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DISCLAIMER

Intrinsik Environmental Sciences Inc. (Intrinsik) provided this report for Millennium EMS
Solutions Inc. (Millennium) solely for the purpose stated in the report.  The information
contained in this report was prepared and interpreted exclusively for Millennium and may not be
used in any manner by any other party.  Intrinsik does not accept any responsibility for the use
of this report for any purpose other than as specifically intended by Millennium.  Intrinsik does
not have, and does not accept, any responsibility or duty of care whether based in negligence or
otherwise, in relation to the use of this report in whole or in part by any third party.  Any alternate
use, including that by a third party, or any reliance on or decision made based on this report, are
the sole responsibility of the alternative user or third party.  Intrinsik does not accept
responsibility for damages, if any, suffered by any third party as a result of decisions made or
actions based on this report.

Intrinsik makes no representation, warranty or condition with respect to this report or the
information contained herein other than that it has exercised reasonable skill, care and diligence
in accordance with accepted practice and usual standards of thoroughness and competence for
the profession of toxicology and environmental assessment to assess and evaluate information
acquired during the preparation of this report.  Any information or facts provided by others, and
referred to or utilized in the preparation of this report, is believed to be accurate without any
independent verification or confirmation by Intrinsik.  This report is based upon and limited by
circumstances and conditions stated herein, and upon information available at the time of the
preparation of the report.

Intrinsik has reserved all rights in this report, unless specifically agreed to otherwise in writing
with Millennium.
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1.0 INTRODUCTION

The proposed Great Divide Steam Assisted Gravity Drainage (SAGD) Expansion Project (the
Project) by Connacher Oil and Gas Limited (Connacher) consists of expansions of capacity at
the existing Pod One and approved Algar facilities.  Combined, the expansion project will
generate a total production (i.e., existing + approved + expansion) capacity of 7,000 m³/day
(44,000 bbd/d) of bitumen.  The Project is located along Highway 63.

This Human Health Risk Assessment (HHRA) describes the nature and significance of potential
short-term (i.e., acute) and long-term (i.e., chronic) health risks to humans associated with
exposure to the Chemicals of Potential Concern (COPC) emitted or released from the Project.
The HHRA examines the potential health risks attributable to the Project in combination with
existing and planned emission sources in the region.

2.0 SCOPE OF ASSESSMENT

The scope of the HHRA was based on the following:

 Terms of Reference issued by Alberta Environment for HHRA; and,
 Issues and/or concerns expressed by stakeholders regarding potential health risks

associated with the Project.

2.1 Terms of Reference

This assessment was completed to address Section 6[A] of the Terms of Reference (AENV
2009), which requires Connacher to describe those aspects of the project that may have
implications for public health.  The specific requirements addressed in the HHRA are as follows:

 assess the potential health implications of the compounds that will be released to the
environment from the Project in relation to exposure limits established to prevent acute and
chronic adverse effects on human health;

 provide the data, exposure modeling calculations, and describe the methods Connacher
used to assess impacts of the Project on human health;

 provide information, including chemical analyses and modeling results, on samples of
selected environmental media (e.g., soil, water, air, vegetation, wild game, etc.) used in the
assessment;

 discuss the potential for changes to water quality, air quality and soil quality to increase
human exposure to contaminants taking into consideration all Project activities;

 identify the human health impact of the potential contamination of country foods and natural
food sources taking into consideration all Project activities;

 document any health concerns raised by stakeholders during consultation on the Project;

 document any health concerns identified by aboriginal communities or groups resulting from
impacts of existing development and of the Project specifically on their traditional lifestyle
and include an aboriginal receptor type in the assessment;

 assess the cumulative human health effects to receptors, including First Nations and Métis
receptors;
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 as appropriate, describe anticipated follow-up work, including regional cooperative studies.
Discuss how such work will be implemented and coordinated with ongoing air, soil and
water quality initiatives; and

 discuss mitigation strategies to minimize the potential impact of the Project on human
health.

2.2 Public Issues and Concerns

A description of site visits and any information that Aboriginal groups (First Nation and Métis)
shared regarding Traditional Land Use (TLU) and Traditional Knowledge (TK) in and around the
Project is provided in the Public Consultation report (Connacher 2010, Part F).  This section
contains a full description of Connacher’s engagement with the Aboriginal groups in and around
the Project area.

Health was raised as one of the key issues of concern, with residents in the area indicating that
they are concerned about an overall deterioration in air quality, water quality and traditional food
quality (i.e., fish and game).  This concern is addressed in this HHRA, specifically as it relates to
potential health effects associated with air and water quality changes.

The concerns and issues related to the potential adverse impacts associated with the Project
raised by residents through the consultation process were also used to define the scope of the
HHRA. Consultation activities designed to identify the concerns and issues held by key
stakeholders and Aboriginal groups included:

 public open house sessions;
 individual and group meetings;
 site visits;
 telephone conversations;
 e-mail and other correspondence; and
 announcements in regional and local news media.

A complete listing of the consultation activities is provided in the Public Consultation report
(Connacher 2010, Part F).

Overall, individuals engaged at these public sessions provided the following with respect to
human health:

 People pick berries (i.e., blueberries, cranberries, strawberries and others) and Labrador
teas in the Project area.

 People eat moose and other large game animals, small game animals and birds from the
Project area.

 People use other traditional foods and plants such as cattails and fiddleheads.

 There are medicinal plants in the area, such as, rat root, fireweed, yarrow, & purple aster.

 Fish (e.g., Burbot and pike) are found in lakes (e.g., Twin Lakes) within the Project area.

 People are concerned about deterioration of water quality affecting wildlife and fish.

 People are concerned about decreasing wildlife populations in the Project area and
cumulative impacts on wildlife.
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2.3 Spatial Boundaries

The HHRA focused on the potential health risks associated with chemical emissions in two
areas:

 Local Study Area (LSA), consisting of a 30 km × 30 km area surrounding the Project.
 Regional Study Area (RSA), consisting of a 220 km x 330 km area surrounding the Project.

The HHRA LSA and RSA are consistent with the Air Quality study areas (MEMS 2010).

2.4 Temporal Durations Assessed

The HHRA assessed both short and long term health risks to people associated with the
chemicals emitted or released from the Project.  The two exposure durations used can be
described as follows:

 Acute: exposure extends over a time period covering minutes to a day.

 Chronic: exposure occurs continuously or regularly over extended periods, lasting for
periods of months to years, and possibly extending over an entire lifetime.

Although the operational life of the Project is only expected to be 25 years, the HHRA assumed
that the chemical emissions or releases attributable to the Project would continue for a period of
80 years.  The assumption of 80 years, to coincide with a person’s assumed lifespan (Health
Canada 2009a).

2.5 Assessment Cases

Maximum predicted ground-level air concentrations provided by the air quality team were
compared to regulatory-endorsed exposure limits protective of human health in order to quantify
the potential risks. Potential health risks were assessed for the three assessment cases that
follow:

 Baseline Case: includes potential health risks associated with existing projects and those
that have been approved but are not yet operational.

 Application Case: includes potential health risks associated with the Baseline Case and the
Project.

 Planned Development Case (PDC): includes potential health risks associated with all of the
projects and activities incorporated in the Application Case as well as those projects that
were publicly disclosed six months prior to the submission of the Project application and EIA
report.

In addition to the above identified assessment cases, the incremental impacts associated with
the Project alone (Project Case) and Future sources (Future Incremental Case) were evaluated
in the HHRA. Incremental Project Case emissions were calculated, and are represented by the
difference between the Application and Baseline Cases.  Future incremental impacts were
calculated in a similar manner by subtracting the Baseline Case from the Planned Development
Case.
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3.0 HUMAN HEALTH RISK ASSESSMENT APPROACH

3.1 Guiding Principles

A number of guiding principles were applied in completion of the HHRA that are common to the
assessment of the potential health effects of all chemicals, regardless of source.  These
principles have been proven through years of scientific investigation and observation.  These
principles are as follows:

 All chemicals, regardless of type or source, possess some degree of intrinsic toxicity (i.e., all
chemicals have the capacity to cause some level of harm or injury, dependent on the dose).

 In general, for non-carcinogenic substances (i.e., chemicals that do not cause cancer), the
intrinsic toxicity of a chemical (i.e., the capacity to produce a harmful effect or physiological
injury) is only expressed if the exposure exceeds a critical threshold level, at which point
health effects may occur.  Below this threshold dose, adverse health effects are unlikely to
occur.  The severity of the effects will depend on the sensitivity of an individual to the
particular substance, and the level of exposure received, with more severe effects occurring
with increasing dose.

 The toxicity of a chemical largely depends on its molecular structure.  Within limits,
chemicals having similar structures will produce similar toxicological effects.  This principle
allows the health effects of a chemical of unknown toxicity to be predicted by comparison to
the known health effects produced by a second surrogate chemical with a similar molecular
structure.

 The health effects produced by a chemical depend on the nature, extent and duration of
exposure.  It is important to distinguish between the health effects that may result from acute
exposures of short duration and effects that may occur following chronic or long term
exposure.  Also, health effects may differ according to the route of exposure (i.e., inhalation
versus oral ingestion exposure).

3.2 Health Risk Assessment Methods

The potential health risks associated with the Project emissions were examined using a
conventional risk assessment paradigm.  The risk assessment paradigm is consistent with those
developed by Health Canada (1995; 2009a), the Canadian Council of Ministers of the
Environment (CCME 1996), and the US Environmental Protection Agency (US EPA 2005).  This
methodology has been endorsed by a number of provincial regulatory authorities in the past,
including Alberta Environment, Alberta Health and Wellness (AHW), and the Alberta Energy
Resources Conservation Board (ERCB).

The risk assessment paradigm involves following steps for the HHRA (Figure 1):

 Problem Formulation: identification of the COPCs associated with Project emissions or
releases, characterization of people potentially ‘at risk’ and identification of relevant
exposure pathways.

 Exposure Assessment: quantification of the potential amount or dose of each COPC that
could be received by humans (i.e., local members of the public) through all relevant
exposure pathways.

 Toxicity Assessment: identification of potential adverse health effects associated with
exposure to each of the COPCs, the conditions under which these effects are observed and
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determination of the maximum safe dose of the chemical for sensitive human subjects
following exposure for a prescribed period (i.e., identification of acute and chronic exposure
limits for the COPCs).

 Risk Characterization: comparison of estimated exposures (identified in the exposure
assessment) with exposure limits (identified during the toxicity assessment) to identify
potential health risks for the different assessment cases, as well as discussion of sources of
uncertainties and how these were addressed.

Uncertainty associated with the prediction of potential health risks is mitigated, in part, through
the use of conservative exposure assumptions.  Using this approach, any health risks identified
by the assessment are unlikely to be under predicted; in fact they are likely over predicted.
Thus, where potential health risks are predicted, it is important that the conservative
assumptions in the assessment be considered regarding final conclusions regarding potential
health risks. Sources of uncertainty and the means through which these were addressed using
conservative assumptions are documented in Section 3.2.4 (Risk Characterization).

Each of the steps of the risk assessment paradigm is described in Figure 1 and in detail in the
following sections.
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Figure 1 Risk Assessment Paradigm

3.2.1 Problem Formulation

Problem formulation is the initial step of the assessment, in which all chemicals associated with
Project emissions or releases are identified, people potentially “at risk” are characterized, and



Prepared for:  Millennium EMS Solutions Ltd. Page 7
Project No:  89700 April 26, 2010

relevant exposure pathways are identified.  The problem formulation step “sets the stage” for
the detailed analysis of the HHRA.

3.2.1.1 Identification of Chemicals of Potential Concern

The COPCs for the Project were identified through the development of a comprehensive
inventory of chemicals that could be emitted or released by the Project and to which people
might be exposed.  Development of the initial chemical inventory considered both possible
Project air emissions and water releases.

The selection of COPCs for this Project also took into consideration whether or not sufficient
toxicological information is available to assess the potential health risks; and, the availability of
chemical surrogates to represent any of the substances or groups of substances for which no
toxicological information is available.

Only Project emissions or releases resulting in potential changes to environmental quality were
considered as COPCs within the HHRA.  As the Project will not release any chemicals into
groundwater or surface water, the COPC for the HHRA were based on air emissions only.

Project Emissions to Air
The identification of COPC began with the air quality team’s development of a comprehensive
inventory of chemicals that could be emitted by the Project and to which people might be
exposed.

As described in the Air Quality assessment (MEMS 2010a) atmospheric emissions associated
with the Project include:

 Regulated contaminants (sulphur dioxide (SO2), nitrogen oxides (NO2), carbon monoxide
(CO), and particulate matter (PM));

 Petroleum Hydrocarbon Fractions (aromatic and aliphatic);
 Volatile Organic Compounds (VOCs);
 Polycyclic Aromatic Hydrocarbons (PAHs).
 Hydrogen sulphide

The Air Quality report (MEMS 2010a) has identified the potential for the photochemical
production of ground level ozone (O3) from emissions of anthropogenic NOx, anthropogenic
VOC, and biogenic VOC. Based on model results, the Project is estimated to increase NOx
emissions by 0.5% in region, with an estimated contribution to regional ozone of approximately
0.035%.  As such, emissions of NOx and VOCs from the Project are not predicted to have a
material impact on ground level O3 concentrations.

the chemical selection, availability of exposure limits, and group constituents and surrogate
The COPCs that were included in the HHRA are listed in Table 1.  Additional details regarding

chemicals are presented in Appendix A.
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Table 1 Summary of Chemicals of Potential Concern Identified from the Project
Emissions Profile

COPC Group Constituents Surrogate Chemical
Criteria Air
Contaminants
(CACs)

Carbon monoxide (CO) n/a n/a
Nitrogen dioxide (NO2) n/a n/a
Particulate matter (PM2.5)1 n/a n/a
Sulphur dioxide (SO2) n/a n/a

Carcinogenic
Polycyclic
Aromatic
Carbons (PAHs)

Benzo(a)pyrene n/a n/a
Benzo(a)pyrene PEQ 7-12-Dimethylbenz(a)anthracene

Benz(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Dibenz(a,h)anthracene
Fluoranthene
Indeno(1,2,3-cd)pyrene
Phenanthrene

n/a

Petroleum
Hydrocarbon
(PHC) Fractions

3-methylcholanthrene n/a Aromatic C17-C34
group

Aliphatic C5-C8 group Aliphatic C5-C8 group
n-Hexane2

n-Pentane
Aromatic C9-C16 group3, 4 2-Methylnaphthalene

Acenaphthene
Acenaphthylene
Anthracene
Fluoranthene
Fluorene
Naphthalene
Phenanthrene
Pyrene

n/a

Volatile Organic
Compounds
(VOCs)

1,3-Butadiene n/a n/a
Acetaldehyde n/a n/a
Acrolein n/a n/a
Benzene n/a n/a
Dichlorobenzene n/a n/a
Formaldehyde n/a n/a
Hexane2 n/a n/a
Pentane n/a n/a
Naphthalene3 n/a n/a
Toluene n/a n/a
Xylenes n/a n/a

Total Reduced
Sulphur (TRS)
Compounds

Hydrogen Sulphide (H2S) n/a n/a

1 PM2.5 includes primary and secondary formation of PM2.5
2 Hexane was evaluated as an individual chemical as well as a constituent in the aliphatic C5-C8 group
3 Naphthalene was evaluated as an individual chemical as well as a constituent in the aromatic C9-C16 group



Prepared for:  Millennium EMS Solutions Ltd. Page 9
Project No:  89700 April 26, 2010

4 Fluoranthene and phenanthrene were only added to the aromatic C9-C16 group for the acute inhalation
assessment

n/a = not applicable

Potential Project Water Effluents
Overall, the Aquatics and Hydrogeology Assessments concluded that Project activities would

emitted or directly released by the Project via water. Although no direct discharges of effluents
to surface water will occur, there will be some deposition of air emission COPCs into surface
water bodies in the LSA. Therefore, the HHRA assessed human health risks associated with
exposure to surface water that may have COPCs deposited into them.

Additionally, for the purpose of assessing overall baseline health risks from all potential
exposure pathways, surface water samples from the area were collected and baseline COPC
concentrations were measured and assessed within the HHRA.  A summary of existing surface

baseline surface water COPCs for the HHRA were based on the air emissions inventory.

For the HHRA it was assumed that local human receptors consumed untreated surface water
from the Twin Lakes, located within the LSA. These lakes were selected as they represent
nearby standing water bodies that airborne emissions may deposit into.

for the worker camps will be trucked in from off-site locations. As such, potential health risks
associated with water consumption from groundwater sources were not assessed in this HHRA.

3.2.1.2 Local Human Receptors Potentially at Risk

The HHRA was structured to characterize the potential health risks to area residents who reside
in the area over the long-term. In this regard, consideration was given to:

 the people who are known or anticipated to spend time near the Project or within the study
areas;

 the physical characteristics of the people in the region that could result in increased
exposure;

 the lifestyles of the individuals in the region that could result in increased exposure (e.g.,
local and traditional food consumption patterns, portion of diet obtained locally); and,

 the sensitivity or susceptibility of individuals in the region (e.g., infants and young children,
the elderly, individuals with compromised health).

Additional information regarding values and approaches used to characterize human exposure

Human Receptor Locations
Twenty-nine discrete receptor locations within the RSA were selected for consideration in the

Connacher worker camps as workers will be residing in local housing camps during both
construction and operations phases.

assessment (Hatfield 2010) did not identify a list of chemicals of potential concern that could be
not affect surface water or groundwater quality (MEMS 2010b). Similarly, the Aquatics

water data is provided within the Aquatic assessment report (Hatfield 2010).  The selected

There are no potable groundwater wells for domestic use within the LSA (MEMS 2010b). Water

are provided below and in Appendix B, B1 and B2 (HHRA Exposure Model).

HHRA. The locations are shown on Figure 2. Note that the receptor locations also include
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 R1-Connacher Algar Operators Camp
 R2-Connacher Algar Construction Camp
 R3-Connacher Great Divide Operators Camp
 R4- Cabin
 R5-Cabin
 R6-Cabin
 R7-Algar Fire Lookout (old)
 R8-Algar Fire Lookout (new)
 R9-Forestry Station South of Ft. McMurray
 R10-Campground
 R11-Campground
 R12-Anzac
 R13-Gregoire Lake Indian Reserve 176 (NE Corner)
 R14-Gregoire Lake Indian Reserve 176 (SE Corner)
 R15-Gregoire Lake Indian Reserve 176 (NW Corner / Provincial Park Campground)
 R16-Gregoire Lake Indian Reserve 176 (SW Corner)
 R17-Stony Mountain Fire Lookout and Campground South of Stony Mountain Fire Lookout
 R18-Campground Northwest of Stony Mountain Fire Lookout
 R19-Engstrom Lake Campground
 R20-Janvier Indian Reserve 194
 R21-Mariana Lake
 R22-Janvier
 R23-Patricia McInnes Station, Fort McMurray
 R24- Athabasca Valley, Fort McMurray
 R25-Unnamed Lake (UL-1)
 R26-Unnamed Lake (UL-2)
 R27-Unnamed Lake (UL-3)
 R28-Unnamed Lake (UL-4)
 R29-Unnamed Lake (UL-5)
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Two receptor locations in the air quality RSA were excluded from the HHRA based on their long
distance from the Project.  Both Fort McMurray locations (i.e., R23 & R24) are approximately 70
km away and thus too far to be materially impacted by Project air emissions  Baseline and
future air quality at these two locations is due primarily to urban emissions from Fort McMurray
itself as well as oil sands operations located north of Fort McMurray  (MEMS 2010a).

The HHRA assessed the maximum point of impingement (MPOIs) in the LSA as follows:

 Local MPOI (L-MPOI): the location associated with the highest predicted ground level
concentration for a COPC associated with the Project in combination with regional emission
impacts within the LSA for each assessment case.

The Regional MPOI (R-MPOI) included in the Air Quality Assessment was not assessed in this
HHRA, as this location is too far away to be noticeably impacted by project air emissions (i.e.,
approximately 100 km) (MEMS 2010a).

The L-MPOI was assessed since humans may be exposed at these locations on an infrequent
basis (As people will not be living at these locations, the MPOI was evaluated only for inhalation
exposure, and only on an acute basis.

Human Receptor Groups
The 29 locations included in the HHRA were grouped according to their assumed land-use.  It
was assumed that the lifestyles and behaviour of people in each group were generally similar.
Established residential communities, seasonal aboriginal cabins, and employees of Project
operations were included, such that a full range of lifestyles and exposure potential were
captured in the HHRA.  In addition, it was recognized that people may visit the immediate
vicinity of the Project for recreational or traditional activities such as hunting, trapping and
plant/berry gathering.  The L-MPOI location was also included in the HHRA to predict the
potential risks to people that may occasionally visit this area.

The general types of individuals that were evaluated in the HHRA include:

 MPOI: includes people who may be present at the locations where the highest COPC
concentration could occur (i.e., maximum ground level air concentration or “MPOI").

 Aboriginal Residents (Aboriginal): This group of locations represents known aboriginal
communities within the study area. It was assumed that these individuals live permanently in
the area, and practice a traditional lifestyle that involves a high level of consumption of local
country foods and traditional plants.

 Residents: includes permanent residents in neighbouring communities such as Anzac,
Mariana Lake and Janvier. These individuals were assumed to live permanently in the study
area and that they consume local country foods.

 Cabins: includes individuals that may use the cabins located near the Project site as a
temporary shelter while engaged in activities such as hunting, fishing or trapping.  Although
the exact frequency of use is not documented, for the purposes of the HHRA, it was
assumed that these individuals use this cabin on a regular basis for several months per
year.
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 Recreational: This group includes individuals who may visit local campgrounds or other
sites for recreational purposes for various durations of time (days, months) but do not
permanently reside in the area.

 Workers: this group includes Connacher workers staying at camps during both construction
and operation phases.

Table 2 lists the receptor locations included in each receptor group.

Table 2 Receptor Groups and Corresponding Locations
Receptor Group (Name) Number Receptor Location/Name

Recreational campgrounds and
areas (Recreational) 13 R7 to R11, R17 to R19, and R25 to R29

Seasonal aboriginal residents
or Cabin (Cabin) 3 R4 to R6

Permanent community
residents (Residents) 3 R12, R21, and R22

Permanent aboriginal residents
(Aboriginal) 5 R13 to R16, and R20

Project employees or worker
camps (Workers) 3 R1 to R3

MPOI 1 Within the air quality local study area (LSA)

Assumed Characteristics of Potentially Chronically Exposed Human Receptors
It was assumed that temporary visitors would only be near the Project on a short-term (acute)
basis, and that they could be exposed to concentrations equivalent to the local MPOI along the
site boundary or within the LSA. Inhalation of the COPCs emitted from the Project to the air,
was deemed to be the only potential exposure pathway for this receptor group.

Potentially chronically exposed individuals residing in the RSA include additional exposure
pathways and include both aboriginals and non-aboriginal people.  All age classes (life stages)
were considered in a multiple pathway exposure assessment. The five receptor life stages that
were included in the HHRA are consistent with Health Canada guidance (Health Canada
2009a):

 Infant (0 to 6 months – 0.5 years);
 Toddler (7 months to 4 years – 4.5 years);
 Child (5 to 11 years – 7 years);
 Adolescent (12 to 19 years – 8 years);
 Adult (20 to 80 years – 60 years).

For the assessment of carcinogens, a “composite individual” who represents all life stages
(e.g., from infant to adult) was used to represent cumulative exposure over an 80-year lifetime.

General physical characteristics were obtained from documents published by Health Canada
(2009a), CCME (2006), and Richardson and O’Connor (1997).  General characteristics that
were common to all individuals are summarized in Table 3.



Prepared for:  Millennium EMS Solutions Ltd. Page 14
Project No:  89700 April 26, 2010

Table 3 General Characteristics Assumed for Chronically Exposed Individuals in
the Multiple Pathway Exposure Assessment

Physical Characteristic1 Life Stage Source
Infant Toddler Child Adolescent Adult

Resident and worker body
weight (kg)

8.2 16.5 32.9 59.7 70.7 Health Canada 2009a

Resident inhalation rate (m³/d) 2.1 9.3 14.5 15.8 15.8 Health Canada 2009a
Worker inhalation rate (m³/d) n/a n/a n/a n/a 33.6 Health Canada 2009a
Resident soil ingestion rate
(g/d)

0.02 0.08 0.02 0.02 0.02 Health Canada 2009a

Worker soil ingestion rate (g/d) n/a n/a n/a n/a 0.1
Resident water ingestion rate
(l/d)

0.3 0.6 0.8 1.0 1.5 Health Canada 2009a

Worker water ingestion rate
(l/d)

0 0 0 0 0 Assumed; drinking water
provided from an alternative
source

Resident & worker arms and
legs body surface area (cm2)

1,460 2,580 4,550 7,200 8,220 Health Canada 2009a

Resident & worker hand
surface area (cm2)

320 430 590 800 890 Health Canada 2009a

Resident & worker total surface
area (cm2)

3,620 6,130 10,140 15,470 17,640 Health Canada 2009a

Resident soil adherence factor
(g/m2/d)

0.1 0.1 0.1 0.1 0.1 CCME 2006;
Health Canada 2009a

Resident soil adherence factor
– hands only (g/m2/d)

1 1 1 1 1 CCME 2006
Health Canada 2009a

Worker soil adherence factor
(g/m2/d)

n/a n/a n/a n/a 1 CCME 2006;
Health Canada 2009a

Worker soil adherence factor –
hands only (g/m2/d)

n/a n/a n/a n/a 10 CCME 2006
Health Canada 2009a

1 Food consumption rates are described in section below.
n/a - not applicable

Specific characteristics of the individuals within group of individuals are provided in the sections
below.

Maximum Point of Impingement (MPOI)

It was assumed that temporary visitors would only be near the Project on a short-term (acute)
basis, and that they could be exposed to concentrations equivalent to the local MPOI along the
site boundary. Inhalation of the COPCs emitted from the Project to the air, was deemed to be
the only potential exposure pathway for this receptor group.

Chronic, non-inhalation related routes of exposure were not considered for the MPOI as people
do not live where the MPOIs for the COPCs were predicted to occur.
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Aboriginal Residents

The Aboriginal community group represents individuals living seasonally or permanently in the
areas located in the RSA. For the purposes of the HHRA it was assumed that Aboriginals
remained in these locations continuously over an entire 80-year lifetime.  As such, potential
health risks for these individuals were assessed on both an acute and chronic basis.

It was determined that Aboriginal individuals would potentially be exposed to the COPCs via
direct inhalation, and that they obtained 100% of their foods locally (e.g. plants, vegetables, wild
game, and fish).  It was also assumed that surface water would be their primary source of
drinking water, and that they would be exposed to COPCs deposited into local surface water via
dermal contact and incidental water ingestion while swimming.

Recent Health Canada (2007) guidance has recommended an adult consumption rate of 40 g
fish consumed per day for subsistence consumers, based on recent surveys of populations.
This value was obtained from a Market Facts of Canada (1991) study on national seafood
consumption and a Bureau of Chemical Safety study of current intake rates for Canadian
consumers (BCS 2004).  Similar fish consumption rates have been reported in the 1997 diet
and activity survey conducted in Swan Hills, Alberta where a moderate fish consumption rate
was reported to be about 47 g of fish /day (AHW 1997).  In a survey of an Aboriginal population
in the Lesser Slave Lake region of Alberta conducted by Health Canada in 1999, a moderate
consumption rate was reported to be on average about 46 g/day of fish (Health Canada 1999).

Consumption rates for wild game for the Aboriginal resident were based on Health Canada’s
food ingestion rates for Canadian First Nations populations in combination with the frequency of
consumption reported for Aboriginal Canadians near Wood Buffalo National Park (WBNP) by
Wein (1991).  For example, Health Canada (2009a) recommends an adult ingestion rate of 270
grams per day of wild game.  According to Wein (1991), large mammals constituted 76% of the
wild game consumed by the 120 households interviewed, small mammals constituted 16%, and
upland birds constituted 8%.  These adjustments have been taken into consideration in the

Plant consumption rates were segregated into traditional above-ground plants (e.g., wild mint
and Labrador tea leaves) and below-ground plants (e.g., cattail root), as well as garden above-
ground vegetables (e.g., spinach) and below-ground root vegetables (e.g., potatoes). Wein
(1989) reported an average plant consumption rate of 134 grams per day, which was adjusted
by the frequency of 2% (i.e., 7 days in 365 days) for wild mint and Labrador tea leaves in
Aboriginal households (Wein et al. 1991). From this, an adult consumption rate of 3 grams per
day was assumed for traditional above-ground plants (e.g., wild mint and Labrador tea leaves).
Wein et al. (1991) reported that wild roots were seldom used in the households interviewed and
did not provide any consumption data for wild roots. As a result, the HHRA assumed that the
consumption rates for traditional below-ground and above-ground plants were equivalent (i.e.,
3 g/d). The vegetable consumption rates were obtained from Health Canada (2009a), as were
the berry/fruit rates (Health Canada 1994). The plant consumption rates assumed for all life

It was conservatively assumed that all residents (Aboriginal and non-Aboriginal) or people who
may be in the area for extended periods of time and consume local foods (e.g. cabins) shared

HHRA. The wild game consumption rates for all life stages are listed in Table 4.

stages are listed in Table 4.

Table 4 provides the fish consumption rates that were used in the HHRA.
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the same behaviour patterns. This is considered to be conservative due to the high proportion of
local foods and the traditional lifestyles assumed for Aboriginal residents.

Table 4 Local Food Consumption Rates (g/d) Assumed for All Permanent and
Seasonal Residents (Aboriginal, Residential and Cabin)

Local Foods Life Stage Source
Infant1 Toddler Child Adolescent Adult

Large game
(i.e., moose)

0 65 95 133 205 Health Canada 2009a;
Wein et al. 1991

Small game
(i.e., snowshoe hare)

0 14 20 28 43 Health Canada 2009a;
Wein et al. 1991

Game birds
(i.e., ruffed grouse)

0 7 10 14 22 Health Canada 2009a;
Wein et al. 1991

Fish 0 20 33 40 40 Health Canada 2007
Berries / fruit2 0 43 75 62 51 Health Canada 1994
Cattail 0 1 1 3 3 Wein 1989,1991;

Health Canada 2009a

Labrador tea 0 1 1 3 3 Wein 1989,1991;
Health Canada 2009a

Leafy vegetables 0 37 98 120 137 Health Canada 2009a
Root vegetables 0 105 161 227 188 Health Canada 2009a
1 Infants were assumed to consume 664g of breast milk per day (Richardson and O’Connor 1997)
2 The fruit consumption rate is based upon the sum of the consumption rates for raw apples, apple sauce,

cherries, strawberries, blueberries, syrup, jams and honey presented in Health Canada (1994)

Resident Receptors

This group included people who reside within the residential communities of Anzac, Mariana
Lake and Janvier. These individuals were assumed to live in these areas 24-hours/day, 365-
days/year over an 80-year lifetime.

The residential receptor locations were combined with the Aboriginal and cabin locations for the
chronic multiple exposure pathway assessment. The consumption rates outlined for the
Aboriginal group were conservatively used to represent the consumption patterns of all resident
receptors.

Cabin Receptors

A small number of seasonal cabins were identified in the LSA. As it is possible that people may
use these cabins on both a short-term and long-term basis, it was assumed that individuals at
these locations were exposed for 24-hours/day, 7-days/week for 365-days/year over an 80-year
lifetime.  The cabin receptors were included in both the acute and chronic inhalation
assessments.

The cabin receptor locations were combined with the Aboriginal and residential locations for the
chronic multiple exposure pathway assessment. The consumption rates outlined for the
Aboriginal group were conservatively used to represent the consumption patterns of all cabin
receptors.
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Recreational

Known campsites and recreational areas were identified in the LSA.  People could be present at
these locations for varying durations of time, ranging from hours to days to months. To ensure
that potential health risks were fully characterised, the recreational locations were evaluated on
both an acute and chronic basis. However, as the recreational locations do not represent
residences, the food and water consumption pathways were not assessed for this group.

Workers

There are a number of proposed work camps in the LSA where people will live during the
construction of the Project and/or other projects in the area. It was conservatively assumed that
people at these locations would be exposed to emissions 24-hours/day, 7-days/week, for 52-
weeks/year over 60 years (equivalent to the adult life stage, as it is reasonable to assume that
only adults would be present in worker camp communities).

As the worker locations do not represent permanent residences, the food and water
consumption pathways were not considered to be relevant to this group.

3.2.2 Exposure Assessment

 inhalation of air;
 inhalation of dust;
 ingestion of soil (inadvertent);
 ingestion of water;
 ingestion of local above-ground plants (including fruit and vegetables);
 ingestion of local below-ground plants (root vegetables);
 ingestion of local traditional plants (Labrador tea and cattail);
 ingestion of local fish;
 ingestion of local wild game;
 dermal contact with water; and
 dermal contact with soil.

(Human Health Exposure Model).

The following exposure pathways were included in this HHRA (also see Figures 3 and 4):

Table 5 summarizes the exposure pathways assessed for each of the receptor groups.  For
modelling assumptions relating to the multiple exposure pathway assessment, see Appendix B1
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Figure 3 Exposure Pathways Considered for Permanent and Seasonal Residents
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Figure 4 Exposure Pathways Considered for Workers

Table 5 COPC Exposure Pathways Assessed for the Human Receptor Groups

Exposure Pathway
Receptor

Aboriginal
Resident Resident Cabin Recreational Workers

Inhalation
Inhalation of air √ √ √ √ √
Inhalation of dust √ √ √ x √
Ingestion
Ingestion of soil (inadvertent) √ √ √ x √
Ingestion of surface water √ √ √ x x
Ingestion of traditional plants √ √ √ x x
Ingestion of local leafy vegetables √ √ √ x x
Ingestion of local root vegetables √ √ √ x x
Ingestion of local fish √ √ √ x x
Ingestion of local wild game √ √ √ x x
Dermal Contact
Dermal contact with water √ √ √ x x
Dermal contact with soil √ √ √ x x
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3.2.2.1 Inhalation Assessment

All of the COPCs emitted to air from the Project were included in the inhalation assessment on
both an acute and chronic basis, where applicable.  Inhalation exposure estimates were based
on the results of the air dispersion modeling that was described in the Air Quality Assessment
(MEMS 2010a).  Predicted air concentrations were presented over different averaging periods
(i.e., 10-minute, 1-hour, 8-hour, 24-hour and annual) to allow for the assessment of both acute
and chronic health risks.  Predicted ground-level air concentrations of the chemical groups were
based on the addition of the air concentrations predicted for each of the COPC included in the
chemical group.  For example, the ground-level air concentrations predicted for all of the
chemicals in the aromatic C9-C16 group were summed to derive a total air concentration for the
aromatic C9-C16 group in the inhalation assessment.

3.2.2.2 Multiple Exposure Pathway Assessment

For the assessment of exposure pathways other than inhalation, it was necessary to identify
COPC emitted from the Project that may deposit to the surrounding terrestrial environment and
possibly persist or accumulate in sufficient quantities for people to be exposed via soil, food and

into two general categories:

 Gaseous COPCs (e.g., CO, H2S, NO2 and SO2), are not likely to contribute to human
exposure via secondary pathways.  In addition, the health effects of these gaseous COPC
are strictly related to inhalation (i.e., at the point of contact).

 Non-gaseous COPCs (e.g., polycyclic aromatic hydrocarbons (PAHs) and volatile organic
compounds (VOCs)) may deposit in the vicinity of the Project and persist or accumulate in
the environment in sufficient quantities for residents to be exposed via soil, food and water
pathways.

To identify non-gaseous COPCs that could persist or accumulate in the terrestrial environment,
consideration was given to the inherent physical/chemical properties of each COPC that would
influence its fate and persistence in the environment, and subsequently its potential presence in
secondary pathways of exposure. This was accomplished by comparing the physical/chemical
properties of the chemicals (i.e., molecular weight, vapour pressure, and Henry’s Law constant)
against pre-established criteria to identify those substances that could deposit from the air onto
nearby lands and/or surface waters.

The screening criteria used to define whether a chemical is non-volatile, and therefore exhibits
the potential to persist in environmental media other than air, are defined by the US EPA and
California EPA (US EPA 2003):

The US EPA defines a non-volatile chemical as one that meets both of the following criteria:

 Molecular weight > 200 g/mol,
 Henry’s Law Constant <1.0 x 10-5 atm-m³/mol.

The California EPA defines a non volatile chemical as one that has both the following
properties:

 Vapour pressure < 1.0 x 10-3 mm Hg,

water pathways as described in Section 3.2.2.  For this purpose, the list of COPC was divided
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 Henry’s Law Constant <1.0 x 10-5 atm-m³/mol.

For additional conservatism, if a chemical meets any one of the criteria, sufficient opportunity
could be presented for exposure via secondary pathways.  The premise of this exercise is that if
a chemical that is emitted to the air does not meet any of the criteria listed above, the potential
for the chemical to deposit, persist and accumulate in the environment is negligible, and only
limited opportunity exists for exposure via secondary pathways.

COPCs that were identified as being persistent, with potential to accumulate in environmental
media other than air, required oral exposure limits. Identified oral exposure limits were selected
where available (see Toxicity Assessment following).

those included in the multiple pathway assessment.

Table 6 Identification of Chemicals of Potential Concern Included in the Multiple
Exposure Pathway Assessment

Chemicals of Potentials
Concern1,2

Molecular
Weight
(g/mol)

Henry’s Law
Constant

(atm-m³/mol)

Vapour
Pressure
(mm Hg)

Reference

Criteria >200 <1.0E-05 <1.0E-03
1,3-Butadiene 54 7.4E-02 2.1E+03 Health Canada 2009b
2-Methylnaphthalene 142 5.1E-04 6.8E-02 Health Canada 2009b
3-Methylcholanthrene 268 NA 7.7E-10 Mackay et al. 1992
7,12-
Dimethylbenz(a)anthracene

256 NA 2.7E-08 Mackay et al. 1992

Acenaphthene 154 1.6E-04 2.5E-03 US EPA OSW 2005
Acenaphthylene 150 8.3E-05 6.8E-03 Health Canada 2009b
Acetaldehyde 44 7.9E-05 9.0E+02 US EPA OSW 2005
Acrolein 56 1.2E-04 2.7E+02 US EPA OSW 2005
Aliphatic C5-C8 group 100 1.2E+00 4.8E+01 CCME 2008
Anthracene 178 6.5E-05 2.7E-06 US EPA OSW 2005
Aromatic C9-C16 group3 150 1.3E-03 3.6E-02 CCME 2008
Benz(a)anthracene 228 3.4E-06 1.1E-07 US EPA OSW 2005
Benzene 78 5.6E-03 9.5E+01 US EPA OSW 2005
Benzo(a)pyrene 252 1.1E-06 5.5E-09 US EPA OSW 2005
Benzo(b)fluoranthene 252 1.1E-04 5.0E-07 US EPA OSW 2005
Benzo(g,h,i)perylene 276 3.3E-07 1.0E-10 Health Canada 2009b
Benzo(k)fluoranthene 252 8.3E-07 2.0E-09 US EPA OSW 2005
Chrysene 228 9.5E-05 6.2E-09 US EPA OSW 2005
Dibenz(a,h)anthracene 278 1.5E-08 1.0E-10 US EPA OSW 2005
Dichlorobenzene 147 3.1E-03 2.2E+00 US EPA OSW 2005
Fluoranthene 202 1.6E-05 7.8E-06 US EPA OSW 2005
Fluorene 166 6.4E-05 6.3E-04 US EPA OSW 2005
Formaldehyde 30 3.4E-07 5.2E+03 US EPA OSW 2005
Indeno(1,2,3-cd)pyrene 276 1.6E-06 1.0E-10 US EPA OSW 2005
Naphthalene 128 4.8E-04 8.5E-02 US EPA OSW 2005

Table 6 summarizes the relevant physical and chemical properties of each COPC, and identifies
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n-Hexane 86 1.8E+00 1.5E+02 Health Canada 2009b
n-Pentane 72 1.1E+00 5.1E+02 Mackay et al. 1992
Phenanthrene 178 2.30E-05 1.10E-04 US EPA OSW 2005
Pyrene 202 1.10E-05 4.60E-06 US EPA OSW 2005
Toluene 92 6.6E-03 2.8E+01 US EPA OSW 2005
Xylenes 106 7.3E-03 8.5E+00 US EPA OSW 2005
1 Gaseous COPC (CO, H2S, NO2, and SO2) were excluded from the physical-chemical screening process and

evaluated on an inhalation basis only.
2 PM2.5 was excluded from the screening as it is a mixture, for which the physical and chemical properties are not

known.
3 Aromatic C9-C16 group did not screen on based upon criteria for the group. Constituents that did screen on and

had exposure limits available were evaluated on their own.
With scientific notation, values too large or small to be conveniently written in standard decimal notation are

expressed either to the negative power (i.e., E-x) or to the positive power (i.e., E+x). For example, Henry’s Law
Constant for 2-methylnaphthalene is 4.0E-04, which equates to 0.00040.

Bold values represent parameters that satisfy the screening criteria, and the chemicals were carried forth in the
multiple pathway exposure assessment.

NA = not available

The findings of the exercise indicate that 16 of the COPCs could contribute to human exposure
via secondary pathways and thus were included in the multiple pathway assessment.

pathway exposure assessments.

Table 7 Summary of Chemicals of Potential Concern Included in the Inhalation and
Multiple Exposure Pathway Assessments

Chemicals of Potential Concern Inhalation Assessment1 Multiple Pathway Assessment

1,3-Butadiene √ x

2-methylnaphthalene √ x

3-Methylcholanthrene √ √

Acenaphthene √ x

Acenaphthylene √ x

Acetaldehyde √ x

Acrolein √ x

Aliphatic C5-C8 group1 √ x

Anthracene √ √

Aromatic C9-C16 group2, 3,4 √ x

Benzene √ x

Benzo(a)pyrene √ X

Benzo(a)pyrene PEQ5 √ √

CO √ x

Dichlorobenzene √ x

Fluorene √ √

Table 7 summarizes the final list of COPCs that were included in the inhalation and multiple
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Formaldehyde √ √

H2S √ x

Naphthalene √ x

NO2 √ x

PM2.5 √ x

Phenanthrene √ √

Pyrene √ √

SO2 √ x

Toluene √ x

Xylenes √ x

1 Aliphatic C5-C8 group constituents: Aliphatic C5-C8 group; n-hexane and n-pentane.
2 Acute inhalation aromatic C9-C16 group constituents: 2-methylnaphthalene; acenaphthene; acenaphthylene;

anthracene; fluoranthene; fluorene; naphthalene; phenanthrene; and pyrene.
3 Chronic inhalation aromatic C9-C16 group constituents: anthracene; fluorene; and pyrene. The acute and chronic

groups differ due to the ‘removal’ of the carcinogenic PAHs from the aromatic group to permit the carcinogenic
assessment of these substances.

4 The aromatic C9-C16 group as a whole was identified as being non-volatile and did not screen into the multiple
pathway assessment. However, as the screening was also done for the individual constituents, some of the
constituents of the group were carried forward into the multiple pathway assessment (anthracene, fluorene,
pyrene) on an individual basis.

5 Benzo(a)pyrene PEQ constituents: 7,12-dimethylbenz(a)anthracene; benz(a)anthracene; benzo(a)pyrene;
benzo(b)fluoranthene; benzo(g,h,i)perylene; benzo(k)fluoranthene; chrysene; dibenzo(a,h)anthracene;
fluoranthene; indeno(1,2,3-cd)pyrene; and phenanthrene.

3.2.2.3 Environmental Media Concentrations

Measured ambient measurements in the area of the Project were included where available to
characterize the background concentrations of COPCs in environmental media. When
measured data was not available or analytical results were below detection limits, exposure

Concentrations of the COPCs were measured in soil, vegetation and surface water samples as
described below.

Air
Ambient measured air data was not used in the assessment, as the Air Quality assessment took
all existing continuous sources into account in the Baseline Case. As such, adding measured
background data to the estimated air concentrations was not necessary.

Soil and Vegetation
Soil and Labrador tea samples were collected and analysed for metals and PAHs.  As metals
were not identified as COPCs for the Project, the PAH data were evaluated in support of the
HHRA.  All soil samples contained PAH concentrations below the analytical detection limit of
0.01 mg/kg. Similarly, all Labrador tea samples were determined to have non-detectable PAH
concentrations (detection limit range: 0.2 to 0.3 mg/kg).

models were used to predict environmental media COPC concentrations (see Appendix B1 and
B2).



Prepared for:  Millennium EMS Solutions Ltd. Page 24
Project No:  89700 April 26, 2010

Given that the available data for the COPCs were uniformly non-detect, soil and plant

Surface Water
Surface water samples were obtained for the baseline assessment. However, only metals
analyses were completed. Due to the lack of measured data, surface water concentrations of
the COPCs were predicted for all assessment cases.

Multiple Exposure Pathway Assessment
The multiple exposure pathway assessment depended on models to predict COPC
concentrations in environmental media for which measured data were not available. These
models rely upon the use of mathematical equations (algorithms) that describe the movement of
the COPCs from their point of release into the environment to the point of contact with humans.
Data required for the model included:

 concentration of each chemical in all environmental media (e.g., air, soil, water);
 physical–chemical properties of the chemical (e.g., vapour pressure, solubility);
 the chemical’s behaviour in the environment (e.g., uptake and distribution);
 local environmental conditions (e.g., soil characteristics, meteorology);
 source characteristics (e.g., operational life of the Project); and,
 physiological human characteristics (e.g., body weight, breathing rate).

Ecological Exposure Model
The objectives of the ecological exposure model were to:

 Predict concentrations of COPCs in environmental media to which wildlife (animals, birds,
and invertebrates) might be exposed via multiple routes exposure.

 Predict tissue concentrations of game animals and birds to which humans may be exposed.

Some information regarding the data inputs and approaches used in the ecological exposure

Table 8 Summary of Information used in the Ecological Exposure Model
Media Description

Air Air dispersion modeling incorporated meteorological data that represented conditions contributing to
maximum predicted ground-level air concentrations of the COPCs. The highest annual average air
concentrations (MPOI) for each COPC were utilized, as it is feasible that game animals and birds
move within the area over time.  These air concentrations were conservatively used to predict
exposure via direct inhalation, but also COPC concentrations in terrestrial plants, soils and
invertebrates to which the ecological receptors could be exposed.

Soil All measured soil concentrations of the COPCs in the study area were determined to be below

concentrations were predicted with exposure models for all assessment cases (see Appendix
B1 and B2).

Two different models were used in the HHRA. The Human Exposure Model (Appendix B1) and
the Ecological Exposure Model (provided in Appendix B2). These models are described in
further detail below and in Appendix B1 and B2. Sample calculations for both models are
provided in Appendix B1 and B2.

model are provided in Table 8.  Additional information regarding the inputs and equations
utilized is provided within Appendix B and B2.
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Media Description
analytical detection limits.
Soil concentrations were predicted using the MPOI ground level air concentrations.  Chemical losses
due to degradation and volatilization were also taken into account. It was assumed that the different
ecological receptors had regular, direct soil exposure via ingestion in association with food
consumption. Concentrations in invertebrates that could be consumed by game birds were predicted
from the estimated soil concentrations.

Vegetation All measured plant concentrations of the COPCs in the study area were below analytical detection
limits.
Concentrations of the COPCs in above-ground forage were predicted from air concentrations, taking
into account the following factors:
 the direct deposition of the COPCs from air
 direct vapour uptake from the atmosphere;
 root uptake from soil.

Water Measured data for the COPCs in surface water were not available, and concentrations were
predicted from air deposition. Air concentrations were predicted for a lake near the Project site (Un-
named Lake 3) that is used by people in the area, and surface water concentrations were predicted,
taking into account the following factors:
 the direct deposition;
 the physical characteristics of the lake;
 chemical losses due to degradation and volatilization.
It was assumed that the ecological receptors consumed water from this source as drinking water.  In
addition, these predicted water concentrations were used to estimate COPC concentrations in
aquatic plants that were assumed to be consumed by moose in the area.

Wild game Concentrations of the COPCs in wild game tissues (i.e., moose, snowshoe hare and ruffed grouse)
were predicted, taking into account the following:
 the highest annual average air concentrations predicted out of all locations where the animals may

be present including the local MPOI,
 predicted soil, invertebrate and forage concentrations to which animals could be exposed;
 ingestion of water and aquatic plants obtained from the lake (Un-named lake 3) located within the

Project area; and
 chemical loss due to elimination (i.e., depuration) of the COPCs within wildlife.

Human Exposure Model
Total exposures to the COPCs were predicted using the human exposure model.

The objectives of the human exposure model were to:

 predict concentrations of COPCs in environmental media to which people might be exposed
via multiple pathway exposure

 predict COPC concentrations in country and traditional plant foods and fish that people
might consume

 use the predicted tissue concentrations from the ecological exposure model for consumption
of game animals and birds

 estimate total human exposure to the COPCs via all relevant routes of exposure and
determine the potential for adverse health impacts
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Some information regarding the data inputs and approaches used in the human exposure model

Table 9 Summary of Information used in the Human Exposure Model
Media Description

Air For each COPC, the highest predicted annual air concentration out of the aboriginal, resident, and
cabin groups was used to represent the air concentration to which residents at these locations could
be exposed to over a lifetime (80-years)
It was assumed that people at the worker camps were exposed to the highest annual average
concentrations predicted for the camp locations, over their entire adult life (60 years).

Soil and dust All measured soil concentrations of the COPCs in the LSA were determined to be below analytical
detection limits. Soil and dust concentrations were predicted from the air concentrations for each
group (resident, worker) as described above, taking into account:
 the direct deposition of the highest annual average air concentrations of the locations within each

lifestyle category
 chemical losses due to degradation and volatilization.
People were assumed to have direct exposure to soils via incidental ingestion and to dust via
inhalation followed by ingestion. Durations of exposure were 80-years for residents and 60-years for
workers.

Vegetation All measured vegetation (Labrador tea) concentrations of the COPCs in the study area were below
analytical detection limits.  Plant concentrations (root and leafy garden vegetables, traditional plants)
were predicted from air concentrations for the resident (aboriginal, resident, cabin) group, taking into
account:
 the direct deposition onto plant surfaces;
 direct vapour uptake from the atmosphere;
 root uptake from soil.
Consistent with US EPA guidance (US EPA OSW 2005), direct deposition and vapour uptake were
not incorporated in the prediction of the COPC concentrations in fruits and berries.
The HHRA did not make any adjustments for washing or peeling of garden produce, fruits or berries.
It was assumed that local residents had consumed local plants and berries on a regular basis over a
lifetime. Workers were not assumed to consume local foods.

Water Measured data for the COPCs in surface water were not available, and concentrations were
predicted from air deposition. Air concentrations were predicted for a lake near the Project site (Un-
named Lake 3) that is used by people in the area, and surface water concentrations were predicted,
taking into account the following factors:
 the direct deposition;
 the physical characteristics of the lake (Un-named Lake 3)
 chemical losses due to degradation and volatilization.
The predicted water concentrations were used in the estimation of human exposure to COPCs in
drinking water and from recreational or traditional use of surface water (e.g. swimming, bathing).
Water pathways only applied to the residents, and exposure was assumed to occur over an 80-year
lifetime.

Wild game Concentrations of the COPCs in wild game tissues (i.e., moose, snowshoe hare and ruffed grouse)
were predicted, taking into account the following:
 the highest annual average air concentrations predicted out of all locations where the animals may

be present, and could inhale air or consume soil and vegetation
 ingestion of water and aquatic plants from the unnamed lake located within the Project area; and
 chemical loss due depuration of the COPCs
It was assumed that residents (not workers) regularly consume local game as part of their diet over
an 80-year lifetime.

Fish Concentrations of the COPCs in fish were predicted based on predicted surface water concentrations

are provided in Table 9.  Additional information regarding the inputs and equations utilized is
provided within Appendix B and B1.
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Media Description
for a nearby waterbody known to contain sport fish (i.e., Un-named Lake 3). It was assumed that the
residents (not workers) regularly consume local sport fish over an 80-year lifetime.

Additional detail regarding the predictive exposure models used in the HHRA is provided in

3.2.3 Toxicity Assessment

The toxicity assessment involves having an understanding of the critical toxicological effects
that can result from exposure to the COPCs.  Such information is generally obtained from
published scientific studies conducted in animals or humans under controlled experimental
conditions, or observations from human epidemiological studies that examine the relationship
between adverse effects and exposure to individual chemicals or groups of chemicals.  Potential
health effects associated with exposures to the COPCs, along with the basis and selection of

When evaluating the toxicological potential for a substance in relation to health, consideration
must be given to the dose to which a person is exposed, as the dose determines the type and
potentially the severity of any adverse effects that may be observed.  Specifically, it is the
amount of the substance that is absorbed and reaches the toxicological site of interest in the
organism that determines the probability of an adverse effect occurring. Substances may differ
greatly with respect to the dosage required to result in an adverse effect, as well as in the
mechanism(s) by which the adverse effects are elicited.

Two categories of COPCs were assessed based upon their mechanism of toxicity:  threshold
and non-threshold COPCs. Threshold substances are generally those that require that a certain
level of exposure (or minimum dose) be exceeded before toxic effects occur.  In general,
threshold substances are non-carcinogenic (i.e., non-cancer causing), but there are some
chemicals that demonstrate a mode of carcinogenicity that has a threshold. For threshold
substances, it is necessary to evaluate the available information to identify effect-levels at which
either no effects are observed (e.g., a no-observed-adverse-effect level [NOAEL] or a no-
observed-effect level [NOEL]) or adverse effects are first observed (e.g., a lowest observed
adverse effect level [LOAEL] or lowest observed effect level [LOEL]). The use of a benchmark
doses (BMD), which represent a dose level associated with a specified degree of response (i.e.,
5% or 10% incidence within the study population), is becoming more common in risk
assessment. All of these types of endpoints (NOAELs, LOAELs and BMDs) provide an
indication of exposure levels that are associated with minimal or negligible health risks, and are
often used in the derivation of exposure limits by both government and non-government
organizations. The application of uncertainty or safety factors to an effect level provides an
added level of protection, allowing for the derivation of an exposure limit that is expected to be
adequately protective of the most sensitive subjects following exposure over a prescribed time
period.

Non-threshold substances are carcinogens capable of producing cancer through one or more of
a number of possible mechanisms (e.g., mutagenicity, cytotoxicity, inhibition of programmed cell
death, mitogenesis [uncontrolled cell proliferation] and immune suppression) that, in theory, do
not require the exceedance of a threshold (US EPA OSW 2005).  In general, carcinogenic
potency data from animals or human epidemiological studies were evaluated by jurisdictional

Appendix B1 and B2.

the exposure limits, are described in Appendix A.
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authorities. From these data sets, Unit Risks (URs) or Slope Factors (SFs) are identified, which
are in turn used to develop applicable exposure limits (risk specific doses or risk specific
concentrations).

3.2.3.1 Exposure Limits

The terminology used to define threshold and non-threshold exposure limits differs according to
the source and type of exposure, and varies between regulatory jurisdictions.  Generic
nomenclature has been developed, with the following terms and descriptions commonly used:

 Reference Concentration (RfC): refers to the safe level of an airborne chemical for which
the primary avenue of exposure is inhalation.  It is expressed as a concentration of the
chemical in air (i.e., µg/m³) and applies only to threshold chemicals.

 Reference Dose (RfD): refers to the safe level or dose of a chemical for which exposure
occurs through multiple pathways (i.e., inhalation, ingestion and dermal).  It is most
commonly expressed in terms of the total intake of the chemical per unit of body weight (i.e.,
µg/kg bw/d). This term applies only to threshold chemicals.

 Risk-Specific Concentration (RsC): reserved for carcinogens and refers to the level of an
air-borne carcinogen for which the primary route of exposure is inhalation that results in a
“regulatory acceptable” incremental increase in cancer (typically one in 100,000).  It is
expressed as a concentration of the chemical in air (i.e., µg/m³).

 Risk-Specific Dose (RsD): reserved for carcinogens and refers to the dose of a carcinogen
for which exposure occurs through multiple pathways that results in a “regulatory
acceptable” increased incidence of cancer (typically one in 100,000).  It is expressed in
terms of the total intake of the chemical (i.e., µg/kg bw/d).

Exposure limits (also known as toxicological reference values or TRVs) that have been
developed by scientific and/or regulatory agencies aimed at the protection of human health were
identified for each COPC on both an acute and chronic basis.

Separate assessments were completed for both the acute and chronic exposure scenarios in
recognition of the fact that the toxic response produced by chemicals and the target tissues
affected can change, depending on whether exposure is short term or long term.

As a result, different exposure limits were selected for each chemical included in the acute and
chronic assessments

The two exposure limit durations assessed included:

 Acute Exposure Limit: the amount or dose of a chemical that can be tolerated without
evidence of adverse health effects on a short term basis.  These limits are routinely applied
to conditions in which exposures extend over several hours or days;

 Chronic Exposure Limit: the amount of a chemical that is expected to be without effect,
even when exposure occurs continuously or regularly over extended periods, lasting for
periods of at least a year and possibly extending over an entire lifetime.

For the purposes of the HHRA, reliance was placed on exposure limits developed by regulatory
or reputable scientific agencies as criteria (i.e., objectives, guidelines or standards) for the
protection of air quality and human health. Exposure limits were sourced from:
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 provincial regulatory agencies, including Alberta Environment;

 federal regulatory agencies, including Health Canada and Canadian Council of Ministers of
the Environment (CCME); and

 international regulatory and reputable scientific agencies, including the Agency for Toxic
Substances and Disease Registry (ATSDR), American Conference of Governmental
Industrial Hygienists (ACGIH), Office of Environmental Health Hazard Assessment
(OEHHA), National Institute for Public Health and the Environment (RIVM), Texas
Commission on Environmental Quality (TCEQ), United States Environmental Protection
Agency (US EPA) and the World Health Organization (WHO).

These exposure limits typically incorporate a high level of conservatism, in view of the mandate
of the authorities to offer guidance aimed at the protection of public health. That said, the basis
of these exposure limits might differ depending on the responsible regulatory jurisdiction or
scientific authority charged with developing the safe or acceptable level of exposure. The limits
also might differ in terms of the primary determinant(s) of concern (e.g., direct health effects
versus odour) and the level of protection required. For inclusion in the HHRA, exposure limits
were required to be:

 established or recommended by a reputable scientific or regulatory agency;

 protective of the health of the general public based on current scientific knowledge of the
health effects associated with exposure to the COPC;

 protective of sensitive individuals (i.e., children and the elderly) through the incorporation of
uncertainty or safety factors; and

 supported by adequate documentation that is readily available.

Emphasis was generally given to those limits, which had adequate supporting documentation,
so that the limits could be evaluated to ensure that their basis was relevant and sufficient. When
these criteria were satisfied by more than one objective, guideline or standard, the most
scientifically defensible limit was selected.

3.2.3.2 Exposure Limits Adopted for the HHRA

The exposure limits selected for use in the acute inhalation, chronic inhalation and chronic

Table 10 Acute Inhalation Exposure Limits for the Chemicals of Potential Concern
Chemical of Potential Concern Averaging

Period
Value (µg/m³) Source

Criteria Air
Contaminants

CO 1-hour 15,000 AENV
8-hour 6,000 AENV

NO2 1-hour 400 AENV
24-hour 200 AENV

PM2.5 24-hour 30 CCME
SO2 10-minute 500 WHO

1-hour 450 AENV
Petroleum
Hydrocarbon
Fraction

Aromatic C9-C16 group 1-hour 2,000 ACGIH

multiple pathway exposure assessments are provided in Tables 10, 11 and 12, respectively.
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Chemical of Potential Concern Averaging
Period

Value (µg/m³) Source

Volatile Organic
Compounds

1,3-butadiene 24-hour 15 US EPA
Acetaldehyde 1-hour 470 OEHHA
Acrolein 1-hour 2.5 OEHHA
Benzene 1-hour 580 TCEQ
Dichlorobenzenes 1-hour 3,000 TCEQ
Formaldehyde 1-hour 50 ATSDR
Naphthalene 1-hour 2,000 ACGIH
Toluene 1-hour 15,000 TCEQ
Xylenes 1-hour 7,400 TCEQ

Other H2S 1-hour 98 ATSDR

NA = not available

Table 11 Chronic Inhalation Exposure Limits for the Chemicals of Potential Concern
Chemical of Potential Concern Type Value (µg/m³) Source

Criteria Air
Contaminants

CO NA NA NA
NO2 RfC 60 AENV
PM2.5 RfC 12 CARB
SO2 RfC 30 AENV

Polycyclic
Aromatic
Hydrocarbons

Benzo(a)pyrene RsC 0.00012 WHO
Benzo(a)pyrene PEQ RsC 0.32 Health Canada

Petroleum
Hydrocarbon
Fractions

Aliphatic C5-C8 group RfC 18,400 CCME
Aromatic C9-C16 group RfC 50 MA DEP

Volatile Organic
Compounds

1,3-butadiene RsC 0.3 US EPA
Acetaldehyde RsC 17.2 Health Canada
Acrolein RfC 0.35 OEHHA
Benzene RsC 1.3 US EPA
Dichlorobenzenes RfC 60 ATSDR
Formaldehyde RfC 11 TCEQ
n-hexane RfC 670 TCEQ
Naphthalene RfC 3 US EPA
Toluene RfC 5,000 US EPA
Xylenes RfC 610 TCEQ

Other H2S RfC 2 US EPA

NA = not available
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Table 12 Chronic Oral Exposure Limits for the Chemicals of Potential Concern
Chemical of Potential Concern Value (µg/kg bw/d) Source

Polycyclic
Aromatic
Hydrocarbons

Anthracene1 300 US EPA
Benzo(a)pyrene PEQ 0.0014 US EPA
Fluorene1 40 US EPA
Pyrene1 30 US EPA
3-methylcholanthrene (aromatic
C17-C34 group)2

30 CCME

Volatile Organic
Chemicals

Formaldehyde 200 ATSDR, US EPA

1 As the aromatic C9-C16 group did not screen on with respect to inclusion in the multiple pathway assessment, the
individual components were screened individually. Of these individual components, anthracene, fluorene and
pyrene screened on and had oral exposure limits available.

2 3-methylcholanthrene was the only constituent of the aromatic C17-C34 group in this assessment. As no exposure
limit is available for this substance, an available limit for the aromatic C17-C34 group were assumed as a
surrogate.

3.2.3.3 Chemical Mixtures

Given that chemical exposures rarely occur in isolation, the potential health effects associated
with mixtures of the COPC were assessed in the HHRA.  In accordance with Health Canada
guidance, additive interactions were assumed for the HHRA (Health Canada 2009a).  Additive
interactions apply most readily to chemicals that are structurally similar, act toxicologically
through similar mechanisms or affect the same target tissue in the body (i.e., share commonality
in effect) (Health Canada 2009a).

Potential additive interactions were identified for specific COPC that may cause:

 irritation of the eyes, upper or lower respiratory tract
 liver toxicity;
 kidney toxicity;
 neurotoxicity;
 cancers

An individual chemical’s inclusion in a chemical mixture was determined based on the endpoint
upon which the exposure limits selected in the HHRA were based. For example, the acute
inhalation exposure limit for acetaldehyde is based on its ability to cause eye, nasal and upper
respiratory tract irritation, thus acetaldehyde was included in the acute inhalation “eye irritant”,
and “upper respiratory irritant” mixtures.

In the case of acrolein, the critical endpoint for the acute inhalation exposure limit is based on
eye irritation only, meaning that acrolein was included in the acute inhalation “eye irritant”
mixture.  However, given recent concerns expressed by regulators over the possible respiratory
irritant properties of acrolein, the potential additive interactions of acrolein were expanded to
include upper respiratory irritation. To accurately reflect the potential risk associated with these
additional endpoints, a second acute inhalation exposure limit based on irritation of the nose
and throat was obtained from the previously referenced regulatory agencies.  For details
concerning the critical endpoints of the chemicals included in each of the mixtures, see
Appendix A.

The assumed chemical constituents of the individual mixtures are listed in Table 13
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Table 13 Summary of Chemical Mixture Composition for the HHRA
Exposure

Characteristics
Toxicant Designation Chemicals of Potential Concern

Acute Inhalation
Exposure

Eye irritants Acetaldehyde, acrolein, aromatic C9-C16 group1,
dichlorobenzenes, formaldehyde, toluene

Nasal irritants Acetaldehyde, acrolein2, dichlorobenzenes,
formaldehyde, sulphur dioxide, toluene

Respiratory irritants Acetaldehyde, acrolein2, hydrogen sulphide, nitrogen
dioxide, sulphur dioxide, xylenes

Neurotoxicants Toluene, xylenes
Chronic Inhalation
Exposure

Eye irritants Formaldehyde, xylenes
Nasal irritants Acrolein, dichlorobenzenes, formaldehyde, hydrogen

sulphide, naphthalene, xylenes
Respiratory irritants Formaldehyde, nitrogen dioxide, sulphur dioxide, xylenes
Neurotoxicants Aliphatic C5-C8 group, n-hexane, toluene, xylenes
Leukemogens 1,3-Butadiene, benzene

Chronic Oral
Exposure

Renal toxicants 3-methylcholanthrene, fluorene, formaldehyde, pyrene

1 Note that chemicals in the aromatic C9-C16 group are not typically considered to be eye irritants on an acute
basis, but because naphthalene was included in the grouping and used for the limit, the group was classified as
an eye irritant.

2

3.2.4 Risk Characterization

This final step of the risk assessment involves comparing estimated exposures (identified in the
exposure assessment) with exposure limits (identified during the toxicity assessment) to
determine potential health risks for the different assessment cases.  Sources of uncertainty and
how uncertainties were addressed is also discussed.

To evaluate the potential health impacts associated with COPC, predicted exposures were
compared to the selected exposure limits.

3.2.4.1 Non-Cancer Risks

Risk quotients (RQs) were calculated by comparing the predicted levels of exposure for the non-

by regulatory and scientific authorities.  Risk quotients were calculated using Equation 1:

RQ     =
Predicted Exposure (µg/kg/d or µg/m³)

Equation 1
Exposure Limit (µg/kg/d or µg/m³)

Interpretation of the RQ values proceeded as follows:

 RQ ≤ 1.0 Indicates that the estimated exposure is less than or equal to the exposure limit
(i.e., the assumed safe level of exposure).  RQ values less than or equal to 1.0 are
associated with negligible health risks, even in sensitive individuals given the level of
conservatism incorporated in the derivation of the exposure limit and exposure estimate.

carcinogenic COPC to their respective exposure limits (Appendix A) that have been developed

A second exposure limit was identified to address the nasal and respiratory effects of short-term exposure to
acrolein, as described in Appendix A.
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 RQ > 1.0 Indicates that the exposure estimate exceeds the exposure limit.  This suggests
an elevated level of risk, the significance of which must be balanced against the high degree
of conservatism incorporated into the risk assessment (i.e., the margin of safety is reduced
but not removed entirely).

3.2.4.2 Cancer Risks

Regulatory agencies such as Health Canada and the US EPA assume that any level of long
term exposure to carcinogenic chemicals is associated with some ‘hypothetical cancer risk’.
Some individuals may be more susceptible to developing cancer than others, and background
exposures alone may exceed reasonably safe exposure levels and may result in the
development of cancer in such sensitive individuals (Graham 1993).  Health Canada and AENV
have specified an incremental (i.e., over and above background) lifetime cancer risk of one in
100 000, which these agencies consider acceptable, tolerable or essentially negligible (AENV
2009; Health Canada 2009a). An assumed incremental cancer risk of 1 in 100,000 increases a
person’s lifetime cancer risk from 0.40000 (based on the 40% lifetime probability of developing
cancer in Canada) to 0.40001 (CCS/NCIC 2006). Because this assumed “acceptable” cancer
risk level was specifically developed to address cancer risks over and above background cancer
incidence, a portion of which includes background exposure to environmental pollutants,
background exposures were not included in the assessment of potential health risks for non-
threshold (i.e., carcinogenic) chemicals.

Further, Health Canada (2009a) specifies that carcinogens be assessed on an incremental
basis, and mandate an “acceptable” incremental lifetime cancer risk (ILCR) of one in 100 000.
For the purposes of this assessment, ILCR estimates have been determined for the project
alone as well as the incremental contribution of the future emission sources. Interpretation of
these ILCR values was based on comparison of the ILCR associated with the project alone
against the Health Canada (2009a) de minimus risk level of one in 100 000 (i.e., one extra
cancer case in a population of 100 000 people).

Background exposures were not included in the ILCR calculation such that the potential
incremental impact on health due the Project alone could be assessed.  The ILCR values were
calculated using Equation 2.

ILCR =
Project-related exposure (µg/kg/d or µg/m³)

Equation 2
Carcinogenic Exposure Limit (µg/kg/d or µg/m³)

Interpretation of the ILCR values proceeded as follows:

 ILCR ≤ 1.0Denotes an incremental lifetime cancer risk that is below the benchmark ILCR of
one in 100,000 (i.e., within the accepted level of risk set by Alberta Environment and Health
Canada).

 ILCR > 1.0 Indicates an incremental lifetime cancer risk that is greater than the
de minimus risk level of one in 100,000, the interpretation of which must consider the
conservatism incorporated into the assessment.

3.2.4.3 Major Assumptions of the Human Health Risk Assessment

There is always some degree of uncertainty that surrounds the prediction of any health risks,
regardless of type or source. This uncertainty can take several forms, including: uncertainty due
to lack of information; uncertainty due to the variability intrinsic to living systems; and,
uncertainty due to experimental and measurement error.  These and other forms of uncertainty
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can confound the interpretation of the meaning and significance of any health risks that might be
revealed by the work. By convention, the uncertainty is accommodated, in part, through the use
of assumptions which embrace a degree of conservatism and are often intentionally selected to
represent ‘worst-case’ conditions.  Using this approach, any health risks identified by the
assessment are unlikely to be understated, but may be considerably overstated.

A summary of the various assumptions that were incorporated into the HHRA is provided in
Table 14.
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Table 14 Assumptions in the Human Health Risk Assessment
Risk

Assessment
Paradigm

Assumption Discussion of Conservatism

Exposure
Assessment

Air dispersion modeling incorporated meteorological
data that represented conditions contributing to
maximum predicted ground-level air concentrations of
COPC.

Use of the maximum predicted ground-level air concentrations of the COPC likely
contributed to the exaggeration of the exposures that might be received by people
residing or visiting the area under most circumstances.

The people with the highest predicted exposures
within each receptor group (i.e., aboriginal, cabin,
residential, recreational, worker) were used to
characterize the potential exposures for all people
represented by the group as a whole.

Potential exposures assumed for each receptor group represents a ‘reasonable
worst-case’ scenario. This contributes to a potential overestimation of risks for people
located in areas other than where the highest concentration for the group occurs.

