estimates in these tables are shown as if all of the exposure occurred within the 
area except for the estimates labeled “Exposure Medium Total – Weighted Sum of Risk 
Estimates,” “Area Total,” and “Weighted Sums of Risk Estimates.”  Surface water risks are 
shown separately from each reach as there was insufficient data to estimate reach-specific 
exposure point concentrations.  Risk estimates for various species of fish are shown in Tables 7.3 
and 7.4 as if that species from that reach comprised the full intake from the WBGCR.  The risk 
estimates are proportionately weighted by the number of species observed within a reach for the 
computations shown as “Exposure Medium Total – Weighted Sum of Risk Estimates.”  The 
weights associated with the proportional area of the reach are applied to the risk estimates listed 
under “Weighted Sums of Risk Estimates.”  As discussed previously, application of this 
weighting scheme to summary risk estimates is intended to facilitate comparisons between 
different species and different reaches. 

Chemicals that were found to individually contribute a carcinogenic risk greater than 1x10-6 or 
an HI greater than 1 to a particular receptor were judged to “contribute significantly” to site risks 
and are summarized in Tables 9.1 through 9.5 for each receptor.  The risk estimates shown 
within these tables reflect the weighting scheme described above, and therefore represent the risk 
associated with each COC when the relative size of each area is considered.  In addition, for the 
active angler, these weighted risk estimates reflect the variety of species of fish.  Consequently, 
risk estimates shown for a COPC presented in Tables 7.1 to 7.5 may exceed 1x10-6 or 1 without 
the weights applied, but when presented in Tables 9.1 to 9.5 may be below these levels.  It 
should be noted that, for many of the chemicals listed in Tables 9.1 to 9.5, the risk estimates 
exceed these benchmark levels. 

5.2.1 Residents 

The area-weighted total ELCR for the adult resident is 4.7 x 10-5 and the hazard index is 0.06.  
The risks are primarily associated with incidental ingestion and dermal contact with carcinogenic 
PAHs in sediments.  Unweighted risk estimates for exposure to sediments in Reaches 1, 2, 3, 4, 
6, 7 and Roxana Marsh exceed 1 x 10-5.   

The area-weighted total ELCR for the child resident is 3.2 x 10-5 and the hazard index is 0.38.  
As with the adult resident wader, the risks were primarily associated with incidental ingestion 
and dermal contact with carcinogenic PAHs in sediments.  Unweighted risk estimates for 
exposure to sediments in Reaches 1, 2, 4, 6, 7 and Roxana Marsh exceed 1 x 10-5. 
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5.2.2 Active Angler 

The area-weighted total ELCR for the adult active angler is 1.7 x 10-3 and the corresponding 
hazard index is 18.  Both of these values exceed acceptable risk ranges.  When the hazard index 
is segregated by target organ, the hazard index for skin is 16 (see Table 9.3).  Risks associated 
with direct contact (incidental ingestion and dermal absorption) with sediments in Reaches 1 and 
2 exceed 1x10-4.  Carcinogenic PAHs are the primary contributors to risks associated with 
sediment.  The hazard quotients for sediments are less than 1.  The risks associated with every 
variety of fish exceed 1x10-4 and the hazard quotients exceed 1.  PCBs are the primary 
contributor to carcinogenic and non-carcinogenic risks associated with fish ingestion, although 
risks associated with various organochlorine pesticides exceed 1 x 10-5.  Risks associated with 
direct contact with arsenic in surface water slightly exceed 1 x 10-6 (1.05 x 10-6 for incidental 
ingestion and 2.9 x 10-7 for dermal absorption). 

The area-weighted ELCR for the child active angler is 4.9 x 10-4 and the corresponding hazard 
index is 20.  These values exceed acceptable risk ranges.  When the hazard index is segregated 
by target organ, the hazard index is 15 (see Table 9.4).  As with the adult active angler, risks 
associated with direct contact with sediments in Reaches 1 and 2 exceed 1 x 10-4.  The hazard 
quotients for Reach 1 and Reach 2 exceed 1, primarily due to arsenic.  Risk estimates for fish 
ingestion are somewhat lower than those for adults due to the shorter duration of exposure, but 
all exceed 1 x 10-5 and several exceed 1 x 10-4.  The associated hazard quotients are well above 
1, primarily due to PCBs. 

5.2.3 Maintenance/Utility Workers 

The area-weighted ELCR for the maintenance/utility worker was 3.6 x 10-5, and the hazard index 
was 0.05.  Weighted risk estimates for direct contact with sediment in Reaches 1, 2, 3, 4, 6, 7, 
and Roxana Marsh exceed 1 x 10-6, but the hazard quotients are well below 1.  Carcinogenic 
PAHs were the primary contributors to risks associated with exposure to sediments. 

5.2.4 Evaluation of Lead 

Lead was selected as a sediment COPC for Reaches 1, 2, 3, 4, 5, 6, 7 and Roxana Marsh.  The 
highest EPC for lead is 5,200 mg/kg for Reach 3.  For Reach 3, the receptor groups that would 
experience the greatest potential exposure are the adult and child resident.  For the active angler, 
the highest EPC for lead is 4,195 mg/kg in Reach 1.  Potential hazards associated with exposure 
to lead are evaluated using the ALM (EPA 2003b) for adults and the IEUBK Child Lead Model 
for children (EPA 2001e).  Both models assume that the baseline blood lead level is greater than 
zero, to reflect the presence of other sources of lead in the environment (e.g., house dust). 



Baseline Human Health Risk Assessment  October 2005 
West Branch of the Grand Calumet River Revision 2 

I:\WP\AA23\19587-4-05\19587_rev2.DOC • 10/13/05 5-7

The IEUBK Child Lead Model (EPA 2001e) is designed to predict the probable blood lead 
levels for children between 6 months and 7 years of age who have been exposed to lead through 
environmental media (air, water, soil, dust, and diet).  The Reach 3 sediment EPCs (5,200 
mg/kg) and the child resident sediment ingestion rates (150 mg/day) were entered into the model 
and the blood lead level was calculated by the model for each age between 3 and 5 years.  Table 
4.7 presents the results of this analysis.  EPA has determined that childhood blood lead levels at 
or above 10 µg Pb/dL present risks to children’s health (EPA 1994).  The results presented in 
Table 4.7 were compared to this level and were found to not exceed 10 µg Pb/dL under RME 
conditions.  It should be noted that exposure to lead-contaminated sediments and surface water is 
assumed to begin at age 3, but exposure to contaminated house dust is assumed to occur 
beginning at 6 months of age.  This finding is largely because exposure is assumed to occur only 
12 times per year.  Blood lead level modeling was not performed for the adult resident as the 
ALM is not applicable to exposures of less than 90 days per year.  Based on the ALM results, 
under RME conditions the probability that the fetal blood lead level exceeds 10 µg Pb/dL, is less 
than 5 percent.  Table 4.8 presents the results of the IEUBK modeling for the child active angler.  
Based on the assumed frequency of exposure (208 day/year), the highest detected concentration 
of lead in Reaches 1, 2, 6, and 7 (4,195 mg/kg in Reach 1), and the surface water EPC of 0.013 
mg/L, the predicted blood lead concentration exceeds 10 µg Pb/dL within the first year of 
exposure.  Table 4.9 presents the results of the ALM for the adult active angler.  The results of 
the ALM suggest that the probability that fetal blood lead levels may exceed 10 µg Pb/dL is 
greater than 50 percent. 
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6. UNCERTAINTY ANALYSIS 

All risk assessments contain elements of uncertainty.  Sources and characteristics of 
uncertainties are examined in this section to provide perspective on the accuracy and level of 
conservatism inherent in the risk estimates and the underlying assumptions.  The purpose of 
discussion of uncertainty is to assist in risk management decisions.   

Most assumptions made in developing the baseline risk estimates were biased toward health 
protectiveness, that is, toward overestimating rather than underestimating risk.  There is, 
therefore, a reasonable degree of certainty that actual risks to individuals exposed to 
contamination from the WBGCR will not be higher than those estimated in the baseline risk 
assessment and are likely to be much lower.  Specific uncertainties are discussed in subsequent 
sections. 

6.1 UNCERTAINTY IN THE DATA AND COPC SELECTION METHODOLOGY 

A major concern of any risk assessment is the reliability of COPC identification, both in terms of 
ensuring that all contaminants have been correctly identified as COPCs, and ensuring that 
concentrations are adequately quantified.  The accuracy of COPC identification is directly 
related to the quality of COPC characterization data, including information on contaminant 
identification, location, and concentrations.  Because the analytical data made available for the 
risk assessment were originally collected in support of the NRDA reports (MacDonald and 
Ingersoll 2000, FWENC 2002c, 2003), they were not necessarily collected in areas specific to 
exposure activities for individuals fishing, wading, or working in the WBGCR.  For this reason, 
the data were grouped to reflect the exposure activities using best professional judgment.  It is 
possible, however, that sample locations could have been included for an exposure that could 
overestimate potential exposure for some populations while underestimating potential exposure 
for others. 

Conservative screening criteria were selected from the state and federal risk-based criteria.  The 
screening process was designed to identify those constituents that were site-specific and likely to 
exceed conservative risk-based criteria for residential use.  In other words, the criteria reflect the 
more sensitive land use, as if exposure to sediments and surface was occurring 350 days per year 
for 30 years and surface water was used as drinking water source. 

In the absence of available screening criteria for a few COPCs, appropriate screening criteria 
were selected based on the identification of surrogate chemicals.  In general, these surrogate 
chemicals were either specific isomers of the detected chemical, a mixture of isomers of the 
same chemical, or a particular form of that chemical.  Wherever more than one appropriate 
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surrogate could be identified, the surrogate selected was the more toxic form or mixture.  This 
particular assumption would tend to result in the inclusion of a chemical as a COPC, but may or 
may not result in an overestimate of risk because there was no available toxicity information for 
the particular COPC. 

Sediment data collected from Lake Mary were used to identify inorganic compounds present at 
concentrations that are representative of ambient levels and may not be indicators of site-related 
contamination.  The only compound eliminated based on this comparison to “background” was 
iron in Reach 7 sediments.  The concentration detected in Reach 7 sediments was also below 
toxicity-based screening criteria, and therefore iron would not have been identified as a COPC 
for Reach 7 anyhow. 

6.2 EXPOSURE AND INTAKE UNCERTAINTIES 

Selected exposure parameters are generally designed to be conservative so that no actual 
exposed population will receive greater exposures than those estimated.  Exposure parameters 
were used to bound the upper and best estimate levels of reasonable maximum exposures.  
Potential exposure pathways were evaluated for all identified potential receptors.  All pathways 
that could reasonably be complete under the land use scenarios were evaluated quantitatively for 
their potential to be associated with adverse health effects.  There is a high degree of certainty 
that total exposures are not underestimated for any actual exposed population. 

Future use of the site was assumed to be comparable to current use.  The exposure scenarios 
were developed to describe a range of plausible exposures, from the relative infrequent 
exposures associated with wading by residents or utility/maintenance workers to the very 
frequent exposures for active anglers.  The exposure scenario for residents is intended to 
describe risks associated with casual contact with the WBGCR whereas the exposure scenario 
for the active angler is intended to characterize risks associated with much more frequent, 
prolonged exposures and more intensive use of the WBGCR.  The exposure scenario for 
utility/maintenance workers is intended to describe occupational exposures to sediments and 
surface water in the WBGCR in the absence of personal protective equipment.   

6.2.1 Exposure Frequency and Exposure Duration 

The parameters used were conservative default values obtained from EPA guidance documents 
and are typically used to estimate “reasonable maximum exposure.”  These conservative values 
may overestimate the risks for actual receptors. 

The frequency and duration of residents’ exposure to surface water and sediment is assumed to 
be 12 days/year per EPA’s default exposure factor.  Although this exposure frequency is 
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considered to be twice a month for six months, considering the weather conditions in Midwest it 
could conceivably be higher (e.g., 26 days per year, 2 day per week and 13 weeks of summer.  
Changing the exposure frequency to 26 days per year would slightly more than double the risk 
estimates.   

6.2.2 Body Weight 

Body weights used in the evaluation of risks were derived from standard tables for United States 
body weight distributions and are those recommended by EPA (EPA 1991, 2001d).  
Recommended values were selected from distribution midpoints because of uncertainty 
regarding these distributions.  The actual variation for adult body weight is likely to be less than 
a factor of 2.  The overall impact to the uncertainty is minimal. 

6.2.3 Dermal Absorption 

Dermal absorption of COPCs from sediments was assumed to be comparable to dermal 
absorption from soil.  Sediments that are consistently water-covered are likely to wash off, and 
therefore contact time would be much shorter; consequently, the resulting intakes (and risks and 
hazards) would be overestimated.  Also, the greater the moisture content of the sediment, the 
greater the difference between wet vs. dry weight contaminant concentration.  Because estimates 
of sediment adherence reflect wet weight (i.e., in situ), and the estimated intakes are based on 
sediment sample results recorded in dry weight, the resulting risk estimates are over-estimated in 
direct proportion to the moisture content of the sediment.  Conversely, increased moisture 
content increases the ability of sediment to adhere to skin and may also affect the relative percent 
absorbed.  Therefore, EPA recommends the use of the same dermal absorption fraction for 
sediments as for soil until more information becomes available (EPA 2004a). 

Permeability coefficients and dermal absorption factors for several of the COPCs (Table 4.5) 
were not available in the Draft RAGS Part E (Dermal Risk Assessment) (EPA 2004a).  
Therefore, hazards and risks could not be calculated.  This results in an underestimate of risk. 

6.2.4 Exposure Point Concentrations 

EPCs for site media were selected to be lower of the 95 percent UCL of the arithmetic average or 
the maximum concentration for each chemical detected.  As described in Section 2, the sampling 
was based on a primary objective other than a human health risk assessment (i.e., the NRDA 
reports).  The data are considered suitable for most data quality needs for interpretation for a risk 
assessment, but are utilized and analyzed accordingly.  
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All risk computations for sediment and fish tissue were performed on a reach-specific basis and 
were also weighted by relative surface area of each reach in the computation of site-wide risks.  
This structure is intended to facilitate the evaluation of reach-specific RAOs and ultimately 
PRGs.  Although combining reaches would result in larger data sets, and consequently EPCs 
based on the 95 percent UCL rather than the maximum detected, the overall impact to risk 
estimates is relatively small, in this case, on the order of 10 percent.   

EPCs for fish tissue were typically based on one or two samples of each species of fish 
found in each reach.  These samples were typically composite samples for smaller 
species (i.e., goldfish or carp) or single fish fillets for larger species (i.e., salmon or 
trout).  Although there is uncertainty associated with the relatively small number of fish 
tissue sample results used to estimate EPCs, there was very little variation in the 
concentrations of COPCs detected in fish either between species or between reaches.  For 
example, the dioxin TEQ for PCBs ranged from 0.000020 mg/kg in Reach 1 Carp to 
0.000091 mg/kg in Reach 7 Goldfish, a difference of less than 5-fold.   

 
EPCs for surface sediment were based on between 4 and 25 samples per reach.  The EPC for 
smaller data sets (e.g., less than 10 samples) is often based on the maximum concentration 
detected.  In general, EPCs estimated using larger data sets provide a more representative 
estimate of the actual exposure-point concentration and are typically based on the UCL of the 
arithmetic average, not the maximum detected. 

Water quality data were limited to Reaches 1, 4, 5 and 6, and with the exception of Reach 5, 
were limited to a few samples.  Arsenic and lead were selected as COPCs for all four reaches.  
Aluminum and chromium were also selected as COPCs for Reach 5.  Reach 6 was the only area 
with VOC results for surface water.  Naphthalene and chlorodibromomethane were selected as 
COPCs for Reach 6.  Because there was little variation in the metals concentration and because 
there was no VOC data for the other reaches, surface water data were combined for the purposes 
of calculating exposure point concentrations.  Consequently, risks associated with surface water 
were only computed on an area-wide basis.  The resulting risk estimates were well below 
benchmark levels and comprised less than 0.02 percent of overall site risks.   

6.3 TOXICOLOGICAL INFORMATION AND MODELS 

RfDs and CSFs obtained from EPA were used in this BHHRA, so the toxicological evaluations 
upon which the risk assessment is based contribute no more uncertainty than in comparable 
CERCLA documents.  However, the level of uncertainty in the toxicological data and models 
associated with a particular COPC can be substantial. 
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Considerable uncertainty can be associated with qualitative (hazard assessment) and quantitative 
(dose-response) evaluations.  Hazard assessment characterizes the nature and strength of the 
evidence of causation or the likelihood that a chemical that induces adverse effects in animals 
will induce adverse effects in humans.  Hazard assessment of carcinogenicity is currently 
evaluated as a weight-of-evidence determination, using EPA (1989) classifications.  Positive 
results in animal cancer tests suggest humans may also manifest a carcinogenic response, but 
animal data cannot necessarily be used to predict target tissues in humans.  In the hazard 
assessment of noncarcinogenic effects, positive animal test results may suggest the nature of 
possible human effects (i.e., target tissues and type of effects) (EPA 1989). 

There are many sources of uncertainty in dose-response evaluation of carcinogenic (i.e., CSF or UR 
calculations) and noncarcinogenic effects (i.e., RfD or RfC calculations).  The major sources are: 

• Interspecies extrapolations 

• Variability between species and between individuals of the same species 

• Key study and database quality 

• Extrapolation from high doses in animals to the dose range expected for environmentally 
exposed humans 

• Endpoint extrapolation to NOAEL from LOAEL, and 

• Wide variation in the quality and amounts of toxicological data for different chemicals. 

The degree of over-conservatism in the toxicological factors is difficult to estimate because of 
the number of factors involved.  An estimate of the overall uncertainty contributed by 
toxicological estimates could be a factor ranging from 10 to 100. 

EPA has recently released guidance on the need for additional safety factors for children exposed 
to genotoxic compounds (EPA 2005).  The child receptor groups included in the risk assessment 
include a child wader aged 3 to 6 and a child angler aged 6 to 10.  Both of these receptor groups 
fall within ages 2 to 15, which is associated with a three-fold risk adjustment for mutagenic 
agents.  Therefore, risk estimates for some COPCs may be underestimates.  EPA is 
recommending age-dependent adjustment facts only for carcinogens acting through a mutagenic 
mode of action.  Which carcinogens will be “officially” considered mutagens has not yet been 
resolved.  The largest risk estimates were identified for PAHs in sediments and PCBs in fish.  
Benzo(a)pyrene and other PAHs have been shown to cause genotoxic effects in a broad range of 
prokaryotic and mammalian cell assay systems.  PCBs generally have been negative in tests of 
genetic activity. 
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6.3.1 Contaminant-Specific Toxicological Uncertainty 

Some of the PCBs are of particular toxicological interest because they have shown toxic effects 
(to the immune, endocrine, and reproductive systems, dermal effects, birth defects, 
carcinogenicity, and tumor promotion) similar to one of the major dioxin compounds (2,3,7,8-
TCDD) and they are thought to have the same mechanism of action.  There are 13 PCB 
congeners in this group referred to as dioxin-like PCBs.  The World Health Organization (WHO) 
has developed TEFs for these compounds that provide a measure of their toxicity relative to 
2,3,7,8-TCDD in 1994 and revised the values in 1998.  There are slight differences in the two 
TEF schemes.  Specifically, the 1994 TEF for PCB-77 is 0.0005 and the 1998 TEF if 0.0001, and 
the 1994 TEFs include values of 0.0001 for PCB-170 and 0.0001 for PCB-180 while the 1998 
scheme does not include these compounds.  Consistent with the IRIS citation for PCBs, which 
cites the sample calculations provided in EPA 1996a, the 1994 TEFs were used.  This may result 
in a slight over-estimation of risk relative to the 1998 TEFs.  Both TEF schemes assume that all 
exposures to dioxins, furans, and PCBs that have been assigned a weighing factor will act in 
“simple similar action.”  That is, any level of exposure to each and every one of these chemicals 
will increase the cancer risk in an additive fashion; there is no synergy or antagonism.    

Risk estimates for dioxin-like PCBs as well as 2,3,7,8-TCDD were computed using the current 
slope factor for 2,3,7,8-TCDD.  There is a major reassessment of 2,3,7,8-TCDD and related 
compounds currently underway.  While major issues of the reassessment are incomplete, 
preliminary estimates of the slope factor are approximately 10 times higher than previous 
estimates (1 x 10-3 per pg TEQ/kg-BW-day versus the current slope estimate of 1.5 x 10-4 per pg 
TEQ/kg-BW-day) (EPA 2001f).  If the preliminary slope factor holds, then risk estimates for 
both 2,3,7,8-TCDD and for dioxin-like PCBs would also increase by approximately one order of 
magnitude.   

Uncertainty exists with respect to the precise toxicological characteristics of the site’s inorganic 
COPCs given a lack of detailed speciation, especially relative to the species of arsenic.  Because 
the published EPA toxicological parameters and bioavailability estimates for inorganics tend to 
be based on the more toxic species and complexes for a particular chemical, the current risk 
assessment would be expected to somewhat over-predict the level of risk associated with the 
site’s inorganic chemicals.  Several studies summarized by Roberts et al. (2002), suggested 
limited oral bioavailability of arsenic in soils from a variety of arsenic-contaminated sites.  For 
this risk assessment, 100 percent bioavailability was used to calculate the CDIs because the 
chemical form of arsenic affects both bioavailability and toxicity compared to the form of 
chemical used in the toxicity studies.  Risk from oral ingestion of arsenic-contaminated 
sediments and surface water, therefore, could be from 25 percent to 75 percent less than 
presented in the summary. 
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Potential hazards associated with adult residents and utility/maintenance workers exposed to lead 
in sediments and surface water could not be evaluated because the ALM is not applicable to 
exposure durations of less than 90 days per year.   