Predicted chronic exposures were based on the
assumption that individuals would be exposed 24
hours per day for 365 days per year to the maximum
predicted ground-level air concentrations of the
COPC over a lifetime (i.e., 80 years).

The operating life of the Project was assumed to be 80 years (equivalent to a human
lifetime). The assumption of 80-years of deposition in the environment from the Project
likely results in an overestimation of risk.

Predicted chronic multiple pathway exposures were
estimated for all life stages, but only the results of the
most sensitive age groups were reported for non-
carcinogens.
Cancer risks were expressed for a composite
receptor that takes all life stages into account.

Exposures for the other life stages are predicted to be lower than those reported for non-
carcinogens. The RQs presented in the HHRA represent maximums, and are
conservative estimates for life stages other than the sensitive life stage (i.e., typically
toddler that has a higher exposure relative to body weight).
It is standard practice to amortize exposures for the assessment of carcinogens,
especially in instances where an individual is assumed to reside in the area of interest
over a lifetime. For the residents, an 80-year lifetime was considered in the amortization
with consideration being given to each individual lifestage (infant to adult).
For the workers, risk amortization was completed only over the 60-year adult lifestage.

The residents (aboriginal, residential and cabin) were
assumed to obtain 100% of their food from local,
natural food sources (e.g., wild game, fish, berries,
and plants) and drinking water from local water
bodies.

The assumption that all residents obtain all of their food and drinking water from the area
likely contributes to an overestimation of actual exposures. It is feasible that food from
non-local sources (e.g., supermarkets) is purchased and consumed to some degree, and
that some individuals consume water and beverages from other sources.

Tissue concentrations of wild game (i.e., moose,
snowshoe hare, and ruffed grouse) were based on
the maximum predicted ground-level air
concentrations out of all locations designated
aboriginal, resident or cabin.

It is unlikely that wild game animals and birds will forage at one discrete location over
their entire lifetime. As such, the assumption that wild game will forage at the location
where the maximum concentrations are predicted is likely over conservative.
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Risk
Assessment

Paradigm

Assumption Discussion of Conservatism

Toxicity
Assessment

Possible interactions of the COPC released by the
Project, which might lead to enhanced toxicity, were
adequately addressed in the assessment.

COPC with the same toxicological endpoints (as determined by the exposure limit
selected) were evaluated on an acute and chronic basis, with assignment to chemical
mixtures being dependent upon the toxicological effect underlying the exposure limits
selected.  Consistent with Health Canada (2009a) guidance, substances were considered
to be additive if they have the same endpoint.  In some instances, it is possible that
components of a mixture may have different mechanisms of effect, contributing some
uncertainty to the mixture RQs. Also, the uncertainty ‘built in’ to each of the individual
exposure limits involved in the mixtures assessments compounds with the addition of the
RQ values.

Exposure limits that were developed to be protective
of the sensitive and more susceptible individuals
within the general population (e.g., infants and young
children, the elderly, individuals with compromised
health) were used in the HHRA.

A considerable amount of conservatism is incorporated in the exposure limits.  Exposure
limits selected for use in the HHRA have incorporated an uncertainty factor to account for
potential inter-individual differences in sensitivity, with the factor generally ranging from 3
to 10.  As a result, these limits represent concentrations much lower than those where
people could experience adverse effects.

The findings from toxicity studies with laboratory
rodents can be used to gauge the types of responses
and health effects that the chemicals may cause in

studies can be used, in part, to determine exposure
limits for the chemicals.

Laboratory rodents have traditionally served as suitable surrogate species for humans.
The use of uncertainty factors accounts for the possible differences in responses to
chemicals that might be observed between laboratory rodents and other species, such as

more sensitive to nasal effects than humans as a result of higher doses reaching the
critical target site in rodents. In some instances, these differences contribute uncertainty
to the predicted results with respect to COPCs with nasal effects as the critical
toxicological effect.

humans and the findings from the laboratory rodent humans (see Appendix A). However, recent evidence suggests that rodents might be
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4.0 HHRA RESULTS

results of the chronic inhalation assessment and chronic multiple pathway assessment are

and chronic inhalation assessments, and the multiple pathway assessment.

The acute and chronic risk estimates are presented in scientific notation as many of the
calculated numerical values are well below 1.

4.1 Acute Inhalation Results

exposure assessment, for those COPCs that have exposure limits available. Calculated RQ
values are also presented for the local MPOI.

Table 15 Acute Inhalation Risk Quotients for the Local Maximum Point of
Impingement (MPOI)

COPC Averaging
Period

Assessment Case
Baseline Application PDC

1,3-Butadiene 24h-2nd 1.5E-04 1.5E-04 2.0E-04
Acetaldehyde 1h-9th 1.2E-03 1.2E-03 1.3E-03
Acrolein 1h-9th 1.8E-02 1.8E-02 2.1E-02
Aromatic C9-C16 Group 1h-9th 1.7E-05 2.3E-05 2.7E-05
Benzene 1h-9th 5.0E-04 5.0E-04 6.5E-04
Carbon monoxide 1h-9th 1.6E-01 1.6E-01 2.4E-01
Carbon monoxide 8h-max 2.0E-01 2.0E-01 3.0E-01
Dichlorobenzene 1h-9th 1.1E-05 2.2E-05 2.2E-05
Formaldehyde 1h-9th 4.2E-02 8.3E-02 8.3E-02
Hydrogen Sulphide (H2S) 1h-9th 1.3E-03 1.3E-03 1.6E-03
Naphthalene 1h-9th 1.1E-05 1.7E-05 1.8E-05
Nitrogen dioxide 1h-9th 2.2E-01 2.2E-01 2.6E-01
Nitrogen dioxide 24h-2nd 2.1E-01 2.1E-01 2.3E-01
PM2.5 24h-8th 5.1E-01 5.1E-01 7.3E-01
Sulphur dioxide 10min-9th 3.7E-01 2.9E-01 2.9E-01
Sulphur dioxide 1h-9th 2.9E-01 2.3E-01 2.3E-01
Toluene 1h-9th 1.6E-04 1.6E-04 2.1E-04
Xylenes 1h-9th 4.9E-04 4.9E-04 6.6E-04

The results of the acute and chronic effects assessments are provided below in Sections 4.1
through 4.5. As the potential toxicity of a chemical may vary according to route of exposure, the

4.2. The results of the chemical mixtures assessment are presented separately for the acute
provided separately. Upset conditions were evaluated and this analysis is presented in Section

present the maximum RQ value calculated for each group of individuals identified in the
The results of the acute inhalation assessment are presented in Tables 15 to 20. These tables
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Table 16 Acute Inhalation Risk Quotients for the Aboriginal Group
COPC Averaging

Period
Assessment Case

Baseline Application PDC
1,3-Butadiene 24h-2nd 6.0E-04 6.0E-04 8.2E-04
Acetaldehyde 1h-9th 3.4E-03 3.4E-03 3.6E-03
Acrolein 1h-9th 5.4E-02 5.4E-02 5.8E-02
Aromatic C9-C16 Group 1h-9th 4.4E-05 4.4E-05 6.2E-05
Benzene 1h-9th 1.2E-03 1.2E-03 1.6E-03
Carbon monoxide 1h-9th 3.4E-02 3.4E-02 5.0E-02
Carbon monoxide 8h-max 6.8E-02 6.8E-02 1.0E-01
Dichlorobenzene 1h-9th 2.3E-06 2.3E-06 2.3E-06
Formaldehyde 1h-9th 2.1E-02 2.1E-02 2.6E-02
Hydrogen Sulphide (H2S) 1h-9th 2.2E-03 2.2E-03 2.8E-03
Naphthalene 1h-9th 2.7E-05 2.7E-05 3.8E-05
Nitrogen dioxide 1h-9th 1.8E-01 1.8E-01 1.8E-01
Nitrogen dioxide 24h-2nd 1.8E-01 1.8E-01 1.8E-01
PM2.5 24h-8th 2.7E-01 2.7E-01 3.8E-01
Sulphur dioxide 10min-9th 1.5E-01 1.5E-01 1.5E-01
Sulphur dioxide 1h-9th 1.1E-01 1.1E-01 1.2E-01
Toluene 1h-9th 2.6E-04 2.6E-04 3.4E-04
Xylenes 1h-9th 7.7E-04 7.7E-04 1.0E-03

Table 17 Acute Inhalation Risk Quotients for the Cabin Group
COPC Averaging

Period
Assessment Case

Baseline Application PDC
1,3-Butadiene 24h-2nd 1.4E-04 1.4E-04 1.9E-04
Acetaldehyde 1h-9th 9.6E-04 9.6E-04 1.2E-03
Acrolein 1h-9th 1.5E-02 1.5E-02 1.9E-02
Aromatic C9-C16 Group 1h-9th 1.4E-05 1.4E-05 2.0E-05
Benzene 1h-9th 4.7E-04 4.7E-04 5.9E-04
Carbon monoxide 1h-9th 6.7E-02 6.7E-02 1.0E-01
Carbon monoxide 8h-max 1.4E-01 1.4E-01 2.1E-01
Dichlorobenzene 1h-9th 6.9E-06 6.9E-06 6.9E-06
Formaldehyde 1h-9th 2.6E-02 2.6E-02 2.6E-02
Hydrogen Sulphide (H2S) 1h-9th 1.1E-03 1.1E-03 1.4E-03
Naphthalene 1h-9th 8.4E-06 8.4E-06 1.2E-05
Nitrogen dioxide 1h-9th 1.8E-01 1.8E-01 1.9E-01
Nitrogen dioxide 24h-2nd 1.8E-01 1.8E-01 2.0E-01
PM2.5 24h-8th 3.3E-01 3.3E-01 4.7E-01
Sulphur dioxide 10min-9th 1.5E-01 1.5E-01 1.5E-01
Sulphur dioxide 1h-9th 1.2E-01 1.1E-01 1.1E-01
Toluene 1h-9th 1.3E-04 1.3E-04 1.8E-04
Xylenes 1h-9th 4.1E-04 4.1E-04 5.6E-04
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Table 18 Acute Inhalation Risk Quotients for the Recreational Group
COPC Averaging

Period
Assessment Case

Baseline Application PDC
1,3-Butadiene 24h-2nd 6.2E-03 6.2E-03 8.1E-03
Acetaldehyde 1h-9th 1.0E-02 1.0E-02 1.0E-02
Acrolein 1h-9th 1.6E-01 1.6E-01 1.8E-01
Aromatic C9-C16 Group 1h-9th 6.0E-04 6.0E-04 7.3E-04
Benzene 1h-9th 1.1E-02 1.1E-02 1.3E-02
Carbon monoxide 1h-9th 3.6E-02 3.6E-02 5.3E-02
Carbon monoxide 8h-max 7.8E-02 7.8E-02 1.2E-01
Dichlorobenzene 1h-9th 7.7E-06 7.7E-06 9.4E-06
Formaldehyde 1h-9th 1.1E-01 1.1E-01 1.3E-01
Hydrogen Sulphide (H2S) 1h-9th 5.4E-03 5.4E-03 6.0E-03
Naphthalene 1h-9th 3.7E-04 3.7E-04 4.4E-04
Nitrogen dioxide 1h-9th 1.9E-01 1.9E-01 1.8E-01
Nitrogen dioxide 24h-2nd 2.1E-01 2.1E-01 2.2E-01
PM2.5 24h-8th 7.3E-01 7.3E-01 1.0E+00
Sulphur dioxide 10min-9th 2.6E-01 2.0E-01 2.1E-01
Sulphur dioxide 1h-9th 2.0E-01 1.6E-01 1.6E-01
Toluene 1h-9th 5.3E-04 5.3E-04 7.3E-04
Xylenes 1h-9th 1.7E-03 1.7E-03 2.3E-03

Table 19 Acute Inhalation Risk Quotients for the Residential Group
COPC Averaging

Period
Assessment Case

Baseline Application PDC
1,3-Butadiene 24h-2nd 7.6E-04 7.6E-04 1.1E-03
Acetaldehyde 1h-9th 3.5E-03 3.5E-03 3.8E-03
Acrolein 1h-9th 5.5E-02 5.5E-02 6.2E-02
Aromatic C9-C16 Group 1h-9th 1.2E-04 1.2E-04 1.6E-04
Benzene 1h-9th 2.1E-03 2.1E-03 2.9E-03
Carbon monoxide 1h-9th 1.2E-02 1.2E-02 1.7E-02
Carbon monoxide 8h-max 2.8E-02 2.8E-02 3.6E-02
Dichlorobenzene 1h-9th 2.1E-06 2.1E-06 2.1E-06
Formaldehyde 1h-9th 2.4E-02 2.4E-02 3.1E-02
Hydrogen Sulphide (H2S) 1h-9th 2.1E-03 2.1E-03 2.7E-03
Naphthalene 1h-9th 7.1E-05 7.1E-05 9.8E-05
Nitrogen dioxide 1h-9th 1.7E-01 1.7E-01 1.7E-01
Nitrogen dioxide 24h-2nd 1.8E-01 1.8E-01 1.8E-01
PM2.5 24h-8th 2.2E-01 2.2E-01 2.7E-01
Sulphur dioxide 10min-9th 1.5E-01 1.5E-01 1.6E-01
Sulphur dioxide 1h-9th 1.2E-01 1.2E-01 1.2E-01
Toluene 1h-9th 2.2E-04 2.2E-04 2.9E-04
Xylenes 1h-9th 6.8E-04 6.8E-04 9.1E-04
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Table 20 Acute Inhalation Risk Quotients for the Worker Camp
COPC Averaging

Period
Assessment Case

Baseline Application PDC
1,3-Butadiene 24h-2nd 1.1E-04 1.1E-04 1.5E-04
Acetaldehyde 1h-9th 8.6E-04 8.6E-04 9.6E-04
Acrolein 1h-9th 1.3E-02 1.3E-02 1.5E-02
Aromatic C9-C16 Group 1h-9th 1.0E-05 1.2E-05 1.4E-05
Benzene 1h-9th 3.7E-04 3.8E-04 4.2E-04
Carbon monoxide 1h-9th 1.6E-02 2.5E-02 2.6E-02
Carbon monoxide 8h-max 3.1E-02 3.1E-02 4.5E-02
Dichlorobenzene 1h-9th 5.2E-06 8.6E-06 8.6E-06
Formaldehyde 1h-9th 2.0E-02 3.2E-02 3.2E-02
Hydrogen Sulphide (H2S) 1h-9th 8.6E-04 8.6E-04 1.2E-03
Naphthalene 1h-9th 6.6E-06 8.5E-06 9.6E-06
Nitrogen dioxide 1h-9th 1.6E-01 1.8E-01 1.8E-01
Nitrogen dioxide 24h-2nd 1.7E-01 1.7E-01 1.8E-01
PM2.5 24h-8th 1.5E-01 1.5E-01 2.4E-01
Sulphur dioxide 10min-9th 2.6E-01 2.3E-01 2.3E-01
Sulphur dioxide 1h-9th 2.0E-01 1.8E-01 1.8E-01
Toluene 1h-9th 1.1E-04 1.1E-04 1.4E-04
Xylenes 1h-9th 3.3E-04 3.3E-04 4.5E-04

All acute RQ values were less than 1, suggesting a low probability of adverse health impacts
attributable to air emissions. In general, the predicted RQ values for the Application Case were
similar to those predicted in the Baseline Case, indicating that the Project emissions are
expected to have a negligible impact on predicted health risks.

4.2 Facility Upset Flaring Event: Acute Inhalation Assessment

Dispersion modelling of updated Project SO2 and NOx emissions from emergency flaring was
performed (MEMS 2010a). The air quality team determined that emergency flaring would occur
if the stack pressure exceeded the maximum allowable working pressure due to blocked flow,
fire or liquid expansion in blocked-in heat exchangers.

Predicted 1-hour, ninth highest hourly concentrations of SO2 and NO2 were predicted for the
Project at the MPOI location in association with the worst-case upset conditions.  In addition,
10-minute SO2 concentrations were calculated from the hourly values to permit comparison with
the WHO 10-minute guideline. To account for the influence of background concentrations of
SO2 and NO2 that were not incorporated in the SO2 predictions for the upset scenario, ambient
air concentrations of SO2 and NO2 measured at the closest ambient air monitoring station (i.e.,

associated with upset conditions, along with the range of background data measured at Anzac,
and the predicted range of air concentrations that may occur in the event of a facility upset
flaring event.

Anzac, Alberta) were obtained. Table 21 presents a summary of the predicted air concentrations
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Table 21 Upset Scenario (Emergency Flaring), Predicted 1-hour and 10-minute
Concentrations at the MPOI

Alberta 1-hour
AAQO (µg/m³)

WHO 10-Minute
Guideline

(µg/m³)

Project Alone
(µg/m³)

Background
Data1

(µg/m³)

Range of
Project + Background

Concentrations (µg/m³)
SO2 NA 500 144 3.7 to 258 149 to 403
SO2 450 NA 101 2.6 to 180.5 104 to 282
NO2 400 NA 72 1.9 to 158.5 74 to 231
1 Range represents minimum and maximum detected hourly concentrations at Anzac (the closest ambient air

monitoring station) from 2006 to 2009
NA = not available

No exceedances of the Alberta AAQO were predicted for either SO2 or NO2 under upset
conditions for the Project alone or in combination with estimated background concentrations. As
such, the release of SO2 and NO2 during an emergency flare event is not expected to result in
adverse health effects.

4.3 Chronic Inhalation Results

This section focuses on the predicted effects of long-term exposure to the COPCs.  Separate
assessments of non-carcinogenic and carcinogenic effects were conducted (depending on the
exposure limit selected for the COPCs) due to the differences in calculating and interpreting risk
estimates.

Chronic inhalation risks were evaluated for the Aboriginal, cabin, recreational, community
resident and worker groups only. The MPOI location was not evaluated on chronic basis since it
is intended to reflect worst-case exposure to a transient, hypothetical person who might be in
the area when worst case emissions and meteorological conditions are occurring. As such, the
chronic inhalation pathway is not considered relevant to the local MPOI.

4.3.1 Non-Carcinogens

The results of the non-carcinogenic assessment are expressed as risk quotients (RQs). The
maximum RQ value calculated for each group of individuals is presented within Tables 22 to 26.
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Table 22 Chronic Inhalation Risk Quotients or the Aboriginal Group, Non-
Carcinogens

COPC Assessment Case
Baseline Application PDC

Acrolein 7.6E-03 7.6E-03 9.8E-03
Aliphatic C5-C8 Group 1.9E-04 1.9E-04 2.5E-04
Aromatic C9-C16 Group 4.1E-05 4.1E-05 5.8E-05
Dichlorobenzene 2.9E-06 2.9E-06 3.2E-06
Formaldehyde 2.7E-03 2.7E-03 3.5E-03
Hydrogen Sulphide 2.7E-03 2.7E-03 3.5E-03
Naphthalene 5.4E-04 5.4E-04 7.5E-04
n-Hexane 3.9E-04 3.9E-04 4.3E-04
Nitrogen dioxide 1.4E-01 1.4E-01 2.1E-01
PM2.5 1.9E-01 1.9E-01 2.7E-01
Sulphur dioxide 8.7E-02 8.7E-02 1.1E-01
Toluene 1.6E-05 1.6E-05 2.0E-05
Xylenes 1.5E-04 1.5E-04 2.1E-04

Table 23 Chronic Inhalation Risk Quotients for the Cabin Group, Non-Carcinogens
COPC Assessment Case

Baseline Application PDC
Acrolein 2.7E-03 2.7E-03 3.7E-03
Aliphatic C5-C8 Group 2.1E-04 2.1E-04 2.4E-04
Aromatic C9-C16 Group 1.6E-05 1.7E-05 2.2E-05
Dichlorobenzene 8.0E-06 8.1E-06 8.3E-06
Formaldehyde 3.1E-03 3.1E-03 3.3E-03
Hydrogen Sulphide 1.4E-03 1.4E-03 2.0E-03
Naphthalene 2.2E-04 2.3E-04 2.9E-04
n-Hexane 1.1E-03 1.1E-03 1.1E-03
Nitrogen dioxide 2.2E-01 2.2E-01 2.6E-01
PM2.5 2.7E-01 2.7E-01 4.1E-01
Sulphur dioxide 8.8E-02 8.7E-02 1.0E-01
Toluene 7.9E-06 7.9E-06 1.0E-05
Xylenes 8.5E-05 8.5E-05 1.2E-04

Table 24 Chronic Inhalation Risk Quotients for the Recreational Group, Non-
Carcinogens

COPC Assessment Case
Baseline Application PDC

Acrolein 5.9E-02 5.9E-02 8.3E-02
Aliphatic C5-C8 Group 7.0E-04 7.0E-04 9.7E-04
Aromatic C9-C16 Group 9.9E-04 9.9E-04 1.4E-03
Dichlorobenzene 2.1E-05 2.1E-05 3.0E-05
Formaldehyde 2.8E-02 2.8E-02 4.0E-02
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COPC Assessment Case
Baseline Application PDC

Hydrogen Sulphide 5.5E-03 5.5E-03 7.0E-03
Naphthalene 1.3E-02 1.3E-02 1.9E-02
n-Hexane 2.8E-03 2.8E-03 4.0E-03
Nitrogen dioxide 2.3E-01 2.3E-01 2.6E-01
PM2.5 4.7E-01 4.7E-01 7.6E-01
Sulphur dioxide 1.1E-01 1.1E-01 1.3E-01
Toluene 5.1E-05 5.1E-05 6.9E-05
Xylenes 4.4E-04 4.4E-04 6.0E-04

Table 25 Chronic Inhalation Risk Quotients for the Residential Group, Non-
Carcinogens

COPC Assessment Case
Baseline Application PDC

Acrolein 9.6E-03 9.6E-03 1.2E-02
Aliphatic C5-C8 Group 2.2E-04 2.2E-04 2.7E-04
Aromatic C9-C16 Group 7.8E-05 7.8E-05 1.1E-04
Dichlorobenzene 4.0E-06 4.0E-06 4.7E-06
Formaldehyde 4.0E-03 4.0E-03 5.1E-03
Hydrogen Sulphide 3.0E-03 3.0E-03 3.7E-03
Naphthalene 1.0E-03 1.0E-03 1.4E-03
n-Hexane 5.4E-04 5.4E-04 6.3E-04
Nitrogen dioxide 1.4E-01 1.4E-01 1.7E-01
PM2.5 1.3E-01 1.3E-01 1.7E-01
Sulphur dioxide 1.1E-01 1.1E-01 1.2E-01
Toluene 2.1E-05 2.1E-05 2.5E-05
Xylenes 1.8E-04 1.8E-04 2.4E-04

Table 26 Chronic Inhalation Risk Quotients for the Worker Camp Group, Non-
Carcinogens

COPC Assessment Case
Baseline Application PDC

Acrolein 2.0E-03 2.0E-03 2.6E-03
Aliphatic C5-C8 Group 1.9E-04 1.9E-04 2.2E-04
Aromatic C9-C16 Group 1.2E-05 1.2E-05 1.5E-05
Dichlorobenzene 6.5E-06 6.6E-06 6.8E-06
Formaldehyde 2.6E-03 2.6E-03 2.9E-03
Hydrogen Sulphide 1.0E-03 1.0E-03 1.4E-03
Naphthalene 1.6E-04 1.7E-04 2.0E-04
n-Hexane 8.7E-04 8.9E-04 9.1E-04
Nitrogen dioxide 1.2E-01 1.4E-01 1.8E-01
PM2.5 1.0E-01 1.1E-01 1.7E-01
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Sulphur dioxide 9.2E-02 8.8E-02 1.0E-01
Toluene 5.6E-06 5.7E-06 7.4E-06
Xylenes 5.9E-05 5.9E-05 8.0E-05

All chronic RQ values were less than 1, suggesting that the predicted air concentrations of the
COPCs for the various assessment cases not expected to result in adverse health effects. The
predicted RQ values for the Baseline and Application Cases were generally very similar. This
suggests that the contributions of the Project with respect to emissions will likely have a
negligible impact on health.

4.3.2 Carcinogens

Baseline) as well as the Future incremental case (PDC minus Baseline). All values represent
predicted incremental lifetime risks per 100,000 individuals in the population.

Table 27 Chronic Inhalation Incremental Lifetime Cancer Risks (ILCR), Aboriginal
Group, Carcinogens

COPC Incremental Risk Estimates
Project Future (PDC minus Baseline)

1,3-Butadiene 3.3E-07 8.2E-04
Acetaldehyde 0.0E+00 4.9E-04
Benzene 7.7E-07 5.0E-03
Benzo(a)pyrene 8.3E-06 8.6E-03
Benzo(a)pyrene PEQ 2.9E-07 3.1E-05

0.0E+00: no incremental change attributable to the project is predicted

Table 28 Chronic Inhalation Incremental Lifetime Cancer Risks (ILCR), Cabin Group,
Carcinogens

Chemical Incremental Risk Estimates
Project Future (PDC minus Baseline)

1,3-Butadiene 0.0E+00 2.5E-04
Acetaldehyde 5.8E-08 2.2E-04
Benzene 1.9E-05 1.6E-03
Benzo(a)pyrene 1.2E-04 2.8E-03
Benzo(a)pyrene PEQ 0.0E+00 2.5E-05

0.0E+00: no incremental change attributable to the project is predicted

Table 29 Chronic Inhalation Incremental Lifetime Cancer Risks (ILCR), Recreational
Group, Carcinogens

Chemical Incremental Risk Estimates
Project Future (PDC minus Baseline)

1,3-Butadiene 3.3E-07 1.9E-02
Acetaldehyde 5.8E-08 4.2E-03
Benzene 1.4E-04 1.2E-01
Benzo(a)pyrene 8.9E-04 2.4E-01

Tables 27 to 31 present the calculated ILCR values for the Project alone (Application minus
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Benzo(a)pyrene PEQ 4.7E-05 6.5E-04

Table 30 Chronic Inhalation Incremental Lifetime Cancer Risks (ILCR), Residential
Group, Carcinogens

Chemical Incremental Risk Estimates
Project Future (PDC minus Baseline)

1,3-Butadiene 3.3E-08 1.4E-03
Acetaldehyde 0.0E+00 5.3E-04
Benzene 7.7E-07 8.3E-03
Benzo(a)pyrene 8.3E-06 1.6E-02
Benzo(a)pyrene PEQ 4.1E-07 4.8E-05

0.0E+00: no incremental change attributable to the project is predicted

Table 31 Chronic Inhalation Incremental Lifetime Cancer Risks (ILCR), Worker
Group, Carcinogens

Chemical Incremental Risk Estimates
Project Future (PDC minus Baseline)

1,3-Butadiene 0.0E+00 1.7E-04
Acetaldehyde 0.0E+00 1.5E-04
Benzene 1.8E-04 1.2E-03
Benzo(a)pyrene 1.1E-03 2.6E-03
Benzo(a)pyrene PEQ 5.7E-05 6.8E-05

0.0E+00: no incremental change attributable to the project is predicted

All predicted ILCR values were determined to be less than 1 in 100,000, indicating that the
incremental contributions from the Project and future emission sources are associated with an
essentially negligible degree of risk.

4.4 Chronic Multiple Pathway Results

As in the chronic inhalation assessment, separate assessments were completed for non-
carcinogenic and carcinogenic exposures in the multiple pathway assessment to reflect the
different approaches used in calculating and interpreting the risk estimates. Predicted health
risks are expressed as RQs for the non-carcinogenic COPCs, and as ILCRs for the
carcinogenic COPCs. Risk quotients are presented for the Baseline, Application and Planned
Development Cases, while ILCRs are provided only for the two incremental cases (Project and
Future).

The HHRA assumed that people living in the area on either a permanent or seasonal basis (i.e.
the Aboriginal, residential or cabin groups) were exposed to COPCs via multiple exposure
pathways over their entire lifetime (80-years). As workers that would be present at the work
camps included in this assessment would be adults, only the adult life stage (age 20 to 80
years) was evaluated. Neither the recreational group nor the MPOI were included in the multiple
pathway assessment, as these do not represent locations where people are likely to live over
extended periods of time.
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4.4.1 Non-Carcinogen Results

Risk quotients for the non-carcinogenic COPCs are provided for the most sensitive life stage for

Table 32 Chronic Multiple Exposure Pathway Risk Quotients for Non-Carcinogens
for the Resident Group (Aboriginal, Resident, Cabin)

COPC Assessment Case
Baseline Application PDC

3-methylcholanthrene 2.5E-05 3.4E-05 3.5E-05
Anthracene 4.4E-08 4.6E-08 6.2E-08
Fluorene 9.7E-06 9.8E-06 1.3E-05
Formaldehyde 5.6E-04 5.7E-04 7.2E-04
Pyrene 5.1E-06 5.2E-06 7.2E-06

Table 33 Chronic Multiple Exposure Pathway for Risk Quotients Non-Carcinogens
for the Worker Group

COPC Assessment Case
Baseline Application PDC

3-methylcholanthrene 5.8E-09 5.9E-09 6.1E-09
Anthracene 2.3E-11 2.3E-11 3.1E-11
Fluorene 1.3E-10 1.3E-10 1.7E-10
Formaldehyde 4.5E-08 4.6E-08 5.0E-08
Pyrene 2.7E-08 2.8E-08 3.7E-08

All multiple pathway RQ values for the Baseline, Application and Planned Development Cases
for both the resident and worker groups were less than 1.  For all of the COPCs, only a very
minimal change in RQ value was observed between the Baseline and Application Cases,
indicating that the incremental change associated with the Project is negligible. Overall, the
potential for adverse non-carcinogenic health impacts is anticipated to be low.

4.4.2 Carcinogen Results

The estimated carcinogenic ILCR values for the resident and worker group are presented in

the Project case (Application minus Baseline), and the Future case (PDC minus Baseline). All
values represent ILCR per 100,000 people.

Table 34 Chronic Multiple Exposure Pathway Risk Quotients for Carcinogens for the
Resident Group (Aboriginal, Resident, Cabin)

Chemical Incremental Risk Estimates
Project Future (PDC minus Baseline)

Benzo(a)pyrene PEQ 9.7E-02 4.0E-01

the resident group (Table 32), and for the adult life stage only for the worker group (Table 33).

Tables 34 to 35. Results are presented only for the two incremental cases in the assessment –
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Table 35 Chronic Multiple Exposure Pathway Risk Quotients for Carcinogens for the
Worker Group

Chemical Incremental Risk Estimates
Project Future (PDC minus Baseline)

Benzo(a)pyrene PEQ 1.0E-04 1.9E-04

All ICLR values were less than one, indicating that the Project and the Future sources (in the
PDC) are associated with negligible degree of incremental cancer risk.

4.5 Mixture Results

highest RQ value for each mixture, out of all of the locations within a specific group (e.g.
Aboriginal). For carcinogenic mixtures, the values represent the highest ILCR value calculated
out of all locations within a group.

4.5.1 Acute Inhalation Mixture Results

Table 36 Acute Inhalation Mixture Risk Quotients for the MPOI
Baseline Application PDC

Neurotoxicants1 6.5E-04 6.5E-04 8.6E-04
1 Only the neurotoxicants mixture was evaluated for the MPOI, as it was the only mixture where the MPOIs for the

mixture constituents were predicted to occur at the same location. For the other mixtures, it was determined that
the MPOI locations generally occurred at different locations.

Table 37 Acute Inhalation Mixture Risk Quotients for the Aboriginal Group
Baseline Application PDC

Eye irritants 6.1E-02 1.0E-01 1.1E-01
Nasal irritants 3.4E-01 3.2E-01 3.2E-01
Respiratory irritants 5.2E-01 4.5E-01 5.0E-01
Neurotoxicants 6.5E-04 6.5E-04 8.6E-04

Table 38 Acute Inhalation Mixture Risk Quotients for the Residential Group
Baseline Application PDC

Eye irritants 8.3E-02 8.3E-02 9.7E-02
Nasal irritants 1.6E-01 1.6E-01 1.8E-01
Respiratory irritants 3.2E-01 3.2E-01 3.4E-01
Neurotoxicants 9.0E-04 9.0E-04 1.2E-03

Table 39 Acute Inhalation Mixture Risk Quotients for the Cabin Group
Baseline Application PDC

Eye irritants 4.0E-02 4.0E-02 4.2E-02

The results of the acute and chronic mixture assessments are provided below in Section 4.5.1
to 4.5.3.  For non-carcinogenic mixtures, the values presented in the tables represent the

The acute mixture RQ values for the various groups are presented in Tables 36 to 41.
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Nasal irritants 1.4E-01 1.4E-01 1.4E-01
Respiratory irritants 3.1E-01 3.0E-01 3.2E-01
Neurotoxicants 5.5E-04 5.5E-04 7.4E-04

Table 40 Acute Inhalation Mixture Risk Quotients for the Recreational Group
Baseline Application PDC

Eye irritants 2.6E-01 2.6E-01 3.2E-01
Nasal irritants 2.8E-01 2.8E-01 3.2E-01
Respiratory irritants 4.1E-01 4.1E-01 4.2E-01
Neurotoxicants 2.2E-03 2.2E-03 3.0E-03

Table 41 Acute Inhalation Mixture Risk Quotients for the Worker Group
Baseline Application PDC

Eye irritants 3.5E-02 4.5E-02 4.7E-02
Nasal irritants 2.2E-01 2.1E-01 2.2E-01
Respiratory irritants 3.7E-01 3.6E-01 3.6E-01
Neurotoxicants 4.4E-04 4.4E-04 5.9E-04

All mixture RQ values were less than 1, indicating that the risk of additive effects occurring as a
result of the combined exposure to COPCs with common acute toxicological endpoints is
negligible.

4.5.2 Chronic Inhalation Mixture Results

The chronic inhalation assessment mixture results for the various groups of individuals

unlikely to be located at locations where the MPOI may occur, the MPOI was not included in the
chronic mixtures assessment.

4.5.2.1 Non-Carcinogens

Group
Baseline Application PDC

Eye irritants 2.8E-03 2.8E-03 3.7E-03
Nasal irritants 1.4E-02 1.4E-02 1.8E-02
Respiratory irritants 2.3E-01 2.3E-01 3.2E-01
Neurotoxicants 7.0E-04 7.0E-04 8.3E-04

evaluated in the HHRA are presented in Tables 42 to 46, with mixture risks for non-carcinogens
and carcinogens presented separately under Sections 4.5.2.1 and 4.5.2.2.  As people are

Table 42 Chronic Inhalation Non-Cancer Mixture Risk Quotients for the Aboriginal

Tables 42 to 46 present the chronic non-carcinogenic inhalation mixture RQs for the groups.
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Table 43 Chronic Inhalation Non-Cancer Mixture Risk Quotients for the Residential
Group

Baseline Application PDC
Eye irritants 4.2E-03 4.2E-03 5.3E-03
Nasal irritants 1.8E-02 1.8E-02 2.3E-02
Respiratory irritants 2.5E-01 2.5E-01 3.0E-01
Neurotoxicants 9.6E-04 9.6E-04 1.2E-03

Table 44 Chronic Inhalation Non-Cancer Mixture Risk Quotients for the Cabin Group
Baseline Application PDC

Eye irritants 3.1E-03 3.2E-03 3.4E-03
Nasal irritants 6.3E-03 6.3E-03 7.6E-03
Respiratory irritants 3.1E-01 3.1E-01 3.7E-01
Neurotoxicants 1.3E-03 1.4E-03 1.4E-03

Table 45 Chronic Inhalation Non-Cancer Mixture Risk Quotients for the Recreational
Group

Baseline Application PDC
Eye irritants 2.8E-02 2.8E-02 4.1E-02
Nasal irritants 1.1E-01 1.1E-01 1.5E-01
Respiratory irritants 3.7E-01 3.7E-01 4.4E-01
Neurotoxicants 3.9E-03 3.9E-03 5.6E-03

Table 46 Chronic Inhalation Non-Cancer Mixture Risk Quotients for the Workers
Baseline Application PDC

Eye irritants 2.6E-03 2.7E-03 2.9E-03
Nasal irritants 5.6E-03 5.7E-03 6.9E-03
Respiratory irritants 2.2E-01 2.3E-01 2.9E-01
Neurotoxicants 1.1E-03 1.1E-03 1.2E-03

All mixture RQ values were less than 1, indicating that the risk of additive effects occurring as a
result of the combined exposure to COPCs with common acute toxicological endpoints is low.

4.5.2.2 Carcinogens

Mixture ILCR values were predicted for the Project and Future cases only, for all receptors

risk) for each group. As the only carcinogenic mixture identified for the inhalation assessment

Table 47 Chronic Inhalation Mixture Risk Quotients (Leukemogens) All Groups
Group Project Future

Aboriginal Group 7.7E-07 5.8E-03

except the MPOI.  Table 47 presents the ILCR values (per 100,000 incremental lifetime cancer

was the leukemogen (blood cancer) mixture, Table 47 presents only ILCRs for this mixture.
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Residential 8.0E-07 9.7E-03
Cabin 1.9E-05 1.9E-03
Recreational 1.4E-04 1.4E-01
Worker 1.8E-04 1.4E-03

All potentially additive ILCR for the leukemogens mixture (1,3-butadiene, benzene) were less
than 1 in 100,000 for all groups of individuals, for both the Project and Future cases. This
suggests that the additive carcinogenic risk for this endpoint is essentially negligible.

4.5.3 Chronic Multiple Exposure Pathway Mixture Results

The chronic multiple pathway mixture results for the resident and worker groups are presented

these tables are for non-carcinogenic endpoints only, and represent RQ values.

Table 48 Chronic Multiple Exposure Pathway COPC Mixture Risk Quotients (Renal
Toxicants) for the Resident (Aboriginal, Residential and Cabin) and Worker
Groups

Baseline Application PDC
Residents 6.0E-04 6.1E-04 7.8E-04
Workers 7.8E-08 8.0E-08 9.4E-08

The RQ values for the renal toxicants mixture for both groups were less than 1 in all cases,
indicating that the additive risk of renal toxicity is negligible.

5.0 SUMMARY AND CONCLUSIONS

The chemical emissions from the Project are not expected to result in adverse health effects in
the region. For most of the COPCs, the magnitude of the differences in predicted health risks
between the Baseline and Application Cases is negligible. The key findings of the HHRA are
discussed below.

5.1 Acute Inhalation Assessment

The potential short-term health risks associated with the Project and other emissions sources
were evaluated through the comparison of predicted air concentrations (10-minute, 1-hour, 8-
hour or 24-hour) against health-based criteria (i.e., exposure limits). Overall, there were minimal
changes between the Baseline and Application Cases, indicating that the Project emissions are
not anticipated to have an impact on human health in the area.

5.2 Chronic Inhalation Assessment

Predicted risks associated with continuous, long-term inhalation of the COPCs were evaluated
through the comparison of predicted annual average air concentrations with health-based
exposure limits. No exceedances of health-based exposure limits were predicted in the chronic
inhalation assessment.

in Table 48. As no mixtures for carcinogenic endpoints were identified, all results presented in
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All incremental lifetime cancer risks associated with continuous air inhalation were predicted to
be less than one in 100,000, which is the benchmark considered to be essentially negligible by
Health Canada (2009a).

5.3 Chronic Multiple Pathway Assessment

The potential long-term health risks associated with exposure to the COPCs via multiple
pathways of exposure were evaluated for permanent and seasonal residents in the area. In all
instances, potential risks were determined to be negligible.  All incremental lifetime cancer risks
associated with exposure via multiple pathways of exposure were predicted to be less than one
in 100,000, suggesting that the cancer risks associated with the Project are negligible.
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7.0 LIST OF ABBREVIATIONS

Abbreviation Definition
95UCLM 95th upper confidence level on the mean
AAAQO Alberta Ambient Air Quality Objective
AAQC ambient air quality criteria
ACB Alberta Cancer Board
AENV Alberta Environment
AHW Alberta Health and Wellness
ASIR age standardized incidence rate
ASMR age standardized mortality rate
ATSDR Agency for Toxic Substances and Disease Registry
BCF bioconcentration factor
BMI body mass index
BMD benchmark dose
CAP concentrated air particles
CASA Clean Air Strategic Alliance
CCME Canadian Council of Ministers of the Environment
CCS Canadian Cancer Society
CEA cumulative effects assessment
CEPA Canadian Environmental Protection Act
CFIA Canadian Food Inspection Agency
cm2 square centimetre
CNS central nervous system
CO carbon monoxide
COPC chemical of potential concern
COPD chronic obstructive pulmonary disease
CWS Canada Wide Standard
ECG electrocardiogram
ERCB Alberta Energy Resources Convention Board
g/d gram per day
g/m2/d gram per square metre per day
HEC human equivalent concentration
HEMP Human Exposure Monitoring Program
HHRA human health risk assessment
HSDB Hazardous Substances Databank
ILCR incremental lifetime cancer risk
IPM individual PAH method
IRIS Integrated Risk Information System
kg kilogram
LCR lifetime cancer risk
L/d litre per day
LOAEL lowest-observable-adverse-effects level
Log Kow logarithmic octanol-water partition coefficient
LSA local study area
m³/d cubic metre per day
MDL method detection limit
mg/L milligram per litre
MPOI maximum point of impingement
MPRL Maximum Permissible Risk Level
MRL Minimum Risk Level
MSES Management and Solutions in Environmental Science
NA Not available
n/a Not applicable
NO2 nitrogen dioxide



Prepared for:  Millennium EMS Solutions Ltd. Page 55
Project No:  89700 April 26, 2010

Abbreviation Definition
NOAEL no-observable-adverse-effects level
NOx nitrogen oxides
O3 ozone
OEHHA Office of Environmental Health Hazard Assessment
OMOE Ontario Ministry of the Environment
OSW Office of Solid Waste
PAH polycyclic aromatic hydrocarbon
PM particulate matter
PM10 particulate matter with a diameter of 10 micrometres or less
PM2.5 fine particulate matter with a diameter of 2.5 micrometres or less
ppm parts per million
pTDI provisional total daily intake
RAMP Regional Aquatic Monitoring Program
REL Reference Exposure Level
RfC reference concentration
RfD reference dose
RIVM Netherlands National Institute of Public Health and the Environment
RMWB Regional Municipality of Wood Buffalo
RQ risk quotient
RsC risk-specific concentration
RsD risk-specific dose
SF slope factor
SO2 sulphur dioxide
TEF toxic equivalency factor
TLV threshold limit value
TOR terms of reference
TUIL tolerable upper intake levels
µg/d microgram per day
µg/kg bw/d microgram per kilogram of bodyweight per day
µg/m³ microgram per cubic metre
UL tolerable upper intake level
UR unit risk
U.S. EPA United States Environmental Protection Agency
U.S. NRC United States National Research Council
VOC volatile organic compound
WBEA Wood Buffalo Environmental Association
WBNP Wood Buffalo National Park
WHO World Health Organization
WMM whole mixture model
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DISCLAIMER

Intrinsik Environmental Sciences Inc. (Intrinsik) provided this report for Millennium EMS
Solutions Inc. (Millennium) solely for the purpose stated in the report.  The information
contained in this report was prepared and interpreted exclusively for Millennium and may not be
used in any manner by any other party.  Intrinsik does not accept any responsibility for the use
of this report for any purpose other than as specifically intended by Millennium.  Intrinsik does
not have, and does not accept, any responsibility or duty of care whether based in negligence or
otherwise, in relation to the use of this report in whole or in part by any third party.  Any alternate
use, including that by a third party, or any reliance on or decision made based on this report, are
the sole responsibility of the alternative user or third party.  Intrinsik does not accept
responsibility for damages, if any, suffered by any third party as a result of decisions made or
actions based on this report.

Intrinsik makes no representation, warranty or condition with respect to this report or the
information contained herein other than that it has exercised reasonable skill, care and diligence
in accordance with accepted practice and usual standards of thoroughness and competence for
the profession of toxicology and environmental assessment to assess and evaluate information
acquired during the preparation of this report.  Any information or facts provided by others, and
referred to or utilized in the preparation of this report, is believed to be accurate without any
independent verification or confirmation by Intrinsik.  This report is based upon and limited by
circumstances and conditions stated herein, and upon information available at the time of the
preparation of the report.

Intrinsik has reserved all rights in this report, unless specifically agreed to otherwise in writing
with Millennium.
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SCREENING LEVEL WILDLIFE RISK ASSESSMENT (SLWRA)

1.0 INTRODUCTION

The primary objective of the Screening Level Wildlife Risk Assessment (SLWRA) is to describe
the nature and significance of potential adverse population-level effects to terrestrial wildlife that
might be associated with chemical emissions from the proposed Great Divide Steam Assisted
Gravity Drainage (SAGD) Expansion Project (the Project).  A population-level effect can be
best-described as a decline or change in abundance or distribution of a wildlife population over
time, such that natural recruitment is unable to re-establish the population to its original level
(Suter II et al. 2000).

The SLWRA examines both short-term (acute) and long-term (chronic) health risks to wildlife
that may be attributable to the Project, combined with existing or approved developments, as
well as with other proposed or planned regional developments.  The SLWRA evaluates potential
risks to wildlife associated with chemicals of potential concern (COPCs) emitted from the Project
into the air and potentially deposited on soil and/or surface water within the Air Quality study
area.  To assess potential risks to terrestrial wildlife, predicted chemical exposures will be
compared with Toxicity Reference Values (TRVs) and soil and surface water quality guidelines
protective of the health of terrestrial wildlife populations.

2.0 SCOPE OF ASSESSMENT

The scope of the assessment was principally dictated by the Terms of Reference (TOR) issued
by Alberta Environment (AENV 2009a).  Specifically, TOR Section 3.8.2 [B] requires Connacher
to describe and assess the potential impacts of the Project on wildlife populations and wildlife
habitat, specifically addressing the “potential effects on wildlife as a result of changes to air and
water quality including both acute and chronic effects on animal health.”

The possible need for further study and/or mitigation measures will be determined based on the
findings of the SLWRA.

2.1 Spatial Boundaries

The study area for the SLWRA is consistent with the Human Health Risk Assessment (HHRA)
study area (Intrinsik 2010), as well as those described for the Air Quality assessment (MEMS
2010) and Wildlife Assessment (Stantec, 2010).  The SLWRA focused on two study areas, the
Local Study Area (LSA) and the Regional Study Area (RSA) where the potential health risks
associated with chemical emissions from the Project are assessed.  The LSA consists of a 30
km × 30 km area surrounding the Project, while the RSA consists of a 220 × 330 km area
surrounding the Project.  Consistent with the HHRA and Wildlife assessment, the SLWRA
focused on risks to terrestrial wildlife within the LSA.  The local MPOI was evaluated on an
acute and chronic basis as wildlife species (e.g., small mammals) could stay in any one location
or small area for long durations.
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2.2 Temporal Durations Assessed

Although the estimated operating life of the project is 25 years, it was conservatively assumed
that project emissions would occur for 80 years, as in the HHRA (Intrinsik, 2010). This was
conservatively assumed in consideration of potential cumulative impacts.

The SLWRA assessed potential acute and chronic health risks to wildlife associated with the
COPCs emitted or released from the Project.  Acute exposures generally extend over a period
ranging from hours to days. In contrast, chronic exposures occur continuously over extended
periods ranging from months to years (i.e. throughout an animal’s lifetime).

In accordance with the TOR, potential health risks to wildlife were assessed for the three
assessment cases considered in the EIA:

 Baseline Case: includes existing environmental conditions, along with existing and
approved projects or activities.

 Application Case: includes the Baseline Case with the effects of the Project added.

 Planned Development Case (PDC): includes the Application Case plus other planned
projects or activities reasonably expected to occur that were publicly disclosed six months
prior to the submission of the Project application and EIA.

2.3 Issues and Assessment Criteria

To focus the SLWRA on the wildlife risks of primary concern, specific assessment and
measurement endpoints were identified.  An assessment endpoint is defined as “the
characteristic of the ecological system that is the focus of the risk assessment” and that needs
to be protected.  A measurement endpoint is defined as “the effect on an ecological component
that can be measured and described in some quantitative fashion” (Gaudet et al. 1994; CCME
1996).

For the purpose of the SLWRA, the assessment endpoint was identified as potential effects on
wildlife populations.  The associated measurement endpoints included the following:

 Ratios between maximum predicted chemical concentrations in air and corresponding
inhalation TRVs.

 Comparison between predicted chemical concentrations in soil and corresponding soil
quality guidelines (SQGs).

 Comparison between predicted chemical concentrations in surface water and corresponding
surface water quality guidelines (SWQGs).

The inhalation toxicity data and the soil and water quality guidelines identified for the SLWRA
are intended to be protective of wildlife populations.
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3.0 METHODS

The current assessment is a SLWRA conducted according to principals provided by
Environment Canada and the Canadian Council of Ministers of the Environment protocols
(Gaudet et al. 1994; CCME 1996).  The three tiers in an Ecological Risk Assessment (ERA)
include:

 Screening-Level Wildlife Risk Assessment (SLWRA)
 Preliminary Quantitative Risk Assessment (PQRA)
 Detailed Quantitative Risk Assessment (DQRA)

The scope for SLWRA in the initial tier employs conservative assumptions and readily available
data.  Using conservative assumptions regarding both chemical exposure and chemical toxicity
to wildlife receptors provides a relatively high degree of conservatism into the assessment.  As
such, further study is considered unnecessary when a screening-level assessment does not
identify an impact.

However, in situations where a screening-level assessment indicates the potential for an
unacceptable risk to wildlife populations, or where insufficient information exists to complete the
assessment, further data collection might be required to complete the study (i.e., a higher tier of
risk assessment).

The four steps of the SLWRA are shown in Figure 1 and include:

 Problem Formulation: identification of the COPCs associated with the Project emissions,
characterization of wildlife receptors potentially ‘at risk’, and determination of the relevant
exposure pathways.

 Exposure Assessment: quantification of the potential amount or dose of each COPC
received by wildlife receptors through all relevant exposure pathways.

 Toxicity or Hazard Assessment: determination of levels of exposure associated with
minimal impact to wildlife populations following exposure for a prescribed period (i.e., acute
or chronic exposure).

 Risk Characterization: comparison of estimated exposures (determined in the exposure
assessment) with maximum safe dose levels (established in the toxicity assessment) to
identify potential health risks for the different assessment cases, as well as discussion of
sources of uncertainty and how any uncertainty was addressed in the risk assessment.
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Phase II - Exposure Assessment
Prediction of Receptor Exposures to

Chemicals of Concern

Phase III - Hazard Assessment
Determination of Toxicity Reference

Values for Chemicals of Concern

Phase I - Problem Formulation
Identification of the chemicals, receptors,

exposure pathways and scenarios of concern

Phase IV - Risk Characterization
Comparison of Predicted Exposures to

Appropriate Toxicity Reference Value(s)

Figure 1 Ecological Risk Assessment Methodology

3.1 Problem Formulation

The purpose of the problem formulation was to further focus the SLWRA, as described below:

 Identification of COPCs
 Wildlife receptor characterization
 Environmental media identification
 Identification of exposure pathways

3.1.1 Identification of Chemicals of Potential Concern

The identification of COPCs began with the review of an inventory of chemicals that could be
released or emitted from the Project, and to which wildlife might be exposed.  COPCs assessed
in the SLWRA also took into consideration the availability of sufficient toxicological information
to assess potential health risks.  COPCs will only be assessed from Project air emissions as

SLWRA.
Project emissions were only identified for air.  Table 1 lists the COPCs to be assessed in the
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Table 1 Inventory of Chemicals Potentially Released or Emitted from the Project
Chemical Category COPC
Criteria Air Contaminants (CACs) Carbon monoxide (CO)

Nitrogen dioxide (NO2)
Sulphur dioxide (SO2)

Polycyclic Aromatic Hydrocarbons
(PAHs)

2-Methylnaphthalene
3-Methylcholanthrene
7,12-Dimethylbenz(a)anthracene
Acenaphthene
Acenaphthylene
Anthracene
Benz(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Dibenz(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Phenanthrene
Pyrene

Petroleum Hydrocarbon (PHC)
Fractions

Aliphatic C5-C8 group (also includes n-Hexane and n-Pentane)

Volatile Organic Compounds (VOCs) 1,3-Butadiene
Acetaldehyde
Acrolein
Benzene
Dichlorobenzene
Formaldehyde
n-Hexane1

n-Pentane
Naphthalene
Toluene
Xylenes

Total Reduced Sulphur (TRS)
Compounds

Hydrogen Sulphide (H2S)

1 n-Hexane was evaluated as an individual chemical as well as a constituent in the aliphatic C5-C8 group for
mammalian acute and chronic inhalation exposure, and only for acute avian inhalation exposure

n/a = not applicable
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Chemicals in the initial inventory were retained as COPCs in the SLWRA if TRVs or guidelines
were available.  Particulate matter (PM2.5) was not assessed in the SLWRA due to lack of
available exposure limit data for avian and mammalian wildlife.

For conservatism, in cases where a chemical constituent of a group (e.g., n-hexane) has an
available TRV that is lower (i.e., more conservative) than the TRV for the chemical group (e.g.,
aromatic C5-C8 group), then the chemical constituent will be evaluated as an individual
chemical, as well as a constituent within the chemical group.

Similarly, if the available toxicity data for a chemical group as a whole were limited or not
available (e.g., aliphatic C5-C8 group), a point of departure (e.g., a LOAEL) for a surrogate
chemical (e.g., n-Hexane) that is similar in terms of structure and properties was used to
represent the toxicity of the chemical group.  The surrogate chemical was selected following
careful consideration of available toxicity data to ensure that the most toxic chemical constituent
within the group was selected as the surrogate, in order to maintain a conservative approach in
the SLWRA.

All COPCs potentially emitted to air were included in the inhalation assessment whenever
inhalation TRVs could be identified.  In addition, those COPCs potentially emitted to air that
could persist in the environment following deposition, and for which soil quality guidelines or
water quality guidelines were available, were included in the soil or surface water assessment
respectively. For this purpose, two categories of COPCs were considered – gaseous and non-
gaseous COPCs:

 The gaseous COPC (CO, H2S, NO2, and SO2) are not likely to contribute to wildlife exposure
from exposure pathways other than inhalation.  The potential health effects associated with
these gaseous COPCs strictly relate to inhalation exposures.

 The non-gaseous COPC include the volatile organic chemicals (VOCs) and total petroleum
hydrocarbon (TPH) fractions that could be deposited in the study area and could persist or
accumulate in the environment such that wildlife could be exposed through soil contact, food
ingestion and water ingestion.

In order to identify chemicals in the air emissions inventory that could accumulate in soil and
surface water, these COPCs were screened based on their physical-chemical properties.  For
this purpose, physical-chemical properties, including molecular weight, vapour pressure, and
Henry’s Law constant, were compared to pre-established criteria to identify non-volatile
substances that may possibly deposit from the air onto the terrestrial environment.

The screening criteria used to define whether a chemical is non-volatile and has the potential to
persist in the terrestrial environment are defined from the US EPA and California EPA agencies
cited in US EPA (2003):

The US EPA defines a non-volatile chemical as one that meets both of the following criteria:

 Molecular weight > 200 g/mol,
 Henry’s Law Constant <1.0 x 10-5 atm-m3/mol.
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California EPA guidance defines a non-volatile chemical as one that has both the following
properties:

 Vapour pressure < 1.0 x 10-3 mm Hg,
 Henry’s Law Constant <1.0 x 10-5 atm-m3/mol.

For additional conservatism, if a chemical meets any one of the criteria, sufficient opportunity
could be presented for exposure via secondary pathways (i.e., oral pathway).  The premise of
this exercise is that if a chemical being emitted to the air does not meet any of the criteria, the
potential for the chemical to deposit near the Project and persist or accumulate in the
environment is negligible, and only limited opportunity exists for exposure via secondary
pathways.

COPCs that exhibit the potential to accumulate in the environment (e.g., soil and surface water)
were compared with soil quality and surface water quality guidelines.

those included in the multiple exposure pathway assessment (i.e., to be compared to soil quality
guidelines and surface water guidelines).

Table 2 summarizes the relevant physical and chemical properties of each COPC, and identifies
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Table 2 Identification of Chemicals of Potential Concern Included in the Multiple
Exposure Pathway Assessment

Chemicals of Potential
Concern1,2

Molecular
Weight
(g/mol)

Henry’s Law
Constant

(atm-m3/mol)

Vapour
Pressure
(mm Hg)

Reference

Criteria >200 <1.0E-05 <1.0E-03
1,3-Butadiene 54 7.4E-02 2.1E+03 Health Canada 2009
2-Methyl Naphthalene 142 5.1E-04 6.8E-02 Health Canada 2009
3-Methylcholanthrene 268 - 7.7E-10 Mackay et al 1992
7,12-
Dimethylbenz(a)anthracene

256 - 2.7E-08 Mackay et al 1992

Acenaphthene 154 1.6E-04 2.5E-03 US EPA OSW 2005
Acenaphthylene 150 8.3E-05 6.8E-03 Health Canada 2009
Acetaldehyde 44 7.9E-05 9.0E+02 US EPA OSW 2005
Acrolein 56 1.2E-04 2.7E+02 US EPA OSW 2005
Aliphatic C5-C8 group 100 1.2E+00 4.8E+01 CCME 2008
Anthracene 178 6.5E-05 2.7E-06 US EPA OSW 2005
Aromatic C9-C16 group 150 1.3E-03 3.6E-02 CCME 2008
Benz(a)anthracene 228 3.4E-06 1.1E-07 US EPA OSW 2005
Benzene 78 5.6E-03 9.5E+01 US EPA OSW 2005
Benzo(a)pyrene 252 1.1E-06 5.5E-09 US EPA OSW 2005
Benzo(b)fluoranthene 252 1.1E-04 5.0E-07 US EPA OSW 2005
Benzo(g,h,i)perylene 276 3.3E-07 1.0E-10 Health Canada 2009
Benzo(k)fluoranthene 252 8.3E-07 2.0E-09 US EPA OSW 2005
Chrysene 228 9.5E-05 6.2E-09 US EPA OSW 2005
Dibenz(a,h)anthracene 278 1.5E-08 1.0E-10 US EPA OSW 2005
Dichlorobenzene 147 3.1E-03 2.2E+00 US EPA OSW 2005
Fluoranthene 202 1.6E-05 7.8E-06 US EPA OSW 2005
Fluorene 166 6.4E-05 6.3E-04 US EPA OSW 2005
Formaldehyde 30 3.4E-07 5.2E+03 US EPA OSW 2005
Indeno(1,2,3-cd)pyrene 276 1.6E-06 1.0E-10 US EPA OSW 2005
Naphthalene 128 4.8E-04 8.5E-02 US EPA OSW 2005
n-Hexane 86 1.8E+00 1.5E+02 Health Canada 2009
n-Pentane 72 1.1E+00 5.1E+02 Mackay et al 1992
Phenanthrene 178 2.30E-05 1.10E-04 US EPA OSW 2005
Pyrene 202 1.10E-05 4.60E-06 US EPA OSW 2005
Toluene 92 6.6E-03 2.8E+01 US EPA OSW 2005
Xylenes 106 7.3E-03 8.5E+00 US EPA OSW 2005

1 Gaseous COPCs (CO, H2S, NO2, and SO2) were excluded from the physical-chemical screening process and
evaluated on an inhalation basis only.

2 PM2.5 was excluded from the screening as it is a mixture, for which the physical and chemical properties are not
known.
With scientific notation, values too large or small to be conveniently written in standard decimal notation are
expressed either to the negative power (i.e., E-x) or to the positive power (i.e., E+x). For example, Henry’s Law
Constant for 2-Methylnaphthalene is 4.0E-04, which equates to 0.00040.

Bold values represent parameters that satisfy the screening criteria, and the chemicals carried forth in the multiple
pathway exposure assessment.

- = not available
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The findings of the exercise indicate that 16 of the COPCs could contribute to wildlife exposure
via secondary pathways and thus were compared against soil and surface water guidelines.

assessments based on the results of the physical-chemical screening process to determine a
chemical’s persistence in soil and surface waters and therefore the potential for wildlife
secondary exposure.

Table 3 summarizes the list of COPCs that were assessed in the multiple exposure pathway
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Table 3 Chemicals of Potential Concern in the Multiple Pathway Assessment
COPC Multiple Pathway Assessment

1,3-Butadiene No
2-Methylnaphthalene No
3-Methylcholanthrene Yes
7,12-Dimethylbenz(a)anthracene Yes
Acenaphthene No
Acenaphthylene No
Acetaldehyde No
Acrolein No
Aliphatic C5-C8 group1 No
Anthracene Yes
Aromatic C9-C16 group2 No
Benz(a)anthracene Yes
Benzene No
Benzo(a)pyrene Yes
Benzo(b)fluoranthene Yes
Benzo(g,h,i)perylene Yes
Benzo(k)fluoranthene Yes
Chrysene Yes
Dibenz(a,h)anthracene Yes
Dichlorobenzene No
Fluoranthene Yes
Fluorene Yes
Formaldehyde Yes
Indeno(1,2,3-cd)pyrene Yes
Naphthalene No
n-Hexane No
n-Pentane No
Phenanthrene Yes
Pyrene Yes
Toluene No
Xylenes No

1 Aliphatic C5-C8 group constituents: Aliphatic C5-C8 group; n-hexane and n-pentane.  However, the aliphatic C5-C8
group does not screen-on in the multiple pathway, as such, it is not evaluated in the soil and surface water
assessments.

2 Aromatic C9-C16 group constituents: anthracene, fluoranthene, fluorene, phenanthrene, pyrene.  However, the
aromatic C9-C16 group does not screen-on in the multiple pathway, as such, it is not evaluated in the soil and
surface water assessments.  In addition, SQG are available for the individual constituents, and these COPC are
also assessed in the appropriate groups for SQGs and SWQGs (See Table 4).
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environment.  As such, in order to assess the COPCs for various pathways of exposure (i.e.,
acute and chronic inhalation, and chronic multiple pathways such as the soil and surface water
assessment), the availability of inhalation TRVs as well as SQGs and SWQGs would determine
whether it would be appropriate to assess the COPC in the SLWRA.  If inhalation TRVs, SQG,
or SWQG were unavailable for a particular COPC, the chemical was put into a chemical group
(e.g., F3 fraction).

assessments along with appropriate groups.

Sixteen of the COPCs identified in Table 3 have the potential to persist in the terrestrial

Table 4 provides the final list of COPCs to be assessed in the inhalation, soil and water
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Table 4 Chemicals of Potential Concern in the Screening-Level Wildlife Risk
Assessment

Chemical
Category

Chemical
Inventory

Chemical of Potential Concern
Inhalation Assessment Soil

Assessment
Water

Assessment
CACs Carbon monoxide Carbon monoxide NA NA

Nitrogen dioxide Nitrogen dioxide NA NA
Sulphur dioxide Sulphur dioxide NA NA

PAHs 2-Methylnaphthalene Aromatic C9-C16 group NA NA
3-Methylcholanthrene ─ F3 Fraction

HMW PAH group
F3 Fraction

7,12-
Dimethylbenz(a)anthracene

─ F3 Fraction
HMW PAH group

F3 Fraction

Acenaphthene Aromatic C9-C16 group NA NA
Acenaphthylene Aromatic C9-C16 group NA NA
Anthracene Aromatic C9-C16 group Anthracene

F2 Fraction
LMW PAH group

F2 Fraction

Benz(a)anthracene ─ Benz(a)anthracene
F3 Fraction
HMW PAH group

F3 Fraction

Benzo(a)pyrene ─ Benzo(a)pyrene
F3 Fraction
HMW PAH group

F3 Fraction

Benzo(b)fluoranthene ─ F3 Fraction
HMW PAH group

F3 Fraction

Benzo(g,h,i)perylene ─ F3 Fraction
HMW PAH group

F3 Fraction

Benzo(k)fluoranthene ─ Benzo(k)fluoranthene
F3 Fraction
HMW PAH group

F3 Fraction

Chrysene ─ Chrysene
F3 Fraction
HMW PAH group

F3 Fraction

Dibenz(a,h)anthracene ─ F3 Fraction
HMW PAH group

F3 Fraction

Fluoranthene Aromatic C9-C16 group Fluoranthene
F2 Fraction
LMW PAH group

F2 Fraction

Fluorene Aromatic C9-C16 group Fluorene
F2 Fraction
LMW PAH group

F2 Fraction

Indeno(1,2,3-cd)pyrene ─ F3 Fraction
HMW PAH group

F3 Fraction

Naphthalene Naphthalene
Aromatic C9-C16 group

NA NA

Phenanthrene Aromatic C9-C16 group Phenanthrene
F2 Fraction
LMW PAH group

F2 Fraction

Pyrene Aromatic C9-C16 group Pyrene
F2 Fraction
HMW PAH group

F2 Fraction

PHC Aromatic C9-C16 group Aromatic C9-C16 group NA NA
VOCs 1,3-Butadiene 1,3-Butadiene NA NA
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Acetaldehyde Acetaldehyde NA NA
Acrolein Acrolein NA NA
Benzene Benzene NA NA
Dichlorobenzene Dichlorobenzene NA NA
Formaldehyde Formaldehyde ─ ─
n-Hexane n-Hexane NA NA
n-Pentane n-Pentane NA NA
Toluene Toluene NA NA
Xylenes Xylenes NA NA

TRS Hydrogen sulphide Hydrogen sulphide NA NA

NA = Not assessed.  In the case for CACs and H2S, chemicals were strictly related to inhalation exposure and
therefore were not included in the soil or surface water assessment.  For other chemicals (e.g., VOCs and PHC
fractions) these chemicals did not screen-on in the multiple pathway screening process, and therefore were not
assessed in the soil or surface water assessments.

─ = No data available. A TRV or environmental quality guideline was not available.
F1 fraction includes sub fractions: aliphatic and aromatic C6-C10 (CCME 2008)
F2 fraction includes sub fractions: aliphatic and aromatic C11-C16 (CCME 2008)
F3 fraction includes sub fractions: aliphatic and aromatic C17-C34 (CCME 2008)
LMW PAH group = Low Molecular Weight PAH includes all 2 and 3 ring PAHs (interpretation of definition of LMW

based on data presented in US EPA 2007).
HMW PAH group = High Molecular Weight PAH includes all 4 or more ring PAHs (interpretation of definition of HMW

based on data presented in US EPA 2007).
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3.1.2 Wildlife Receptor Identification

Wildlife species that frequent the area, including resident and migratory populations, could
potentially be exposed to chemicals emitted from the Project. The Wildlife assessment
(Stantec, 2010) identified many small (e.g., fisher) and large (e.g., moose) mammalian species
as well as avian species (e.g. Northern goshawk) that use the LSA for habitat. For this SLWRA,
potential risks to wildlife species were not assessed for individual species, but instead, predicted
COPC concentrations were compared to toxicity data and generic soil and water quality
guidelines considered protective of all wildlife species.

3.1.3 Environmental Media Identification

In order to assess potential risks to wildlife through multiple exposure pathways, potential
changes in soil quality and surface water quality as a result of atmospheric deposition from air
emissions were estimated in the SLWRA.

3.1.3.1 Potential Wildlife Exposure Pathways Assessed

Maximum predicted air concentrations were used for assessing acute and chronic inhalation
exposures to wildlife receptors in the air quality study area.  Although inhalation is generally
considered to be a minor wildlife pathway (Environment Canada 1994; Suter II et al. 2000; US
EPA OSW 2005), it was included in the SLWRA for the following reasons:

 The emissions from the Project will be emitted into the atmosphere
 Most emitted COPCs will be volatile, so the inhalation pathway would likely predominate

over oral or dermal pathways for those chemicals.

For the inhalation assessment, maximum predicted COPC concentrations in air were compared
with the corresponding available inhalation, mammalian, and avian TRVs.  It was assumed that
if predicted COPC concentrations in air met the available TRVs, air emissions associated with
the Project would not pose a threat to local wildlife populations.

It was assumed that oral exposure would be the principal exposure pathway for the non-volatile
COPCs that have the potential to accumulate in the terrestrial environment. After chemicals are
deposited onto soils, they become incorporated into the upper profile of the soils and taken up
by vegetation, remain deposited on vegetation, or sequestered into soils and soil dwelling
organisms (i.e. potentially accumulate in wildlife foods). Oral exposures also included surface
water consumption by wildlife for those chemicals that may potentially be deposited onto
surface waters.

For the SLWRA, predicted soil concentrations were compared to AENV (2009b) Soil Quality
Guidelines (SQGs) and to US EPA (2007) Ecological Soil Screening Levels (Eco-SSLs for
PAHs) protective of ecological receptors.  It was assumed that, if predicted COPC
concentrations in soil met the AENV SQGs and Eco-SSLs, corresponding wildlife food chain
concentrations would not pose a risk to local wildlife populations.
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Predicted surface water concentrations were compared to AENV (2009b) Surface Water Quality
Guidelines (SWQGs) protective of terrestrial and avian wildlife that ingest surface waters. It was
assumed that, if predicted COPC concentrations in surface water met the AENV SWQGs, risk to
local wildlife populations would be minimal.

Wildlife receptors could potentially be exposed to COPCs through direct contact with
environmental media. However, dermal exposure was not considered, as it is likely insignificant
relative to exposure received through food, soil and water ingestion (Suter II et al. 2000; US
EPA OSW 2005).

3.2 Exposure Assessment

Determination of potential exposures via inhalation and ingestion of COPCs relied on predictive
exposure modelling as the concentrations of COPCs in sampled data (soil and Labrador tea)
were all non-detect at <0.01 mg/kg for soil, and  <0.2 to <0.3 mg/kg for Labrador tea samples.
Therefore, all exposures through the oral pathway were predicted. Measured data for COPCs
in surface water were not available, and concentrations were predicted based on predicted air
concentrations and deposition. Air concentrations were obtained for the largest lake near the
Project site un-named Lake 3).

3.2.1 Maximum Predicted Air, Soil, and Surface Water Concentrations

Inhalation exposure estimates were based on the results of air dispersion modelling described
in the Air Quality assessment (MEMS 2010a).  Maximum predicted 1-hour and annual average
COPC concentrations were used for the assessment of acute and chronic health risks,
respectively. Predicted chemical group air concentrations were estimated by summing the
maximum predicted air concentrations for each of the constituent COPC included in the
chemical group.

The COPC concentrations in soil and surface water were predicted for the three assessment
cases (Baseline Case, Application Case, and Planned Development Case). The soil and
surface water concentrations were predicted using models that estimate the movement of the
COPC from the air onto soil and surface water.  Model details for estimating soil and surface
water concentrations and estimated COPC air, soil, and surface water concentrations were
provided in the HHRA report (Intrinsik 2010).

3.3 Toxicity Assessment

The toxicity assessment of the SLWRA resulted in identification of safe levels of COPC
exposure for wildlife species. In the case of the inhalation assessment, both acute and chronic
exposure durations were assessed and the safe level of exposure is referred to as a ‘toxicity
reference value’ (TRV) for each COPC.

In the soil assessment, AENV SQGs and US EPA Eco-SSLs were considered protective of local
wildlife populations exposed to the COPCs through the food chain. Similarly, AENV SWQGs
were assumed to protect terrestrial and avian wildlife from health risks associated with the
ingestion of surface waters.
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3.3.1 Inhalation Toxicity Reference Values

For the inhalation assessment, the maximum predicted ground-level air concentrations for the
three assessment cases were compared to the TRVs for each of the COPC.  If maximum
predicted ground-level air concentrations were equal to or lower than the TRVs, it was assumed
that all wildlife receptors would be protected from adverse health effects associated with
inhalation of the COPC.

Much of the information regarding the wildlife toxicity of the COPC was obtained from the
medical and scientific literature related to the exposure of laboratory test animals such as mice,
rats, and guinea pigs for mammalian species, and poultry for avian species. Virtually no studies
have been identified in which actual wildlife species were exposed to the COPC under
controlled conditions.  The lack of wildlife toxicity data presents three challenges:

 Health effects data gathered from the laboratory animals must be extrapolated to the wildlife
species being assessed. This requires the use of ‘uncertainty’ factors to account for possible
differences in physiology and uncertainty in sensitivity to the chemicals.  The use of such
uncertainty factors is a common practice in risk assessment.

 The study designs involved exposures of the laboratory test animals to a range of levels,
often showing no effect at low exposure but adverse effects at higher exposures.  The
differences between the concentrations tested in the laboratory and those to which wildlife
might be exposed must be considered to fully assess the significance of the information. In
many cases, the concentrations tested in the laboratory animals were considerably higher
than those that wildlife might be exposed to in the environment.

 The bioaccessibility or bioavailability (i.e., chemical form) in which the compound is
introduced to the test organism is designed to maximize uptake into the blood stream.
Bioaccessibility is maximized in the lab to maximize toxic effects. The uptake of the highly
bioaccessible form often results in very elevated exposures compared to uptake in the
environment, where chemicals are often much less bioaccessible for a variety of physical
and chemical reasons.

Both acute and chronic inhalation TRVs were identified for the COPC when sufficient toxicity
data were available.

3.3.2 Acute Toxicity Reference Values

Very little acute toxicity information for wildlife species is available other than LC50 values for
most of the COPCs assessed herein.  The LC50 is defined as the COPC concentration that is
associated with lethality in 50% of the test animals.  The acute inhalation TRVs were derived
based on the lowest LC50 value reported in the literature.  The LCLO refers to the ‘lowest
published lethal concentration’ (NTP 2009).  Use of the lowest values reduces the likelihood that
potential risks are underestimated.

Since the lowest value reported for all species was used to derive the acute TRVs, no
uncertainty factors were applied to account for possible differences in sensitivity between
species.  All mammalian wildlife receptors were evaluated under one acute TRV identified
based on the lowest LC50 value for all mammalian laboratory animals. Similarly, all avian wildlife
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receptors were evaluated under one acute TRV identified based on the lowest LC50 value
reported for all bird species.

The literature review for acute TRVs consisted of an online search of the following:

 International Programme on Chemical Safety (IPCS)
 National Toxicity Program Chemical Repository (NTP)
 National Library of Medicine’s Hazardous Substances Data Bank (HSDB)
 National Library of Medicine’s ChemIDplus
 Agency for Toxic Substances and Disease Registry (ATSDR)

Table 5 identifies acute TRVs assumed for each of the COPCs in the SLWRA.
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Table 5 Acute Inhalation Toxicity Reference Values Protective of Wildlife Receptors
Chemical
Category

Chemical of
Potential
Concern1

Receptor Averaging
Period

Toxicity Reference
Value [mg/m³]

Endpoint Rationale Reference

CACs Carbon
monoxide

Avian 1-hour 1,500 Lethality An LC50 of 1,334 ppm (1,500 mg/m³) was
identified in wild birds.

NTP 2009

Mammal 1-hour 2,078 Lethality An LC50 of 2,078 mg/m³ was identified in
rats exposed via inhalation to carbon
monoxide for 4 hours.

Ramamoorthy et al.
1995

Nitrogen dioxide Avian 1-hour ─ ─ ─ ─
Mammal 1-hour 56 Lethality An LC50 of 56 mg/m³ was identified in

guinea pigs exposed via inhalation to
nitrogen dioxide for 1 hour.

HSDB 2009

Sulphur dioxide Avian 1-hour 2,600 Lethality An LC20 of 1,000 ppm (2,600 mg/m³) was
identified in White Leghorn poultry
continuously exposed to sulphur dioxide
vapours of 0 to 5,000 ppm for 1 hour.

Fedde and
Kuhlmann 1979

Mammal 1-hour 2,600 Lethality An LC50 of 2,600 mg/m³ was identified in
mice exposed via inhalation to sulphur
dioxide for 4 hours.

HSDB 2009

PHC Aliphatic C5-C8
group

Avian ─ ─ ─ ─ ─
Mammal 24-hour 2,500 Maternal

toxicity
A NOAEL of 10,000 mg/m³ was identified
in rats and mice exposed via inhalation to
commercial hexane for 6 hours/day on
days 6-15 of gestation. Due to endpoint,
value was adjusted for continuous
exposure.

TPHCWG 1997

Aromatic C9-C16
group

Avian ─ ─ ─ ─ ─
Mammal 1-hour 500 Growth,

reproduction
A NOAEL of 500 mg/m³ was identified in
mice exposed via inhalation to high flash
aromatic naphtha for 6 hours/day on
gestational days 6-15.

TPHCWG 1997;
MA DEP 2003

VOCs 1,3-Butadiene Avian ─ ─ ─ ─ ─
Mammal 1-hour 268,000 Lethality An LC50 of 268,000mg/m³ was provided for

mice exposed via inhalation to 1,3-
butadiene for 2 hours.

ATSDR 2009

Acetaldehyde Avian ─ ─ ─ ─ ─
Mammal 1-hour 2,700 Lethality An LC50 of 1,500ppm (2702.5mg/m³) was HSDB 2009
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Chemical
Category

Chemical of
Potential
Concern1

Receptor Averaging
Period

Toxicity Reference
Value [mg/m³]

Endpoint Rationale Reference

provided for mice exposed via inhalation to
acetaldehyde for 4 hours.

Acrolein Avian ─ ─ ─ ─ ─
Mammal 1-hour 17 Lethality An LC50 of 17 mg/m³ was identified in rats

exposed via inhalation to acrolein for 4
hours.

HSDB 2009

Benzene Avian ─ ─ ─ ─ ─
Mammal 1-hour 15,000 Lethality An LC50 of 15,000 mg/m³ was identified in

mice exposed via inhalation to benzene for
8 hours.

IPCS 1993

Dichlorobenzene Avian ─ ─ ─ ─ ─
Mammal 1-hour 12,000 Lethality An LC50 of 12,000 mg/m³ was identified in

mammals (species unidentified) exposed
via inhalation to 1,4-dichlorobenzene
(exposure duration unknown).

ChemIDplus 2009

Formaldehyde Avian ─ ─ ─ ─ ─
Mammal 1-hour 414 Lethality An LC50 of 414 mg/m³ was identified in

mice exposed via inhalation to
formaldehyde for 4 hours.

CICAD 2002

Naphthalene Avian ─ ─ ─ ─ ─
Mammal 1-hour 340 Lethality An LC50 of 340 mg/m³ was identified in rats

exposed via inhalation to naphthalene for 1
hour. The LC50 for naphthalene is more
conservative than the TRV used for the
aromatic C9-C16 group, thus the
naphthalene group was assessed both
individually and as part of the aromatic C9-
C16 group.

NTP 2008

n-Hexane Avian 24-hour 3,500 Growth A LOAEL of 3,500 mg/m³ was identified in
Leghorn hens exposed continuously to n-
hexane vapours for 30 days.

Abou-Donia et al.
1991

Mammal 1-hour 169,000 Lethality An LC50 of 48,000 ppm (169,000 mg/m³)
was identified in mice and rats exposed via
inhalation to hexane for 4 hours.

HSDB 2009,
Website

n-Pentane Avian ─ ─ ─ ─ ─
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Chemical
Category

Chemical of
Potential
Concern1

Receptor Averaging
Period

Toxicity Reference
Value [mg/m³]

Endpoint Rationale Reference

Mammal 1-hour 364,000 Lethality An LC50 of 364,000 mg/m3 was identified in
rats exposed via inhalation to n-pentane
for 4 hours.

HSDB 2010,
ChemIDplus 2010

Toluene Avian ─ ─ ─ ─ ─
Mammal 1-hour 100,000 Lethality An LC50 of 100,000 mg/m³ was identified in

rats exposed via inhalation to toluene for 1
hour.

HSDB 2009

Xylenes Avian ─ ─ ─ ─ ─
Mammal 1-hour 17,000 Lethality An LC50 of 17,000 mg/m³ was identified in

mice exposed via inhalation to xylenes for
6 hours.

HSDB 2009

TRS Hydrogen
sulphide

Avian ─ ─ ─ ─ ─
Mammal 1-hour 820 Lethality An LC50 of 820 mg/m³ was identified in

mice exposed via inhalation to hydrogen
sulphide for 2 hours.

ATSDR 2006

─ = No appropriate or relevant data was available.
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3.3.3 Chronic Toxicity Reference Values

Few regulatory guidelines, directives or protocols are available on the derivation of chronic
wildlife TRVs.  In 1998, the British Columbia Ministry of Water, Land and Air Protection (BC
MWLAP 1998) recommended an approach for the extrapolation of toxicity data between
mammalian species based on an EC20 or concentration that affects 20% of the exposed
(i.e., test) organisms.  The BC MWLAP (1998) gave preference to reproductive endpoints, but
lethality, growth and developmental effects were considered to be acceptable if these were the
only endpoints available.  According to the BC MWLAP (1998), an uncertainty factor of 10
should be applied to the EC20 to account for interspecies differences.  If an EC20 is not available,
then the BC MWLAP (1998) recommends that a concentration curve be generated from the
available toxicity data.  Otherwise, the use of a LOAEL is recommended without any application
of uncertainty factors.

A summary of the BC MWLAP (1998) recommendations for ecological risk assessments
follows:

 Use an EC20 as a TRV.
 If an EC20 is not available or cannot be calculated, use the LOAEL from the most applicable

study.
 If the data are from similar species do not use uncertainty factors.
 If the animals are not closely related or if it is unknown whether or not they are likely to have

similar physiological responses, apply an uncertainty factor of 10.

The US EPA OSW (1999) provides guidance for deriving chronic TRVs using NOAELs based
on population-level effects for chronic exposure, such as development, reproduction and
survivorship, whereas the CCME (2006) recommends using a LOAEL and applying an
uncertainty factor of 1 to 5, based on expert judgment, for extrapolation between wildlife
species.

For most of the COPCs, EC20 values were not identified.  For the chronic inhalation TRVs,
reliance was placed on NOAELs as opposed to LOAELs to reduce the likelihood of the
underestimation of potential risks to sensitive wildlife species. The lowest reported NOAEL
value for all species associated with population-level effects was selected.  Due to the similarity
in respiratory physiology between different species, no adjustments were made to the NOAEL
for the individual wildlife receptors.  The lowest NOAEL identified for mammalian laboratory
animals was used to evaluate potential risks to all the mammalian wildlife receptors and the
lowest NOAEL for birds was used to evaluate potential risks to all the avian wildlife receptors.

The literature review for NOAEL values consisted of an online search of the following:

 Agency for Toxic Substances and Disease Registry (ATSDR)
 American Conference of Governmental Industrial Hygienists (ACGIH)
 California’s Office of Environmental Health Hazard Assessment (OEHHA)
 Health Canada and Environment Canada
 International Programme on Chemical Safety (IPCS)
 National Toxicology Program Chemical Repository (NTP)
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 Netherlands’ National Institute of Public Health and the Environment (RIVM)
 Ontario Ministry of the Environment (OMOE)
 National Library of Medicine’s Hazardous Substances Data Bank (HSDB)
 National Library of Medicine’s Toxicology Literature Online (TOXLINE)
 World Health Organization (WHO)
 United States Environmental Protection Agency (US EPA)

For many of the COPCs, a TRV was derived from the available toxicological data.  If a NOAEL
was not available, the lowest LOAEL was recommended as the TRV with an uncertainty factor
applied to account for the extrapolation of a LOAEL to a NOAEL. The TRVs were based on
ecologically relevant endpoints (i.e., growth, reproduction, and survivorship).  If sufficient toxicity
information was not available for a given receptor and chemical combination then risks were not
evaluated in the SLWRA.

A summary of the TRVs used to evaluate potential wildlife health risks associated with chronic
inhalation exposure are provided in Table 6.
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Table 6 Chronic Inhalation Toxicity Reference Values Protective of Wildlife Receptors
Chemical
Category

Chemical of
Potential
Concern1

Receptor Toxicity
Reference

Value
[mg/m³]

Endpoint Rationale Reference

CACs Carbon
Monoxide

Avian ─ ─ ─ ─
Mammal ─ ─ ─ ─

Nitrogen dioxide Avian ─ ─ ─ ─
Mammal 0.025 Developmental effects A NOAEL of 0.10 mg/m³ was identified in rats exposed

to 0, 0.05, 0.10, 1.0 or 10 mg/m³ nitrogen dioxide for 6
hours/day, 7 days/week, through gestation until the
offspring were 2 months old. The NOAEL was adjusted
to continuous exposure.

Tabacova et al.
1985

Sulphur dioxide Avian ─ ─ ─ ─
Mammal 2.6 Respiratory effects A NOAEL of 2.6 mg/m³ was identified in guinea pigs

exposed continuously to an average sulphur dioxide
concentration of 0.34, 2.6, or 15 mg/m³ for 52 weeks.

HSDB 2009

PHC

Aliphatic C5-C8
group

Avian ─ ─ ─ ─

Mammal 1,840 Reproductive effects

A NOAEL of 3000 ppm (10,307 mg/m3) was identified in
rats exposed to 0, 900, 3000, or 9000 ppm commercial
hexane for 6 hours/day, 5 days/week for 2 generations.
The NOAEL was adjusted to continuous exposure.

TPHCWG 1997

Aromatic C9-C16
group

Avian ─ ─ ─ ─

Mammal 123 Developmental/
reproductive effects

A NOAEL of 100 ppm (491 mg/m3) was identified in mice
exposed to 0, 100, 500 or 1,500 ppm high flash aromatic
naphtha (HFAN) for 6 hours/day on gestation days 6-15.
NOAEL is based upon the incidence of maternal and
fetal effects. The NOAEL was adjusted to continuous
exposure.

MA DEP 2003

VOCs 1,3-Butadiene Avian ─ ─ ─
Mammal 0.25 Reproductive A LOAEL of 6.25 ppm (14 mg/m³) was identified in

female mice exposed to 0, 6.25, 20, 62.5, 200 or 625
ppm of 1,3-butadiene for a duration of 6 hours/day, 5
days/week for 103-weeks. This value was adjusted for
continuous exposure, and an uncertainty factor of 10
was applied to account for the use of a LOAEL.

ATSDR 2009

Acetaldehyde Avian ─ ─ ─ ─
Mammal 13 Growth effects A NOAEL of 400 ppm (720 mg/m³) was identified in rats CEPA 2000
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Chemical
Category

Chemical of
Potential
Concern1

Receptor Toxicity
Reference

Value
[mg/m³]

Endpoint Rationale Reference

exposed to 400, 1000, 2200, or 5000 ppm acetaldehyde
for 6 hours/day, 5 days/week for 4 weeks. The NOAEL
was adjusted to continuous exposure. An uncertainty
factor of 10 was applied for use of a subchronic study.

Acrolein Avian ─ ─ ─ ─
Mammal 0.16 Growth effects A NOAEL of 0.4 ppm (0.9 mg/m³) was identified in rats

exposed to 0, 0.4, 1.4, or 4.9 ppm acrolein for 6
hours/day, 5 days/week for 13 weeks. The NOAEL was
adjusted to continuous exposure.

US EPA 2009

Benzene Avian ─ ─ ─ ─
Mammal 15 Developmental effects A LOAEL of 47 ppm (150 mg/m³) was identified in rats

exposed to 0, 47, 141, 470, or 939 ppm benzene for 24
hours/day on gestation days 7-14. An uncertainty factor
of 10 was applied for use of a LOAEL.

CEPA 1993

Dichlorobenzene Avian ─ ─ ─ ─
Mammal 7.5 Growth effects A NOAEL of 50 ppm (300 mg/m³) was identified in rats

exposed to 0, 50, 150, or 450 ppm 1,4-dichlorobenzene
for 6 hours/day, 7 days/week, for 10 or 11 weeks. The
NOAEL was adjusted to continuous exposure. An
uncertainty factor of 10 was applied for use of a
subchronic study.

US EPA 2009

Formaldehyde Avian ─ ─ ─ ─
Mammal 0.45 Survivorship and growth

effects
A NOAEL of 2 ppm (2.5 mg/m³) was identified in rats
exposed to 0, 2, 5.6, or 14.3 ppm formaldehyde for 6
hours/day, 5 days/week for 24 months. The NOAEL was
adjusted to continuous exposure.

US EPA 2009

Naphthalene Avian ─ ─ ─ ─
Mammal 9.4 Growth effects A NOAEL of 10 ppm (52.4 mg/m³) was identified in rats

exposed to 0, 10, 30, or 60 ppm naphthalene vapours for
6 hours/day, 5 days/week for 2 years. The NOAEL was
adjusted to continuous exposure.

ATSDR 2005

n-Hexane Avian ─ ─ ─ ─
Mammal 580 Developmental effects A NOAEL of 200 ppm (700 mg/m³) was identified in rats

exposed to 0, 200, 1000 or 5000 ppm hexane vapours
for 20 hours/day on days 6-19 of gestation. The NOAEL

ATSDR 1999; US
EPA 2009
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Chemical
Category

Chemical of
Potential
Concern1

Receptor Toxicity
Reference

Value
[mg/m³]

Endpoint Rationale Reference

was adjusted to continuous exposure.
n-Pentane Avian ─ ─ ─ ─

Mammal 73,750 Developmental/reproductive
effects

A NOAEL of 10,000 ppm (295,000 mg/m3) was identified
in rats exposed to 0, 1000, 3000, or 10,000 ppm of
n-pentane via inhalation for 6 hours/day on days 6-15 of
gestation.  The NOAEL was adjusted to continuous
exposure.

HSDB 2010

Toluene Avian ─ ─ ─ ─
Mammal 7.3 Reproductive effects A LOAEL of 100 ppm (375 mg/m³) was identified in mice

exposed to toluene vapours for 6.5 hours/day, 5
days/week for 14 weeks. The LOAEL was adjusted to
continuous exposure.  An uncertainty factor of 10 was
applied for use of a LOAEL.

CEPA 1992;
ATSDR 2000

Xylenes Avian ─ ─ ─ ─
Mammal 15 Developmental effects A LOAEL of 150 mg/m³ was identified in rats exposed

continuously to xylenes on gestation days 7-14. An
uncertainty factor of 10 was applied for use of a LOAEL.

ATSDR 2007

TRS Hydrogen
sulphide

Avian ─ ─ ─ ─
Mammal 0.76 Growth effects A NOAEL of 30.5 ppm (42.5 mg/m³) was identified in rats

and mice exposed to 0, 10.1, 30.5, or 80 ppm hydrogen
sulphide for 6 hours/day, 5 days/week for 90 days. The
NOAEL was adjusted to continuous exposure and for the
use of subchronic data.

US EPA 2009;
ATSDR 2006

─ = No appropriate or relevant data was available.
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3.3.4 Soil Quality Guidelines and Eco-SSLs for Wildlife

The AENV SQGs selected for the SLWRA were developed to be protective of wildlife soil and
food ingestion for the most stringent land use (i.e., agricultural or natural land use)
(AENV 2009b). The soil guidelines developed by AENV (2009b) were calculated using models
consistent with those developed for CCME (2006) guidelines.

The US EPA Eco-SSLs refer to the concentration of a contaminant in soil that is considered
protective of ecological receptors that come in contact with and/or consume biota that live in or
on the soil (US EPA 2005).  The US EPA uses a two-step approach to derive the Eco-SSLs.  In
the first step, TRVs were developed for a mammalian and avian receptor.  In deriving the TRVs
for the Eco-SSLs, the US EPA used a ‘weight-of-evidence’ approach and conducted
comprehensive literature reviews of available toxicity data for avian or mammalian species.

The Eco-SSL approach calculated the geometric mean NOAEL of the growth and reproduction
effect data to derive a TRV (US EPA 2005).  The US EPA (2005) examined the geometric mean
NOAEL in relationship with the lowest bounded LOAEL for reproduction, growth, and survival. If
the geometric mean was higher than the lowest bounded LOAEL, then the highest bounded
NOAEL below the lowest bounded LOAEL was selected as the TRV (US EPA 2005).  In
developing the mammal and avian TRVs, the US EPA OSW (1999) gave preference to the
lowest chronic or subchronic NOAEL, followed by chronic or subchronic LOAEL.  If neither was
available, then acute median lethality point estimates or single dose toxicity values were used.

In the second step of the Eco-SSL approach, the US EPA back-calculated the Eco-SSLs (soil
concentrations) for three surrogate mammalian or avian species based on the TRV derived in
the first step and a wildlife exposure model. For the SLWRA, the lowest Eco-SSL provided of
the three surrogate species was selected.

assessment.

Table 7 Soil Quality Guidelines Protective of Wildlife
Chemical Category Chemical of Potential Concern Soil Quality Guidelines for Wildlife (mg/kg)

SQG1 Eco-SSL2

Avian Mammalian
PAHs 3-Methylcholanthrene ─ ─ ─

7,12-Dimethylbenz(a)anthracene ─ ─ ─
Anthracene 61.5 ─ ─
Benz(a)anthracene 6.2 ─ ─
Benzo(a)pyrene 0.6 ─ ─
Benzo(k)fluoranthene 6.2 ─ ─
Chrysene 6.2 ─ ─
Fluoranthene 15.4 ─ ─
Fluorene 15.4 ─ ─
Indeno(1,2,3-cd)pyrene ─ ─ ─
Phenanthrene 43 ─ ─
Pyrene 7.7 ─ ─

Table 7 summarizes the SQGs used for the selected chemicals assessed in the soil
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Chemical Category Chemical of Potential Concern Soil Quality Guidelines for Wildlife (mg/kg)
SQG1 Eco-SSL2

Avian Mammalian
HMW PAH group ─ ─ 1.1
LMW PAH group ─ ─ 100

PHC F1 Fraction 11,000 ─ ─
F2 Fraction 9,800 ─ ─
F3 Fraction 16,000 ─ ─

VOCs Formaldehyde ─ ─ ─

─ No SQG or Eco-SSL available
1 Source: AENV 2009b.
2 Source: US EPA 2007.

3.3.5 Surface Water Quality Guidelines for Wildlife

The AENV SWQGs selected for the SLWRA were developed to be protective of wildlife
ingestion of surface water (AENV 2009b). The surface water guidelines developed by AENV
(2009b) were calculated from published daily threshold exposure doses (DTEDs) and ecological
exposure parameters provided by AENV.

assessment.

Table 8 Surface Water Quality Guidelines Protective of Wildlife
Chemical Category Chemical of Potential Concern Surface Water Quality

Guideline for Wildlife1

(mg/L)

PAHs 3-Methylcholanthrene ─
7,12-Dimethylbenz(a)anthracene ─
Anthracene ─
Benz(a)anthracene ─
Benzo(a)pyrene ─
Benzo(k)fluoranthene ─
Chrysene ─
Fluoranthene ─
Fluorene ─
Indeno(1,2,3-cd)pyrene ─
Phenanthrene ─
Pyrene ─
HMW PAH group ─
LMW PAH group ─

PHC F1 Fraction 46.4
F2 Fraction 42.6
F3 Fraction 69.0

VOCs Formaldehyde ─

1 Source: AENV 2009b.

Table 8 summarizes the SWQGs used for the selected chemicals assessed in the water
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3.4 Risk Characterization

3.4.1 Inhalation Exposure Assessment

The risk characterization step of the SLWRA for inhalation exposure involved comparing
maximum predicted COPC air concentrations for each of the assessment cases to identified
wildlife inhalation TRVs.

Hazard quotients (HQs) were calculated by dividing the predicted contaminant concentration in
air by the available TRV, as indicated in the following equation:

Inhalation Pathway HQ = Maximum Predicted Air Concentration (µg/m³)

TRV (µg/m³)

Interpretation of the predicted HQ values was as follows:

 HQ ≤ 1:  estimated maximum exposure is less than the associated TRV, indicating that risks
to wildlife are negligible for the COPC.

 HQ >1: estimated maximum exposure is greater than the associated TRV, indicating that
potential wildlife health effects may exist.

HQs based on acute and chronic inhalation for the three assessment cases are presented in

3.4.2 Soil Assessment

A comparison of maximum predicted COPC soil concentrations to SQGs (AENV SQGs or EPA

Where maximum predicted soil concentrations did not exceed SQGs, it was assumed that
potential risks to wildlife would be negligible. Where maximum predicted COPC concentrations
exceed SQGs, it was assumed that potential wildlife health effects may exist and the potential
health risks were discussed further.

3.4.3 Water Assessment

A comparison of maximum predicted surface water COPC concentrations to SWQGs is

It was assumed that potential risks to wildlife would be negligible where maximum predicted
surface water COPC concentrations did not exceed SQGs. Where maximum predicted COPC
concentrations exceed surface water quality guidelines, it was assumed that potential wildlife
health effects may exist and the potential health risks were discussed further.

Table 9 and Table 10, respectively.

Eco-SSLs) is summarized in Table 11.

presented in Table 12.
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4.0 RESULTS OF THE SCREENING LEVEL WILDLIFE RISK ASSESSMENT

Separate assessments were completed for the acute and chronic exposure estimates.  In the
chronic assessment, distinction was made between inhalation and soil/water ingestion
exposures, as previously described.

In recognition of the influence of duration and pathway of exposure, results were segregated
into:

 acute inhalation pathway
 chronic inhalation pathway
 chronic soil pathway
 chronic surface water pathway

The acute and chronic results are presented in scientific notation as many of the calculated HQ
values were well below 1, indicating negligible risks to wildlife from COPC exposures. For
instance, the acute risk estimate for the mammalian receptor associated with exposure to the
Baseline carbon monoxide air concentration is 1.2E-03, which is equivalent to an HQ of 0.0012

exposures were all less than their respective TRVs or guidelines.  An explanation of the acute
and chronic inhalation, as well as the soil and surface water assessments are provided in the
following sections.

4.1 Acute Inhalation Assessment

Acute inhalation risk estimates, expressed as HQs, are based on an assumed exposure period
that lasts from hours to days.  The maximum predicted acute inhalation HQ values for all the
receptor locations are provided in Table 9 for the mammalian and avian wildlife receptors.

(see Table 9).  The results for inhalation, soil, and surface water assessments predicted
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Table 9 Maximum Acute Inhalation Hazard Quotients for Wildlife
Chemical Category Chemical of Potential

Concern
Hazard Quotients1

Baseline Case Application Case PDC
Mammalian2

CACs Carbon monoxide 1.2E-03 1.2E-03 1.7E-03
Nitrogen dioxide 1.6E-03 1.6E-03 1.9E-03
Sulphur dioxide 5.0E-05 3.9E-05 3.9E-05

PHC Aliphatic C5-C8 group 3.9E-05 6.0E-05 6.0E-05
Aromatic C9-C16 group 2.4E-06 2.4E-06 2.9E-06

VOCs 1,3-Butadiene 8.9E-10 8.9E-10 1.1E-09
Acetaldehyde 1.8E-06 1.8E-06 1.8E-06
Acrolein 2.3E-05 2.3E-05 2.7E-05
Benzene 4.2E-07 4.2E-07 5.1E-07
Dichlorobenzene 2.8E-09 5.5E-09 5.5E-09
Formaldehyde 1.3E-05 1.3E-05 1.6E-05
Naphthalene 2.1E-06 2.1E-06 2.6E-06
n-Hexane 3.0E-07 5.9E-07 5.9E-07
n-Pentane 2.0E-07 3.9E-07 3.9E-07
Toluene 8.0E-08 8.0E-08 1.1E-07
Xylenes 7.3E-07 7.3E-07 9.8E-07

TRS Hydrogen sulphide 6.5E-07 6.5E-07 7.2E-07

Avian3

CACs Carbon monoxide 1.6E-03 1.6E-03 2.4E-03

Sulphur dioxide 5.0E-05 3.9E-05 3.9E-05
VOCs n-Hexane 6.0E-06 9.5E-06 9.5E-06
1 An HQ equal to or less than 1 signifies that the estimated exposure is equal to or less than the TRV and no

health effects are expected.  With scientific notation, any value expressed to the negative power (i.e., E-x) shows
that predicted exposures were less than the TRV; whereas, a value expressed to the positive power (i.e., E+x)
shows exposure estimates exceeded the TRV.

2 Based on maximum predicted 1-hour or 24-hour ground-level air concentrations and acute mammalian TRVs

3

Acute avian TRVs were only available for the carbon monoxide, sulphur dioxide, n-hexane.

(Table 5).
Based on maximum predicted 1-hour or 24-hour ground-level air concentrations and acute avian TRVs (Table 5).
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All predicted acute HQ values for all cases were well below 1 (i.e., predicted exposures were
much less than the assumed TRVs) for both mammalian and avian receptors. The highest acute
HQ value was 0.0019 (or 1.9E-03) for NO2 in the PDC, which represents a “margin of safety” of
approximately 526-fold between the maximum predicted air concentration and the assumed
acute avian TRV.  The estimated HQ values for the majority of COPCs were in the range of E-
03 to E-10, signifying substantial margins of safety (i.e. negligible health risks).  Thus, it was
concluded that predicted acute exposures would not have an adverse effect on either avian or
mammalian wildlife in the region.

4.2 Chronic Inhalation Assessment

The chronic inhalation assessment evaluates the potential health risks associated with
continuous exposure to predicted maximum annual air concentrations.  The maximum predicted

receptors.

All predicted chronic inhalation HQ values were less than 1, demonstrating that predicted
exposures were less than exposure limits for all assessment cases for mammalian and avian
wildlife receptors.  The highest HQ value was 0.71 (or 7.1E-01) for NO2.  The estimated HQ
values for the COPC chronic inhalation exposure was in the range of E-07 to E-01.

In conclusion, the chronic inhalation assessment predicted maximum annual average air
concentrations for all COPCs would pose negligible inhalation health risks to mammalian and
avian wildlife in the region.

chronic inhalation HQ values are provided in Table 10 for the mammalian and avian wildlife
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Table 10 Chronic Inhalation Hazard Quotients for Wildlife
Chemical Category Chemical of Potential

Concern
Hazard Quotients1

Baseline Case Application Case PDC
Mammalian2

CACs Nitrogen dioxide 6.0E-01 6.1E-01 7.1E-01
Sulphur dioxide 1.7E-03 1.4E-03 1.5E-03

PHC Aliphatic C5-C8 group 1.5E-05 1.8E-05 1.8E-05
Aromatic C9-C16 group 5.1E-07 5.1E-07 7.4E-07

VOCs 1,3-Butadiene 5.1E-05 5.1E-05 7.4E-05
Acetaldehyde 1.4E-05 1.4E-05 2.0E-05
Acrolein 1.3E-04 1.3E-04 1.8E-04
Benzene 2.3E-05 2.3E-05 3.3E-05
Dichlorobenzene 6.4E-07 6.4E-07 6.5E-07
Formaldehyde 6.8E-04 6.8E-04 9.8E-04
Naphthalene 4.1E-06 4.1E-06 5.9E-06
n-Hexane 1.2E-05 1.2E-05 1.3E-05
n-Pentane 1.4E-07 1.4E-07 1.4E-07
Toluene 3.5E-05 3.5E-05 4.7E-05
Xylenes 1.8E-05 1.8E-05 2.4E-05

TRS Hydrogen sulphide 1.4E-05 1.4E-05 1.8E-05
Avian3 NA NA NA NA
1 An HQ equal to or less than 1 signifies that the estimated exposure is equal to or less than the TRV and no

health effects are expected.  With scientific notation, any value expressed to the negative power (i.e., E-x) shows
that predicted exposures were less than the TRV; whereas, a value expressed to the positive power (i.e., E+x)
shows exposure estimates exceeded the TRV

2

3

receptor
NA = not assessed

Based on maximum predicted annual ground-level air concentrations and chronic mammalian TRVs (Table 6)
Based on unavailability of chronic inhalation avian TRVs (Table 6), HQs were not assessed for the avian



Screening Level Wildlife Risk Assessment April 2010
Intrinsik Environmental Sciences Inc. – Project #89700

4.3 Chronic Soil Assessment

Chronic risk estimates associated with ingestion exposure pathways were based on comparison
of predicted maximum soil concentrations to relevant SQGs, as identified previously.  All
predicted soil concentrations were below their respective guidelines, and therefore it was
concluded that predicted long-term soil concentrations would not adversely impact terrestrial
wildlife populations.

mammalian and avian wildlife receptors.

Predicted maximum soil concentrations under all three assessment cases were less than SQGs
for all of the COPCs, indicating that predicted long-term soil concentrations for these COPCs
pose negligible risks to wildlife populations in the study area.

A comparison of maximum predicted soil concentrations and SQGs is provided in Table 11 for
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Table 11 Comparison of Predicted Soil Concentrations with Soil Quality Guidelines Protective of Wildlife
Chemical Category Chemical of Potential Concern Predicted Soil Concentrations

(mg/kg)
Soil Quality Guidelines for Wildlife (mg/kg)

Baseline Application PDC SQG1 Eco-SSL2

Mammalian Avian
PAHs 3-Methylcholanthrene 5.4E-05 5.4E-05 5.4E-05 ─ ─ ─

7,12-Dimethylbenz(a)anthracene 2.2E-04 2.2E-04 2.2E-04 ─ ─ ─
Anthracene 1.5E-05 1.5E-05 2.2E-05 61.5 ─ ─
Benz(a)anthracene 4.3E-04 4.3E-04 6.2E-04 6.2 ─ ─
Benzo(a)pyrene 1.6E-04 1.6E-04 2.3E-04 0.6 ─ ─
Benzo(b)fluoranthene 6.2E-05 6.2E-05 9.1E-05 ─ ─ ─
Benzo(g,h,i)perylene 5.0E-04 5.0E-04 7.3E-04 ─ ─ ─
Benzo(k)fluoranthene 4.7E-04 4.7E-04 6.8E-04 6.2 ─ ─
Chrysene 1.4E-03 1.4E-03 2.1E-03 6.2 ─ ─
Dibenz(a,h)anthracene 6.9E-04 6.9E-04 1.0E-03 ─ ─ ─
Fluoranthene 1.7E-04 1.7E-04 2.5E-04 15.4 ─ ─
Fluorene 1.2E-05 1.2E-05 1.8E-05 15.4 ─ ─
Indeno(1,2,3-cd)pyrene 3.9E-04 3.9E-04 5.7E-04 ─ ─ ─
Phenanthrene 2.5E-04 2.5E-04 3.7E-04 43 ─ ─
Pyrene 1.8E-03 1.8E-03 2.6E-03 7.7 ─ ─
HMW PAH group5 6.2E-03 6.2E-03 9.0E-03 ─ 1.1 ─
LMW PAH group6 4.5E-04 4.5E-04 6.6E-04 ─ 100 ─

PHC F2 Fraction3 2.3E-03 2.3E-03 3.3E-03 9,800 ─ ─
F3 Fraction4 4.4E-03 4.4E-03 6.3E-03 16,000 ─ ─

VOCs Formaldehyde 2.6E-03 2.6E-03 3.7E-03 ─ ─ ─

- = No soil quality guideline available
1 AENV SQGs are referenced from AENV (2009b) Surface Soil Remediation Guideline Values for Natural Area Land Use - Wildlife Soil and Food Ingestion

2

3 F2 fraction consists of constituents in the aromatic C11-C16 sub fraction: anthracene, fluoranthene, fluorene, phenanthrene, pyrene
4 F3 fraction consists of constituents in the aromatic C17-C34 sub fraction: 3-methylcholanthrene, 7,12-dimethylbenz(a)anthracene, benzo(a)anthracene,

benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene
5 HMW PAHs are interpreted as PAHs with 4 or more rings, based on data presented in (US EPA 2007)
6 LMW PAHs are interpreted as 2 and 3 ring PAHs, based on data presented in (US EPA 2007)

(Table 7)
US EPA’s Eco-SSLs are from US EPA (2007) (Table 7)
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4.4 Chronic Surface Water Assessment

Chronic risk estimates associated with surface water ingestion exposure pathways were based
on comparison of predicted maximum surface water concentrations to relevant SWQGs, as
identified previously.  All predicted surface water concentrations were below their respective
guidelines, therefore, it was concluded that predicted long-term surface water concentrations
would not adversely impact terrestrial wildlife populations.

A comparison of maximum predicted surface water concentrations and SWQGs for wildlife is

Predicted maximum surface water concentrations do not exceed any of the SWQGs for wildlife
under all assessment cases, indicating that predicted long-term surface water COPC
concentrations associated with the Project and planned project activities pose negligible wildlife
health risks in the region.

provided in Table 12 for wildlife receptors.
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Table 12 Comparison of Predicted Surface Water Concentrations with Water Quality
Guidelines Protective of Wildlife

Chemical
Category

Chemical of Potential
Concern

Predicted Surface Water
Concentrations (mg/L)

Surface
Water

Quality
Guidelines
for Wildlife1

(mg/L)

Baseline Application PDC

PAHs 3-methylcholanthrene 1.4E-08 2.3E-08 2.5E-08 ─
7,12-
dimethylbenz(a)anthracene

1.3E-07 2.1E-07 2.3E-07 ─

anthracene 7.3E-08 7.6E-08 1.0E-07 ─
benz(a)anthracene 1.3E-07 1.4E-07 1.8E-07 ─
benzo(a)pyrene 3.5E-08 4.0E-08 5.1E-08 ─
benzo(b)fluoranthene 1.2E-07 1.3E-07 1.7E-07 ─
benzo(g,h,i)perylene 7.0E-08 7.4E-08 9.8E-08 ─
benzo(k)fluoranthene 1.1E-08 1.3E-08 1.6E-08 ─
chrysene 1.4E-07 1.5E-07 2.0E-07 ─
dibenz(a,h)anthracene 6.7E-08 7.2E-08 9.5E-08 ─
fluoranthene 7.1E-07 7.2E-07 9.8E-07 ─
fluorene 2.5E-06 2.5E-06 3.4E-06 ─
indeno(1,2,3-cd)pyrene 5.8E-08 6.5E-08 8.3E-08 ─
phenanthrene 5.0E-06 5.1E-06 6.9E-06 ─
pyrene 5.6E-07 5.8E-07 7.8E-07 ─
HMW PAHs4 1.4E-06 1.6E-06 2.0E-06 ─
LMW PAHs5 8.9E-06 9.0E-06 1.2E-05 ─

PHC F2 Fraction2 8.9E-06 9.0E-06 1.2E-05 42.6
F3 Fraction3 7.8E-07 9.2E-07 1.2E-06 69.0

VOCs Formaldehyde 4.2E-05 6.4E-05 7.3E-05 ─

- = No water quality guideline available
1 SWQGs referenced from AENV 2009b Surface Water Quality Guidelines for Wildlife Water (Table 8)
2 F2 fraction consists of constituents in the aromatic C11-C16 sub fraction: anthracene, fluoranthene, fluorene,

phenanthrene, pyrene
3 F3 fraction consists of constituents in the aromatic C17-C34 sub fraction: 3-methylcholanthrene, 7,12-

dimethylbenz(a)anthracene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylene,
benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene

4 HMW PAHs are interpreted as PAHs with 4 or more rings, based on data presented in (US EPA 2007)
5 LMW PAHs are interpreted as 2 and 3 ring PAHs, based on data presented in (US EPA 2007)
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4.5 Conservative Assumptions in the SLWRA

Conservative assumptions applied to the SLWRA include:

 Wildlife receptors would be exposed to maximum predicted 1-hour or 24-hour (acute) air
concentrations and continuously exposed to maximum predicted annual average (chronic)
air concentrations for the LSA.

 Certain wildlife receptors (e.g., moose) would be exposed to maximum predicted air
concentrations for the entire duration of their lifetime; in actuality, most wildlife species move
around within their home ranges or migrate, meaning that they will not be continuously
exposed to maximum predicted air concentrations over their entire lifetimes.

 Soil concentration calculations did not include certain known chemical loss mechanisms
(i.e., soil erosion and leaching).

 The operating life of the Project is not expected to extend beyond 25 years, but 80 years of
deposition was assumed (as was done in the HHRA in consideration of potential cumulative
impacts and a human lifetime).

 Acute inhalation TRVs were developed using the lowest LC50 values available.

 Chronic inhalation TRVs were developed using no observable adverse effect levels
(NOAELs) selected for the most sensitive species and through the application of uncertainty
factors.

4.6 Conclusions

On both an acute and chronic basis, maximum predicted air concentrations did not exceed
TRVs protective of avian and mammalian wildlife.

Maximum predicted long-term soil concentrations did not exceed regulatory-based SQGs and
Eco-SSLs protective of wildlife.

Similarly, maximum predicted long-term surface water concentrations did not exceed regulatory-
based SWQGs protective of wildlife. Thus, predicted surface water concentrations are not
anticipated to result in adverse effects to terrestrial wildlife populations in the region.

The results of the SLWRA indicate that the overall risks posed to wildlife health will be
negligible.  Therefore, no impacts to wildlife populations are expected based on estimated
wildlife exposures to predicted maximum acute and chronic air concentrations and predicted
maximum soil and surface water concentrations. The confidence in the prediction is high since
highly conservative assumptions were applied in the SLWRA.
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APPENDIX A: TOXICITY PROFILES

A-1.0 INTRODUCTION

This appendix describes the scientific basis for the acute (short-term) and chronic (long-term)
exposure limits used to assess potential human health risks associated with the COPCs for the
Great Divide Steam Assisted Gravity Drainage (SAGD) Expansion Project (the project).

Toxicity profiles are provided for each of the COPCs evaluated as part of the HHRA. These
chemical-specific profiles summarize the basis of the acute inhalation, chronic inhalation and
chronic multiple pathway exposure limits established by regulatory agencies.  The rationale for
the exposure limit selected for use in the HHRA is also described in each profile.

A-1.1 Background

The dose of a chemical largely dictates the nature and severity of any health effects that might
be observed.  More specifically, it is the amount of the chemical that reaches the critical target
site within the living system that determines whether an adverse response will be produced.

The toxicity assessment ultimately requires understanding of the toxic effects that can be
caused by the COPCs.  Knowledge in this regard is typically obtained through review of the
scientific literature describing the responses witnessed in laboratory animals or volunteer human
subjects following administration of the chemical at various doses for varying periods of time
under controlled conditions, or from observations gathered as part of community health studies
(i.e., epidemiological investigations) examining the incidence of disease in relation to chemical
exposures.

In general, chemicals may be categorized into two groups based on the nature of their toxic
response – threshold and non-threshold chemicals.  Threshold chemicals make up the largest
category and consist of virtually all types of toxic responses and chemicals. For threshold
chemicals, a minimum or ‘threshold’ dose must be exceeded for a toxic response to be
observed, and the severity or magnitude of the toxic response is generally assumed to increase
with increasing dose.  Non-threshold chemicals are a select group of substances which
potentially can produce cancer through mechanisms that do not involve a threshold response,
and a dose-response relationship is not always apparent.

For non-carcinogens, exposure limits are often derived based on the identification of a NOAEL –
the dose at which no adverse effects are observed. Alternatively, exposure limits may be based
upon a LOAEL or a BMD/BMC. A NOAEL, LOAEL or BMD/BMC can then be used to derive an
exposure limit or ‘safe’ level of exposure through the application of ‘uncertainty’ or safety factors
that provide an added level of protection.  The exposure limit refers to the dose of the chemical
that is without effect on even the most sensitive subjects and is calculated as follows, using a
NOAEL as an example:

Exposure Limit = NOAEL
Uncertainty Factor(s)
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The uncertainty factor can vary from to 3 or √10 to over 1,000 in order to ensure adequate
protection of any exposed population.  The most common forms of uncertainty factors are listed

The need for these uncertainty factors is dictated largely by the practical constraints that apply
to conventional toxicological research (i.e., the study of the harmful effects of chemicals).  Most
of the available information for some chemicals is limited to studies in laboratory rodents (e.g.,
rats, mice, guinea pigs, rabbits), owing largely to their availability in large numbers, their low
cost, and the ease with which they can be housed and handled.

It is common practice to apply an uncertainty factor of 10 to account for possible differences in
sensitivity between species (i.e., interspecies differences, such as those that might exist
between rodents and humans) and an additional uncertainty factor of 10 to accommodate
differences in sensitivity between individuals within the same species (i.e., intraspecies
differences).  Other uncertainty factors that are often applied include an uncertainty factor of 10
to adjust from subchronic to chronic exposure and a factor of 10 to account for the uncertainty
associated with the use of a LOAEL instead of a NOAEL. Where the toxicity database is very
limited, an additional uncertainty factor can be applied to account for uncertainties in the
database.

In some instances, the uncertainty factors may be less than 10, based upon the chemical-
specific information reviewed by an agency or organization in the derivation of the value. For
example, values of 3 or √10 are used when the available information does not support the use
of a factor of 10.

Table A1-1 Examples of Commonly Used Uncertainty Factors

Nature of Uncertainty Magnitude of Factor Comments

Differences in sensitivity
between species 3 or √10, 10

Used to accommodate the uncertainty around the use
of laboratory animal data to predict potential human
responses.

Differences in sensitivity within
a species 3 or √10, 10

Used to account for individuals within the human
population that may be more sensitive to a chemical
than the average person.

LOAEL to a NOAEL 3 or √10, 10
Used to account for the uncertainty surrounding the
use of a LOAEL when a NOAEL is not available for
the most sensitive test species.

Subchronic to chronic exposure
duration 3 or √10, 10

Used to account for the uncertainty surrounding the
use of data involving shorter exposure periods to
predict the responses that might occur over longer
periods of exposure.  Subchronic data is used when
exposures are expected to occur for long periods and
defensible chronic toxicity data is not available.

Database uncertainty 3 or √10, 10 Used to account for a lack of toxicological information
for one or more endpoints.

NOTE: Uncertainty factors are not applied in the derivation of non-threshold carcinogenic exposure limits.

Typically, exposure limits are differentiated on the basis of the duration of exposure in
recognition of the variability in toxic responses that may be seen with the same chemical
following an acute (short-term) vs. chronic (long-term) exposure.  Differing terminology may be
assigned to exposure limits depending on the source of exposure (e.g., air, water, food) and the
regulatory jurisdiction involved.  Often, generic terminology will apply, with the following terms
and descriptions used:

in Table A1-1.
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 RfC - refers to the safe levels of air-borne threshold chemicals where the primary route of
exposure is through inhalation.  The RfC is expressed as a concentration of the chemical in
air (i.e., micrograms per cubic metre - µg/m³).

 RfD - refers to the safe levels of threshold chemicals to which exposure occurs through
multiple pathways, both primary and secondary (i.e., oral, dermal).  It is most commonly
expressed as the daily dose of the chemical per unit body weight of the receptor (i.e.,
micrograms per kilogram of body weight per day - µg/kg·bw/d).

 RsC – reserved for non-threshold carcinogens, the RsC refers to the concentration via
inhalation that corresponds to a ‘socially acceptable’ incremental increase in the incidence
of cancer, typically of one case in a population of 100,000 people.  The RsC is expressed as
a concentration in air (i.e., µg/m³).

 RsD – same as the RsC except that it refers to the dose from multiple pathways that
corresponds to a ‘socially acceptable’ incremental increase in the incidence of cancer (one
in 100,000), often expressed as the daily dose of the chemical per unit body weight of the
receptor (e.g., µg/kg·bw/d).

In some instances, reliance must be placed on the guiding principle which states that the
molecular structure of a chemical has a distinct bearing on its reactivity, biological activity and
toxicity.  This principle allows the toxicity of a chemical for which little or no toxicological
information exists to be predicted on the basis of information available on another chemical of
similar molecular structure.  The second chemical is often termed a ‘surrogate’, and the term
‘read across’ has been coined to describe the principle.  The principle is often applied to groups
of chemicals of similar structure in which toxicity data on many of the individual constituents of
the group may be lacking. In such cases, all of the constituents are assumed to share the same
toxic potency as the surrogate.

A-1.2 Exposure Limit Selection

To ensure that the most defensible and appropriate exposure limit was selected for use in the
HHRA, consideration was given to the following criteria:

 Established or recommended by reputable scientific authorities;
 Protective of the health of the general public based on the current scientific understanding of

the health effects known to be associated with exposures to the COPC;
 Protective of sensitive individuals through the use of appropriate uncertainty factors; and
 Supported by adequate and available documentation.

In the case that the above criteria were supported by more than one standard, guideline or
objective, the most scientifically defensible limit was selected and the rationale was provided.

Recognizing the fact that the toxic response can vary for the same chemical following an acute
(short-term) vs. chronic (long-term) exposure, exposure limits can be differentiated based on the
duration of exposure.  For the purposes of this assessment, exposure limits selected to evaluate
acute and chronic exposures were based on the following definitions:

 Acute – single or intermittent exposures lasting up to 24-hours; and
 Chronic – repeated, exposures over longer term periods that are conservatively assumed to

take place over lifetime
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A-1.2.1 Acute Exposure Limits

A tiered approach was used to evaluate available exposure limits for the COPCs. In the first tier,
the sources of acute exposure limits evaluated for this HHRA included:

 1-Hour, 8-hour and 24-hour AAQOs developed by AENV;
 Acute MRLs developed by the ATSDR;
 Acute and 8-hour RELs developed by the California OEHHA;
 1-Hour and 24-hour standards and guidelines developed by the OMOE;
 Acute ReVs developed by the TCEQ; and
 10-Minute, 1-hour and 24-hour AQGs developed by the WHO.

If a suitable exposure limit could not be identified by one of the above regulatory agencies, then
the search was expanded to the second tier of limits and agencies:

 Intermediate MRLs developed by the ATSDR; and,
 TLV - STELs developed by the ACGIH.

All supporting documents were critically evaluated to identify the most appropriate and
defensible value for use in the HHRA.

A-1.2.2 Chronic Exposure Limits

A tiered process was used in the review and selection of chronic exposure limits. The first tier of
sources of exposure limits used in the HHRA for the chronic inhalation toxicity assessment
included the following:

 Chronic MRLs developed by the ATSDR;
 TRVs developed by Health Canada;
 TCAs or CRs developed by the RIVM;
 Chronic RELs or cancer risk estimates developed by the OEHHA;
 RfCs or RsCs developed by the US EPA IRIS;
 Chronic ReVs or RsCs developed by the TCEQ; and,
 Annual AQGs developed by the WHO.

In the event an appropriate or defensible limit could not be identified from the first tier, the
search was expanded to include:

 TLV - TWAs developed by the ACGIH.

For the chronic oral toxicity assessment, the following sources were considered:

 TRVs developed by Health Canada;
 TDIs developed by the RIVM;
 RfDs or RsDs developed by the US EPA IRIS;
 TDIs from drinking water guidance documents from Health Canada; and
 TDIs from drinking water guidance documents from the WHO.
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A-2.0 1,3-BUTADIENE

A-2.1 Inhalation Exposure Limits

A-2.1.1 Acute

Table A2-1 Acute Inhalation Exposure Limits for 1,3-Butadiene

Regulatory Agency Averaging Time Value (µg/m³) Reference
AENV – – AENV 2009
ATSDR 24-hour 220 ATSDR 2009a, b
OEHHA – – OEHHA 2008
OMOE – – OMOE 2008
TCEQ 1-hour 3,700 TCEQ 2009, 2008
US EPA 24-hour 15 US EPA 2010, 2002
WHO – – WHO 2000

− = Not available

The US EPA (2010, 2002) has derived a 24-hour RfC of 15 µg/m³ based upon decreased fetal
body weights in males. Pregnant CD-1 mice were administered 0, 40, 200 and 1,000 ppm
1,3-butadiene via inhalation for 6 hours/day on gestational days (GDs) 6 to 15.  Dams were
weighed prior to mating and on GDs 0, 6, 11, 16 and 18. They were sacrificed on GD 18. The
study examined a number of reproductive and developmental outcomes. The reproductive
outcomes included the number of implants, resorptions, and live/dead fetuses, while fetal
weights and observation of external, visceral, and/or skeletal abnormalities observed as the
developmental outcomes (Hackett et al. 1987). Hackett et al. (1987) reported a statistically
significant reduction in male fetal body weights at all exposure concentrations relative to the
controls. On GD 20, male fetal body weights were 5, 18 and 23% lower than controls in the 40,
200 and 1,000 ppm groups, respectively. As such, a LOAEL of 40 ppm was identified for fetal
effects (decreased body weight in males).

The US EPA (2002) selected this endpoint for further investigation, and conducted several
iterations of benchmark dose modelling (generating Effect Concentrations) and various
approaches for evaluating and transforming data. Out of the approaches used by the US EPA
(2002), the most conservative estimate of a point of departure (POD) was the LEC05 of 2.9 ppm.
An uncertainty factor of 400 was applied to account for interspecies differences (3), intraspecies
differences (10), the use of an effect-level (4, similar to a LOAEL-to-NOAEL extrapolation
factor), and database limitations (3). The result is an acute RfC of 7 ppb or 15 µg/m³. This
value was selected for use as a 24-hour limit in the acute effects assessment.  As the
toxicological basis of the RfC is a reproductive and developmental endpoint, and no other
chemicals had the same acute effect, 1,3-butadiene was not included in a mixture.

The TCEQ (2009, 2008) has derived an acute ReV of 3,700 µg/m³ (1,700 ppb) also based upon
Hackett et al. (1987). In addition, the TCEQ (2008) presents a re-analysis of the Hackett et al.
(1987) data based on indications that the apparent significant decrease in male fetal body
weight in the 40 ppm groups was the erroneous result of the statistical analysis used (Christian
1996; Green 2003). The Green (2003) re-analysis using analysis of covariance (ANCOVA) on
the average pup weight adjusted for covariates in combination with the Dunnett-Hsu test to
compare the mean weight for each of the exposed groups to the mean weight for the control
group indicates that the lowest exposure concentration of 40 ppm (88 mg/m³) should be
considered the study NOAEL for decrease male fetal body weights (TCEQ 2008), and not an
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effect level as reported by Hackett et al. (1987). Green’s conclusions were corroborated by
Sielken et al. (2007) following review of the Hackett et al. (1987) study and the Green (2003) re-
analysis (TCEQ 2008). The analysis by Green (2003) was not available at the time of the US
EPA analysis and derivation of the acute RfC. The US EPA appears to have selected fetal body
weights as the toxicological endpoint of interest (without completing benchmark dose modelling
etc. for any other endpoints) based upon the original statistics presented in Hackett et al.
(1987).

Benchmark dose modelling was completed by the TCEQ based upon Hackett et al. (1987) data
for reduction in extragestational weight gain and fetal weight gain (TCEQ 2008).  BMCL and
Critical Effect Size (CES – similar to the BMC in concept, but is intended for continuous data)
values were calculated for both decreased male fetal body weights and maternal
extragestational weight gain. The BMCL1 SD for the most sensitive endpoint, reduction in
extragestational weight gain, was calculated as 51.3 ppm (in comparison to the BMCL05 of 55
ppm for decreased fetal body weights).  Given that the BMCL1 SD was derived from a
developmental endpoint (the TCEQ notes that the maternal effects observed are correlated with
fetal effects in the literature, thus are considered to be developmental in nature), the exposure
duration was not adjusted to 1 hour due to potential sensitive windows of exposure (TCEQ
2008).  The TCEQ (2008) applied dosimetry adjustments from animal-to-human exposure to the
POD, calculating a BMCL1SD of 51.3 ppm for extragestational weight gain. The TCEQ (2008)
applied an uncertainty factor of 30 to the (BMCL1 SD)HEC to account for interspecies variability (3)
and intraspecies variability (10).  This results in a 6-hour acute ReV value of 3,700 µg/m³
(1.71 ppm).  Although it is recognized that the TCEQ (2008) assessment is more recent and
takes additional information into account, the acute TCEQ ReV was not selected for use in the
acute effects assessment. The approaches used by the two agencies (US EPA and TCEQ) are
different enough that there is uncertainty as to which agency-derived value is the most
protective of human health. Given this uncertainty, the more conservative US EPA value was
selected for use in the acute effects assessment.

A draft acute MRL of 0.1 ppm (220 µg/m³) has been developed by the ATSDR (2009a, b) that is
based on the Hackett et al. (1987) study as well. The ATSDR assumed the LOAEL of 40 ppm
(88 mg/m³) for 5% decrease in fetal weight gain relative to controls, as reported by Hackett et al.
(1987). A LOAELHEC was calculated using a default RGDR of 1, given that the (Hb/g)A/(Hb/g)H is
greater than 1. The LOAELHEC was adjusted for intermittent exposure (6/24 hours) resulting a
duration-adjusted LOAEL of 10 ppm (22 mg/m³). The ATSDR applied an uncertainty factor of 90
to the LOAELADJ to account for use of a minimal LOAEL (3), extrapolation from animals to
humans using a dosimetric conversion (3), and human variability (10). The result is an acute
MRL of 220 µg/m³ for 1,3-butadiene. The ATSDR also calculated a BMD and associated BMDL
for reduction in male fetal body weight. The ATSDR concluded, however, that the resulting BMD
and BMDL were higher than the LOAEL of 40 ppm and thus the LOAEL was the more
conservative POD for deriving the acute MRL. Given that the US EPA acute RfC is more based
on the use of different modelling techniques, statistical interpretations and analysis, and data
transformations, the acute MRL was not used in the acute effects assessment.

A-2.1.2 Chronic

Table A2-2 Chronic Inhalation Exposure Limits for 1,3-Butadiene

Regulatory Agency Type (a) Value (µg/m³) Reference
AENV – – AENV 2009
ATSDR – – ATSDR 2009a, b
HEALTH CANADA RsC 1.7 Health Canada 2009, 2004
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OEHHA
RfC
RsC

20
0.06

OEHHA 2008
OEHHA 2009

RIVM – – RIVM 2001
TCEQ RfC 33 TCEQ 2009, 2008

US EPA
RfC
RsC

2
0.3 US EPA 2010, 2002

WHO – – WHO 2000
(a) The IARC (1999) has determined that 1,3-butadiene is probably carcinogenic to humans (Group 2A) based on

limited evidence in humans and sufficient evidence in experimental animals

− = Not available

Both Health Canada and the US EPA classify 1,3-butadiene as a human carcinogen via
inhalation based on an observed increase in leukemia in epidemiological studies and
investigations in experimental animals (CEPA 2000; US EPA 2010).

The US EPA (2010, 2002) bases its inhalation unit risk of 3 × 10-5 per µg/m³ on the Health
Canada (1998) analysis of the leukemia incidence rates in styrene-butadiene rubber workers (n
= 15,000) from eight different facilities.  The key study evaluated by Health Canada (1998) was
a chort study by Delzell et al. (1996).  1,3-butadiene exposures to individual workers were
estimated to derive cumulative exposure estimates for each worker. The follow-up period with
workers was about 49 years.  Both Delzell et al. (1996) and Health Canada (1998) conducted
dose-response modeling for leukemia incidence, and the Health Canada (1998) modeling
served as the basis for the US EPA assessment.  Adjustments to the data were made for
benzene and styrene exposure, to focus the statistics on 1,3-butadiene. The occupational
exposures from Delzell et al. (1996) were adjusted for continuous exposure (240/365 days ×
10/20 m³/day), and potential risks up to age 85 were predicted for the workers.  Age-specific
mortality rates for all races and genders were used to distinguish leukemia deaths from
all-cause mortality rates.  The US EPA also applied a linear rate model and leukemia incidence
rate date from 1994 to 1998 to estimate leukemia rates.  From the incidence rate data, a 95%
lower confidence limit of the exposure concentration associated with a 1% increased risk
(LEC01) was calculated to be 0.25 ppm.  The US EPA then conducted low-dose linear
extrapolation (assuming that zero exposure is associated with zero risk), resulting in a predicted
unit risk estimate of 0.04 per ppm 1,3-butadiene.  An adjustment factor of 2 was applied by the
US EPA to account for the potential for tumours to occur at other sites in humans, and also to
account for potential differences in sex-sensitivity to 1,3-butadiene carcinogenicity.  The
resulting value equates to an RsC of 0.3 µg/m³.  This value was selected for use in the chronic
effects assessment, as it represents the most relevant value to human health out of those
evaluated.  As the toxicological basis of this value is leukemia incidence, 1,3-butadiene was
included in the chronic leukemogens mixture.

An RsC of 1.7 µg/m³ was developed by Health Canada (2004) from a tumorigenic concentration
(TC01) of 1.7 mg/m³ based on the incidence of leukemia in 15,649 workers in the same
epidemiological study considered by the US EPA in their derivation of the unit risk estimate.
Because the Health Canada value uses the same data set as the US EPA, the Health Canada
value is higher than the US EPA RsC, the Health Canada RsC was not selected for use in the
chronic effects assessment.

The OEHHA (2009, 2000) has derived a unit risk estimate of 0.00017 per µg/m³ for
1,3-butadiene based upon the incidence of lung alveolar and bronchoalveolar tumours in female
mice. This unit risk estimate equates to an RsC of 0.06 µg/m³. Given that the US EPA and
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Health Canada consider there to be sufficient human data available for the development of a
human-based RsC, the OEHHA animal-based RsC was not used in the chronic effects
assessment.

The US EPA (2010, 2002) has also derived an RfC of 2 µg/m³ based on ovarian atrophy in a
2-year mouse inhalation study. This value was derived from a study in female B6C3F1 mice
exposed to 0, 6.25, 20, 62.5, or 200 ppm 1,3-butadiene for up to 103 weeks. This value, along
with the OEHHA REL and TCEQ ReV (discussed below), was not used in the chronic effects
assessment, as these limits are based on a non-carcinogenic endpoint (ovarian atrophy in
female mice) when the weight of evidence suggests that the carcinogenic effects associated
with 1,3-butadiene exposure are of more concern. This is exemplified by the more conservative
US EPA RsC. The NTP (1984) and Melnick et al. (1990) data sets serve as the basis of the
OEHHA (2000) non-carcinogenic assessment. In NTP (1984), male and female mice were
exposed to 0, 652 or 1,250 ppm of 1,3-butadiene for 6 hours/day, 5 days/week for a duration of
60 weeks (males) or 61 weeks (females). Mortality resulted from malignant neoplasms of the
heart, lung, mammary gland, ovaries, forestomach and liver, as well as hematopoeitic
lymphoma. The majority of these tumours were observed in control and exposed animals.
Differences in incidence rates were found to be significantly higher in exposed animals than in
controls for tumours of the heart, lymphoma, lung, mammary, ovary and forestomach.  In the
Melnick et al. (1990) study, male and female mice were exposed to 0, 6.25, 20, 62.5, 200 and
625 ppm 1,3-butadiene for 40 or 65 weeks.  Significantly increased incidences of cardiac
hemangiosarcomas, hematopoietic lymphomas, squamous cell neoplasms in the forestomach,
alveolar-bronchiolar neoplasms and mammary gland adenocarcinomas.  Similar to the NTP
study, the majority of these tumours were observed in control and exposed animals at varying
rates.  Statistical significance comparisons between control and exposure groups were not
provided by the OEHHA (2000). The OEHHA (2000) selected the incidence of lung alveolar and
bronchoalveolar tumours in female mice as the critical effect. However, in both of these mouse
studies, control animals also presented these tumours.  Both mouse studies involved the
administration of relatively high concentrations of 1,3-butadiene, particularly given that human
exposures are typically at the ppb level (US EPA 2002).

The TCEQ (2009, 2008) has developed a chronic ReV of 33 µg/m³ for 1,3-butadiene based on
reproductive toxicity. In a 2-year bioassay, groups of 70 female B6C3F1 mice were exposed via
inhalation to 0, 6.25, 20, 62.5, or 200 ppm 1,3-butadiene 6 hours/day, 5 days/week for up to 103
weeks, while groups of female mice were exposed to 625 ppm. At 9 and 15 months, ovarian
atrophy was evaluated in 10 mice per group. The increase in the incidence of ovarian atrophy
was statistically significant in all exposure groups following lifetime exposures. As a result, the
lowest exposure level of 6.25 ppm was identified as a LOAEL for ovarian atrophy. The BMCL05
was used as the POD since the benchmark response level of 5% is typically preferred for more
severe effects such as ovarian atrophy and it is considered a conservative NOAEL surrogate.
Benchmark concentration dose modelling was conducted on data already adjusted from
discontinuous to continuous exposure.

A-2.2 Oral Exposure Limits

A-2.2.1 Chronic

1,3-butadiene did not meet the physical-chemical criteria for inclusion in the multiple pathway
assessment.  Thus a chronic oral exposure limit was not required.
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A-3.0 ACETALDEHYDE

A-3.1 Inhalation Exposure Limits

A-3.1.1 Acute

Table A3-1 Acute Inhalation Exposure Limits for Acetaldehyde

Regulatory Agency Averaging Time Value (µg/m³) Reference
AENV 1-hour 90 AENV 2009
ATSDR − − ATSDR 2009
OEHHA 1-hour

8-hour
470
300

OEHHA 2008a, b

OMOE 24-hour 500 OMOE 2008
TCEQ − − TCEQ 2009
US EPA − − US EPA 2010
WHO − − WHO 2000
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− = Not available

The OEHHA (2008a, b) has derived two acute RELs (1-hour and 8-hour).  The acute 1-hour
REL is based upon a study by Prieto (2000), where the purpose of the study was to establish
the concentration at which a 20% decrease in forced expiratory volume (FEV1) in 1 second
occurred – an endpoint selected by the authors as being of interest with respect to the acute
effects of acetaldehyde inhalation (OEHHA 2008b).  The exposure concentrations were
determined to range from 150 to 1,200 mg/m³.  Subjects were exposed via mouth inhalation.
The 95% confidence interval of the geometric mean concentration was determined to range
from 4.72 to 38.3 mg/ml. The lower bound of this interval corresponds with an aerosol
concentration of about 142 mg/m³ (79 ppm).  This concentration was selected as the LOAEL for
effects on expiratory volume in asthmatics, and this value was used as the basis of the acute
REL.  Two follow-up studies (Prieto 2002a, b) were conducted and considered in the
development of the REL.  Prieto (2002a) compared the respiratory response to acetaldehyde
with known bronchoconstricting compounds (methacholine and adenosine-5’-monophosphate),
and the repeatability of the respiratory response to acetaldehyde.  Prieto (2002b) also
incorporated a healthy subject group, and subjects with allergic rhinitis or asthma.  Subjects with
allergic rhinitis and asthma both demonstrated significant differences from the healthy subject
group with respect to the occurrence of FEV1 decreases of 20%.  The geometric mean exposure
concentrations associated with significant bronchoconstriction in the rhinitis group and asthmatic
group were determined to be 2,166 mg/m³ and 1,136 mg/m³, respectively.  A study by
Silverman et al. (1946) was cited by OEHHA (2008b) as a supporting study to the acute REL.
In this study, twelve people were exposed to acetaldehyde for 15 minutes at concentrations
ranging from 25 to above 200 ppm (not specified).  Nose and throat irritation were reported at
200 ppm and above, evidence of eye irritation was not apparent at 200 ppm.

The LOAEL of 142 mg/m³ observed by Prieto (2000) was selected by OEHHA (2008a, b).  A
cumulative uncertainty factor of 300 was applied to this LOAEL to account for the use of a
LOAEL instead of a NOAEL (10), and to account for intraspecies variability (30).  The factor of
30 was applied to account for the potential for exacerbation of asthma in children (as the
subjects examined were all adults) and the potential for hyper-responsiveness to methacholine
(OEHHA 2008b).  The result is an REL of about 470 µg/m³.  Although the exposure duration in
the key study was 2 to 4 minutes, the OEHHA (2008b) did not convert the REL using Haber’s
law.  Instead it states that the REL represents a level at which intermittent 1-hour exposures are
not expected to result in adverse health effects.  As such, the REL of 470 µg/m³ was used in the
assessment as a 1-hour exposure limit, based upon respiratory effects.  The OEHHA (2008b)
states that this REL also is protective against the effects of eye irritation.  Acetaldehyde was
therefore included in the acute inhalation eye irritants, nasal irritants and respiratory irritants
mixtures.

The OEHHA (2008a, b) also provides an 8-hour REL of 300 µg/m³ to be protective of repeated
8-hour exposures to acetaldehyde.  This value was based upon a 4-week study in Wistar rats
exposed to 0, 273, 728, 910, 1,820, 4,004, or 9,100 mg/m³ acetaldehyde for 6 hours/day, 5
days/week.  Significant degeneration of the olfactory epithelium was observed at concentrations
of 728 mg/m³ and above (the study LOAEL). As such, 273 mg/m³ was identified as the NOAEL.
Benchmark dose modelling was completed on the study data, and the BMC05 was identified as
being 178 mg/m³.  The BMC05 was further converted to a human equivalent concentration of
242 mg/m³ using pharmacokinetic modelling specific to the study species and acetaldehyde.
Adjustments were made to account for continuous exposure (6/24 hours x 5/7 days) resulting in
an adjusted BMC05 of 86.5 mg/m³.  A cumulative uncertainty factor of 300 was applied to
account for subchronic exposure (√10), interspecies differences (√10), inter-individual variation
(√10), and potential for exacerbation of asthma in children (10). The result is the 8-hour REL of
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300 µg/m³.  This value was not used in the acute effects assessment, given that it is based upon
animal rather than human data, and involves repeated dose exposures as opposed to
instantaneous effects (which are well documented in support of the OEHHA 1-hour REL).

The AENV (2009) recommends a 1-hour AAQO for acetaldehyde of 90 µg/m³.  This objective,
however, was adopted from the TCEQ, which developed its short-term ESL based on odour
perception (TCEQ 2009).  Given that the AENV AAQO is not health-based, it was not used to
evaluate the potential short-term health risks associated with acetaldehyde.

The OMOE (2008) has derived a 24-hour standard of 500 µg/m³; however, adequate supporting
documentation is not provided.  As a result, the study team is unable to comment on the
scientific merit of this standard and it was not used in the acute effects assessment.

A-3.1.2 Chronic

Table A3-2 Chronic Inhalation Exposure Limits for Acetaldehyde

Regulatory Agency Type (a) Value (µg/m³) Reference
AENV − − AENV 2009
ATSDR − − ATSDR 2009
HEALTH CANADA TRV 17.2 Health Canada 2009, 2004
OEHHA REL

RsC
140

3.7
OEHHA 2008a, b
OEHHA 2009

RIVM − − RIVM 2001
TCEQ − − TCEQ 2009
US EPA RfC

RsC
9
5

US EPA 2010, 1991

WHO − − WHO 2000
(a) The IARC (1999) has determined that acetaldehyde is possibly carcinogenic to humans (Group 2B) based on

sufficient evidence in experimental animals.