6.4 RISK CHARACTERIZATION 

The risk characterization bridges the gap between potential exposure and the possibility of 
systemic or carcinogenic human health effects, ultimately providing impetus for the remediation 
of the site or providing a basis for no remedial action. 

Uncertainties associated with risk characterization include the assumption of chemical additivity 
and the inability to predict synergistic or antagonistic interactions between COPCs.  These 
uncertainties are inherent in any inferential risk assessment.  EPA-promulgated inputs to the 
quantitative risk assessment and toxicological indices are calculated to be protective of the human 
receptor and to err conservatively, so as not to underestimate the potential human health risks. 

Risk estimates were initially computed as if 100 percent of a receptor’s exposure to sediments 
was occurring with a specific reach.  It would not be appropriate to sum each of these 
unweighted risk estimates to obtain an overall risk estimate because this approach implies that 
exposure is occurring independently within each area, and with much greater frequency.  For 
example, in the case of the active angler, exposure may occur in Reaches 1, 2, 6, and 7.  The 
assumed frequency of exposure was 50 percent of the 208 days per year spent fishing, or 104 
days per year.  If risk estimates for the four areas were summed without weighting, this would be 
equivalent to assuming exposure occurs 4 x 104 or 416 days per year.  Consequently, risk 
estimates were weighted proportionately by the relative size of each area to the total area where 
exposure was assumed to occur.  Similarly, fish intakes were weighted by the number of species 
sampled within each reach and then by the relative size of the area.  Use of the weighting scheme 
should not result in either an under-estimate or over-estimate of risks and hazards, but does 
provide an opportunity to compare risks associated with each area and each species of fish 
sampled. 

All risk computations for sediment and fish tissue were performed on a reach-specific basis and 
were also weighted by relative surface area of each reach in the computation of site-wide risks.  
This structure is intended to facilitate the evaluation of reach-specific RAOs and ultimately 
PRGs.  Risk estimates for all reaches were combined and weighted for an overall assessment for 
sediment, surface water, and fish.   
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7. SUMMARY AND CONCLUSIONS 

Exposure scenarios were developed to characterize baseline human health risks associated with 
various uses of the WBGCR.  Casual recreational use of the area for wading was evaluated for 
both adult and child residents.  Use of the WBGCR to supply a substantial portion 
(approximately one meal per week) of an adult and child active anglers’ diet was also 
considered.  These represent the plausible range of exposures that may be occurring, occasional 
wading in the River versus frequent exposure and consumption of fish.  Occupational exposures 
were considered for utility/maintenance workers. 

Based on the existing database and the risk characterization, several conclusions can be made.  
Risks for each of the receptor groups considered exceed the benchmark level of 1 x 10-6.  For all 
receptor groups, cumulative weighted risks associated with direct contact with impacted 
sediments were primarily associated with incidental ingestion and dermal absorption of 
carcinogenic PAHs.  Risks associated with inhalation of particulate-bound wind-borne COPCs 
were well below 1 x 10-6.  Area-weighted risk estimates for all reaches, except Reach 5, exceed 1 
x 10-6.  Unweighted risk estimates for Reach 5 also exceed 1 x 10-6.  Risk estimates were the 
highest in Reaches 1 and 2 and the lowest for Reach 5, but in general the risk estimates were 
within one order of magnitude of each other.   

Risks associated with fishing exceed the upper limit of the range of acceptable risk, or 1 x 10-4, 
and the associated hazard indices were substantially greater than 1.  Unweighted risk estimates 
for every combination of reach and species were greater than 1 x 10-4, and the associated hazard 
indices were greater than 1.  Both dioxin-like and nondioxin-like PCBs were major contributors 
to these risk estimates, typically 80 percent or more.  Dieldrin contributed 3 to 7 percent of the 
total risks.  DDD, DDE, and DDT contributed 1 to 4 percent of the risks associated with fish 
consumption.  PCBs were the largest contributor to the hazard index, typically 90 percent or 
more.  Unweighted hazard quotients for arsenic, chromium, selenium and dieldrin sometimes 
exceeded 1, but all were less than 2.  The corresponding weighted hazard quotients for all 
COPCs except for PCBs were less than 1.  Risk estimates for various species of fish were within 
a factor of 5, and there were no obvious differences between species.  Consequently, re-
weighting of the fish consumption risk estimates to reflect higher consumption rates for more 
desirable species (such as steelhead and Chinook) and lower consumption rates for others (such 
as goldfish) is unlikely to significantly impact risk estimates. 

This BHHRA evaluated exposure associated with fish ingestion based on an active angler 
scenario.  Had higher fish consumption rates for active consuming anglers (i.e., subsistence 
anglers) been utilized, the resulting risk estimates would be approximately 3.6-fold higher.    
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Risks and hazards associated with exposures to COPCs in surface water do not present an 
unacceptable risk, based on relatively recent monitoring data.  The only sediment-related COPCs 
detected in surface water were naphthalene, aluminum, arsenic, chromium, and lead.  With the 
exception of aluminum, the concentrations of these COPCs are below Great Lakes Water Quality 
Criteria for drinking water sources.  The maximum observed concentration of aluminum (3.39 
mg/L) is below the Great Lakes Water Quality Criteria for non-drinking water sources.   

The WBGCR was included in a baseline risk assessment of the Grand Calumet River/Indiana 
Harbor Canal Area of Concern performed by EPA (EPA 1994).  The EPA risk assessment 
evaluated human health risks associated with dermal exposure to surface water and sediments 
and ingestion of contaminated fish.  The EPA risk assessment was performed prior to the Roxana 
Marsh Investigation (FWENC 2002c) and the WBGCR site characterization study (FWENC 
2003) and addressed a geographically larger area; consequently, the results of the two studies are 
not directly comparable.  The EPA risk assessment did identify several species of fish associated 
with risks greater than 1 x 10-6, including whole golden shiners and whole carp.  PCBs were the 
primary contributors to risk associated with fish ingestion, consistent with the risks calculated in 
this BHHRA. 
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 d
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 d
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 d
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 d
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 d
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 d
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 d
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 d
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e 
E

P
C

.
(1

0)
 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

on
-p

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d
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 d
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.
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 D
at

a 
(9

5%
 U

C
L-

N
)

97
.5

%
 C

he
by

sh
ev

 U
C

L 
(9

7.
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C
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 C
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C
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P
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or

m
al

 d
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tri
bu

tio
n.

(2
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ilk
s/

S
ha

pi
ro

 T
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t i
nd

ic
at

es
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or
m

al
 d

is
tri

bu
tio

n.
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C
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ba

se
d 
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gn
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m

al
 d
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ed

s 
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e 
m

ax
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 d

et
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te
d 
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en
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m
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 d
et
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te

d 
co
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en

tra
tio
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E

P
C
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C

L 
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d 
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 n
or

m
al

 d
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e 
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ax
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 d
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m
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 d
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se
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E
P

C
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on
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et
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 d
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 s
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nd
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at
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n 
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e 
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 d
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sh
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C
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 u
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 th
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E
P
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C
L 

U
se

r's
 G
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, 5
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et
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 d
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 s
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nd
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e 
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 d
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be
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2.
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7.
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 C

he
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sh
ev
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C

L 
w
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se
d 
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 th
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E

P
C
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U
C
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U
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de
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.
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et
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 d

is
tri

bu
tio

n 
w
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ar
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de
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n 
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 th

e 
lo

g-
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2 
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d 

3.
  T

he
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C

L 
w
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E

P
C
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U
C
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U
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 G
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5%

 U
C

L 
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se
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 d
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w
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C
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m

ax
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 d
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m
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 d
et

ec
te
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e 
E

P
C
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5%

 U
C

L 
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 d
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w
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rm
ed

 d
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C
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 d
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 d
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 d
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 d
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 d
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at

a 
(9

5%
 U

C
L-

T)
99

%
 C

he
by

sh
ev

 U
C

L 
(9

9%
 U

C
L-

C
)

E
P

C
 R

at
io

na
le

:
(1

) W
ilk

s/
S

ha
pi

ro
 T

es
t i

nd
ic

at
es

 a
 n

or
m

al
 d

is
tri

bu
tio

n.
(2

) W
ilk

s/
S

ha
pi

ro
 T

es
t i

nd
ic

at
es

 a
 lo

gn
or

m
al

 d
is

tri
bu

tio
n.

(3
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 lo

gn
or

m
al

 d
is

tri
bu

tio
n 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 s

o 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(4
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

or
m

al
 d

is
tri

bu
tio

n 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 s
o 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(5

) N
on

-P
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
0 

an
d 

1.
  T

he
 9

5%
 C

he
by

sh
ev

 U
C

L 
w

as
 u

se
d 

as
 th

e 
E

P
C

 [P
ro

U
C

L 
U

se
r's

 G
ui

de
, 5

/0
1]

.
(6

) N
on

-P
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
1 

an
d 

2.
  T

he
 9

7.
5%

 C
he

by
sh

ev
 U

C
L 

w
as

 u
se

d 
as

 th
e 

E
P

C
 [P

ro
U

C
L 

U
se

r's
 G

ui
de

, 5
/0

1]
.

(7
) N

on
-P

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

2 
an

d 
3.

  T
he

 9
9%

 C
he

by
sh

ev
 U

C
L 

w
as

 u
se

d 
as

 th
e 

E
P

C
 [P

ro
U

C
L 

U
se

r's
 G

ui
de

, 5
/0

1]
.

(8
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

on
-p

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

0 
an

d 
1.

  T
he

 9
5%

 C
he

by
sh

ev
 U

C
L 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 

   
   

so
 th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(9
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

on
-p

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

1 
an

d 
2.

  T
he

 9
7.

5%
 C

he
by

sh
ev

 U
C

L 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 
   

   
so

 th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(1

0)
 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

on
-p

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

ab
ov

e 
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  T
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9%

 C
he

by
sh

ev
 U

C
L 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
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ec
te

d 
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nc
en

tra
tio
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e 
m

ax
im

um
 d

et
ec

te
d 
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nc

en
tra

tio
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w
as

 u
se

d 
as

 th
e 

E
P

C
.
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ug
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 c
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cu
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C
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e 
m

ax
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 c

on
ce
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tio
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w
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e 

E
P

C
.
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C
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C
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m
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5
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N
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ot
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 c
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cu
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te
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C
L.

C
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se
d 

fo
r t

he
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P
C

 S
ta

tis
tic
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M

ax
im

um
 D

et
ec

te
d 

V
al

ue
 (M

ax
)

95
%

 C
he

by
sh

ev
 U

C
L 

(9
5%

 U
C

L-
C

)
95

%
 U

C
L 

of
 N

or
m

al
 D

at
a 

(9
5%

 U
C

L-
N

)
97

.5
%

 C
he

by
sh

ev
 U

C
L 

(9
7.

5%
 U

C
L-

C
)

95
%

 U
C

L 
of

 L
og

-tr
an

sf
or

m
ed

 D
at

a 
(9

5%
 U

C
L-

T)
99

%
 C

he
by

sh
ev

 U
C

L 
(9

9%
 U

C
L-

C
)

E
P

C
 R

at
io

na
le

:
(1

) W
ilk

s/
S

ha
pi

ro
 T

es
t i

nd
ic

at
es

 a
 n

or
m

al
 d

is
tri

bu
tio

n.
(2

) W
ilk

s/
S

ha
pi

ro
 T

es
t i

nd
ic

at
es

 a
 lo

gn
or

m
al

 d
is

tri
bu

tio
n.

(3
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 lo

gn
or

m
al

 d
is

tri
bu

tio
n 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 s

o 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(4
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

or
m

al
 d

is
tri

bu
tio

n 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 s
o 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(5

) N
on

-P
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
0 

an
d 

1.
  T

he
 9

5%
 C

he
by

sh
ev

 U
C

L 
w

as
 u

se
d 

as
 th

e 
E

P
C

 [P
ro

U
C

L 
U

se
r's

 G
ui

de
, 5

/0
1]

.
(6

) N
on

-P
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
1 

an
d 

2.
  T

he
 9

7.
5%

 C
he

by
sh

ev
 U

C
L 

w
as

 u
se

d 
as

 th
e 

E
P

C
 [P

ro
U

C
L 

U
se

r's
 G

ui
de

, 5
/0

1]
.

(7
) N

on
-P

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

2 
an

d 
3.

  T
he

 9
9%

 C
he

by
sh

ev
 U

C
L 

w
as

 u
se

d 
as

 th
e 

E
P

C
 [P

ro
U

C
L 

U
se

r's
 G

ui
de

, 5
/0

1]
.

(8
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

on
-p

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

0 
an

d 
1.

  T
he

 9
5%

 C
he

by
sh

ev
 U

C
L 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 

   
   

so
 th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(9
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

on
-p

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

1 
an

d 
2.

  T
he

 9
7.

5%
 C

he
by

sh
ev

 U
C

L 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 
   

   
so

 th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(1
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5%
 U

C
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 a
 n

on
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et
ric

 d
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 s
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 d
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by
sh

ev
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C
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 d
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im
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 d
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w
as
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se
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 th
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E
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 a
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C
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m
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C
.
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n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

0 
an

d 
1.

  T
he

 9
5%

 C
he

by
sh

ev
 U

C
L 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 

   
   

so
 th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(9
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

on
-p

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

1 
an

d 
2.

  T
he

 9
7.

5%
 C

he
by

sh
ev

 U
C

L 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 
   

   
so

 th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(1

0)
 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

on
-p

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

ab
ov

e 
2.

  T
he

 9
9%

 C
he

by
sh

ev
 U

C
L 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 

   
   

so
 th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(1
1)

 N
ot

 e
no

ug
h 

sa
m

pl
es

 to
 c

al
cu

la
te

 a
 9

5%
 U

C
L,

 th
er

ef
or

e 
th

e 
m

ax
im

um
 c

on
ce

nt
ra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.
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M
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A
R

Y
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es
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G
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nd
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al
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iv
er
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ak
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C
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nt
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di
an

a

S
ce
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im

ef
ra

m
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ur

re
nt

/F
ut

ur
e

M
ed

iu
m
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S

ur
fa

ce
 W

at
er

E
xp

os
ur
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M

ed
iu

m
:  

S
ur

fa
ce
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at

er

M
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R
ea

so
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e 

M
ax

im
um

 E
xp

os
ur

e
E

xp
os

ur
e 

P
oi

nt
C

he
m

ic
al

 o
f

U
ni

ts
A

rit
hm

et
ic

95
%

  U
C

L
C

on
ce

nt
ra

tio
n

E
P

C
E

P
C

E
P

C
E

P
C

P
ot

en
tia

l C
on

ce
rn

 
M

ea
n

(Q
ua

lif
ie

r)
V

al
ue

U
ni

ts
S

ta
tis

tic
R

at
io

na
le

S
ur

fa
ce

 W
at

er
C

hl
or

od
ib

ro
m

om
et

ha
ne

m
g/

L
0.

00
12

-
0.

00
15

0.
00

15
m

g/
L

M
ax

(1
1)

N
ap

th
al

en
e

m
g/

L
0.

00
06

6
-

0.
00

11
5

0.
00

11
5

m
g/

L
M

ax
(1

1)
A

lu
m

in
um

 (T
ot

al
) 

m
g/

L
0.

30
1.

38
3.

39
1.

38
m

g/
L

97
.5

%
 U

C
L-

C
(6

)
A

rs
en

ic
 (T

ot
al

) 
m

g/
L

0.
00

37
0.

00
4

0.
00

58
0.

00
4

m
g/

L
95

%
 U

C
L-

N
(1

)
C

hr
om

iu
m

 (T
ot

al
) 

m
g/

L
0.

00
37

0.
00

51
0.

01
98

0.
00

51
m

g/
L

95
%

 U
C

L-
T

(2
)

Le
ad

 (T
ot

al
) 

m
g/

L
0.

00
97

0.
01

3
0.

06
98

0.
01

3
m

g/
L

95
%

 U
C

L-
T

(2
)

N
ot

es
:

- =
 N

ot
 e

no
ug

h 
de

te
ct

ed
 s

am
pl

es
 to

 c
al

cu
la

te
 a

 9
5%

 U
C

L.
Th

is
 ta

bl
e 

in
cl

ud
es

 s
ur

fa
ce

 w
at

er
 d

at
a 

fro
m

 R
ea

ch
 1

, R
ea

ch
 4

, R
ea

ch
 6

, a
nd

 th
e 

H
am

m
on

d 
S

an
ita

ry
 O

ut
fa

ll.
C

od
es

 u
se

d 
fo

r t
he

 "E
P

C
 S

ta
tis

tic
":

M
ax

im
um

 D
et

ec
te

d 
V

al
ue

 (M
ax

)
95

%
 C

he
by

sh
ev

 U
C

L 
(9

5%
 U

C
L-

C
)

95
%

 U
C

L 
of

 N
or

m
al

 D
at

a 
(9

5%
 U

C
L-

N
)

97
.5

%
 C

he
by

sh
ev

 U
C

L 
(9

7.
5%

 U
C

L-
C

)
95

%
 U

C
L 

of
 L

og
-tr

an
sf

or
m

ed
 D

at
a 

(9
5%

 U
C

L-
T)

99
%

 C
he

by
sh

ev
 U

C
L 

(9
9%

 U
C

L-
C

)
E

P
C

 R
at

io
na

le
:

(1
) W

ilk
s/

S
ha

pi
ro

 T
es

t i
nd

ic
at

es
 a

 n
or

m
al

 d
is

tri
bu

tio
n.

(2
) W

ilk
s/

S
ha

pi
ro

 T
es

t i
nd

ic
at

es
 a

 lo
gn

or
m

al
 d

is
tri

bu
tio

n.
(3

) 9
5%

 U
C

L 
ba

se
d 

on
 a

 lo
gn

or
m

al
 d

is
tri

bu
tio

n 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 s
o 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(4

) 9
5%

 U
C

L 
ba

se
d 

on
 a

 n
or

m
al

 d
is

tri
bu

tio
n 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 s

o 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(5
) N

on
-P

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

0 
an

d 
1.

  T
he

 9
5%

 C
he

by
sh

ev
 U

C
L 

w
as

 u
se

d 
as

 th
e 

E
P

C
 [P

ro
U

C
L 

U
se

r's
 G

ui
de

, 5
/0

1]
.

(6
) N

on
-P

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

1 
an

d 
2.

  T
he

 9
7.

5%
 C

he
by

sh
ev

 U
C

L 
w

as
 u

se
d 

as
 th

e 
E

P
C

 [P
ro

U
C

L 
U

se
r's

 G
ui

de
, 5

/0
1]

.
(7

) N
on

-P
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
2 

an
d 

3.
  T

he
 9

9%
 C

he
by

sh
ev

 U
C

L 
w

as
 u

se
d 

as
 th

e 
E

P
C

 [P
ro

U
C

L 
U

se
r's

 G
ui

de
, 5

/0
1]

.
(8

) 9
5%

 U
C

L 
ba

se
d 

on
 a

 n
on

-p
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
0 

an
d 

1.
  T

he
 9

5%
 C

he
by

sh
ev

 U
C

L 
ex

ce
ed

s 
th

e 
m

ax
im

um
 

   
   

de
te

ct
ed

 c
on

ce
nt

ra
tio

n,
 s

o 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(9
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

on
-p

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

1 
an

d 
2.

  T
he

 9
7.

5%
 C

he
by

sh
ev

 U
C

L 
ex

ce
ed

s 
th

e 
m

ax
im

um
 

   
   

de
te

ct
ed

 c
on

ce
nt

ra
tio

n,
 s

o 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(1
0)

 9
5%

 U
C

L 
ba

se
d 

on
 a

 n
on

-p
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
ab

ov
e 

2.
  T

he
 9

9%
 C

he
by

sh
ev

 U
C

L 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

   
   

co
nc

en
tra

tio
n,

 s
o 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(1

1)
 N

ot
 e

no
ug

h 
sa

m
pl

es
 to

 c
al

cu
la

te
 a

 9
5%

 U
C

L,
 th

er
ef

or
e 

th
e 

m
ax

im
um

 c
on

ce
nt

ra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
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l C
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ua

lif
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ue

U
ni
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tic
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at
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na
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ea

ch
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 C
ar
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Fi

lle
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A
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e
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0.
01
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0.
01
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01
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kg
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ax
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A

ce
na

ph
th

yl
en

e
m
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kg

0.
00

5
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0.
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5
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00
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kg
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nt
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e
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0.
00
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0.

00
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kg
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Fl

uo
ra

nt
he

ne
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00
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kg
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Fl

uo
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kg
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7
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6
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0.
01

8
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D
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0.
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D
E
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0.
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kg
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Tr
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r
m
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kg

0.
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5
-

0.
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5
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hr
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m
g/

kg
M

ax
(1

1)
C

op
pe

r
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3.
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M
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Iro
n

m
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kg
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-
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33
m
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kg

M
ax

(1
1)

S
el

en
iu

m
m

g/
kg

7.
98

-
7.

98
7.

98
m

g/
kg

M
ax

(1
1)

Zi
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m
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kg
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2
-
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2

12
2

m
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kg
M

ax
(1

1)
D

io
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TE

Q
m

g/
kg

0.
00

00
20

-
2.

03
E

-0
5

2.
03

E
-0

5
m

g/
kg

M
ax

(1
1)

N
on

di
ox

in
-li

ke
 P

C
B

s
m

g/
kg

0.
67

8
-

0.
68

0.
68

m
g/

kg
M

ax
(1

1)
N

ot
es

:
- =

 N
ot

 e
no

ug
h 

de
te

ct
ed

 s
am

pl
es

 to
 c

al
cu

la
te

 a
 9

5%
 U

C
L.

C
od

es
 u

se
d 

fo
r t

he
 "E

P
C

 S
ta

tis
tic

":
M

ax
im

um
 D

et
ec

te
d 

V
al

ue
 (M

ax
)

95
%

 C
he

by
sh

ev
 U

C
L 

(9
5%

 U
C

L-
C

)
95

%
 U

C
L 

of
 N

or
m

al
 D

at
a 

(9
5%

 U
C

L-
N

)
97

.5
%

 C
he

by
sh

ev
 U

C
L 

(9
7.

5%
 U

C
L-

C
)

95
%

 U
C

L 
of

 L
og

-tr
an

sf
or

m
ed

 D
at

a 
(9

5%
 U

C
L-

T)
99

%
 C

he
by

sh
ev

 U
C

L 
(9

9%
 U

C
L-

C
)

E
P

C
 R

at
io

na
le

:
(1

) W
ilk

s/
S

ha
pi

ro
 T

es
t i

nd
ic

at
es

 a
 n

or
m

al
 d

is
tri

bu
tio

n.
(2

) W
ilk

s/
S

ha
pi

ro
 T

es
t i

nd
ic

at
es

 a
 lo

gn
or

m
al

 d
is

tri
bu

tio
n.

(3
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 lo

gn
or

m
al

 d
is

tri
bu

tio
n 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 s

o 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(4
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

or
m

al
 d

is
tri

bu
tio

n 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 s
o 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(5

) N
on

-P
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
0 

an
d 

1.
  T

he
 9

5%
 C

he
by

sh
ev

 U
C

L 
w

as
 u

se
d 

as
 th

e 
E

P
C

 [P
ro

U
C

L 
U

se
r's

 G
ui

de
, 5

/0
1]

.
(6

) N
on

-P
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
1 

an
d 

2.
  T

he
 9

7.
5%

 C
he

by
sh

ev
 U

C
L 

w
as

 u
se

d 
as

 th
e 

E
P

C
 [P

ro
U

C
L 

U
se

r's
 G

ui
de

, 5
/0

1]
.

(7
) N

on
-P

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

2 
an

d 
3.

  T
he

 9
9%

 C
he

by
sh

ev
 U

C
L 

w
as

 u
se

d 
as

 th
e 

E
P

C
 [P

ro
U

C
L 

U
se

r's
 G

ui
de

, 5
/0

1]
.

(8
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

on
-p

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

0 
an

d 
1.

  T
he

 9
5%

 C
he

by
sh

ev
 U

C
L 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

   
   

so
 th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(9
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

on
-p

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

1 
an

d 
2.

  T
he

 9
7.

5%
 C

he
by

sh
ev

 U
C

L 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

t
   

   
so

 th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(1

0)
 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

on
-p

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

ab
ov

e 
2.

  T
he

 9
9%

 C
he

by
sh

ev
 U

C
L 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 

   
   

so
 th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(1
1)

 N
ot

 e
no

ug
h 

sa
m

pl
es

 to
 c

al
cu

la
te

 a
 9

5%
 U

C
L,

 th
er

ef
or

e 
th

e 
m

ax
im

um
 c

on
ce

nt
ra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.
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de

te
ct

ed
 s

am
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5%

 U
C

L.
C

od
es

 u
se

d 
fo

r t
he

 "E
P

C
 S

ta
tis

tic
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M
ax

im
um

 D
et

ec
te

d 
V

al
ue

 (M
ax

)
95

%
 C

he
by

sh
ev

 U
C

L 
(9

5%
 U

C
L-

C
)

95
%

 U
C

L 
of

 N
or

m
al

 D
at

a 
(9

5%
 U

C
L-

N
)

97
.5

%
 C

he
by

sh
ev

 U
C

L 
(9

7.
5%

 U
C

L-
C

)
95

%
 U

C
L 

of
 L

og
-tr

an
sf

or
m

ed
 D

at
a 

(9
5%

 U
C

L-
T)

99
%

 C
he

by
sh

ev
 U

C
L 

(9
9%

 U
C

L-
C

)
E

P
C

 R
at

io
na

le
:

(1
) W

ilk
s/

S
ha

pi
ro

 T
es

t i
nd

ic
at

es
 a

 n
or

m
al

 d
is

tri
bu

tio
n

(2
) W

ilk
s/

S
ha

pi
ro

 T
es

t i
nd

ic
at

es
 a

 lo
gn

or
m

al
 d

is
tri

bu
tio

n.
(3

) 9
5%

 U
C

L 
ba

se
d 

on
 a

 lo
gn

or
m

al
 d

is
tri

bu
tio

n 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 s
o 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(4

) 9
5%

 U
C

L 
ba

se
d 

on
 a

 n
or

m
al

 d
is

tri
bu

tio
n 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 s

o 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(5
) N

on
-P

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

0 
an

d 
1.

  T
he

 9
5%

 C
he

by
sh

ev
 U

C
L 

w
as

 u
se

d 
as

 th
e 

E
P

C
 [P

ro
U

C
L 

U
se

r's
 G

ui
de

, 5
/0

1]
.

(6
) N

on
-P

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

1 
an

d 
2.

  T
he

 9
7.

5%
 C

he
by

sh
ev

 U
C

L 
w

as
 u

se
d 

as
 th

e 
E

P
C

 [P
ro

U
C

L 
U

se
r's

 G
ui

de
, 5

/0
1]

.
(7

) N
on

-P
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
2 

an
d 

3.
  T

he
 9

9%
 C

he
by

sh
ev

 U
C

L 
w

as
 u

se
d 

as
 th

e 
E

P
C

 [P
ro

U
C

L 
U

se
r's

 G
ui

de
, 5

/0
1]

.
(8

) 9
5%

 U
C

L 
ba

se
d 

on
 a

 n
on

-p
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
0 

an
d 

1.
  T

he
 9

5%
 C

he
by

sh
ev

 U
C

L 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 
   

   
so

 th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(9

) 9
5%

 U
C

L 
ba

se
d 

on
 a

 n
on

-p
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
1 

an
d 

2.
  T

he
 9

7.
5%

 C
he

by
sh

ev
 U

C
L 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 

   
   

so
 th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(1
0)

 9
5%

 U
C

L 
ba

se
d 

on
 a

 n
on

-p
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
ab

ov
e 

2.
  T

he
 9

9%
 C

he
by

sh
ev

 U
C

L 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 
   

   
so

 th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(1

1)
 N

ot
 e

no
ug

h 
sa

m
pl

es
 to

 c
al

cu
la

te
 a

 9
5%

 U
C

L,
 th

er
ef

or
e 

th
e 

m
ax

im
um

 c
on

ce
nt

ra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
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is

tri
bu

tio
n.

(3
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 lo

gn
or

m
al

 d
is

tri
bu

tio
n 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 s

o 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(4
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

or
m

al
 d

is
tri

bu
tio

n 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 s
o 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(5

) N
on

-P
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
0 

an
d 

1.
  T

he
 9

5%
 C

he
by

sh
ev

 U
C

L 
w

as
 u

se
d 

as
 th

e 
E

P
C

 [P
ro

U
C

L 
U

se
r's

 G
ui

de
, 5

/0
1]

.
(6

) N
on

-P
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
1 

an
d 

2.
  T

he
 9

7.
5%

 C
he

by
sh

ev
 U

C
L 

w
as

 u
se

d 
as

 th
e 

E
P

C
 [P

ro
U

C
L 

U
se

r's
 G

ui
de

, 5
/0

1]
.

(7
) N

on
-P

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

2 
an

d 
3.

  T
he

 9
9%

 C
he

by
sh

ev
 U

C
L 

w
as

 u
se

d 
as

 th
e 

E
P

C
 [P

ro
U

C
L 

U
se

r's
 G

ui
de

, 5
/0

1]
.

(8
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

on
-p

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

0 
an

d 
1.

  T
he

 9
5%

 C
he

by
sh

ev
 U

C
L 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 

   
   

so
 th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(9
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

on
-p

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

1 
an

d 
2.

  T
he

 9
7.

5%
 C

he
by

sh
ev

 U
C

L 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 
   

   
so

 th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(1

0)
 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

on
-p

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

ab
ov

e 
2.

  T
he

 9
9%

 C
he

by
sh

ev
 U

C
L 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 

   
   

so
 th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(1
1)

 N
ot

 e
no

ug
h 

sa
m

pl
es

 to
 c

al
cu

la
te

 a
 9

5%
 U

C
L,

 th
er

ef
or

e 
th

e 
m

ax
im

um
 c

on
ce

nt
ra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.
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ar
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Fi
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t

M
ax

im
um

R
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M
ax
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ur
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E
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os

ur
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at
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 C
ar

p 
Fi

lle
t

A
ce

na
ph

th
en

e
m

g/
kg

1.
59

-
1.

59
1.

59
m

g/
kg

M
ax

(1
1)

A
ce

na
ph

th
yl

en
e

m
g/

kg
0.

04
2

-
0.

04
2

0.
04

2
m

g/
kg

M
ax

(1
1)

A
nt

hr
ac

en
e

m
g/

kg
0.

06
2

-
0.

06
2

0.
06

2
m

g/
kg

M
ax

(1
1)

B
en

z(
a)

an
th

ra
ce

ne
m

g/
kg

0.
00

6
-

0.
00

6
0.

00
6

m
g/

kg
M

ax
(1

1)
B

en
zo

(b
)fl

uo
ra

nt
he

ne
m

g/
kg

0.
00

4
-

0.
00

4
0.

00
4

m
g/

kg
M

ax
(1

1)
C

hr
ys

en
e

m
g/

kg
0.

00
9

-
0.

00
9

0.
00

9
m

g/
kg

M
ax

(1
1)

Fl
uo

ra
nt

he
ne

m
g/

kg
0.

21
-

0.
21

0.
21

m
g/

kg
M

ax
(1

1)
Fl

uo
re

ne
m

g/
kg

0.
47

-
0.

47
0.

47
m

g/
kg

M
ax

(1
1)

1-
M

et
hy

ln
ap

ht
ha

le
ne

m
g/

kg
0.

72
-

0.
72

0.
72

m
g/

kg
M

ax
(1

1)
2-

M
et

hy
ln

ap
ht

ha
le

ne
m

g/
kg

1.
00

-
1.

0
1.

0
m

g/
kg

M
ax

(1
1)

N
ap

ht
ha

le
ne

m
g/

kg
1.

12
-

1.
12

1.
12

m
g/

kg
M

ax
(1

1)
P

he
na

nt
hr

en
e

m
g/

kg
0.

42
-

0.
42

0.
42

m
g/

kg
M

ax
(1

1)
P

yr
en

e
m

g/
kg

0.
35

-
0.

35
0.

35
m

g/
kg

M
ax

(1
1)

C
hl

or
da

ne
 - 

al
ph

a
m

g/
kg

0.
09

8
-

0.
15

0.
15

m
g/

kg
M

ax
(1

1)
C

hl
or

da
ne

 - 
ga

m
m

a
m

g/
kg

0.
06

7
-

0.
11

7 
J-

0.
12

m
g/

kg
M

ax
(1

1)
o,

p'
-D

D
D

m
g/

kg
0.

12
-

0.
14

0.
14

m
g/

kg
M

ax
(1

1)
p,

p'
-D

D
D

m
g/

kg
0.

50
-

0.
51

0.
51

m
g/

kg
M

ax
(1

1)
p,

p'
-D

D
E

m
g/

kg
0.

25
-

0.
37

0.
37

m
g/

kg
M

ax
(1

1)
D

ie
ld

rin
m

g/
kg

0.
05

3
-

0.
07

0.
07

m
g/

kg
M

ax
(1

1)
ci

s-
N

on
ac

hl
or

m
g/

kg
0.

03
6

-
0.

03
5

0.
03

5
m

g/
kg

M
ax

(1
1)

Tr
an

s 
no

na
ch

lo
r

m
g/

kg
0.

05
5

-
0.

07
5

0.
07

5
m

g/
kg

M
ax

(1
1)

A
lu

m
in

um
m

g/
kg

15
.4

1
-

25
.3

4
25

.3
4

m
g/

kg
M

ax
(1

1)
C

hr
om

iu
m

m
g/

kg
0.

77
-

1.
19

1.
19

m
g/

kg
M

ax
(1

1)
C

op
pe

r
m

g/
kg

3.
20

-
5.

39
5.

39
m

g/
kg

M
ax

(1
1)

Iro
n

m
g/

kg
11

8
-

22
1

22
1

m
g/

kg
M

ax
(1

1)
Le

ad
m

g/
kg

1.
39

-
2.

7
2.

7
m

g/
kg

M
ax

(1
1)

S
el

en
iu

m
m

g/
kg

2.
01

-
2.

7
2.

7
m

g/
kg

M
ax

(1
1)

Zi
nc

m
g/

kg
12

5
-

21
6

21
6

m
g/

kg
M

ax
(1

1)
D

io
xi

n 
TE

Q
m

g/
kg

0.
00

00
60

-
6.

00
E

-0
5

6.
00

E
-0

5
m

g/
kg

M
ax

(1
1)

N
on

di
ox

in
-li

ke
 P

C
B

s
m

g/
kg

2.
98

-
2.

98
2.

98
m

g/
kg

M
ax

(1
1)

N
ot

es
:

- =
 N

ot
 e

no
ug

h 
de

te
ct

ed
 s

am
pl

es
 to

 c
al

cu
la

te
 a

 9
5%

 U
C

L.
C

od
es

 u
se

d 
fo

r t
he

 "E
P

C
 S

ta
tis

tic
":

M
ax

im
um

 D
et

ec
te

d 
V

al
ue

 (M
ax

)
95

%
 C

he
by

sh
ev

 U
C

L 
(9

5%
 U

C
L-

C
)

95
%

 U
C

L 
of

 N
or

m
al

 D
at

a 
(9

5%
 U

C
L-

N
)

97
.5

%
 C

he
by

sh
ev

 U
C

L 
(9

7.
5%

 U
C

L-
C

)
95

%
 U

C
L 

of
 L

og
-tr

an
sf

or
m

ed
 D

at
a 

(9
5%

 U
C

L-
T)

99
%

 C
he

by
sh

ev
 U

C
L 

(9
9%

 U
C

L-
C

)
E

P
C

 R
at

io
na

le
:

(1
) W

ilk
s/

S
ha

pi
ro

 T
es

t i
nd

ic
at

es
 a

 n
or

m
al

 d
is

tri
bu

tio
n.

(2
) W

ilk
s/

S
ha

pi
ro

 T
es

t i
nd

ic
at

es
 a

 lo
gn

or
m

al
 d

is
tri

bu
tio

n.
(3

) 9
5%

 U
C

L 
ba

se
d 

on
 a

 lo
gn

or
m

al
 d

is
tri

bu
tio

n 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 s
o 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(4

) 9
5%

 U
C

L 
ba

se
d 

on
 a

 n
or

m
al

 d
is

tri
bu

tio
n 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 s

o 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(5
) N

on
-P

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

0 
an

d 
1.

  T
he

 9
5%

 C
he

by
sh

ev
 U

C
L 

w
as

 u
se

d 
as

 th
e 

E
P

C
 [P

ro
U

C
L 

U
se

r's
 G

ui
de

, 5
/0

1]
.

(6
) N

on
-P

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

1 
an

d 
2.

  T
he

 9
7.

5%
 C

he
by

sh
ev

 U
C

L 
w

as
 u

se
d 

as
 th

e 
E

P
C

 [P
ro

U
C

L 
U

se
r's

 G
ui

de
, 5

/0
1]

.
(7

) N
on

-P
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
2 

an
d 

3.
  T

he
 9

9%
 C

he
by

sh
ev

 U
C

L 
w

as
 u

se
d 

as
 th

e 
E

P
C

 [P
ro

U
C

L 
U

se
r's

 G
ui

de
, 5

/0
1]

.
(8

) 9
5%

 U
C

L 
ba

se
d 

on
 a

 n
on

-p
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
0 

an
d 

1.
  T

he
 9

5%
 C

he
by

sh
ev

 U
C

L 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 
   

   
so

 th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(9

) 9
5%

 U
C

L 
ba

se
d 

on
 a

 n
on

-p
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
1 

an
d 

2.
  T

he
 9

7.
5%

 C
he

by
sh

ev
 U

C
L 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 

   
   

so
 th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(1
0)

 9
5%

 U
C

L 
ba

se
d 

on
 a

 n
on

-p
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
ab

ov
e 

2.
  T

he
 9

9%
 C

he
by

sh
ev

 U
C

L 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 
   

   
so

 th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(1

1)
 N

ot
 e

no
ug

h 
sa

m
pl

es
 to

 c
al

cu
la

te
 a

 9
5%

 U
C

L,
 th

er
ef

or
e 

th
e 

m
ax

im
um

 c
on

ce
nt

ra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
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M
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bl
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e 

P
oi

nt
C

he
m

ic
al

 o
f

U
ni

ts
A

rit
hm

et
ic

95
%

  U
C

L
C

on
ce

nt
ra

tio
n

E
P

C
E

P
C

E
P

C
E

P
C

P
ot

en
tia

l C
on

ce
rn

 
M

ea
n

(Q
ua

lif
ie

r)
V

al
ue

U
ni

ts
S

ta
tis

tic
R

at
io

na
le

R
ea

ch
 7

 C
ar

p 
Fi

lle
t

A
ce

na
ph

th
en

e
m

g/
kg

1.
73

-
1.

73
1.

73
m

g/
kg

M
ax

(1
1)

B
en

zo
ic

 a
ci

d
m

g/
kg

6.
39

-
6.

39
6.

39
m

g/
kg

M
ax

(1
1)

Fl
uo

ra
nt

he
ne

m
g/

kg
0.

41
-

0.
41

0.
41

m
g/

kg
M

ax
(1

1)
Fl

uo
re

ne
m

g/
kg

0.
64

-
0.

64
0.

64
m

g/
kg

M
ax

(1
1)

2-
M

et
hy

ln
ap

ht
ha

le
ne

m
g/

kg
0.

60
-

0.
60

0.
60

m
g/

kg
M

ax
(1

1)
N

ap
ht

ha
le

ne
m

g/
kg

0.
56

-
0.

56
0.

56
m

g/
kg

M
ax

(1
1)

P
he

na
nt

hr
en

e
m

g/
kg

0.
79

-
0.

79
0.

79
m

g/
kg

M
ax

(1
1)

P
yr

en
e

m
g/

kg
0.

87
-

0.
87

0.
87

m
g/

kg
M

ax
(1

1)
C

hl
or

da
ne

 - 
al

ph
a

m
g/

kg
0.

08
-

0.
08

3
0.

08
3

m
g/

kg
M

ax
(1

1)
C

hl
or

da
ne

 - 
ga

m
m

a
m

g/
kg

0.
13

-
0.

12
8 

J
0.

13
m

g/
kg

M
ax

(1
1)

o,
p'

-D
D

D
m

g/
kg

0.
11

-
0.

11
0.

11
m

g/
kg

M
ax

(1
1)

p,
p'

-D
D

D
m

g/
kg

0.
38

-
0.

38
0.

38
m

g/
kg

M
ax

(1
1)

p,
p'

-D
D

E
m

g/
kg

0.
23

-
0.

23
0.

23
m

g/
kg

M
ax

(1
1)

D
ie

ld
rin

m
g/

kg
0.

03
1

-
0.

03
1

0.
03

1
m

g/
kg

M
ax

(1
1)

ci
s-

N
on

ac
hl

or
m

g/
kg

0.
02

4
-

0.
02

4
0.

02
4

m
g/

kg
M

ax
(1

1)
Tr

an
s 

no
na

ch
lo

r
m

g/
kg

0.
05

6
-

0.
05

6
0.

05
6

m
g/

kg
M

ax
(1

1)
A

lu
m

in
um

m
g/

kg
34

-
34

34
m

g/
kg

M
ax

(1
1)

C
hr

om
iu

m
m

g/
kg

1.
65

-
1.

65
1.

65
m

g/
kg

M
ax

(1
1)

C
op

pe
r

m
g/

kg
10

.9
02

-
10

.9
0

10
.9

0
m

g/
kg

M
ax

(1
1)

Iro
n

m
g/

kg
27

1
-

27
1

27
1

m
g/

kg
M

ax
(1

1)
Le

ad
m

g/
kg

4.
51

-
4.

51
4.

51
m

g/
kg

M
ax

(1
1)

S
el

en
iu

m
m

g/
kg

2.
90

-
2.

90
2.

90
m

g/
kg

M
ax

(1
1)

Zi
nc

m
g/

kg
27

1
-

27
1

27
1

m
g/

kg
M

ax
(1

1)
D

io
xi

n 
TE

Q
m

g/
kg

0.
00

00
29

-
2.

91
E

-0
5

2.
91

E
-0

5
m

g/
kg

M
ax

(1
1)

N
on

di
ox

in
-li

ke
 P

C
B

s
m

g/
kg

1.
30

-
1.

30
1.

30
m

g/
kg

M
ax

(1
1)

N
ot

es
:

- =
 N

ot
 e

no
ug

h 
de

te
ct

ed
 s

am
pl

es
 to

 c
al

cu
la

te
 a

 9
5%

 U
C

L.
C

od
es

 u
se

d 
fo

r t
he

 "E
P

C
 S

ta
tis

tic
":

M
ax

im
um

 D
et

ec
te

d 
V

al
ue

 (M
ax

)
95

%
 C

he
by

sh
ev

 U
C

L 
(9

5%
 U

C
L-

C
)

95
%

 U
C

L 
of

 N
or

m
al

 D
at

a 
(9

5%
 U

C
L-

N
)

97
.5

%
 C

he
by

sh
ev

 U
C

L 
(9

7.
5%

 U
C

L-
C

)
95

%
 U

C
L 

of
 L

og
-tr

an
sf

or
m

ed
 D

at
a 

(9
5%

 U
C

L-
T)

99
%

 C
he

by
sh

ev
 U

C
L 

(9
9%

 U
C

L-
C

)
E

P
C

 R
at

io
na

le
:

(1
) W

ilk
s/

S
ha

pi
ro

 T
es

t i
nd

ic
at

es
 a

 n
or

m
al

 d
is

tri
bu

tio
n.