− = Not available

The TRV of 17.2 µg/m³ derived by Health Canada (2004) was developed from a TC05 of
86 mg/m³, which is associated with a 5% increase in nasal adenocarcinomas and squamous
cell carcinomas (combined) in the most sensitive sex (males) of Wistar rats exposed for up to 28
months (CEPA 2000).  The TC05 was derived using a multistage model, with adjustment for
intermittent to continuous exposure (6/24 hours x 5/7 days).  This TRV of 17.2 µg/m³ was used
in the chronic inhalation assessment of acetaldehyde.  As the value was based on incidence of
nasal tumours, and no other chemicals share this endpoint, acetaldehyde was not included in a
chronic inhalation mixture.

The OEHHA (2009) has derived a URE of 2.7 E-06 (µg/m³)-1 (equivalent to an RsC of
3.7 µg/m³).  This value was based upon the incidence of nasal tumours in rats.  In the key study
(Woutersen et al. 1986), male and female Wistar rats were exposed to 0, 750, 1,500, or
3,000 ppm (equivalent to 0, 1,350, 2,700, or 5,400 mg/m³) of acetaldehyde for 6 hours/day, 5
days/week for 28 weeks. Squamous cell carcinomas and adenocarcinomas were observed in
nasal olfactory and respiratory epithelia in exposed animals.  No lung tumours were observed.
The OEHHA (2009) adjusted exposure estimates for intermittent exposure.  Linearized
multistage modeling was conducted, and the 95% upper confidence limit was determined.
Exposures were then scaled based on body weight by the OEHHA.  The URE of 2.7E-06
(µg/m³)-1 was selected from the range of the scaled URE for male and female rats (6.3E-6 to
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2.7E-05 per ppb).  The OEHHA (2009) value was not used in the chronic inhalation effects
assessment  as the tumours observed in the study animals appear to be in tissues that have
first contact with inhaled acetaldehyde, making the dose-scaling adjustments based on body
weight less relevant.

As well, Health Canada (2004) applied a benchmark dose model, and a BMC05 was calculated
(i.e., the TC05) based upon tumour incidence data from Appelman (1982, 1986).  CEPA (2000)
notes that the data from Woutersen et al. (1986) (relied upon by the OEHHA) presented
concentration-response data that was not well characterized or appropriate for benchmark dose
modeling.  It should also be noted that dose scaling for relative body weights was not done by
Health Canada, which is appropriate as the tumours were considered to be portal-of-entry and
not systemic.

The US EPA (2010, 1991) also presents a quantitative estimate of carcinogenic risk from
inhalation exposure.  Its inhalation unit risk of 2.2 x 10-6 per µg/m³ equates to an RsC of
5 µg/m³ (based on a risk level of one in 100,000).  The US EPA inhalation unit risk was not used
in the current assessment for the following reasons:

 The US EPA last reviewed its limit in 1991, while the Health Canada value is more recent
(published in 2000).The Health Canada and US EPA limits are based on studies conducted
by the same researchers.

 The Health Canada limit is based on a 1986 study by Woutersen et al., which is more recent
than the work completed by Woutersen and Appelman in 1984, upon which the US EPA
limit is based.

 The scientific rationale for the Health Canada limit is considerably more detailed than what
the US EPA provides in support of its limit.

In addition to the RsC, the US EPA (2010) has derived an RfC of 9 µg/m³ based upon the
degeneration of olfactory epithelium in rats exposed to 0, 150, or 500 ppm of acetaldehyde for a
duration of 4 weeks. This limit was not considered further due to the short exposure duration,
the availability of other chronic-based values, and the toxicological endpoint.

The OEHHA (2008a, b has also derived a chronic REL of 140 µg/m³ based upon the incidence
of olfactory epithelium degeneration following a 4-week exposure in rats.  This limit was not
given further consideration on the basis that the non-carcinogenic REL is less conservative than
the other available cancer-based limits and the relatively short-term nature of the exposure (4
weeks).

A-3.2 Oral Exposure Limits

A-3.2.1 Chronic

Acetaldehyde did not meet the physical-chemical criteria required for inclusion in the multiple
pathway assessment.  As a result, it did not require a chronic oral limit.
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A-4.0 ACROLEIN

A-4.1 Inhalation Exposure Limits

A-4.1.1 Acute

Table A4-1 Acute Inhalation Exposure Limits for Acrolein

Regulatory Agency Averaging Time Value (µg/m³) Reference
AENV − − AENV 2009
ATSDR 1-hour 6.9 ATSDR 2009, 2007
OEHHA 1-hour

8-hour
2.5
0.7

OEHHA 2008a, b

OMOE 24-hour 0.08 OMOE 2008
TCEQ − − TCEQ 2009
US EPA − − US EPA 2010
WHO − − WHO 2000

− = Not available

The OEHHA (2008a, b) has derived a 1-hour acute REL of 2.5 µg/m³.  Darley et al. (1960)
exposed 36 healthy people to 0, 0.06, 1.3 to 1.6, or 2.0 to 2.3 ppm acrolein for 5 minutes.
Acrolein was dissolved in water and administered via face masks equipped with respirators
such that only the eyes were exposed to acrolein.  Subjects rated the degree of eye irritation
every 30 seconds during exposure.  A LOAEL of 0.06 ppm (~0.14 mg/m³) was identified.  A
cumulative uncertainty factor of 60 was applied to account for the use of a LOAEL instead of a
NOAEL for a relatively mild adverse effect (6), and intraspecies variability (to protect against the
exacerbation of asthma in children - 10).  The result is an acute REL of 2.5 µg/m³.  Although no
conversion was made for a 5-minute to a 1-hour exposure, the OEHHA (2008a, b) states that
the acute REL is intended to be protective of intermittent 1-hour exposures.  The acute REL of
2.5 µg/m³ was selected for use in the acute effects assessment.  As the endpoint of this value
was eye irritation, acrolein was included in the acute inhalation eye irritants mixture.

The OEHHA (2008a, b) also developed an 8-hour REL based upon a 65-day study in which
Fischer 344 rats were exposed to 0.02 to 1.8 ppm for 6 hours/day, 5 days/week over the 65-day
period.  The 8-hour REL was not used in the acute effects assessment as it is based upon
subchronic exposure data in animals, as opposed to acute human data used in the 1-hour limit.

http://www.epa.gov/ncea/iris/subst/0290.htm
http://cfpub.epa.gov/ncea/iris/index.cfm
http://www.euro.who.int/document/e71922.pdf
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The OMOE (2008, 2005) provides a 24-hour standard of 0.08 µg/m³ for acrolein based on a
LOAEL of 920 µg/m³ for nasal and upper respiratory lesions in rats (Feron et al. 1978; Kutzman
1981; Kutzman et al. 1985).  This standard was not used as the data came from subchronic
studies using animals, and alternative guidelines based on acute toxicity and human-derived
data are available.

A second acute inhalation exposure limit based on nasal and respiratory tract irritation was
identified for the purposes of the chemical mixtures assessment only.  The ATSDR (2009, 2007)
has derived an acute MRL of 0.003 ppm (0.0069 mg/m³) based on decreased respiratory rate
and nose and throat irritation.  Forty-six volunteers were exposed to a gradually increasing
concentration of acrolein for 40 minutes.  Participants subjectively scored irritancy at 5 minute
intervals as the concentrations increased from 0 to 0.6 ppm (0 to 1.3 mg/m³).  A LOAEL for nose
irritation of 0.26 ppm (0.60 mg/m³) was identified.  The ATSDR (2007) applied an uncertainty
factor of 100 to the LOAEL to account for the use of a LOAEL instead of a NOAEL (10) and
intraspecies variability (10).  Acrolein was included in the acute nasal irritants and respiratory
irritants mixtures using the MRL of 6.9 µg/m³ as a 1-hour inhalation limit.

A-4.1.2 Chronic

Table A4-2 Chronic Inhalation Exposure Limits for Acrolein
Regulatory Agency Type Value (µg/m³) Reference

AENV − − AENV 2009
ATSDR − − ATSDR 2009, 2007
HEALTH CANADA TRV 0.4 Health Canada 2009, 2004
OEHHA REL 0.35 OEHHA 2008a, b
RIVM − − RIVM 2001
TCEQ − − TCEQ 2009
US EPA RfC 0.02 US EPA 2010, 2003
WHO − − WHO 2000

− = Not available

The OEHHA (2008a, b) has derived a chronic REL of 0.35 µg/m³ based upon the incidence of
nasal lesions in a subchronic rat inhalation study by Dorman et al. (2008). Groups of 12 adult
male F344 rats were exposed to 0, 0.02, 0.06, 0.2, 0.6 or 1.8 ppm acrolein (approximately 0,
0.05, 0.14, 0.5, 1.4, or 4.1 mg/m³) acrolein via inhalation for 6 hours/day, 5 days/week for up to
13 weeks. Some animals were sacrificed after 4, 14, 30 and 65 days of exposure, and
respiratory tract histopathology was examined at these intervals. A number or rats were
included in a recovery group that was sacrificed 60-days post-exposure.  A statistically
significant decrease in body weight was observed in all acrolein exposed animals after 13
weeks of exposure, although the body weight effects were less pronounced and slower to
develop at the lower dose levels.  Mild hyperplasia of respiratory epithelia was observed at
concentrations of 0.6 ppm and above after four days or more of exposure.  The hyperplasia
became more severe at 1.8 ppm, and squamous metaplasia was also observed.  The most
sensitive site within the nasal cavity was observed to be the lateral wall, although lesions were
observed at other sites as well.  Immunohistochemical analysis of epithelial cells indicated that
immunoreactivity was not observed at 0.2 ppm, but was present at 0.6 ppm and 1.8 ppm.  An
exposure-related effect on olfactory epithelium was also observed in animals exposed to
1.8 ppm acrolein for four or more days.  After four days, animals in the 1.8 ppm group displayed
moderately severe olfactory neuronal degeneration and atrophy, and in some instances, marked
olfactory neuron loss was observed.  Effects became more severe with increasing exposure
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duration.  Only partial recovery of the olfactory was observed after 65 days post-exposure.  At
1.8 ppm, mild squamous metaplasia was also observed in the larynx and trachea, but no
exposure-related effects were observed in the lungs.  A NOAEL for nasal respiratory epithelia
was determined to be 0.2 ppm.  Given the subchronic nature of the exposure, and that the
toxicological endpoint did not involve trigeminal nerve irritation, this NOAEL was adjusted to
account for intermittent exposure (i.e., 6/24 hours x 5/7 days), resulting in a NOAELadj of
0.036 ppm.  A human equivalent concentration (NOAELHEC) was calculated by multiplying the
duration-adjusted NOAEL by a dosimetric adjustment factor (DAF) of 0.85 derived by the
OEHHA (2008a, b).  This DAF represents the ratio of the gas flux across olfactory epithelium in
rats relative to humans, based upon modeling conducted by Kimbell et al. (2001).

The NOAELHEC was calculated to be 0.03 ppm (70 µg/m³).  A cumulative uncertainty factor of
200 was applied to this NOAELHEC to account for interspecies variability (a default value of √10
for potential toxicodynamic differences, and a value of 2 for toxicokinetic differences),
subchronic to chronic extrapolation (√10), and intraspecies differences (10) to account for the
potential for asthma exacerbation in children.  The result is a chronic REL of 0.35 µg/m³.  This
value was selected for use in the chronic assessment of acrolein.  Given that the NOAEL used
was based on effects to the nasal respiratory epithelium, acrolein was included in the chronic
inhalation nasal irritants mixture.

Health Canada (2004) has developed a tolerable concentration of 0.4 µg/m³ based on the lower
benchmark concentration of 0.14 mg/m³ associated with a 5% increase in non-neoplastic
lesions in the nasal respiratory epithelium of rats (Health Canada 2004; CEPA 2000; Cassee et
al. 1996).  A safety factor of 100 was incorporated to account for interspecies variation (10) and
intraspecies variation (10).  The limit was further adjusted by Health Canada to account for
continuous exposure (i.e., rats were exposed intermittently for 6 hours per day so the limit was
multiplied by 6/24 hours).  Given that Health Canada’s tolerable concentration is based on acute
exposure (3 days) it was not used in the current chronic assessment of acrolein.

The US EPA (2010, 2003) has derived an inhalation RfC of 0.02 µg/m³ based on nasal lesions
observed in a subchronic rat inhalation study conducted by Feron et al. (1978).  Six Wistar rats,
ten Syrian golden hamsters and two Dutch rabbits were administered 0, 0.4, 1.4, or 4.9 ppm
acrolein in a whole-body exposure chamber for five days per week for 13 weeks.
Histopathologic changes described as "slightly affected" were observed in the nasal cavity of
one of the 12 rats exposed to 0.4 ppm (0.9 mg/m³) (US EPA 2003).  Severity increased at the
higher levels of exposure in all species, most clearly so in the rat.  No nasal lesions were
reported in other species at 0.4 ppm (0.9 mg/m³).  Based upon the concentration-related
severity of lesions, the rat was identified as the most sensitive species.  The US EPA identified
a LOAEL of 0.4 ppm (0.9 mg/m³) and adjusted the LOAEL to continuous exposure (i.e., 6/24
hours x 5/7 days), resulting in a LOAELADJ of 0.16 mg/m³.  In addition, the US EPA (2010)
calculated the LOAELHEC using the regional gas dose ratio (RGDR) approach, where the
duration-adjusted LOAEL for the rat was then multiplied by the RGDRET to yield a LOAELHEC of
0.02 mg/m³. The US EPA (2010) applied an uncertainty factor of 1,000 to the LOAELHEC to
account for extrapolation from rats to humans (3), intraspecies variability (10), adjustment from
a subchronic to chronic study (10), and use of a minimal LOAEL (3).  An uncertainty factor of 3
was used for interspecies variability because dosimetric adjustments were already made
through the use of the RGDR methodology.  This value was not selected for use, as the OEHHA
value is based upon more recent and robust study data and incorporates dosimetry modelling
data instead of the RGDR approach.
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A-4.2 Oral Exposure Limits

A-4.2.1 Chronic

Acrolein did not meet the physical-chemical criteria required for inclusion in the multiple pathway
assessment.  As a result, it did not require an oral limit.

A-4.3 References Acrolein
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A-5.0 ALIPHATIC C5-C8 GROUP

A-5.1 Inhalation Exposure Limits

A-5.1.1 Acute

Table A5-1 Acute Inhalation Exposure Limits for Aliphatic C5-C8 Group

Regulatory Agency Type Value (µg/m³) Reference
AENV − − AENV 2009
ATSDR − − ATSDR 2009
OEHHA − − OEHHA 2008
OMOE 24-hour standard 2,500 OMOE 2008, 2005
TCEQ − − TCEQ 2009
US EPA − − US EPA 2010
WHO − − WHO 2000

− = Not available

The OMOE (2005, 2008) has developed a 24-hour standard of 2,500 µg/m³ for an n-hexane
mixture.  This standard was developed from a NOAEL of 58 ppm (204 mg/m³) for
polyneuropathy in humans (Sanagi et al. 1980; OMOE 2005).  Workers were exposed to low
concentrations of n-hexane and acetone in a tungsten carbide alloys facility for an average of
6.2 years.  This value is based upon chronic exposures that are not relevant to acute, peak
exposures.  As such, this value was not considered suitable as an acute exposure limit.
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Because no defensible acute exposure limit is available for this group, the aliphatic C5-C8 group
was not evaluated on an acute basis.

A-5.1.2 Chronic

Table A5-2 Chronic Inhalation Exposure Limits for Aliphatic C5-C8 Group

Regulatory Agency Type Value (µg/m³) Reference
CCME RfC 18,400 CCME 2008
MA DEP RfC 200 MA DEP 2003
RIVM TCA 18,400 RIVM 2001
TPHCWG RfC 18,400 TPHCWG 1997

The CCME (2008) RfC and RIVM (2001) TCA of 18,400 µg/m³ for the C5-C8 aliphatic group was
adopted from the TPHCWG (1997).  The TPHCWG RfC is based on the neurotoxic endpoint of
commercial hexane and was developed from a NOAEL of 10,307 mg/m³ for two (rat and mice)
chronic bioassays involving lifetime exposure.  The NOAEL was adjusted for continuous
exposure (6/24 hours × 5/7 days) to a concentration of 1,840 mg/m³.  The TPHCWG (1997)
applied a cumulative uncertainty factor of 100 to the NOAEL to account for interspecies
variability (10) and intraspecies variability (10).  The TPHCWG (1997) recommends using the
RfC derived for commercial hexane over an RfC specific to n-hexane (as is the case of the
MA DEP RfC discussed below) as it is more representative of the aliphatic fraction.  According
to the TPHCWG (1997), using n-hexane alone results in an overestimation of the toxicity of the
fraction because n-hexane is the most toxic of the group’s constituents, it is uniquely toxic and
its interaction with other petroleum compounds influences its toxicity.  The RfC of 18,400 µg/m³
for commercial hexane was used to evaluate the risks associated with the aliphatic C5-C8 group.
As the toxicological basis of this value is the neurotoxic endpoint of commercial hexane, the
aliphatic C5-C8 group was included in the chronic inhalation neurotoxicants mixture.

The MA DEP (2003) RfC of 200 µg/m³ was derived from toxicity data specific to n-hexane,
which, as mentioned above, is considered overly conservative when characterizing the toxicity
of the aliphatic C5-C8 group as a whole.  Thus, the MA DEP RfC was not selected for use in the
chronic inhalation effects assessment.

A-5.2 Oral Exposure Limits

A-5.2.1 Chronic

Neither n-hexane nor n-pentane met the physical-chemical criteria for inclusion in the multiple
pathway assessment.  Thus, a chronic oral exposure limit was not required for the aliphatic C5-
C8 group.
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A-6.0 ANTHRACENE

A-6.1 Inhalation Exposure Limits

A-6.1.1 Acute

Table A6-1 Acute Inhalation Exposure Limits for Anthracene
Regulatory Agency Averaging Time Value (µg/m³) Reference

AENV – – AENV 2009
ATSDR – – ATSDR 2009
OEHHA – – OEHHA 2008
OMOE – – OMOE 2008
TCEQ – – TCEQ 2009
US EPA – – US EPA 2010
WHO – – WHO 2000

− = Not available
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No acute inhalation exposure limits were available for anthracene.  As a result, anthracene was
not evaluated on an individual basis in the acute inhalation assessment. As anthracene is an
aromatic compound it was included in the aromatic C9- C16 group.

A-6.1.2 Chronic

Table A6-2 Chronic Inhalation Exposure Limits for Anthracene
Regulatory Agency Type Value (µg/m³) Reference

AENV – – AENV 2009
ATSDR – – ATSDR 2009
HEALTH CANADA – – Health Canada 2009, 2004
OEHHA – – OEHHA 2008
RIVM – – RIVM 2001
TCEQ – – TCEQ 2009
US EPA – – US EPA 2010
WHO – – WHO 2000

− = Not available

Chronic inhalation exposure limits were not available for anthracene.  As a result, anthracene
was not evaluated in the chronic inhalation assessment on an individual basis.  Anthracene was
evaluated as part of the aromatic C9-C16 group.

A-6.2 Oral Exposure Limits

A-6.2.1 Chronic

Table A6-3 Chronic Oral Exposure Limits for Anthracene
Regulatory Agency Type Value (µg/kg bw/d) Reference

ATSDR MRL 10,000 ATSDR 2009, 1995
HEALTH CANADA − − Health Canada 2004, 2009
OEHHA − − OEHHA 2008
RIVM TDI 40 RIVM 2001
US EPA RfD 300 US EPA 2010, 1993

− = Not available

The US EPA (2010, 1993) has derived a chronic RfD of 300 µg/kg-day for anthracene.  Male
and female CD-1 (ICR)BR mice were exposed to 0, 250, 500, or 1,000 mg/kg/day anthracene
via oral gavage for a duration of 90-days.  The highest dose tested (1,000 mg/kg/day) was
established as the NOEL.  An uncertainty factor of 3,000 was applied to the NOEL to account
for interspecies differences (10), intraspecies variability (10), the use of a subchronic study (10),
and database limitations (3), for a resulting oral RfD of 300 µg/kg bw/d. As there were no
effects seen, anthracene was not included in any oral mixtures.

The ATSDR (2009, 1995) has derived an MRL of 10,000 µg/kg-day based on liver effects in
mice.  Four groups of male and female CD-1 mice were dosed with 0, 250, 500, or
1,000 mg/kg/day anthracene via oral gavage for 13-weeks.  No adverse effects were observed
at any dose level, and 1,000 mg/kg/day was determined to be the NOAEL.  An uncertainty
factor of 100 was applied to account for interspecies (10) and intraspecies (10) variability,
resulting in an MRL of 10 mg/kg/day.  This MRL was not used in the assessment.
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RIVM (2001) presents a tolerable daily intake of 40 µg/kg-day for anthracene.   RIVM (2001)
derived a generic TDI of 40 µg/kg-day for PAHs that are aromatic with C9-C16 carbon length.
However, as only limited information was provided in the supporting documentation, this value
was not used in the assessment.
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A-7.0 AROMATIC C9-C16 GROUP

A-7.1 Inhalation Exposure Limits

A-7.1.1 Acute

Table A7-1 Acute Inhalation Exposure Limits for Aromatic C9-C16 Group

Regulatory Agency Type Value (µg/m³) Reference
AENV − − AENV 2009
ATSDR − − ATSDR 2009
OEHHA − − OEHHA 2008
OMOE − − OMOE 2008
TCEQ − − TCEQ 2009
US EPA − − US EPA 2010
WHO − − WHO 2000

− = Not available

As no acute exposure limit was available for the aromatic C9-C16 group, naphthalene was used
as a surrogate for the group on an acute basis only.  The adjusted ACGIH STEL for
naphthalene (ACGIH 2009) of 2,000 µg/m³ was used as a 1-hour exposure limit for the aromatic
C9-C16 group.  .

The ACGIH (2009) recommends a STEL of 15 ppm (79 mg/m³) based on eye irritation as a
result of occupational exposure to naphthalene.  The STEL equates to a 15-minute air
concentration that should not be exceeded at any time during a workday.  The 15-minute STEL
can be adjusted to an equivalent 1-hour concentration using a modified Haber’s Law.

CADJ
n × TADJ = Cn × T

C1 × 60 minutes = (79 µg/m³)1 × 15 minutes

Where:

CADJ = duration-adjusted concentration

TADJ = desired time of exposure (60-minutes)

C = concentration of exposure (79 µg/m³)

T = time of exposure (15-minutes)

n = chemical-specific modification factor designed to account for the toxicity of a
chemical being concentration and/or duration dependent.  The OEHHA
recommends using a default n value of 1 in the adjustment for less than 1-
hour exposure.

Based on the above conversion factor, the STEL was adjusted to a concentration of 20 mg/m³.
An uncertainty factor of 10 was applied to the duration adjusted STEL to account for
intraspecies variability.  As the toxicological basis of the ACGIH STEL is eye irritation, the
aromatic C9-C16 group was included in the acute eye irritants mixture.
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A-7.1.2 Chronic

Table A7-2 Chronic Inhalation Exposure Limits for Aromatic C9-C16 Group

Regulatory Agency Type Value (µg/m³) Reference
CCME RfC 200 CCME 2008
MA DEP RfC 50 MA DEP 2003
RIVM TCA 200 RIVM 2001
TPHCWG RfC 200 TPHCWG 1997

The MA DEP (2003) has developed an RfC of 50 µg/m³ based on a study by Clark et al. (1989).
The RfC is based on increased liver and kidney weights in male rats exposed to high flash
aromatic naphtha, which is primarily composed of 9-carbon aromatic compounds.  Rats were
administered 0, 450, 900 or 1,800 mg/m³ of a mixture of C9 aromatics for 6 hours/day,
5 days/week for 12 months (Clark et al. 1989).  A NOAEL of 900 mg/m³ was identified for liver
and kidney effects and converted to continuous exposure (6/24 hours x 5/7 days) resulting in a
NOAEL of 160 mg/m³.  The MA DEP (2003) applied a cumulative uncertainty factor of 3,000 to
the NOAEL to account for the interspecies variability (10), intraspecies variability (10), use of a
subchronic study (10), and database deficiencies (3).  The partial uncertainty factor of 3 was
applied to account for the lack of toxicity information on non-PAH compounds in the C9-C16
aromatic fraction (MA DEP 2003).  This value of 50 µg/m³ was selected for use in the chronic
effects assessment of the aromatic C9-C16 group.  As the toxicological basis of this value
includes liver and kidney effects and no other COPCs in the chronic inhalation effects
assessment have these endpoints, the aromatic C9-C16 group was not part of a chronic
inhalation mixture.

The CCME (2008) RfC and RIVM (2001) TCA of 200 µg/m³ were adopted from the TPHCWG
(1997).  The TPHCWG limit also was based on the 1989 study by Clark et al.  The TPHCWG
(1997) applied a cumulative uncertainty factor of 1,000 to the duration-adjusted NOAEL of
160 mg/m³ to account for the interspecies variability (10), intraspecies variability (10), and use of
a subchronic study (10).  This limit was not used in the chronic inhalation effects assessment,
as the MA DEP (2003) RfC represents a more conservative limit.

A-7.2 Oral Exposure Limits

A-7.2.1 Chronic

The aromatic C9-C16 group did not meet the physical-chemical criteria for inclusion in the
multiple pathway assessment.  Thus, a chronic oral exposure limit was not required for the
aromatic C9-C16 group.
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A-8.0 AROMATIC C17-C34 GROUP

A-8.1 Inhalation Exposure Limits

A-8.1.1 Acute

Table A8-1 Acute Inhalation Exposure Limits for Aromatic C17-C34 Group

Regulatory Agency Type Value (µg/m³) Reference
AENV − − AENV 2009
ATSDR − − ATSDR 2009
OEHHA − − OEHHA 2008
OMOE − − OMOE 2008
TCEQ − − TCEQ 2009
US EPA − − US EPA 2010
WHO − − WHO 2000

− = Not available

No acute exposure limit was available.  Therefore, the aromatic C17-C34 group was not
evaluated on an acute basis.
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A-8.1.2 Chronic

Table A8-2 Chronic Inhalation Exposure Limits for Aromatic C17-C34 Group
Regulatory Agency Type Value (µg/m³) Reference

CCME − − CCME 2008
MA DEP − − MA DEP 2003
RIVM − − RIVM 2001
TPHCWG − − TPHCWG 1997

− = Not available

Inhalation toxicity data were not identified for the individual constituents or fractions in the C17-
C34 carbon range (CCME 2008).  This could be the result of the hydrocarbons in this group not
being volatile and inhalation being an unlikely exposure pathway.  In addition, MA DEP (2003)
does not provide a recommended value for inhalation exposure to C17-C34 aromatics based on
the limited volatility of the group.

As a result, the aromatic C17-C34 group was not evaluated in the chronic inhalation effects
assessment.

A-8.2 Oral Exposure Limits

A-8.2.1 Chronic

Table A8-3 Chronic Oral Exposure Limits for Aromatic C17-C34 Group

Regulatory Agency Type Value (µg/kg bw/d) Reference
CCME RfD 30 CCME 2008
MA DEP − − MA DEP 2003
RIVM TDI 30 RIVM 2001
TPHCWG RfD 30 TPHCWG 1997

− = Not available

The CCME (2008) RfD and RIVM (2001) TDI of 30 µg/kg bw/d for the aromatic C17-C34 fraction
were adopted from the TPHCWG (1997), which is based on the nephrotoxicity of pyrene.  The
RfD for pyrene was derived from a NOAEL of 75 mg/kg bw/d with a cumulative uncertainty
factor of 1,000 applied to the NOAEL to account for interspecies variability (10), intraspecies
variability (10), and use of a subchronic study (10).  A modifying factor of 3 was also applied to
the RfD because of the lack of adequate toxicity data.  This RfD of 30 µg/kg bw/d was used in
the chronic oral effects assessment of the C17-C34 aromatics.  As the toxicological basis of this
value includes kidney effects, the aromatic C17-C34 group was included in the chronic oral renal
toxicants mixture.
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A-9.0 BENZENE

A-9.1 Inhalation Exposure Limits

A-9.1.1 Acute

Table A9-1 Acute Inhalation Exposure Limits for Benzene

Regulatory Agency Type Value (µg/m³) Reference
AENV 1-hour AAQO 30 AENV 2009
ATSDR acute MRL 30 ATSDR 2009, 2007
OEHHA 6-hour REL 1,300 OEHHA 2008
OMOE – – OMOE 2008
TCEQ acute ReV 580 TCEQ 2009, 2007
US EPA – – US EPA 2010
WHO – – WHO 2000

− = Not available

The TCEQ (2009, 2007) has derived an acute ReV of 580 µg/m³ for benzene based on
immunological effects.  Male C57BL/6J mice (7 or 8 per concentration) were exposed to 0, 10.2,

http://www.oehha.ca.gov/air/allrels
http://www.ene.gov.on.ca/publications/6569
http://www.tceq.state.tx.us/implementation/tox/dsd/final
http://www.epa.gov/iris/
http://www.euro.who.int/document/e71922


Appendix A – Toxicity Profiles April 12, 2010
Intrinsik Environmental Sciences Inc. – Project #89700 Page A-29

31, 100, or 301 ppm (0, 32.6, 99, 320, or 960 mg/m³) benzene in whole-body dynamic inhalation
chambers for 6 hours/day on 6 consecutive days.  The control group was exposed to filtered,
conditioned air only.  Significant depression of femoral lipopolysaccharide induced B-colony-
forming ability was observed at the 10.2 ppm exposure level in the absence of a significant
depression of total number of B cells.  Peripheral lymphocyte counts were depressed at all
exposure levels.  The TCEQ (2007) established a LOAELADJ of 18.5 ppm, using Haber’s law
and a default approach for converting exposures more than one hour to a 1-hour exposure level
from TCEQ (2007).  The LOAELADJ was converted to a LOAELHEC using a RGDR.  In the case
that the animal blood:gas partition coefficient is greater than the human blood:gas partition
coefficient, a default value of 1 is used for the RGDR.  Thus, the LOAELHEC was calculated to be
18.5 ppm.

A cumulative uncertainty factor of 100 was applied to the LOAELHEC to account for interspecies
differences (3), intraspecies variability (10), and the use of a LOAEL (3).  A factor of 3 was
applied for extrapolation of animal data to humans since dosimetric adjustments were
conducted to address toxicokinetic differences.  In addition, studies indicate that benzene is
metabolized along similar pathways in animals and humans and data suggests that mice are
relatively sensitive in regards to hematotoxic effects of benzene (TCEQ 2007).  A factor of 3
was applied for extrapolation from a LOAEL to a NOAEL on the basis that the LOAEL used to
derive the acute ReV is lower than other LOAELs observed in animal and human studies, and
the LOAEL is similar to NOAELs observed in mouse studies (TCEQ 2007).  In addition,
benchmark dose modelling of estimated lymphocyte count depression data produces a  BMCL
of 4 ppm, which supports a factor of 3 as being sufficiently conservative (TCEQ 2007).  The
TCEQ (2007) also states that lymphocyte count depression is a sensitive sentinel effect that is
not a serious nature, and the reported decreased lymphocyte count at 10.2 ppm appears to be
within the normal range.  Finally, 10.2 ppm is below the levels at which more toxic to less toxic
metabolites has been shown to occur in mice (TCEQ 2007).  The resulting acute ReV of
580 µg/m³ was used as a 1-hour exposure limit in the acute inhalation effects assessment of
benzene.  As this value is based upon immunological effects and no other COPCs in the acute
inhalation effects assessment have this endpoint, benzene was not included in an acute
inhalation mixture.

Alberta Environment (AENV 2009) provides a 1-hour AAQO of 30 µg/m³ for benzene; however,
the AAQO was adopted from the TCEQ and the specific basis was not provided.  As a result, it
was not used in the acute inhalation effects assessment.

The ATSDR (2007, 2009) has derived an acute MRL of 0.009 ppm (0.03 mg/m³) using the same
key study (Rozen et al. 1984) as the TCEQ.  As well, the ATSDR identified the same LOAEL
value of 10.2 ppm (32.6 mg/m³).  The difference between the ATSDR and TCEQ values
originates from the adjustment of the LOAEL for continuous exposure and the uncertainty
factors applied. The ATSDR (2007) adjusted the LOAEL from intermittent to continuous
exposure (6 hours/24 hours) to a concentration of 2.55 ppm (8.16 mg/m³).  The LOAELADJ was
converted to a LOAELHEC for a category 3 gas causing respiratory effects.  The average ratio of
the animal blood: air partition coefficient would be greater than 1; thus, a default value of 1 was
used in calculating the HEC (ATSDR 2007).  As a result, a LOAELHEC of 2.55 ppm (8.16 mg/m³)
was identified.  The ATSDR (2007) applied a cumulative uncertainty factor of 300 to the
LOAELHEC to account for interspecies variability (3), intraspecies variability (10), and use of a
LOAEL (10).  A factor of 3 was applied for the extrapolation of laboratory animal data to humans
since the calculation of a HEC addressed the pharmacokinetic aspects of the interspecies
uncertainty factor.  This value was not selected, as the time-adjustment process applied by
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TCEQ (2007) was more defensible given the dose-response and duration-related effects
observed for benzene.

The OEHHA (2008) has derived a 6-hour acute REL of 1,300 µg/m³ based upon reproductive
effects.  The key study (Coate et al. 1984) involved the exposure of pregnant female rats (40
per group) to 0, 1, 10, 40 or 100 ppm (equivalent to 0, 3,240, 32,400, 129,600 or
324,000 µg/m³) for 6 hours/day on days 6 to 15 of gestation.  Significantly decreased mean fetal
weights were observed at the highest (100 ppm) exposure level.  No fetotoxic, teratogenic or
maternal toxicity was observed in the 40 ppm group.  The study NOAEL was identified as
40 ppm for reduced fetal weight.  A cumulative uncertainty factor of 100 was applied to account
for interspecies differences (10) and intraspecies variability (10).  The OEHHA (2008) notes that
the NOAEL was not adjusted to a 1-hour exposure due to the uncertainty associated with
extrapolating data from repeated exposures to a 1-hour concentration.  As a result of this
uncertainty, the 6-hour REL of 1,300 µg/m³ may be considered equivalent to a 1-hour REL.  This
value was not selected, as reproductive effects do not appear to the most sensitive endpoint in
association with acute benzene exposure.

A-9.1.2 Chronic

Table A9-2 Chronic Inhalation Exposure Limits for Benzene

Regulatory Agency Type (a) Value (µg/m³) Reference
AENV – – AENV 2009
ATSDR – – ATSDR 2009
HEALTH CANADA RsC 3 Health Canada 2009
OEHHA chronic REL

RsC
60
0.3

OEHHA 2008, 2000
OEHHA 2009

RIVM CRinhal 2 RIVM 2001
TCEQ TCA 280 TCEQ 2007
US EPA RfC

RsC
30

1.3 to 4.5
US EPA 2010, 2003, 2002
US EPA 2010, 2000, 1998

WHO RsC 1.7 WHO 2000

− = Not available

The US EPA (2010, 2000) presents a range of potential carcinogenic risks from inhalation of
benzene.  The key data sets employed in the US EPA cancer assessment were those by Rinsky
et al. (1981, 1987), which were also critically analyzed by Paustenbach et al. (1993), Crump and
Allen (1984), Crump (1992, 1994), and US EPA (1998).  The Rinsky et al. (1981, 1987) studies
examined the incidence of leukemia in exposed white male workers in the rubber hydrochloride
department of a pliofilm plant.  The more comprehensive follow up study (Rinsky et al. 1987)
involved the evaluation of 1,165 workers who were exposed for at least one day between 1965
and 1981.  Individual assessments of cumulative exposure were calculated by Rinsky et al. for
each worker based upon air sampling data.  Inhalation unit risks of 2.2E-06 to 7.8E-06
per µg/m³ were extrapolated based on a low-dose linear model using maximum likelihood
estimates for leukemia in humans (US EPA 1998).  The inhalation unit risks equate to an RsC of
1.3 to 4.5 µg/m³ associated with a risk level of one in 100,000 (US EPA 2000, 1998).  The RsC
of 1.3 µg/m³ was selected as the chronic inhalation limit for benzene as it is the most
conservative of the values presented within this range.  As the toxicological basis of this value is
leukemia, benzene was included in the chronic inhalation leukemogens mixture.
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In addition, the US EPA (2010, 2003, 2002) has derived an RfC of 20 µg/m³ based upon a
cross-sectional occupational study where decreased lymphocyte counts were observed in
exposed workers. Although a detailed rationale document is provided, this limit was not used in
the assessment due to the existence of cancer-based limits that are more conservative. The US
EPA RfC was not used in the chronic inhalation effects assessment, as the US EPA RsC
represents a more conservative limit.

The OEHHA (2009) has derived a unit risk estimate of 2.9E-05 per µg/m³ (equivalent to an RsC
of 0.34 µg/m³) based upon epidemiological studies of Chinese workers. Although it is not very
clear, Yin et al. (1994, 1996) studies appear to be the basis of the OEHHA value. The Chinese
cohort studies were determined by the US EPA to have methodological issues (poor exposure
characterization, co-exposure to other agents, data quality) to the point where the study was not
adequate for quantitative assessment. The US EPA RsC value, in contrast, is based upon
Rinsky et al. (1981, 1987) studies that have been critically analyzed in several other studies.

An RsC of 3 µg/m³ is reported by Health Canada (2009) based on an inhalation unit risk of
0.0033 per mg/m³.  This value was derived from the Rinsky et al. (1987) data discussed above
in the US EPA summary, and was calculated through the identification of a dose associated with
a 5% increase in mortality from acute myelogenous leukemia. However, this RsC was not used
in the chronic inhalation effects assessment, as the US EPA RsC represents a more
conservative limit.

The WHO (2000) provides an RsC of 1.7 µg/m³, which is associated with an increased cancer
risk of one in 100,000.  Using multiplicative risk estimates and a cumulative exposure model, a
unit risk for lifetime exposure of 1.4 to 1.5E-05 per ppb was derived with the Paustenbach
exposure matrix and 2.4E-05 per ppb with the Crump and Allen exposure matrix (WHO 2000).
These values equate to unit risks that range from 4.4 to 7.5E-06 per µg/m³.  From this, the WHO
(2000) selected a representative unit risk of 6E-06 per µg/m³. The RIVM (2001) used the WHO
unit risk of 6E-06 for an excess lifetime risk for leukemia as the basis of the CRinhal of 2 µg/m³.
Neither the WHO RsC nor the RIVM CRinhal was used in the chronic inhalation effects
assessment for benzene, as the US EPA RsC represents a more conservative limit.

The TCEQ (2009, 2007) has derived a chronic ReV of 280 µg/m³ based upon decreased
lymphocyte counts in 44 benzene-exposed workers.  This limit was not used in the chronic
inhalation effects assessment, as the US EPA RsC is a more conservative limit.

The OEHHA (2008, 2000) has also derived a non-cancer based value of 60 µg/m³ based upon
haematological effects in 303 male refinery workers. Occupational exposures ranged from 0ne
to 21 years.  This limit was not used in the chronic inhalation effects assessment, as the US
EPA RsC represents a more conservative limit.

A-9.2 Oral Exposure Limits

Benzene did not meet the physical-chemical criteria for inclusion in the multiple pathway
assessment.  Thus, a chronic oral exposure limit was not required.
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A-10.0 BENZO(A)PYRENE (AND EQUIVALENTS)

A-10.1 Inhalation Exposure Limits

A-10.1.1 Acute

Table A10-1 Acute Inhalation Exposure Limits for Benzo(a)pyrene

Regulatory Agency Averaging Time Value (µg/m³) Reference
AENV − − AENV 2009
ATSDR − − ATSDR 2009
OEHHA − − OEHHA 2008
OMOE 24-hour standard 0.0011 OMOE 2008a
TCEQ − − TCEQ 2009
USEPA − − US EPA 2010
WHO − − WHO 2000

− = Not available

The OMOE (2008a) has developed a 24-hour standard of 0.0011 µg/m³ based on the
carcinogenic potential for benzo(a)pyrene.  The limit was derived from an annual exposure limit
of 0.00022 µg/m³ for protection against carcinogenic effects using a simple extrapolation factor
generally considered to be overly conservative.  This limit was not used in the acute effects
assessment for benzo(a)pyrene because it did not account for the influence of duration of
exposure on the carcinogenic action of a chemical.
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After reviewing available information and determining that there are no available criteria for
benzo(a)pyrene with adequate supporting documentation, benzo(a)pyrene was not assessed on
an acute basis.

A-10.1.2 Chronic

Benzo(a)pyrene and other carcinogenic PAHs were evaluated using two different approaches in
the chronic inhalation assessment:

Approach 1:  The evaluation of benzo(a)pyrene as an indicator of the potency of the mixture is
based upon the approach used by the WHO in their review of air quality
guidelines for PAHs (WHO 2000).  Benzo(a)pyrene was chosen as the indicator
PAH as it is the best characterized out of all the carcinogenic PAH compounds.

Approach 2:  The toxic equivalency quotient (TEQ) approach is described by the US EPA
(2002), where the carcinogenic potencies of PAHs are scaled to an index
compound (benzo(a)pyrene) using toxic equivalency factors (TEFs) and then
added together to calculate the total cancer risk for the mixture.  This approach
permits the evaluation of the mixture when limited data are available for most of
the mixture components.

Health Canada (2009a) potentcy equivalency factors (PEFs) are based upon work completed by
Equilibrium Environmental Inc. (2006), in which PEFs (analogous to TEFs) were evaluated from
multiple sources for all routes of exposure.  In addition, information regarding the carcinogenicity
and genotoxicity of each PAH evaluated by Equilibrium was reviewed. PAHs that did not have
evidence of being directly carcinogenic or genotoxic were not assigned PEF values (e.g.,
anthracene).

The PEFs used in the current assessment of carcinogenic PAHs via the TEQ approach were
adopted from Health Canada.  These values are shown in Table A10-2. Non-carcinogenic
PAHs (i.e., PAHs without PEFs) were evaluated on their own or as part of an aromatic
hydrocarbon group, as appropriate.

Table A10-2 Relative Potency of Individual PAHs Compared with Benzo(a)pyrene

Compound Potency Equivalency Factor
7,12-Dimethylbenz(a)anthracene 10
Benz(a)anthracene 0.1
Benzo(a)pyrene 1
Benzo(b)fluoranthene 0.1
Benzo(g,h,i)perylene 0.01
Benzo(k)fluoranthene 0.1
Chrysene 0.01
Dibenz(a,h)anthracene 1
Fluoranthene 0.001
Indeno(1,2,3-cd)pyrene 0.1
Phenanthrene 0.001
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Table A10-3 Chronic Inhalation Exposure Limits for Benzo(a)pyrene

Regulatory Agency Type (a) Value (µg/m³) Reference
AENV annual AAQO 0.0003 AENV 2009
ATSDR − − ATSDR 2009
HEALTH CANADA RsC 0.32 Health Canada 2009a
OEHHA RsC 0.009 OEHHA 2009
RIVM − − RIVM 2001
TCEQ − − TCEQ 2009
US EPA − − US EPA 2010
WHO RsC 0.00012 WHO 2000

− = Not available

The WHO (2000) recommends an inhalation unit risk of 0.087 per µg/m³ based on
epidemiological data from studies involving coke-oven workers.  The WHO (2000) identified an
upper-bound individual lifetime unit risk estimate associated with continuous exposure to
1 µg/m³ of benzene-soluble compounds of coke-oven emissions in ambient air of 0.00062 per
µg/m³ based on a linearized multistage model.  Benzo(a)pyrene was selected as an indicator of
general PAH mixtures from emissions of coke-ovens and similar combustion processes in urban
air.  In the benzene-soluble fraction of coke oven emissions, 0.71% is reported to be
benzo(a)pyrene.  On this basis, the lifetime risk of lung cancer of 0.087 per µg/m³ was
calculated (WHO 2000).  This lifetime unit risk equates to an RsC of 0.00012 µg/m³ that is
associated with an acceptable incremental lifetime cancer risk of one in 100,000.  This RsC of
0.00012 µg/m³ was selected for the chronic inhalation assessment of benzo(a)pyrene alone
(Approach 1).

Health Canada (2009a) provides an inhalation unit risk of 3.10E-02 per mg/m³, which equates to
an RsC of 0.32 µg/m³.  This RsC is associated with an acceptable incremental lifetime cancer
risk of developing respiratory tumours of one in 100,000.  The RsC was developed based on
exposure to benzo(a)pyrene via multi-stage modelling of respiratory tract tumours in Syrian
golden hamsters (Thyssen et al. 1981; CEPA 1994).  In the key study, groups of 24 male Syrian
golden hamsters were exposed by inhalation (nose only) to 0, 2.2, 9.5, or 45.6 mg/m³
benzo(a)pyrene for 4.5 hours/day, 7 days/week for the first 10 weeks, and for 3 hours/day for
the rest of the exposure period (up to 96 weeks).  A decrease in body weight gain was observed
in exposed animals during the first 10 weeks of the study; however, from the 10th to the 60th

week, the body weights of all surviving exposed animals (with the exception of the highest
exposure group) were similar to those of the controls.  Mean survival also decreased in the
highest exposure group.  The incidences of unspecified tumours of the respiratory tract (nasal
cavity, larynx, and trachea) were:

0/27 for controls;
0/27 for the low-dose group;
9/26 (35%) for the mid-dose group; and
13/25 (52%) for the high-dose group (Thyssen et al. 1981).

Exposure related neoplasms (unspecified) were present in the pharynx (0, 0, 23, and 56% for
control, low-, mid-, and high-dose, respectively), esophagus (0, 0, 0, and 8% for control, low-,
mid-, and high-dose, respectively), and forestomach (0, 0, 4, and 4% for control, low-, mid-, and
high-dose, respectively).  Lung tumours were not observed (Thyssen et al. 1981).  The Health
Canada RsC of 0.32 µg/m³ was selected for the chronic inhalation assessment of
benzo(a)pyrene (Approach 2 -TEQ).  As the toxicological basis of this value is the incidence of
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respiratory tumours and no other COPCs have this endpoint, benzo(a)pyrene was not included
in a chronic oral mixture.

The OEHHA (2009) presents an inhalation unit risk estimate of 1.1E-03 per µg/m³, which is
equivalent to an RsC of about 0.009 µg/m³.  This value was derived from the Thyssen et al.
1981 study (discussed above as the basis of the Health Canada value).  Linearized multistage
modelling was used to evaluate the respiratory tumour incidence data.  The OEHHA applied
adjustments to account for differences in body surface area and body weight – it is not clear if
such adjustments were made in the Health Canada approach.  However, the rationale for
completing such adjustments is not well described.

Supporting documentation for the AENV (2009) value of 0.003 µg/m³ was not available,
although it is noted that the value is adopted from the OMOE.  The OMOE value of 0.003 µg/m³
represents a half-hour standard, and the current benzo(a)pyrene air standards in Ontario are
under review (OMOE 2008b).  As a result, the AENV value was not used in the assessment.

A-10.2 Oral Exposure Limits

A-10.2.1 Chronic

Table A10-4 Chronic Oral Exposure Limits for Benzo(a)pyrene

Regulatory Agency Type Value (µg/kg bw/d) Reference
ATSDR − − ATSDR 2009
HEALTH CANADA RsD 0.0043 Health Canada 2009a
OEHHA RsC 0.001 OEHHA 2009
RIVM RsD 0.05 RIVM 2001
US EPA RsD 0.0014 US EPA 2010, 1994
WHO − − WHO 2008

− = Not available

The US EPA (2010, 1994) provides an oral slope factor of 7.3 per mg/kg bw/d based on the
geometric mean of four slope factors obtained by different modelling procedures and multiple
datasets from two different studies.  The US EPA (1994) considered each dataset to be
acceptable for the derivation of an oral slope factor for benzo(a)pyrene, but the use of a
geometric mean of all four slope factors was preferred because it made use of more of the
available data.  The four slope factors were calculated as follows:

Data from Neal and Rigdon (1967) was fit to a two-stage dose response model that included
a term to permit the modelling of benzo(a)pyrene as its own promoter (modification of
Moolgavkar-Venson-Knudson, generalized forms of two-stage model).  In this model, the
transition rates and the growth rate of preneoplastic cells were both considered to be
exposure-dependent.  In addition to the Neal and Rigdon (1967) control group, historical
control stomach tumour data from a related, but not identical, mouse strain (SWR/J Swill)
was used in the modelling (Rabstein et al. 1973).  In the historical control data, the
forestomach tumour incidence rate was 2/268 and 1/402 for males and females,
respectively.  The lifetime unit risk for humans was calculated based on the following
standard assumptions: mouse food consumption was 13% of its body weight per day,
human body weight was assumed to be 70 kg, and the assumed body weight of the mouse
0.034 kg (US EPA 1994).  The standard assumption of surface area equivalence between
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mice and humans was the cube root of 70 kg/0.034 kg.  A conditional upper-bound estimate
was calculated to be 5.9 per mg/kg bw/day (US EPA 1994).

The Neal and Rigdon (1967) dataset was also used to generate an upper-bound estimate
extrapolated linearly from the 10% response point to the background of an empirically fitted
dose-response curve (modification of Moolgavkar-Venson-Knudson, generalized forms of
two-stage model).  An upper-bound was calculated to be 9.0 per mg/kg bw/day (US EPA
1994).

In order to reflect the partial lifetime exposure pattern over different parts of the animals’
lifetimes, a generalized Weibull-type dose-response model was selected to assess the Neal
and Rigdon (1967) data alone (i.e., excluding the two additional control groups from
Rabstein et al. 1973).  An upper-bound was calculated to be 4.5 per mg/kg bw/d (US EPA
1994).

A linearized multistage procedure was used to calculate an upper bound estimate for
humans from a rat dataset (Brune et al. 1981).  Sprague-Dawley (rats/sex/group) were fed
0.15 mg/kg benzo(a)pyrene (reported to be ‘highly pure’) in the diet either every 9 days or 5
days/week.  These treatments resulted in annual average doses of 6 or 39 mg/kg,
respectively.  The control group contained 32 rats per sex.  Treatment continued until the
rats were moribund or dead; survival was similar in all groups.  The combined incidence of
tumours of the forestomach, esophagus and larynx was 3/64, 3/64 and 10/64 in the control
group, the group fed benzo(a)pyrene every 9 days, and the group fed benzo(a)pyrene 5
days/week, respectively. A trend analysis showed a statistically significant tendency for the
proportion of animals with tumours of the forestomach, esophagus or larynx to increase
steadily with dose.  An oral slope factor of 11.7 per mg/kg bw/d was calculated (US EPA
1994).

Because the US EPA considered in its development of an oral slope factor (i) different modelling
procedures, (ii) multiple datasets from two different studies, and (iii) both sexes of more than
one strain of mice and species of out bred rodents, the US EPA RsD of 0.0014 µg/kg bw/d was
selected as the chronic oral limit for benzo(a)pyrene (TEQ).  As the toxicological basis of this
value is gastrointestinal tumours and no other COPCs have this endpoint, the benzo(a)pyrene
group was not included in a chronic oral mixture.

Health Canada (2009a) presents an oral slope factor of 2.3 per mg/kg bw/day, which is
equivalent to an RsD of 0.004 µg/kg bw/day. This RsD is based on the Canadian guidelines for
drinking water (Health Canada 2008).  The Canadian drinking water quality guideline for
benzo(a)pyrene took into consideration the increased incidence of stomach tumours (squamous
cell papillomas and some carcinomas) (Health Canada 2008; Neal and Rigdon 1967).  In the
key study, male and female CFW-Swiss mice were fed concentrations of 0 ppm, 1 ppm,
10 ppm, 20 ppm, 40 ppm, 45 ppm, 50 ppm, 100 ppm or 250 ppm benzo(a)pyrene in the diet
(purity was not reported).  The control group contained 289 mice (number of mice/sex was not
specified).  No forestomach tumours were reported in the 0 ppm, 1 ppm, or 10 ppm dose
groups.  The incidence of forestomach tumours in the 20 ppm, 40 ppm, 45 ppm, 50 ppm,
100 ppm or 250 ppm dose groups were 1/23, 0/37, 1/40, 4/40, 23/40, 19/23 and 66/73,
respectively.  Incorporating a surface area correction and using the robust linear extrapolation
model, the unit lifetime risk associated with the ingestion of 1 µg/L benzo(a)pyrene in drinking
water was estimated as 5E-05.  Using an adult body weight of 70.7 kg and an adult water
ingestion rate of 1.5 L/d (Health Canada 2009b), an oral slope factor of 2.3 per mg/kg bw/d was
calculated.  The US EPA value was selected over this value as it took more studies into
consideration than just the Neal and Rigdon dataset.
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The OEHHA (2009) has derived an oral slope factor of 11.5 per mg/kg bw/d, which is equivalent
to an RsD of about 0.001 µg/kg bw/d, based upon the Neal and Rigdon (1967) data, however
the approaches used are not clear in the supporting document.  As a result, this value was not
used in the assessment.

The RIVM (2001) presents an oral RsD of 0.5 µg/kg bw/d associated with a one in 10,000 risk
level (or 0.05 µg/kg bw/d for a one in 100,000 risk level).  This value was derived from an
unpublished study, where rats were administered 0, 3, 10 or 30 mg/kg bw/d of benzo(a)pyrene
via oral gavage, 5 days/week for a duration of 2 years. Tumours in the forestomach, liver,
kidney, skin, intestine and auditory canal and sarcomas of the esophagus, skin, and mammary
glands were observed.  However, the incidence relative to controls is not clear.  Given that the
study cited by the RIVM is a draft and thus not peer reviewed, the RIVM value was not used in
the assessment.
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A-11.0 CARBON MONOXIDE

A-11.1 Inhalation Exposure Limits

Chemicals of potential concern that are regulated at the federal government level in the form of
either a NAAQOs or as a CWS were not subject to the typical screening process for exposure
limits.  Instead, the AAQOs adopted by AENV (2009) from Health Canada were given priority.
Carbon monoxide is one of these chemicals.

A-11.1.1 Acute

Alberta Environment (AENV 2009) provides a 1-hour AAQO of 15,000 µg/m³ and an 8-hour
AAQO of 6,000 µg/m³ for carbon monoxide.  These AAQOs were adopted from the Canadian

http://oehha.ca.gov/air/hot_spots/2009/TSDCancerPotency.pdf
http://www.ene.gov.on.ca/publications/6569e-chem.pdf
http://www.tceq.state.tx.us/implementation/tox/dsd/final.html
http://www.epa.gov/ncea/iris/subst/0136.htm#carc
http://www.epa.gov/iris/
http://www.euro.who.int/document/e71922.pdf
http://www.who.int/water_sanitation_health/dwq/en/gdwq3_ann4tab.pdf
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Environmental Protection Act and Federal Provincial Advisory Committee (CEPA/FPAC)
Working Group on Air Quality Objectives and Guidelines, who recommends maximum
desirable, acceptable and tolerable objectives for carbon monoxide.  These objectives are
based on the maximum desirable levels (i.e., the lowest objective), and were developed to
protect the subpopulation sensitive to cardio-respiratory effects (CEPA/FPAC 1994).

As there are no 24-hour guidelines available, the acute assessment was completed on a 1-hour
and 8-hour basis only.

A-11.1.2 Chronic

The critical effect of carbon monoxide exposure is the formation of carboxyhemoglobin (COHb)
in blood.  Given that COHb concentrations reach a steady-state after 6 to 8 hours of exposure,
carbon monoxide exposure for longer periods of time (i.e., chronic exposure), is not expected to
cause accumulation of COHb in the blood (WHO 2000).  For this reason, regulatory exposure
limits are not available for chronic exposure to carbon monoxide, and carbon monoxide was not
included in the chronic inhalation assessment.

Epidemiological studies have identified associations between ambient low-level carbon
monoxide concentrations and various health effects (Burnett et al. 2000; Moolgavkar 2000).
However, the study results are inconsistent and it has been suggested that carbon monoxide
might represent only a surrogate compound for particulate emissions from mobile sources
(Sarnat et al. 2001; Schwartz 1999).

A-11.2 Oral Exposure Limits

Carbon monoxide is a gaseous criteria air contaminant.  As such, it was not evaluated in the
multiple pathway assessment.
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A-12.0 DICHLOROBENZENES

1,4-Dichlorobenzene was used as the surrogate for dichlorobenzenes as it represents the most
toxic isomer.

A-12.1 Inhalation Exposure Limits

A-12.1.1 Acute

Table A12-1 Acute Inhalation Exposure Limits for Dichlorobenzenes

Regulatory Agency Averaging Time Value (µg/m³) Reference
AENV − − AENV 2009,
ATSDR 8-hour MRL 12,000 ATSDR 2009, 2006
OEHHA − − OEHHA 2008
OMOE 24-hour standard 95 OMOE 2008
TCEQ acute ReV 3,000 TCEQ 2009a, b
US EPA − − US EPA 2010
WHO − − WHO 2000

− = Not available

The TCEQ (2009a, b) has derived an acute ReV of 0.50 ppm (3,000 µg/m³) based on eye and
nasal irritation in exposed workers.  The TCEQ (2009a, b) used an occupational study
conducted by Hollingsworth et al. (1956) as the key study in the derivation of the acute ReV.
Fifty-eight male workers involved in the handling of 1,4-dichlorobenzene were generally
exposed for 8 hours/day, 5 days/week, continually or intermittently for periods of 8 months to 25
years (mean of 4.75 years).  The TCEQ (2009a, b) selected the NOAEL of 15 ppm (90 mg/m³)
as the point-of-departure for derivation of the acute ReV.  The TCEQ (2009a, b) did not
extrapolate the NOAEL from an 8-hour workday to a 1-hour exposure because acute irritant
effects of 1,4-dichlorobenzene appear to be primarily concentration dependent rather than
duration-dependent.  An uncertainty factor of 10 was applied to the NOAEL to account for
intraspecies variability and a factor of 3 was applied to account for limitations in the acute
toxicological database for 1,4-dichlorobenzene (TCEQ 2009a, b).  An additional uncertainty
factor of 3 for database uncertainty resulting in an acute ReV of 3,000 µg/m³.  This value was
used as a 1-hour exposure limit in the acute effects assessment of dichlorobenzenes.  As the
toxicological basis of this value is eye and nasal irritation, dichlorobenzenes were included in
the acute eye irritants and nasal irritants mixtures.

The ATSDR (2009, 2006) has developed an acute inhalation MRL for 1,4-dichlorobenzene of
2 ppm (12,000 µg/m³) based on the same study NOAEL of 15 ppm (90 mg/m³) for eye and nose
irritation in occupationally exposed workers used by the TCEQ to derive the acute ReV.  An
uncertainty factor of 10 was applied to the NOAEL to account for intraspecies variability
(ATSDR 2006).  No adjustment was made for an occupational exposure of 8 hours/day to 1-
hour or 24-hour exposure durations. Given that the TCEQ acute ReV is more conservative than
the ATSDR value as a result of the incorporation of an additional uncertainty factor, the ATSDR
MRL was not used in the acute effects assessment.

The OMOE (2008) provides a 24-hour standard for 1,4-dichlorobenzene protective of health;
however, the scientific basis is not provided.  As a result, the study team is unable to comment
on the scientific merit of this standard and did not use it in the acute effects assessment.
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A-12.1.2 Chronic

Table A12-2 Chronic Inhalation Exposure Limits for Dichlorobenzenes

Regulatory Agency Type Value (µg/m³) Reference
AENV − − AENV 2009
ATSDR chronic MRL 60 ATSDR 2009, 2006
HEALTH CANADA TC 95 Health Canada 2009
OEHHA chronic REL

RsC
800

0.9
OEHHA 2008, 2000
OEHHA 2009

RIVM TCA 670 RIVM 2001
TCEQ chronic ReV 110 TCEQ 2009a, b
US EPA RfC 800 US EPA 2010
WHO − − WHO 2000

− = Not available

The ATSDR (2009, 2006) has developed a chronic MRL of 0.01 ppm (60 µg/m³) for the
increased incidence of nasal lesions in female rats based upon Aiso et al. (2005).  Male and
female F344/DuCrj rats and male and female Crj: BDF1 mice were exposed to 0, 20, 75 or
300 ppm 1,4-dichlorobenzene via inhalation for 6 hours/day, 5 days/week for a duration of 104
weeks.  Absolute and relative liver and kidney weights were increased in the 300 ppm group in
both sexes, in both species.  Histopathological changes in the nasal epithelia were observed in
female rats at 75 ppm and 300 ppm, and in male rats at 300 ppm.  Lesions included increased
incidences of eosinophilic changes in the olfactory and respiratory epithelium.  Renal lesions
were observed only in male rats at the highest dose level.  In mice, nasal lesions in respiratory
and olfactory epithelium were observed in males at 75 ppm but not at 300 ppm, and in females
only at 300 ppm.  Centrilobular hepatocellular hypertrophy was significantly increased in male
mice exposed to 300 ppm.  Lesions of the olfactory epithelium in female rats were determined
by the ATSDR to be the most sensitive effect, and benchmark dose modelling was completed
on this data set.  A BMCL10 of 9.51 ppm was determined from the dose-response modelling, and
was adjusted for intermittent exposure (6/24 hours × 5/7 days) to a BMCL10 (ADJ) of 1.7 ppm.  A
human equivalent concentration was determined using the US EPA (1994) approach for
deriving a RGDR:

RGDR =
VE (rat) / SA (rat)

VE (human) / SA (human)

RGDR =
0.24 / 15

20 / 200

RGDR = 0.16

Where:

VE (rat) = calculated ventilation rate for a rat, 0.24 L/min

SA (rat) = extrathoracic region surface area of rat, 15 cm2

VE (human) = calculated ventilation rate for a human, 20 L/min

SA (human) = extrathoracic region surface area of 200 cm2



Appendix A – Toxicity Profiles April 12, 2010
Intrinsik Environmental Sciences Inc. – Project #89700 Page A-43

Multiplying the BMCL10 (ADJ) of 1.7 ppm by the RGDR of 0.16 results in a BMCL10 (HEC) of
0.27 ppm, to which a cumulative uncertainty factor of 30 was applied to account for interspecies
differences (3) and intraspecies variability (10).  The resulting chronic MRL of 0.01 ppm
(60 µg/m³) was chosen as the exposure limit for dichlorobenzene in the chronic inhalation
assessment.  As the toxicological basis of this value is nasal irritation, dichlorobenzenes were
included in the chronic nasal irritants mixture.

Health Canada (2009) has developed a TC of 95 µg/m³ for 1,4-dichlorobenzene.  Although this
TC is based on health considerations, the specific basis of its derivation is unknown.  As a
result, this value was not considered for use in the chronic effects assessment.

The RIVM (2001) presents a TCA of 670 µg/m³ for 1,4-dichlorobenzene, based upon a NOAEL
of 450 mg/m³.  The NOAEL was adjusted for intermittent exposure to a value of 67 mg/m³.  A
cumulative uncertainty factor of 100 was applied (presumably for interspecies and intraspecies
differences).  As limited information regarding this value was provided in the supporting
documentation, it was not used in the assessment.

The OEHHA (2008, 2000) has derived a chronic REL of 800 µg/m³ based upon nasal and eye
irritation, and increased liver and kidney weights in rats (CPA 1986).  Male and female Sprague-
Dawley rats were exposed via inhalation to 0, 50, 150 or 450 ppm 1,4-dichlorobenzene for 6
hours/day, 7 days/week for a duration of 10 weeks and were mated for 3 weeks. It was not clear
if the animals were exposed during mating.  The F1 generation were exposed to the same
concentrations of 1,4-dichlorobenzene as the F0 generation, and also were mated.  No
developmental abnormalities were observed.  At 450 ppm, significant decreases in live births,
pup weights and survival were observed.  At 150 ppm, nasal and eye irritation, and increased
liver and kidney weights were observed in the animals following the 10-week exposure period.
The study NOAEL was identified as being 50 ppm (301 mg/m³).  This NOAEL was adjusted to
account for intermittent exposure (6/24 hours), resulting in a NOAELADJ of 13 ppm.  The RGDR
between rats and humans for these endpoints was determined by the OEHHA to be 1, thus the
HEC is the same as the NOAELADJ of 13 ppm.  A cumulative uncertainty factor of 100 was
applied to account for the use of a subchronic study (3), interspecies differences (3), and
intraspecies variability (10).

In addition, the OEHHA (2009) has derived a unit risk estimate of 1.1E-05 per µg/m³ for 1,4-
dichlorobenzene, which is equivalent to an RsC of 0.9 µg/m³.  However, this value is based
upon a chronic oral bioassay and was not selected for use in the assessment due to uncertainty
associated with route-to-route extrapolation.

The US EPA (2010, 1996) has derived an RfC of 800 µg/m³ using the same study and NOAEL
as the OEHHA (2000).  A NOAELHEC of 75 mg/m³ was derived and a cumulative uncertainty
factor of 90 was applied to account for interspecies differences, (3) intraspecies differences
(10), and the extrapolation of a subchronic study (3).

The TCEQ (2009a, b) has established a chronic ReV of 110 µg/m³ based upon the incidence of
nasal lesions in rats, and considers the same toxicological studies as the OEHHA, US EPA and
ATSDR chronic limits.  The study NOAEL was interpreted by the TCEQ as being 66 ppm in rats.
In addition, benchmark dose modelling was conducted on the incidence rates of nasal lesions in
female rats from the Aiso et al. (2005) study (relied upon by the ATSDR 2006, described
above), and increased liver weights in male rats from the CPA (1986) study (relied upon by the
US EPA and OEHHA in the derivation of their limits, which are discussed above).  Following
adjustments for continuous exposure (6/24 hours, 5/7 days) the BMCL10 value for the Aiso et al.
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(2005) study was calculated to be 2.7 ppm and for the CPA (1986) study, 32.77 ppm.  As the
ReV derived from the Aiso et al. (2005) study was selected by the TCEQ, the discussion of the
calculation of the HEC and the application of uncertainty factors below is limited to the Aiso et
al. (2005) BMCL10.  A HEC was calculated by multiplying the BMCL10 by a RGDR of 0.2,
calculated following the approach of the US EPA (1994).  A cumulative uncertainty factor of 30
was applied to the HEC of 0.535 ppm to account for interspecies differences in
pharmacokinetics (3), and intraspecies variability (10).  The result is a chronic ReV of
100 µg/m³.  Although the ReV is based upon the same key study as the ATSDR MRL, it is not
used in the chronic effects assessment as the ATSDR MRL is slightly more conservative.

A-12.2 Oral Exposure Limits

Dichlorobenzene did not meet the physical-chemical criteria for inclusion in the multiple pathway
assessment.  Thus, a chronic oral exposure limit was not required.

A-12.3 References Dichlorobenzenes

AENV (Alberta Environment). 2009. Alberta Ambient Air Quality Objectives and Guidelines. April 2009.
Available at: http://environment.gov.ab.ca/info/library/5726.pdf.  Accessed May 2009.

Aiso S, Takeuchi T, Arito H, et al. 2005. Carcinogenicity and chronic toxicity in mice and rats exposed by
inhalation to para-dichlorobenzene for two years. Toxicology 67:1019-1029.

ATSDR (Agency for Toxic Substances and Disease Registry). 2006. Toxicological Profile for
Dichlorobenzenes. Atlanta, GA: US Department of Health and Human Services, Public Health
Service. August 2006. http://www.atsdr.cdc.gov/toxprofiles/tp10.html. Accessed 2010.

ATSDR (Agency for Toxic Substances and Disease Registry). 2009. Minimal Risk Levels (MRLs) for
Hazardous Substances. December 2008. Atlanta, GA: US Department of Health and Human
Services, Public Health Service. Available at: http://www.atsdr.cdc.gov/mrls Accessed 2010.

CPA (Chlorobenzene Producers Association). 1986. Parachlorobenzene: Two-generation reproduction
study in Sprague-Dawley rats. Study 86-81-90605. MRID No. 411088-1.

Health Canada. 2009. Federal Contaminated Site Risk Assessment in Canada. Part II: Health Canada
Toxicological Reference Values (TRVs). Environmental Health Assessment Services Safe
Environments Programme. ISBN 0-662-38245-5.

Hollingsworth RL, Rowe VK, Oyen F, Hoyle HR, Spencer HC. 1956. Toxicity of paradichlorobenzene:
determination on experimental animals and human subjects. Arch Ind Health 14: 138.

OEHHA (California Office of Environmental Health Hazard Assessment). 2000. Determination of
Noncancer Chronic Reference Exposure Levels Chronic Toxicity Summary 1,4-Dichlorobenzene
December 2000. California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment. Sacramento, CA. Available at:
http://oehha.ca.gov/air/hot_spots/2008/AppendixD3_final.pdf#page=165 Accessed March 2010

OEHHA (California Office of Environmental Health Hazard Assessment). 2008. Acute, 8-hour and Chronic
Reference Exposure Level (REL) Summary. California Environmental Protection Agency, Office of
Environmental Health Hazard Assessment. Sacramento, CA. Available at:
http://www.oehha.ca.gov/air/allrels.html Accessed March 2010

OEHHA (California Office of Environmental Health Hazard Assessment). 2009. Air Toxics Hot Spots Risk
Assessment Guidelines. Technical Support Document for Cancer Potency Factors. Appendix B.
Office of Environmental Health Hazard Assessment, California Environmental Protection Agency.

OMOE (Ontario Ministry of the Environment). 2008. Summary of Standards and Guidelines to Support
Ontario Regulation 419: Air Pollution – Local Air Quality (including Schedule 6 of O. Reg. 419 on
UPPER RISK THRESHOLDS) (sorted by Chemical Name). Standards Development Branch, Ontario

http://environment.gov.ab.ca/info/library/5726.pdf
http://www.atsdr.cdc.gov/toxprofiles/tp10.html
http://www.atsdr.cdc.gov/mrls
http://oehha.ca.gov/air/hot_spots/2008/AppendixD3_final.pdf#page
http://www.oehha.ca.gov/air/allrels.html


Appendix A – Toxicity Profiles April 12, 2010
Intrinsik Environmental Sciences Inc. – Project #89700 Page A-45

Ministry of the Environment. PIBS # 6569e. February 2008. Available at:
http://www.ene.gov.on.ca/publications/6569e-chem.pdf Accessed May 2009.

RIVM (National Institute of Public Health and the Environment, NIPHE). 2001. Re-evaluation of human
toxicological maximum permissible risk levels.  RIVM Report 711701 025.  March 2001.

TCEQ (Texas Commission on Environmental Quality). 2009a. Final Development Support Documents
(DSDs). Available at: http://www.tceq.state.tx.us/implementation/tox/dsd/final.html Accessed 2010.