(2
) W

ilk
s/

S
ha

pi
ro

 T
es

t i
nd

ic
at

es
 a

 lo
gn

or
m

al
 d

is
tri

bu
tio

n.
(3

) 9
5%

 U
C

L 
ba

se
d 

on
 a

 lo
gn

or
m

al
 d

is
tri

bu
tio

n 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 s
o 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(4

) 9
5%

 U
C

L 
ba

se
d 

on
 a

 n
or

m
al

 d
is

tri
bu

tio
n 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 s

o 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(5
) N

on
-P

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

0 
an

d 
1.

  T
he

 9
5%

 C
he

by
sh

ev
 U

C
L 

w
as

 u
se

d 
as

 th
e 

E
P

C
 [P

ro
U

C
L 

U
se

r's
 G

ui
de

, 5
/0

1]
.

(6
) N

on
-P

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

1 
an

d 
2.

  T
he

 9
7.

5%
 C

he
by

sh
ev

 U
C

L 
w

as
 u

se
d 

as
 th

e 
E

P
C

 [P
ro

U
C

L 
U

se
r's

 G
ui

de
, 5

/0
1]

.
(7

) N
on

-P
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
2 

an
d 

3.
  T

he
 9

9%
 C

he
by

sh
ev

 U
C

L 
w

as
 u

se
d 

as
 th

e 
E

P
C

 [P
ro

U
C

L 
U

se
r's

 G
ui

de
, 5

/0
1]

.
(8

) 9
5%

 U
C

L 
ba

se
d 

on
 a

 n
on

-p
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
0 

an
d 

1.
  T

he
 9

5%
 C

he
by

sh
ev

 U
C

L 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 
   

   
so

 th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(9

) 9
5%

 U
C

L 
ba

se
d 

on
 a

 n
on

-p
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
1 

an
d 

2.
  T

he
 9

7.
5%

 C
he

by
sh

ev
 U

C
L 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 

   
   

so
 th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(1
0)

 9
5%

 U
C

L 
ba

se
d 

on
 a

 n
on

-p
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
ab

ov
e 

2.
  T

he
 9

9%
 C

he
by

sh
ev

 U
C

L 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 
   

   
so

 th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(1

1)
 N

ot
 e

no
ug

h 
sa

m
pl

es
 to

 c
al

cu
la

te
 a

 9
5%

 U
C

L,
 th

er
ef

or
e 

th
e 

m
ax

im
um

 c
on

ce
nt

ra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.



TA
B

LE
 3

.1
8

E
X

P
O

S
U

R
E

 P
O

IN
T 

C
O

N
C

E
N

TR
A

TI
O

N
 S

U
M

M
A

R
Y

W
es

t B
ra

nc
h 

of
 th

e 
G

ra
nd

 C
al

um
et

 R
iv

er
, L

ak
e 

C
ou

nt
y,

 In
di

an
a

S
ce

na
rio

 T
im

ef
ra

m
e:

  C
ur

re
nt

/F
ut

ur
e

M
ed

iu
m

:  
Fi

sh
E

xp
os

ur
e 

M
ed

iu
m

:  
R

ea
ch

 7
 G

ol
df

is
h 

Fi
lle

t

M
ax

im
um

R
ea

so
na

bl
e 

M
ax

im
um

 E
xp

os
ur

e
E

xp
os

ur
e 

P
oi

nt
C

he
m

ic
al

 o
f

U
ni

ts
A

rit
hm

et
ic

95
%

  U
C

L
C

on
ce

nt
ra

tio
n

E
P

C
E

P
C

E
P

C
E

P
C

P
ot

en
tia

l C
on

ce
rn

 
M

ea
n

(Q
ua

lif
ie

r)
V

al
ue

U
ni

ts
S

ta
tis

tic
R

at
io

na
le

R
ea

ch
 7

 G
ol

df
is

h 
Fi

lle
t

A
ce

na
ph

th
en

e
m

g/
kg

3.
24

-
3.

24
3.

24
m

g/
kg

M
ax

(1
1)

A
ce

na
ph

th
yl

en
e

m
g/

kg
0.

23
-

0.
23

0.
23

m
g/

kg
M

ax
(1

1)
A

nt
hr

ac
en

e
m

g/
kg

0.
24

-
0.

24
0.

24
m

g/
kg

M
ax

(1
1)

B
en

z(
a)

an
th

ra
ce

ne
m

g/
kg

0.
00

7
-

0.
00

7
0.

00
7

m
g/

kg
M

ax
(1

1)
C

hr
ys

en
e

m
g/

kg
0.

00
8

-
0.

00
8

0.
00

8
m

g/
kg

M
ax

(1
1)

D
ib

en
zo

fu
ra

n
m

g/
kg

0.
28

-
0.

28
0.

28
m

g/
kg

M
ax

(1
1)

Fl
uo

ra
nt

he
ne

m
g/

kg
0.

36
-

0.
36

0.
36

m
g/

kg
M

ax
(1

1)
Fl

uo
re

ne
m

g/
kg

1.
04

-
1.

04
1.

04
m

g/
kg

M
ax

(1
1)

1-
M

et
hy

ln
ap

ht
ha

le
ne

m
g/

kg
0.

58
-

0.
58

0.
58

m
g/

kg
M

ax
(1

1)
2-

M
et

hy
ln

ap
ht

ha
le

ne
m

g/
kg

0.
91

-
0.

91
0.

91
m

g/
kg

M
ax

(1
1)

N
ap

ht
ha

le
ne

m
g/

kg
0.

91
-

0.
91

0.
91

m
g/

kg
M

ax
(1

1)
P

he
na

nt
hr

en
e

m
g/

kg
0.

68
-

0.
68

0.
68

m
g/

kg
M

ax
(1

1)
P

yr
en

e
m

g/
kg

0.
55

-
0.

55
0.

55
m

g/
kg

M
ax

(1
1)

C
hl

or
da

ne
 - 

al
ph

a
m

g/
kg

0.
30

-
0.

30
0.

30
m

g/
kg

M
ax

(1
1)

C
hl

or
da

ne
 - 

ga
m

m
a

m
g/

kg
0.

22
-

0.
22

3 
J-

0.
22

m
g/

kg
M

ax
(1

1)
o,

p'
-D

D
D

m
g/

kg
0.

18
-

0.
18

0.
18

m
g/

kg
M

ax
(1

1)
p,

p'
-D

D
D

m
g/

kg
1.

10
-

1.
10

1.
10

m
g/

kg
M

ax
(1

1)
p,

p'
-D

D
E

m
g/

kg
0.

68
-

0.
68

0.
68

m
g/

kg
M

ax
(1

1)
D

ie
ld

rin
m

g/
kg

0.
07

4
-

0.
07

4
0.

07
4

m
g/

kg
M

ax
(1

1)
ci

s-
N

on
ac

hl
or

m
g/

kg
0.

06
5

-
0.

06
5

0.
06

5
m

g/
kg

M
ax

(1
1)

Tr
an

s 
no

na
ch

lo
r

m
g/

kg
0.

13
-

0.
13

0.
13

m
g/

kg
M

ax
(1

1)
Iro

n
m

g/
kg

22
-

22
22

m
g/

kg
M

ax
(1

1)
C

hr
om

iu
m

m
g/

kg
0.

38
8

-
0.

39
0.

39
m

g/
kg

M
ax

(1
1)

C
op

pe
r

m
g/

kg
3.

88
-

3.
88

3.
88

m
g/

kg
M

ax
(1

1)
S

el
en

iu
m

m
g/

kg
2.

98
-

2.
98

2.
98

m
g/

kg
M

ax
(1

1)
Zi

nc
m

g/
kg

84
-

84
84

m
g/

kg
M

ax
(1

1)
D

io
xi

n 
TE

Q
m

g/
kg

0.
00

00
91

-
9.

15
E

-0
5

9.
15

E
-0

5
m

g/
kg

M
ax

(1
1)

N
on

di
ox

in
-li

ke
 P

C
B

s
m

g/
kg

4.
09

-
4.

09
4.

09
m

g/
kg

M
ax

(1
1)

N
ot

es
:

- =
 N

ot
 e

no
ug

h 
de

te
ct

ed
 s

am
pl

es
 to

 c
al

cu
la

te
 a

 9
5%

 U
C

L.
C

od
es

 u
se

d 
fo

r t
he

 "E
P

C
 S

ta
tis

tic
":

M
ax

im
um

 D
et

ec
te

d 
V

al
ue

 (M
ax

)
95

%
 C

he
by

sh
ev

 U
C

L 
(9

5%
 U

C
L-

C
)

95
%

 U
C

L 
of

 N
or

m
al

 D
at

a 
(9

5%
 U

C
L-

N
)

97
.5

%
 C

he
by

sh
ev

 U
C

L 
(9

7.
5%

 U
C

L-
C

)
95

%
 U

C
L 

of
 L

og
-tr

an
sf

or
m

ed
 D

at
a 

(9
5%

 U
C

L-
T)

99
%

 C
he

by
sh

ev
 U

C
L 

(9
9%

 U
C

L-
C

)
E

P
C

 R
at

io
na

le
:

(1
) W

ilk
s/

S
ha

pi
ro

 T
es

t i
nd

ic
at

es
 a

 n
or

m
al

 d
is

tri
bu

tio
n.

(2
) W

ilk
s/

S
ha

pi
ro

 T
es

t i
nd

ic
at

es
 a

 lo
gn

or
m

al
 d

is
tri

bu
tio

n.
(3

) 9
5%

 U
C

L 
ba

se
d 

on
 a

 lo
gn

or
m

al
 d

is
tri

bu
tio

n 
ex

ce
ed

s 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n,

 s
o 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n 
w

as
 u

se
d 

as
 th

e 
E

P
C

.
(4

) 9
5%

 U
C

L 
ba

se
d 

on
 a

 n
or

m
al

 d
is

tri
bu

tio
n 

ex
ce

ed
s 

th
e 

m
ax

im
um

 d
et

ec
te

d 
co

nc
en

tra
tio

n,
 s

o 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(5
) N

on
-P

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

0 
an

d 
1.

  T
he

 9
5%

 C
he

by
sh

ev
 U

C
L 

w
as

 u
se

d 
as

 th
e 

E
P

C
 [P

ro
U

C
L 

U
se

r's
 G

ui
de

, 5
/0

1]
.

(6
) N

on
-P

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

1 
an

d 
2.

  T
he

 9
7.

5%
 C

he
by

sh
ev

 U
C

L 
w

as
 u

se
d 

as
 th

e 
E

P
C

 [P
ro

U
C

L 
U

se
r's

 G
ui

de
, 5

/0
1]

.
(7

) N
on

-P
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
2 

an
d 

3.
  T

he
 9

9%
 C

he
by

sh
ev

 U
C

L 
w

as
 u

se
d 

as
 th

e 
E

P
C

 [P
ro

U
C

L 
U

se
r's

 G
ui

de
, 5

/0
1]

.
(8

) 9
5%

 U
C

L 
ba

se
d 

on
 a

 n
on

-p
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
be

tw
ee

n 
0 

an
d 

1.
  T

he
 9

5%
 C

he
by

sh
ev

 U
C

L 
ex

ce
ed

s 
th

e 
m

ax
im

um
 

   
   

de
te

ct
ed

 c
on

ce
nt

ra
tio

n,
 s

o 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(9
) 9

5%
 U

C
L 

ba
se

d 
on

 a
 n

on
-p

ar
am

et
ric

 d
is

tri
bu

tio
n 

w
ith

 a
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

lo
g-

tra
ns

fo
rm

ed
 d

at
a 

be
tw

ee
n 

1 
an

d 
2.

  T
he

 9
7.

5%
 C

he
by

sh
ev

 U
C

L 
ex

ce
ed

s 
th

e 
m

ax
im

um
 

   
   

de
te

ct
ed

 c
on

ce
nt

ra
tio

n,
 s

o 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(1
0)

 9
5%

 U
C

L 
ba

se
d 

on
 a

 n
on

-p
ar

am
et

ric
 d

is
tri

bu
tio

n 
w

ith
 a

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 th

e 
lo

g-
tra

ns
fo

rm
ed

 d
at

a 
ab

ov
e 

2.
  T

he
 9

9%
 C

he
by

sh
ev

 U
C

L 
ex

ce
ed

s 
th

e 
m

ax
im

um
 

   
   

de
te

ct
ed

 c
on

ce
nt

ra
tio

n,
 s

o 
th

e 
m

ax
im

um
 d

et
ec

te
d 

co
nc

en
tra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.

(1
1)

 N
ot

 e
no

ug
h 

sa
m

pl
es

 to
 c

al
cu

la
te

 a
 9

5%
 U

C
L,

 th
er

ef
or

e 
th

e 
m

ax
im

um
 c

on
ce

nt
ra

tio
n 

w
as

 u
se

d 
as

 th
e 

E
P

C
.



TA
B

LE
 4

.1
 S

E
D

IM
E

N
T

V
A

LU
E

S
 U

S
E

D
 F

O
R

 D
A

IL
Y

 IN
TA

K
E

 C
A

LC
U

LA
TI

O
N

S
R

E
A

S
O

N
A

B
LE

 M
A

X
IM

U
M

 E
X

P
O

S
U

R
E

W
es

t B
ra

nc
h 

of
 th

e 
G

ra
nd

 C
al

um
et

 R
iv

er
, L

ak
e 

C
ou

nt
y,

 In
di

an
a

S
ce

na
rio

 T
im

ef
ra

m
e:

  C
ur

re
nt

/F
ut

ur
e

M
ed

iu
m

:  
 S

ed
im

en
t

E
xp

os
ur

e 
M

ed
iu

m
: S

ed
im

en
t

E
xp

os
ur

e 
R

ou
te

 
E

xp
os

ur
e 

P
oi

nt
P

ar
am

et
er

P
ar

am
et

er
 D

ef
in

iti
on

V
al

ue
U

ni
ts

R
at

io
na

le
/

In
ta

ke
 E

qu
at

io
n/

C
od

e
R

ef
er

en
ce

M
od

el
 N

am
e

In
ge

st
io

n
A

ct
iv

e
A

du
lt

R
ea

ch
es

 1
, 2

, 6
 &

 7
C

S
S

ed
im

en
t

Ta
bl

es
 3

.
m

g/
kg

C
D

I (
m

g/
kg

-d
ay

) =
 

A
ng

le
r

IR
-S

In
ge

st
io

n 
R

at
e 

of
 S

ed
im

en
t

10
0

m
g/

da
y

D
ef

au
lt 

(1
)

C
S

*I
R

-S
*F

I*
E

F*
E

D
*C

F1
FI

Fr
ac

tio
n 

In
ge

st
ed

0.
5

un
itl

es
s

50
%

 o
f f

is
hi

ng
 a

t W
B

G
C

R
 (2

)
B

W
*A

T
E

F
E

xp
os

ur
e 

Fr
eq

ue
nc

y
20

8
da

ys
/y

ea
r

4 
da

ys
/w

ee
k 

(5
)

E
D

E
xp

os
ur

e 
D

ur
at

io
n

30
ye

ar
s

D
ef

au
lt 

(1
)

C
F1

C
on

ve
rs

io
n 

Fa
ct

or
 1

1.
00

E
-0

6
kg

/m
g

-
B

W
B

od
y 

W
ei

gh
t

70
kg

D
ef

au
lt 

(1
)

A
T-

C
A

ve
ra

gi
ng

 T
im

e 
- C

an
ce

r
25

,5
50

da
ys

(3
)

A
T-

N
A

ve
ra

gi
ng

 T
im

e 
- N

on
-C

an
ce

r
10

,9
50

da
ys

(3
)

C
hi

ld
R

ea
ch

es
 1

, 2
, 6

 &
 7

C
S

S
ed

im
en

t
Ta

bl
es

 3
.

m
g/

kg
C

D
I (

m
g/

kg
-d

ay
) =

 
6-

10
IR

-S
In

ge
st

io
n 

R
at

e 
of

 S
ed

im
en

t
18

7
m

g/
da

y
D

ef
au

lt 
(4

)
C

S
*I

R
-S

*F
I*

E
F*

E
D

*C
F1

FI
Fr

ac
tio

n 
In

ge
st

ed
0.

5
un

itl
es

s
50

%
 o

f f
is

hi
ng

 a
t W

B
G

C
R

 (2
)

B
W

*A
T

E
F

E
xp

os
ur

e 
Fr

eq
ue

nc
y

20
8

da
ys

/y
ea

r
4 

da
ys

/w
ee

k 
(5

)
E

D
E

xp
os

ur
e 

D
ur

at
io

n
5

ye
ar

s
A

ge
s 

6 
to

 1
0

C
F1

C
on

ve
rs

io
n 

Fa
ct

or
 1

1.
00

E
-0

6
kg

/m
g

-
B

W
B

od
y 

W
ei

gh
t

25
.9

kg
D

ef
au

lt 
(4

)
A

T-
C

A
ve

ra
gi

ng
 T

im
e 

- C
an

ce
r

25
,5

50
da

ys
(3

)
A

T-
N

A
ve

ra
gi

ng
 T

im
e 

- N
on

-C
an

ce
r

1,
82

5
da

ys
(3

)
R

es
id

en
t

A
du

lt
R

ea
ch

es
 1

 to
 7

C
S

S
ed

im
en

t
Ta

bl
es

 3
m

g/
kg

C
D

I (
m

g/
kg

-d
ay

) =
 

W
ad

er
an

d 
R

ox
an

a 
M

ar
sh

IR
-S

In
ge

st
io

n 
R

at
e 

of
 S

ed
im

en
t

10
0

m
g/

da
y

D
ef

au
lt 

(1
)

C
S

*I
R

-S
*F

I*
E

F*
E

D
*C

F1
FI

Fr
ac

tio
n 

In
ge

st
ed

1
un

itl
es

s
10

0%
 o

f w
ad

in
g 

at
 W

B
G

C
R

 (6
)

B
W

*A
T

E
F

E
xp

os
ur

e 
Fr

eq
ue

nc
y

12
da

ys
/y

ea
r

D
ef

au
lt 

(7
)

E
D

E
xp

os
ur

e 
D

ur
at

io
n

30
ye

ar
s

D
ef

au
lt 

(1
)

C
F1

C
on

ve
rs

io
n 

Fa
ct

or
 1

1.
00

E
-0

6
kg

/m
g

-
B

W
B

od
y 

W
ei

gh
t

70
kg

D
ef

au
lt 

(1
)

A
T-

C
A

ve
ra

gi
ng

 T
im

e 
- C

an
ce

r
25

,5
50

da
ys

(3
)

A
T-

N
A

ve
ra

gi
ng

 T
im

e 
- N

on
-C

an
ce

r
10

,9
50

da
ys

(3
)

C
hi

ld
R

ea
ch

es
 1

 to
 7

C
S

S
ed

im
en

t
Ta

bl
es

 3
.

m
g/

kg
C

D
I (

m
g/

kg
-d

ay
) =

 
3-

5
an

d 
R

ox
an

a 
M

ar
sh

IR
-S

In
ge

st
io

n 
R

at
e 

of
 S

ed
im

en
t

15
0

m
g/

da
y

D
ef

au
lt 

(4
)

C
S

*I
R

-S
*F

I*
E

F*
E

D
*C

F1
FI

Fr
ac

tio
n 

In
ge

st
ed

1
un

itl
es

s
10

0%
 o

f w
ad

in
g 

at
 W

B
G

C
R

 (6
)

B
W

*A
T

E
F

E
xp

os
ur

e 
Fr

eq
ue

nc
y

12
da

ys
/y

ea
r

D
ef

au
lt 

(7
)

E
D

E
xp

os
ur

e 
D

ur
at

io
n

3
ye

ar
s

A
ge

 3
 to

 5
C

F1
C

on
ve

rs
io

n 
Fa

ct
or

 1
1.

00
E

-0
6

kg
/m

g
-

B
W

B
od

y 
W

ei
gh

t
16

.0
5

kg
D

ef
au

lt 
(4

)
A

T-
C

A
ve

ra
gi

ng
 T

im
e 

- C
an

ce
r

25
,5

50
da

ys
(3

)
A

T-
N

A
ve

ra
gi

ng
 T

im
e 

- N
on

-C
an

ce
r

1,
09

5
da

ys
(3

)
M

ai
nt

en
an

ce
 /

A
du

lt
R

ea
ch

es
 1

 to
 7

C
S

S
ed

im
en

t
Ta

bl
es

 3
.

m
g/

kg
C

D
I (

m
g/

kg
-d

ay
) =

 
U

til
ity

 W
or

ke
r

an
d 

R
ox

an
a 

M
ar

sh
IR

-S
In

ge
st

io
n 

R
at

e 
of

 S
ed

im
en

t
10

0
m

g/
da

y
D

ef
au

lt 
(8

)
C

S
*I

R
-S

*F
I*

E
F*

E
D

*C
F1

FI
Fr

ac
tio

n 
In

ge
st

ed
1

un
itl

es
s

10
0%

 o
f m

ai
nt

en
an

ce
 a

t W
B

G
C

R
  (

6)
B

W
*A

T
E

F
E

xp
os

ur
e 

Fr
eq

ue
nc

y
8

da
ys

/y
ea

r
S

ite
-s

pe
ci

fic
 (9

)
E

D
E

xp
os

ur
e 

D
ur

at
io

n
25

ye
ar

s
D

ef
au

lt 
(8

)
C

F1
C

on
ve

rs
io

n 
Fa

ct
or

 1
1.