TCEQ (Texas Commission on Environmental Quality). 2009b. 1,4-Dichlorobenzene (CAS Registry
Number: 106-46-7). Developmental Support Document, Final, February 2009. Prepared by: Haney,
Joseph T. Toxicology Section, Chief Engineer’s Office, Texas Commission on Environmental Quality.

US EPA (United States Environmental Protection Agency). 1994. Methods for derivation of inhalation
reference concentrations and application of inhalation dosimetry. Environmental Criteria and
Assessment Office, Office of Health and Environmental Assessment, Cincinnati, OH; EPA/600/8-
90/066F. Available online at:
http://www.epa.gov/OSA/raf/publications/pdfs/RFCMETHODOLOGY.PDF

US EPA (United States Environmental Protection Agency). 1996. IRIS Summary of 1,4-Dichlorobenzene
(106-46-7). Reference Concentration for Chronic Inhalation Exposure (RfC). Available at:
http://www.epa.gov/ncea/iris/subst/0552.htm#refinhal Accessed 2010.

US EPA (United States Environmental Protection Agency). 2010. Integrated Risk Information System
(IRIS) database on-line search. Cincinnati, OH: United States Environmental Protection Agency.
Available at: http://www.epa.gov/iris/ Accessed March 2010.

WHO (World Health Organization). 2000. Air Quality Guidelines for Europe, Second Edition. World Health
Organization, Regional Office for Europe, Copenhagen. WHO Regional Publications, European
Series, No. 91. Available at http://www.euro.who.int/document/e71922.pdf Accessed January 2010.

A-13.0 FLUORENE

A-13.1 Inhalation Exposure Limits

A-13.1.1 Acute

Table A13-1 Acute Inhalation Exposure Limits for Fluorene
Regulatory Agency Averaging Time Value (µg/m³) Reference

AENV – – AENV 2009
ATSDR – – ATSDR 2009
OEHHA – – OEHHA 2008
OMOE – – OMOE 2008
TCEQ – – TCEQ 2009
US EPA − − US EPA 2010
WHO – – WHO 2000

− = Not available

No acute inhalation exposure limits were available for fluorene.  As a result, fluorene was not
evaluated on an individual basis in the acute inhalation assessment. As fluorene is an aromatic
compound it was included in the aromatic C9- C16 group.
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A-13.1.2 Chronic

Table A13-2 Chronic Inhalation Exposure Limits for Fluorene
Regulatory Agency Type Value (µg/m³) Reference

AENV – – AENV 2009
ATSDR – – ATSDR 2009
HEALTH CANADA – – Health Canada 2009, 2004
OEHHA – – OEHHA 2008
RIVM – – RIVM 2001
TCEQ – – TCEQ 2009
US EPA – – US EPA 2010
WHO – – WHO 2000

− = Not available

Chronic inhalation exposure limits were not available for fluorene. As a result, fluorene was not
assessed individually in the chronic inhalation assessment. Fluorene was assessed as part of
the aromatic C9-C16 group.

A-13.1.3 Oral Exposure Limits

Table A13-3 Chronic Oral Exposure Limits for Fluorene
Regulatory Agency Type Value (µg/kg bw/d) Reference

ATSDR MRL 400 ATSDR 2009, 1995
HEALTH CANADA − − Health Canada 2009, 2004
OEHHA − − OEHHA 2008
RIVM TDI 40 RIVM 2001
US EPA RfD 40 US EPA 2010, 1990

− = Not available

The US EPA (2010, 1990) has derived a chronic RfD of 40 µg/kg-day for fluorene based on
hematological effects.  Male and female CD-1 mice were exposed to 0, 125, 250, 500, or
1,000 mg/kg/day fluorene in corn oil via oral gavage for a duration of 13 weeks.  The NOAEL
was determined to be 125 mg/kg/day; although decreases in erythrocyte count, packed cell
volume, and hemoglobin concentration were observed at this dose, they were not statistically
significant.  In addition, dose-related increases in relative spleen, kidney and liver weights were
observed at 250 mg/kg and above.  An uncertainty factor of 3,000 was applied to the NOAEL to
account for interspecies differences (10), intraspecies variability (10), the use of a subchronic
study (10), and lack of data in another species (3).  The resulting oral RfD of 40 µg/kg bw/d was
used in this assessment.  As the toxicological basis of this value included kidney effects,
fluorene was included in the chronic oral renal toxicants mixture.

The ATSDR (2009, 1995) has derived an MRL of 400 µg/kg-day based on relative liver weights
in mice.  Four groups of male and female CD-1 mice were dosed daily with 0, 125, 250, 500, or
1,000 mg/kg/day fluorene via oral gavage for 90 days.  A NOAEL was not identified, but a
LOAEL of 125 mg/kg/day was determined.  An uncertainty factor of 300 was applied to account
for interspecies (10) and intraspecies (10) variability, and for use of a LOAEL (3).  The resulting
MRL of 0.4 mg/kg/day was not used as the US EPA value was more conservative, and based
on a NOAEL.
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RIVM (2001) also presents a tolerable daily intake of 40 µg/kg-day for fluorene.  This value
represents a generic TDI that was derived by RIVM for aromatic C9-C16 compounds. As limited
information regarding this value was provided in the supporting documentation, it was not used
in the assessment.

A-13.2 References Fluorene

AENV (Alberta Environment). 2009. Alberta Ambient Air Quality Objectives and Guidelines. June 2009.
Available at: http://environment.gov.ab.ca/info/library/5726.pdf.  Accessed August 2009.

ATSDR (Agency for Toxic Substances and Disease Registry). 1995. Toxicological Profile for Polycyclic
Aromatic Hydrocarbons (PAHs). Atlanta, GA. August 1995. US Department of Health and Human
Services, Public Health Service.  Available at: http://www.atsdr.cdc.gov/toxprofiles/tp69.html
Accessed August 2009.

ATSDR (Agency for Toxic Substances and Disease Registry). 2009. Minimal Risk Levels (MRLs) for
Hazardous Substances. December 2008. Atlanta, GA: US Department of Health and Human
Services, Public Health Service. Available at: http://www.atsdr.cdc.gov/mrls Accessed 2010.

Health Canada. 2004. Health-based Guidance Values for Substances on the Second Priority Substances
List. ISBN 0-662-37275-1.

Health Canada. 2009. Federal Contaminated Site Risk Assessment in Canada. Part II: Health Canada
Toxicological Reference Values (TRVs). Environmental Health Assessment Services Safe
Environments Programme. ISBN 0-662-38245-5.

OEHHA (California Office of Environmental Health Hazard Assessment). 2008. Acute, 8-hour and Chronic
Reference Exposure Level (REL) Summary. California Environmental Protection Agency, Office of
Environmental Health Hazard Assessment. Sacramento, CA. Available at:
http://www.oehha.ca.gov/air/allrels.html. Accessed August 2009.

OMOE (Ontario Ministry of the Environment). 2008. Summary of Standards and Guidelines to Support
Ontario Regulation 419: Air Pollution – Local Air Quality (including Schedule 6 of O. Reg. 419 on
UPPER RISK THRESHOLDS) (sorted by Chemical Name). Standards Development Branch, Ontario
Ministry of the Environment. PIBS # 6569e. February 2008. Available at:
http://www.ene.gov.on.ca/publications/6569e-chem.pdf Accessed August 2009.

RIVM (National Institute of Public Health and the Environment, NIPHE). 2001. Re-evaluation of human
toxicological maximum permissible risk levels.  RIVM Report 711701 025.  March 2001.

TCEQ (Texas Commission on Environmental Quality). 2009. Final Development Support Documents
(DSDs). Available at http://www.tceq.state.tx.us/implementation/tox/dsd/final.html Accessed 2010.

US EPA (United States Environmental Protection Agency). 1990. IRIS Summary of Fluorene (86-73-7).
Reference Dose for Chronic Oral Exposure (RfD).  Available at:
http://www.epa.gov/ncea/iris/subst/0435.htm Accessed 2010.

US EPA (United States Environmental Protection Agency). 2010. Integrated Risk Information System
(IRIS) database on-line search. Cincinnati, OH: United States Environmental Protection Agency.
Available at: http://www.epa.gov/iris/ Accessed 2010.

WHO (World Health Organization). 2000. Air Quality Guidelines for Europe, Second Edition. World Health
Organization, Regional Office for Europe, Copenhagen. WHO Regional Publications, European
Series, No. 91. Available at http://www.euro.who.int/document/e71922.pdf Accessed August 2009.

http://environment.gov.ab.ca/info/library/5726.pdf
http://www.atsdr.cdc.gov/toxprofiles/tp69.html
http://www.atsdr.cdc.gov/mrls
http://www.oehha.ca.gov/air/allrels.html
http://www.ene.gov.on.ca/publications/6569e-chem.pdf
http://www.tceq.state.tx.us/implementation/tox/dsd/final.html
http://www.epa.gov/ncea/iris/subst/0435.htm
http://www.epa.gov/iris/


Appendix A – Toxicity Profiles April 12, 2010
Intrinsik Environmental Sciences Inc. – Project #89700 Page A-48

A-14.0 FORMALDEHYDE

A-14.1 Inhalation Exposure Limits

A-14.1.1 Acute

Table A14-1 Acute Inhalation Exposure Limits for Formaldehyde

Regulatory Agency Averaging Time Value (µg/m³) Reference
AENV 1-hour AAQO 65 AENV 2009
ATSDR acute MRL 50 ATSDR 2009, 1999
OEHHA acute REL

8-hour REL
55
9

OEHHA 2008a, b

OMOE 24-hour standard 65 OMOE 2008
TCEQ acute ReV 50 TCEQ 2009, 2008
US EPA − − US EPA 2010
WHO − − WHO 2000

− = Not available

The ATSDR (2009, 1999) has developed an acute inhalation MRL for formaldehyde of 0.04 ppm
(50 µg/m³) based on a LOAEL of 0.4 ppm for nasal and eye irritation.  Occupationally exposed
patients with skin hypersensitivity to formaldehyde and unexposed (control) patients, all of
whom were non-smokers, were separated into two groups.  Group 1 included seven male and
three female volunteers with skin hypersensitivity to formaldehyde and Group 2 included 11
healthy males with no history of allergic diseases.  Nasal washings were performed in both
groups immediately before and after a 2-hour exposure to 0 (placebo) or 0.4 ppm (0.5 mg/m³)
formaldehyde and again 4 and 18 hours after the exposure period.  In both groups, the placebo
did not result in any effects on nasal wash cellular contents or symptom score.  Exposure to
0.4 ppm formaldehyde showed statistically significant increased average symptom scores
compared with average placebo scores, in both groups.  As well, eosinophil counts and albumin
levels were elevated in both groups.  After 18 hours, symptom scores, eosinophil counts and
albumin levels were no longer elevated.  A cumulative uncertainty factor of 10 was incorporated
by the ATSDR (1999) to account for intraspecies variability (3) and to account for the use of a
minimal LOAEL (3).  An uncertainty factor of 3 was considered adequately protective of human
variability as the symptoms of irritation were observed in a potentially sensitive group of
subjects.  This acute (2-hour) MRL of 50 µg/m³ was conservatively used as the 1-hour exposure
limit in the acute effects assessment for formaldehyde as it represents the most conservative
value that is supported by adequate documentation.  As the toxicological basis of this limit was
eye and nasal irritation, formaldehyde was included in the acute eye irritants and nasal irritants
mixtures.

The OEHHA (2008a, b) has derived 1-hour and 8-hour RELs for formaldehyde.  The acute 1-
hour REL is based upon a study involving 19 healthy non-smokers.  People were exposed to
0.5 to 3 ppm formaldehyde for a 3-hour period.  A NOAEL of 0.5 ppm and a LOAEL of 1 ppm
were determined from the study results for mild-moderate eye irritation.  Benchmark dose
modeling was conducted, and the BMCL05 was determined to be about 0.44 ppm (530 µg/m³).
The OEHHA (2008b) applied an uncertainty factor of 10 to this value to account for intraspecies
differences, resulting in the 1-hour REL of 55 µg/m³.  This value was not used as the ATSDR
value is slightly lower and is well supported by scientific rationale.  The 8-hour REL derived by
the OEHHA was based upon long-term occupational studies with exposures ranging from 1 to
36 years.  As the value is not based upon acute exposures, it was not considered further.

http://www.euro.who.int/document/e71922.pdf
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The OMOE (2008) provides a 24-hour standard of 65 µg/m³ based on a health effects.  As the
OMOE does not provide supporting documentation for the derivation of this standard, it was not
considered further.

The TCEQ (2009, 2008) has developed an acute ReV of 50 µg/m³ for formaldehyde based on
eye and nose irritation in human volunteers.  The TCEQ (2008) derived the acute ReV based on
the same study used by the ATSDR (Pazdrak et al. 1993) in addition to another study by
Krakowiak et al. (1998), which also identified a LOAEL of 0.4 ppm.  Similar to the ATSDR, the
TCEQ (2008) applied a cumulative uncertainty factor of 10 to account for use of a minimal
LOAEL (3) and intraspecies variability (3).  A factor of 3 for intraspecies variability was
considered sufficient given that the studies included potentially sensitive subpopulations (TCEQ
2008).  This value is the same as the ATSDR MRL.

A-14.1.2 Chronic

Table A14-2 Chronic Inhalation Exposure Limits for Formaldehyde

Regulatory Agency Type(a) Value (µg/m³) Reference
AENV − − AENV 2009
ATSDR chronic MRL 10 ATSDR 2009, 1999
HEALTH CANADA RsC 1.9 Health Canada 2009, 2004

OEHHA chronic REL
RsC

9
2

OEHHA 2008a, b
OEHHA 2009

RIVM − − RIVM 2001

TCEQ chronic ReV
RsC

11
18 TCEQ 2009, 2008

US EPA RsC 0.8 US EPA 2010, 1991
WHO − − WHO 2000
(a) The IARC (2006) has determined that formaldehyde is carcinogenic to humans (Group 1) based on sufficient

evidence in humans and experimental animals.
− = Not available

The TCEQ (2009, 2008) has derived a non-carcinogenic chronic ReV of 11 µg/m³ based upon
the incidence of eye, nasal and respiratory irritation in exposed workers.  In the occupational
study by Wilhelmsson and Holmstrom (1992), workers were exposed to a mean formaldehyde
concentration of 0.21 ppm (0.26 mg/m³) for an average duration of 10 years.  Exposure workers
were compared with a control group of non-occupationally exposed workers who on average,
were exposed to 0.07 ppm (0.09 mg/m³).  Both groups of workers included atopic individuals
with Type I hypersensitivity who were responsive to formaldehyde in cutaneous tests.  Eye
irritation and immune-mediated discomfort and irritation of the nasal passages and respiratory
tract were observed in the exposed group but not in the reference group.  The study LOAEL
was identified as 0.26 mg/m³ and the NOAEL as 0.09 mg/m³. Three other human studies were
examined as supporting evidence for the Wilhelmsson and Holmstrom (1992) study, with similar
LOAEL and NOAEL values reported.  The TCEQ adjusted the NOAEL Of 0.09 mg/m³ for
continuous exposure (10/20 m³-day × 5/7 days) to a NOAELHEC of 0.032 mg/m³.  An uncertainty
factor of 3 was applied to account for intraspecies variability, given that the study included some
sensitive individuals.  The TCEQ non-carcinogenic ReV of 11 µg/m³ was selected for the
chronic effects assessment of formaldehyde.  From this, formaldehyde was included in the eye
irritants, nasal irritants and respiratory irritants mixtures in the chronic inhalation assessment.

The TCEQ (2008) also has derived a cancer-based exposure limit for formaldehyde of 18 µg/m³
derived from a comprehensive analysis of three rodent tumourigenicity data sets by Schlosser
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et al. (2003).  One of the three data sets was the Kerns et al. (1983) study upon which the US
EPA RsC is based.  The pooled data modelled included 482 rats exposed to 0.7, 2.0, 6.0, 10.0
or 15.0 ppm and 122 controls. BMCL01 values were calculated for the various modelling
approaches and endpoints (tumours, cell proliferation).  Schlosser et al. (2003) conducted
benchmark dose analysis of the data, and also applied computational flux modelling to account
for differences in nasal dosimetry and a pharmacokinetic model to predict DNA cross-link
formation.  The dose-response relationship in the data for tumour incidence and cell proliferation
were both highly non-linear.  The TCEQ selected the 95% BMCL01 of 0.44 ppm based on cell
proliferation as the point of departure for the derivation of a cancer-based ReV, as it
represented the most conservative value derived from biologically-based modelling approaches.
A cumulative uncertainty factor of 30 was applied to the BMCL01 to account for intraspecies
variability (10) and interspecies differences (3) due to the use of a pharmacokinetic-based
biological model in the derivation of the BMCL01.  Based on the weight of evidence, eye, nasal
and respiratory irritation in humans are more sensitive endpoints than cell proliferation in rats.
As such, the TCEQ non-carcinogenic ReV was selected for the assessment.

The ATSDR (2009, 1999) has derived a chronic MRL of 10 µg/m³.  This value is based upon
histological changes in nasal mucosa in occupationally exposed workers (n = 70) in a
formaldehyde and formaldehyde resins producing chemical plant; furniture factory workers (n =
100) who were exposed to particle boards and glue components; and a control group of non-
exposed office workers (n = 36) (Holmstrom et al. 1989).  Average employment duration time for
the two groups were 10.4 years (range 1 to 36 years) for the chemical workers, and 9.0 years
(range 1 to 30 years) for furniture workers.  Air concentration estimates of workers’ breathing
zones were determined to be 0.04 to 0.4 ppm formaldehyde (median 0.24 ± 0.13 ppm) for the
chemical workers, and from 0.16 to 0.4 ppm (median 0.20 ± 0.04 ppm) for the furniture workers.
Nasal mucosal specimens were taken from the workers from the middle turbinate.  A significant
difference in the mean histological scores for the chemical workers but not for the furniture
workers was observed relative to controls.  Histological abnormalities observed in samples from
exposed workers included:  epithelial dysplasia, cilia loss, goblet cell hyperplasia, cuboidal and
squamous cell metaplasia.  In addition, exposed workers reported mild eye irritation in the 0.04
to 0.4 ppm (mean 0.24 ppm) range of exposures.  The study LOAEL was determined by the
ATSDR to be 0.24 ppm.  Although the workers were only exposed 8 hours/day, 5 days a week,
adjustments for continuous exposure were not made by the ATSDR based on the rationale that
the effects of formaldehyde exposure are more related to concentration than to duration.  A total
uncertainty factor of 30 was applied for use of a LOAEL (3) and for intraspecies variation (10).
This value is similar to the TCEQ value (described above) in both magnitude and toxicological
basis.

The OEHHA (2008a, b) chronic REL of 9 µg/m³ is based upon the same study as the TCEQ
chronic ReV (Wilhelmsson and Holmstrom 1992).  The same NOAEL (0.09 mg/m³) was
identified by the OEHHA as the TCEQ.  However, no adjustment was made for continuous
exposure, although the rationale for not doing this is not clear.  An uncertainty factor of 10 was
applied to the NOAEL to account for intraspecies variability, resulting in the chronic REL of
9 µg/m³.

The US EPA (2010, 1991) has derived an inhalation RsC of 0.8 µg/m³ based on an inhalation
study by Kerns et al. (1983) that examined the incidence of squamous cell carcinomas in rats
exposed to formaldehyde.  In the Kerns et al. (1983) study, Fischer 344 rats and B6C3F1 mice
were exposed to 0, 2, 5.6 or 14.3 ppm (equivalent to 0, 2.5, 7 or 17.6 mg/m³) for 6 hours/day, 5
days/week for a duration of 24 months.  Five animals were sacrificed in each exposure group at
6 and 12 months, while 20 were sacrificed in each exposure group at 18 months (Kerns et al.
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1983).  Squamous cell carcinomas and polyploidy adenomas were seen in the nasal cavities
male and female rats exposed to 14.3 ppm, and in male animals (polyploidy adenoma only) at
5.6 ppm.  In the 5.6 ppm group, only one rat of each sex presented nasal carcinomas. In
exposed mice, squamous cell carcinomas were seen in two males at 14.3 ppm. No significant
lesions were observed.  Using the linearized multistage procedure with additional risk the US
EPA (2010) developed an inhalation unit risk of 1.3E-05 per µg/m³, which equates to an RsC of
0.8 µg/m³ that is associated with a one in 100,000 excess cancer risk.  This value was not used
in the chronic effects assessment, as the TCEQ takes into account mechanistic data and the
overall scientific weight of evidence.  The Kerns study also focused on higher exposure
concentrations of formaldehyde, with tumours being most prevalent at the higher doses.

The OEHHA (2009) presents an inhalation unit risk estimate of 6.0E-06 per µg/m³, which is
equivalent to an RsC of 2 µg/m³.  This value was derived based upon the Kerns et al. (1983)
study and the US EPA RsC described above.

Health Canada (2004) presents a tumorigenic concentration (TC05) for formaldehyde of
9.5 mg/m³ (CEPA 2001).  This TC05 represents the total intake associated with a 5% increase in
incidence of nasal squamous tumours in rats exposed to formaldehyde for up to 24 months
(Monticello et al. 1996).  The TC05 corresponds to an RsC of 1.9 µg/m³ that is associated with
an increased cancer risk of one in 100,000.  This value was not used in the chronic inhalation
assessment, as the TCEQ specifically accounts for mechanistic data and considers the overall
weight of evidence in the derivation of its chronic limit for formaldehyde.

A-14.2 Oral Exposure Limits

A-14.2.1 Chronic

Table A14-3 Chronic Oral Exposure Limits for Formaldehyde

Regulatory Agency Type Value (µg/kg bw/d) Reference
ATSDR MRL 200 ATSDR 2009, 1999
HEALTH CANADA TDI 150 Health Canada 2009, 2008, 2003
RIVM − − RIVM 2001
US EPA RfD 200 US EPA 2010, 1990
WHO − − WHO 2009(a)

(a) There is a historic WHO drinking water quality guideline of 0.9 mg/L, but documentation supporting its basis is
not available, and a TDI or equivalent is not presented in the existing WHO documentation. In addition, the WHO
is re-evaluating formaldehyde in relation to drinking water.

− = Not available

The ATSDR (1999, 2009) and the US EPA (2010, 1990) have both derived chronic oral
exposure limits of 200 µg/kg bw/day for formaldehyde based on the same study by Til et al.
(1989).  Male and female Wistar rats were administered formaldehyde in drinking water at mean
doses of 0, 1.1, 15 or 82 mg/kg day (males) and 0, 1.8, 21 or 109 mg/kg bw/day (females).
About 10 rats/sex/dose were sacrificed and evaluated after 12 to 18 months of exposure, and
the remaining rats were evaluated at 24 months.  Reduced body weights were observed in
males at week 1, and in females from week 24 through the rest of the exposure period.  In male
and female high-dose rats, significant histopathological changes in the gastrointestinal tract
were observed after 12 to 24 months of exposure.  Necrotic changes in the kidneys of high-dose
males and females also were observed.  A NOAEL of 15 mg/kg bw/day was identified by both
the ATSDR and US EPA based upon reduced body weights, and histopathological changes of
the gastrointestinal tract and kidneys.  Both agencies applied a cumulative uncertainty factor of
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100 to account for interspecies differences (10) and intraspecies variability (10).  The chronic
oral limit of 200 µg/kg bw/d was selected for use in the multiple pathway assessment of
formaldehyde.  Formaldehyde was added to the renal toxicants mixture, as the basis of the limit
was kidney effects.  Although the limit was also based on changes in the gastrointestinal tract,
no other COPC in the chronic oral effects assessment had this endpoint, therefore a
gastrointestinal tract toxicant mixture was not assessed.

The Health Canada Drinking Water Quality Bureau (Health Canada 2003) has derived an oral
TDI of 150 µg/kg bw/d, also based upon the Til et al. (1989) study (described above for the
ATSDR and US EPA values).  A NOAEL of 15 mg/kg bw/d was identified for pathological
changes in the stomach and renal papillary necrosis in male rats.  A cumulative uncertainty
factor of 100 was applied to the NOAEL account for interspecies differences (10) and
intraspecies variability (10).  The Health Canada TDI is essentially the same as the ATSDR
value – numerical rounding appears to be the only difference.
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A-15.0 N-HEXANE

A-15.1 Inhalation Exposure Limits

A-15.1.1 Acute

Table A15-1 Acute Inhalation Exposure Limits for n-Hexane

Regulatory Agency Averaging Time Value (µg/m³) Reference
AENV 1-hour AAQO

24-hour AAQO
21,000
7,000

AENV 2009

ATSDR – – ATSDR 2009
OEHHA – – OEHHA 2008
OMOE 24-hour standard 7,500 OMOE 2008, 2005
TCEQ – – TCEQ 2009
WHO – – WHO 2000

− = Not available

The OMOE (2005, 2008) provides a 24-hour standard of 7,500 µg/m³ for n-hexane and n-
hexane isomers.  This standard was developed from a NOAEL of 58 ppm (204 mg/m³) for
polyneuropathy in humans (Sanagi et al. 1980).  Workers were exposed to a low concentration
of n-hexane and acetone in a tungsten carbide alloys facility for an average of 6.2 years.
Significant decreases in mean motor nerve conduction velocities and slowed residual latency of
motor conduction of lower extremities were observed.  This value was not given further
consideration, as it is based upon chronic exposure duration, which is not relevant to the acute
effects assessment.

Alberta Environment (AENV 2009) provides a 24-hour AAQO of 7,000 µg/m³ for n-hexane
based on the California OEHHA value.  The 1-hour AAQO of 21,000 µg/m³ was derived from the
24-hour objective (AENV 2009).  The California OEHHA developed a chronic REL of
7,000 µg/m³ based on a NOAEL of 100 ppm for nervous system effects in mice (AENV 2009).
As this value is based upon chronic exposure data, it was not used in the acute assessment.

Due to the lack of a defensible acute exposure limit, n-hexane was not evaluated on an acute
basis.

A-15.1.2 Chronic

Table A15-2 Chronic Inhalation Exposure Limits for Hexane

Regulatory Agency Type Value (µg/m³) Reference
AENV – – AENV 2009
ATSDR chronic MRL 2,100 ATSDR 2009, 1999
HEALTH CANADA Chronic TC 700 Health Canada 2009
OEHHA chronic REL 7,000 OEHHA 2008, 2000
RIVM – – RIVM 2001
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TCEQ chronic ReV 670 TCEQ 2009, 2007
US EPA RfC 700 US EPA 2010, 2005
WHO – – WHO 2000

− = Not available

The TCEQ (2009, 2007) has derived a chronic ReV of 670 µg/m³ based upon human
occupational data.  In the key study by Chang et al. (1993), a group of workers in a printing
factory were evaluated for potential neurological effects.  Workers were exposed to hexane
concentrations ranging from 80 to 210 ppm, with an average exposure concentration of
132 ppm.  Workers were exposed for 12 hours/day, 6 days/week for a mean duration of 2.6
years.  Approximately 40% of the workers evaluated demonstrated subclinical neuropathy.  In
addition, reduced sensory and action potentials, motor nerve conduction velocity and increased
distal latency were reported for exposed workers. The average concentration of 132 ppm was
identified as a LOAEL by the TCEQ. This LOAEL was adjusted by the TCEQ to account for
continuous exposure (10/20 m³-day × 6/7 days), resulting in a LOAELHEC of 57 ppm.  A
cumulative uncertainty factor of 300 was applied to account for the use of a LOAEL (10),
intraspecies variability (10), and database uncertainties (3).  The resulting ReV of 670 µg/m³
was selected for use in the chronic effects assessment.  As the toxicological endpoint involved
neurological effects, n-hexane was included in the chronic inhalation neurotoxicants mixture.

The US EPA (2010, 2005) developed a chronic RfC of 700 µg/m³ for neurotoxicity.  This RfC is
based on a benchmark concentration level (BMCL) of 430 mg/m³ for peripheral neuropathy
(decreased mean conduction velocity at 12 weeks) in a rat subchronic inhalation study.  Male
Wistar rats were exposed to 0, 500, 1,200, or 3,000 ppm (equivalent to 0, 1,762, 4,230 or
10,574 mg/m³) of n-hexane for 12 hours/day, 7 days/week for a duration of 16 weeks.
Statistically significant decreases in weight gain, and mean conduction velocity accompanied by
neural demyelination and remyelination were observed in the middle and high dose groups. A
study NOAEL of 50 ppm (1,762 mg/m³) was identified by the US EPA. The incidence of
decreased mean conduction velocity was selected as the endpoint of interest, and benchmark
dose modeling was conducted. From the modeling, a BMC of 550 mg/m³ and a BMCL of
430 mg/m³ were identified. The BMCL was adjusted from intermittent to continuous exposure
(12/24 hours) to a concentration of 215 mg/m³. The blood:gas (air) partition coefficient (Hb/g)
value for n-hexane in humans is 0.8, whereas a value of 2.29 has been reported in rats (US
EPA 2010).  The BMCLHEC is equal to 215 mg/m³.  The US EPA (2010) applied a cumulative
uncertainty factor of 300 to the BMCLHEC to account for interspecies variability (3), intraspecies
variability (10), extrapolation to chronic exposure from data in a less-than lifetime study (3), and
database deficiencies (3, due to the limited reproductive and developmental information
available for n-hexane). The US EPA RfC of 700 µg/m³ was not selected as a human-based
value that is similar in magnitude is available.

Health Canada (2009) presents a provisional chronic TC of 700 µg/m³, which is based upon the
US EPA IRIS RfC of 700 µg/m³ for which the technical basis is described above.  It was not
selected for use in the assessment as a human-based value that is similar in magnitude is
available.

The ATSDR (2009, 1999) has derived a chronic MRL of 2,100 µg/m³ (0.6 ppm) based upon the
incidence of neurological effects in exposed workers.  A group of 14 exposed workers were
compared with age-matched unexposed workers. The 8-hour time-weighted average exposure
concentration of n-hexane was determined to be about 58 ppm (204,000 µg/m³). Workers also
were co-exposed to acetone. Exposure durations were found to range from 1 to 12 years, with
the average duration being about 6.2 years.  A significant trend in decreased muscle strength
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was observed in exposed workers. Significantly decreased nerve conduction velocities and
increased residual latency of motor nerve conduction were observed in exposed workers. The
LOAEL was determined to be 58 ppm. No adjustment for continuous exposure was made, as
the ATSDR states that steady-state concentrations of n-hexane in blood are reached after 100
minutes of exposure.  A cumulative uncertainty factor of 100 was applied to the LOAEL to
account for the use of a LOAEL instead of a NOAEL (10) and intraspecies variability (10). This
value was not selected, as the influence that acetone co-exposure may have had on the
exposed workers is not clear.

The OEHHA (2008, 2000) has established a chronic REL of 7,000 µg/m³ based upon peripheral
neuropathy in mice.  In the key study, male SM-A mice were exposed to 0, 100, 250, 500, 1,000
or 2,000 ppm commercial hexane (approximately 67.5% n-hexane) continuously, 6 days/week
for a duration of 1 year.  A significant, dose-related increase in muscle neurophysiology and
dose-related abnormalities in posture and muscle atrophy were observed at concentrations
250 ppm and above.  The study NOAEL was identified as 100 ppm for commercial hexane, and
68 ppm for n-hexane (based upon the mixture containing about 67.5% n-hexane, and the
exposure frequency of 6 days/week).  A cumulative uncertainty factor of 30 was applied to this
value to account for interspecies differences (3) and intraspecies variability (10).  This value was
not used in the chronic effects assessment, as the evaluation conducted by the US EPA is more
robust due to the use of a BMCL.

A-15.2 Oral Exposure Limits

Hexane did not meet the physical-chemical criteria for inclusion in the multiple pathway
assessment.  Thus, a chronic oral exposure limit was not required.
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A-16.0 HYDROGEN SULPHIDE

A-16.1 Inhalation Exposure Limits

A-16.1.1 Acute

Table A16-1 Acute Inhalation Exposure Limits for Hydrogen Sulphide

Regulatory Agency Averaging Time Value (µg/m³) Reference
AENV 1-hour

24-hour
14
4

AENV 2009

ATSDR 1-hour 98 ATSDR 2009, 2006
OEHHA 1-hour 42 OEHHA 2008a, b
OMOE 24-hour 7 OMOE 2008
TCEQ – – TCEQ 2009
WHO 24-hour 150 WHO 2000

− = Not available

The ATSDR (2006, 2009) has derived an acute inhalation MRL for hydrogen sulphide of
0.07 ppm (98 µg/m³).  This MRL was developed based on a LOAEL of 2 ppm for changes in
airway resistance and specific airway conductance in excess of 30% in two of the 10 individuals
examined.  The test subjects all had bronchial asthma requiring medication for 1 to 13 years,
but none of the subjects had severe asthma.  The subjects were exposed for a half-hour and
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their respiratory function in response to a histamine challenge was assessed prior to and
following exposure.  Although the two subjects showed changes in airway resistance and
specific airway conductance, no statistically significant alterations in lung function were
observed at this concentration.  The ATSDR (2006) applied a combined uncertainty factor of 30
to account for intra-species variability (3), use of a minimal LOAEL (3) and the lack of studies in
children (3).  Given that the ATSDR MRL is based on acute exposures to humans, it was
selected for the acute effects assessment of hydrogen sulphide.  The acute MRL of 98 µg/m³
was used as a 1-hour exposure limit. As the toxicological basis of this value is respiratory
irritation, hydrogen sulphide was included in the acute respiratory irritants mixture.

The AENV (2009) provides 1-hour and 24-hour AAQOs for hydrogen sulphide of 14 µg/m³ and
4 µg/m³, respectively.  These guidelines are odour-based rather than health-based and thus
were not used in the acute effects assessment for hydrogen sulphide.

The OMOE (2008) provides a 24-hour standard of 7 µg/m³ for hydrogen sulphide for respiratory
effects (nasal lesions) based on the US EPA chronic RfC of 2 µg/m³.  As the OMOE value has
been adjusted to be used as a chronic value, it was not selected for use in the acute effects
assessment.

The OEHHA (2008a, b) has derived an acute REL of 42 µg/m³ based on physiological
responses to odour, including headache and nausea.  Sixteen individuals were exposed to
increasing concentrations of hydrogen sulphide until their odour threshold was reached.  The
LOAEL was based on the range of odour thresholds of 0.012 to 0.069 ppm that was identified
among the individuals.  The geometric mean of the odour thresholds (0.03 ppm) was used to
develop the acute REL (OEHHA 2008b).  An uncertainty factor of 1 was applied to the
geometric mean, resulting in an acute REL of 0.03 ppm (42 µg/m³) (OEHHA 2008b).  It is the
study team’s opinion that these symptoms are not the result of direct systemic toxicity, but
rather represent physiological responses triggered by the foul smell of the gas.  As a result, the
OEHHA acute REL for hydrogen sulphide was not used in the acute effects assessment
because it was based on odour-perception.

The WHO (2000) has developed a 24-hour guideline based upon eye irritation. However, details
regarding the study upon which this value is based are not provided. As a result, this value was
not used in the assessment.

A-16.1.2 Chronic

Table A16-2 Chronic Inhalation Exposure Limits for Hydrogen Sulphide

Regulatory Agency Type Value (µg/m³) Reference
AENV – – AENV 2009
ATSDR – – ATSDR 2009, 2006
HEALTH CANADA – – Health Canada 2009, 2004
OEHHA REL 10 OEHHA 2008a, 2000
RIVM – – RIVM 2001
TCEQ – – TCEQ 2009
US EPA RfC 2 US EPA 2010, 2003a, b
WHO – – WHO 2000

− = Not available
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The US EPA (2010, 2003a, b) has developed an RfC of 2 µg/m³ for nasal lesions of the
olfactory mucosa.  Male CD rats were exposed to 0, 10, 30, or 80 ppm (0, 13.9, 42, or
111 mg/m³) of hydrogen sulphide for 6 hours/day, 7 days/week for a duration of 10 weeks. A
NOAEL of 13.9 mg/m³ was identified for olfactory loss in males. The US EPA (2003a, b)
adjusted the NOAEL for intermittent exposure (6/24-hours) to a concentration of 3.48 mg/m³.
The NOAELADJ was converted to a HEC using the RGDR methodology.

RGDRET =
(VE/SAET)A

(VE/SAET)H

RGDRET =
(0.019 L/min / 15 cm2)

(13.8 L/min / 200 cm2)

Where:

RGDRET = regional gas dosimetry ratio in the extrathoracic region

VE = minute volume in rats (VE)A or humans (VE)H

SAET = extrathoracic surface area in rats (SAET)A or humans (SAET)H

The NOAELADJ was then multiplied by the RGDRET of 0.18 to yield a NOAELHEC of 0.64 mg/m³,
as follows:

NOAELHEC = NOAELADJ × RGDRET

NOAELHEC = 3.84 mg/m³ × 0.18

The US EPA (2003a, b) applied an uncertainty factor of 300 to the NOAELHEC to account for
interspecies variability (3), intraspecies variability (10) and for subchronic exposure (10).  An
uncertainty factor of 3 was used instead of the default value of 10 for extrapolation from rats to
humans because the calculation of an HEC addresses one of the two areas of uncertainty
encompassed in an interspecies uncertainty factor (US EPA 2003a, b).  The HEC adjustment
addresses the pharmacokinetic component of the extrapolation factor, leaving the
pharmacodynamic area of uncertainty.  The US EPA RfC of 2 µg/m³ was selected as the
chronic inhalation limit for hydrogen sulphide. As the toxicological basis of this value is the
occurrence of nasal lesions, hydrogen sulphide was included in the chronic nasal irritants
mixture.

The OEHHA (2008a, 2000) has also derived a chronic exposure limit for hydrogen sulphide.
The chronic REL of 10 µg/m³ is based upon a NOAEL of 30.5 ppm (42.5 mg/m³).  In the key
study, mice were exposed to 0, 10, 30 or 80 ppm (0, 14, 43, or 112 mg/m³) of H2S via inhalation
for 6 hours/day, 5 days/week for a duration of 90 days. Weight loss and inflammation of the
nasal mucosa were observed in mice exposed to 80 ppm.  The study NOAEL was identified as
30 ppm (43 mg/m³).  This REL was not used in the chronic effects assessment as the US EPA
value is more conservative than the OEHHA value, and is based upon more recent data.
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A-16.2 Oral Exposure Limits

A-16.2.1 Chronic

Hydrogen sulphide did not meet the physical-chemical criteria required for inclusion in the
multiple pathway assessment.  As a result, a chronic oral exposure limit was not needed.
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A-17.0 NAPHTHALENE

A-17.1 Inhalation Exposure Limits

A-17.1.1 Acute

Table A17-1 Acute Inhalation Exposure Limits for Naphthalene

Regulatory Agency Averaging Time Value (µg/m³) Reference
AENV – – AENV 2009
ATSDR – – ATSDR 2009
OEHHA – – OEHHA 2008
OMOE 24-hour standard 22.5 OMOE 2008
TCEQ – – TCEQ 2009
US EPA – – US EPA 2010
WHO – – WHO 2000

− = Not available

The OMOE (2008) presents an AAQC for naphthalene of 22.5 µg/m³, based on a 24-hour
averaging period.  Although the 24-hour criterion is based on health considerations, the specific
basis of its derivation remains unknown as no supporting documentation is available.  As acute
exposure limits were not available from the other agencies, limits provided by ACGIH were
considered.

The ACGIH (2009) recommends a STEL of 15 ppm (79 mg/m³) based on eye irritation as a
result of occupational exposure to naphthalene.  The STEL equates to a 15-minute air
concentration that should not be exceeded at any time during a workday.  The 15-minute STEL
can be adjusted to an equivalent 1-hour concentration using a modified Haber’s Law.

CADJ
n × TADJ = Cn × T

C1 × 60 minutes = (79 µg/m³)1 × 15 minutes

Where:

CADJ = duration-adjusted concentration

TADJ = desired time of exposure (60-minutes)

C = concentration of exposure (79 µg/m³)

T = time of exposure (15-minutes)

n = chemical-specific modification factor designed to account for the toxicity of a
chemical being concentration and/or duration dependent.  The OEHHA
recommends using a default n value of 1 in the adjustment for less than 1-
hour exposure.

http://www.epa.gov/iris/
http://www.euro.who.int/document/e71922.pdf
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Based on the above conversion factor, the STEL was adjusted to a concentration of 20 mg/m³.
An uncertainty factor of 10 was applied to the duration adjusted STEL to account for
intraspecies variability. Therefore, the ACGIH STEL of 2,000 µg/m³ was selected as the acute
inhalation exposure limit for naphthalene. As the toxicological basis of this value is eye
irritation, naphthalene was included in the acute eye irritants mixture.

A-17.1.2 Chronic

Table A17-2 Chronic Inhalation Exposure Limits for Naphthalene

Regulatory Agency Type Value (µg/m³) Reference
AENV – – AENV 2009
ATSDR chronic MRL 3.7 ATSDR 2009, 2005
HEALTH CANADA chronic TC 3 Health Canada 2009
OEHHA chronic REL

RsC
9
0.3

OEHHA 2008, 2000
OEHHA 2009

RIVM – – RIVM 2001
TCEQ – – TCEQ 2009
US EPA RfC 3 US EPA 2010, 1998
WHO – – WHO 2000

− = Not available

The US EPA (2010, 1998) has derived a chronic inhalation RfC for naphthalene of 3 µg/m³.
This RfC was estimated from a chronic inhalation mouse study that reported a duration-adjusted
LOAELHEC of 9.3 mg/m³ based on hyperplasia and metaplasia in respiratory and olfactory
epithelium (NTP 1992 – described below under OEHHA).  The US EPA (2010) incorporated a
cumulative uncertainty factor of 3,000 to account for interspecies variability (10), sensitive
human individuals in the population (10), extrapolation from a NOAEL to a LOAEL (10), and for
database uncertainties (3).  Database uncertainties included the lack of a two generation
reproductive toxicity study and chronic inhalation data for other animal species.  The US EPA
RfC of 3 µg/m³ was selected as the chronic inhalation limit for naphthalene over the OEHHA
value, primarily as it is the more conservative value.  This is of importance in light of the high
incidence of adverse effects at the lowest dose level in the NTP (1992) study (see below).  As
the toxicological basis of this value includes nasal and respiratory lesions, naphthalene was
included in the chronic inhalation nasal irritants mixtures.

Health Canada (2009) presents a chronic TC value of 3 µg/m³, which is based on the US EPA
value described above.

The OEHHA (2008, 2000) has derived a chronic REL of 9 µg/m³ 1 (0.002 ppm) based upon a 2-
year NTP (1992) bioassay.  Male and female B6C3F1 mice were exposed to 0, 10, or 30 ppm
for 6 hours/day, 5 days/week for a duration of 104 weeks. No significant increase in tumour
incidence was observed in males, but the incidence of pulmonary alveolar/bronchiolar
adenomas was increased in females exposed to 30 ppm relative to controls.  Non-neoplastic
lesions were observed in the nasal passages and lungs of both male and female mice, namely
lesions indicative of an inflammatory response.  Both males and females in the 10 and 30 ppm
groups had exposure-related increases in alveolar histiocyte and lymphocyte infiltration, alveolar
hyperplasia, interstitial fibrosis, and in more advanced lesions – granulomatous inflammation.
Bronchial submucousal glands were also observed to be distended when the above lesions
were present. Mild lesions in the nasal passages of exposed mice were also observed.  The
OEHHA (2000) determined that the study LOAEL was 10 ppm, but note that almost all animals
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(>96%) exposed to this concentration exhibited some type of an adverse effect, which limits the
reliance of this study with respect to being the basis of a health-protective value.  The LOAEL of
10 ppm was adjusted for continuous exposure to 1.8 ppm (6/24 hours, 5/7 days). To account for
uncertainties, a cumulative uncertainty factor of 1,000 was applied to the adjusted LOAEL. This
factor took into account: the use of a LOAEL (10), interspecies differences (10), and
intraspecies variability (10).

The ATSDR (2009, 2005) chronic MRL of 3.7 µg/m³ (0.0007 ppm) is based on the same NTP
study used in the derivation of the US EPA and OEHHA values, as well as a more recent study
in rats (NTP 2000) where male and female F344 rats were exposed to 0, 10, 30 or 60 ppm for 6
hours/day, 5 days/week for a duration of 105 weeks.  A LOAEL of 10 ppm was identified for the
incidence of non-cancerous lesions in olfactory epithelium in both rats and mice (from NTP 2000
and NTP 1992, respectively). This LOAEL was adjusted for continuous exposure (6/24
hours/day × 5/7 days/week) to 1.8 ppm (or 9,400 µg/m³). This value was further adjusted to a
LOAELHEC of 0.2 ppm (1,000 µg/m³) by multiplying the LOAELADJ by an RGDR of 0.132
(calculated by the ATSDR). The LOAELHEC was divided by a cumulative uncertainty factor of
300 to account for the use of a LOAEL (10), interspecies differences (3, due to the calculation of
a HEC), and intraspecies variability (10).

In addition, the OEHHA (2009) presents a cancer unit risk value of 3.4E-05 per µg/m³, which is
equivalent to an RsC of 0.3 µg/m³. This value is based upon two bioassays by the NTP (1992,
2000). The details of the NTP (1992) study are provided above in the summary for the OEHHA
value). In the NTP (2000) study, male and female F344 rats were exposed to 0, 10, 30 or
60 ppm for 6 hours/day, 5 days/week for 105 weeks.  Increased incidences of respiratory
epithelial adenoma and olfactory epithelial blastoma were observed in male and female rats. A
positive dose-response relationship was observed in male rats only for the respiratory epithelial
adenomas, and the incidence of these tumours was statistically significant at all exposure
concentrations in males. The incidence of these tumours was not statistically significant or was
of marginal significance in females.  The olfactory epithelial neuroblastomas were significantly
increased in all exposure levels in females, and in the 30 and 60 ppm groups for males. The
exposure concentrations were adjusted for continuous exposure (6/24 hours × 5/7 days). Dose
scaling based on body weight and breathing rates was conducted. In addition, pharmacokinetic
modeling was conducted for both rats and mice and all modeling runs confirmed that the dose-
response relationship was linear. A linearized multistage model and a benchmark dose model
were both applied to the data set, and similar ranges of unit risk values were calculated. The
OEHHA (2009) notes that no naphthalene related tumours have been observed in humans.
Given that the US EPA and other agencies have not derived cancer-based values, it suggests
that the weight of evidence at the current time in support of human carcinogenicity in
association with naphthalene exposure is limited.

A-17.2 Oral Exposure Limits

Naphthalene did not meet the physical-chemical criteria for inclusion in the multiple pathway
assessment. Thus, a chronic oral exposure limit was not required.
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A-18.0 NITROGEN DIOXIDE

Chemicals of potential concern that are regulated at the federal government level in the form of
either a NAAQOs or as a CWS were not subject to the typical screening process for exposure
limits.  Instead, the AAQOs adopted by AENV (2009) from Health Canada were given priority.
Nitrogen dioxide is one of these chemicals.

A-18.1 Inhalation Exposure Limits

A-18.1.1 Acute

The exposure limits used for the acute effects assessment of nitrogen dioxide were based on
AENV’s AAQOs (AENV 2009).  These include a 1-hour objective of 400 µg/m³ and a 24-hour
objective of 200 µg/m³.  These AAQOs were adopted from Health Canada’s National Ambient
Air Quality Objectives for nitrogen dioxide.  The NAAQOs are developed in three tiers:
maximum desirable, acceptable and tolerable objectives.  The Alberta AAQOs are based on the
maximum acceptable levels, as maximum desirable NAAQOs (i.e., the lowest objectives) have
not been developed for nitrogen dioxide on an acute-basis.  These NAAQOs are health based
and rely on controlled studies of the most sensitive population (i.e., asthmatics) to nitrogen
dioxide.  Given that the NAAQOs are federally regulated, precedence was given to the
AENV/NAAQO guidelines for nitrogen dioxide over other available values.  Nitrogen dioxide was
included in the acute inhalation respiratory irritants mixture.

Using the above objectives and guidelines, the acute assessment for nitrogen dioxide was
completed on both a 1-hour and 24-hour basis.

A-18.1.2 Chronic

The chronic exposure limit used for the assessment of nitrogen dioxide concentrations in air
was the AENV AAQO of 60 µg/m³ (AENV 2009).  This guideline was adopted from Health
Canada’s NAAQO for nitrogen dioxide based on an annual averaging time.  The NAAQOs are
developed in three tiers: maximum desirable, acceptable and tolerable objectives.  The
maximum desirable level (i.e., the lowest objective) was adopted as the annual objective in
Alberta.  This objective is health-based and relies on controlled studies of the most sensitive
population (i.e., asthmatics) to nitrogen dioxide.  Nitrogen dioxide was included in the chronic
inhalation respiratory irritants mixture.

A-18.2 Oral Exposure Limits

A-18.2.1 Chronic

Nitrogen dioxide is a gaseous criteria air contaminant and acts at the point of contact (i.e.,
respiratory system).  As such, it was not evaluated in the multiple pathway assessment.

A-18.3 References Nitrogen Dioxide

AENV (Alberta Environment). 2009. Alberta Ambient Air Quality Objectives. Facts at your Fingertips. April
2009. Available at: http://environment.gov.ab.ca/info/library/5726.pdf Accessed May 2009.

A-19.0 PARTICULATE MATTER (PM2.5)

Chemicals of potential concern that are regulated at the federal government level in the form of
either a NAAQOs or as a CWS were not subject to the typical screening process for exposure

http://environment.gov.ab.ca/info/library/5726.pdf
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limits.  Instead, the AAQOs adopted by AENV (2009) from Health Canada were given priority.
Particulate matter is one of these chemicals.

A-19.1 Inhalation Exposure Limits

A-19.1.1 Acute

The Scientific Assessment Document (Part 1) of The National Ambient Air Quality Objectives for
Particulate Matter prepared by the CEPA/FPAC Working Group on Air Quality Objectives and
Guidelines concluded that both the mortality and hospitalization studies support the
identification of 15 µg/m³ averaged over 24 hours as the reference level for PM2.5 (CEPA/FPAC
1999).  The reference level was considered an estimate of the lowest ambient particulate matter
level at which statistically significant increases in health responses can be detected based on
data available up to 1996.  It was derived based on the average 24-hour concentrations
measured in the cities where these effects were found.  The CEPA/FPAC (1999) Working
Group states that reference levels should not be interpreted as thresholds of effects, or levels at
which impacts do not occur.  They are defined under Canada’s National Ambient Air Quality
Objectives as levels above which there are demonstrated effects on human health and/or the
environment (CEPA/FPAC 1999).

A Canada-Wide Standard (CWS) of 30 µg/m³ PM2.5 averaged over 24 hours was developed by
the CCME under the Canadian Environmental Protection Act (CEPA) (CCME 2000).  Under this
CWS, the government is committed to reduce levels of PM2.5 significantly by 2010.
Achievement of this standard is based on the 24-hour 98th percentile of the ambient
measurement annually, measured over three consecutive years.  The CWS is considered to be
an important step towards the long-term goal of reducing the health risks of PM2.5.  It represents
a balance between achieving the best health and environmental protection possible and the
feasibility and costs of reducing pollutant emissions that contribute to PM2.5 in ambient air.  The
CWS of 30 µg/m³ was used in the acute assessment of PM2.5.

A-19.1.2 Chronic

The California Air Resources Board (CARB) has identified an air quality annual average
standard for PM2.5 of 12 µg/m³ (CARB 2002a, b).  This recommended arithmetic mean value
was “based on a growing body of epidemiological and toxicological studies showing significant
toxicity (resulting in mortality and morbidity) related to exposure to fine particles”.  Similar to the
CEPA/FPAC reference level, the value was derived mainly based on the average 24-hour
concentrations in cities where statistically significant increases in health responses were
detected.  The CARB Staff report recommendation was adopted by the State of California as an
ambient air quality standard in June of 2002. This value was selected, as it falls within the range
of annual criteria recommended by the WHO and US EPA.

In 1997, the US EPA first set National Ambient Air Quality Standards (NAAQS) for fine particles.
Two primary PM2.5 standards were set: an annual standard of 15 µg/m³ to protect against health
effects caused by exposures ranging from days to years and a 24-hour standard of 65 µg/m³ to
provide additional protection on days with high peak PM2.5 concentrations.  In September 2006,
the US EPA issued a new suite of standards to better protect public health from particle
pollution.  The revised NAAQS for PM2.5 reduced the 24-hour standard from 65 to 35 µg/m³ and
retained the annual standard of 15 µg/m³ (US EPA 2006).  The 24-hour standard is based on
the 98th percentile annual measurement, averaged over 3 years, while the annual standard is
met when the 3-year average of the annual average PM2.5 concentration is less than or equal to
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15 µg/m³.  The US EPA (2006) also retained the existing 24-hour NAAQS for PM10 of 150 µg/m³
and revoked the annual PM10 standard of 50 µg/m³.

The WHO recommends an annual average of 10 µg/m³ and a daily 99th percentile of 25 µg/m³
for the protection of public health.  The WHO (2005) suggests the annual average should take
precedence over the daily guideline because at low levels there is less concern for episodic
excursions.  The annual average guideline is based on long-term exposure studies using the
American Cancer Society data (Pope et al. 2002) and Harvard Six-Cities data (Dockery et al.
1993).  The studies reported a robust association between PM exposure and mortality.
Historical mean PM2.5 concentrations across cities in these two studies were 18 and 20 µg/m³,
respectively but average concentrations in individual cities were as low 11 µg/m³ over the period
of study.  An annual mean guideline concentration of 10 µg/m³ was therefore noted to be below
the mean for most likely effects (WHO 2005).  However, both the WHO (2005) and the US EPA
(2005) note that statistical uncertainties in the risk estimates become apparent at concentrations
of about 13 µg/m³, below which confidence bounds significantly widen, indicating the possibility
of an effects threshold.  In their staff paper, the US EPA (2005) noted that an annual standard of
12 µg/m³ would be precautionary, but a standard set below the range of 12 to 15 µg/m³ would
be highly precautionary, “giving little weight to the remaining uncertainties in the broader body of
evidence, including other long-term exposure studies that provide far more inconsistent results”.

A-19.2 Oral Exposure Limits

Particulate matter was not evaluated in the multiple pathway assessment.

A-19.3 References Particulate Matter

AENV (Alberta Environment). 2009. Alberta Ambient Air Quality Objectives and Guidelines. June 2009.
Available at: http://environment.gov.ab.ca/info/library/5726.pdf.  Accessed 2010.

CARB (California Air Resources Board). 2002a. California Ambient Air Quality Standards (CAAQS).
Particulate Matter (PM10 and PM2.5). Available at:
http://www.arb.ca.gov/research/aaqs/caaqs/caaqs.htm.  Accessed 2010.

CARB (California Air Resources Board). 2002b. Staff Report: Public Hearing to Consider Amendments to
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Matter (PM) and Ozone. Accepted November 29, 1999, for endorsement in May 2000.
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National Ambient Air Quality Objectives for Particulate Matter: Part 1: Scientific Assessment
Document. Minister of Public Works and Government Services. Ottawa, ON. ISBN 0-662-26715-X.
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Pope, CA 3rd, RT Burnett, MJ Thun, EE Calle, D Krewski, K Ito and GD Thurston. 2002. Lung cancer,
cardiopulmonary mortality and long-term exposure to fine particulate air pollution.  JAMA. 287(9):
1132-1141.

US EPA (United States Environmental Protection Agency). 2005. Review of the National Ambient Air
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US EPA (United States Environmental Protection Agency). 2006. Fact Sheet – Final Revisions to the
National Ambient Air Quality Standards for Particle Pollution (Particulate Matter).Available at:
http://epa.gov/pm/pdfs/20060921_factsheet.pdf Accessed 2010.

WHO (World Health Organization). 2005. WHO Air quality guidelines for particulate matter, ozone,
nitrogen dioxide and sulphur dioxide. Global update 2005. Summary of risk assessment. World
Health Organization. Available at:
http://whqlibdoc.who.int/hq/2006/WHO_SDE_PHE_OEH_06.02_eng.pdf. Accessed 2010.

A-20.0 PYRENE

A-20.1 Inhalation Exposure Limits

A-20.1.1 Acute

Table A20-1 Acute Inhalation Exposure Limits for Pyrene

Regulatory Agency Averaging Time Value (µg/m³) Reference
AENV – – AENV 2009
ATSDR – – ATSDR 2009
OEHHA – – OEHHA 2008
OMOE – – OMOE 2008
TCEQ – – TCEQ 2009
US EPA – – US EPA 2010
WHO – – WHO 2000

− = Not available

No acute inhalation exposure limits were available for pyrene. As a result, pyrene was not
evaluated individually on an acute basis. Anthracene was evaluated as part of the aromatic C9-
C16 group.

A-20.1.2 Chronic

Table A20-2 Chronic Inhalation Exposure Limits for Pyrene

Regulatory Agency Type Value (µg/m³) Reference
AENV – – AENV 2009
ATSDR – – ATSDR 2009
HEALTH CANADA – – Health Canada 2009
OEHHA – – OEHHA 2008
RIVM – – RIVM 2001
TCEQ – – TCEQ 2009
US EPA – – US EPA 2010
WHO – – WHO 2000

− = Not available

No chronic inhalation exposure limits were available for pyrene. As a result, pyrene was
evaluated as part of the aromatic C9-C16 group in the chronic inhalation assessment.

http://epa.gov/pm/pdfs/20060921_factsheet.pdf
http://whqlibdoc.who.int/hq/2006/WHO_SDE_PHE_OEH_06.02_eng.pdf
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A-20.2 Oral Exposure Limits

A-20.2.1 Chronic

Table A20-3 Chronic Oral Exposure Limits for Pyrene

Regulatory Agency Type Value (µg/kg bw/d) Reference
ATSDR − − ATSDR 2009
HEALTH CANADA chronic TDI 30 Health Canada 2009
OEHHA − − OEHHA 2008
RIVM CRoral 50 RIVM 2001
US EPA RfD 30 US EPA 2010, 1993

− = Not available

The US EPA (2010) has derived a chronic RfD of 30 µg/kg bw/d for pyrene based on kidney
effects in mice.  Male and female CD-1 mice (20 per sex per dose) were exposed to 0, 75, 125,
or 250 mg/kg bw/d pyrene in corn oil via oral gavage for 13 weeks.  Mild kidney lesions were
observed in all dose groups in both sexes, primarily renal tubular degeneration sometimes
appearing with interstitial lymphocytic infiltrates or fibrosis. Relative and absolute kidney weights
were reduced in the 125 and 250 mg/kg bw/d dose groups.  The lowest dose group (75 mg/kg
bw/d) was determined to be the NOAEL, while the 125 mg/kg bw/d was considered the LOAEL.
A cumulative uncertainty factor of 3,000 was applied to the NOAEL to account for interspecies
differences (10), intraspecies variability (10), the use of a subchronic study (10), and lack of
data in another species and reproductive and developmental studies (3).  The resulting oral RfD
of 30 µg/kg bw/d was used in this assessment.  As the toxicological basis of this value is kidney
effects, pyrene was included in the chronic oral renal toxicants mixture.

Health Canada (2009) presents a chronic TDI of 30 µg/kg bw/d, which is based upon the US
EPA RfD described above.

The RIVM (2001) presents a CRoral of 500 µg/kg bw/d for pyrene, which is associated with a
lifetime excess cancer risk of one in 10,000.  Converted to a risk level of one in 100,000, this
value is 50 µg/kg bw/d. As limited information regarding this value was provided in the
supporting documentation, it was not used in the assessment.

A-20.3 References Pyrene
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Health Canada. 2009. Federal Contaminated Site Risk Assessment in Canada. Part II: Health Canada
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RIVM (National Institute of Public Health and the Environment, NIPHE). 2001. Re-evaluation of human
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Reference Dose for Chronic Oral Exposure (RfD). Available at:
http://www.epa.gov/ncea/iris/subst/0445.htm#reforal Accessed 2010

US EPA (United States Environmental Protection Agency). 2010. Integrated Risk Information System
(IRIS) database on-line search. Cincinnati, OH: United States Environmental Protection Agency.
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WHO (World Health Organization). 2000. Air Quality Guidelines for Europe, Second Edition. World Health
Organization, Regional Office for Europe, Copenhagen. WHO Regional Publications, European
Series, No. 91. Available at: http://www.euro.who.int/document/e71922.pdf Accessed 2010.

A-21.0 SULPHUR DIOXIDE

Chemicals of potential concern that are regulated at the federal government level in the form of
either a NAAQO or as a CWS were not subject to the typical screening process for exposure
limits.  Instead, the AAQOs adopted by AENV (2009) from Health Canada were given priority.
Sulphur dioxide is one of these chemicals.

A-21.1 Inhalation Exposure Limits

A-21.1.1 Acute

The acute exposure limit used for the assessment of sulphur dioxide concentrations in air was
Alberta’s 1-hour ambient air quality objective (AAQO) of 450 µg/m³.  This AAQO was adopted
from Health Canada’s NAAQOs, which recommends maximum desirable, acceptable and
tolerable objectives for sulphur dioxide.  This guideline is health-based and is based on
controlled studies in sensitive populations (i.e., asthmatics).  As the AAQO is based on a federal
NAAQO, this value was given precedence over other available limits.  As the assumed
toxicological basis of this value is respiratory irritation, sulphur dioxide was included in the acute
inhalation respiratory irritants mixture.

Sulphur dioxide also was assessed using a 10-minute air quality guideline of 500 µg/m³
developed by the World Health Organization (WHO 2000).  This guideline is based on changes
in lung function in asthmatics (WHO 2000).  The 10-minute exposure period is relevant, given
that the effects of sulphur dioxide exposure in humans primarily involved irritation at the point of
contact (irritation) and ‘peak’ in severity within the first moments of exposure (WHO 2000).

Alberta Environment (AENV 2009) also provides a 24-hour AAQO of 150 µg/m³ for sulphur
dioxide based on vegetation effects.  This objective was not used in the HHRA as it is not
health-based and it is without supporting documentation.

The chronic exposure limit used for the assessment of sulphur dioxide concentrations in air was
based on Alberta’s annual AAQO of 30 µg/m³ (AENV 2009).  This AAQO was adopted from the
Health Canada annual NAAQO, which includes maximum desirable, acceptable and tolerable
objectives for sulphur dioxide. As this value is based on a federal objective, it was given

http://www.ene.gov.on.ca/publications/6569e-chem.pdf
http://www.tceq.state.tx.us/implementation/tox/dsd/final.html
http://www.epa.gov/ncea/iris/subst/0445.htm#reforal
http://www.epa.gov/iris/
http://www.euro.who.int/document/e71922.pdf
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precedence over all other sources. Sulphur dioxide was included in the chronic inhalation
respiratory irritants mixture.

A-21.2 Oral Exposure Limits

A-21.2.1 Chronic

Sulphur dioxide is a gaseous criteria air contaminant which acts on the point of contact (i.e.,
respiratory system).  As such, it was not evaluated in the multiple pathway assessment.

A-21.3 References Sulphur Dioxide

AENV (Alberta Environment). 2009. Alberta Ambient Air Quality Objectives. Facts at your Fingertips. April
2009. Available at: http://environment.gov.ab.ca/info/library/5726.pdf Accessed May 2010.

WHO (World Health Organization). 2000. Air Quality Guidelines for Europe, Second Edition. World Health
Organization, Regional Office for Europe, Copenhagen. WHO Regional Publications, European
Series, No. 91. Available at: http://www.euro.who.int/document/e71922.pdf Accessed 2010.

A-22.0 TOLUENE

A-22.1 Inhalation Exposure Limits

A-22.1.1 Acute

Table A22-1 Acute Inhalation Exposure Limits for Toluene

Regulatory Agency Averaging Time Value (µg/m³) Reference
AENV 1-hour AAQO

24-hour AAQO
1,880

400
AENV 2009

ATSDR acute MRL 3,800 ATSDR 2009, 2000
OEHHA 1-hour REL 37,000 OEHHA 2008, 1999
OMOE – – OMOE 2008
TCEQ acute ReV 15,000 TCEQ 2009, 2008
US EPA – – US EPA 2010
WHO 1-week AQG 260 WHO 2000

− = Not available

The ATSDR (2009, 2000) has derived an acute MRL of 1 ppm (3,800 µg/m³) based on a study
by Andersen et al. (1983), where 16 healthy subjects with no previous exposure to organic
solvents were exposed to toluene for 6 hours/day over 4 consecutive days.  A NOAEL of
40 ppm (150 mg/m³) was reported based on CNS effects, and mild eye and nose irritation. The
ATSDR (2000) adjusted the NOAEL for intermittent exposure (6/24 hours × 4/7 days), and
applied an uncertainty factor of 10 to account for intraspecies variability (ATSDR 2000).

The same key study was selected in the TCEQ (2009, 2008) and OEHHA (2008, 1999)
assessments.  The variation between the ATSDR, TCEQ and OEHHA exposure limits arises
from the different duration adjustment applied.  The TCEQ (2008) elected not to adjust the
exposure duration based upon a weight of evidence that suggests that concentration rather than
duration is the primary determinant of the effects of toluene.  The TCEQ (2008) applied the
same uncertainty factor of 10 for intraspecies variability as was applied by the ATSDR to the
NOAEL of 40 ppm (150 mg/m³).  The result is an acute ReV of 15,000 µg/m³.

http://environment.gov.ab.ca/info/library/5726.pdf
http://www.euro.who.int/document/e71922.pdf
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The OEHHA (2000, 1999) converted the 6-hour exposure duration to a 1-hour REL of 98 ppm
(370 mg/m³) based on a modified Haber’s Law, and applied an uncertainty factor of 10 for
intraspecies variability, resulting in a 1-hour REL of 37,000 µg/m³.

The ATSDR, TCEQ and OEHHA share the opinion that a NOAEL of 150 mg/m³ is appropriate
for short-term inhalation of toluene and that an uncertainty factor of 10 is sufficiently protective
of the general population.  The TCEQ acute ReV of 15,000 µg/m³ was used as a 1-hour
exposure limit in the acute effects assessment of toluene, as it represents a conservative value
that takes into account the short-term, concentration-related effects of toluene.  As the
toxicological basis of this value includes irritation of the eyes and nose as well as neurological
effects, toluene was included in the acute inhalation eye irritants, nasal irritants and
neurotoxicants mixtures.

Alberta Environment (AENV 2009) has established a 1-hour AAQO of 1,880 µg/m³, which was
adopted from the TCEQ.  In turn, the TCEQ ESL was based on the ACGIH TLV-TWA of 50 ppm
(188 mg/m³) for altered CNS performance (TCEQ 2008; ACGIH 1991, 2009).  Alberta
Environment adjusted the TLV-TWA by applying a cumulative uncertainty factor of 100,
although the rationale behind the uncertainty factor is not clear.  As well, TLV-TWAs are
developed to be protective of a worker repeatedly exposed during an 8-hour workday and a 40-
hour workweek. Given that the TLV-TWA is intended to be protective of longer-term exposures,
the 1-hour AAQO was not used in this assessment. The 24-hour AAQO of 400 µg/m³ was
adopted from the Michigan Department of Environmental Quality and the Washington
Department of Ecology (AENV 2004, 2009).  These regulatory agencies based their 24-hour
guidelines on the US EPA chronic inhalation RfC of 400 µg/m³ (AENV 2004).  The US EPA
(2010) RfC has since been revised to an inhalation RfC of 5,000 µg/m³ for neurological effects.
As these values are based on longer-term exposure data, they were not considered further in
this assessment.

The WHO (2000) provides an AQG of 260 µg/m³ based on a 1-week averaging time.  A LOAEL
of 332 mg/m³ (88 ppm) was identified for CNS effects from occupational studies.  The LOAEL
was adjusted for continuous exposure (8/24 hours × 5/7 days) to a concentration of 79 mg/m³.
The WHO (2000) applied a cumulative uncertainty factor of 300 to the duration-adjusted LOAEL
to account for intraspecies variability (10), use of a LOAEL (10), and for potential effects on the
developing CNS (3).  This guideline was not used in the short-term assessment of toluene as
the ATSDR (2000), TCEQ (2008), and OEHHA (2008) each provide acute exposure limits
based on more recent reviews that identified a NOAEL for toluene.

A-22.1.2 Chronic

Table A22-2 Chronic Inhalation Exposure Limits for Toluene

Regulatory Agency Type Value (µg/m³) Reference
AENV – – AENV 2009
ATSDR chronic MRL 300 ATSDR 2009, 2000
HEALTH CANADA TC 3,800 Health Canada 2009
OEHHA chronic REL 300 OEHHA 2008
RIVM TCA 400 RIVM 2001
TCEQ chronic ReV 4,100 TCEQ 2009, 2008
US EPA RfC 5,000 US EPA 2010, 2005
WHO – – WHO 2000
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− = Not available

The US EPA (2010, 2005) has derived an inhalation RfC based upon the findings of 10 human
studies, each of which examined the neurological effects in occupationally exposed workers.
These studies were all more recent than the studies used by Health Canada and the ATSDR.
An average NOAEL of 34 ppm (128 mg/m³) was identified from the meta-analysis.  This NOAEL
was adjusted for the differences in breathing rates between workers and members of the public
and the reduced weekly exposure time (US EPA 2010):

NOAELADJ = NOAEL x MVho x Expho

MVh Exph

Where:

NOAELADJ = no-observable-adverse-effects level in the human population from continuous
exposure to toluene (mg/m³)

NOAEL = no-observable-adverse-effects level for discontinuous exposure in an
occupational setting (128 mg/m³)

MVho = amount of air used by a worker during an 8-hour work period (10 m³-d)

MVh = amount of air used by an individual in the general population during a day
(20 m³-d)

Expho = days per week a worker is exposed (5 days)

Exph = days per week an individual in the general population is exposed (7 days)

The US EPA (2005) also applied an uncertainty factor of 10 to the NOAELADJ to account for
human variability.  The US EPA RfC of 5,000 µg/m³ represents the most recent analysis of the
available scientific literature and therefore was used in the current assessment.  As the
toxicological basis of this value includes neurological effects, toluene was included in the
chronic inhalation neurotoxicants mixture.

The ATSDR (2009, 2000) has derived a chronic inhalation MRL of 0.08 ppm (300 µg/m³) based
on colour vision impairment in workers exposed to toluene.  Three groups of Croatian workers
were examined through interviews, medical examinations and colour vision testing (Zavalic et
al. 1998).  A LOAEL of 35 ppm (130 mg/m³) was determined for alcohol- and age-adjusted
colour vision impairment.  The LOAEL was adjusted for intermittent exposure (8/24 hours × 5/7
days) to a concentration of 8 ppm (30 mg/m³).  The ATSDR (2000) applied a cumulative
uncertainty factor of 100 to the duration-adjusted LOAEL to account for intraspecies variability
(10) and the use of a LOAEL (10).  This MRL was not used as the chronic exposure limit for
toluene as it was developed from a LOAEL, as opposed to the NOAEL used in the US EPA
derivation.