00
E

-0
6

kg
/m

g
(3

)
B

W
B

od
y 

W
ei

gh
t

70
kg

D
ef

au
lt 

(8
)

A
T-

C
A

ve
ra

gi
ng

 T
im

e 
- C

an
ce

r
25

,5
50

da
ys

(3
)

A
T-

N
A

ve
ra

gi
ng

 T
im

e 
- N

on
-C

an
ce

r
9,

12
5

da
ys

(3
)

R
ec

ep
to

r 
P

op
ul

at
io

n
R

ec
ep

to
r 

A
ge



TA
B

LE
 4

.1
 S

E
D

IM
E

N
T

V
A

LU
E

S
 U

S
E

D
 F

O
R

 D
A

IL
Y

 IN
TA

K
E

 C
A

LC
U

LA
TI

O
N

S
R

E
A

S
O

N
A

B
LE

 M
A

X
IM

U
M

 E
X

P
O

S
U

R
E

W
es

t B
ra

nc
h 

of
 th

e 
G

ra
nd

 C
al

um
et

 R
iv

er
, L

ak
e 

C
ou

nt
y,

 In
di

an
a

S
ce

na
rio

 T
im

ef
ra

m
e:

  C
ur

re
nt

/F
ut

ur
e

M
ed

iu
m

:  
 S

ed
im

en
t

E
xp

os
ur

e 
M

ed
iu

m
: S

ed
im

en
t

E
xp

os
ur

e 
R

ou
te

 
E

xp
os

ur
e 

P
oi

nt
P

ar
am

et
er

P
ar

am
et

er
 D

ef
in

iti
on

V
al

ue
U

ni
ts

R
at

io
na

le
/

In
ta

ke
 E

qu
at

io
n/

C
od

e
R

ef
er

en
ce

M
od

el
 N

am
e

R
ec

ep
to

r 
P

op
ul

at
io

n
R

ec
ep

to
r 

A
ge

D
er

m
al

A
ct

iv
e

A
du

lt
R

ea
ch

es
 1

, 2
, 6

 &
 7

C
S

S
ed

im
en

t
Ta

bl
es

 3
.

m
g/

kg
D

A
D

 (m
g/

kg
-d

ay
)=

 
A

ng
le

r
C

F
C

on
ve

rs
io

n 
Fa

ct
or

1.
00

E
-0

6
kg

/m
g

-
d*

E
F*

E
D

*E
T*

S
A

S
A

S
ki

n 
S

ur
fa

ce
 A

re
a 

A
va

ila
bl

e 
fo

r C
on

5,
70

0
cm

2
H

an
ds

, f
or

ea
rm

s,
 lo

w
er

 le
gs

 a
nd

 fe
et

 
(1

0)
B

W
*A

T

A
F

S
oi

l t
o 

S
ki

n 
A

dh
er

an
ce

 F
ac

to
r

0.
07

m
g/

cm
2 -e

ve
n

D
ef

au
lt 

(1
, 1

2)
A

B
S

-d
D

er
m

al
 A

bs
or

pt
io

n 
Fa

ct
or

C
he

m
ic

al
-S

pe
ci

fic
un

itl
es

s
(1

1)
E

T
E

xp
os

ur
e 

Ti
m

e
0.

5
ev

en
ts

/d
ay

50
%

 o
f f

is
hi

ng
 a

t W
B

G
C

R
 (2

)
E

F
E

xp
os

ur
e 

Fr
eq

ue
nc

y
20

8
da

ys
/y

ea
r

4 
da

ys
/w

ee
k 

(5
)

E
D

E
xp

os
ur

e 
D

ur
at

io
n

30
ye

ar
s

D
ef

au
lt 

(1
)

B
W

B
od

y 
W

ei
gh

t
70

kg
D

ef
au

lt 
(1

)
A

T-
C

A
ve

ra
gi

ng
 T

im
e 

- C
an

ce
r

25
,5

50
da

ys
(3

)
A

T-
N

A
ve

ra
gi

ng
 T

im
e 

- N
on

-C
an

ce
r

10
,9

50
da

ys
(3

)
C

hi
ld

R
ea

ch
es

 1
, 2

, 6
 &

 7
C

S
S

ed
im

en
t

Ta
bl

es
 3

.
m

g/
kg

D
A

D
 (m

g/
kg

-d
ay

)=
 

6-
10

C
F

C
on

ve
rs

io
n 

Fa
ct

or
1.

00
E

-0
6

kg
/m

g
-

d*
E

F*
E

D
*E

T*
S

A

S
A

S
ki

n 
S

ur
fa

ce
 A

re
a 

A
va

ila
bl

e 
fo

r C
on

3,
00

0
cm

2
H

an
ds

, f
or

ea
rm

s,
 lo

w
er

 le
gs

 a
nd

 fe
et

 
(1

0)
B

W
*A

T

A
F

S
oi

l t
o 

S
ki

n 
A

dh
er

an
ce

 F
ac

to
r

0.
07

m
g/

cm
2 -e

ve
n

D
ef

au
lt 

(1
2)

A
B

S
-d

D
er

m
al

 A
bs

or
pt

io
n 

Fa
ct

or
C

he
m

ic
al

-S
pe

ci
fic

un
itl

es
s

(1
1)

E
T

E
xp

os
ur

e 
Ti

m
e

0.
5

ev
en

ts
/d

ay
50

%
 o

f f
is

hi
ng

 a
t W

B
G

C
R

 (2
)

E
F

E
xp

os
ur

e 
Fr

eq
ue

nc
y

20
8

da
ys

/y
ea

r
4 

da
ys

/w
ee

k 
(5

)
E

D
E

xp
os

ur
e 

D
ur

at
io

n
5

ye
ar

s
A

ge
s 

6 
to

 1
0

B
W

B
od

y 
W

ei
gh

t
25

.9
kg

D
ef

au
lt 

(4
)

A
T-

C
A

ve
ra

gi
ng

 T
im

e 
- C

an
ce

r
25

,5
50

da
ys

(3
)

A
T-

N
A

ve
ra

gi
ng

 T
im

e 
- N

on
-C

an
ce

r
1,

82
5

da
ys

(3
)

R
es

id
en

t
A

du
lt

R
ea

ch
es

 1
 to

 7
C

S
S

ed
im

en
t

Ta
bl

es
 3

.
m

g/
kg

D
A

D
 (m

g/
kg

-d
ay

)=
 

W
ad

er
an

d 
R

ox
an

a 
M

ar
sh

C
F

C
on

ve
rs

io
n 

Fa
ct

or
1.

00
E

-0
6

kg
/m

g
-

d*
E

F*
E

D
*E

T*
S

A

S
A

S
ki

n 
S

ur
fa

ce
 A

re
a 

A
va

ila
bl

e 
fo

r C
on

5,
70

0
cm

2
H

an
ds

, f
or

ea
rm

s,
 lo

w
er

 le
gs

 a
nd

 fe
et

 
(1

0)
B

W
*A

T

A
F

S
oi

l t
o 

S
ki

n 
A

dh
er

an
ce

 F
ac

to
r

0.
07

m
g/

cm
2 -e

ve
n

D
ef

au
lt 

(1
, 1

2)
A

B
S

-d
D

er
m

al
 A

bs
or

pt
io

n 
Fa

ct
or

C
he

m
ic

al
-S

pe
ci

fic
un

itl
es

s
(1

1)
E

T
E

xp
os

ur
e 

Ti
m

e
1

ev
en

ts
/d

ay
10

0%
 o

f w
ad

in
g 

at
 W

B
G

C
R

 (6
)

E
F

E
xp

os
ur

e 
Fr

eq
ue

nc
y

12
da

ys
/y

ea
r

D
ef

au
lt 

(7
)

E
D

E
xp

os
ur

e 
D

ur
at

io
n

30
ye

ar
s

D
ef

au
lt 

(1
)

B
W

B
od

y 
W

ei
gh

t
70

kg
D

ef
au

lt 
(1

)
A

T-
C

A
ve

ra
gi

ng
 T

im
e 

- C
an

ce
r

25
,5

50
da

ys
(3

)
A

T-
N

A
ve

ra
gi

ng
 T

im
e 

- N
on

-C
an

ce
r

10
,9

50
da

ys
(3

)
C

hi
ld

R
ea

ch
es

 1
 to

 7
C

S
S

ed
im

en
t

Ta
bl

es
 3

.
m

g/
kg

D
A

D
 (m

g/
kg

-d
ay

)=
 

3 
- 5

an
d 

R
ox

an
a 

M
ar

sh
C

F
C

on
ve

rs
io

n 
Fa

ct
or

1.
00

E
-0

6
kg

/m
g

-
d*

E
F*

E
D

*E
T*

S
A

S
A

S
ki

n 
S

ur
fa

ce
 A

re
a 

A
va

ila
bl

e 
fo

r C
on

3,
30

0
cm

2
Fo

re
ar

m
s,

 h
an

ds
, l

eg
s 

an
d 

fe
et

 (4
,1

0)
B

W
*A

T

A
F

S
oi

l t
o 

S
ki

n 
A

dh
er

an
ce

 F
ac

to
r

0.
2

m
g/

cm
2 -e

ve
n

D
ef

au
lt 

(1
, 1

3)
A

B
S

-d
D

er
m

al
 A

bs
or

pt
io

n 
Fa

ct
or

C
he

m
ic

al
-S

pe
ci

fic
un

itl
es

s
(1

1)
E

T
E

xp
os

ur
e 

Ti
m

e
1

ev
en

ts
/d

ay
10

0%
 o

f w
ad

in
g 

at
 W

B
G

C
R

 (6
)

E
F

E
xp

os
ur

e 
Fr

eq
ue

nc
y

12
da

ys
/y

ea
r

D
ef

au
lt 

(7
)

E
D

E
xp

os
ur

e 
D

ur
at

io
n

3
ye

ar
s

A
ge

s 
3 

to
 5

B
W

B
od

y 
W

ei
gh

t
16

.0
5

kg
D

ef
au

lt 
(4

)
A

T-
C

A
ve

ra
gi

ng
 T

im
e 

- C
an

ce
r

25
,5

50
da

ys
(3

)
A

T-
N

A
ve

ra
gi

ng
 T

im
e 

- N
on

-C
an

ce
r

1,
09

5
da

ys
(3

)



TA
B

LE
 4

.1
 S

E
D

IM
E

N
T

V
A

LU
E

S
 U

S
E

D
 F

O
R

 D
A

IL
Y

 IN
TA

K
E

 C
A

LC
U

LA
TI

O
N

S
R

E
A

S
O

N
A

B
LE

 M
A

X
IM

U
M

 E
X

P
O

S
U

R
E

W
es

t B
ra

nc
h 

of
 th

e 
G

ra
nd

 C
al

um
et

 R
iv

er
, L

ak
e 

C
ou

nt
y,

 In
di

an
a

S
ce

na
rio

 T
im

ef
ra

m
e:

  C
ur

re
nt

/F
ut

ur
e

M
ed

iu
m

:  
 S

ed
im

en
t

E
xp

os
ur

e 
M

ed
iu

m
: S

ed
im

en
t

E
xp

os
ur

e 
R

ou
te

 
E

xp
os

ur
e 

P
oi

nt
P

ar
am

et
er

P
ar

am
et

er
 D

ef
in

iti
on

V
al

ue
U

ni
ts

R
at

io
na

le
/

In
ta

ke
 E

qu
at

io
n/

C
od

e
R

ef
er

en
ce

M
od

el
 N

am
e

R
ec

ep
to

r 
P

op
ul

at
io

n
R

ec
ep

to
r 

A
ge

D
er

m
al

M
ai

nt
en

an
ce

 /
A

du
lt

R
ea

ch
es

 1
 to

 7
C

S
S

ed
im

en
t

Ta
bl

es
 3

.
m

g/
kg

D
A

D
 (m

g/
kg

-d
ay

)=
 

(c
on

tin
ue

d)
U

til
ity

 W
or

ke
r

an
d 

R
ox

an
a 

M
ar

sh
C

F
C

on
ve

rs
io

n 
Fa

ct
or

1.
00

E
-0

6
kg

/m
g

-
d*

E
F*

E
D

*E
T*

S
A

S
A

S
ki

n 
S

ur
fa

ce
 A

re
a 

A
va

ila
bl

e 
fo

r C
on

3,
30

0
cm

2
Fa

ce
, f

or
ea

rm
s 

an
d 

ha
nd

s 
(8

)
B

W
*A

T
A

F
S

oi
l t

o 
S

ki
n 

A
dh

er
an

ce
 F

ac
to

r
0.

2
m

g/
cm

2 -e
ve

n
D

ef
au

lt 
(8

, 1
4)

A
B

S
-d

D
er

m
al

 A
bs

or
pt

io
n 

Fa
ct

or
C

he
m

ic
al

-S
pe

ci
fic

un
itl

es
s

E
T

E
xp

os
ur

e 
Ti

m
e

1
ev

en
ts

/d
ay

10
0%

 o
f m

ai
nt

en
an

ce
 a

t W
B

G
C

R
  (

6)
E

F
E

xp
os

ur
e 

Fr
eq

ue
nc

y
8

da
ys

/y
ea

r
S

ite
-s

pe
ci

fic
 (9

)
E

D
E

xp
os

ur
e 

D
ur

at
io

n
25

ye
ar

s
D

ef
au

lt 
(8

)
B

W
B

od
y 

W
ei

gh
t

70
kg

D
ef

au
lt 

(8
)

A
T-

C
A

ve
ra

gi
ng

 T
im

e 
- C

an
ce

r
25

,5
50

da
ys

(3
)

A
T-

N
A

ve
ra

gi
ng

 T
im

e 
- N

on
-C

an
ce

r
9,

12
5

da
ys

(3
)

In
ha

la
tio

n
R

es
id

en
t

A
du

lt
R

ea
ch

es
 3

, 4
 &

 5
C

S
S

ed
im

en
t

Ta
bl

es
 3

.
m

g/
kg

In
ka

ke
 (m

g/
kg

-d
ay

) =
W

ad
er

IR
In

ha
la

tio
n 

R
at

e
0.

83
m

3 /h
ou

r
D

ef
au

lt 
(1

)
C

S
*(

1/
P

E
F)

*I
R

*E
T*

E
F*

E
D

P
E

F
P

ar
tic

ul
at

e 
E

m
is

si
on

 F
ac

to
r

1.
78

E
+0

9
m

3 /k
g

C
al

cu
la

te
d 

(1
5)

B
W

*A
T

E
T

E
xp

os
ur

e 
Ti

m
e

1
ho

ur
s/

da
y

10
0%

 o
f w

ad
in

g 
at

 W
B

G
C

R
 (6

, 7
)

E
F

E
xp

os
ur

e 
Fr

eq
ue

nc
y

12
da

ys
/y

ea
r

D
ef

au
lt 

(7
)

E
D

E
xp

os
ur

e 
D

ur
at

io
n

30
ye

ar
s

D
ef

au
lt 

(1
)

B
W

B
od

y 
W

ei
gh

t
70

kg
D

ef
au

lt 
(1

)
A

T-
C

A
ve

ra
gi

ng
 T

im
e 

- C
an

ce
r

25
,5

50
da

ys
(3

)
A

T-
N

A
ve

ra
gi

ng
 T

im
e 

- N
on

-C
an

ce
r

10
,9

50
da

ys
(3

)
C

hi
ld

R
ea

ch
es

 3
, 4

 &
 5

C
S

S
ed

im
en

t
Ta

bl
es

 3
.

m
g/

kg
In

ka
ke

 (m
g/

kg
-d

ay
) =

 3
 - 

5
IR

In
ha

la
tio

n 
R

at
e

0.
58

m
3 /h

ou
r

D
ef

au
lt 

(4
)

C
S

*(
1/

P
E

F)
*I

R
*E

T*
E

F*
E

D
P

E
F

P
ar

tic
ul

at
e 

E
m

is
si

on
 F

ac
to

r
1.

78
E

+0
9

m
3 /k

g
C

al
cu

la
te

d 
(1

5)
B

W
*A

T
E

T
E

xp
os

ur
e 

Ti
m

e
1

ho
ur

s/
da

y
10

0%
 o

f w
ad

in
g 

at
 W

B
G

C
R

 (6
, 7

)
E

F
E

xp
os

ur
e 

Fr
eq

ue
nc

y
12

da
ys

/y
ea

r
D

ef
au

lt 
(7

)
E

D
E

xp
os

ur
e 

D
ur

at
io

n
3

ye
ar

s
A

ge
s 

3 
to

 5
B

W
B

od
y 

W
ei

gh
t

16
.0

5
kg

D
ef

au
lt 

(4
)

A
T-

C
A

ve
ra

gi
ng

 T
im

e 
- C

an
ce

r
25

,5
50

da
ys

(3
)

A
T-

N
A

ve
ra

gi
ng

 T
im

e 
- N

on
-C

an
ce

r
1,

09
5

da
ys

(3
)

M
ai

nt
en

an
ce

 /
A

du
lt

R
ea

ch
es

 3
, 4

 &
 5

C
S

S
ed

im
en

t
Ta

bl
es

 3
.

m
g/

kg
In

ka
ke

 (m
g/

kg
-d

ay
) =

U
til

ity
 W

or
ke

r
IR

In
ha

la
tio

n 
R

at
e

2.
5

m
3 /h

ou
r

M
od

er
at

e 
ac

tiv
ity

 (1
6)

C
S

*(
1/

P
E

F)
*I

R
*E

T*
E

F*
E

D
P

E
F

P
ar

tic
ul

at
e 

E
m

is
si

on
 F

ac
to

r
1.

78
E

+0
9

m
3 /k

g
C

al
cu

la
te

d 
(1

5)
B

W
*A

T
E

T
E

xp
os

ur
e 

Ti
m

e
8

ho
ur

s/
da

y
D

ef
au

lt 
(1

7)
E

F
E

xp
os

ur
e 

Fr
eq

ue
nc

y
8

da
ys

/y
ea

r
S

ite
-s

pe
ci

fic
 (9

)
E

D
E

xp
os

ur
e 

D
ur

at
io

n
25

ye
ar

s
D

ef
au

lt 
(8

)
B

W
B

od
y 

W
ei

gh
t

70
kg

D
ef

au
lt 

(8
)

A
T-

C
A

ve
ra

gi
ng

 T
im

e 
- C

an
ce

r
25

,5
50

da
ys

(3
)

A
T-

N
A

ve
ra

gi
ng

 T
im

e 
- N

on
-C

an
ce

r
9,

12
5

da
ys

(3
)

N
ot

es
:

(1
) E

P
A

.  
20

02
b.

  S
up

pl
em

en
ta

l G
ui

da
nc

e 
fo

r D
ev

el
op

in
g 

S
oi

l S
cr

ee
ni

ng
 L

ev
el

s 
fo

r S
up

er
fu

nd
 S

ite
s.

  O
S

W
E

R
 9

35
5.

4-
24

. D
ec

em
be

r. 
E

xh
ib

it 
1-

2,
 d

ef
au

lt 
va

lu
es

 fo
r r

es
id

en
t (

ad
ul

t a
nd

 c
hi

ld
, a

ge
 1

-6
).

(2
) T

he
 a

ct
iv

e 
an

gl
er

 is
 a

ss
um

ed
 to

 fi
sh

 5
0%

 o
f t

he
 ti

m
e 

at
 th

e 
W

B
G

C
R

. 

(4
) E

P
A

.  
20

01
d.

  T
ec

hn
ic

al
 Is

su
e 

P
ap

er
:  

A
ge

 G
ro

up
 R

ec
om

m
en

da
tio

ns
 fo

r A
ss

es
si

ng
 C

hi
ld

ho
od

 E
xp

os
ur

e 
an

d 
th

e 
A

de
qu

ac
y 

of
 E

xi
si

tin
g 

E
xp

os
ur

e 
Fa

ct
or

s 
D

at
a 

fo
r C

hi
ld

re
n.

  R
is

k 
A

ss
es

sm
en

t F
or

um
.  

O
ct

ob
er

.
(5

) W
ill

ia
m

s 
et

 a
l. 

 2
00

0.
  A

n 
E

xa
m

in
at

io
n 

of
 F

is
h 

C
on

su
m

pt
io

n 
by

 In
di

an
a 

R
ec

re
at

io
na

l A
ng

le
rs

: A
n 

O
n-

S
ite

 S
ur

ve
y.

 A
pp

en
di

x 
D

. 4
-d

ay
s 

pe
r w

ee
k 

re
pr

es
en

ts
 th

e 
93

-p
er

ce
nt

ile
 o

f f
is

hi
ng

 fr
eq

ue
nc

y.
(6

) E
P

A
.  

19
89

.  
R

is
k 

A
ss

es
sm

en
t G

ui
da

nc
e 

fo
r S

up
er

fu
nd

:  
V

ol
 I 

- H
um

an
 H

ea
lth

 E
va

lu
at

io
n 

M
an

ua
l (

P
ar

t A
). 

 E
P

A
/5

40
/1

-8
9/

00
2.

 - 
S

ec
tio

n 
6.

6.
2.

  A
ll 

ex
po

su
re

 a
ss

um
ed

 to
 o

cc
ur

 a
t W

B
G

C
R

. 
(7

) E
P

A
.  

19
97

c.
  E

xp
os

ur
e 

fa
ct

or
s 

H
an

db
oo

k:
  V

ol
um

e 
I G

en
er

al
 F

ac
to

rs
.  

Ta
bl

e 
15

-1
76

 - 
re

co
m

m
en

de
d 

fre
qu

en
cy

 a
nd

 d
ur

at
io

n 
fo

r s
w

im
m

in
g.

(8
) E

P
A

.  
20

02
c.

  S
up

pl
em

en
ta

l G
ui

da
nc

e 
fo

r D
ev

el
op

in
g 

S
oi

l S
cr

ee
ni

ng
 L

ev
el

s 
fo

r S
up

er
fu

nd
 S

ite
s.

  O
S

W
E

R
 9

35
5.

4-
24

. D
ec

em
be

r. 
E

xh
ib

it 
1-

2,
 d

ef
au

lt 
va

lu
es

 fo
r N

on
-R

es
id

en
tia

l (
C

om
m

er
ci

al
/In

du
st

ria
l) 

O
ut

do
or

 W
or

ke
r.