Health Canada (2009) established its chronic TC of 3,800 µg/m³ on the same lowest reported
NOAEL of 150 mg/m³ (40 ppm) for neurological effects and respiratory irritation in human
volunteers as was used by the ATSDR to derive the acute MRL (Andersen et al. 1983; CEPA
1992).  The study NOAEL was adjusted from 6-hour daily dosing to continuous exposure and an
uncertainty factor of 10 was applied to account for intraspecies variability.

The OEHHA (2008, 2000) has derived a chronic REL of 300 µg/m³ based on a rat study and
supported by human data. In the key animal study, male rats were exposed to 0, 40, 80, 160 or
320 ppm for 6 hours/day, 5 days/week for 4 weeks. Significantly decreased brain weights
(specifically the caudate-putamen and subcortical limbic areas), and altered dopaminergic nerve
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receptor activity were observed at concentrations of 80 ppm and above.  A human occupational
study of female workers in an electronics assembly plant exposed on average to toluene
vapours for about 5.7 years also suggested a LOAEL of about 88 ppm. The OEHHA selected
40 ppm as a LOAEL. This value was adjusted for continuous exposure (6/24 hours, 5/7 days) to
a LOAELADJ of 7 ppm. The OEHHA (2000) applied a cumulative uncertainty factor of 100 to
account for the use of a LOAEL (10) and human variability (10). This value was not used in the
chronic effects assessment, as although it is verified by some human data, its basis is primarily
derived from an animal study. Further, the REL is derived from a LOAEL, rather than a NOAEL
(as in the US EPA RfC derivation process).

The TCEQ (2009, 2008) describes the process used to derive the chronic ReV of 4,100 µg/m³.
This value is based upon a human occupational study where workers were exposed to 0, 32 or
132 ppm for over 10 years. A significant increase in colour confusion was observed at 132 ppm.
A NOAEL of 32 ppm for the incidence of neurological effects was identified.  This NOAEL was
determined by the TCEQ to be supported by the results of three other studies, where average
LOAELs ranging from 50 to 140 ppm were reported. The NOAEL of 32 ppm was adjusted to
account for differences in the air volume inhaled by workers versus the general public, and to
adjust for continuous exposure (10/20 m³-day × 5/7 days). The NOAELADJ was determined to be
about 11.4 ppm. The TCEQ applied an uncertainty factor of 10 to this value to account for
human variability.  Preference was given to the US EPA RfC because its NOAEL was derived
from the analysis of 10 different studies and is based upon a greater scientific weight of
evidence.

The RIVM (2001) has developed a TCA of 400 µg/m³ for toluene.  This TCA was adopted from a
previous US EPA RfC, which has since been revised.  As a result, this TCA was not used in the
chronic inhalation effects assessment for toluene.

A-22.2 Oral Exposure Limits

Toluene did not meet the physical-chemical criteria for inclusion in the multiple pathway
assessment. Thus, a chronic oral exposure limit was not required.
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A-23.0 XYLENES

A-23.1 Inhalation Exposure Limits

A-23.1.1 Acute

Table A23-1 Acute Inhalation Exposure Limits for Xylenes

Regulatory Agency Averaging Time Value (µg/m³) (a) Reference

AENV 1-hour
24-hour

2,300
700 AENV 2009

ATSDR 1-hour 8,700 ATSDR 2009, 2007
OEHHA 1-hour 22,000 OEHHA 2008
OMOE 24-hour 730 OMOE 2008, 2005
TCEQ 1-hour 7,400 TCEQ 2009a, b
WHO − − WHO 2000

− = Not available
(a) Exposure limit provided for m-xylene, o-xylene, p-xylene or mixed isomers.

The TCEQ (2009a, b) has derived an acute ReV of 1.7 ppm (7,400 µg/m³) for xylenes based on
mild respiratory effects and subjective symptoms of neurotoxicity.  Ernstgard et al. (2002) was
selected as the key study for the derivation of the acute ReV.  In this study, 56 human
volunteers were exposed to 50 ppm m-xylene, clean air, or 150 ppm 2-propanol for 2-hours in
an inhalation chamber (TCEQ 2009b).  The TCEQ (2009b) identified a LOAEL of 50 ppm based
on breathing difficulty in both sexes and discomfort in the throat and airways of females.  In
addition, subjective symptoms of neurotoxicity were reported, including fatigue, headache,
dizziness, and a feeling of intoxication.  All of these effects were considered minimal (TCEQ
2009b).  The LOAEL was not adjusted to a 1-hour exposure duration because the exposure
concentration, as opposed to the duration of exposure, was identified as the primary
determinant of the adverse effects of xylene (TCEQ 2009b).  An uncertainty factor of 10 was
applied to the LOAEL to account for intraspecies variability and an uncertainty factor of 3 was
applied to the LOAEL to account for use of a minimal LOAEL.

The ATSDR (2009, 2007) also selected the study by Ernstgard et al. (2002) as the basis of their
MRL.  A concentration of 50 ppm (200 mg/m³) was designated as a LOAEL for slight respiratory
effects (e.g., reduced forced vital capacity, increased discomfort in throat and airways in women
and breathing difficulties in both sexes) and subjective symptoms of neurotoxicity (e.g.,
headache, dizziness, feelings of intoxication).  The LOAEL was considered minimal due to the
minor nature of the effects observed (ATSDR 2007).  The ATSDR (2007) applied an uncertainty
factor of 30 for intraspecies variability (10) and use of a (minimal) LOAEL (3), resulting in an
acute MRL of 2 ppm (8,700 µg/m³).

Although the TCEQ and ATSDR selected the same study and LOAEL, the exposure limits are
slightly different due to rounding differences.  Given that the TCEQ provides a lower limit, this
acute ReV of 7,400 µg/m³ was used as a 1-hour exposure limit used in the acute effects
assessment.  As the toxicological basis of this value includes both respiratory irritation and
neurological effects, xylenes were included in the acute inhalation respiratory irritants and
neurotoxicants mixtures.

The OEHHA (2008) has derived a REL for 1-hour exposure of 22, 000 µg/m³ based on irritation
of the eyes, nose, and throat.  In the study by Hastings et al. (1984), 50 healthy human
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volunteers were exposed for 30 minutes to concentrations of 430, 860, or 1,720 mg/m³ of
technical grade (mixed) xylene.  A NOAEL of 100 ppm (430 mg/m³) was identified by Hastings
et al. (1984) as it was observed that the incidence of eye irritation was comparable to what was
reported in the control group.  The NOAEL was adjusted to a 1-hour exposure of 50 ppm (C ×
60 min = 100 ppm × 30 min).  A cumulative uncertainty factor of 10 was applied to the NOAEL
to account for intraspecies variation.  The result is an acute REL of 5 ppm (22,000 µg/m³).  As
the OEHHA provides a limit that is less conservative than the limit provided by TCEQ
(2009a, b), this exposure limit was not included in the acute inhalation assessment.

Alberta Environment (AENV 2009) adopted the OMOE’s half-hour point-of-impingement of
2,300 µg/m³ as its 1-hour AAQO.  However, this POI was based on odour perception and has
since been updated (OMOE 2008).  AENV (2009) also provides a 24-hour AAQO of 700 µg/m³.

The OMOE (2008, 2005) has derived a 24-hour criteria of 730 µg/m³ based on adverse
neurological effects.  A LOAEL of 62 mg/m³ was established for headaches, eye and nasal
irritation and light headedness (floating sensation) in approximately 300 workers, 175 of whom
were occupationally exposed for an average of seven years.  The LOAEL was adjusted by the
OMOE (2005) to account for discontinuous exposure to a concentration of 22.1 mg/m³. Neither
this 24-hour value nor the AENV (2009) values were used in the assessment, as they are based
upon longer-term exposures.

A-23.2 Chronic Inhalation Exposure Limits

Table A23-2 Chronic Inhalation Exposure Limits for Xylenes

Regulatory Agency Type Value (µg/m³) Reference
AENV − − AENV 2009
ATSDR MRL 215 ATSDR 2009
HEALTH CANADA TRV 180 Health Canada 2009, 2003
OEHHA REL 700 OEHHA 2008, 2000
RIVM TCA 870 RIVM 2001
TCEQ ReV 610 TCEQ 2009a, b
US EPA RfC 100 US EPA 2010, 2003a, b
WHO − − WHO 2000

− = Not available

The TCEQ (2009a, b) has derived a chronic ReV of 610 µg/m³ based on the same study as the
OEHHA (2008, 2000), where a LOAEL of 14 ppm was identified from a population of 175
exposed workers, who were exposed to xylenes for an average of 7 years, and reported eye
irritation, sore throat and mild neurological effects.  Two supporting rat studies are discussed by
the TCEQ that present NOAELs and LOAELs that are higher than the LOAEL of 14 ppm from
the occupational study.  No adjustments for continuous exposure were made by the TCEQ as
xylene is both quickly absorbed and excreted.  A cumulative uncertainty factor of 90 was applied
to the LOAEL to account for the use of a minimal LOAEL (3), database uncertainties (3), and
intraspecies variability (10).  This limit was selected for use in the chronic effects assessment as
it is based on human data as opposed to rodent data, and is lower than the OEHHA value as a
result of consideration of the biological relevance of adjusting for continuous exposure.  As the
toxicological basis of this value includes eye, respiratory and neurological effects, xylenes were
included in the chronic inhalation eye irritants, respiratory irritants and neurotoxicants mixtures.
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The OEHHA (2008, 2000) has developed a chronic REL of 700 µg/m³ based upon the incidence
of eye irritation, sore throat and mild neurological effects.  A LOAEL of 14 ppm was identified
from a population of 175 exposed workers, who were exposed to xylenes for an average of
7 years.  The LOAEL was adjusted for continuous exposure to a LOAELADJ of 5.1 ppm, taking
into account the differences in breathing air volumes/day between workers and the general
public (10/20 m³-day) and the number of days in a work-week (5 days/week).  The OEHHA
applied an uncertainty factor of 30 to account for the use of a LOAEL (3, due to the minor nature
of the adverse effects) and for human variability (10).

The US EPA (2010, 2003a, b) RfC of 100 µg/m³ was derived from a NOAEL of 217 mg/m³ for
impaired motor coordination from a subchronic inhalation study in male rats (Korsak et al.
1994).  In this study, male rats were exposed to 0, 50, or 100 ppm of m-xylene, n-butyl alcohol,
or a 1:1 mixture of toluene and xylenes for 6 hours/day, 5 days/week for a duration of 3 months.
A LOAEL of 100 ppm and a NOAEL of 50 ppm were identified based on neurological effects
(decreased rotarod performance and response to heat).  The NOAEL of 50 ppm (217 mg/m³)
was adjusted for continuous exposure (6/24 hours, 5/7 days).  A safety factor of 300 was
applied by the US EPA (2003a, b) to the adjusted NOAEL to account for laboratory animal-to-
human differences (3), intraspecies uncertainty to account for human variability and sensitive
populations (10), extrapolation from subchronic to chronic duration (3), and uncertainties in the
database (3).  Although this value is the most conservative of those presented in the table
above, it is based upon animal data, and thus is associated with a greater degree of uncertainty.
This value was not used, due to the existence of a defensible human-based value.

No supporting documentation was available to substantiate the basis of the Health Canada
(2009) RfC. As such, this value was not selected for use in the chronic effects assessment.

The RIVM (2001) has developed a TCA of 870 µg/m³ for developmental neurotoxicity. In the key
study, decreased rotarod performance was observed in the offspring of rats exposed to 200
ppm (870 mg/m³) technical grade xylene for 6 hours/day on gestational days 6 through 20 (Hass
and Jakobsen 1993). The inhaled xylene concentration of 870 mg/m³ was reported by RIVM as
the study LOAEL (no other exposure levels were reported and no NOAEL was identified).  A
cumulative uncertainty factor of 1,000 was applied to the LOAEL to account for interspecies
variability (10), intraspecies variability (10), and use of a LOAL instead of a NOAEL (10). In a
later study by the same group of investigators, Hass et al. (1995) questioned the rotarod
performance test in the original study, as it was not conducted by experimenters who were blind
to the exposure status of the rats.  Further, decreased rotarod performance was not observed in
the later Hass et al. (1995) study, which exposed rats to 500 ppm (2,200 mg/m³) mixed xylenes
for 6 hours/day on gestation days 7 through 20. As well, offspring of rats exposed to 800 or
1,600 ppm (6,900 mg/m³) p-xylene for 6 hours/day on gestation days 7 through 16 performed
similarly to offspring of non-exposed rats in tests of central nervous system development
(Rosen et al. 1986).  Due to the inconclusive significance of the toxicological endpoint (rotarod
performance), this TCA was not used in the chronic inhalation assessment for xylenes.

A-23.3 Oral Exposure Limits

Xylenes did not meet the physical-chemical criteria described. As a result, xylenes were not
evaluated in the multiple pathway assessment.
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A-24.0 ABBREVIATIONS

AHRE Alberta Human Resources and Employment
FDA Food and Drug Administration
FEV Forced Expiratory Volume
HSDB Hazardous Substances Data Bank
IPM Individual PAH model
POI Point of Impingement
RAIS Risk Assessment Information System
TD Tolerable Dose
TEEL-0 Temporary Emergency Exposure Limit
TNRCC Texas Natural Resource Conservation Commission
µg/kg bw/d microgram per kilogram body weight per day
µg/L microgram per litre
µg/m³ microgram per metre squared
AAQC Ambient Air Quality Criterion
AAQO Ambient Air Quality Objective
ACGIH American Conference of Governmental Hygienists Inc.
ADJ Adjusted value
AENV Alberta Environment
AQG Air quality guideline
ATSDR Agency for Toxic Substances and Disease Registry
BMC Benchmark Concentration
BMCL (01, 05, 10) Benchmark Concentration 95% lower confidence interval
BMD Benchmark Dose
CARB California Air Resources Board
CCME Canadian Council of Ministers of the Environment
CEPA Canadian Environmental Protection Act
CEPA/FPAC Canadian Environmental Protection Act/Federal–Provincial Advisory

Committee
CNS Central Nervous System
COHb carboxyhemoglobin in blood
COPC Chemical of Potential Concern
CR Carcinogenic Risk
CRINHAL Carcinogenic Risk Inhalation
CWS Canada-Wide Standard
ESL Effects Screening Level
HEC Human Equivalent Concentration
HHRA Human Health Risk Assessment
IARC International Agency for Research on Cancer
kg kilogram
L/d litre per day
LOAEL Lowest-Observed-Adverse-Effect level
MA DEP Massachusetts Department of Environmental Protection
µg/m³ microgram per metre squared
µg/kg bw/d microgram per kilogram of body weight per day
mg/m³ milligram per metre squared
mg/kg bw/d millogram per kilogram of body weight per day
MRL Minimal Risk Level
n number (as in n = 8)
NAAQO National Ambient Air Quality Objective

http://www.euro.who.int/document/e71922.pdf
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NAAQS National Ambient Air Quality Standards
NOAEL No-Observed-Adverse-Effect level
NTP National Toxicology Program
OEHHA California Office of Environmental Health Hazard Assessment
OMOE Ontario Ministry of the Environment
PAH Polycyclic Aromatic Hydrocarbon
PEF Potency Equivalence Factor
PEQ Potency Equivalence
PM2.5 Particulate matter less than 2.5 micrograms
POD Point of departure
ppb parts per billion
ppm parts per million
REL Reference Exposure Level
ReV Reference Exposure Value
RfC Reference Concentration
RfD Reference Dose
RGDR Regional Gas Dose Ratio
RIVM Netherlands, National Institute of Public Health and the Environment,

NIPHE).
RsC Risk-specific Concentration
RsD Risk-specific Dose
STEL Short-Term Exposure Limit
TC Tolerable Concentration
TCA Tolerable Concentration in Air
TCEQ Texas Commission on Environmental Quality
TDI Tolerable Daily Intake
TLV Threshold Limit Value
TLV-TWA Threshold Limit Value – Time Weighted Average
TPHCWG Total Petroleum Hydrocarbon Criteria Working Group
TRV Toxicological Reference Value
US EPA United States Environmental Protection Agency
US EPA IRIS United States Environmental Protection Agency Integrated Risk

Information System
WHO World Health Organization
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1 INTRODUCTION

This appendix provides an example of the calculations used to estimate media concentrations
and human exposures to the chemicals of potential concern (COPCs) from long-term (chronic)
multiple pathway way exposures to the emissions resulting from the proposed Great Divide
Steam Assisted Gravity Drainage (SAGD) Expansion Project (the Project) by Connacher Oil
and Gas Limited. Many of the methods, equations and assumptions used to predict
concentrations in various environmental media were provided by the United States
Environmental Protection Agency Office of Solid Waste (US EPA OSW 2005) and Health
Canada (2009).  Potential multiple pathway exposures to the COPCs were predicted for an
aboriginal residents and workers using the highest annual average concentrations or the
highest incremental increase in concentrations predicted at various locations within the regional
and local study area (i.e., RSA & LSA).

In order to quantify potential human exposures (and associated health impacts) through the oral
pathway as a result of emissions from the project, predicted chemical concentrations in various
environmental media were required to estimate exposures and characterize risks.  Chemical
concentrations in the following media were estimated based on predicted annual air
concentrations:

 Soil
 Surface water (i.e., lakes)
 Vegetation
 Dusts
 Wild game meat (moose, grouse, snowshoe hare)
 Fish

In addition to providing the equations and algorithms used to estimate environmental media
concentrations, the following sections provide the methods used to estimate human chemical
exposures and predict risks. A worked example is provided for an adult aboriginal resident
exposed to benzo(a)pyrene as a result of the project alone.

2 ENVIRONMENTAL MEDIA CONCENTRATIONS

2.1 Chemical Concentrations in Air

The maximum predicted annual average ground-level air concentration of the local maximum
point of impingement (MPOI) was used to predict environmental concentrations for calculating
game meat concentrations.  Maximum annual air concentrations were used to estimate soil,
forage, surface water and invertebrate concentrations to which wildlife are exposed. The
maximum annual average concentration of benzo(a)pyrene for all locations as a result of the
project alone was determined to be 0.00000013 µg/m³ or 1.3E-07 µg/m³. All media

Meat Concentrations.

The maximum predicted annual average ground-level air concentration of all Aboriginal,
resident or cabin locations was used to predict concentrations of garden produce (above and

concentrations used to predict animal exposures can be found in Appendix B2 Predicted Game
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below ground) and traditional plants (cattail, Labrador tea, and berries).  This air concentration
was also used to estimate soil, dust, surface water and fish concentrations to which humans
could be exposed.  The maximum annual average concentration of benzo(a)pyrene for the
resident locations as a result of the project alone was determined to be 0.000000015 µg/m³ or
1.5 E-08 µg/m³. All media concentrations used to predict human exposures can be found in

2.1.1 Chemical Deposition

2.1.1.1 Dry Deposition

Dry deposition rates were estimated with the following equation:

21 CFCFVCD dadry 

Where:

Ddry = deposition rate of COPC (mg/m²/year)

a

d
extrapolated from Wesley and Hicks 2000)

CF1 = conversion factor from seconds per day (31,536,000 sec/year)

CF2 = conversion factor from µg to mg (0.001 mg)

Example B-1 Dry deposition rate of benzo(a)pyrene for prediction of animal
exposure.

001.0000,536,3101.0073.1  EDdry

yrmmgEDdry //053.4 2

Example B-2 Dry deposition rate of benzo(a)pyrene for prediction of human
exposure.

001.0000,536,3101.0085.1  EDdry

yrmmgEDdry //067.4 2

2.1.1.2 Wet Deposition

Wet deposition rates were estimated with the following equation:

Appendix B1 Multiple Pathway Exposure Model.

C = COPC concentration in air (Table B1-9 or Table B2-5, µg/m³)

V = dry deposition velocity for COPC (Table B1-21 or Table B2-20; 1.00E-02 m/s,
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21 CFCFVCD wawet 

Where:

Dwet = deposition rate of COPC (mg/m²/year)

a

w
m/s, extrapolated from Mackay 1991)

CF1 = conversion factor from seconds per day (31,536,000 sec/year)

CF2 = conversion factor from µg to mg (0.001 mg)

Example B-3 Wet deposition rate of benzo(a)pyrene for prediction of animal tissue
concentrations

001.0000,536,3100289.0073.1  EDwet

yrmmgEDwet //052.1 2

Example B-4 Wet deposition rate of benzo(a)pyrene for prediction of human
exposure

001.0000,536,3100289.0085.1  EDwet

yrmmgEDwet //064.1 2

2.1.1.3 Total Deposition

Total deposition rates were estimated with the following equation:

wetdrytot DDD 

Where:

tot

Ddry = dry deposition (mg/m²/year)

Dwet = wet deposition (mg/m²/year)

Example B-5 Total deposition rate of benzo(a)pyrene for prediction of animal tissue
concentrations

052.1053.4  EEDtot

C = COPC concentration in air (Table B1-9 or Table B2-5; µg/m³)

V = wet deposition velocity for COPC (Table B1-21 or Table B2-20; 2.89E-03

D = deposition rate of COPC (Table B1-9 or Table B2-5; mg/m²/year)
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yrmmgEDtot //055.5 2

Example B-6 Total deposition rate of benzo(a)pyrene for prediction of human
exposure

064.1067.4  EEDtot

yrmmgEDtot //061.6 2

2.1 Chemical Concentrations in Water

Surface water concentrations were used to predict exposure to wildlife via ingestion, and human
exposure via fish consumption, dermal exposure and ingestion (as a drinking water source and
incidentally while swimming). Surface water concentrations were predicted at Lake C03 or
unnamed lake UL-03 which is the lake closest to the project, for both wildlife and human
exposure. The surface area and depth of the lake along with the calculated amount of
deposition were used to predict the surface water concentration.

2.1.1 Mass of Deposition to Lake Surface

The deposition at Lake C03 was calculated using the maximum predicted annual average
ground-level air concentration at the lake 8.0E-08 µg/m³, which corresponds with a deposition
rate of 3.2E-05 mg/m2/yr.

The total amount of benzo(a)pyrene deposited to the lake surface was estimated with the
following equation:

LADTML totsw 

Where:

TMLsw = total mass load to the lake surface over period of deposition (mg/yr)

Dtot = deposition rate of COPC (3.2E-05, mg/m²/year)

Example B-7 Mass of benzo(a)pyrene loaded to Lake C03 for the prediction of
surface water concentrations.

000,470,4052.3  ETMLsw

yrmgETMLsw /024.1 

LA = lake area (Table B1-34 or Table B2-33; m²)
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2.1.2. Surface Water Concentrations

Surface water concentrations in Lake C03 were calculated with the following modified equation
(US EPA OSW 2005):

lswwcf

sw
sw VKLL

CFTML
C






Where:

sw

TMLsw = total mass load to the lake over period of deposition (1.4E+02 mg/yr)



wc
100%)

sw
-1

l

CF = conversion factor from m³ to Litres (0.001 m³/L)

Example B-8 Concentration of benzo(a)pyrene in Lake C03

500,269,857.31672,387

001.0024.1





E

Csw

LmgECsw /098.4 

2.3 Chemical Concentrations in Soil

2.3.1 Predicted Incremental Chemical Concentrations in Soil

Soil concentrations were estimated based on the calculated chemical-specific deposition rates.
Deposition to soil on a mass basis was calculated using the following equation:

BDZ

D
D

s

tot
s 


Where:

Ds = chemical-specific deposition (mg/kg/year)

C = concentration in surface water (Table B1-9 or B2-5; mg/L)

L = lake flow rate (Table B1-34or B2-33; m³/year)

L = fraction of total water body for mixing (Table B1-34or B2-33;; assumed

K = COPC surface water loss constant (Table B1-34or B2-33; 3.57 yr )

V = lake volume (Table B1-34or B2-33; m³)
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tot

s

For the current assessment, the bulk density was assumed to be 1,500 kg/m³, and soil
concentrations were predicted for two mixing depths (i.e., 2 cm and 20 cm) to calculate surface
soil and soil concentrations, respectively.

Example B-9 Deposition of benzo(a)pyrene to surface soil for prediction of animal
tissue concentrations.

500,102.0

055.5





E

Ds

yrkgmgEDs //068.1 

Example B-10 Deposition of benzo(a)pyrene to surface soil for prediction of human
exposure.

500,102.0

061.6





E

Ds

yrkgmgEDs //070.2 

Example B-11 Deposition of benzo(a)pyrene to soil for prediction of animal tissue
concentrations.

500,12.0

055.5





E

Ds

yrkgmgEDs //078.1 

Example B-12 Deposition of benzo(a)pyrene to soil for prediction of human exposure.

500,12.0

061.6





E

Ds

yrkgmgEDs //080.2 

2.3.1 Calculating Chemical Loss Constants

Chemicals may be lost from soil by leaching, runoff, erosion, biotic and abiotic degradation, and
volatilization.  Only abiotic and biotic degradation and volatilization processes were considered
for this assessment.  The total rate at which a chemical is lost from soil was designated as kt.

D = chemical-specific deposition rate (Table B1-9 or B2-5; mg/yr)

Z = soil mixing zone depth (Table B1-31or Table B2-27; 0.02 m or 0.2 m)

BD = soil bulk density (Table B1-31or Table B2-27: 1,500 kg/m³)
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2.3.1.1 Chemical Loss via Biotic and Abiotic Degradation

The soil half-life values for abiotic and biotic degradation (i.e., ks) were obtained from the
Canadian Council of Ministries of the Environment (CCME 2000), Mackay et al. (1992), the US
EPA OSW (2005) or literature.  The US EPA OSW (2005) recommends a soil loss constant (ks)

-1

2.3.1.2 Chemical Loss via Volatilization

Chemical loss from volatilization was predicted as follows (Swan et al. 1979):








 


VP

SK
Et oc0858.12/1

Where:

t1/2 = soil half-life (days)

oc
L/kg)

The half-life is then converted to a rate constant (yrs-1) using the following equation:










365

693.0

2/1t
kv

Example B-13 Chemical loss or degradation from soil as a result of volatilization of
benzo(a)pyrene.

Soil half-life:
dayst

E
Et

454,4

095.5

0016.0000,969
0858.1

2/1

2/1
















Loss as a result of volatilization:
1057.0

365
454,4

693.0












yrskv

kv

2.3.1.3 Total Soil Loss Constant

kvkskt 

of 0.48 yrs for benzo(a)pyrene (Table B1-25 or Table B2-21).

K = organic carbon partition coefficient (Table B1-20 or Table B2-18; 69,000

S = water solubility (Table B1-14 or Table B2-14; 0.0016 mg/L)

VP = vapour pressure (Table B1-16 or Table B2-16; 5.5E-09 mmHg)
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Where:

-1

ks = chemical-specific soil loss constant as a result of abiotic and biotic
-1

-1

Example B-14 Total soil loss constant as a result of all processes for benzo(a)pyrene.

057.048.0 kt

154.0  yrskt

2.3.2 Calculation of Soil Concentrations

Soil concentrations were calculated on a mass per mass basis (mg/kg) based on the following
equation:

  
kt

tDktD
C s

s




exp1

Where:

s

Ds = deposition to surface soil or soil (mg of chemical/kg of soil/year)

kt = chemical soil loss constant due to all processes (degradation or loss due to
-1

years)

Example B-15 Concentration of benzo(a)pyrene in surface soil for prediction of
animal tissue concentrations.

  
54.0

8054.0exp1068.1 


E
Cs

kgmgECs /064.3 

kt = chemical-specific soil loss constant as a result of all processes (Table B1-25
or Table B2-21; yrs )

degradation (Table B1-25 or Table B2-21; 0.48 yrs )

kv = chemical-specific soil loss constant as a result of volatilization (Table B1-25
or Table B2-21; 0.057 yrs )

C = average soil concentration over exposure duration (Table B1-9 or Table B2-
5; mg/kg soil)

volatilization) (Table B1-25 or Table B2-21; 0.54 yrs )

tD = time period over which deposition occurs (Table B1-30 or Table B2-26; 80
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Example B-16 Concentration of benzo(a)pyrene in surface soil for prediction of
human exposure.

  
54.0

8054.0exp1070.2 


E
Cs

yrkgmgECs //078.3 

Example B-17 Concentration of benzo(a)pyrene in soil for prediction of animal tissue
concentrations.

  
54.0

8054.0exp1078.1 


E
Cs

kgmgECs /074.3 

Example B-18 Concentration of benzo(a)pyrene in soil for prediction of human
exposure.

  
54.0

7554.0exp1080.2 


E
Cs

yrkgmgECs //088.3 

2.4 Chemical Concentrations in Dust

The chemical concentrations in dust were calculated using the measured and/or predicted soil
concentration, as follows:

CFCDLC sdust 

Where:

dust

DL = dust level (kg/m³)

s

CF = conversion factor from mg to µg (1,000 µg/mg)

A dust level (DL) of 0.76 µg/m³ (7.6E-10 kg/m³) was measured by Health Canada (2004) based
on the average airborne concentration of respirable particulate matter (<10 µm aerodynamic
diameter).

C = chemical concentration in dust (Table B1-9 or Table B2-5; µg/m³)

C = surface soil concentration from deposition over time (Table B1-9 or Table B2-
5; mg/kg)
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Example B-19 Concentration of benzo(a)pyrene in dust for prediction of animal tissue
concentrations.

000,1064.3106.7  EECdust

3/126.2 mµgECdust 

Example B-20 Concentration of benzo(a)pyrene in dust for prediction of human
exposure.

000,1078.3106.7  EECdust

3/139.2 mµgECdust 

2.5 Chemical Concentrations in Vegetation

The methodology used to estimate the contribution from each route of the chemical uptake in
vegetation is described in the following sections.  The following mechanisms were included
when estimating the uptake of the chemicals into the tissue of plants.

 air to above-ground plants (particle deposition to leaves or foliage)
 air to above-ground plants (vapour transfer to leaves or foliage)
 soil to above-ground plants (root uptake)
 soil to below-ground plants (root uptake)

2.5.1 Aboveground Leafy Plant Concentrations as a Result of Direct Deposition

2.5.1.1 Concentrations in Aboveground Forage/Browse Consumed by Wildlife

Atmospheric deposition was only considered for plants whose edible portions are above ground
and where the chemical potentially exists in particulate form.

The following equation was used to predict concentrations of browse and aboveground plants
for consumption by wildlife as a result of deposition processes on a dry weight (DW) basis:

     
kpYp

TpkpRpDD
Pd wd





exp0.16.0

Where:

Dd = dry deposition, particle fraction = (Ddry x (1-Fv)) (4.3E-05 x (1 – 0.294) = 3.0E-
05 mg/m²/yr)

Dw = wet deposition, particle fraction = (Dwet x (1-Fv)) (1.2E-05 x (1- 0.294) = 8.5E-
06 mg/m²/yr)

Pd = browse concentration as a result of direct deposition (Table B2-5; mg/kg DW)
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Rp = intercept fraction of edible portions of plant (0.5; unitless)
-1

Tp = length of plant exposure to deposition per harvest of the edible portion of the

The US EPA OSW (2005) recommends the use of the default intercept fraction of edible
portions of plant (Rp) value (unitless), because it represents the most current information
available with respect to productivity and relative ingestion rates. A default Rp value of 0.5 was
recommended for forage/browse.

The kp value is a measure of the amount of contaminant lost as a result of removal by wind and
water and growth dilution. The US EPA OSW (2005) recommends a default kp value of 18 yr-1

for both forage/browse and produce, which corresponds to a 14-day half-life.

The US EPA OSW (2005) recommends using a Yp value of 0.24 kg DW/m² for forage/browse
vegetation.

Example B-21 Concentration of benzo(a)pyrene in forage/browse as a result of direct
deposition for prediction of animal tissue concentrations.

     
1824.0

12.018exp0.15.06.0065.8050.3





EE

Pd

DWkgmgEPd /066.3 

2.5.1.2 Concentrations in Aboveground Garden Produce Consumed by Humans

The same equation was used to predict concentrations in above ground garden plants for
human consumption as a result of direct deposition.  The plant concentration was calculated on
a wet weight (WW) basis with the following equation.

       WCWPF
kpYp

TpkpRpDD
Pd wd 











 1

exp0.16.0

Where:

Dd = dry deposition, particle fraction = (Ddry x (1-Fv)) (4.7E-06 x (1 – 0.294) = 3.3E-
06 mg/m²/yr)

Dw = wet deposition, particle fraction = (Dwet x (1-Fv)) (1.4E-06 x (1- 0.294) = 9.9E-
07 mg/m²/yr)

Fv = fraction that is volatile (Table B2-19; 29.4%)

kp = plant surface loss coefficient (Table B2-25; 18 yr )

ith plant group (Table B2-25; 0.12 yr)

Yp = yield or productivity (Table B2-25; 0.24 kg DW/m²)

Pd = plant concentration as a result of direct deposition (Table B1-9; mg/kg WW)
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Rp = intercept fraction of edible portions of plant (0.39; unitless)
-1

Tp = length of plant exposure to deposition per harvest of the edible portion of the

The US EPA OSW (2005) recommends the use of the default intercept fraction of edible
portions of plant (Rp) value, (unitless), because it represents the most current information
available with respect to productivity and relative ingestion rates. A default Rp value 0.39 was
recommended for garden produce (US EPA OSW 2005).

The kp value is a measure of the amount of contaminant lost as a result of removal by wind and
water and growth dilution. The US EPA OSW (2005) recommends a default kp value of 18 yr-1

for both forage/browse and produce, which corresponds to a 14-day half-life.

The US EPA OSW (2005) recommends using a Yp value of 2.24 kg DW/m² for garden produce
ingested by humans.

Typically, a washing and peeling factor of 0.85 is recommended (US EPA OSW 2005), but the
current assessment did not use this factor in order to account for potential exposures where
washing or peeling does not occur.

Example B-22 Concentration of benzo(a)pyrene in aboveground garden produce as a
result of direct deposition for prediction of human exposure.

       85.010.1
1824.2

16.018exp0.139.06.0079.9063.3













EE

Pd

WWkgmgEPd /094.5 

2.5.2 Aboveground Plant Concentrations as a Result of Vapour Uptake

The concentration of chemicals in aboveground plants (forage, garden produce) from direct
vapour uptake was calculated using a mass-based air-to-plant biotransfer factor, which was
derived from the volumetric air-to-plant biotransfer factor.

Fv = fraction that is volatile (Table B1-19; 29.4%)

kp = plant surface loss coefficient (Table B1-29; 18 yr )

ith plant group (Table B1-29; 0.16 yr)

Yp = yield or productivity (Table B1-29; 2.24 kg DW/m²)

WPF = washing and peeling factor (Table B1-33; 1.0; unitless)

WC = water or moisture content of plant (Table B1-28; 85%, US EPA OSW 2005)
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2.5.2.1 Volumetric air-to-plant biotransfer factor

654.1loglog065.1log 










TR

H
KB owvol

Where:

Bvol = volumetric air-to-plant biotransfer factor (unitless; WW basis)

ow
6.0; unitless)

m³/mol)

Example B-23 Volumetric air-to-plant biotransfer factor of benzo(a)pyrene.

654.1
288000082.0

0610.1
log0.6065.1log 












E

Bvol

092.1  EBvol

2.5.2.2 Mass-based air-to-plant biotransfer factor

  forage

volair
v WC

B
B








1

Where:

Bv = mass-based air-to-plant biotransfer factor ([µg/g DW plant] / [µg/g air])

Pair = density of air (1.19 g/L; Weast 1981)

Bvol = volumetric air-to-plant biotransfer factor (1,168,997,695 unitless; WW basis)

Pforage = density of forage (770 g/L; McCrady and Maggard 1993)

Example B-24 Mass-based air-to-plant biotransfer factor for benzo(a)pyrene in forage
for prediction of animal tissue concentrations.

  77063.01

695,997,168,119.1




vB

log K = log of the octanol-water partition coefficient (Table B1-14 or Table B2-14;

H = Henry’s Law constant of the compound (B1-15 or Table B2-15; 1.10E-06 atm

R = gas constant (Table B1-32 or Table B2-28; 0.000082 atm m³/ mol)

T = room temperature in Kelvin (Table B1-32 or Table B2-28; 288 K)

WC = water or moisture content of plant (Table B2-24, 63% for forage; Table B1-
28, 85% for garden produce)
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   airgµgplantDWgµgEBv ///069.4 

Example B-25 Mass-based air-to-plant biotransfer factor for benzo(a)pyrene in
aboveground garden produce for prediction of human exposure.

  77085.01

695,997,168,119.1




vB

   airgµgplantDWgµgEBv ///072.1 

2.5.2.3 Concentrations in Aboveground Forage/Browse Consumed by Wildlife

The following equation was used to calculate aboveground plant tissue concentrations as a
result of vapour uptake:

 
air

vvair FRFBC
Pv






Where:

mg/kg DW)

air

Bv = mass-based air-to-plant biotransfer factor ([µg/g DW plant] / [µg/g air])

RF = reduction factor (100 for PAHs)

v

Pair = density of air (1,200 g/m³; Weast 1981)

As recommended by the US EPA OSW (2005), the biotransfer factor for organics (except
dioxins and furans) should be reduced by a factor of 100.

Example B-26 Concentration of benzo(a)pyrene in forage/browse as a result of
vapour uptake for prediction of animal tissue concentrations.

 
200,1

294.0100069.4074.1 


EE
Pv

DWkgmgEPv /066.1 

2.5.2.4 Concentrations in Aboveground Garden Produce Consumed by Humans

The following equation was used to calculate aboveground plant tissue concentrations as a
result of vapour uptake:

Pv = COPC concentration in browse as a result of vapour uptake (Table B2-5;

C = COPC concentration in air (Table B2-5; 1.4E-07 µg/m³)

F = fraction of chemical in vapour phase (Table B2-19; 29.4%)
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   WCWPF
VGFRFBC

Pv
air

agvvair 


 1


Where:

WW)

air

Bv = mass-based air-to-plant biotransfer factor ([µg/g DW plant] / [µg/g air])

RF = reduction factor (100% for PAHs)

v

VGag = empirical correction factor (0.01 or 1.0; US EPA OSW 2005)

Pair = density of air (1,200 g/m³; Weast 1981)

2005)

In the calculation of chemical concentrations in garden produce for human consumption, a
washing and peeling factor of 0.85 is typically applied (US EPA OSW 2005).  However, in the
current assessment no adjustment was made assuming that washing and peeling was not
performed.

As recommended by the US EPA OSW (2005), the biotransfer factor for organics (except
dioxins and furans) should be reduced by a factor of 100.  In addition the US EPA OSW (2005)
also recommends an empirical correction factor (i.e., VGag) of 0.01 for COPCs with a log Kow

greater than 4 and an empirical correction factor of 1 for COPCs with a log Kow less than 4. This
additional empirical correction factor was not applied to the exposure pathways for ingestion of
forage/browse by wildlife, but was applied to the exposure pathway for ingestion of plants for
the human exposure assessment. A conversion from dry weight to wet weight (1 - WC) was
also made to calculated concentrations in garden produce.

Example B-27 Concentration of benzo(a)pyrene in aboveground garden produce as a
result of vapour uptake for prediction of human exposure.

   85.010.1
200,1

01.0294.0100072.1085.1





EE
Pv

WWkgmgEPv /106.6 

Pv = COPC concentration in plant as a result of vapour uptake (Table B1-9; mg/kg

C = COPC concentration in air (Table B1-9; 1.5E-08 µg/m³)

F = fraction of chemical in vapour phase (Table B1-19; 29.4%)

WPF = washing and peeling factor (Table B1-33; 1.0; unitless)

WC = water or moisture content of produce (Table B1-28; 85%, US EPA OSW
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2.5.3 Aboveground Plant Concentrations as a Result of Root Uptake

Contaminants present in soil can be taken up into edible portions of aboveground plants. The
US EPA OSW (2005) provides an equation to predict aboveground plant concentrations as a
result of root uptake using soil concentrations and plant-to-soil bioconcentration factors (BCFs)
for aboveground produce and forage/browse.

2.5.3.1 Soil-to-Plant Bioconcentration Factor

The soil-to-plant BCFs for forage/browse and garden produce were calculated based on the
following equation recommended by the US EPA OSW (2005), adopted from Travis and Arms
(1988):

owKBCF log578.0588.1log 

Where:

ow
6.0 unitless)

The above equation was derived from experiments conducted on compounds with log Kow

values ranging from 1.15 to 9.35.  Thus, BCF values for compounds with a log Kow value less
than 1.15 should be calculated using a log Kow value of 1.15 and BCF values for compounds
with a log Kow greater than 9.35 should be calculated using a log Kow value of 9.35 (US EPA
OSW 2005).

Example B-28 Plant-to-soil bioconcentration factor for benzo(a)pyrene.

0.6578.0588.1log BCF

DWplantkgsoilkgEBCF /023.1 

2.5.3.2 Concentrations in Aboveground Forage/Browse Consumed by Wildlife

The following equation was used to predict the chemical concentration in aboveground
forage/browse as a result of root uptake (US EPA OSW 2005).

BCFCs Pr

Where:

Pr = chemical concentration in aboveground plant as a result of root uptake

s

BCF = plant-soil bioconcentration factor for aboveground produce (Table B1-35 or
Table B2-29; kg soil/kg plant DW)

log K = log of the octanol-water partition coefficient ( Table B1-14 or Table B2-14,

(Table B2-5; mg/kg DW)

C = chemical concentration in soil (Table B2-5; 3.4E-07 mg/kg)
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BCF = plant-soil bioconcentration factor for aboveground produce (Table B2-29;
0.0132 kg soil/kg plant DW)

Example B-29 Concentration of benzo(a)pyrene in forage/browse as a result of root
uptake for the prediction of animal tissue concentrations.

0132.0074.3Pr  E

DWkgmgE /095.4Pr 

2.5.3.3 Concentrations in Aboveground Garden Produce Consumed by Humans

The same equation was used to calculate the chemical concentration in aboveground garden
produce, with adjustments made for washing and peeling and the moisture content of the plant.

 WCWPFBCFCs  1Pr

Where:

Pr = chemical concentration in aboveground plant as a result of root uptake

s

1.3E-02 kg soil/kg plant DW)

WPF = washing and peeling factor (Table; 1.0; unitless)

2005)

In the calculation of chemical concentrations in garden produce for human consumption, a
washing and peeling factor of 0.85 is typically applied (US EPA OSW 2005).  However, in the
current assessment no adjustment was made assuming that washing and peeling was not
performed.

Example B-30 Concentration of benzo(a)pyrene in aboveground garden produce as a
result of root uptake for the prediction of human exposure.

 85.010.10132.0088.3Pr  E

WWkgmgE /115.7Pr 

2.5.4 Total Chemical Concentration in Leafy Vegetables

The following equation was used to estimate the chemical concentration in above ground
produce as a result of direct deposition, vapour uptake, and root uptake.

(Table B1-9; mg/kg WW)

C = chemical concentration in soil (Table B1-9; 3.8E-08 mg/kg)

BCF = plant-soil bioconcentration factor for aboveground produce (Table B1-35;

WC = water or moisture content of produce (Table B1-33; 85%, US EPA OSW
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 Pr PvPdCplant

Where:

plant

mg/kg WW)

10 mg/kg WW)

Pr = chemical concentration in aboveground plants as a result of root uptake

Example B-31 Concentration of benzo(a)pyrene in aboveground vegetables as a
result of direct deposition, vapour uptake and root uptake for the
prediction of human exposure.

 115.7106.6094.5  EEEC plant

kgmgEC plant /091.6 

2.5.5 Belowground Plant Concentrations as a Result of Root Uptake

Chemicals present in soil also can be taken up into edible portions of belowground produce
(i.e., root vegetables). The US EPA OSW (2005) provides an equation to predict belowground
plant concentrations as a result of root uptake using soil concentrations and plant-to-soil BCFs
in root vegetables.

Belowground produce refers to all root vegetables and therefore concentrations derived using
this methodology only applied to root vegetable consumption rates.  Given that wildlife were
assumed to not consume root vegetables, a belowground forage/browse concentration was not
required.  The belowground produce concentration for root vegetables was calculated as
follows (US EPA OSW 2005):

 WCWPFBCFCsroot  1Pr

Where:

Prroot = chemical concentration in belowground produce as a result of root uptake

s

6.05E-02 kg soil/kg plant DW)

C = total chemical concentration in plant (Table B1-9).

Pd = plant concentration as a result of direct deposition (Table B1-9; 5.4E-09

Pv = COPC concentration in plant as a result of vapour uptake (Table B1-9; 6.6E-

(Table B1-9; 7.5E-11mg/kg WW)

(Table B2-5; mg/kg WW)

C = chemical concentration in soil (Table B1-9; 3.8E-08 mg/kg)

BCF = plant-to-soil bioconcentration factor for belowground plants (Table B1-35;

WPF = washing and peeling factor (Table B1-33; 1.0; unitless)
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OSW 2005)

In the calculation of chemical concentrations in garden produce for human consumption, a
washing and peeling factor of 0.85 is typically applied (US EPA OSW 2005).  However, in the
current assessment no adjustment was made assuming that washing and peeling was not
performed.

Example B-32 Concentration of benzo(a)pyrene in root vegetables as a result of root
uptake for the prediction of human exposure.

 85.010.10605.0088.3Pr  Eroot

WWkgmgEroot /104.3Pr 

2.5.6 Chemical Concentrations in Labrador Tea

The chemical concentration in Labrador tea was derived using the methods employed for
predicting aboveground plant concentrations based on the following uptake mechanisms:

 direct deposition;

 vapour uptake; and

 uptake from soil by roots to above ground portion of plants

Example B-33 Concentration of benzo(a)pyrene in Labrador tea as a result of
deposition, vapour uptake and root uptake for the prediction of human
exposure.

102.2106.6086.1  EEEClabtea

WWkgmgEClabtea /087.1 

2.5.7 Chemical Concentrations in Fruit and Wild Berries

The chemical concentration in berries was derived using soil concentrations and plant-to-soil
BCFs for aboveground produce.

The following equation was used to predict the chemical concentration in fruits and wild berries
as a result of root uptake based on the equation provided by the US EPA OSW (2005) for
aboveground produce.  Given that wildlife were assumed to not consume berries, a berry
concentration was not required for the prediction of animal tissue concentrations.  However,

WC = water or moisture content of root vegetables (Table B1-28; 85%, US EPA

The only difference when calculating Labrador tea concentrations is the use of 56% (Table B1-
28) for moisture content in the calculations to convert from dry weight to wet weight.
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berry concentrations were calculated for harvesting by humans.  Human receptors were
assumed to harvest berries in close proximity to their home or residence.

 WCWPFBCFCPb s  1

Where:

s

1.32E-02 kg soil/kg plant DW)

In the calculation of chemical concentrations in garden produce for human consumption, a
washing and peeling factor of 0.85 is typically applied (US EPA OSW 2005).  However, in the
current assessment no adjustment was made assuming that washing and peeling was not
performed.

Example B-34 Concentration of benzo(a)pyrene in berries as a result of root uptake
for the prediction of human exposure.

 81.010.10132.0088.3  EPb

WWkgmgEPb /115.9 

2.5.8 Chemical Concentrations in Cattail

The chemical concentration in cattail was derived using soil concentrations and plant-to-soil
BCFs for belowground plants.

The following equation was used to predict the chemical concentration in cattail as a result of
root uptake (US EPA OSW 2005). Given that wildlife were assumed to not consume cattail, a
cattail concentration was not required for the prediction of animal tissue concentrations.

 WCWPFBCFCC scattail  1

Where:

cattail
mg/kg WW)

s

Pb = chemical concentration in fruit or berries as a result of root uptake (Table B1-
9; mg/kg WW)

C = chemical concentration in soil (Table B1-9; 3.8E-08 mg/kg)

BCF = plant-to-soil bioconcentration factor for aboveground produce (Table B1-35;

WPF = washing and peeling factor (Table B1-33; 1.0; unitless)

WC = water or moisture content of berries (Table B1-28; 81%, site-specific)

C = chemical concentration in cattail as a result of root uptake (Table B1-9;

C = chemical concentration in soil (Table B1-9; 3.8E-08 mg/kg)
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6.05E-02 kg soil/kg plant DW)

In the calculation of chemical concentrations in garden produce for human consumption, a
washing and peeling factor of 0.85 is typically applied (US EPA OSW 2005).  However, in the
current assessment no adjustment was made assuming that washing and peeling was not
performed.

Example B-35 Concentration of benzo(a)pyrene in cattail as a result of root uptake for
the prediction of human exposure.

 86.010.10605.0088.3  ECcattail

WWkgmgECcattail /102.3 

2.5.9 Chemical Concentrations in Aquatic Plants

The chemical concentration in aquatic plants was derived using surface water concentrations
and water-to-aquatic plant BCFs.  Aquatic plant concentrations were predicted only for the
calculation of animal tissue concentrations.  The water-to-aquatic plant BCFs were provided by
the US EPA OSW (1999).

The following equation was used to predict the chemical concentration in aquatic plants:

BCFCC swaqplant 

Where:

aqplant

sw

water/kg plant DW)

Example B-36 Concentration of benzo(a)pyrene in aquatic plants for the prediction of
animal tissue concentrations.

353,15098.4  ECaqplant

DWkgmgECaqplant /054.7 

BCF = plant-to-soil bioconcentration factor for aboveground produce (Table B1-35;

WPF = washing and peeling factor (Table B1-33; 1.0; unitless)

WC = water or moisture content of Cattail (Table B1-28; 86%, site-specific)

C = chemical concentration in aquatic plants (Table B2-5; mg/kg DW)

C = chemical concentration in surface water (Table B2-5; 4.8E-09 mg/L)

BCF = water-to-aquatic plant bioconcentration factor (Table B2-29; 1.54E+04 L
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2.5.10 Chemical Concentrations in Invertebrates

The chemical concentration in invertebrates was derived using soil concentrations and soil-to-
soil invertebrate BCFs. Invertebrate concentrations were predicted only for the calculation of
animal tissue concentrations.  The soil-to-soil invertebrate BCFs were provided by the US EPA
OSW (1999).

The following equation was used to predict the chemical concentration in terrestrial
invertebrates:

BCFCC sinvert 

Where:

invert

s

soil/kg invertebrate DW)

Example B-37 Concentration of benzo(a)pyrene in terrestrial invertebrates for the
prediction of animal tissue concentrations.

419.0074.3  ECinvert

DWkgmgECinvert /074.1 

2.5.11 Chemical Concentrations in Fish

The chemical concentration in fish was derived using predicted surface water concentrations for
Lake C03 and surface water-to-fish BCFs.  Fish concentrations were predicted only for the
calculation of human exposure.  The BCF values for benzo(a)pyrene are provided by the
ATSDR (1995).

The following equation was used to predict the chemical concentration in fish:

BCFCC swfish 

Where:

fish

sw

WW)

C = chemical concentration in invertebrates (Table B2-5; mg/kg DW)

C = chemical concentration in soil (Table B2-5; 3.4E-07 mg/kg)

BCF = soil-to-soil invertebrate bioconcentration factor (Table B2-29; 4.19E-01 kg

C = chemical concentration in fish (Table B1-9; mg/kg WW)

C = chemical concentration in surface water (Table B1-9; 4.8E-09 mg/L)

BCF = surface water-to-fish bioconcentration factor (Table B1-35; 55 L water/kg fish
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Example B-38 Concentration of benzo(a)pyrene in fish for the prediction of human
exposure.

55098.4  EC fish

WWkgmgEC fish /077.2 

2.6 Wildlife Exposure Calculations

Tissue concentrations were calculated following the US EPA OSW (2005) methodology. To
estimate tissue concentrations, animals were assumed to be exposed to chemicals through
consumption of affected soil, water and food.  The following sections provide the equations
used to calculate the total daily dose of a chemical via the individual exposure pathways for
wildlife (moose, grouse and snowshoe hare) and the corresponding tissue concentrations.

2.6.1 Food Ingestion Rates

The food ingestion rate is influenced by a number of factors, such as the metabolic rate and
composition of the diet.  The rate of food consumption that an animal must achieve to meet its
metabolic needs can be calculated by dividing its free-living (or field) metabolic rate (FMR) by
the metabolizable energy in its food (US EPA 1993; Nagy 1987).

2.6.1.1 Metabolizable Energy

Metabolizable energy (ME) is the gross energy (GE) in a unit of food consumed minus the
energy lost in feces and urine (US EPA 1993).  Assimilation efficiency (AE) equals the ratio of
metabolizable energy to gross energy, or the fraction of gross energy that is metabolizable (US
EPA 1993).  Thus, the metabolizable energy for dietary items can be calculated as follows:

AEGEME 

Where:

The assimilation efficiency and gross energy values for the different dietary items were provided
by the US EPA (1993).

Example B-39 Metabolizable energy of browse for moose.

41.0200,4 ME

kgkcalEME /037.1 

ME = metabolizable energy of dietary item (Table B2-10; kcal/kg)

GE = gross energy of dietary item (Table B2-11; kcal/kg DW)

AE = assimilation efficiency of dietary item (Table B2-12; %)
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2.6.1.2 Free-living Metabolic Rate (Normalized)

Nagy (1987) provides allometric equations to estimate FMRs based on doubly-labelled water
measurements of CO2 production in free-living animals (US EPA 1993). The equations provided
by Nagy (1987) are based on the following formula:

kcalkJ

BWa
FMR

b

/184.4




Where:

b

Nagy et al. (1999) provide a number of slope and y-intercept values for FMRs specific to orders
and trophic levels (e.g., rodentia, galliformes, and herbivores).  These values were used to
estimate the FMR values for each species.  Note: The equation used to calculate the FMR for
moose does not require the conversion to kcal units; thus the conversion factor of 4.184 kJ/kcal
is not needed.  However, the conversion factor of 4.184 kJ/kcal is needed in the calculation of
the FMR for grouse and snowshoe hare.

Example B-40 Free-living metabolic rate for moose.

73.0055.452.1  EFMR

dkcalEFMR /040.2 

To normalize the FMR to body weight, the FMR was divided by the body weight of the species:

BW

FMR
NFMR 

Where:

Example B-41 Normalized free-living metabolic rate for moose.

450

040.2 


E
NFMR

FMR = free-living metabolic rate (Table B2-8; kcal/d)

a = slope of the allometric equation for the FMR (Table B2-8; unitless)

BW = body weight (Table B2-8; g)

= y-intercept of the allometric equation for the FMR (Table B2-8; unitless)

NFMR = normalized free-living metabolic rate (Table B2-8; kcal/kg bw/d)

FMR = free-living metabolic rate (Table B2-8; kcal/d)

BW = body weight (Table B2-6; kg)
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dbwkgkcalENFMR //015.4 

2.6.1.3 Ingestion Rates

The estimated ingestion rate for each dietary item was calculated as follows:

i

i
i ME

PFMR
FIR




Where:

FIRi = food ingestion rate for the ‘i’ dietary item (kg/d)

i

i

Moose were assumed to consume a diet consisting of 80% browse and 20% aquatic plants.

Example B-42 Estimated browse ingestion rate for moose.

722,1

80.0040.2 


E
FIRbrowse

dkgFIRbrowse /4.9

Example B-43 Estimated aquatic plant ingestion rate for moose.

763,1

20.0040.2 


E
FIRaqplant

dkgFIRaqplant /3.2

The total ingestion rate for all dietary items was estimated by summing the individual ingestion
rates for each dietary item:

aqplantbrowseinverttotal FIRFIRFIRFIR 

Where:

total

invert

browse

FMR = free-living metabolic rate (Table B2-8; kcal/d)

P = portion of diet consisting of ‘i’ dietary item (see Table B2-9; %)

ME = metabolizable energy of ‘i’ dietary item (see Table B2-10; kcal/kg)

FIR = total food ingestion rate for all dietary items (Table B2-7; kg/d)

FIR = food ingestion rate for invertebrates (Table B2-7; kg/d)

FIR = food ingestion rate for browse (Table B2-7; kg/d)
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aqplant

Example B-44 Total food ingestion rate for moose.

31.244.90.0 totalFIR

dkgEFIRtotal /012.1 

To normalize the total food ingestion rate to body weight, the FIRtotal was divided by the body
weight of the species:

BW

FIR
NFIR total

total 

Where:

total

total

Example B-45 Normalized total food ingestion rate for moose.

450

012.1 


E
NFIRtotal

dbwkgfoodkgENFIRtotal //026.2 

2.6.2 Soil Ingestion Rates

The soil ingestion rates were calculated as a percentage of the total estimated food ingestion
rate for all dietary items. The percentage of soil in the diet for each of the wildlife species was
obtained from the US EPA OSW (2005) and/or Suter et al. (2000).

The soil ingestion rates were calculated as follows:

totalsoil FIRPSIR 

Where:

soil

total

NFIR = normalized total food ingestion rate (Table B2-7; kg food/kg bw/d)

FIR = food ingestion rate for aquatic plants (Table B2-7; kg/d)

FIR = total food ingestion rate for all dietary items (Table B2-7; kg/d)

BW = body weight (Table B2-7; kg)

SIR = soil ingestion rate (Table B2-7; kg/d)

P = percent of soil in diet (Table B2-7; %)

FIR = total food ingestion rate for all dietary items (Table B2-7; kg/d)
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Example B-46 Soil ingestion rate for moose.

EESIR 012.102.0 

dkgESIR /014.2 

2.6.3 Estimated Daily Intake of Chemicals in Wildlife via All Media

2.6.3.1 Soil Ingestion

The estimated daily intake of a chemical through incidental ingestion of soil by wildlife was
calculated by applying the soil ingestion rate to the chemical concentration in the soil.

SIRCEDI ssoil 

Where:

soil

s

Example B-47 Estimated daily intake of benzo(a)pyrene from ingestion of soil by
moose.

24.0064.3  EEDI soil

dmgEEDI soil /070.8 

2.6.3.2 Consumption of Browse

The estimated daily intake of a chemical through consumption of browse by wildlife was
calculated by applying the browse food ingestion rate to the chemical concentration in
vegetation.

browsetotalbrowse FIRPEDI 

Where:

browse

Ptotal = chemical concentration in browse from deposition, vapour uptake, and root

browse

EDI = estimated daily intake of chemical in soil (Table B2-4; mg/d)

C = chemical concentration in surface soil (Table B2-5; 3.4E-06 mg/kg)

SIR = soil ingestion rate (Table B2-7; kg/d)

EDI = estimated daily intake of chemical in browse (Table B2-4; mg/d)

uptake (Table B2-5; 5.2E-06 mg/kg DW)

FIR = browse ingestion rate (Table B2-7; 9.44 kg/d)
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Example B-48 Estimated daily intake of benzo(a)pyrene from consumption of browse
by moose.

44.9062.5  EEDIbrowse

dmgEEDIbrowse /059.4 

2.6.3.3 Consumption of Aquatic Plants

The estimated daily intake of a chemical through consumption of aquatic plants by wildlife was
calculated by applying the aquatic plant food ingestion rate to the chemical concentration in
aquatic plants.

aqplantaqplantaqplant FIRCEDI 

Where:

aqplant

aqplant

aqplant

Example B-49 Estimated daily intake of benzo(a)pyrene from consumption of aquatic
plants by moose.

31.2054.7  EEDIaqplant

dmgEEDIaqplant /047.1 

2.6.3.4 Consumption of Invertebrates

The estimated daily intake of a chemical through consumption of invertebrates by wildlife was
calculated by applying the invertebrate food ingestion rate to the chemical concentration in
invertebrates.  It was assumed that moose do not consume invertebrates; therefore ruffed
grouse was used as an example for the calculation of invertebrate ingestion.

invertinvertinvert FIRCEDI 

Where:

invert

invert

invert

EDI = estimated daily intake of chemical in aquatic plants (Table B2-4; mg/d)

C = chemical concentration in aquatic plants (Table B2-5; 7.4E-05 mg/kg DW)

FIR = aquatic plant ingestion rate (Table B2-7; 2.3E+01 kg/d)

EDI = estimated daily intake of chemical in invertebrates (Table B2-4; mg/d)

C = chemical concentration in invertebrates (Table B2-5; 1.4E-07 mg/kg DW)

FIR = invertebrate ingestion rate (Table B2-7; 5.6E-03 kg/d)
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Example B-50 Estimated daily intake of benzo(a)pyrene from consumption of
invertebrates by ruffed grouse.

036.5074.1  EEEDIinvert

dmgEEDI invert /100.8 

2.6.3.5 Ingestion of Water

The estimated daily intake of a chemical through ingestion of surface water by wildlife was
calculated by applying the water ingestion rate to the predicted surface water concentration in
the unnamed lake.

WIRCEDI swwater 

Where:

waterr

sw
mg/L)

Example B-51 Estimated daily intake of benzo(a)pyrene from consumption of surface
water by moose.

2.24098.4  EEDIwater

dmgEEDIwater /072.1 

2.6.3.6 Inhalation of Air

The air inhalation rate for wildlife was predicted using allometric equations for birds and
mammals, as provided by the US EPA (1993).

Inhalation rate for birds:

77.04089.0 BWAIR 

Inhalation rate for mammals:

80.05458.0 BWAIR 

Where:

EDI = estimated daily intake of chemical in surface water (Table B2-4; mg/d)

C = chemical concentration in Lake C03 surface water (Table B2-5; 4.8E-09

WIR = water ingestion rate (Table B2-6; 2.4E+01 L/d)

AIR = predicted air inhalation rate (Table B2-6; m³/d)
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Example B-52 Predicted inhalation rate for moose

80.04505458.0 AIR

dmEAIR /012.7 3

The estimated daily intake of a chemical through inhalation of predicted ground-level air
concentrations by moose was calculated by applying the air inhalation rate to the predicted air
concentration.

  CFAIRCCEDI dustairinh 

Where:

inh

air

dust

CF = conversion factor from µg to mg (0.001 mg/µg)

Example B-53 Estimated daily intake of benzo(a)pyrene by moose via inhalation.

  001.0012.7126.2073.1  EEEEDIinh

dmgEEDI inh /097.9 

2.6.4 Estimated Total Daily Intake

The estimated daily intake for wildlife and game from all potential pathways of exposure was
calculated as follows:

inhwaterinvertaqplantbrowsesoiltotal EDIEDIEDIEDIEDIEDIEDI 

Where:

total

soil
mg/d)

browse
4.9E-05 mg/d)

EDI = estimated daily intake of chemical via inhalation (Table B2-4; mg/d)

BW = body weight (Table B2-6; kg)

C = chemical concentration in air (Table B2-5; 1.3E-07 µg/m³)

C = chemical concentration in dust (Table B2-5; 2.6E-12 µg/m³)

AIR = air inhalation rate (Table B2-6; 7.2E+01 m³/d)

EDI = total estimated daily intake of chemical via all routes of exposure (Table B2-
4; mg/d)

EDI = estimated daily intake of chemical from ingestion of soil (Table B2-4; 8.0E-07

EDI = estimated daily intake of chemical from consumption of browse (Table B2-4;
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aqplant

invert

water
07 mg/d)

inh
mg/d)

Example B-54 Total estimated daily intake of benzo(a)pyrene from all routes of
exposure for moose.

097.9072.10047.1059.4070.8  EEEEEEDItotal

dmgEEDItotal /042.2 

2.7 Animal Tissue Concentrations

2.7.1 Biotransfer Factors

Biotransfer factors (BTFs) are used to translate an estimated dose of a chemical to a tissue
concentration.  Biotransfer models have been developed by the Research Triangle Institute
(RTI 2005) and were incorporated within the current assessment, as recommended by the US
EPA OSW (2005) for organic chemicals. The following equation was developed to predict the
transfer rate of the chemical intake into fat tissue.

56.3log07.1log099.0log 2  owow KKBTF

Where:

BTF = biotransfer factor ([mg/kg fat] / [mg/d])

ow

The BTF equation is appropriate for organic chemicals lacking empirical biotransfer data and
having a log Kow between -0.67 and 8.2.

Example B-55 Biotransfer factor for benzo(a)pyrene.

56.30.607.10.6099.0log 2 BTF

   dmgfatkgmgBTF ///198.0

EDI = estimated daily intake of chemical from consumption of aquatic plants (Table
B2-4; 1.7E-04 mg/d)

EDI = estimated daily intake of chemical from consumption of invertebrates (Table
B2-4; 0.0 mg/d)

EDI = estimated daily intake of chemical from ingestion of water (Table B2-4; 1.2 E-

EDI = estimated daily intake of chemical from inhalation of air (Table B2-4; 9.7E-09

log K = log of the octanol-water partition coefficient (Table B2-14; 6.0 unitless)
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2.7.2 Adjusted Biotransfer Factors

The fat tissue concentration can be converted to a tissue concentration by adjusting the BTF
with the fat content of desired tissue (e.g., moose, grouse, snowshoe hare). The fat content for
wild game was assumed to be: (Table B2-31; US EPA OSW 2005):

 19% for moose and snowshoe hare

 14% for ruffed grouse

The BTF was adjusted to account for the amount of fat in the tissue based on the following
equation:

FCBTFBTFa 

Where:

BTFa = adjusted biotransfer factor for fat content of tissue ([mg/kg tissue] / [mg/d])

BTF = biotransfer factor ([mg/kg fat] / [mg/d])

Example B-56 Adjusted biotransfer factor for benzo(a)pyrene for fat content of meat
in moose.

19.0198.0 aBTF

   dmgtissuekgmgBTFa ///038.0

2.7.3 Metabolism Factors

As provided in the methodology for predicting cattle BTFs (RTI 2005, US EPA OSW 2005), the
equation that is used to estimate BTF values might overestimate biotransfer of highly
metabolized chemicals.  The dataset used to estimate the polynomial relationship between
BTFs and Kow is based on anthropogenic chemicals that are persistent (e.g., pesticides) and
potentially biomagnify (e.g., pesticides, polychlorinated biphenyls (PCBs), dioxins, and furans).
Polycyclic aromatic hydrocarbons (PAHs) were not included in the dataset used to develop the
empirical relationship and were identified as potentially highly metabolized chemicals by
mammals.  Depending on the compound, lipophilicity or Kow measures are not always a good
predictor of tissue concentrations (Hofelt et al. 2001).

Evidence strongly suggests that PAHs are extensively metabolized and eliminated. Ramesh et
al. (2004), Laurent et al. (2001; 2002), and Grova et al. (2002) investigated the transfer of PAHs
in the food chain to goats and pigs.  Their studies demonstrate that PAHs are poorly absorbed
from diet or readily metabolized and excreted. Hofelt et al. (2001) overcame these limitations for
human health assessment by deriving PAH metabolism factors (MF) for use in multipathway

FC = fat content of tissue (Table B2-31; %)

hazard assessments.  MF values reported for some PAHs are provided in Table L0-1.  The MF
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values are derived for use with diverse matrices such as milk, beef, chicken, eggs, and pork
(Ramesh et al. 2004).

Table L0-1 Metabolism Factors for PAHs

Chemical Animal Model Metabolism Factor (MF)

Benz(a)anthracene Rat 0.001

Benzo(a)pyrene Mouse 0.004

Pyrene Rat 0.003

Hofelt et al. (2001) recommends a MF of 0.01 for PAHs. The MF is applied to the adjusted BTF
for fat content of tissue to derive an adjusted BTF for metabolism, as follows:

MFBTFBTF aadj 

Where:

BTFadj = adjusted biotransfer factor for metabolism ([mg/kg tissue] / [mg/d])

BTFa = adjusted biotransfer factor for fat content of tissue ([mg/kg tissue] / [mg/d])

Example B-57 Adjusted biotransfer factor for benzo(a)pyrene metabolism in moose.

01.0028.3  EBTFadj

   dmgtissuekgmgEBTFadj ///048.3 

2.7.4 Tissue Concentrations

Chemical concentrations in animal meat were predicted based on the following equation:

totaladjanimal EDIBTFC 

Where:

animal

BTFadj = adjusted biotransfer factor for metabolism (3.8E-04 [mg/kg tissue] / [mg/d])

total

MF = metabolism factor (Table B2-32; PAHs=0.01, VOCs=1.0, unitless)

C = chemical concentration in animal meat (Table B2-4; mg/kg WW)

EDI = total estimated daily intake of chemical via all routes of exposure (Table B2-
4; 2.2E-04 mg/d)
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Example B-58 Predicted concentration of benzo(a)pyrene in moose meat

042.2048.3  EECmoose

WWkgmgECmoose /083.8 

Similar methods were applied to the calculation of grouse and snowshoe hare concentrations.
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3 HUMAN EXPOSURE ESTIMATES

3.3 Ingestion of Soil (Incidental)

The following equation was used to estimate human exposure via incidental ingestion of soil.
Soil ingestion rates were based on recommendations from Health Canada (2009a).

SIRCEDI ssoil 

Where:

soil

s

Estimated daily intake of benzo(a)pyrene by an adult aboriginal resident from
incidental ingestion of soil

Example B-59 Estimated daily intake of benzo(a)pyrene by an adult aboriginal
resident from incidental ingestion of soil

02.0078.3  EEDI soil

dµgEEDI soil /096.7 

3.4 Ingestion of Drinking Water

It was assumed that residents consumed local raw surface water from Lake C03.  Water
ingestion rates were based on recommendations from Health Canada (2009a) and exposures
were based on the following equation:

CFWIRCEDI swwater 

Where:

water

sw

CF = conversion factor from mg to µg (1,000 µg/mg)

EDI = estimated daily intake of chemical via ingestion of soil (Table B1-8; µg/d)

C = chemical concentration in surface soil (Table B1-9; 3.8E-07 mg/kg)

SIR = incidental soil ingestion rate (Table B1-11; 2.0E-02 g/d)

EDI = estimated daily intake of chemical via ingestion of water (Table B1-8; µg/d)

C = chemical concentration in surface water (Table B1-9; 4.9E-09 mg/L)

WIR = water ingestion rate (Table B1-11; 1.5 L/d)
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Example B-60 Estimated daily intake of benzo(a)pyrene by an adult aboriginal
resident from ingestion of surface water

000,15.1099.4  EEDIwater

dµgEEDI water /063.7 

3.5 Inhalation of Dust

The following equation was used to estimate human exposure via inhalation of dust. Air
inhalation rates were based on recommendations from Health Canada (2009a).

AIRCEDI dustdust 

Where:

dust

dust

Example B-61 Estimated daily intake of benzo(a)pyrene by an adult aboriginal
resident from inhalation of dust

6.16139.2  EEDIdust

dµgEEDIdust /128.4 

3.6 Ingestion of Plants

3.6.1 Leafy Vegetables

The following equation was used to estimate human exposure via consumption of leafy
vegetables or wild leafy plants.  Consumption rates were obtained from Health Canada (2009a).

plantplantplant IRCEDI 

Where:

EDIplant = estimated daily intake of chemical via consumption of aboveground leafy

plant

plant

EDI = estimated daily intake of chemical via inhalation of dust (Table B1-8; µg/d)

C = chemical concentration in dust (Table B1-9; 2.9E-13 µg/m³)

AIR = air inhalation rate (Table B1-11; 16.6 m³/d)

plants (Table B1-8; µg/d)

C = total chemical concentration in leafy plant (Table B1-9; 6.1E-09 mm/kg ww)

IR = leafy plant ingestion rate (Table B1-11; 137 g/d)
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Example B-62 Estimated daily intake of benzo(a)pyrene by an adult aboriginal
resident from consumption of aboveground leafy plants

137091.6  EEDI plant

dµgEEDI plant /074.8 

3.6.2 Root Vegetables

The following equations were used to estimate human exposure via consumption of root
vegetables.  Consumption rates were obtained from Health Canada (2009a).

The estimated exposure from consumption of root vegetables is:

rootrootroot IREDI  Pr

Where:

root

root
3.4E-10 mg/kg WW)

root

Example B-63 Estimated daily intake of benzo(a)pyrene by an adult aboriginal
resident from consumption of root vegetables

188104.3  EEDIroot

dµgEEDIroot /085.6 

3.6.3 Fruit and Wild Berries

The following equation was used to estimate human exposure via consumption of fruit and wild
berries.  Consumption rates were obtained from Health Canada (2004).

berryberry IRPbEDI 

Where:

berry

9.5E-11 mg/kg WW)

EDI = estimated daily intake of chemical via consumption of root vegetables (Table
B1-8; µg/d)

Pr = chemical concentration in root vegetables from root uptake (Table B1-9;

IR = root vegetable ingestion rate (Table B1-11; 188 g/d)

EDI = estimated daily intake of chemical via consumption of fruit and berries (Table
B1-8; µg/d)

Pb = chemical concentration in fruit and berries from root uptake (Table B1-9;
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berry
(1994)

Example B-64 Estimated daily intake of benzo(a)pyrene by an adult aboriginal
resident from consumption of berries

51115.9  EEDIberry

dµgEEDIberry /098.4 

3.6.4 Labrador Tea

The following equation was used to estimate human exposure via consumption of Labrador tea.
Consumption rates were obtained from Wein (1989).

labtealabtealabtea IRCEDI 

Where:

labtea
µg/d)

Clabtea = chemical concentration in Labrador tea (Table B1-9; 1.7E-08 mg/kg WW)

IRlabtea= Labrador tea ingestion rate (Table B1-11; 3 g/d)

Example B-65 Estimated daily intake of benzo(a)pyrene by an adult aboriginal
resident from consumption of Labrador tea.

3087.1  EEDIlabtea

dµgEEDIlabtea /080.5 

3.6.5 Cattail

The following equation was used to estimate human exposure via consumption of cattail.
Consumption rates were obtained from Wein et al. (1991).

cattailcattailcattail IRCEDI 

Where:

cattail
µg/d)

cattail

cattail

IR = fruit and berry ingestion rate (Table B1-11; 51 g/d), from Health Canada

EDI = estimated daily intake of chemical via consumption of Labrador tea (Table B1-8;

EDI = estimated daily intake of chemical via consumption of cattail (Table B1-8;

C = chemical concentration in cattail (Table B1-9; 3.2E-11 mg/kg WW)

IR = cattail ingestion rate (Table B1-11; 3 g/d)
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Example B-66 Estimated daily intake of benzo(a)pyrene by an adult aboriginal
resident from consumption of cattail

3102.3  EEDIcattail

dµgEEDIcattail /106.9 

3.7 Ingestion of Wild Game and Fish

Wild game consumption rates for moose, grouse and snowshoe hare for the residents were
based on Health Canada (2009a) and Wein et al. (1991).  To determine the consumption rates
specific to moose, snowshoe hare and ruffed grouse, Health Canada’s food ingestion rates for
Canadian First Nations populations were used in combination with the frequency of
consumption reported for three categories of wild game (i.e., large mammals, small mammals
and upland birds) by Wein et al. (1991). Food consumption patterns of Aboriginal (First Nations
and Métis) Canadians near Wood Buffalo National Park (WBNP) were obtained by Wein et al.
(1991) by repeated 24 hour food recall surveys: two surveys were completed between late
August and mid-November 1986; and, two surveys were completed between late April and mid-
July 1987 (Wein et al. 1991).  One hundred and seventy-eight individuals over 12 years of age
were interviewed.  According to Wein et al. (1991), large mammals constituted 76% of the wild
game consumed by the individuals interviewed, small mammals constituted 16%, and upland
birds constituted 8%.  From this, it was assumed that residential adults would consume 205
grams of moose per day, 43 grams of snowshoe hare per day, and 22 grams of ruffed grouse
per day for a total of 270 grams of wild game per day.

Fish consumption rates were obtained from Health Canada (2007) for the residents.

residents.

The following equation was used to estimate human exposure via consumption of fish or wild
game.

animalanimalanimal IRCEDI 

Where:

EDIanimal = estimated daily intake of chemical via consumption of fish or wild game

animal

animal

Example B-67 Estimated daily intake of benzo(a)pyrene by an adult aboriginal
resident from consumption of moose

205083.8  EEDImoose

Table B1-11 lists all consumption rates used in the assessment of human exposure for the

(Table B1-8; µg/d)

C = chemical concentration in animal tissue (Table B1-9; mg/kg WW)

IR = fish or wild game ingestion rate (Table B1-11; g/d)
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dµgEEDImoose /057.1 

Example B-68 Estimated daily intake of benzo(a)pyrene by an adult aboriginal
resident from consumption of ruffed grouse

22118.7  EEDI grouse

dµgEEDI grouse /097.1 

Example B-69 Estimated daily intake of benzo(a)pyrene by an adult aboriginal
resident from consumption of snowshoe hare

43106.2  EEDIhare

dµgEEDIhare /81.1 

Example B-70 Estimated daily intake of benzo(a)pyrene by an adult aboriginal
resident from consumption of fish

40077.2  EEDI fish

dµgEEDI fish /051.1 

3.8 Swimming Exposure Through Dermal and Ingestion Pathways

3.8.1 Dermal Exposure to Surface Water

The following equation was used to estimate dermal exposure from swimming based on
recommendations from US EPA (2004) and Health Canada (2009a).

21 CFCFSATSEDSEFKpCEDI swswimderm 

Where:

EDIderm+swim = estimated daily intake of chemical from dermal contact with surface water
(µg/d)

sw
09 mg/L)

CF1 = conversion factor from mg to µg (1,000 µg/mg)

C = chemical concentration in local surface water (Lake C03) (Table B1-9; 4.8E-

Kp = dermal permeability coefficient in water (Table B1-22; 0.561 cm/hr)

SEF = swim exposure frequency Table B1-11; 1.0 hr/d)

SED = swim exposure duration (Table B1-11; 0.255 d/d per yr)

SAT = surface area total (B1-11; 17,640 cm²)
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CF2 = conversion factor from L to cm³ (0.001 L/cm³)

Example B-71 Estimated daily intake of benzo(a)pyrene by an adult aboriginal
resident from dermal uptake during swimming

001.0000,1640,17255.01561.0098.4  EEDI swimderm

dµgEEDI swimderm /052.1 

3.8.2 Incidental Ingestion of Surface Water during Swimming

The following equation was used to estimate ingestion exposure from swimming based on
recommendations from US EPA (2004) and Health Canada (2004).

1CFSWIRSEDCEDI swswiming 

Where:

EDIing+swim = estimated daily intake of chemical from ingestion of surface water during
swimming (µg/d)

sw
09 mg/L)

CF1 = conversion factor from mg to µg (1,000 µg/mg)

Example B-72 Estimated daily intake of benzo(a)pyrene by an adult aboriginal
resident from ingestion of surface water during swimming

000,1025.0255.0098.4  EEDI swiming

dµgEEDI swiming /081.3 

3.8.3 Total Exposure to Surface Water during Swimming

The following equation was used to estimate total ingestion and dermal exposure from
swimming.

swimingswimdermswimtot EDIEDIEDI  _

Where:

EDItot_swim = estimated daily intake of chemical from ingestion of and dermal contact with

C = chemical concentration in local surface water (Lake C03) (Table B1-8; 4.8E-

SED = swim exposure duration (Table B1-11; 0.255 d/d per yr)

SWIR = swimming ingestion rate (Table B1-11; 0.025 L/d)

surface water during swimming (Table B1-8; µg/d)
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EDIderm+swim = estimated daily intake of chemical from dermal contact with surface water
during swimming (1.2E-05 µg/d)

EDIing+swim = estimated daily intake of chemical from ingestion of surface water during
swimming (3.1E-08 µg/d)

Example B-73 Estimated daily intake of benzo(a)pyrene by an adult aboriginal
resident from ingestion of and dermal contact with surface water
during swimming.

081.3052.1_  EEEDI swimtot

dµgEEDI swimtot /052.1_ 

3.9 Dermal Exposures

3.9.1 Dermal Exposures from Soils

Potential dermal exposure was estimated by applying soil loading rates to exposed skin, skin
surface areas, and dermal absorption factors to measured or predicted soil concentrations.
Dermal exposures were estimated separately for hands only and for surfaces other than hands
(e.g., arms and legs).

3.9.1.1 Dermal Exposure to Hands

The following equation was used to estimate dermal exposure for hands only.  Dermal
exposures were based on recommendations from Health Canada (2009b).

dermalshdermal RAFSLHSAHCEDI _

Where:

EDIdermal_h = estimated daily intake of chemical from dermal contact of hands with soil

s

g/cm²/event)

dermal

Example B-74 Estimated daily intake of benzo(a)pyrene by an adult aboriginal
resident from dermal exposure to soil with hands only.

148.00001.0890078.3_  EEDI hdermal

(Table B1-8; µg/d)

SAH = skin surface area of hands (Table B1-11; 890 cm²)

C = chemical concentration in surface soil (Table B1-9; 3.8E-07 mg/kg)

SLH = soil loading rate to exposed skin on hands (Table B1-11; 1.0E-04

RAF = relative dermal absorption factor (B1-24; 14.8%)
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dµgEEDI hdermal /090.5_ 

3.9.1.2 Dermal Exposure to Surfaces Other than Hands

The following equation was used to estimate dermal exposure for surfaces other than hands.
Dermal exposures were based on recommendations from Health Canada (2009b).

dermalsodermal RAFSLOSAOCEDI _

Where:

EDIdermal_o = estimated daily intake of chemical from dermal contact of surfaces other than

s

1.0E-05 g/cm²/event)

dermal

Example B-75 Estimated daily intake of benzo(a)pyrene by an adult aboriginal
resident from dermal exposure to soil with surfaces other than hands.

148.0050.1220,8078.3_  EEEDI odermal

dµgEEDI odermal /096.4_ 

3.10 Ingestion of Breast Milk by Infants

The potential health effects associated with the ingestion of the chemical-affected breast milk
by nursing infants was considered in the current assessment.  The estimated exposure from
consumption of breast milk was calculated as the product of the breast milk consumption rate
and predicted chemical concentration in breast milk.  The equations used to predict the
chemical concentration in breast milk are described in the following sections.  The multiple
pathway exposure model assumed that infants (i.e., 0 to 6 months of age) derived their
nutrients entirely from breast milk, and not from solid foods derived from the study area (e.g.,
traditional plants and game meat).

3.10.1 Breast Milk Biotransfer Factor

The BTF for breast milk was used to convert the adult mother’s total predicted exposure to a
chemical concentration in her breast milk.  The maximum fraction of the chemical expected to
bioaccumulate was calculated using the following approach (McKone 1992):

hands with soil (Table B1-8; µg/d)

C = chemical concentration in surface soil (Table B1-9; 3.8E-07 mg/kg)

SAO = skin surface area of upper and lower arms and legs (Table B1-11; 8,220 cm²)

SLH = soil loading rate to exposed skin on surfaces other than hands (Table B1-11;

RAF = relative dermal absorption factor (Table B1-24; 14.8%)
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owBM KEBTF  070.2

Where:

BM

ow

Example B-76 Breast milk biotransfer factor for benzo(a)pyrene for an infant
aboriginal resident.

060.1070.2  EEBTFBM

   akeintdµgmilkkgµgBTFBM ///20.0

3.10.2 Chemical Concentration in Breast Milk

The predicted breast milk concentration was calculated as follows:

CF

BTFBWEDI
C BMmothermother

BM




Where:

CBM = predicted concentration of chemical in breast milk (µg/g milk)

mother
µg/kg/d)

mother

BM

CF = conversion factor from kg to g (1,000 g/kg)

Example B-77 Concentration of benzo(a)pyrene in breast milk for an infant aboriginal
resident.

000,1

20.07.70078.6 


E
CBM

milkgµgECBM /096.9 

3.10.3 Breast Milk Consumption

The estimated exposure from consumption of breast milk for infants was calculated as follows:

BMBMBM IRCEDI 

BTF = breast milk biotransfer factor (Table B1-36; [µg/kg milk] / [µg/d intake])

K = octanol-water partition coefficient (Table B1-14; 1.0E+06 unitless)

EDI = mother’s total daily exposure to chemical via all routes (Table B1-8; 6.8E-07

BW = body weight of mother (Table B1-11; 70.7 kg)

BTF = breast milk biotransfer factor (Table B1-36; 0.20 [µg/kg milk] / [µg/d intake])
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Where:

BM

CBM = concentration of chemical in breast milk (9.6E-09 µg/g milk)

IRBM = breast milk ingestion rate (664 g/d; O’Connor and Richardson 1997)

As only infants were assumed to consume breast milk, the sample calculations below is based
on an aboriginal resident infant.

Example B-78 Estimated daily intake of benzo(a)pyrene for an infant aboriginal
resident from breast milk consumption.

664096.9  EEDIBM

milkdµgEEDIBM /064.6 

3.11 Total Human Exposure

Total exposure was calculated by summing the individual exposures from each medium (i.e.,
soil, water, dust, and vegetation) for all relevant exposure pathways on a per chemical and per
life stage basis:

BModermalhdermalswimtotfooddustwatersoiltotal EDIEDIEDIEDIEDIEDIEDIEDIEDI  ___

Where:

total

soil
µg/d)

water
06 µg/d)

dust
µg/d)

food

tea, cattail, fish, moose, grouse, and snowshoe hare])

EDItot_swim = estimated daily intake of chemical from dermal contact and incidental

EDIdermal_h = estimated daily intake of chemical from dermal contact of hands with soil

EDI = estimated daily intake of chemical from consumption of breast milk (Table
B1-8; µg/d)

EDI = total estimated daily intake of chemical via all routes (Table B1-8; µg/d)

EDI = estimated daily intake of chemical from soil ingestion (Table B1-8; 7.6E-09

EDI = estimated daily intake of chemical from ingestion of water (Table B1-8; 7.3E-

EDI = estimated daily intake of chemical from dust inhalation (Table B1-8; 4.8E-12

B1-8; 2.9E-05 µg/d [sum of leafy plants, root vegetables, berries, Labrador
EDI = estimated daily intake of chemical from consumption of all food types (Table

ingestion of surface water during swimming (Table B1-8; 1.2E-05 µg/d)

(Table B1-8; 5.0E-09 µg/d)
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EDIdermal_o = estimated daily intake of chemical from dermal contact of surfaces other than

BM
0.0 µg/d)

Example B-79 Total estimated daily intake of benzo(a)pyrene for an adult aboriginal
resident from all routes of exposure.

0096.4090.5052.1059.2128.4063.7096.7  EEEEEEEEDI total

dµgEEDI total /058.4 

The total estimated daily intake was normalized to body weight as follows:

BW

EDI
EDI total

BWtotal _

Where:

EDItotal_BW = total estimated daily intake of chemical via all routes adjusted to body weight

total
µg/d)

Example B-80 Total estimated daily intake of benzo(a)pyrene for an adult aboriginal
resident from all routes of exposure adjusted to body weight .

7.70

058.4
_




E
EDI BWtotal

dbwkgµgEEDI BWtotal //078.6_ 

hands with soil (Table B1-8; 4.6E-09 µg/d)

EDI = estimated daily intake of chemical from breast milk consumption (Table B1-8;

(Table B1-8; µg/kg bw/d)

EDI = total estimated daily intake of chemical via all routes (Table B1-8; 4.8E-05

BW = body weight (Table B1-11; 70.7 kg)
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4 HUMAN HAZARD CALCULATIONS

Risk quotients (RQs) for non–carcinogens and incremental lifetime cancer hazards (ILCRs) for
carcinogens were estimated using the following equations and the calculated exposure
estimates.

4.3 Non-Carcinogens

The following equation was used to calculate the hazard quotients for non–carcinogens:

RfD

EDI
RQ

BWtotal
i

_

Where:

i
unitless)

EDItotal_BW = total estimated daily intake of chemical via all routes adjusted to body weight

The maximum RQ value of all the life stages (i.e., infant, toddler, child, adolescent, and adult)
was presented in the HHRA report for non-carcinogens.  Given that benzo(a)pyrene was
evaluated as a carcinogen in the current assessment, anthracene was used in the sample
calculation below.  The toddler stage had the highest EDI of all the life stages for anthracene.

Example B-81 Risk quotient for anthracene for the toddler lifestage of the aboriginal
resident in the project alone assessment.

300

073.5 


E
RQi

098.1  ERQi

4.4 Carcinogens

The following equation was used to calculate the lifetime cancer risks and incremental lifetime
cancer risks for carcinogens.

i
BWtotal

i LAF
RsD

EDI
ILCR 








 _

RQ = risk quotient of chemical for the ‘i’ lifestage of the residents (Table B1-1;

for the ‘i’ lifestage (Table B1-8; µg/kg bw/d)

RfD = chemical-specific reference dose (Table B1-10; µg/kg bw/d)
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Where:

i

EDItotal_BW = total estimated daily intake of chemical via all routes adjusted to body weight

i
lifespan)

Example B-82 Incremental lifetime cancer risk from benzo(a)pyrene for an adult
aboriginal resident

75.0
0014.0

078.6






 


E

ILCRi

046.3  EILCRi

For carcinogens, cancer risks were presented for lifetime exposure using a composite receptor.
The cancer risk for the composite receptor was calculated by summing the cancer risks for
each life stage.

 icomposite ILCRILCR

adultadolescentchildtoddlerantcomposite ILCRILCRILCRILCRILCRILCR  inf

Where:

composite
unitless)

ILCRi = lifetime cancer risk or incremental lifetime cancer risk for the lifestages
(Table B1-1; unitless)

Example B-83 Incremental lifetime cancer risk from benzo(a)pyrene for a composite
aboriginal resident

046.3056.4054.5055.4066.5  EEEEEILCRcomposite

041.5  EILCRcomposite

The calculation above provides estimated carcinogenic risks for a life time of exposure.

ILCR = incremental lifetime cancer risk for the ‘i’ lifestage of the residents (Table B1-
1; unitless)

for the ‘i’ lifestage (Table B1-8; 6.8E-07 µg/kg bw/d)

RsD = chemical-specific risk-specific dose (Table B1-10; 0.0014 µg/kg bw/d)

LAF = life adjustment factor for the ‘i’ lifestage (Table B1-11; 0.75 yr-lifestage/yr-

ILCR = incremental lifetime cancer risk for a composite receptor (Table B1-1;
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Appendix B1
Multiple Pathway Exposure Model and 

Predicted Exposure Point 
Concentrations



Chemical Baseline Application PDC
3-methylcholanthrene 2.5E-05 3.4E-05 3.5E-05
Anthracene 4.4E-08 4.6E-08 6.2E-08
Fluorene 9.7E-06 9.8E-06 1.3E-05
Formaldehyde 5.6E-04 5.7E-04 7.2E-04
Pyrene 5.1E-06 5.2E-06 7.2E-06

Summary of Carcinogenic Risk Estimates (ILCR values) for the Aboriginal/Residents (Unitless)
Chemical Project Alone Future

Benzo(a)pyrene Equivalent 9.7E-02 4.0E-01

Summary of Risk Estimates of Non-cancer Mixtures for the Aboriginal/Residents (Unitless)
Chemical Baseline Application PDC

Renal toxicants 6.0E-04 6.1E-04 7.8E-04

Summary of Non-carcinogenic Risk Estimates (RQ) for the Worker (Unitless)

Chemical Baseline Application PDC
3-methylcholanthrene 5.8E-09 5.9E-09 6.1E-09
Anthracene 2.3E-11 2.3E-11 3.1E-11
Fluorene 1.3E-10 1.3E-10 1.7E-10
Formaldehyde 4.5E-08 4.6E-08 5.0E-08
Pyrene 2.7E-08 2.8E-08 3.7E-08

Summary of Carcinogenic Risk Estimates (ILCR values) for the Worker (Unitless)
Chemical Project Alone Future

Benzo(a)pyrene Equivalent 1.0E-04 1.9E-04

Summary of Risk Estimates of Non-cancer Mixtures for the Worker (Unitless)
Chemical Baseline Application PDC

Renal toxicants 7.8E-08 8.0E-08 9.4E-08

Summary of Non-carcinogenic Risk Estimates (RQ) for the Aboriginal/Residents (Unitless)



Site Case Chemical abbreviation Type Infant Toddler Child Adolescent Adult Max Risk PEF B(a)P IPM PEQ
abor/resi Baseline 3-methylcholanthrene abor/resi_Baseline_3-methylcholanthrene RfD 2.5E-05 3.3E-06 2.4E-06 1.9E-06 2.4E-06 2.5E-05 0.0E+00 0.0E+00 0.0E+00
abor/resi Baseline 7,12-dimethylbenz(a)anthracene abor/resi_Baseline_7,12-dimethylbenz(a)anthracene RsD 5.3E-04 2.7E-03 3.1E-03 2.7E-03 2.3E-02 0.0E+00 3.2E-02 1.0E+01 3.2E-01
abor/resi Baseline anthracene abor/resi_Baseline_anthracene RfD 1.4E-08 4.4E-08 3.4E-08 2.4E-08 2.6E-08 4.4E-08 0.0E+00 0.0E+00 0.0E+00
abor/resi Baseline benz(a)anthracene abor/resi_Baseline_benz(a)anthracene RsD 3.2E-04 6.2E-03 7.1E-03 6.1E-03 5.4E-02 0.0E+00 7.4E-02 1.0E-01 7.4E-03
abor/resi Baseline benzo(a)pyrene abor/resi_Baseline_benzo(a)pyrene RsD 1.9E-04 2.1E-03 2.4E-03 2.1E-03 1.9E-02 0.0E+00 2.5E-02 1.0E+00 2.5E-02
abor/resi Baseline benzo(b)fluoranthene abor/resi_Baseline_benzo(b)fluoranthene RsD 2.2E-04 1.6E-03 1.9E-03 1.7E-03 1.3E-02 0.0E+00 1.8E-02 1.0E-01 1.8E-03
abor/resi Baseline benzo(g,h,i)perylene abor/resi_Baseline_benzo(g,h,i)perylene RsD 1.7E-03 6.0E-03 6.8E-03 5.9E-03 5.3E-02 0.0E+00 7.4E-02 1.0E-02 7.4E-04
abor/resi Baseline benzo(k)fluoranthene abor/resi_Baseline_benzo(k)fluoranthene RsD 2.3E-04 2.1E-03 2.3E-03 2.0E-03 1.8E-02 0.0E+00 2.5E-02 1.0E-01 2.5E-03
abor/resi Baseline chrysene abor/resi_Baseline_chrysene RsD 2.4E-04 4.4E-03 5.0E-03 4.2E-03 3.6E-02 0.0E+00 5.0E-02 1.0E-02 5.0E-04
abor/resi Baseline Dibenz(a,h)anthracene abor/resi_Baseline_Dibenz(a,h)anthracene RsD 1.2E-02 4.3E-02 5.0E-02 4.3E-02 4.1E-01 0.0E+00 5.6E-01 1.0E+00 5.6E-01
abor/resi Baseline fluoranthene abor/resi_Baseline_fluoranthene RsD 2.5E-04 5.9E-03 7.0E-03 5.8E-03 4.8E-02 0.0E+00 6.7E-02 1.0E-03 6.7E-05
abor/resi Baseline fluorene abor/resi_Baseline_fluorene RfD 3.2E-06 9.7E-06 7.4E-06 5.3E-06 5.6E-06 9.7E-06 0.0E+00 0.0E+00 0.0E+00
abor/resi Baseline formaldehyde abor/resi_Baseline_formaldehyde RfD 7.8E-06 5.6E-04 4.3E-04 3.3E-04 2.4E-04 5.6E-04 0.0E+00 0.0E+00 0.0E+00
abor/resi Baseline indeno(1,2,3-cd)pyrene abor/resi_Baseline_indeno(1,2,3-cd)pyrene RsD 1.1E-03 3.3E-03 3.7E-03 3.2E-03 2.8E-02 0.0E+00 4.0E-02 1.0E-01 4.0E-03
abor/resi Baseline phenanthrene abor/resi_Baseline_phenanthrene RsD 1.3E-03 3.4E-02 4.1E-02 3.3E-02 2.7E-01 0.0E+00 3.8E-01 1.0E-03 3.8E-04
abor/resi Baseline pyrene abor/resi_Baseline_pyrene RfD 1.5E-06 5.1E-06 3.7E-06 2.7E-06 2.8E-06 5.1E-06 0.0E+00 0.0E+00 0.0E+00
abor/resi Baseline Benzo(a)pyrene Equivalent abor/resi_Baseline_Benzo(a)pyrene Equivalent RsD 0.0E+00 0.0E+00 9.2E-01
abor/resi Application 3-methylcholanthrene abor/resi_Application_3-methylcholanthrene RfD 3.4E-05 4.4E-06 3.3E-06 2.5E-06 3.2E-06 3.4E-05 0.0E+00 0.0E+00 0.0E+00
abor/resi Application 7,12-dimethylbenz(a)anthracene abor/resi_Application_7,12-dimethylbenz(a)anthrace RsD 7.1E-04 3.4E-03 4.1E-03 3.5E-03 2.9E-02 0.0E+00 4.1E-02 1.0E+01 4.1E-01
abor/resi Application anthracene abor/resi_Application_anthracene RfD 1.5E-08 4.6E-08 3.5E-08 2.5E-08 2.7E-08 4.6E-08 0.0E+00 0.0E+00 0.0E+00
abor/resi Application benz(a)anthracene abor/resi_Application_benz(a)anthracene RsD 3.2E-04 6.3E-03 7.1E-03 6.1E-03 5.5E-02 0.0E+00 7.5E-02 1.0E-01 7.5E-03
abor/resi Application benzo(a)pyrene abor/resi_Application_benzo(a)pyrene RsD 2.0E-04 2.1E-03 2.4E-03 2.1E-03 1.9E-02 0.0E+00 2.6E-02 1.0E+00 2.6E-02
abor/resi Application benzo(b)fluoranthene abor/resi_Application_benzo(b)fluoranthene RsD 2.3E-04 1.7E-03 2.0E-03 1.7E-03 1.3E-02 0.0E+00 1.9E-02 1.0E-01 1.9E-03
abor/resi Application benzo(g,h,i)perylene abor/resi_Application_benzo(g,h,i)perylene RsD 1.7E-03 6.1E-03 6.9E-03 6.0E-03 5.4E-02 0.0E+00 7.4E-02 1.0E-02 7.4E-04
abor/resi Application benzo(k)fluoranthene abor/resi_Application_benzo(k)fluoranthene RsD 2.3E-04 2.1E-03 2.3E-03 2.0E-03 1.8E-02 0.0E+00 2.5E-02 1.0E-01 2.5E-03
abor/resi Application chrysene abor/resi_Application_chrysene RsD 2.5E-04 4.5E-03 5.0E-03 4.3E-03 3.6E-02 0.0E+00 5.0E-02 1.0E-02 5.0E-04
abor/resi Application Dibenz(a,h)anthracene abor/resi_Application_Dibenz(a,h)anthracene RsD 1.2E-02 4.4E-02 5.0E-02 4.3E-02 4.1E-01 0.0E+00 5.6E-01 1.0E+00 5.6E-01
abor/resi Application fluoranthene abor/resi_Application_fluoranthene RsD 2.5E-04 6.0E-03 7.1E-03 5.9E-03 4.8E-02 0.0E+00 6.8E-02 1.0E-03 6.8E-05
abor/resi Application fluorene abor/resi_Application_fluorene RfD 3.2E-06 9.8E-06 7.5E-06 5.3E-06 5.6E-06 9.8E-06 0.0E+00 0.0E+00 0.0E+00
abor/resi Application formaldehyde abor/resi_Application_formaldehyde RfD 1.2E-05 5.7E-04 4.3E-04 3.4E-04 2.4E-04 5.7E-04 0.0E+00 0.0E+00 0.0E+00
abor/resi Application indeno(1,2,3-cd)pyrene abor/resi_Application_indeno(1,2,3-cd)pyrene RsD 1.1E-03 3.4E-03 3.8E-03 3.3E-03 2.9E-02 0.0E+00 4.0E-02 1.0E-01 4.0E-03
abor/resi Application phenanthrene abor/resi_Application_phenanthrene RsD 1.3E-03 3.5E-02 4.1E-02 3.4E-02 2.7E-01 0.0E+00 3.8E-01 1.0E-03 3.8E-04
abor/resi Application pyrene abor/resi_Application_pyrene RfD 1.6E-06 5.2E-06 3.8E-06 2.8E-06 2.9E-06 5.2E-06 0.0E+00 0.0E+00 0.0E+00
abor/resi Application Benzo(a)pyrene Equivalent abor/resi_Application_Benzo(a)pyrene Equivalent RsD 0.0E+00 0.0E+00 1.0E+00
abor/resi PDC 3-methylcholanthrene abor/resi_PDC_3-methylcholanthrene RfD 3.5E-05 4.6E-06 3.4E-06 2.6E-06 3.4E-06 3.5E-05 0.0E+00 0.0E+00 0.0E+00
abor/resi PDC 7,12-dimethylbenz(a)anthracene abor/resi_PDC_7,12-dimethylbenz(a)anthracene RsD 7.5E-04 3.6E-03 4.3E-03 3.7E-03 3.1E-02 0.0E+00 4.3E-02 1.0E+01 4.3E-01
abor/resi PDC anthracene abor/resi_PDC_anthracene RfD 2.0E-08 6.2E-08 4.7E-08 3.4E-08 3.6E-08 6.2E-08 0.0E+00 0.0E+00 0.0E+00
abor/resi PDC benz(a)anthracene abor/resi_PDC_benz(a)anthracene RsD 4.6E-04 8.9E-03 1.0E-02 8.8E-03 7.9E-02 0.0E+00 1.1E-01 1.0E-01 1.1E-02
abor/resi PDC benzo(a)pyrene abor/resi_PDC_benzo(a)pyrene RsD 2.8E-04 3.0E-03 3.4E-03 3.0E-03 2.7E-02 0.0E+00 3.7E-02 1.0E+00 3.7E-02
abor/resi PDC benzo(b)fluoranthene abor/resi_PDC_benzo(b)fluoranthene RsD 3.1E-04 2.3E-03 2.7E-03 2.3E-03 1.8E-02 0.0E+00 2.6E-02 1.0E-01 2.6E-03
abor/resi PDC benzo(g,h,i)perylene abor/resi_PDC_benzo(g,h,i)perylene RsD 2.4E-03 8.7E-03 9.9E-03 8.5E-03 7.7E-02 0.0E+00 1.1E-01 1.0E-02 1.1E-03
abor/resi PDC benzo(k)fluoranthene abor/resi_PDC_benzo(k)fluoranthene RsD 3.3E-04 3.0E-03 3.4E-03 2.9E-03 2.6E-02 0.0E+00 3.6E-02 1.0E-01 3.6E-03
abor/resi PDC chrysene abor/resi_PDC_chrysene RsD 3.5E-04 6.3E-03 7.1E-03 6.1E-03 5.1E-02 0.0E+00 7.1E-02 1.0E-02 7.1E-04
abor/resi PDC Dibenz(a,h)anthracene abor/resi_PDC_Dibenz(a,h)anthracene RsD 1.8E-02 6.3E-02 7.2E-02 6.3E-02 6.0E-01 0.0E+00 8.1E-01 1.0E+00 8.1E-01
abor/resi PDC fluoranthene abor/resi_PDC_fluoranthene RsD 3.4E-04 8.2E-03 9.7E-03 8.1E-03 6.6E-02 0.0E+00 9.2E-02 1.0E-03 9.2E-05
abor/resi PDC fluorene abor/resi_PDC_fluorene RfD 4.3E-06 1.3E-05 1.0E-05 7.2E-06 7.7E-06 1.3E-05 0.0E+00 0.0E+00 0.0E+00
abor/resi PDC formaldehyde abor/resi_PDC_formaldehyde RfD 1.4E-05 7.2E-04 5.5E-04 4.3E-04 3.1E-04 7.2E-04 0.0E+00 0.0E+00 0.0E+00
abor/resi PDC indeno(1,2,3-cd)pyrene abor/resi_PDC_indeno(1,2,3-cd)pyrene RsD 1.6E-03 4.8E-03 5.4E-03 4.7E-03 4.1E-02 0.0E+00 5.7E-02 1.0E-01 5.7E-03
abor/resi PDC phenanthrene abor/resi_PDC_phenanthrene RsD 1.8E-03 4.7E-02 5.6E-02 4.6E-02 3.7E-01 0.0E+00 5.2E-01 1.0E-03 5.2E-04
abor/resi PDC pyrene abor/resi_PDC_pyrene RfD 2.1E-06 7.2E-06 5.3E-06 3.8E-06 3.9E-06 7.2E-06 0.0E+00 0.0E+00 0.0E+00
abor/resi PDC Benzo(a)pyrene Equivalent abor/resi_PDC_Benzo(a)pyrene Equivalent RsD 0.0E+00 0.0E+00 1.3E+00

Table B1-1  Summary of Risk Estimates (RQ and ILCR values) for Residents [Unitless]



Site Case Chemical abbreviation Type Infant Toddler Child Adolescent Adult Max Risk PEF B(a)P IPM PEQ
Table B1-1  Summary of Risk Estimates (RQ and ILCR values) for Residents [Unitless]

abor/resi Project Alone 3-methylcholanthrene abor/resi_Project Alone_3-methylcholanthrene RfD 8.8E-06 1.2E-06 8.5E-07 6.6E-07 8.4E-07 8.8E-06 0.0E+00 0.0E+00 0.0E+00
abor/resi Project Alone 7,12-dimethylbenz(a)anthracene abor/resi_Project Alone_7,12-dimethylbenz(a)anthra RsD 1.8E-04 8.2E-04 9.9E-04 8.5E-04 6.7E-03 0.0E+00 9.5E-03 1.0E+01 9.5E-02
abor/resi Project Alone anthracene abor/resi_Project Alone_anthracene RfD 6.0E-10 1.8E-09 1.3E-09 9.6E-10 1.0E-09 1.8E-09 0.0E+00 0.0E+00 0.0E+00
abor/resi Project Alone benz(a)anthracene abor/resi_Project Alone_benz(a)anthracene RsD 5.5E-06 6.4E-05 7.7E-05 6.5E-05 5.2E-04 0.0E+00 7.3E-04 1.0E-01 7.3E-05
abor/resi Project Alone benzo(a)pyrene abor/resi_Project Alone_benzo(a)pyrene RsD 5.6E-06 4.5E-05 5.4E-05 4.6E-05 3.6E-04 0.0E+00 5.1E-04 1.0E+00 5.1E-04
abor/resi Project Alone benzo(b)fluoranthene abor/resi_Project Alone_benzo(b)fluoranthene RsD 9.7E-06 6.4E-05 7.7E-05 6.5E-05 5.1E-04 0.0E+00 7.3E-04 1.0E-01 7.3E-05
abor/resi Project Alone benzo(g,h,i)perylene abor/resi_Project Alone_benzo(g,h,i)perylene RsD 1.5E-05 5.0E-05 6.0E-05 5.2E-05 4.1E-04 0.0E+00 5.9E-04 1.0E-02 5.9E-06
abor/resi Project Alone benzo(k)fluoranthene abor/resi_Project Alone_benzo(k)fluoranthene RsD 3.7E-06 2.7E-05 3.1E-05 2.7E-05 2.2E-04 0.0E+00 3.1E-04 1.0E-01 3.1E-05
abor/resi Project Alone chrysene abor/resi_Project Alone_chrysene RsD 5.4E-06 6.2E-05 7.5E-05 6.3E-05 5.0E-04 0.0E+00 7.1E-04 1.0E-02 7.1E-06
abor/resi Project Alone Dibenz(a,h)anthracene abor/resi_Project Alone_Dibenz(a,h)anthracene RsD 2.6E-05 8.8E-05 1.0E-04 9.0E-05 7.7E-04 0.0E+00 1.1E-03 1.0E+00 1.1E-03
abor/resi Project Alone fluoranthene abor/resi_Project Alone_fluoranthene RsD 4.1E-06 8.9E-05 1.1E-04 8.7E-05 7.0E-04 0.0E+00 9.9E-04 1.0E-03 9.9E-07
abor/resi Project Alone fluorene abor/resi_Project Alone_fluorene RfD 1.5E-08 4.5E-08 3.4E-08 2.4E-08 2.6E-08 4.5E-08 0.0E+00 0.0E+00 0.0E+00
abor/resi Project Alone formaldehyde abor/resi_Project Alone_formaldehyde RfD 4.0E-06 1.6E-05 1.2E-05 8.8E-06 7.2E-06 1.6E-05 0.0E+00 0.0E+00 0.0E+00
abor/resi Project Alone indeno(1,2,3-cd)pyrene abor/resi_Project Alone_indeno(1,2,3-cd)pyrene RsD 2.9E-05 7.6E-05 9.3E-05 8.1E-05 6.2E-04 0.0E+00 9.0E-04 1.0E-01 9.0E-05
abor/resi Project Alone phenanthrene abor/resi_Project Alone_phenanthrene RsD 1.8E-05 4.6E-04 5.5E-04 4.5E-04 3.6E-03 0.0E+00 5.1E-03 1.0E-03 5.1E-06
abor/resi Project Alone pyrene abor/resi_Project Alone_pyrene RfD 4.6E-08 1.2E-07 9.1E-08 6.6E-08 7.1E-08 1.2E-07 0.0E+00 0.0E+00 0.0E+00
abor/resi Project Alone Benzo(a)pyrene Equivalent abor/resi_Project Alone_Benzo(a)pyrene Equivalent RsD 0.0E+00 0.0E+00 9.7E-02
abor/resi Future 3-methylcholanthrene abor/resi_Future_3-methylcholanthrene RfD 1.2E-05 1.5E-06 1.1E-06 8.7E-07 1.1E-06 1.2E-05 0.0E+00 0.0E+00 0.0E+00
abor/resi Future 7,12-dimethylbenz(a)anthracene abor/resi_Future_7,12-dimethylbenz(a)anthracene RsD 2.4E-04 1.1E-03 1.3E-03 1.1E-03 9.1E-03 0.0E+00 1.3E-02 1.0E+01 1.3E-01
abor/resi Future anthracene abor/resi_Future_anthracene RfD 5.6E-09 1.8E-08 1.3E-08 9.6E-09 1.0E-08 1.8E-08 0.0E+00 0.0E+00 0.0E+00
abor/resi Future benz(a)anthracene abor/resi_Future_benz(a)anthracene RsD 1.4E-04 2.7E-03 3.1E-03 2.7E-03 2.4E-02 0.0E+00 3.3E-02 1.0E-01 3.3E-03
abor/resi Future benzo(a)pyrene abor/resi_Future_benzo(a)pyrene RsD 8.7E-05 9.4E-04 1.1E-03 9.2E-04 8.3E-03 0.0E+00 1.1E-02 1.0E+00 1.1E-02
abor/resi Future benzo(b)fluoranthene abor/resi_Future_benzo(b)fluoranthene RsD 8.9E-05 6.7E-04 7.9E-04 6.8E-04 5.3E-03 0.0E+00 7.5E-03 1.0E-01 7.5E-04
abor/resi Future benzo(g,h,i)perylene abor/resi_Future_benzo(g,h,i)perylene RsD 7.4E-04 2.7E-03 3.0E-03 2.6E-03 2.4E-02 0.0E+00 3.3E-02 1.0E-02 3.3E-04
abor/resi Future benzo(k)fluoranthene abor/resi_Future_benzo(k)fluoranthene RsD 1.0E-04 9.2E-04 1.0E-03 8.9E-04 8.1E-03 0.0E+00 1.1E-02 1.0E-01 1.1E-03
abor/resi Future chrysene abor/resi_Future_chrysene RsD 1.0E-04 1.9E-03 2.1E-03 1.8E-03 1.6E-02 0.0E+00 2.2E-02 1.0E-02 2.2E-04
abor/resi Future Dibenz(a,h)anthracene abor/resi_Future_Dibenz(a,h)anthracene RsD 5.6E-03 2.0E-02 2.2E-02 2.0E-02 1.9E-01 0.0E+00 2.5E-01 1.0E+00 2.5E-01
abor/resi Future fluoranthene abor/resi_Future_fluoranthene RsD 9.4E-05 2.3E-03 2.7E-03 2.3E-03 1.9E-02 0.0E+00 2.6E-02 1.0E-03 2.6E-05
abor/resi Future fluorene abor/resi_Future_fluorene RfD 1.2E-06 3.6E-06 2.8E-06 2.0E-06 2.1E-06 3.6E-06 0.0E+00 0.0E+00 0.0E+00
abor/resi Future formaldehyde abor/resi_Future_formaldehyde RfD 5.7E-06 1.6E-04 1.2E-04 9.4E-05 6.8E-05 1.6E-04 0.0E+00 0.0E+00 0.0E+00
abor/resi Future indeno(1,2,3-cd)pyrene abor/resi_Future_indeno(1,2,3-cd)pyrene RsD 5.0E-04 1.5E-03 1.7E-03 1.4E-03 1.3E-02 0.0E+00 1.8E-02 1.0E-01 1.8E-03
abor/resi Future phenanthrene abor/resi_Future_phenanthrene RsD 4.8E-04 1.3E-02 1.5E-02 1.3E-02 1.0E-01 0.0E+00 1.4E-01 1.0E-03 1.4E-04
abor/resi Future pyrene abor/resi_Future_pyrene RfD 6.0E-07 2.1E-06 1.5E-06 1.1E-06 1.1E-06 2.1E-06 0.0E+00 0.0E+00 0.0E+00
abor/resi Future Benzo(a)pyrene Equivalent abor/resi_Future_Benzo(a)pyrene Equivalent RsD 4.0E-01

Maximum RQ value for non-carcinogens
Sum of cancer risk estimates for each lifestage = lifetime risk
Benzo(a)pyrene equivalent based on adjustment with potency exposure factors (PEFs)



Site Case Chemical Type Adult Risk PEF B(a)P IPM PEQ
Worker Baseline 3-methylcholanthrene Worker_Baseline_3-methylcholanthrene RfD 5.8E-09 0.0E+00 0.0E+00 0.0E+00
Worker Baseline 7,12-dimethylbenz(a)anthracene Worker_Baseline_7,12-dimethylbenz(a)anthracene RsD 2.0E-05 2.0E-05 1.0E+01 2.0E-04
Worker Baseline anthracene Worker_Baseline_anthracene RfD 2.3E-11 0.0E+00 0.0E+00 0.0E+00
Worker Baseline benz(a)anthracene Worker_Baseline_benz(a)anthracene RsD 1.0E-04 1.0E-04 1.0E-01 1.0E-05
Worker Baseline benzo(a)pyrene Worker_Baseline_benzo(a)pyrene RsD 5.3E-05 5.3E-05 1.0E+00 5.3E-05
Worker Baseline benzo(b)fluoranthene Worker_Baseline_benzo(b)fluoranthene RsD 1.6E-05 1.6E-05 1.0E-01 1.6E-06
Worker Baseline benzo(g,h,i)perylene Worker_Baseline_benzo(g,h,i)perylene RsD 1.2E-04 1.2E-04 1.0E-02 1.2E-06
Worker Baseline benzo(k)fluoranthene Worker_Baseline_benzo(k)fluoranthene RsD 2.1E-04 2.1E-04 1.0E-01 2.1E-05
Worker Baseline chrysene Worker_Baseline_chrysene RsD 3.4E-04 3.4E-04 1.0E-02 3.4E-06
Worker Baseline Dibenz(a,h)anthracene Worker_Baseline_Dibenz(a,h)anthracene RsD 1.7E-04 1.7E-04 1.0E+00 1.7E-04
Worker Baseline fluoranthene Worker_Baseline_fluoranthene RsD 3.9E-05 3.9E-05 1.0E-03 3.9E-08
Worker Baseline fluorene Worker_Baseline_fluorene RfD 1.3E-10 0.0E+00 0.0E+00 0.0E+00
Worker Baseline formaldehyde Worker_Baseline_formaldehyde RfD 4.5E-08 0.0E+00 0.0E+00 0.0E+00
Worker Baseline indeno(1,2,3-cd)pyrene Worker_Baseline_indeno(1,2,3-cd)pyrene RsD 1.2E-04 1.2E-04 1.0E-01 1.2E-05
Worker Baseline phenanthrene Worker_Baseline_phenanthrene RsD 5.8E-05 5.8E-05 1.0E-03 5.8E-08
Worker Baseline pyrene Worker_Baseline_pyrene RfD 2.7E-08 0.0E+00 0.0E+00 0.0E+00
Worker Baseline Benzo(a)pyrene Equivalent Worker_Baseline_Benzo(a)pyrene Equivalent RsD 4.8E-04
Worker Application 3-methylcholanthrene Worker_Application_3-methylcholanthrene RfD 5.9E-09 0.0E+00 0.0E+00 0.0E+00
Worker Application 7,12-dimethylbenz(a)anthracene Worker_Application_7,12-dimethylbenz(a)anthracene RsD 2.0E-05 2.0E-05 1.0E+01 2.0E-04
Worker Application anthracene Worker_Application_anthracene RfD 2.3E-11 0.0E+00 0.0E+00 0.0E+00
Worker Application benz(a)anthracene Worker_Application_benz(a)anthracene RsD 1.1E-04 1.1E-04 1.0E-01 1.1E-05
Worker Application benzo(a)pyrene Worker_Application_benzo(a)pyrene RsD 5.3E-05 5.3E-05 1.0E+00 5.3E-05
Worker Application benzo(b)fluoranthene Worker_Application_benzo(b)fluoranthene RsD 1.6E-05 1.6E-05 1.0E-01 1.6E-06
Worker Application benzo(g,h,i)perylene Worker_Application_benzo(g,h,i)perylene RsD 1.3E-04 1.3E-04 1.0E-02 1.3E-06
Worker Application benzo(k)fluoranthene Worker_Application_benzo(k)fluoranthene RsD 2.1E-04 2.1E-04 1.0E-01 2.1E-05
Worker Application chrysene Worker_Application_chrysene RsD 3.5E-04 3.5E-04 1.0E-02 3.5E-06
Worker Application Dibenz(a,h)anthracene Worker_Application_Dibenz(a,h)anthracene RsD 1.8E-04 1.8E-04 1.0E+00 1.8E-04
Worker Application fluoranthene Worker_Application_fluoranthene RsD 4.0E-05 4.0E-05 1.0E-03 4.0E-08
Worker Application fluorene Worker_Application_fluorene RfD 1.3E-10 0.0E+00 0.0E+00 0.0E+00
Worker Application formaldehyde Worker_Application_formaldehyde RfD 4.6E-08 0.0E+00 0.0E+00 0.0E+00
Worker Application indeno(1,2,3-cd)pyrene Worker_Application_indeno(1,2,3-cd)pyrene RsD 1.2E-04 1.2E-04 1.0E-01 1.2E-05
Worker Application phenanthrene Worker_Application_phenanthrene RsD 5.8E-05 5.8E-05 1.0E-03 5.8E-08
Worker Application pyrene Worker_Application_pyrene RfD 2.8E-08 0.0E+00 0.0E+00 0.0E+00
Worker Application Benzo(a)pyrene Equivalent Worker_Application_Benzo(a)pyrene Equivalent RsD 4.9E-04
Worker PDC 3-methylcholanthrene Worker_PDC_3-methylcholanthrene RfD 6.1E-09 0.0E+00 0.0E+00 0.0E+00
Worker PDC 7,12-dimethylbenz(a)anthracene Worker_PDC_7,12-dimethylbenz(a)anthracene RsD 2.1E-05 2.1E-05 1.0E+01 2.1E-04
Worker PDC anthracene Worker_PDC_anthracene RfD 3.1E-11 0.0E+00 0.0E+00 0.0E+00
Worker PDC benz(a)anthracene Worker_PDC_benz(a)anthracene RsD 1.4E-04 1.4E-04 1.0E-01 1.4E-05
Worker PDC benzo(a)pyrene Worker_PDC_benzo(a)pyrene RsD 6.5E-05 6.5E-05 1.0E+00 6.5E-05
Worker PDC benzo(b)fluoranthene Worker_PDC_benzo(b)fluoranthene RsD 2.1E-05 2.1E-05 1.0E-01 2.1E-06
Worker PDC benzo(g,h,i)perylene Worker_PDC_benzo(g,h,i)perylene RsD 1.7E-04 1.7E-04 1.0E-02 1.7E-06
Worker PDC benzo(k)fluoranthene Worker_PDC_benzo(k)fluoranthene RsD 2.5E-04 2.5E-04 1.0E-01 2.5E-05
Worker PDC chrysene Worker_PDC_chrysene RsD 4.7E-04 4.7E-04 1.0E-02 4.7E-06
Worker PDC Dibenz(a,h)anthracene Worker_PDC_Dibenz(a,h)anthracene RsD 2.4E-04 2.4E-04 1.0E+00 2.4E-04
Worker PDC fluoranthene Worker_PDC_fluoranthene RsD 5.3E-05 5.3E-05 1.0E-03 5.3E-08
Worker PDC fluorene Worker_PDC_fluorene RfD 1.7E-10 0.0E+00 0.0E+00 0.0E+00
Worker PDC formaldehyde Worker_PDC_formaldehyde RfD 5.0E-08 0.0E+00 0.0E+00 0.0E+00
Worker PDC indeno(1,2,3-cd)pyrene Worker_PDC_indeno(1,2,3-cd)pyrene RsD 1.5E-04 1.5E-04 1.0E-01 1.5E-05
Worker PDC phenanthrene Worker_PDC_phenanthrene RsD 7.8E-05 7.8E-05 1.0E-03 7.8E-08
Worker PDC pyrene Worker_PDC_pyrene RfD 3.7E-08 0.0E+00 0.0E+00 0.0E+00
Worker PDC Benzo(a)pyrene Equivalent Worker_PDC_Benzo(a)pyrene Equivalent RsD 5.8E-04

Table B1-2  Summary of Risk Estimates (RQ and ILCR values) for the Workers [Unitless]



Site Case Chemical Type Adult Risk PEF B(a)P IPM PEQ
Table B1-2  Summary of Risk Estimates (RQ and ILCR values) for the Workers [Unitless]

Worker Project Alone 3-methylcholanthrene Worker_Project Alone_3-methylcholanthrene RfD 1.9E-09 0.0E+00 0.0E+00 0.0E+00
Worker Project Alone 7,12-dimethylbenz(a)anthracene Worker_Project Alone_7,12-dimethylbenz(a)anthracene RsD 6.6E-06 6.6E-06 1.0E+01 6.6E-05
Worker Project Alone anthracene Worker_Project Alone_anthracene RfD 1.4E-12 0.0E+00 0.0E+00 0.0E+00
Worker Project Alone benz(a)anthracene Worker_Project Alone_benz(a)anthracene RsD 8.2E-06 8.2E-06 1.0E-01 8.2E-07
Worker Project Alone benzo(a)pyrene Worker_Project Alone_benzo(a)pyrene RsD 9.1E-06 9.1E-06 1.0E+00 9.1E-06
Worker Project Alone benzo(b)fluoranthene Worker_Project Alone_benzo(b)fluoranthene RsD 1.3E-06 1.3E-06 1.0E-01 1.3E-07
Worker Project Alone benzo(g,h,i)perylene Worker_Project Alone_benzo(g,h,i)perylene RsD 1.3E-05 1.3E-05 1.0E-02 1.3E-07
Worker Project Alone benzo(k)fluoranthene Worker_Project Alone_benzo(k)fluoranthene RsD 4.6E-05 4.6E-05 1.0E-01 4.6E-06
Worker Project Alone chrysene Worker_Project Alone_chrysene RsD 2.5E-05 2.5E-05 1.0E-02 2.5E-07
Worker Project Alone Dibenz(a,h)anthracene Worker_Project Alone_Dibenz(a,h)anthracene RsD 1.8E-05 1.8E-05 1.0E+00 1.8E-05
Worker Project Alone fluoranthene Worker_Project Alone_fluoranthene RsD 9.7E-07 9.7E-07 1.0E-03 9.7E-10
Worker Project Alone fluorene Worker_Project Alone_fluorene RfD 8.2E-13 0.0E+00 0.0E+00 0.0E+00
Worker Project Alone formaldehyde Worker_Project Alone_formaldehyde RfD 1.3E-08 0.0E+00 0.0E+00 0.0E+00
Worker Project Alone indeno(1,2,3-cd)pyrene Worker_Project Alone_indeno(1,2,3-cd)pyrene RsD 2.0E-05 2.0E-05 1.0E-01 2.0E-06
Worker Project Alone phenanthrene Worker_Project Alone_phenanthrene RsD 1.1E-06 1.1E-06 1.0E-03 1.1E-09
Worker Project Alone pyrene Worker_Project Alone_pyrene RfD 1.4E-09 0.0E+00 0.0E+00 0.0E+00
Worker Project Alone Benzo(a)pyrene Equivalent Worker_Project Alone_Benzo(a)pyrene Equivalent RsD 1.0E-04
Worker Future 3-methylcholanthrene Worker_Future_3-methylcholanthrene RfD 2.2E-09 0.0E+00 0.0E+00 0.0E+00
Worker Future 7,12-dimethylbenz(a)anthracene Worker_Future_7,12-dimethylbenz(a)anthracene RsD 7.6E-06 7.6E-06 1.0E+01 7.6E-05
Worker Future anthracene Worker_Future_anthracene RfD 8.2E-12 0.0E+00 0.0E+00 0.0E+00
Worker Future benz(a)anthracene Worker_Future_benz(a)anthracene RsD 3.9E-05 3.9E-05 1.0E-01 3.9E-06
Worker Future benzo(a)pyrene Worker_Future_benzo(a)pyrene RsD 2.1E-05 2.1E-05 1.0E+00 2.1E-05
Worker Future benzo(b)fluoranthene Worker_Future_benzo(b)fluoranthene RsD 6.0E-06 6.0E-06 1.0E-01 6.0E-07
Worker Future benzo(g,h,i)perylene Worker_Future_benzo(g,h,i)perylene RsD 4.9E-05 4.9E-05 1.0E-02 4.9E-07
Worker Future benzo(k)fluoranthene Worker_Future_benzo(k)fluoranthene RsD 8.4E-05 8.4E-05 1.0E-01 8.4E-06
Worker Future chrysene Worker_Future_chrysene RsD 1.3E-04 1.3E-04 1.0E-02 1.3E-06
Worker Future Dibenz(a,h)anthracene Worker_Future_Dibenz(a,h)anthracene RsD 6.9E-05 6.9E-05 1.0E+00 6.9E-05
Worker Future fluoranthene Worker_Future_fluoranthene RsD 1.4E-05 1.4E-05 1.0E-03 1.4E-08
Worker Future fluorene Worker_Future_fluorene RfD 4.5E-11 0.0E+00 0.0E+00 0.0E+00
Worker Future formaldehyde Worker_Future_formaldehyde RfD 1.8E-08 0.0E+00 0.0E+00 0.0E+00
Worker Future indeno(1,2,3-cd)pyrene Worker_Future_indeno(1,2,3-cd)pyrene RsD 4.9E-05 4.9E-05 1.0E-01 4.9E-06
Worker Future phenanthrene Worker_Future_phenanthrene RsD 2.0E-05 2.0E-05 1.0E-03 2.0E-08
Worker Future pyrene Worker_Future_pyrene RfD 9.9E-09 0.0E+00 0.0E+00 0.0E+00
Worker Future Benzo(a)pyrene Equivalent Worker_Future_Benzo(a)pyrene Equivalent RsD 1.9E-04

Sum of cancer risk estimates for each lifestage = lifetime risk
Benzo(a)pyrene equivalent based on adjustment with potency exposure factors (PEFs)



Project Alone Future

3-methylcholanthrene abor/resi 7.8E-07 1.3E-06 1.4E-06 5.1E-07 6.1E-07
7,12-dimethylbenz(a)anthracene abor/resi 6.9E-06 1.1E-05 1.2E-05 4.6E-06 5.5E-06
anthracene abor/resi 4.0E-06 4.2E-06 5.6E-06 1.7E-07 1.6E-06
benz(a)anthracene abor/resi 7.2E-06 7.6E-06 1.0E-05 4.0E-07 2.9E-06
benzo(a)pyrene abor/resi 1.9E-06 2.2E-06 2.8E-06 2.7E-07 8.7E-07
benzo(b)fluoranthene abor/resi 6.9E-06 7.3E-06 9.6E-06 4.0E-07 2.7E-06
benzo(g,h,i)perylene abor/resi 3.8E-06 4.1E-06 5.4E-06 2.6E-07 1.6E-06
benzo(k)fluoranthene abor/resi 5.9E-07 7.1E-07 8.8E-07 1.2E-07 2.9E-07
chrysene abor/resi 7.8E-06 8.2E-06 1.1E-05 4.0E-07 3.1E-06
Dibenz(a,h)anthracene abor/resi 3.7E-06 4.0E-06 5.2E-06 2.7E-07 1.5E-06
fluoranthene abor/resi 3.9E-05 4.0E-05 5.4E-05 6.7E-07 1.5E-05
fluorene abor/resi 1.4E-04 1.4E-04 1.9E-04 6.4E-07 5.1E-05
formaldehyde abor/resi 1.3E-04 2.0E-04 2.3E-04 6.8E-05 9.8E-05
indeno(1,2,3-cd)pyrene abor/resi 3.2E-06 3.6E-06 4.6E-06 4.0E-07 1.4E-06
phenanthrene abor/resi 2.8E-04 2.8E-04 3.8E-04 3.8E-06 1.0E-04
pyrene abor/resi 3.1E-05 3.2E-05 4.3E-05 1.1E-06 1.2E-05

Table B1-3  Summary of Fish Concentrations Used to Estimate Human Exposures [mg/kg wet weight]

Chemical Baseline Application IncrementalReceptor PDC



Project Alone Future

3-methylcholanthrene abor/resi 7.9E-08 8.0E-08 8.2E-08 1.8E-09 7.9E-09
7,12-dimethylbenz(a)anthracene abor/resi 9.0E-09 9.2E-09 9.4E-09 2.1E-10 9.1E-10
anthracene abor/resi 2.6E-08 2.6E-08 3.7E-08 2.1E-11 1.1E-08
benz(a)anthracene abor/resi 4.6E-07 4.6E-07 6.5E-07 4.7E-10 1.9E-07
benzo(a)pyrene abor/resi 1.1E-07 1.1E-07 1.6E-07 3.4E-10 4.5E-08
benzo(b)fluoranthene abor/resi 8.2E-07 8.2E-07 1.2E-06 9.3E-10 3.3E-07
benzo(g,h,i)perylene abor/resi 3.4E-07 3.4E-07 4.8E-07 4.4E-10 1.4E-07
benzo(k)fluoranthene abor/resi 3.4E-07 3.4E-07 4.8E-07 1.6E-09 1.3E-07
chrysene abor/resi 1.5E-06 1.5E-06 2.2E-06 1.5E-09 6.3E-07
Dibenz(a,h)anthracene abor/resi 3.2E-07 3.2E-07 4.5E-07 4.3E-10 1.3E-07
fluoranthene abor/resi 2.9E-07 2.9E-07 4.1E-07 9.6E-11 1.2E-07
fluorene abor/resi 2.6E-08 2.6E-08 3.6E-08 2.3E-12 1.1E-08
formaldehyde abor/resi 1.7E-02 1.7E-02 2.1E-02 3.4E-04 4.6E-03
indeno(1,2,3-cd)pyrene abor/resi 2.4E-07 2.4E-07 3.4E-07 6.0E-10 9.7E-08
phenanthrene abor/resi 5.2E-07 5.2E-07 7.4E-07 1.2E-10 2.2E-07
pyrene abor/resi 3.0E-06 3.0E-06 4.2E-06 2.0E-09 1.2E-06

Table B1-4  Summary of Root Concentrations Used to Estimate Human Exposures [mg/kg wet weight]

Chemical Receptor Baseline Application IncrementalPDC



Project Alone Future

3-methylcholanthrene abor/resi 3.9E-09 3.9E-09 4.0E-09 8.7E-11 3.9E-10
7,12-dimethylbenz(a)anthracene abor/resi 1.6E-09 1.7E-09 1.7E-09 3.7E-11 1.6E-10
anthracene abor/resi 2.1E-08 2.1E-08 3.0E-08 1.7E-11 8.7E-09
benz(a)anthracene abor/resi 1.2E-07 1.2E-07 1.7E-07 1.2E-10 5.0E-08
benzo(a)pyrene abor/resi 3.1E-08 3.1E-08 4.4E-08 9.5E-11 1.2E-08
benzo(b)fluoranthene abor/resi 1.0E-08 1.0E-08 1.5E-08 1.2E-11 4.2E-09
benzo(g,h,i)perylene abor/resi 4.9E-08 4.9E-08 6.9E-08 6.3E-11 2.0E-08
benzo(k)fluoranthene abor/resi 8.3E-08 8.3E-08 1.1E-07 3.9E-10 3.2E-08
chrysene abor/resi 4.0E-07 4.0E-07 5.7E-07 3.8E-10 1.7E-07
Dibenz(a,h)anthracene abor/resi 6.8E-08 6.8E-08 9.5E-08 9.0E-11 2.8E-08
fluoranthene abor/resi 1.2E-07 1.2E-07 1.7E-07 4.0E-11 5.0E-08
fluorene abor/resi 2.5E-08 2.5E-08 3.5E-08 2.3E-12 1.0E-08
formaldehyde abor/resi 5.8E-04 5.8E-04 7.5E-04 1.2E-05 1.6E-04
indeno(1,2,3-cd)pyrene abor/resi 3.4E-08 3.4E-08 4.8E-08 8.6E-11 1.4E-08
phenanthrene abor/resi 3.5E-07 3.5E-07 4.9E-07 8.1E-11 1.5E-07
pyrene abor/resi 1.5E-06 1.5E-06 2.1E-06 9.7E-10 6.1E-07

Table B1-5  Summary of Berry Concentrations Used to Estimate Human Exposures [mg/kg wet weight]

Chemical Receptor Baseline Application IncrementalPDC



Project Alone Future

3-methylcholanthrene abor/resi 3.8E-07 3.9E-07 4.0E-07 8.6E-09 3.9E-08
7,12-dimethylbenz(a)anthracene abor/resi 2.1E-06 2.1E-06 2.2E-06 4.8E-08 2.1E-07
anthracene abor/resi 5.6E-08 5.6E-08 7.9E-08 4.4E-11 2.3E-08
benz(a)anthracene abor/resi 5.9E-06 5.9E-06 8.3E-06 6.1E-09 2.4E-06
benzo(a)pyrene abor/resi 2.0E-06 2.0E-06 2.8E-06 6.1E-09 8.0E-07
benzo(b)fluoranthene abor/resi 3.8E-07 3.8E-07 5.3E-07 4.3E-10 1.5E-07
benzo(g,h,i)perylene abor/resi 6.3E-06 6.3E-06 8.8E-06 8.1E-09 2.6E-06
benzo(k)fluoranthene abor/resi 2.0E-06 2.0E-06 2.8E-06 9.5E-09 7.8E-07
chrysene abor/resi 3.3E-06 3.3E-06 4.7E-06 3.2E-09 1.4E-06
Dibenz(a,h)anthracene abor/resi 2.7E-05 2.7E-05 3.8E-05 3.6E-08 1.1E-05
fluoranthene abor/resi 6.9E-07 6.9E-07 9.7E-07 2.3E-10 2.9E-07
fluorene abor/resi 3.3E-08 3.3E-08 4.7E-08 3.0E-12 1.4E-08
formaldehyde abor/resi 4.6E-04 4.6E-04 5.9E-04 9.4E-06 1.3E-04
indeno(1,2,3-cd)pyrene abor/resi 4.3E-06 4.3E-06 6.0E-06 1.1E-08 1.7E-06
phenanthrene abor/resi 8.7E-07 8.7E-07 1.2E-06 2.0E-10 3.6E-07
pyrene abor/resi 1.5E-06 1.5E-06 2.2E-06 1.0E-09 6.3E-07

Table B1-6  Summary of Plant Concentrations Used to Estimate Human Exposures [mg/kg wet weight]

Chemical Receptor Baseline IncrementalApplication PDC



Project Alone Future

3-methylcholanthrene abor/resi 5.5E-06 5.6E-06 5.8E-06 1.2E-07 5.6E-07
7,12-dimethylbenz(a)anthracene abor/resi 1.0E-06 1.0E-06 1.0E-06 2.3E-08 1.0E-07
anthracene abor/resi 1.1E-06 1.1E-06 1.6E-06 9.1E-10 4.7E-07
benz(a)anthracene abor/resi 3.2E-05 3.2E-05 4.6E-05 3.3E-08 1.3E-05
benzo(a)pyrene abor/resi 1.2E-05 1.2E-05 1.7E-05 3.8E-08 5.0E-06
benzo(b)fluoranthene abor/resi 4.8E-06 4.8E-06 6.7E-06 5.4E-09 1.9E-06
benzo(g,h,i)perylene abor/resi 3.8E-05 3.8E-05 5.3E-05 4.9E-08 1.5E-05
benzo(k)fluoranthene abor/resi 3.8E-05 3.8E-05 5.2E-05 1.8E-07 1.5E-05
chrysene abor/resi 1.1E-04 1.1E-04 1.5E-04 1.0E-07 4.4E-05
Dibenz(a,h)anthracene abor/resi 5.3E-05 5.3E-05 7.4E-05 7.0E-08 2.1E-05
fluoranthene abor/resi 1.3E-05 1.3E-05 1.8E-05 4.3E-09 5.3E-06
fluorene abor/resi 9.0E-07 9.0E-07 1.3E-06 8.2E-11 3.7E-07
formaldehyde abor/resi 3.6E-04 3.6E-04 4.7E-04 7.4E-06 1.0E-04
indeno(1,2,3-cd)pyrene abor/resi 3.0E-05 3.0E-05 4.3E-05 7.6E-08 1.2E-05
phenanthrene abor/resi 1.9E-05 1.9E-05 2.7E-05 4.4E-09 7.9E-06
pyrene abor/resi 1.4E-04 1.4E-04 1.9E-04 9.0E-08 5.6E-05
3-methylcholanthrene worker 4.6E-06 4.6E-06 4.8E-06 1.5E-06 1.7E-06
7,12-dimethylbenz(a)anthracene worker 8.2E-07 8.3E-07 8.6E-07 2.7E-07 3.1E-07
anthracene worker 1.4E-07 1.4E-07 1.8E-07 8.4E-09 4.9E-08
benz(a)anthracene worker 3.8E-06 4.0E-06 5.3E-06 3.1E-07 1.5E-06
benzo(a)pyrene worker 2.0E-06 2.0E-06 2.4E-06 3.4E-07 8.0E-07
benzo(b)fluoranthene worker 5.9E-07 6.1E-07 8.0E-07 5.0E-08 2.2E-07
benzo(g,h,i)perylene worker 4.6E-06 4.8E-06 6.4E-06 4.7E-07 1.8E-06
benzo(k)fluoranthene worker 7.9E-06 8.0E-06 9.3E-06 1.7E-06 3.2E-06
chrysene worker 1.3E-05 1.3E-05 1.7E-05 9.5E-07 4.8E-06
Dibenz(a,h)anthracene worker 6.5E-06 6.8E-06 8.9E-06 6.8E-07 2.6E-06
fluoranthene worker 1.5E-06 1.5E-06 2.0E-06 3.6E-08 5.3E-07
fluorene worker 1.0E-07 1.0E-07 1.4E-07 6.6E-10 3.6E-08
formaldehyde worker 2.4E-04 2.4E-04 2.6E-04 7.0E-05 9.4E-05
indeno(1,2,3-cd)pyrene worker 4.5E-06 4.5E-06 5.6E-06 7.3E-07 1.8E-06
phenanthrene worker 2.2E-06 2.2E-06 2.9E-06 4.2E-08 7.7E-07
pyrene worker 1.6E-05 1.7E-05 2.2E-05 8.5E-07 5.9E-06

Table B1-7  Summary of Soil Concentrations Used to Estimate Human Exposures [mg/kg]

Chemical Receptor Baseline Application IncrementalPDC



Soil
Drinking 
Water Dust Plant Berries Lab_tea Root Cattail Fish Moose Ruffed_Grouse Snowshoe_Hare Swim: Derm+Ing Dermal Dermal Breast Milk Water Food&Dermal Total Total RQ

SIR WIR AIR Plant Berries Lab_tea Root Cattail Fish Moose Ruffed_Grouse Snowshoe_Hare Surface Water Hands Other Breast Milk EDI EDI EDI EDI
ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/kg-BW/day Unitless