N
ot

es
 (c

on
tin

ue
d)

:
(9

) S
ite

-s
pe

ci
fic

 a
ss

um
pt

io
n 

th
at

 2
 d

ay
s 

of
 c

ul
ve

rt 
m

ai
nt

en
an

ce
/s

im
ila

r a
ct

iv
ity

 is
 re

qu
ire

d 
qu

ar
te

rly
. 

(1
0)

 E
P

A
.  

20
01

a.
  R

is
k 

A
ss

es
sm

en
t G

ui
da

nc
e 

fo
r S

up
er

fu
nd

:  
V

ol
um

e 
I: 

H
um

an
 H

ea
lth

 E
va

lu
at

io
n 

M
an

ua
l (

P
ar

t E
, S

up
pl

em
en

ta
l G

ui
da

nc
e 

fo
r D

er
m

al
 R

is
k 

A
ss

es
sm

en
t) 

In
te

rim
, R

ev
ie

w
 D

ra
ft.

  E
xh

ib
it 

C
-1

 B
od

y-
P

ar
t

(3
) E

P
A

.  
19

89
.  

R
is

k 
A

ss
es

sm
en

t G
ui

da
nc

e 
fo

r S
up

er
fu

nd
:  

V
ol

 I 
- H

um
an

 H
ea

lth
 E

va
lu

at
io

n 
M

an
ua

l (
P

ar
t A

). 
 E

P
A

/5
40

/1
-8

9/
00

2.
 - 

V
al

ue
 fo

r n
on

-c
ar

ci
no

ge
ni

c 
ef

fe
ct

s 
is

 b
as

ed
 o

n 
th

e 
E

D
 a

nd
 th

e 
va

lu
e 

fo
r c

ar
ci

no
ge

ni
c 

ef
fe

ct
s 



TA
B

LE
 4

.1
 S

E
D

IM
E

N
T

V
A

LU
E

S
 U

S
E

D
 F

O
R

 D
A

IL
Y

 IN
TA

K
E

 C
A

LC
U

LA
TI

O
N

S
R

E
A

S
O

N
A

B
LE

 M
A

X
IM

U
M

 E
X

P
O

S
U

R
E

W
es

t B
ra

nc
h 

of
 th

e 
G

ra
nd

 C
al

um
et

 R
iv

er
, L

ak
e 

C
ou

nt
y,

 In
di

an
a

S
ce

na
rio

 T
im

ef
ra

m
e:

  C
ur

re
nt

/F
ut

ur
e

M
ed

iu
m

:  
 S

ed
im

en
t

E
xp

os
ur

e 
M

ed
iu

m
: S

ed
im

en
t

E
xp

os
ur

e 
R

ou
te

 
E

xp
os

ur
e 

P
oi

nt
P

ar
am

et
er

P
ar

am
et

er
 D

ef
in

iti
on

V
al

ue
U

ni
ts

R
at

io
na

le
/

In
ta

ke
 E

qu
at

io
n/

C
od

e
R

ef
er

en
ce

M
od

el
 N

am
e

R
ec

ep
to

r 
P

op
ul

at
io

n
R

ec
ep

to
r 

A
ge

S
pe

ci
fic

 S
ur

fa
ce

 A
re

a 
C

al
cu

la
tio

ns
 - 

va
lu

es
 c

or
re

sp
on

d 
to

 fo
re

ar
m

s,
 h

an
ds

, l
ow

er
 le

gs
, a

nd
 fe

et
, e

xc
ep

t f
or

 y
ou

ng
er

 c
hi

ld
 w

hi
ch

 in
cl

ud
es

 w
ho

le
 le

g.

(1
2)

 E
P

A
.  

20
04

a.
  R

is
k 

A
ss

es
sm

en
t G

ui
da

nc
e 

fo
r S

up
er

fu
nd

:  
V

ol
um

e 
I: 

H
um

an
 H

ea
lth

 E
va

lu
at

io
n 

M
an

ua
l (

P
ar

t E
, S

up
pl

em
en

ta
l G

ui
da

nc
e 

fo
r D

er
m

al
 R

is
k 

A
ss

es
sm

en
t).

  R
M

E
 v

al
ue

 fo
r r

es
id

en
tia

l a
du

lt 
an

d 
ch

ild
re

n 
ag

e 
7 

an
d 

u
(1

3)
 E

P
A

.  
20

04
a.

  R
is

k 
A

ss
es

sm
en

t G
ui

da
nc

e 
fo

r S
up

er
fu

nd
:  

V
ol

um
e 

I: 
H

um
an

 H
ea

lth
 E

va
lu

at
io

n 
M

an
ua

l (
P

ar
t E

, S
up

pl
em

en
ta

l G
ui

da
nc

e 
fo

r D
er

m
al

 R
is

k 
A

ss
es

sm
en

t).
  R

M
E

 v
al

ue
 fo

r r
es

id
en

tia
l c

hi
ld

, a
ge

 1
-6

.
(1

4)
 E

P
A

.  
20

04
a.

  R
is

k 
A

ss
es

sm
en

t G
ui

da
nc

e 
fo

r S
up

er
fu

nd
:  

V
ol

um
e 

I: 
H

um
an

 H
ea

lth
 E

va
lu

at
io

n 
M

an
ua

l (
P

ar
t E

, S
up

pl
em

en
ta

l G
ui

da
nc

e 
fo

r D
er

m
al

 R
is

k 
A

ss
es

sm
en

t).
  R

M
E

 v
al

ue
 fo

r i
nd

us
tri

al
 a

du
lt.

(1
5)

 E
P

A
.  

20
02

b.
  D

ec
em

be
r. 

E
qu

at
io

n 
5-

9.
  C

al
cu

la
te

d 
va

lu
e 

fo
r w

in
d 

er
os

io
n.

  S
ee

 T
ab

le
 4

.4
.

(1
6)

 E
P

A
.  

19
97

a.
  E

xp
os

ur
e 

Fa
ct

or
s 

H
an

db
oo

k:
  V

ol
um

e 
III

 A
ct

iv
ity

 F
ac

to
rs

.  
Ta

bl
e 

5-
23

 R
ec

om
m

en
de

d 
In

ha
la

tio
n 

R
at

es
 fo

r O
ut

do
or

 W
or

ke
r w

ith
 m

od
er

at
e 

ac
tiv

ity
.

(1
7)

 E
P

A
.  

20
02

b.
  D

ec
em

be
r. 

E
xh

ib
it 

1-
2,

 T
he

 In
ha

la
tio

n 
R

at
e 

de
fa

ul
t v

al
ue

 fo
r N

on
-R

es
id

en
tia

l (
C

om
m

er
ci

al
/In

du
st

ria
l) 

O
ut

do
or

 W
or

ke
r i

s 
20

 m
3/

da
y.

  T
he

re
fo

re
, t

he
 E

T 
w

as
 a

ss
ig

ne
d 

so
 th

at
 E

T*
IR

 =
 2

0m
3/

da
y.

N
O

TE
:  

Th
er

e 
ar

e 
no

 in
ha

la
tio

n 
ex

po
su

re
 fa

ct
or

s 
fo

r A
ct

iv
e 

A
ng

le
r b

ec
au

se
 th

e 
po

rti
on

s 
of

 th
e 

W
B

G
C

R
 th

at
 a

re
 s

uf
fic

ie
nt

ly
 d

ee
p 

to
 s

up
po

rt 
fis

h 
do

 n
ot

 d
ry

 u
p 

an
d 

th
er

ef
or

e 
do

 n
ot

 p
ro

du
ce

 p
ar

tic
ul

at
es

.

ab
so

rp
tio

n 
fra

ct
io

n 
fo

r s
oi

ls
 to

 b
e 

ap
pl

ie
d 

fo
r s

ed
im

en
t.

(1
1)

 E
P

A
.  

20
04

a.
  R

is
k 

A
ss

es
sm

en
t G

ui
da

nc
e 

fo
r S

up
er

fu
nd

:  
V

ol
um

e 
I: 

H
um

an
 H

ea
lth

 E
va

lu
at

io
n 

M
an

ua
l (

P
ar

t E
, S

up
pl

em
en

ta
l G

ui
da

nc
e 

fo
r D

er
m

al
 R

is
k 

A
ss

es
sm

en
t).

  R
ec

om
m

en
ds

 u
se

 o
f t

he
 s

am
e 

de
rm

al



TA
B

LE
 4

.2
 S

U
R

FA
C

E
 W

A
TE

R
V

A
LU

E
S

 U
S

E
D

 F
O

R
 D

A
IL

Y
 IN

TA
K

E
 C

A
LC

U
LA

TI
O

N
S

R
E

A
S

O
N

A
B

LE
 M

A
X

IM
U

M
 E

X
P

O
S

U
R

E
W

es
t B

ra
nc

h 
of

 th
e 

G
ra

nd
 C

al
um

et
 R

iv
er

, L
ak

e 
C

ou
nt

y,
 In

di
an

a
S

ce
na

rio
 T

im
ef

ra
m

e:
  C

ur
re

nt
/F

ut
ur

e
M

ed
iu

m
:  

 S
ur

fa
ce

 W
at

er
E

xp
os

ur
e 

M
ed

iu
m

: S
ur

fa
ce

 W
at

er

E
xp

os
ur

e 
P

oi
nt

P
ar

am
et

er
P

ar
am

et
er

 D
ef

in
iti

on
V

al
ue

U
ni

ts
R

at
io

na
le

/
In

ta
ke

 E
qu

at
io

n/
C

od
e

R
ef

er
en

ce
M

od
el

 N
am

e
In

ge
st

io
n

A
ct

iv
e

A
du

lt
R

ea
ch

es
 1

, 2
, 6

 &
 7

C
W

C
he

m
ic

al
 C

on
ce

nt
ra

tio
n 

in
 S

ur
fa

ce
 

W
at

er
Ta

bl
e 

3.
m

g/
L

C
D

I (
m

g/
kg

-d
ay

) =
 

A
ng

le
r

IR
-W

In
ge

st
io

n 
R

at
e 

of
 W

at
er

0.
1

L/
da

y
50

 m
L/

ho
ur

 (1
1)

C
W

*I
R

-W
*F

I*
E

F*
E

D
FI

Fr
ac

tio
n 

In
ge

st
ed

0.
5

un
itl

es
s

50
%

 o
f f

is
hi

ng
 a

t W
B

G
C

R
 (2

)
B

W
*A

T
E

F
E

xp
os

ur
e 

Fr
eq

ue
nc

y
20

8
da

ys
/y

ea
r

4 
da

ys
/w

ee
k 

(5
)

E
D

E
xp

os
ur

e 
D

ur
at

io
n

30
ye

ar
s

D
ef

au
lt 

(1
)

B
W

B
od

y 
W

ei
gh

t
70

kg
D

ef
au

lt 
(1

)
A

T-
C

A
ve

ra
gi

ng
 T

im
e 

- C
an

ce
r

25
,5

50
da

ys
(3

)
A

T-
N

A
ve

ra
gi

ng
 T

im
e 

- N
on

-C
an

ce
r

10
,9

50
da

ys
(3

)

C
hi

ld
R

ea
ch

es
 1

, 2
, 6

 &
 7

C
W

C
he

m
ic

al
 C

on
ce

nt
ra

tio
n 

in
 S

ur
fa

ce
 

W
at

er
Ta

bl
e 

3.
m

g/
L

C
D

I (
m

g/
kg

-d
ay

) =
 

6 
- 1

0
IR

-W
In

ge
st

io
n 

R
at

e 
of

 W
at

er
0.

1
L/

da
y

50
 m

L/
ho

ur
 (1

1)
C

W
*I

R
-W

*F
I*

E
F*

E
D

FI
Fr

ac
tio

n 
In

ge
st

ed
0.

5
un

itl
es

s
50

%
 o

f f
is

hi
ng

 a
t W

B
G

C
R

 (2
)

B
W

*A
T

E
F

E
xp

os
ur

e 
Fr

eq
ue

nc
y

20
8

da
ys

/y
ea

r
4 

da
ys

/w
ee

k 
(5

)
E

D
E

xp
os

ur
e 

D
ur

at
io

n
5

ye
ar

s
A

ge
s 

6 
to

 1
0

B
W

B
od

y 
W

ei
gh

t
25

.9
kg

D
ef

au
lt 

(4
)

A
T-

C
A

ve
ra

gi
ng

 T
im

e 
- C

an
ce

r
25

,5
50

da
ys

(3
)

A
T-

N
A

ve
ra

gi
ng

 T
im

e 
- N

on
-C

an
ce

r
1,

82
5

da
ys

(3
)

R
es

id
en

t
A

du
lt

R
ea

ch
es

 1
 to

 7
C

W
C

he
m

ic
al

 C
on

ce
nt

ra
tio

n 
in

 S
ur

fa
ce

 
W

at
er

Ta
bl

e 
3.

m
g/

L
C

D
I (

m
g/

kg
-d

ay
) =

 
W

ad
er

an
d 

R
ox

an
a 

M
ar

sh
IR

-W
In

ge
st

io
n 

R
at

e 
of

 W
at

er
0.

05
L/

da
y

50
 m

L/
ho

ur
 (1

1)
C

W
*I

R
-W

*F
I*

E
F*

E
D

FI
Fr

ac
tio

n 
In

ge
st

ed
1

un
itl

es
s

10
0%

 o
f w

ad
in

g 
at

 W
B

G
C

R
 (6

)
B

W
*A

T
E

F
E

xp
os

ur
e 

Fr
eq

ue
nc

y
12

da
ys

/y
ea

r
D

ef
au

lt 
(7

)
E

D
E

xp
os

ur
e 

D
ur

at
io

n
30

ye
ar

s
D

ef
au

lt 
(1

)
B

W
B

od
y 

W
ei

gh
t

70
kg

D
ef

au
lt 

(1
)

A
T-

C
A

ve
ra

gi
ng

 T
im

e 
- C

an
ce

r
25

,5
50

da
ys

(3
)

A
T-

N
A

ve
ra

gi
ng

 T
im

e 
- N

on
-C

an
ce

r
10

,9
50

da
ys

(3
)

C
hi

ld
R

ea
ch

es
 1

 to
 7

C
W

C
he

m
ic

al
 C

on
ce

nt
ra

tio
n 

in
 S

ur
fa

ce
 

W
at

er
Ta

bl
e 

3.
m

g/
L

C
D

I (
m

g/
kg

-d
ay

) =
 

3 
- 5

an
d 

R
ox

an
a 

M
ar

sh
IR

-W
In

ge
st

io
n 

R
at

e 
of

 W
at

er
0.

05
L/

da
y

50
 m

L/
ho

ur
 (1

1)
C

W
*I

R
-W

*F
I*

E
F*

E
D

FI
Fr

ac
tio

n 
In

ge
st

ed
1

un
itl

es
s

10
0%

 o
f w

ad
in

g 
at

 W
B

G
C

R
 (6

)
B

W
*A

T
E

F
E

xp
os

ur
e 

Fr
eq

ue
nc

y
12

da
ys

/y
ea

r
D

ef
au

lt 
(7

)
E

D
E

xp
os

ur
e 

D
ur

at
io

n
3

ye
ar

s
A

ge
s 

3 
to

 5
B

W
B

od
y 

W
ei

gh
t

16
.0

5
kg

D
ef

au
lt 

(4
)

A
T-

C
A

ve
ra

gi
ng

 T
im

e 
- C

an
ce

r
25

,5
50

da
ys

(3
)

A
T-

N
A

ve
ra

gi
ng

 T
im

e 
- N

on
-C

an
ce

r
1,

09
5

da
ys

(3
)

M
ai

nt
en

an
ce

 /
A

du
lt

R
ea

ch
es

 1
 to

 7
C

W
C

he
m

ic
al

 C
on

ce
nt

ra
tio

n 
in

 S
ur

fa
ce

 
W

at
er

Ta
bl

e 
3.

m
g/

L
C

D
I (

m
g/

kg
-d

ay
) =

 
U

til
ity

 W
or

ke
r

an
d 

R
ox

an
a 

M
ar

sh
IR

-W
In

ge
st

io
n 

R
at

e 
of

 W
at

er
0.

4
L/

da
y

50
 m

L/
ho

ur
 (1

1)
C

W
*I

R
-W

*F
I*

E
F*

E
D

FI
Fr

ac
tio

n 
In

ge
st

ed
1

un
itl

es
s

10
0%

 o
f m

ai
nt

en
an

ce
 a

t W
B

G
C

R
  (

6)
B

W
*A

T
E

F
E

xp
os

ur
e 

Fr
eq

ue
nc

y
8

da
ys

/y
ea

r
S

ite
-s

pe
ci

fic
 (9

)
E

D
E

xp
os

ur
e 

D
ur

at
io

n
25

ye
ar

s
D

ef
au

lt 
(8

)
B

W
B

od
y 

W
ei

gh
t

70
kg

D
ef

au
lt 

(8
)

A
T-

C
A

ve
ra

gi
ng

 T
im

e 
- C

an
ce

r
25

,5
50

da
ys

(3
)

A
T-

N
A

ve
ra

gi
ng

 T
im

e 
- N

on
-C

an
ce

r
9,

12
5

da
ys

(3
)

D
er

m
al

A
ct

iv
e

A
du

lt
R

ea
ch

es
 1

, 2
, 6

 &
 7

C
W

C
he

m
ic

al
 C

on
ce

nt
ra

tio
n 

in
 S

ur
fa

ce
 

W
at

er
Ta

bl
e 

3.
m

g/
L

-
D

A
D

 (m
g/

kg
-d

ay
)=

 
A

ng
le

r
FA

Fr
ac

tio
n 

A
bs

or
be

d 
W

at
er

C
he

m
ic

al
-S

pe
ci

fic
un

itl
es

s
S

ee
 A

pp
en

di
x 

A
D

A
ev

en
t*

S
A

*E
V

*E
F*

E
D

S
A

S
ki

n 
S

ur
fa

ce
 A

re
a 

A
va

ila
bl

e 
fo

r C
on

ta
ct

5,
70

0
cm

2
H

an
ds

, f
or

ea
rm

s,
 lo

w
er

 le
gs

 a
nd

 fe
et

 (1
0)

B
W

*A
T

K
p

P
er

m
ea

bi
lit

y 
C

on
st

an
t

C
he

m
ic

al
-S

pe
ci

fic
cm

/h
r

S
ee

 A
pp

en
di

x 
A

τ−
ev

en
t

La
g 

tim
e 

pe
r e

ve
nt

C
he

m
ic

al
-S

pe
ci

fic
ho

ur
s/

ev
en

t
S

ee
 A

pp
en

di
x 

A
t-e

ve
nt

E
ve

nt
 D

ur
at

io
n

2
ho

ur
s/

ev
en

t
P

ro
fe

ss
io

na
l j

ud
ge

m
en

t
w

he
re

 D
A

ev
en

t=
τ∗

Ti
m

e 
to

 R
ea

ch
 S

te
ad

y-
S

ta
te

C
al

cu
la

te
d

ho
ur

2.
4*

τ-
ev

en
t

or
ga

ni
c 

co
m

po
un

ds
:

B

R
at

io
 o

f p
er

m
ea

bi
lit

y 
co

ef
fic

ie
nt

 o
f a

 
co

m
po

un
d 

th
ro

ug
h 

th
e 

st
ra

tu
m

 c
or

ne
um

 
re

la
tiv

e 
to

 it
s 

pe
rm

ea
bi

lit
y 

co
ef

fic
ie

nt
 

ac
ro

ss
 th

e 
vi

ab
le

 e
pi

de
rm

is

C
al

cu
la

te
d

un
itl

es
s

K
p*

 √
(M

W
) /

 2
.6

if 
te

ve
nt

 ≤
 t*

 : 
   

C
W

*2
*F

A
*K

p*
C

F2
*√

(6
*τ

ev
en

t*
te

ve
nt

/π
)

M
W

M
ol

ec
ul

ar
 W

ei
gh

t
C

he
m

ic
al

-S
pe

ci
fic

g/
m

ol
S

ee
 A

pp
en

di
x 

A
E

V
E

ve
nt

 F
re

qu
en

cy
0.

5
ev

en
ts

/d
ay

50
%

 o
f f

is
hi

ng
 a

t W
B

G
C

R
 (2

)
if 

te
ve

nt
 >

 t*
:  

   
C

W
*F

A
*K

p*
C

F2
*[

te
ve

nt
/(1

+B
) +

 2
*τ

ev
en

t*
(1

+3
B

+3
B

^2
)/(

1+
B

)^
2]

E
F

E
x p

os
ur

e 
Fr

eq
ue

nc
y

20
8

da
ys

/y
ea

r
4 

da
ys

/w
ee

k 
(5

)
E

D
E

xp
os

ur
e 

D
ur

at
io

n
30

ye
ar

s
D

ef
au

lt 
(1

)
in

or
ga

ni
c 

co
m

po
un

ds
:

C
F2

C
on

ve
rs

io
n 

Fa
ct

or
 2

0.
00

1
L/

cm
3

-
   

 C
W

*K
p*

C
F*

te
ve

nt
B

W
B

od
y 

W
ei

gh
t

70
kg

D
ef

au
lt 

(1
)

A
T-

C
A

ve
ra

gi
ng

 T
im

e 
- C

an
ce

r
25

,5
50

da
ys

(3
)

A
T-

N
A

ve
ra

gi
ng

 T
im

e 
- N

on
-C

an
ce

r
10

,9
50

da
ys

(3
)

R
ec

ep
to

r 
P

op
ul

at
io

n
R

ec
ep

to
r 

A
ge

E
xp

os
ur

e 
R

ou
te

 



TA
B

LE
 4

.2
 S

U
R

FA
C

E
 W

A
TE

R
V

A
LU

E
S

 U
S

E
D

 F
O

R
 D

A
IL

Y
 IN

TA
K

E
 C

A
LC

U
LA

TI
O

N
S

R
E

A
S

O
N

A
B

LE
 M

A
X

IM
U

M
 E

X
P

O
S

U
R

E
W

es
t B

ra
nc

h 
of

 th
e 

G
ra

nd
 C

al
um

et
 R

iv
er

, L
ak

e 
C

ou
nt

y,
 In

di
an

a
S

ce
na

rio
 T

im
ef

ra
m

e:
  C

ur
re

nt
/F

ut
ur

e
M

ed
iu

m
:  

 S
ur

fa
ce

 W
at

er
E

xp
os

ur
e 

M
ed

iu
m

: S
ur

fa
ce

 W
at

er

E
xp

os
ur

e 
P

oi
nt

P
ar

am
et

er
P

ar
am

et
er

 D
ef

in
iti

on
V

al
ue

U
ni

ts
R

at
io

na
le

/
In

ta
ke

 E
qu

at
io

n/
C

od
e

R
ef

er
en

ce
M

od
el

 N
am

e
R

ec
ep

to
r 

P
op

ul
at

io
n

R
ec

ep
to

r 
A

ge
E

xp
os

ur
e 

R
ou

te
 

D
er

m
al

 
(c

on
tin

ue
d)

C
hi

ld
R

ea
ch

es
 1

, 2
, 6

 &
 7

C
W

C
he

m
ic

al
 C

on
ce

nt
ra

tio
n 

in
 S

ur
fa

ce
 

W
at

er
Ta

bl
e 

3.
m

g/
L

-
D

A
D

 (m
g/

kg
-d

ay
)=

 
6 

- 1
0

FA
Fr

ac
tio

n 
A

bs
or

be
d 

W
at

er
C

he
m

ic
al

-S
pe

ci
fic

un
itl

es
s

S
ee

 A
pp

en
di

x 
A

D
A

ev
en

t*
S

A
*E

V
*E

F*
E

D
S

A
S

ki
n 

S
ur

fa
ce

 A
re

a 
A

va
ila

bl
e 

fo
r C

on
ta

ct
3,

00
0

cm
2

H
an

ds
, f

or
ea

rm
s,

 lo
w

er
 le

gs
 a

nd
 fe

et
 (1

0)
B

W
*A

T
K

p
P

er
m

ea
bi

lit
y 

C
on

st
an

t
C

he
m

ic
al

-S
pe

ci
fic

cm
/h

r
S

ee
 A

pp
en

di
x 

A
τ−

ev
en

t
La

g 
tim

e 
pe

r e
ve

nt
C

he
m

ic
al

-S
pe

ci
fic

ho
ur

s/
ev

en
t

S
ee

 A
pp

en
di

x 
A

t-e
ve

nt
E

ve
nt

 D
ur

at
io

n
2

ho
ur

s/
ev

en
t

P
ro

fe
ss

io
na

l j
ud

ge
m

en
t

w
he

re
 D

A
ev

en
t=

τ∗
Ti

m
e 

to
 R

ea
ch

 S
te

ad
y-

S
ta

te
C

al
cu

la
te

d
ho

ur
2.

4*
τ-

ev
en

t
or

ga
ni

c 
co

m
po

un
ds

:

B

R
at

io
 o

f p
er

m
ea

bi
lit

y 
co

ef
fic

ie
nt

 o
f a

 
co

m
po

un
d 

th
ro

ug
h 

th
e 

st
ra

tu
m

 c
or

ne
um

 
re

la
tiv

e 
to

 it
s 

pe
rm

ea
bi

lit
y 

co
ef

fic
ie

nt
 

ac
ro

ss
 th

e 
vi

ab
le

 e
pi

de
rm

is

C
al

cu
la

te
d

un
itl

es
s

K
p*

 √
(M

W
) /

 2
.6

if 
te

ve
nt

≤t
* 

:  
  C

W
*2

*F
A

*K
p*

C
F2

*√
(6

*τ
ev

en
t*

te
ve

nt
/π

)

M
W

M
ol

ec
ul

ar
 W

ei
gh

t
C

he
m

ic
al

-S
pe

ci
fic

g/
m

ol
S

ee
 A

pp
en

di
x 

A
E

V
E

xp
os

ur
e 

Ti
m

e
0.

5
ev

en
ts

/d
ay

50
%

 o
f f

is
hi

ng
 a

t W
B

G
C

R
 (2

)
if 

te
ve

nt
>t

*:
   

  C
W

*F
A

*K
p*

C
F2

*[
te

ve
nt

/(1
+B

) +
 2

*τ
ev

en
t*

(1
+3

B
+3

B
^2

)/(
1+

B
)^

2]
E

F
E

x p
os

ur
e 

Fr
eq

ue
nc

y
20

8
da

ys
/y

ea
r

4 
da

ys
/w

ee
k 

(5
)

E
D

E
xp

os
ur

e 
D

ur
at

io
n

5
ye

ar
s

A
ge

s 
6 

to
 1

0
in

or
ga

ni
c 

co
m

po
un

ds
:

C
F2

C
on

ve
rs

io
n 

Fa
ct

or
 2

0.
00

1
L/

cm
3

-
   

 C
W

*K
p*

C
F*

te
ve

nt
B

W
B

od
y 

W
ei

gh
t

25
.9

kg
D

ef
au

lt 
(4

)
A

T-
C

A
ve

ra
gi

ng
 T

im
e 

- C
an

ce
r

25
,5

50
da

ys
(3

)
A

T-
N

A
ve

ra
gi

ng
 T

im
e 

- N
on

-C
an

ce
r

1,
82

5
da

ys
(3

)

R
es

id
en

t
A

du
lt

R
ea

ch
es

 1
 to

 7
C

W
C

he
m

ic
al

 C
on

ce
nt

ra
tio

n 
in

 S
ur

fa
ce

 
W

at
er

Ta
bl

e 
3.

43
m

g/
L

-
D

A
D

 (m
g/

kg
-d

ay
)=

 
W

ad
er

an
d 

R
ox

an
a 

M
ar

s h
FA

Fr
ac

tio
n 

A
bs

or
be

d 
W

at
er

C
he

m
ic

al
-S

pe
ci

fic
un

itl
es

s
S

ee
 A

pp
en

di
x 

A
D

A
ev

en
t*

S
A

*E
V

*E
F*

E
D

S
A

S
ki

n 
S

ur
fa

ce
 A

re
a 

A
va

ila
bl

e 
fo

r C
on

ta
ct

5,
70

0
cm

2
H

an
ds

, f
or

ea
rm

s,
 lo

w
er

 le
gs

 a
nd

 fe
et

 (1
0)

B
W

*A
T

K
p

P
er

m
ea

bi
lit

y 
C

on
st

an
t

C
he

m
ic

al
-S

pe
ci

fic
cm

/h
r

S
ee

 A
pp

en
di

x 
A

τ−
ev

en
t

La
g 

tim
e 

pe
r e

ve
nt

C
he

m
ic

al
-S

pe
ci

fic
ho

ur
s/

ev
en

t
S

ee
 A

pp
en

di
x 

A
t-e

ve
nt

E
ve

nt
 D

ur
at

io
n

1
ho

ur
s/

ev
en

t
D

ef
au

lt 
(7

)
w

he
re

 D
A

ev
en

t=
τ∗

Ti
m

e 
to

 R
ea

ch
 S

te
ad

y-
S

ta
te

C
al

cu
la

te
d

ho
ur

2.
4*

τ-
ev

en
t

or
ga

ni
c 

co
m

po
un

ds
:

B

R
at

io
 o

f p
er

m
ea

bi
lit

y 
co

ef
fic

ie
nt

 o
f a

 
co

m
po

un
d 

th
ro

ug
h 

th
e 

st
ra

tu
m

 c
or

ne
um

 
re

la
tiv

e 
to

 it
s 

pe
rm

ea
bi

lit
y 

co
ef

fic
ie

nt
 

ac
ro

ss
 th

e 
vi

ab
le

 e
pi

de
rm

is

C
al

cu
la

te
d

un
itl

es
s

K
p*

 √
(M

W
) /

 2
.6

if 
te

ve
nt

≤t
* 

:  
  C

W
*2

*F
A

*K
p*

C
F2

*√
(6

*τ
ev

en
t*

te
ve

nt
/π

)

M
W

M
ol

ec
ul

ar
 W

ei
gh

t
C

he
m

ic
al

-S
pe

ci
fic

g/
m

ol
S

ee
 A

pp
en

di
x 

A
E

V
E

xp
os

ur
e 

Ti
m

e
1

ev
en

ts
/d

ay
10

0%
 o

f w
ad

in
g 

at
 W

B
G

C
R

 (6
)

if 
te

ve
nt

>t
*:

   
  C

W
*F

A
*K

p*
C

F2
*[

te
ve

nt
/(1

+B
) +

 2
*τ

ev
en

t*
(1

+3
B

+3
B

^2
)/(

1+
B

)^
2]

E
F

E
x p

os
ur

e 
Fr

eq
ue

nc
y

12
da

ys
/y

ea
r

D
ef

au
lt 

(7
)

E
D

E
xp

os
ur

e 
D

ur
at

io
n

30
ye

ar
s

D
ef

au
lt 

(1
)

in
or

ga
ni

c 
co

m
po

un
ds

:
C

F2
C

on
ve

rs
io

n 
Fa

ct
or

 2
0.

00
1

L/
cm

3
-

   
 C

W
*K

p*
C

F*
te

ve
nt

B
W

B
od

y 
W

ei
gh

t
70

kg
D

ef
au

lt 
(1

)
A

T-
C

A
ve

ra
gi

ng
 T

im
e 

- C
an

ce
r

25
,5

50
da

ys
(3

)
A

T-
N

A
ve

ra
gi

ng
 T

im
e 

- N
on

-C
an

ce
r

10
,9

50
da

ys
(3

)

C
hi

ld
R

ea
ch

es
 1

 to
 7

C
W

C
he

m
ic

al
 C

on
ce

nt
ra

tio
n 

in
 S

ur
fa

ce
 

W
at

er
Ta

bl
e 

3.
43

m
g/

L
-

D
A

D
 (m

g/
kg

-d
ay

)=
 

3 
- 5

an
d 

R
ox

an
a 

M
ar

s h
FA

Fr
ac

tio
n 

A
bs

or
be

d 
W

at
er

C
he

m
ic

al
-S

pe
ci

fic
un

itl
es

s
S

ee
 A

pp
en

di
x 

A
D

A
ev

en
t*

S
A

*E
V

*E
F*

E
D

S
A

S
ki

n 
S

ur
fa

ce
 A

re
a 

A
va

ila
bl

e 
fo

r C
on

ta
ct

3,
30

0
cm

2
Fo

re
ar

m
s,

 h
an

ds
, l

eg
s 

an
d 

fe
et

 (4
,1

0)
B

W
*A

T
K

p
P

er
m

ea
bi

lit
y 

C
on

st
an

t
C

he
m

ic
al

-S
pe

ci
fic

cm
/h

r
S

ee
 A

pp
en

di
x 

A
τ−

ev
en

t
La

g 
tim

e 
pe

r e
ve

nt
C

he
m

ic
al

-S
pe

ci
fic

ho
ur

s/
ev

en
t

S
ee

 A
pp

en
di

x 
A

t-e
ve

nt
E

ve
nt

 D
ur

at
io

n
1

ho
ur

s/
ev

en
t

D
ef

au
lt 

(7
)

w
he

re
 D

A
ev

en
t=

τ∗
Ti

m
e 

to
 R

ea
ch

 S
te

ad
y-

S
ta

te
C

al
cu

la
te

d
ho

ur
2.

4*
τ-

ev
en

t
or

ga
ni

c 
co

m
po

un
ds

:

B

R
at

io
 o

f p
er

m
ea

bi
lit

y 
co

ef
fic

ie
nt

 o
f a

 
co

m
po

un
d 

th
ro

ug
h 

th
e 

st
ra

tu
m

 c
or

ne
um

 
re

la
tiv

e 
to

 it
s 

pe
rm

ea
bi

lit
y 

co
ef

fic
ie

nt
 

ac
ro

ss
 th

e 
vi

ab
le

 e
pi

de
rm

is

C
al

cu
la

te
d

un
itl

es
s

K
p*

 √
(M

W
) /

 2
.6

if 
te

ve
nt

≤t
* 

:  
  C

W
*2

*F
A

*K
p*

C
F2

*√
(6

*τ
ev

en
t*

te
ve

nt
/π

)

M
W

M
ol

ec
ul

ar
 W

ei
gh

t
C

he
m

ic
al

-S
pe

ci
fic

g/
m

ol
S

ee
 A

pp
en

di
x 

A
E

V
E

xp
os

ur
e 

Ti
m

e
1

ev
en

ts
/d

ay
10

0%
 o

f w
ad

in
g 

at
 W

B
G

C
R

 (6
)

if 
te

ve
nt

>t
*:

   
  C

W
*F

A
*K

p*
C

F2
*[

te
ve

nt
/(1

+B
) +

 2
*τ

ev
en

t*
(1

+3
B

+3
B

^2
)/(

1+
B

)^
2]

E
F

E
x p

os
ur

e 
Fr

eq
ue

nc
y

12
da

ys
/y

ea
r

D
ef

au
lt 

(7
)

E
D

E
xp

os
ur

e 
D

ur
at

io
n

3
ye

ar
s

A
ge

s 
3 

to
 5

in
or

ga
ni

c 
co

m
po

un
ds

:
C

F2
C

on
ve

rs
io

n 
Fa

ct
or

 2
0.

00
1

L/
cm

3
-

   
 C

W
*K

p*
C

F*
te

ve
nt

B
W

B
od

y 
W

ei
gh

t
16

.0
5

kg
D

ef
au

lt 
(4

)
A

T-
C

A
ve

ra
gi

ng
 T

im
e 

- C
an

ce
r

25
,5

50
da

ys
(3

)
A

T-
N

A
ve

ra
gi

ng
 T

im
e 

- N
on

-C
an

ce
r

1,
09

5
da

ys
(3

)



TA
B

LE
 4

.2
 S

U
R

FA
C

E
 W

A
TE

R
V

A
LU

E
S

 U
S

E
D

 F
O

R
 D

A
IL

Y
 IN

TA
K

E
 C

A
LC

U
LA

TI
O

N
S

R
E

A
S

O
N

A
B

LE
 M

A
X

IM
U

M
 E

X
P

O
S

U
R

E
W

es
t B

ra
nc

h 
of

 th
e 

G
ra

nd
 C

al
um

et
 R

iv
er

, L
ak

e 
C

ou
nt

y,
 In

di
an

a
S

ce
na

rio
 T

im
ef

ra
m

e:
  C

ur
re

nt
/F

ut
ur

e
M

ed
iu

m
:  

 S
ur

fa
ce

 W
at

er
E

xp
os

ur
e 

M
ed

iu
m

: S
ur

fa
ce

 W
at

er

E
xp

os
ur

e 
P

oi
nt

P
ar

am
et

er
P

ar
am

et
er

 D
ef

in
iti

on
V

al
ue

U
ni

ts
R

at
io

na
le

/
In

ta
ke

 E
qu

at
io

n/
C

od
e

R
ef

er
en

ce
M

od
el

 N
am

e
R

ec
ep

to
r 

P
op

ul
at

io
n

R
ec

ep
to

r 
A

ge
E

xp
os

ur
e 

R
ou

te
 

D
er

m
al

M
ai

nt
en

an
ce

 /
A

du
lt

R
ea

ch
es

 1
 to

 7
C

W
C

he
m

ic
al

 C
on

ce
nt

ra
tio

n 
in

 S
ur

fa
ce

 
W

at
er

Ta
bl

e 
3.

43
m

g/
L

-
D

A
D

 (m
g/

kg
-d

ay
)=

 
(c

on
tin

ue
d)

U
til

ity
 W

or
ke

r
an

d 
R

ox
an

a 
M

ar
s h

FA
Fr

ac
tio

n 
A

bs
or

be
d 

W
at

er
C

he
m

ic
al

-S
pe

ci
fic

un
itl

es
s

S
ee

 A
pp

en
di

x 
A

D
A

ev
en

t*
S

A
*E

V
*E

F*
E

D
S

A
S

ki
n 

S
ur

fa
ce

 A
re

a 
A

va
ila

bl
e 

fo
r C

on
ta

ct
4,

49
9

cm
2

H
an

ds
, l

ow
er

 le
gs

 a
nd

 fe
et

 (8
)

B
W

*A
T

K
p

P
er

m
ea

bi
lit

y 
C

on
st

an
t

C
he

m
ic

al
-S

pe
ci

fic
cm

/h
r

S
ee

 A
pp

en
di

x 
A

τ−
ev

en
t

La
g 

tim
e 

pe
r e

ve
nt

C
he

m
ic

al
-S

pe
ci

fic
ho

ur
s/

ev
en

t
S

ee
 A

pp
en

di
x 

A
t-e

ve
nt

E
ve

nt
 D

ur
at

io
n

8
ho

ur
s/

ev
en

t
Fu

ll 
w

or
k 

da
y

w
he

re
 D

A
ev

en
t=

τ∗
Ti

m
e 

to
 R

ea
ch

 S
te

ad
y-

S
ta

te
C

al
cu

la
te

d
ho

ur
2.

4*
τ-

ev
en

t
or

ga
ni

c 
co

m
po

un
ds

:

B

R
at

io
 o

f p
er

m
ea

bi
lit

y 
co

ef
fic

ie
nt

 o
f a

 
co

m
po

un
d 

th
ro

ug
h 

th
e 

st
ra

tu
m

 c
or

ne
um

 
re

la
tiv

e 
to

 it
s 

pe
rm

ea
bi

lit
y 

co
ef

fic
ie

nt
 

ac
ro

ss
 th

e 
vi

ab
le

 e
pi

de
rm

is

C
al

cu
la

te
d

un
itl

es
s

K
p*

 √
(M

W
) /

 2
.6

if 
te

ve
nt

≤t
* 

:  
  C

W
*2

*F
A

*K
p*

C
F2

*√
(6

*τ
ev

en
t*

te
ve

nt
/π

)

M
W

M
ol

ec
ul

ar
 W

ei
gh

t
C

he
m

ic
al

-S
pe

ci
fic

g/
m

ol
S

ee
 A

pp
en

di
x 

A
E

V
E

xp
os

ur
e 

Ti
m

e
1

ev
en

ts
/d

ay
10

0%
 o

f m
ai

nt
en

an
ce

 a
t W

B
G

C
R

  (
6)

if 
te

ve
nt

>t
*:

   
  C

W
*F

A
*K

p*
C

F2
*[

te
ve

nt
/(1

+B
) +

 2
*τ

ev
en

t*
(1

+3
B

+3
B

^2
)/(

1+
B

)^
2]

E
F

E
x p

os
ur

e 
Fr

eq
ue

nc
y

8
da

ys
/y

ea
r

S
ite

-s
pe

ci
fic

 (9
)

E
D

E
xp

os
ur

e 
D

ur
at

io
n

25
ye

ar
s

D
ef

au
lt 

(8
)

in
or

ga
ni

c 
co

m
po

un
ds

:
C

F2
C

on
ve

rs
io

n 
Fa

ct
or

 2
0.

00
1

L/
cm

3
-

   
 C

W
*K

p*
C

F*
te

ve
nt

B
W

B
od

y 
W

ei
gh

t
70

kg
D

ef
au

lt 
(8

)
A

T-
C

A
ve

ra
gi

ng
 T

im
e 

- C
an

ce
r

25
,5

50
da

ys
(3

)
A

T-
N

A
ve

ra
gi

ng
 T

im
e 

- N
on

-C
an

ce
r

9,
12

5
da

ys
(3

)
N

ot
es

:
(1

) E
P

A
 2

00
2b

.  
S

up
pl

em
en

ta
l G

ui
da

nc
e 

fo
r D

ev
el

op
in

g 
S

oi
l S

cr
ee

ni
ng

 L
ev

el
s 

fo
r S

up
er

fu
nd

 S
ite

s.
  O

S
W

E
R

 9
35

5.
4-

24
. D

ec
em

be
r. 

E
xh

ib
it 

1-
2,

 d
ef

au
lt 

va
lu

es
 fo

r r
es

id
en

t (
ad

ul
t a

nd
 c

hi
ld

, a
ge

 1
-6

).
(2

) T
he

 a
ct

iv
e 

an
gl

er
 is

 a
ss

um
ed

 to
 fi

sh
 5

0%
 o

f t
he

 ti
m

e 
at

 th
e 

W
B

G
C

R
. 

(4
) E

P
A

 2
00

1d
.  

Te
ch

ni
ca

l I
ss

ue
 P

ap
er

:  
A

ge
 G

ro
up

 R
ec

om
m

en
da

tio
ns

 fo
r A

ss
es

si
ng

 C
hi

ld
ho

od
 E

xp
os

ur
e 

an
d 

th
e 

A
de

qu
ac

y 
of

 E
xi

si
tin

g 
E

xp
os

ur
e 

Fa
ct

or
s 

D
at

a 
fo

r C
hi

ld
re

n.
  R

is
k 

A
ss

es
sm

en
t F

or
um

.  
O

ct
ob

er
(5

) W
ill

ia
m

s 
et

. a
l. 

20
00

.  
A

n 
E

xa
m

in
at

io
n 

of
 F

is
h 

C
on

su
m

pt
io

n 
by

 In
di

an
a 

R
ec

re
at

io
na

l A
ng

le
rs

: A
n 

O
n-

S
ite

 S
ur

ve
y.

 A
pp

en
di

x 
D

. 4
-d

ay
s 

pe
r w

ee
k 

re
pr

es
en

ts
 th

e 
93

-p
er

ce
nt

ile
 o

f f
is

hi
ng

 fr
eq

ue
nc

y.
(6

) E
P

A
 1

98
9.

  R
is

k 
A

ss
es

sm
en

t G
ui

da
nc

e 
fo

r S
up

er
fu

nd
:  

V
ol

 I 
- H

um
an

 H
ea

lth
 E

va
lu

at
io

n 
M

an
ua

l (
P

ar
t A

). 
 E

P
A

/5
40

/1
-8

9/
00

2.
 - 

S
ec

tio
n 

6.
6.

2.
  A

ll 
ex

po
su

re
 a

ss
um

ed
 to

 o
cc

ur
 a

t W
B

G
C

R
. 

(7
) E

P
A

 1
99

7c
.  

E
xp

os
ur

e 
fa

ct
or

s 
H

an
db

oo
k:

  V
ol

um
e 

I G
en

er
al

 F
ac

to
rs

.  
Ta

bl
e 

15
-1

76
 - 

re
co

m
m

en
de

d 
fre

qu
en

cy
 a

nd
 d

ur
at

io
n 

fo
r s

w
im

m
in

g.
(8

) E
P

A
 2

00
2b

.  
S

up
pl

em
en

ta
l G

ui
da

nc
e 

fo
r D

ev
el

op
in

g 
S

oi
l S

cr
ee

ni
ng

 L
ev

el
s 

fo
r S

up
er

fu
nd

 S
ite

s.
  O

S
W

E
R

 9
35

5.
4-

24
. D

ec
em

be
r. 

E
xh

ib
it 

1-
2,

 d
ef

au
lt 

va
lu

es
 fo

r N
on

-R
es

id
en

tia
l (

C
om

m
er

ci
al

/In
du

st
ria

l) 
O

ut
do

or
 W

or
ke

r.
(9

) S
ite

-s
pe

ci
fic

 a
ss

um
pt

io
n 

th
at

 tw
o 

da
ys

 o
f c

ul
ve

rt 
m

ai
nt

en
an

ce
/s

im
ila

r a
ct

iv
ity

 is
 re

qu
ire

d 
qu

ar
te

rly
. 

(3
) E

P
A

 1
98

9.
  R

is
k 

A
ss

es
sm

en
t G

ui
da

nc
e 

fo
r S

up
er

fu
nd

:  
V

ol
 I 

- H
um

an
 H

ea
lth

 E
va

lu
at

io
n 

M
an

ua
l (

P
ar

t A
). 

 E
P

A
/5

40
/1

-8
9/

00
2.

 - 
V

al
ue

 fo
r n

on
-c

ar
ci

no
ge

ni
c 

ef
fe

ct
s 

is
 b

as
ed

 o
n 

th
e 

E
D

 a
nd

 th
e 

va
lu

e 
fo

r c
ar

ci
no

ge
ni

c 
ef

fe
ct

s 
is

 b
as

ed
 o

n 
a 

70
 y

ea
r l

ife
tim

e.

(1
0)

 E
P

A
 2

00
4a

.  
R

is
k 

A
ss

es
sm

en
t G

ui
da

nc
e 

fo
r S

up
er

fu
nd

:  
V

ol
um

e 
I: 

H
um

an
 H

ea
lth

 E
va

lu
at

io
n 

M
an

ua
l (

P
ar

t E
, S

up
pl

em
en

ta
l G

ui
da

nc
e 

fo
r D

er
m

al
 R

is
k 

A
ss

es
sm

en
t).

  E
xh

ib
it 

C
-1

 B
od

y-
P

ar
t 

(1
1)

 E
P

A
 1

98
9.

  R
is

k 
A

ss
es

sm
en

t G
ui

da
nc

e 
fo

r S
up

er
fu

nd
:  

V
ol

 I 
- H

um
an

 H
ea

lth
 E

va
lu

at
io

n 
M

an
ua

l (
P

ar
t A

). 
 E

P
A

/5
40

/1
-8

9/
00

2.
 E

xh
ib

it 
6-

12
 in

ci
de

nt
ia

l i
ng

es
tio

n 
ra

te
 o

f 5
0 

m
L/

ho
ur

 w
hi

le
 s

w
im

m
in

g.



TA
B

LE
 4

.3
 F

IS
H

V
A

LU
E

S
 U

S
E

D
 F

O
R

 D
A

IL
Y

 IN
TA

K
E

 C
A

LC
U

LA
TI

O
N

S
R

E
A

S
O

N
A

B
LE

 M
A

X
IM

U
M

 E
X

P
O

S
U

R
E

W
es

t B
ra

nc
h 

of
 th

e 
G

ra
nd

 C
al

um
et

 R
iv

er
, L

ak
e 

C
ou

nt
y,

 In
di

an
a

S
ce

na
rio

 T
im

ef
ra

m
e:

  C
ur

re
nt

/F
ut

ur
e

M
ed

iu
m

:  
 F

is
h

E
xp

os
ur

e 
M

ed
iu

m
:  

Fi
sh

 T
is

su
e

 
 

 
 

 
E

xp
os

ur
e 

R
ou

te
 

E
xp

os
ur

e 
P

oi
nt

P
ar

am
et

er
P

ar
am

et
er

 D
ef

in
iti

on
V

al
ue

U
ni

ts
R

at
io

na
le

/
In

ta
ke

 E
qu

at
io

n/
C

od
e

R
ef

er
en

ce
M

od
el

 N
am

e

In
ge

st
io

n
A

ct
iv

e
A

du
lt

R
ea

ch
es

 1
, 2

, 6
 &

 7
C

Fi
sh

C
he

m
ic

al
 C

on
ce

nt
ra

tio
n 

in
 F

is
h

Ta
bl

e 
3.

m
g/

kg
C

D
I (

m
g/

kg
-d

ay
) =

 
A

ng
le

r
IR

-F
In

ge
st

io
n 

R
at

e 
of

 F
is

h
37

,8
00

m
g/

da
y

S
ite

-s
pe

ci
fic

 (5
)

C
Fi

sh
*I

R
-F

*F
I*

E
F*

E
D

*C
F1

FI
Fr

ac
tio

n 
In

ge
st

ed
0.

5
un

itl
es

s
50

%
 o

f f
is

hi
ng

 a
t W

B
G

C
R

 (2
)

B
W

*A
T

E
F

E
xp

os
ur

e 
Fr

eq
ue

nc
y

36
5

da
ys

/y
ea

r
(7

)
E

D
E

xp
os

ur
e 

D
ur

at
io

n
30

ye
ar

s
D

ef
au

lt 
(1

)
C

F1
C

on
ve

rs
io

n 
Fa

ct
or

 1
1.

00
E

-0
6

kg
/m

g
-

B
W

B
od

y 
W

ei
gh

t
70

kg
D

ef
au

lt 
(1

)
A

T-
C

A
ve

ra
gi

ng
 T

im
e 

- C
an

ce
r

25
,5

50
da

ys
(3

)
A

T-
N

A
ve

ra
gi

ng
 T

im
e 

- N
on

-C
an

ce
r

10
,9

50
da

ys
(3

)
C

hi
ld

R
ea

ch
es

 1
, 2

, 6
 &

 7
C

Fi
sh

C
he

m
ic

al
 C

on
ce

nt
ra

tio
n 

in
 F

is
h

Ta
bl

e 
3

m
g/

kg
C

D
I (

m
g/

kg
-d

ay
) =

 
6 

- 1
0

IR
-F

In
ge

st
io

n 
R

at
e 

of
 F

is
h

14
,0

00
m

g/
da

y
C

al
cu

la
te

d 
(8

)
C

Fi
sh

*I
R

-F
*F

I*
E

F*
E

D
*C

F1
FI

Fr
ac

tio
n 

In
ge

st
ed

0.
5

un
itl

es
s

50
%

 o
f f

is
hi

ng
 a

t W
B

G
C

R
 (2

)
B

W
*A

T
E

F
E

xp
os

ur
e 

Fr
eq

ue
nc

y
36

5
da

ys
/y

ea
r

(7
)

E
D

E
xp

os
ur

e 
D

ur
at

io
n

5
ye

ar
s

A
ge

s 
6 

to
 1

0
C

F1
C

on
ve

rs
io

n 
Fa

ct
or

 1
1.

00
E

-0
6

kg
/m

g
-

B
W

B
od

y 
W

ei
gh

t
25

.9
kg

D
ef

au
lt 

(4
)

A
T-

C
A

ve
ra

gi
ng

 T
im

e 
- C

an
ce

r
25

,5
50

da
ys

(3
)

A
T-

N
A

ve
ra

gi
ng

 T
im

e 
- N

on
-C

an
ce

r
1,

82
5

da
ys

(3
)

N
ot

es
:

(1
) E

P
A

 2
00

2b
.  

S
up

pl
em

en
ta

l G
ui

da
nc

e 
fo

r D
ev

el
op

in
g 

S
oi

l S
cr

ee
ni

ng
 L

ev
el

s 
fo

r S
up

er
fu

nd
 S

ite
s.

  O
S

W
E

R
 9

35
5.

4-
24

. D
ec

em
be

r. 
E

xh
ib

it 
1-

2,
 d

ef
au

lt 
va

lu
es

 fo
r r

es
id

en
t (

ad
ul

t a
nd

 c
hi

ld
, a

ge
 1

-6
)

(2
) T

he
 a

ct
iv

e 
an

gl
er

 is
 a

ss
um

ed
 to

 fi
sh

 5
0%

 o
f t

he
 ti

m
e 

at
 th

e 
W

B
G

C
R

. 

(4
) E

P
A

 2
00

1d
.  

Te
ch

ni
ca

l I
ss

ue
 P

ap
er

:  
A

ge
 G

ro
up

 R
ec

om
m

en
da

tio
ns

 fo
r A

ss
es

si
ng

 C
hi

ld
ho

od
 E

xp
os

ur
e 

an
d 

th
e 

A
de

qu
ac

y 
of

 E
xi

si
tin

g 
E

xp
os

ur
e 

Fa
ct

or
s 

D
at

a 
fo

r C
hi

ld
re

n.
  R

is
k 

A
ss

es
sm

en
t F

or
um

.  
O

ct
ob

e r
(5

) W
ill

ia
m

s 
et

. a
l. 

20
00

.  
A

n 
E

xa
m

in
at

io
n 

of
 F

is
h 

C
on

su
m

pt
io

n 
by

 In
di

an
a 

R
ec

re
at

io
na

l A
ng

le
rs

: A
n 

O
n-

S
ite

 S
ur

ve
y.

 3
7.

8 
gr

am
s 

pe
r d

ay
 re

pr
es

en
ts

 th
e 

95
-p

er
ce

nt
ile

 fo
r N

or
th

 In
di

an
a 

A
ct

iv
e 

C
on

su
m

er
s

(6
) E

P
A

 1
98

9.
  R

is
k 

A
ss

es
sm

en
t G

ui
da

nc
e 

fo
r S

up
er

fu
nd

:  
V

ol
 I 

- H
um

an
 H

ea
lth

 E
va

lu
at

io
n 

M
an

ua
l (

P
ar

t A
). 

 E
P

A
/5

40
/1

-8
9/

00
2.

 - 
S

ec
tio

n 
6.

6.
2.

  A
ll 

ex
po

su
re

 a
ss

um
ed

 to
 o

cc
ur

 a
t W

B
G

C
R

. 
(7

)  
C

or
re

sp
on

ds
 to

 fi
sh

 in
ge

st
io

n 
ra

te
 e

xp
re

ss
ed

 a
s 

da
ily

 a
ve

ra
ge

.
(8

) P
ro

po
rti

on
at

e 
to

 a
du

lt 
in

ge
st

io
n 

ra
te

 b
as

ed
 o

n 
bo

dy
 w

ei
gh

t.

(3
) E

P
A

 1
98

9.
  R

is
k 

A
ss

es
sm

en
t G

ui
da

nc
e 

fo
r S

up
er

fu
nd

:  
V

ol
 I 

- H
um

an
 H

ea
lth

 E
va

lu
at

io
n 

M
an

ua
l (

P
ar

t A
). 

 E
P

A
/5

40
/1

-8
9/

00
2.

 - 
V

al
ue

 fo
r n

on
-c

ar
ci

no
ge

ni
c 

ef
fe

ct
s 

is
 b

as
ed

 o
n 

th
e 

E
D

 a
nd

 th
e 

va
lu

e 
fo

r c
ar

ci
no

ge
ni

c 
ef

fe
ct

s

R
ec

ep
to

r 
P

op
ul

at
io

n
R

ec
ep

to
r 

A
ge



TA
B

LE
 4

.4
P

A
R

TI
C

U
LA

TE
 E

M
IS

S
IO

N
 F

A
C

TO
R

 D
E

V
E

LO
P

M
E

N
T 

FO
R

 W
IN

D
 R

E
S

U
S

P
E

N
S

IO
N

W
es

t B
ra

nc
h 

of
 th

e 
G

ra
nd

 C
al

um
et

 R
iv

er
, L

ak
e 

C
ou

nt
y,

 In
di

an
a

 
 

 
 

 
P

ar
am

et
e r

P
ar

am
et

er
 D

ef
in

iti
on

U
ni

ts
V

al
ue

R
at

io
na

le
/

E
qu

at
io

n/
C

od
e

R
ef

er
en

ce
M

od
el

 N
am

e

P
E

F
P

ar
tic

ul
at

e 
E

m
is

si
on

 F
ac

to
r

m
3 /k

g
1.

78
E

+0
9

 C
al

cu
la

te
d 

(1
,2

)
S

ee
 N

ot
e 

(3
)

Q
/C

w
in

d
In

ve
rs

e 
of

 M
ea

n 
C

on
ce

nt
ra

tio
n 

at
 C

en
te

r o
f S

qu
ar

e 
S

ou
rc

e
g/

m
2 -s

 p
er

 k
g/

m
3

98
.4

3
C

al
cu

la
te

d 
(1

,2
)

S
ee

 N
ot

e 
(4

)
A

C
on

st
an

t B
as

ed
 o

n 
A

ir 
M

od
el

in
g 

fo
r s

pe
ci

fic
 c

lim
at

e 
zo

ne
s

un
itl

es
s

16
.8

7
E

xh
ib

it 
D

-2
 o

f t
he

 c
ite

d 
gu

id
an

ce
 C

hi
ca

go
, I

L 
(1

)
B

C
on

st
an

t B
as

ed
 o

n 
A

ir 
M

od
el

in
g 

fo
r s

pe
ci

fic
 c

lim
at

e 
zo

ne
s

un
itl

es
s

18
.7

8
E

xh
ib

it 
D

-2
 o

f t
he

 c
ite

d 
gu

id
an

ce
 C

hi
ca

go
, I

L 
(1

)
C

C
on

st
an

t B
as

ed
 o

n 
A

ir 
M

od
el

in
g 

fo
r s

pe
ci

fic
 c

lim
at

e 
zo

ne
s

un
itl

es
s

21
5.

06
E

xh
ib

it 
D

-2
 o

f t
he

 c
ite

d 
gu

id
an

ce
 C

hi
ca

go
, I

L 
(1

)
A

si
te

A
re

al
 e

xt
en

t o
f t

he
 s

ite
 o

r c
on

ta
m

in
at

io
n

ac
re

s
0.

5
D

ef
au

lt 
(2

)
V

Fr
ac

tio
n 

of
 V

eg
et

at
iv

e 
C

ov
er

/W
at

er
 C

ov
er

ed
un

itl
es

s
0.

6
B

as
ed

 o
n 

si
te

 o
bs

er
va

tio
ns

 (5
)

U
m

M
ea

n 
A

nn
ua

l W
in

d 
S

pe
ed

m
/s

4.
69

D
ef

au
lt 

(1
,2

)
U

t
E

qu
iv

al
en

t T
hr

es
ho

ld
 V

al
ue

 o
f W

in
d 

S
pe

ed
 a

t 1
0 

m
m

/s
11

.3
2

D
ef

au
lt 

(1
,2

)
F(

x)
Fu

nc
tio

n 
D

ep
en

de
nt

 o
n 

x
un

itl
es

s
0.

19
4

D
ef

au
lt 

(1
,2

)
N

ot
es

:
(1

) E
P

A
 2

00
2b

.  
S

up
pl

em
en

ta
l G

ui
da

nc
e 

fo
r D

ev
el

op
in

g 
S

oi
l S

cr
ee

ni
ng

 L
ev

el
s 

fo
r S

up
er

fu
nd

 S
ite

s.
  O

S
W

E
R

 9
35

5.
4-

24
. D

ec
em

be
r. 

A
pp

en
di

x 
D

: D
is

pe
rs

io
n 

Fa
ct

or
 C

al
cu

la
tio

ns
(2

) E
P

A
 1

99
6c

.  
S

oi
l S

cr
ee

ni
ng

 G
ui

da
nc

e:
  U

se
r's

 G
ui

de
.  

Ju
ly

. 
(3

)  
Th

e 
eq

ua
tio

n 
us

ed
 to

 c
al

cu
la

te
 th

e 
pa

rti
cu

la
te

 e
m

is
si

on
 fa

ct
or

 is
 s

ho
w

n 
be

lo
w

(4
)  

Th
e 

eq
ua

tio
n 

us
ed

 to
 c

al
cu

la
te

 th
e 

in
ve

rs
e 

of
 th

e 
m

ea
n 

co
nc

en
tra

tio
n 

at
 th

e 
ce

nt
er

 o
f S

qu
ar

e 
S

ou
rc

e 
is

 s
ho

w
n 

be
lo

w

(5
) O

bs
er

va
tio

ns
 m

ad
e 

du
rin

g 
S

ite
 C

ha
ra

ct
er

iz
at

io
n 

(s
um

m
er

 2
00

2)
 a

nd
 s

ite
 re

co
nn

ai
sa

nc
e 

(w
in

te
r 2

00
4)

.  
V

al
ue

 s
ho

w
n 

is
 m

in
im

um
 o

bs
er

ve
d

(
)

)
(

1
03

6
.0

/
60

0
,3

3

x
F

U
U

V

hr
s

CQ
PE

F

t

m
⋅

⎟ ⎠⎞
⎜ ⎝⎛ ⋅

−
⋅

⋅
=

]
/)

)
[(l

n
2

/
C

B
A

wi
nd

sit
e

e
A

C
Q

−
⋅

=



TABLE 4.5

CHEMICAL-SPECIFIC DERMAL ABSORPTION FACTORS

West Branch of the Grand Calumet River, Lake County, Indiana

Benzene (2)
Chlorodibromomethane (2)
Acenaphthene 0.13 (1) Exhibit 3-4
Acenaphthylene 0.13 (1) Exhibit 3-4
Anthracene 0.13 (1) Exhibit 3-4
Benz(a)anthracene 0.13 (1) Exhibit 3-4
Benzo(a)anthracene 0.13 (1) Exhibit 3-4
Benzo(a)pyrene 0.13 (1) Exhibit 3-4
Benzo(b)fluoranthene 0.13 (1) Exhibit 3-4
Benzo(ghi)perylene 0.13 (1) Exhibit 3-4
Benzo(k)fluoranthene 0.13 (1) Exhibit 3-4
Benzoic acid 0.1 (1) Exhibit 3-4, value for SVOCs
bis(2-Ethylhexyl)phthalate 0.1 (1) Exhibit 3-4, value for SVOCs
Carbazole 0.1 (1) Exhibit 3-4, value for SVOCs
Chrysene 0.13 (1) Exhibit 3-4
Dibenz(a,h)anthracene 0.13 (1) Exhibit 3-4
Dibenzofuran 0.1 (1) Exhibit 3-4, value for SVOCs
Indeno(1,2,3-cd)pyrene 0.13 (1) Exhibit 3-4
Fluoranthene 0.13 (1) Exhibit 3-4
Fluorene 0.13 (1) Exhibit 3-4
1-Methylnaphthalene 0.13 Assumed value for PAHs
2-Methylnaphthalene 0.13 Assumed value for PAHs
Naphthalene 0.13 Assumed value for PAHs
Phenanthrene 0.13 (1) Exhibit 3-4
Pyrene 0.13 (1) Exhibit 3-4
Aluminum (2)
Antimony (2)
Arsenic 0.03 (1) Exhibit 3-4
Cadmium 0.001 (1) Exhibit 3-4
Chromium (VI) (2)
Copper (2)
Iron (2)
Lead (2)
Manganese (2)
Manganese (Diet) (2)
Manganese (Water) (2)
Mercury (2)
Nickel (2)
Selenium (2)
Zinc (2)
Chlordane - alpha 0.04 Assumed value for Chlordane
Chlordane - gamma 0.04 Assumed value for Chlordane
Total Chlordane 0.04 (1) Exhibit 3-4
cis-Nonachlor 0.04 Component of Chlordane & Heptachlor
o,p'-DDD 0.03 Assumed value for DDT
p,p'-DDD 0.03 Assumed value for DDT
p,p'-DDE 0.03 Assumed value for DDT
p,p'-DDT 0.03 Assumed value for DDT
4,4'-DDT 0.03 Assumed value for DDT
Total DDT 0.03 (1) Exhibit 3-4
Dieldrin (2)
gamma-BHC (Lindane) 0.04 (1) Exhibit 3-4
Heptachlor 0.01 (2)
Hexachlorocyclohexane-all isomers 0.04 Assumed value for Lindane
Toxaphene (2)
Trans nonachlor 0.04 Component of Chlordane & Heptachlor
2,3,7,8-Dibenzo-p-dioxin 0.001 (1) Exhibit 3-4, TOC>10%
Aroclor 1242 0.14 (1) Exhibit 3-4
Aroclor 1248 0.14 (1) Exhibit 3-4
Aroclor 1254 0.14 (1) Exhibit 3-4
Aroclor 1260 0.14 (1) Exhibit 3-4
Dioxin TEQ 0.14 (1) Exhibit 3-4
Nondioxin-like PCBs 0.14 (1) Exhibit 3-4
Notes:
(1) EPA 2004c.  Risk Assessment Guidance for Superfund, Vol I: Human Health Evaluation Manual, 
Part E, Supplemental Guidance for Dermal Risk Assessment.
(2)  The most recent USEPA guidance for dermal risk assessment (1), does not recommend default 
dermal absorption values for VOCs and inorganics.

Chemical of Potential Concern
Absorption 

Factor (ABS) Source (1)
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