Baseline abor/resi Adolescent 3-methylcholanthrene 1.11E-06 1.41E-05 6.56E-10 4.62E-05 2.39E-07 2.31E-06 1.79E-05 2.20E-07 3.11E-05 3.12E-03 1.20E-06 4.75E-06 1.09E-04 4.43E-07 3.99E-07 0.00E+00 1.41E-05 3.34E-03 3.35E-03 5.62E-05 1.87E-06
Application abor/resi Adolescent 3-methylcholanthrene 1.12E-06 2.35E-05 6.67E-10 4.69E-05 2.43E-07 2.35E-06 1.81E-05 2.24E-07 5.16E-05 4.16E-03 1.20E-06 4.76E-06 1.82E-04 4.50E-07 4.05E-07 0.00E+00 2.35E-05 4.47E-03 4.49E-03 7.52E-05 2.51E-06
PDC abor/resi Adolescent 3-methylcholanthrene 1.15E-06 2.53E-05 6.83E-10 4.80E-05 2.49E-07 2.40E-06 1.86E-05 2.29E-07 5.56E-05 4.37E-03 1.20E-06 4.77E-06 1.96E-04 4.61E-07 4.15E-07 0.00E+00 2.53E-05 4.69E-03 4.72E-03 7.91E-05 2.64E-06
Project Alone abor/resi Adolescent 3-methylcholanthrene 2.48E-08 9.34E-06 1.47E-11 1.04E-06 5.37E-09 5.18E-08 4.01E-07 4.95E-09 2.05E-05 1.08E-03 3.33E-08 1.33E-07 7.23E-05 9.94E-09 8.94E-09 0.00E+00 9.34E-06 1.17E-03 1.18E-03 1.98E-05 6.58E-07
Future abor/resi Adolescent 3-methylcholanthrene 1.11E-07 1.12E-05 6.60E-11 4.64E-06 2.41E-08 2.32E-07 1.80E-06 2.22E-08 2.46E-05 1.42E-03 1.42E-07 5.63E-07 8.65E-05 4.45E-08 4.01E-08 0.00E+00 1.12E-05 1.54E-03 1.55E-03 2.60E-05 8.65E-07
Baseline abor/resi Adult 3-methylcholanthrene 1.11E-06 2.12E-05 6.99E-10 5.27E-05 1.98E-07 2.31E-06 1.48E-05 2.20E-07 3.11E-05 4.81E-03 1.85E-06 7.32E-06 1.25E-04 4.93E-07 4.55E-07 0.00E+00 2.12E-05 5.05E-03 5.07E-03 7.17E-05 2.39E-06
Application abor/resi Adult 3-methylcholanthrene 1.12E-06 3.52E-05 7.09E-10 5.35E-05 2.01E-07 2.35E-06 1.50E-05 2.24E-07 5.16E-05 6.41E-03 1.85E-06 7.34E-06 2.07E-04 5.00E-07 4.62E-07 0.00E+00 3.52E-05 6.75E-03 6.79E-03 9.60E-05 3.20E-06
PDC abor/resi Adult 3-methylcholanthrene 1.15E-06 3.79E-05 7.26E-10 5.48E-05 2.05E-07 2.40E-06 1.54E-05 2.29E-07 5.56E-05 6.73E-03 1.86E-06 7.36E-06 2.23E-04 5.12E-07 4.73E-07 0.00E+00 3.79E-05 7.09E-03 7.13E-03 1.01E-04 3.36E-06
Project Alone abor/resi Adult 3-methylcholanthrene 2.48E-08 1.40E-05 1.57E-11 1.18E-06 4.43E-09 5.18E-08 3.32E-07 4.95E-09 2.05E-05 1.66E-03 5.15E-08 2.05E-07 8.24E-05 1.11E-08 1.02E-08 0.00E+00 1.40E-05 1.76E-03 1.78E-03 2.51E-05 8.38E-07
Future abor/resi Adult 3-methylcholanthrene 1.11E-07 1.68E-05 7.02E-11 5.30E-06 1.99E-08 2.32E-07 1.49E-06 2.22E-08 2.46E-05 2.19E-03 2.19E-07 8.69E-07 9.86E-05 4.96E-08 4.58E-08 0.00E+00 1.68E-05 2.32E-03 2.34E-03 3.30E-05 1.10E-06
Baseline abor/resi Child 3-methylcholanthrene 1.11E-06 1.13E-05 6.10E-10 3.77E-05 2.90E-07 7.70E-07 1.27E-05 7.35E-08 2.56E-05 2.23E-03 8.55E-07 3.39E-06 7.18E-05 3.27E-07 2.52E-07 0.00E+00 1.13E-05 2.39E-03 2.40E-03 7.29E-05 2.43E-06
Application abor/resi Child 3-methylcholanthrene 1.12E-06 1.88E-05 6.20E-10 3.83E-05 2.95E-07 7.82E-07 1.29E-05 7.46E-08 4.26E-05 2.97E-03 8.57E-07 3.40E-06 1.19E-04 3.32E-07 2.56E-07 0.00E+00 1.88E-05 3.19E-03 3.21E-03 9.75E-05 3.25E-06
PDC abor/resi Child 3-methylcholanthrene 1.15E-06 2.02E-05 6.35E-10 3.92E-05 3.02E-07 8.01E-07 1.32E-05 7.64E-08 4.59E-05 3.12E-03 8.60E-07 3.41E-06 1.29E-04 3.40E-07 2.62E-07 0.00E+00 2.02E-05 3.35E-03 3.37E-03 1.03E-04 3.42E-06
Project Alone abor/resi Child 3-methylcholanthrene 2.48E-08 7.47E-06 1.37E-11 8.46E-07 6.51E-09 1.73E-08 2.84E-07 1.65E-09 1.69E-05 7.68E-04 2.38E-08 9.47E-08 4.75E-05 7.33E-09 5.65E-09 0.00E+00 7.47E-06 8.34E-04 8.41E-04 2.56E-05 8.52E-07
Future abor/resi Child 3-methylcholanthrene 1.11E-07 8.94E-06 6.14E-11 3.79E-06 2.92E-08 7.74E-08 1.27E-06 7.39E-09 2.03E-05 1.01E-03 1.01E-07 4.02E-07 5.68E-05 3.28E-08 2.53E-08 0.00E+00 8.94E-06 1.10E-03 1.11E-03 3.36E-05 1.12E-06
Baseline abor/resi Infant 3-methylcholanthrene 1.11E-06 4.24E-06 9.26E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.56E-05 1.77E-07 8.08E-08 6.14E-03 4.24E-06 6.17E-03 6.17E-03 7.53E-04 2.51E-05
Application abor/resi Infant 3-methylcholanthrene 1.12E-06 7.04E-06 9.40E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.25E-05 1.80E-07 8.21E-08 8.22E-03 7.04E-06 8.26E-03 8.27E-03 1.01E-03 3.36E-05
PDC abor/resi Infant 3-methylcholanthrene 1.15E-06 7.59E-06 9.63E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.58E-05 1.84E-07 8.41E-08 8.64E-03 7.59E-06 8.68E-03 8.69E-03 1.06E-03 3.53E-05
Project Alone abor/resi Infant 3-methylcholanthrene 2.48E-08 2.80E-06 2.08E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.69E-05 3.98E-09 1.81E-09 2.15E-03 2.80E-06 2.17E-03 2.17E-03 2.65E-04 8.83E-06
Future abor/resi Infant 3-methylcholanthrene 1.11E-07 3.35E-06 9.31E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.02E-05 1.78E-08 8.13E-09 2.83E-03 3.35E-06 2.85E-03 2.85E-03 3.48E-04 1.16E-05
Baseline abor/resi Toddler 3-methylcholanthrene 4.43E-06 8.48E-06 3.49E-10 2.58E-05 1.65E-07 7.70E-07 8.27E-06 7.35E-08 1.55E-05 1.53E-03 5.82E-07 2.31E-06 4.35E-05 2.38E-07 1.43E-07 0.00E+00 8.48E-06 1.63E-03 1.64E-03 9.92E-05 3.31E-06
Application abor/resi Toddler 3-methylcholanthrene 4.50E-06 1.41E-05 3.55E-10 2.62E-05 1.67E-07 7.82E-07 8.39E-06 7.46E-08 2.58E-05 2.03E-03 5.83E-07 2.31E-06 7.22E-05 2.42E-07 1.45E-07 0.00E+00 1.41E-05 2.17E-03 2.19E-03 1.33E-04 4.42E-06
PDC abor/resi Toddler 3-methylcholanthrene 4.61E-06 1.52E-05 3.63E-10 2.68E-05 1.71E-07 8.01E-07 8.60E-06 7.64E-08 2.78E-05 2.13E-03 5.85E-07 2.32E-06 7.79E-05 2.48E-07 1.49E-07 0.00E+00 1.52E-05 2.28E-03 2.30E-03 1.39E-04 4.64E-06
Project Alone abor/resi Toddler 3-methylcholanthrene 9.94E-08 5.60E-06 7.84E-12 5.78E-07 3.69E-09 1.73E-08 1.85E-07 1.65E-09 1.03E-05 5.26E-04 1.62E-08 6.44E-08 2.87E-05 5.34E-09 3.20E-09 0.00E+00 5.60E-06 5.66E-04 5.71E-04 3.46E-05 1.15E-06
Future abor/resi Toddler 3-methylcholanthrene 4.45E-07 6.70E-06 3.51E-11 2.59E-06 1.65E-08 7.74E-08 8.31E-07 7.39E-09 1.23E-05 6.94E-04 6.89E-08 2.74E-07 3.44E-05 2.39E-08 1.44E-08 0.00E+00 6.70E-06 7.45E-04 7.51E-04 4.55E-05 1.52E-06
Baseline abor/resi Adolescent 7,12-dimethylbenz(a)anthra 1.99E-07 1.26E-04 1.18E-10 2.51E-04 1.01E-07 1.64E-05 2.05E-06 2.53E-08 2.77E-04 1.14E-03 4.23E-07 2.77E-06 4.31E-04 1.04E-07 9.32E-08 0.00E+00 1.26E-04 2.12E-03 2.24E-03 3.76E-05 2.69E-02
Application abor/resi Adolescent 7,12-dimethylbenz(a)anthra 2.02E-07 2.09E-04 1.20E-10 2.55E-04 1.02E-07 1.67E-05 2.08E-06 2.57E-08 4.60E-04 1.27E-03 4.23E-07 2.78E-06 7.15E-04 1.05E-07 9.46E-08 0.00E+00 2.09E-04 2.72E-03 2.93E-03 4.91E-05 3.51E-02
PDC abor/resi Adolescent 7,12-dimethylbenz(a)anthra 2.07E-07 2.25E-04 1.23E-10 2.61E-04 1.05E-07 1.71E-05 2.13E-06 2.63E-08 4.96E-04 1.30E-03 4.25E-07 2.79E-06 7.71E-04 1.08E-07 9.69E-08 0.00E+00 2.25E-04 2.85E-03 3.08E-03 5.15E-05 3.68E-02
Project Alone abor/resi Adolescent 7,12-dimethylbenz(a)anthra 4.54E-09 8.31E-05 2.69E-12 5.72E-06 2.30E-09 3.74E-07 4.68E-08 5.77E-10 1.83E-04 1.58E-04 1.18E-08 7.72E-08 2.84E-04 2.36E-09 2.13E-09 0.00E+00 8.31E-05 6.31E-04 7.14E-04 1.20E-05 8.55E-03
Future abor/resi Adolescent 7,12-dimethylbenz(a)anthra 2.00E-08 9.94E-05 1.19E-11 2.52E-05 1.01E-08 1.65E-06 2.06E-07 2.54E-09 2.19E-04 2.69E-04 5.01E-08 3.29E-07 3.40E-04 1.04E-08 9.36E-09 0.00E+00 9.94E-05 8.55E-04 9.54E-04 1.60E-05 1.14E-02
Baseline abor/resi Adult 7,12-dimethylbenz(a)anthra 1.99E-07 1.89E-04 1.26E-10 2.86E-04 8.33E-08 1.64E-05 1.70E-06 2.53E-08 2.77E-04 1.75E-03 6.52E-07 4.28E-06 4.91E-04 1.15E-07 1.06E-07 0.00E+00 1.89E-04 2.83E-03 3.02E-03 4.27E-05 3.05E-02
Application abor/resi Adult 7,12-dimethylbenz(a)anthra 2.02E-07 3.13E-04 1.28E-10 2.91E-04 8.46E-08 1.67E-05 1.73E-06 2.57E-08 4.60E-04 1.96E-03 6.53E-07 4.29E-06 8.15E-04 1.17E-07 1.08E-07 0.00E+00 3.13E-04 3.55E-03 3.86E-03 5.46E-05 3.90E-02
PDC abor/resi Adult 7,12-dimethylbenz(a)anthra 2.07E-07 3.38E-04 1.31E-10 2.98E-04 8.66E-08 1.71E-05 1.77E-06 2.63E-08 4.96E-04 2.00E-03 6.55E-07 4.30E-06 8.78E-04 1.20E-07 1.11E-07 0.00E+00 3.38E-04 3.70E-03 4.04E-03 5.71E-05 4.08E-02
Project Alone abor/resi Adult 7,12-dimethylbenz(a)anthra 4.54E-09 1.25E-04 2.87E-12 6.53E-06 1.90E-09 3.74E-07 3.88E-08 5.77E-10 1.83E-04 2.43E-04 1.81E-08 1.19E-07 3.24E-04 2.63E-09 2.43E-09 0.00E+00 1.25E-04 7.57E-04 8.82E-04 1.25E-05 8.91E-03
Future abor/resi Adult 7,12-dimethylbenz(a)anthra 2.00E-08 1.49E-04 1.26E-11 2.88E-05 8.36E-09 1.65E-06 1.71E-07 2.54E-09 2.19E-04 4.15E-04 7.74E-08 5.08E-07 3.88E-04 1.16E-08 1.07E-08 0.00E+00 1.49E-04 1.05E-03 1.20E-03 1.70E-05 1.21E-02
Baseline abor/resi Child 7,12-dimethylbenz(a)anthra 1.99E-07 1.01E-04 1.10E-10 2.05E-04 1.22E-07 5.47E-06 1.45E-06 8.43E-09 2.28E-04 8.13E-04 3.02E-07 1.98E-06 2.83E-04 7.64E-08 5.89E-08 0.00E+00 1.01E-04 1.54E-03 1.64E-03 4.98E-05 3.56E-02
Application abor/resi Child 7,12-dimethylbenz(a)anthra 2.02E-07 1.67E-04 1.11E-10 2.08E-04 1.24E-07 5.55E-06 1.48E-06 8.56E-09 3.79E-04 9.08E-04 3.02E-07 1.99E-06 4.70E-04 7.76E-08 5.98E-08 0.00E+00 1.67E-04 1.98E-03 2.14E-03 6.51E-05 4.65E-02
PDC abor/resi Child 7,12-dimethylbenz(a)anthra 2.07E-07 1.80E-04 1.14E-10 2.13E-04 1.27E-07 5.69E-06 1.51E-06 8.77E-09 4.09E-04 9.29E-04 3.03E-07 1.99E-06 5.07E-04 7.94E-08 6.12E-08 0.00E+00 1.80E-04 2.07E-03 2.25E-03 6.83E-05 4.88E-02
Project Alone abor/resi Child 7,12-dimethylbenz(a)anthra 4.54E-09 6.65E-05 2.50E-12 4.67E-06 2.79E-09 1.25E-07 3.32E-08 1.92E-10 1.51E-04 1.13E-04 8.40E-09 5.51E-08 1.87E-04 1.74E-09 1.34E-09 0.00E+00 6.65E-05 4.55E-04 5.22E-04 1.59E-05 1.13E-02
Future abor/resi Child 7,12-dimethylbenz(a)anthra 2.00E-08 7.95E-05 1.10E-11 2.06E-05 1.23E-08 5.49E-07 1.46E-07 8.47E-10 1.80E-04 1.92E-04 3.58E-08 2.35E-07 2.24E-04 7.67E-09 5.91E-09 0.00E+00 7.95E-05 6.18E-04 6.97E-04 2.12E-05 1.51E-02
Baseline abor/resi Infant 7,12-dimethylbenz(a)anthra 1.99E-07 3.78E-05 1.66E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.01E-04 4.14E-08 1.89E-08 8.38E-04 3.78E-05 9.39E-04 9.77E-04 1.19E-04 8.51E-02
Application abor/resi Infant 7,12-dimethylbenz(a)anthra 2.02E-07 6.27E-05 1.69E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.67E-04 4.21E-08 1.92E-08 1.07E-03 6.27E-05 1.24E-03 1.30E-03 1.59E-04 1.13E-01
PDC abor/resi Infant 7,12-dimethylbenz(a)anthra 2.07E-07 6.76E-05 1.73E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.80E-04 4.31E-08 1.97E-08 1.12E-03 6.76E-05 1.30E-03 1.37E-03 1.67E-04 1.19E-01
Project Alone abor/resi Infant 7,12-dimethylbenz(a)anthra 4.54E-09 2.49E-05 3.80E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.64E-05 9.45E-10 4.31E-10 2.45E-04 2.49E-05 3.11E-04 3.36E-04 4.10E-05 2.93E-02
Future abor/resi Infant 7,12-dimethylbenz(a)anthra 2.00E-08 2.98E-05 1.67E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.94E-05 4.16E-09 1.90E-09 3.33E-04 2.98E-05 4.13E-04 4.43E-04 5.40E-05 3.85E-02
Baseline abor/resi Toddler 7,12-dimethylbenz(a)anthra 7.96E-07 7.55E-05 6.28E-11 1.40E-04 6.94E-08 5.47E-06 9.49E-07 8.43E-09 1.38E-04 5.56E-04 2.05E-07 1.35E-06 1.72E-04 5.57E-08 3.34E-08 0.00E+00 7.55E-05 1.02E-03 1.09E-03 6.61E-05 4.72E-02
Application abor/resi Toddler 7,12-dimethylbenz(a)anthra 8.09E-07 1.25E-04 6.38E-11 1.42E-04 7.04E-08 5.55E-06 9.63E-07 8.56E-09 2.30E-04 6.21E-04 2.06E-07 1.35E-06 2.85E-04 5.65E-08 3.39E-08 0.00E+00 1.25E-04 1.29E-03 1.41E-03 8.57E-05 6.12E-02
PDC abor/resi Toddler 7,12-dimethylbenz(a)anthra 8.28E-07 1.35E-04 6.53E-11 1.46E-04 7.21E-08 5.69E-06 9.87E-07 8.77E-09 2.48E-04 6.36E-04 2.06E-07 1.35E-06 3.08E-04 5.79E-08 3.47E-08 0.00E+00 1.35E-04 1.35E-03 1.48E-03 8.98E-05 6.41E-02
Project Alone abor/resi Toddler 7,12-dimethylbenz(a)anthra 1.82E-08 4.99E-05 1.43E-12 3.20E-06 1.58E-09 1.25E-07 2.16E-08 1.92E-10 9.14E-05 7.71E-05 5.71E-09 3.75E-08 1.13E-04 1.27E-09 7.62E-10 0.00E+00 4.99E-05 2.85E-04 3.35E-04 2.03E-05 1.45E-02
Future abor/resi Toddler 7,12-dimethylbenz(a)anthra 8.00E-08 5.96E-05 6.31E-12 1.41E-05 6.96E-09 5.49E-07 9.53E-08 8.47E-10 1.09E-04 1.31E-04 2.44E-08 1.60E-07 1.36E-04 5.59E-09 3.35E-09 0.00E+00 5.96E-05 3.91E-04 4.51E-04 2.73E-05 1.95E-02
Baseline abor/resi Adolescent anthracene 2.29E-07 7.31E-05 1.36E-10 6.72E-06 1.30E-06 4.79E-07 5.88E-06 7.25E-08 1.61E-04 1.39E-04 1.17E-08 6.70E-08 4.34E-05 1.35E-07 1.22E-07 0.00E+00 7.31E-05 3.59E-04 4.32E-04 7.24E-06 2.41E-08
Application abor/resi Adolescent anthracene 2.29E-07 7.63E-05 1.36E-10 6.72E-06 1.30E-06 4.79E-07 5.88E-06 7.25E-08 1.68E-04 1.45E-04 1.17E-08 6.70E-08 4.53E-05 1.35E-07 1.22E-07 0.00E+00 7.63E-05 3.73E-04 4.49E-04 7.52E-06 2.51E-08
PDC abor/resi Adolescent anthracene 3.23E-07 1.02E-04 1.91E-10 9.49E-06 1.84E-06 6.77E-07 8.30E-06 1.02E-07 2.24E-04 1.96E-04 1.70E-08 9.78E-08 6.06E-05 1.91E-07 1.72E-07 0.00E+00 1.02E-04 5.02E-04 6.04E-04 1.01E-05 3.37E-08
Project Alone abor/resi Adolescent anthracene 1.82E-10 3.18E-06 1.08E-13 5.34E-09 1.04E-09 3.81E-10 4.67E-09 5.76E-11 7.00E-06 5.08E-06 7.01E-12 4.13E-11 1.89E-06 1.07E-10 9.67E-11 0.00E+00 3.18E-06 1.40E-05 1.72E-05 2.87E-07 9.58E-10
Future abor/resi Adolescent anthracene 9.41E-08 2.89E-05 5.58E-11 2.77E-06 5.37E-07 1.97E-07 2.42E-06 2.99E-08 6.35E-05 5.66E-05 5.37E-09 3.08E-08 1.71E-05 5.57E-08 5.02E-08 0.00E+00 2.89E-05 1.43E-04 1.72E-04 2.89E-06 9.62E-09
Baseline abor/resi Adult anthracene 2.29E-07 1.10E-04 1.44E-10 7.67E-06 1.08E-06 4.79E-07 4.87E-06 7.25E-08 1.61E-04 2.15E-04 1.80E-08 1.03E-07 4.94E-05 1.51E-07 1.39E-07 0.00E+00 1.10E-04 4.40E-04 5.50E-04 7.78E-06 2.59E-08
Application abor/resi Adult anthracene 2.29E-07 1.14E-04 1.44E-10 7.67E-06 1.08E-06 4.79E-07 4.87E-06 7.25E-08 1.68E-04 2.23E-04 1.80E-08 1.03E-07 5.16E-05 1.51E-07 1.39E-07 0.00E+00 1.14E-04 4.57E-04 5.72E-04 8.09E-06 2.70E-08
PDC abor/resi Adult anthracene 3.23E-07 1.53E-04 2.04E-10 1.08E-05 1.52E-06 6.77E-07 6.87E-06 1.02E-07 2.24E-04 3.02E-04 2.63E-08 1.51E-07 6.90E-05 2.13E-07 1.96E-07 0.00E+00 1.53E-04 6.16E-04 7.69E-04 1.09E-05 3.63E-08
Project Alone abor/resi Adult anthracene 1.82E-10 4.77E-06 1.14E-13 6.09E-09 8.56E-10 3.81E-10 3.86E-09 5.76E-11 7.00E-06 7.83E-06 1.08E-11 6.37E-11 2.15E-06 1.20E-10 1.10E-10 0.00E+00 4.77E-06 1.70E-05 2.18E-05 3.08E-07 1.03E-09
Future abor/resi Adult anthracene 9.41E-08 4.33E-05 5.94E-11 3.16E-06 4.44E-07 1.97E-07 2.00E-06 2.99E-08 6.35E-05 8.72E-05 8.29E-09 4.76E-08 1.95E-05 6.20E-08 5.73E-08 0.00E+00 4.33E-05 1.76E-04 2.20E-04 3.11E-06 1.04E-08
Baseline abor/resi Child anthracene 2.29E-07 5.85E-05 1.26E-10 5.49E-06 1.58E-06 1.60E-07 4.17E-06 2.42E-08 1.33E-04 9.96E-05 8.34E-09 4.79E-08 2.91E-05 9.98E-08 7.70E-08 0.00E+00 5.85E-05 2.73E-04 3.32E-04 1.01E-05 3.36E-08
Application abor/resi Child anthracene 2.29E-07 6.11E-05 1.26E-10 5.49E-06 1.58E-06 1.60E-07 4.17E-06 2.42E-08 1.39E-04 1.03E-04 8.34E-09 4.79E-08 3.04E-05 9.98E-08 7.70E-08 0.00E+00 6.11E-05 2.84E-04 3.45E-04 1.05E-05 3.50E-08
PDC abor/resi Child anthracene 3.23E-07 8.16E-05 1.78E-10 7.75E-06 2.24E-06 2.26E-07 5.89E-06 3.41E-08 1.85E-04 1.40E-04 1.22E-08 6.99E-08 4.06E-05 1.41E-07 1.09E-07 0.00E+00 8.16E-05 3.83E-04 4.64E-04 1.41E-05 4.70E-08
Project Alone abor/resi Child anthracene 1.82E-10 2.54E-06 1.00E-13 4.36E-09 1.26E-09 1.27E-10 3.31E-09 1.92E-11 5.77E-06 3.63E-06 5.01E-12 2.95E-11 1.27E-06 7.92E-11 6.11E-11 0.00E+00 2.54E-06 1.07E-05 1.32E-05 4.02E-07 1.34E-09
Future abor/resi Child anthracene 9.41E-08 2.31E-05 5.19E-11 2.26E-06 6.52E-07 6.58E-08 1.72E-06 9.95E-09 5.24E-05 4.04E-05 3.84E-09 2.20E-08 1.15E-05 4.11E-08 3.17E-08 0.00E+00 2.31E-05 1.09E-04 1.32E-04 4.02E-06 1.34E-08
Baseline abor/resi Infant anthracene 2.29E-07 2.19E-05 1.91E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.01E-05 5.41E-08 2.47E-08 2.31E-06 2.19E-05 1.27E-05 3.46E-05 4.22E-06 1.41E-08
Application abor/resi Infant anthracene 2.29E-07 2.29E-05 1.91E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.05E-05 5.41E-08 2.47E-08 2.40E-06 2.29E-05 1.32E-05 3.61E-05 4.40E-06 1.47E-08
PDC abor/resi Infant anthracene 3.23E-07 3.06E-05 2.70E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.40E-05 7.64E-08 3.49E-08 3.23E-06 3.06E-05 1.77E-05 4.83E-05 5.89E-06 1.96E-08
Project Alone abor/resi Infant anthracene 1.82E-10 9.54E-07 1.52E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.37E-07 4.30E-11 1.96E-11 9.14E-08 9.54E-07 5.29E-07 1.48E-06 1.81E-07 6.03E-10
Future abor/resi Infant anthracene 9.41E-08 8.66E-06 7.87E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.97E-06 2.23E-08 1.02E-08 9.22E-07 8.66E-06 5.02E-06 1.37E-05 1.67E-06 5.56E-09

Table B-8  Summary of Predicted Human Exposures for Each Lifestyle Category, Scenario and Chemical



Soil
Drinking 
Water Dust Plant Berries Lab_tea Root Cattail Fish Moose Ruffed_Grouse Snowshoe_Hare Swim: Derm+Ing Dermal Dermal Breast Milk Water Food&Dermal Total Total RQ

SIR WIR AIR Plant Berries Lab_tea Root Cattail Fish Moose Ruffed_Grouse Snowshoe_Hare Surface Water Hands Other Breast Milk EDI EDI EDI EDI
ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/kg-BW/day Unitless

Table B-8  Summary of Predicted Human Exposures for Each Lifestyle Category, Scenario and Chemical

Baseline abor/resi Toddler anthracene 9.15E-07 4.39E-05 7.21E-11 3.75E-06 8.98E-07 1.60E-07 2.72E-06 2.42E-08 8.05E-05 6.82E-05 5.67E-09 3.25E-08 1.80E-05 7.28E-08 4.37E-08 0.00E+00 4.39E-05 1.75E-04 2.19E-04 1.33E-05 4.43E-08
Application abor/resi Toddler anthracene 9.15E-07 4.58E-05 7.21E-11 3.75E-06 8.98E-07 1.60E-07 2.72E-06 2.42E-08 8.40E-05 7.06E-05 5.67E-09 3.25E-08 1.87E-05 7.28E-08 4.37E-08 0.00E+00 4.58E-05 1.82E-04 2.28E-04 1.38E-05 4.60E-08
PDC abor/resi Toddler anthracene 1.29E-06 6.12E-05 1.02E-10 5.30E-06 1.27E-06 2.26E-07 3.84E-06 3.41E-08 1.12E-04 9.58E-05 8.28E-09 4.75E-08 2.50E-05 1.03E-07 6.16E-08 0.00E+00 6.12E-05 2.45E-04 3.06E-04 1.86E-05 6.19E-08
Project Alone abor/resi Toddler anthracene 7.26E-10 1.91E-06 5.72E-14 2.98E-09 7.13E-10 1.27E-10 2.16E-09 1.92E-11 3.50E-06 2.48E-06 3.41E-12 2.01E-11 7.81E-07 5.78E-11 3.47E-11 0.00E+00 1.91E-06 6.77E-06 8.68E-06 5.26E-07 1.75E-09
Future abor/resi Toddler anthracene 3.77E-07 1.73E-05 2.97E-11 1.55E-06 3.70E-07 6.58E-08 1.12E-06 9.95E-09 3.18E-05 2.76E-05 2.61E-09 1.50E-08 7.09E-06 3.00E-08 1.80E-08 0.00E+00 1.73E-05 7.00E-05 8.74E-05 5.29E-06 1.76E-08
Baseline abor/resi Adolescent benz(a)anthracene 6.45E-06 1.32E-04 3.82E-09 7.09E-04 7.45E-06 5.06E-05 1.04E-04 1.28E-06 2.90E-04 3.51E-03 1.43E-06 9.64E-06 2.52E-04 3.82E-06 3.44E-06 0.00E+00 1.32E-04 4.95E-03 5.08E-03 8.51E-05 6.08E-02
Application abor/resi Adolescent benz(a)anthracene 6.45E-06 1.39E-04 3.82E-09 7.10E-04 7.45E-06 5.06E-05 1.04E-04 1.28E-06 3.06E-04 3.53E-03 1.43E-06 9.64E-06 2.66E-04 3.82E-06 3.44E-06 0.00E+00 1.39E-04 5.00E-03 5.13E-03 8.60E-05 6.14E-02
PDC abor/resi Adolescent benz(a)anthracene 9.10E-06 1.84E-04 5.39E-09 1.00E-03 1.05E-05 7.14E-05 1.47E-04 1.81E-06 4.06E-04 5.11E-03 2.09E-06 1.41E-05 3.53E-04 5.39E-06 4.85E-06 0.00E+00 1.84E-04 7.14E-03 7.33E-03 1.23E-04 8.76E-02
Project Alone abor/resi Adolescent benz(a)anthracene 6.67E-09 7.30E-06 3.95E-12 7.33E-07 7.70E-09 5.23E-08 1.08E-07 1.33E-09 1.61E-05 1.61E-05 1.03E-09 6.91E-09 1.40E-05 3.95E-09 3.55E-09 0.00E+00 7.30E-06 4.70E-05 5.43E-05 9.10E-07 6.50E-04
Future abor/resi Adolescent benz(a)anthracene 2.65E-06 5.28E-05 1.57E-09 2.92E-04 3.06E-06 2.08E-05 4.28E-05 5.28E-07 1.16E-04 1.60E-03 6.59E-07 4.44E-06 1.01E-04 1.57E-06 1.41E-06 0.00E+00 5.28E-05 2.19E-03 2.24E-03 3.76E-05 2.68E-02
Baseline abor/resi Adult benz(a)anthracene 6.45E-06 1.97E-04 4.07E-09 8.10E-04 6.15E-06 5.06E-05 8.62E-05 1.28E-06 2.90E-04 5.41E-03 2.21E-06 1.49E-05 2.87E-04 4.25E-06 3.92E-06 0.00E+00 1.97E-04 6.98E-03 7.17E-03 1.01E-04 7.25E-02
Application abor/resi Adult benz(a)anthracene 6.45E-06 2.08E-04 4.07E-09 8.10E-04 6.16E-06 5.06E-05 8.62E-05 1.28E-06 3.06E-04 5.44E-03 2.21E-06 1.49E-05 3.03E-04 4.25E-06 3.92E-06 0.00E+00 2.08E-04 7.03E-03 7.24E-03 1.02E-04 7.31E-02
PDC abor/resi Adult benz(a)anthracene 9.10E-06 2.77E-04 5.74E-09 1.14E-03 8.69E-06 7.14E-05 1.22E-04 1.81E-06 4.06E-04 7.88E-03 3.22E-06 2.17E-05 4.03E-04 5.99E-06 5.54E-06 0.00E+00 2.77E-04 1.01E-02 1.04E-02 1.47E-04 1.05E-01
Project Alone abor/resi Adult benz(a)anthracene 6.67E-09 1.09E-05 4.21E-12 8.37E-07 6.36E-09 5.23E-08 8.91E-08 1.33E-09 1.61E-05 2.48E-05 1.58E-09 1.07E-08 1.59E-05 4.39E-09 4.06E-09 0.00E+00 1.09E-05 5.78E-05 6.87E-05 9.72E-07 6.94E-04
Future abor/resi Adult benz(a)anthracene 2.65E-06 7.92E-05 1.67E-09 3.33E-04 2.53E-06 2.08E-05 3.54E-05 5.28E-07 1.16E-04 2.47E-03 1.02E-06 6.85E-06 1.15E-04 1.75E-06 1.61E-06 0.00E+00 7.92E-05 3.11E-03 3.19E-03 4.51E-05 3.22E-02
Baseline abor/resi Child benz(a)anthracene 6.45E-06 1.05E-04 3.55E-09 5.79E-04 9.05E-06 1.69E-05 7.38E-05 4.28E-07 2.39E-04 2.51E-03 1.02E-06 6.89E-06 1.66E-04 2.82E-06 2.17E-06 0.00E+00 1.05E-04 3.61E-03 3.72E-03 1.13E-04 8.07E-02
Application abor/resi Child benz(a)anthracene 6.45E-06 1.11E-04 3.56E-09 5.80E-04 9.05E-06 1.69E-05 7.39E-05 4.28E-07 2.52E-04 2.52E-03 1.02E-06 6.89E-06 1.76E-04 2.82E-06 2.17E-06 0.00E+00 1.11E-04 3.65E-03 3.76E-03 1.14E-04 8.16E-02
PDC abor/resi Child benz(a)anthracene 9.10E-06 1.48E-04 5.01E-09 8.17E-04 1.28E-05 2.38E-05 1.04E-04 6.04E-07 3.35E-04 3.65E-03 1.49E-06 1.01E-05 2.33E-04 3.97E-06 3.06E-06 0.00E+00 1.48E-04 5.21E-03 5.36E-03 1.63E-04 1.16E-01
Project Alone abor/resi Child benz(a)anthracene 6.67E-09 5.84E-06 3.67E-12 5.99E-07 9.35E-09 1.74E-08 7.63E-08 4.42E-10 1.32E-05 1.15E-05 7.32E-10 4.93E-09 9.23E-06 2.91E-09 2.24E-09 0.00E+00 5.84E-06 3.47E-05 4.05E-05 1.23E-06 8.80E-04
Future abor/resi Child benz(a)anthracene 2.65E-06 4.22E-05 1.46E-09 2.38E-04 3.72E-06 6.94E-06 3.04E-05 1.76E-07 9.58E-05 1.14E-03 4.71E-07 3.17E-06 6.68E-05 1.16E-06 8.93E-07 0.00E+00 4.22E-05 1.59E-03 1.64E-03 4.98E-05 3.55E-02
Baseline abor/resi Infant benz(a)anthracene 6.45E-06 3.95E-05 5.39E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.88E-05 1.53E-06 6.97E-07 4.77E-04 3.95E-05 5.45E-04 5.84E-04 7.13E-05 5.09E-02
Application abor/resi Infant benz(a)anthracene 6.45E-06 4.17E-05 5.39E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.21E-05 1.53E-06 6.97E-07 4.82E-04 4.17E-05 5.53E-04 5.94E-04 7.25E-05 5.18E-02
PDC abor/resi Infant benz(a)anthracene 9.10E-06 5.53E-05 7.61E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.24E-05 2.16E-06 9.83E-07 6.90E-04 5.53E-05 7.84E-04 8.40E-04 1.02E-04 7.31E-02
Project Alone abor/resi Infant benz(a)anthracene 6.67E-09 2.19E-06 5.57E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.26E-06 1.58E-09 7.20E-10 4.57E-06 2.19E-06 7.85E-06 1.00E-05 1.22E-06 8.74E-04
Future abor/resi Infant benz(a)anthracene 2.65E-06 1.58E-05 2.22E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.36E-05 6.28E-07 2.86E-07 2.12E-04 1.58E-05 2.39E-04 2.55E-04 3.11E-05 2.22E-02
Baseline abor/resi Toddler benz(a)anthracene 2.58E-05 7.90E-05 2.03E-09 3.96E-04 5.13E-06 1.69E-05 4.81E-05 4.28E-07 1.45E-04 1.72E-03 6.95E-07 4.68E-06 1.01E-04 2.05E-06 1.23E-06 0.00E+00 7.90E-05 2.46E-03 2.54E-03 1.54E-04 1.10E-01
Application abor/resi Toddler benz(a)anthracene 2.58E-05 8.34E-05 2.03E-09 3.96E-04 5.13E-06 1.69E-05 4.82E-05 4.28E-07 1.53E-04 1.72E-03 6.95E-07 4.68E-06 1.07E-04 2.05E-06 1.23E-06 0.00E+00 8.34E-05 2.48E-03 2.57E-03 1.56E-04 1.11E-01
PDC abor/resi Toddler benz(a)anthracene 3.64E-05 1.11E-04 2.87E-09 5.59E-04 7.23E-06 2.38E-05 6.79E-05 6.04E-07 2.03E-04 2.50E-03 1.02E-06 6.84E-06 1.42E-04 2.90E-06 1.74E-06 0.00E+00 1.11E-04 3.55E-03 3.66E-03 2.22E-04 1.59E-01
Project Alone abor/resi Toddler benz(a)anthracene 2.67E-08 4.38E-06 2.10E-12 4.09E-07 5.30E-09 1.74E-08 4.98E-08 4.42E-10 8.03E-06 7.85E-06 4.98E-10 3.35E-09 5.62E-06 2.12E-09 1.27E-09 0.00E+00 4.38E-06 2.20E-05 2.64E-05 1.60E-06 1.14E-03
Future abor/resi Toddler benz(a)anthracene 1.06E-05 3.17E-05 8.36E-10 1.63E-04 2.11E-06 6.94E-06 1.98E-05 1.76E-07 5.81E-05 7.83E-04 3.20E-07 2.16E-06 4.06E-05 8.44E-07 5.06E-07 0.00E+00 3.17E-05 1.09E-03 1.12E-03 6.79E-05 4.85E-02
Baseline abor/resi Adolescent benzo(a)pyrene 2.48E-06 3.52E-05 1.47E-09 2.40E-04 1.93E-06 1.64E-05 2.56E-05 3.16E-07 7.75E-05 1.23E-03 5.14E-07 3.46E-06 7.81E-05 1.47E-06 1.32E-06 0.00E+00 3.52E-05 1.68E-03 1.72E-03 2.88E-05 2.06E-02
Application abor/resi Adolescent benzo(a)pyrene 2.48E-06 4.01E-05 1.47E-09 2.40E-04 1.93E-06 1.64E-05 2.56E-05 3.16E-07 8.82E-05 1.24E-03 5.14E-07 3.46E-06 8.88E-05 1.47E-06 1.32E-06 0.00E+00 4.01E-05 1.71E-03 1.75E-03 2.94E-05 2.10E-02
PDC abor/resi Adolescent benzo(a)pyrene 3.47E-06 5.11E-05 2.06E-09 3.36E-04 2.69E-06 2.29E-05 3.58E-05 4.41E-07 1.12E-04 1.80E-03 7.50E-07 5.05E-06 1.13E-04 2.06E-06 1.85E-06 0.00E+00 5.11E-05 2.44E-03 2.49E-03 4.17E-05 2.98E-02
Project Alone abor/resi Adolescent benzo(a)pyrene 7.57E-09 4.84E-06 4.49E-12 7.33E-07 5.87E-09 4.99E-08 7.80E-08 9.62E-10 1.06E-05 1.11E-05 1.10E-09 7.39E-09 1.07E-05 4.48E-09 4.04E-09 0.00E+00 4.84E-06 3.33E-05 3.81E-05 6.39E-07 4.56E-04
Future abor/resi Adolescent benzo(a)pyrene 9.91E-07 1.59E-05 5.87E-10 9.58E-05 7.68E-07 6.52E-06 1.02E-05 1.26E-07 3.49E-05 5.66E-04 2.36E-07 1.59E-06 3.52E-05 5.86E-07 5.28E-07 0.00E+00 1.59E-05 7.54E-04 7.70E-04 1.29E-05 9.21E-03
Baseline abor/resi Adult benzo(a)pyrene 2.48E-06 5.29E-05 1.57E-09 2.74E-04 1.59E-06 1.64E-05 2.12E-05 3.16E-07 7.75E-05 1.90E-03 7.93E-07 5.34E-06 8.90E-05 1.64E-06 1.51E-06 0.00E+00 5.29E-05 2.39E-03 2.45E-03 3.46E-05 2.47E-02
Application abor/resi Adult benzo(a)pyrene 2.48E-06 6.01E-05 1.57E-09 2.74E-04 1.59E-06 1.64E-05 2.12E-05 3.16E-07 8.82E-05 1.91E-03 7.93E-07 5.34E-06 1.01E-04 1.64E-06 1.51E-06 0.00E+00 6.01E-05 2.43E-03 2.49E-03 3.52E-05 2.52E-02
PDC abor/resi Adult benzo(a)pyrene 3.47E-06 7.67E-05 2.19E-09 3.84E-04 2.22E-06 2.29E-05 2.96E-05 4.41E-07 1.12E-04 2.77E-03 1.16E-06 7.79E-06 1.29E-04 2.29E-06 2.11E-06 0.00E+00 7.67E-05 3.47E-03 3.55E-03 5.02E-05 3.58E-02
Project Alone abor/resi Adult benzo(a)pyrene 7.57E-09 7.25E-06 4.78E-12 8.37E-07 4.85E-09 4.99E-08 6.46E-08 9.62E-10 1.06E-05 1.70E-05 1.69E-09 1.14E-08 1.22E-05 4.99E-09 4.61E-09 0.00E+00 7.25E-06 4.09E-05 4.81E-05 6.81E-07 4.86E-04
Future abor/resi Adult benzo(a)pyrene 9.91E-07 2.38E-05 6.25E-10 1.09E-04 6.34E-07 6.52E-06 8.45E-06 1.26E-07 3.49E-05 8.73E-04 3.64E-07 2.45E-06 4.01E-05 6.52E-07 6.03E-07 0.00E+00 2.38E-05 1.08E-03 1.10E-03 1.56E-05 1.11E-02
Baseline abor/resi Child benzo(a)pyrene 2.48E-06 2.82E-05 1.37E-09 1.96E-04 2.34E-06 5.45E-06 1.81E-05 1.05E-07 6.40E-05 8.81E-04 3.67E-07 2.47E-06 5.15E-05 1.08E-06 8.36E-07 0.00E+00 2.82E-05 1.23E-03 1.25E-03 3.81E-05 2.72E-02
Application abor/resi Child benzo(a)pyrene 2.48E-06 3.21E-05 1.37E-09 1.96E-04 2.34E-06 5.45E-06 1.82E-05 1.05E-07 7.27E-05 8.87E-04 3.67E-07 2.47E-06 5.86E-05 1.08E-06 8.37E-07 0.00E+00 3.21E-05 1.25E-03 1.28E-03 3.89E-05 2.78E-02
PDC abor/resi Child benzo(a)pyrene 3.47E-06 4.09E-05 1.91E-09 2.75E-04 3.27E-06 7.63E-06 2.54E-05 1.47E-07 9.28E-05 1.29E-03 5.35E-07 3.60E-06 7.47E-05 1.52E-06 1.17E-06 0.00E+00 4.09E-05 1.77E-03 1.82E-03 5.52E-05 3.94E-02
Project Alone abor/resi Child benzo(a)pyrene 7.57E-09 3.87E-06 4.17E-12 5.98E-07 7.13E-09 1.66E-08 5.53E-08 3.21E-10 8.78E-06 7.90E-06 7.84E-10 5.28E-09 7.07E-06 3.31E-09 2.55E-09 0.00E+00 3.87E-06 2.44E-05 2.83E-05 8.61E-07 6.15E-04
Future abor/resi Child benzo(a)pyrene 9.91E-07 1.27E-05 5.46E-10 7.83E-05 9.32E-07 2.17E-06 7.24E-06 4.20E-08 2.88E-05 4.04E-04 1.69E-07 1.13E-06 2.32E-05 4.32E-07 3.34E-07 0.00E+00 1.27E-05 5.48E-04 5.61E-04 1.70E-05 1.22E-02
Baseline abor/resi Infant benzo(a)pyrene 2.48E-06 1.06E-05 2.08E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.82E-05 5.88E-07 2.68E-07 3.25E-04 1.06E-05 3.46E-04 3.57E-04 4.35E-05 3.11E-02
Application abor/resi Infant benzo(a)pyrene 2.48E-06 1.20E-05 2.08E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.07E-05 5.88E-07 2.68E-07 3.31E-04 1.20E-05 3.55E-04 3.67E-04 4.47E-05 3.19E-02
PDC abor/resi Infant benzo(a)pyrene 3.47E-06 1.53E-05 2.90E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.64E-05 8.23E-07 3.75E-07 4.71E-04 1.53E-05 5.02E-04 5.18E-04 6.31E-05 4.51E-02
Project Alone abor/resi Infant benzo(a)pyrene 7.57E-09 1.45E-06 6.33E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.50E-06 1.79E-09 8.18E-10 6.39E-06 1.45E-06 8.91E-06 1.04E-05 1.26E-06 9.02E-04
Future abor/resi Infant benzo(a)pyrene 9.91E-07 4.76E-06 8.28E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.21E-06 2.35E-07 1.07E-07 1.46E-04 4.76E-06 1.56E-04 1.61E-04 1.96E-05 1.40E-02
Baseline abor/resi Toddler benzo(a)pyrene 9.94E-06 2.11E-05 7.83E-10 1.34E-04 1.32E-06 5.45E-06 1.18E-05 1.05E-07 3.88E-05 6.03E-04 2.49E-07 1.68E-06 3.13E-05 7.90E-07 4.74E-07 0.00E+00 2.11E-05 8.39E-04 8.60E-04 5.21E-05 3.72E-02
Application abor/resi Toddler benzo(a)pyrene 9.94E-06 2.40E-05 7.84E-10 1.34E-04 1.32E-06 5.45E-06 1.18E-05 1.05E-07 4.41E-05 6.07E-04 2.49E-07 1.68E-06 3.56E-05 7.91E-07 4.74E-07 0.00E+00 2.40E-05 8.53E-04 8.77E-04 5.31E-05 3.80E-02
PDC abor/resi Toddler benzo(a)pyrene 1.39E-05 3.07E-05 1.10E-09 1.88E-04 1.85E-06 7.63E-06 1.66E-05 1.47E-07 5.62E-05 8.80E-04 3.64E-07 2.45E-06 4.54E-05 1.11E-06 6.63E-07 0.00E+00 3.07E-05 1.21E-03 1.24E-03 7.54E-05 5.39E-02
Project Alone abor/resi Toddler benzo(a)pyrene 3.03E-08 2.90E-06 2.39E-12 4.09E-07 4.04E-09 1.66E-08 3.61E-08 3.21E-10 5.32E-06 5.41E-06 5.33E-10 3.59E-09 4.30E-06 2.41E-09 1.45E-09 0.00E+00 2.90E-06 1.55E-05 1.84E-05 1.12E-06 7.98E-04
Future abor/resi Toddler benzo(a)pyrene 3.96E-06 9.53E-06 3.12E-10 5.35E-05 5.28E-07 2.17E-06 4.72E-06 4.20E-08 1.75E-05 2.77E-04 1.15E-07 7.72E-07 1.41E-05 3.15E-07 1.89E-07 0.00E+00 9.53E-06 3.75E-04 3.84E-04 2.33E-05 1.66E-02
Baseline abor/resi Adolescent benzo(b)fluoranthene 9.53E-07 1.25E-04 5.65E-10 4.53E-05 6.46E-07 3.11E-06 1.86E-04 2.30E-06 2.75E-04 4.30E-04 9.96E-08 6.37E-07 3.22E-04 5.64E-07 5.07E-07 0.00E+00 1.25E-04 1.27E-03 1.39E-03 2.33E-05 1.67E-02
Application abor/resi Adolescent benzo(b)fluoranthene 9.53E-07 1.32E-04 5.65E-10 4.53E-05 6.47E-07 3.12E-06 1.87E-04 2.30E-06 2.91E-04 4.43E-04 9.96E-08 6.37E-07 3.41E-04 5.64E-07 5.08E-07 0.00E+00 1.32E-04 1.31E-03 1.45E-03 2.42E-05 1.73E-02
PDC abor/resi Adolescent benzo(b)fluoranthene 1.34E-06 1.74E-04 7.94E-10 6.37E-05 9.09E-07 4.38E-06 2.62E-04 3.24E-06 3.84E-04 6.15E-04 1.45E-07 9.30E-07 4.50E-04 7.93E-07 7.14E-07 0.00E+00 1.74E-04 1.79E-03 1.96E-03 3.29E-05 2.35E-02
Project Alone abor/resi Adolescent benzo(b)fluoranthene 1.08E-09 7.24E-06 6.42E-13 5.15E-08 7.35E-10 3.54E-09 2.12E-07 2.62E-09 1.59E-05 1.26E-05 8.09E-11 5.19E-10 1.87E-05 6.41E-10 5.77E-10 0.00E+00 7.24E-06 4.75E-05 5.47E-05 9.17E-07 6.55E-04
Future abor/resi Adolescent benzo(b)fluoranthene 3.87E-07 4.96E-05 2.30E-10 1.84E-05 2.63E-07 1.27E-06 7.58E-05 9.36E-07 1.09E-04 1.84E-04 4.58E-08 2.93E-07 1.28E-04 2.29E-07 2.06E-07 0.00E+00 4.96E-05 5.20E-04 5.69E-04 9.53E-06 6.81E-03
Baseline abor/resi Adult benzo(b)fluoranthene 9.53E-07 1.87E-04 6.01E-10 5.17E-05 5.34E-07 3.11E-06 1.54E-04 2.30E-06 2.75E-04 6.63E-04 1.54E-07 9.83E-07 3.67E-04 6.27E-07 5.79E-07 0.00E+00 1.87E-04 1.52E-03 1.71E-03 2.41E-05 1.72E-02
Application abor/resi Adult benzo(b)fluoranthene 9.53E-07 1.98E-04 6.01E-10 5.18E-05 5.34E-07 3.12E-06 1.55E-04 2.30E-06 2.91E-04 6.82E-04 1.54E-07 9.83E-07 3.88E-04 6.28E-07 5.80E-07 0.00E+00 1.98E-04 1.58E-03 1.77E-03 2.51E-05 1.79E-02
PDC abor/resi Adult benzo(b)fluoranthene 1.34E-06 2.62E-04 8.45E-10 7.28E-05 7.51E-07 4.38E-06 2.17E-04 3.24E-06 3.84E-04 9.47E-04 2.24E-07 1.44E-06 5.13E-04 8.82E-07 8.15E-07 0.00E+00 2.62E-04 2.15E-03 2.41E-03 3.41E-05 2.43E-02
Project Alone abor/resi Adult benzo(b)fluoranthene 1.08E-09 1.09E-05 6.83E-13 5.88E-08 6.07E-10 3.54E-09 1.76E-07 2.62E-09 1.59E-05 1.94E-05 1.25E-10 8.01E-10 2.13E-05 7.13E-10 6.59E-10 0.00E+00 1.09E-05 5.69E-05 6.78E-05 9.58E-07 6.85E-04
Future abor/resi Adult benzo(b)fluoranthene 3.87E-07 7.45E-05 2.44E-10 2.10E-05 2.17E-07 1.27E-06 6.28E-05 9.36E-07 1.09E-04 2.84E-04 7.06E-08 4.52E-07 1.46E-04 2.55E-07 2.36E-07 0.00E+00 7.45E-05 6.27E-04 7.02E-04 9.92E-06 7.09E-03
Baseline abor/resi Child benzo(b)fluoranthene 9.53E-07 9.99E-05 5.25E-10 3.70E-05 7.85E-07 1.04E-06 1.32E-04 7.67E-07 2.27E-04 3.07E-04 7.11E-08 4.55E-07 2.12E-04 4.16E-07 3.21E-07 0.00E+00 9.99E-05 9.20E-04 1.02E-03 3.10E-05 2.21E-02
Application abor/resi Child benzo(b)fluoranthene 9.53E-07 1.06E-04 5.25E-10 3.70E-05 7.85E-07 1.04E-06 1.32E-04 7.67E-07 2.40E-04 3.16E-04 7.11E-08 4.55E-07 2.24E-04 4.16E-07 3.21E-07 0.00E+00 1.06E-04 9.54E-04 1.06E-03 3.22E-05 2.30E-02
PDC abor/resi Child benzo(b)fluoranthene 1.34E-06 1.40E-04 7.38E-10 5.21E-05 1.10E-06 1.46E-06 1.86E-04 1.08E-06 3.17E-04 4.39E-04 1.04E-07 6.64E-07 2.96E-04 5.85E-07 4.51E-07 0.00E+00 1.40E-04 1.30E-03 1.44E-03 4.37E-05 3.12E-02
Project Alone abor/resi Child benzo(b)fluoranthene 1.08E-09 5.79E-06 5.97E-13 4.21E-08 8.92E-10 1.18E-09 1.50E-07 8.72E-10 1.31E-05 9.01E-06 5.78E-11 3.71E-10 1.23E-05 4.73E-10 3.65E-10 0.00E+00 5.79E-06 3.46E-05 4.04E-05 1.23E-06 8.78E-04
Future abor/resi Child benzo(b)fluoranthene 3.87E-07 3.97E-05 2.13E-10 1.51E-05 3.19E-07 4.22E-07 5.38E-05 3.12E-07 9.01E-05 1.32E-04 3.27E-08 2.09E-07 8.44E-05 1.69E-07 1.30E-07 0.00E+00 3.97E-05 3.77E-04 4.17E-04 1.27E-05 9.05E-03



Soil
Drinking 
Water Dust Plant Berries Lab_tea Root Cattail Fish Moose Ruffed_Grouse Snowshoe_Hare Swim: Derm+Ing Dermal Dermal Breast Milk Water Food&Dermal Total Total RQ

SIR WIR AIR Plant Berries Lab_tea Root Cattail Fish Moose Ruffed_Grouse Snowshoe_Hare Surface Water Hands Other Breast Milk EDI EDI EDI EDI
ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/kg-BW/day Unitless

Table B-8  Summary of Predicted Human Exposures for Each Lifestyle Category, Scenario and Chemical

Baseline abor/resi Infant benzo(b)fluoranthene 9.53E-07 3.74E-05 7.96E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.52E-05 2.26E-07 1.03E-07 2.85E-04 3.74E-05 3.62E-04 3.99E-04 4.87E-05 3.48E-02
Application abor/resi Infant benzo(b)fluoranthene 9.53E-07 3.96E-05 7.97E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.95E-05 2.26E-07 1.03E-07 2.97E-04 3.96E-05 3.78E-04 4.17E-04 5.09E-05 3.63E-02
PDC abor/resi Infant benzo(b)fluoranthene 1.34E-06 5.23E-05 1.12E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.05E-04 3.17E-07 1.45E-07 4.03E-04 5.23E-05 5.10E-04 5.62E-04 6.85E-05 4.89E-02
Project Alone abor/resi Infant benzo(b)fluoranthene 1.08E-09 2.17E-06 9.05E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.36E-06 2.56E-10 1.17E-10 1.13E-05 2.17E-06 1.57E-05 1.79E-05 2.18E-06 1.56E-03
Future abor/resi Infant benzo(b)fluoranthene 3.87E-07 1.49E-05 3.24E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.99E-05 9.17E-08 4.19E-08 1.17E-04 1.49E-05 1.48E-04 1.63E-04 1.98E-05 1.42E-02
Baseline abor/resi Toddler benzo(b)fluoranthene 3.81E-06 7.49E-05 3.00E-10 2.53E-05 4.45E-07 1.04E-06 8.63E-05 7.67E-07 1.37E-04 2.10E-04 4.84E-08 3.10E-07 1.29E-04 3.03E-07 1.82E-07 0.00E+00 7.49E-05 5.95E-04 6.70E-04 4.06E-05 2.90E-02
Application abor/resi Toddler benzo(b)fluoranthene 3.81E-06 7.92E-05 3.01E-10 2.53E-05 4.45E-07 1.04E-06 8.63E-05 7.67E-07 1.45E-04 2.16E-04 4.84E-08 3.10E-07 1.36E-04 3.03E-07 1.82E-07 0.00E+00 7.92E-05 6.16E-04 6.96E-04 4.22E-05 3.01E-02
PDC abor/resi Toddler benzo(b)fluoranthene 5.36E-06 1.05E-04 4.23E-10 3.56E-05 6.25E-07 1.46E-06 1.21E-04 1.08E-06 1.92E-04 3.00E-04 7.06E-08 4.52E-07 1.80E-04 4.26E-07 2.56E-07 0.00E+00 1.05E-04 8.39E-04 9.44E-04 5.72E-05 4.09E-02
Project Alone abor/resi Toddler benzo(b)fluoranthene 4.33E-09 4.34E-06 3.42E-13 2.88E-08 5.06E-10 1.18E-09 9.81E-08 8.72E-10 7.96E-06 6.16E-06 3.93E-11 2.52E-10 7.47E-06 3.45E-10 2.07E-10 0.00E+00 4.34E-06 2.17E-05 2.61E-05 1.58E-06 1.13E-03
Future abor/resi Toddler benzo(b)fluoranthene 1.55E-06 2.98E-05 1.22E-10 1.03E-05 1.81E-07 4.22E-07 3.51E-05 3.12E-07 5.46E-05 9.01E-05 2.22E-08 1.42E-07 5.12E-05 1.23E-07 7.40E-08 0.00E+00 2.98E-05 2.44E-04 2.74E-04 1.66E-05 1.19E-02
Baseline abor/resi Adolescent benzo(g,h,i)perylene 7.58E-06 6.97E-05 4.50E-09 7.54E-04 3.02E-06 4.94E-05 7.81E-05 9.64E-07 1.53E-04 3.57E-03 1.51E-06 1.02E-05 2.42E-04 4.49E-06 4.04E-06 0.00E+00 6.97E-05 4.87E-03 4.94E-03 8.28E-05 5.92E-02
Application abor/resi Adolescent benzo(g,h,i)perylene 7.58E-06 7.45E-05 4.50E-09 7.54E-04 3.02E-06 4.94E-05 7.81E-05 9.64E-07 1.64E-04 3.57E-03 1.51E-06 1.02E-05 2.59E-04 4.49E-06 4.04E-06 0.00E+00 7.45E-05 4.91E-03 4.98E-03 8.35E-05 5.96E-02
PDC abor/resi Adolescent benzo(g,h,i)perylene 1.07E-05 9.81E-05 6.33E-09 1.06E-03 4.26E-06 6.95E-05 1.10E-04 1.36E-06 2.16E-04 5.20E-03 2.20E-06 1.49E-05 3.41E-04 6.32E-06 5.69E-06 0.00E+00 9.81E-05 7.05E-03 7.14E-03 1.20E-04 8.55E-02
Project Alone abor/resi Adolescent benzo(g,h,i)perylene 9.74E-09 4.81E-06 5.77E-12 9.69E-07 3.88E-09 6.34E-08 1.00E-07 1.24E-09 1.06E-05 1.03E-05 1.42E-09 9.64E-09 1.67E-05 5.77E-09 5.19E-09 0.00E+00 4.81E-06 3.87E-05 4.35E-05 7.29E-07 5.21E-04
Future abor/resi Adolescent benzo(g,h,i)perylene 3.10E-06 2.85E-05 1.84E-09 3.08E-04 1.23E-06 2.01E-05 3.19E-05 3.93E-07 6.26E-05 1.64E-03 6.95E-07 4.71E-06 9.89E-05 1.83E-06 1.65E-06 0.00E+00 2.85E-05 2.17E-03 2.20E-03 3.69E-05 2.63E-02
Baseline abor/resi Adult benzo(g,h,i)perylene 7.58E-06 1.04E-04 4.78E-09 8.61E-04 2.50E-06 4.94E-05 6.47E-05 9.64E-07 1.53E-04 5.50E-03 2.33E-06 1.58E-05 2.76E-04 5.00E-06 4.61E-06 0.00E+00 1.04E-04 6.94E-03 7.04E-03 9.96E-05 7.12E-02
Application abor/resi Adult benzo(g,h,i)perylene 7.58E-06 1.12E-04 4.78E-09 8.61E-04 2.50E-06 4.94E-05 6.47E-05 9.64E-07 1.64E-04 5.51E-03 2.33E-06 1.58E-05 2.95E-04 5.00E-06 4.61E-06 0.00E+00 1.12E-04 6.98E-03 7.09E-03 1.00E-04 7.16E-02
PDC abor/resi Adult benzo(g,h,i)perylene 1.07E-05 1.47E-04 6.74E-09 1.21E-03 3.51E-06 6.95E-05 9.11E-05 1.36E-06 2.16E-04 8.02E-03 3.40E-06 2.30E-05 3.89E-04 7.03E-06 6.50E-06 0.00E+00 1.47E-04 1.01E-02 1.02E-02 1.44E-04 1.03E-01
Project Alone abor/resi Adult benzo(g,h,i)perylene 9.74E-09 7.21E-06 6.14E-12 1.11E-06 3.21E-09 6.34E-08 8.31E-08 1.24E-09 1.06E-05 1.58E-05 2.19E-09 1.49E-08 1.90E-05 6.42E-09 5.93E-09 0.00E+00 7.21E-06 4.67E-05 5.40E-05 7.63E-07 5.45E-04
Future abor/resi Adult benzo(g,h,i)perylene 3.10E-06 4.27E-05 1.95E-09 3.51E-04 1.02E-06 2.01E-05 2.64E-05 3.93E-07 6.26E-05 2.52E-03 1.07E-06 7.27E-06 1.13E-04 2.04E-06 1.88E-06 0.00E+00 4.27E-05 3.11E-03 3.16E-03 4.46E-05 3.19E-02
Baseline abor/resi Child benzo(g,h,i)perylene 7.58E-06 5.57E-05 4.18E-09 6.16E-04 3.67E-06 1.65E-05 5.54E-05 3.21E-07 1.26E-04 2.55E-03 1.08E-06 7.30E-06 1.59E-04 3.31E-06 2.55E-06 0.00E+00 5.57E-05 3.55E-03 3.60E-03 1.09E-04 7.82E-02
Application abor/resi Child benzo(g,h,i)perylene 7.58E-06 5.96E-05 4.18E-09 6.16E-04 3.67E-06 1.65E-05 5.54E-05 3.21E-07 1.35E-04 2.55E-03 1.08E-06 7.30E-06 1.70E-04 3.31E-06 2.55E-06 0.00E+00 5.96E-05 3.57E-03 3.63E-03 1.10E-04 7.88E-02
PDC abor/resi Child benzo(g,h,i)perylene 1.07E-05 7.85E-05 5.89E-09 8.67E-04 5.17E-06 2.32E-05 7.80E-05 4.52E-07 1.78E-04 3.72E-03 1.57E-06 1.07E-05 2.24E-04 4.66E-06 3.60E-06 0.00E+00 7.85E-05 5.12E-03 5.20E-03 1.58E-04 1.13E-01
Project Alone abor/resi Child benzo(g,h,i)perylene 9.74E-09 3.84E-06 5.37E-12 7.91E-07 4.71E-09 2.11E-08 7.12E-08 4.13E-10 8.72E-06 7.34E-06 1.02E-09 6.88E-09 1.10E-05 4.25E-09 3.28E-09 0.00E+00 3.84E-06 2.80E-05 3.18E-05 9.67E-07 6.91E-04
Future abor/resi Child benzo(g,h,i)perylene 3.10E-06 2.28E-05 1.71E-09 2.51E-04 1.50E-06 6.72E-06 2.26E-05 1.31E-07 5.17E-05 1.17E-03 4.97E-07 3.36E-06 6.51E-05 1.35E-06 1.04E-06 0.00E+00 2.28E-05 1.58E-03 1.60E-03 4.86E-05 3.47E-02
Baseline abor/resi Infant benzo(g,h,i)perylene 7.58E-06 2.09E-05 6.34E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.65E-05 1.80E-06 8.19E-07 2.96E-03 2.09E-05 3.02E-03 3.05E-03 3.71E-04 2.65E-01
Application abor/resi Infant benzo(g,h,i)perylene 7.58E-06 2.23E-05 6.34E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.04E-05 1.80E-06 8.19E-07 2.98E-03 2.23E-05 3.05E-03 3.07E-03 3.74E-04 2.67E-01
PDC abor/resi Infant benzo(g,h,i)perylene 1.07E-05 2.94E-05 8.93E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.96E-05 2.53E-06 1.15E-06 4.28E-03 2.94E-05 4.38E-03 4.41E-03 5.37E-04 3.84E-01
Project Alone abor/resi Infant benzo(g,h,i)perylene 9.74E-09 1.44E-06 8.14E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.90E-06 2.31E-09 1.05E-09 2.27E-05 1.44E-06 2.66E-05 2.80E-05 3.42E-06 2.44E-03
Future abor/resi Infant benzo(g,h,i)perylene 3.10E-06 8.54E-06 2.59E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.31E-05 7.33E-07 3.35E-07 1.33E-03 8.54E-06 1.35E-03 1.36E-03 1.66E-04 1.19E-01
Baseline abor/resi Toddler benzo(g,h,i)perylene 3.03E-05 4.18E-05 2.39E-09 4.21E-04 2.08E-06 1.65E-05 3.61E-05 3.21E-07 7.66E-05 1.74E-03 7.33E-07 4.97E-06 9.66E-05 2.41E-06 1.45E-06 0.00E+00 4.18E-05 2.43E-03 2.47E-03 1.50E-04 1.07E-01
Application abor/resi Toddler benzo(g,h,i)perylene 3.03E-05 4.47E-05 2.39E-09 4.21E-04 2.08E-06 1.65E-05 3.61E-05 3.21E-07 8.19E-05 1.75E-03 7.33E-07 4.97E-06 1.03E-04 2.41E-06 1.45E-06 0.00E+00 4.47E-05 2.45E-03 2.49E-03 1.51E-04 1.08E-01
PDC abor/resi Toddler benzo(g,h,i)perylene 4.27E-05 5.89E-05 3.37E-09 5.93E-04 2.93E-06 2.32E-05 5.09E-05 4.52E-07 1.08E-04 2.54E-03 1.07E-06 7.25E-06 1.36E-04 3.40E-06 2.04E-06 0.00E+00 5.89E-05 3.51E-03 3.57E-03 2.17E-04 1.55E-01
Project Alone abor/resi Toddler benzo(g,h,i)perylene 3.90E-08 2.88E-06 3.07E-12 5.41E-07 2.67E-09 2.11E-08 4.64E-08 4.13E-10 5.29E-06 5.02E-06 6.91E-10 4.68E-09 6.67E-06 3.10E-09 1.86E-09 0.00E+00 2.88E-06 1.76E-05 2.05E-05 1.24E-06 8.88E-04
Future abor/resi Toddler benzo(g,h,i)perylene 1.24E-05 1.71E-05 9.77E-10 1.72E-04 8.49E-07 6.72E-06 1.48E-05 1.31E-07 3.13E-05 8.00E-04 3.38E-07 2.29E-06 3.95E-05 9.85E-07 5.91E-07 0.00E+00 1.71E-05 1.08E-03 1.10E-03 6.66E-05 4.76E-02
Baseline abor/resi Adolescent benzo(k)fluoranthene 7.55E-06 1.08E-05 4.48E-09 2.43E-04 5.12E-06 1.60E-05 7.83E-05 9.66E-07 2.37E-05 1.25E-03 5.88E-07 3.65E-06 2.77E-05 4.47E-06 4.02E-06 0.00E+00 1.08E-05 1.67E-03 1.68E-03 2.81E-05 2.01E-02
Application abor/resi Adolescent benzo(k)fluoranthene 7.55E-06 1.29E-05 4.48E-09 2.43E-04 5.12E-06 1.60E-05 7.83E-05 9.66E-07 2.84E-05 1.26E-03 5.88E-07 3.65E-06 3.33E-05 4.47E-06 4.02E-06 0.00E+00 1.29E-05 1.68E-03 1.69E-03 2.84E-05 2.03E-02
PDC abor/resi Adolescent benzo(k)fluoranthene 1.05E-05 1.60E-05 6.21E-09 3.36E-04 7.10E-06 2.22E-05 1.09E-04 1.34E-06 3.53E-05 1.83E-03 8.58E-07 5.33E-06 4.13E-05 6.20E-06 5.58E-06 0.00E+00 1.60E-05 2.41E-03 2.42E-03 4.06E-05 2.90E-02
Project Alone abor/resi Adolescent benzo(k)fluoranthene 3.55E-08 2.16E-06 2.10E-11 1.14E-06 2.41E-08 7.52E-08 3.68E-07 4.54E-09 4.76E-06 8.21E-06 2.14E-09 1.33E-08 5.58E-06 2.10E-08 1.89E-08 0.00E+00 2.16E-06 2.03E-05 2.24E-05 3.76E-07 2.68E-04
Future abor/resi Adolescent benzo(k)fluoranthene 2.92E-06 5.27E-06 1.73E-09 9.39E-05 1.98E-06 6.19E-06 3.03E-05 3.74E-07 1.16E-05 5.74E-04 2.70E-07 1.67E-06 1.36E-05 1.73E-06 1.56E-06 0.00E+00 5.27E-06 7.40E-04 7.46E-04 1.25E-05 8.92E-03
Baseline abor/resi Adult benzo(k)fluoranthene 7.55E-06 1.61E-05 4.76E-09 2.77E-04 4.23E-06 1.60E-05 6.48E-05 9.66E-07 2.37E-05 1.93E-03 9.07E-07 5.64E-06 3.16E-05 4.97E-06 4.59E-06 0.00E+00 1.61E-05 2.37E-03 2.39E-03 3.38E-05 2.41E-02
Application abor/resi Adult benzo(k)fluoranthene 7.55E-06 1.94E-05 4.76E-09 2.77E-04 4.23E-06 1.60E-05 6.48E-05 9.66E-07 2.84E-05 1.93E-03 9.07E-07 5.64E-06 3.80E-05 4.97E-06 4.59E-06 0.00E+00 1.94E-05 2.39E-03 2.41E-03 3.40E-05 2.43E-02
PDC abor/resi Adult benzo(k)fluoranthene 1.05E-05 2.40E-05 6.61E-09 3.84E-04 5.87E-06 2.22E-05 8.99E-05 1.34E-06 3.53E-05 2.81E-03 1.32E-06 8.22E-06 4.71E-05 6.90E-06 6.37E-06 0.00E+00 2.40E-05 3.43E-03 3.46E-03 4.89E-05 3.49E-02
Project Alone abor/resi Adult benzo(k)fluoranthene 3.55E-08 3.25E-06 2.24E-11 1.30E-06 1.99E-08 7.52E-08 3.05E-07 4.54E-09 4.76E-06 1.26E-05 3.30E-09 2.05E-08 6.36E-06 2.34E-08 2.16E-08 0.00E+00 3.25E-06 2.56E-05 2.88E-05 4.08E-07 2.91E-04
Future abor/resi Adult benzo(k)fluoranthene 2.92E-06 7.91E-06 1.84E-09 1.07E-04 1.64E-06 6.19E-06 2.51E-05 3.74E-07 1.16E-05 8.85E-04 4.16E-07 2.58E-06 1.55E-05 1.92E-06 1.78E-06 0.00E+00 7.91E-06 1.06E-03 1.07E-03 1.51E-05 1.08E-02
Baseline abor/resi Child benzo(k)fluoranthene 7.55E-06 8.60E-06 4.16E-09 1.98E-04 6.22E-06 5.33E-06 5.55E-05 3.22E-07 1.95E-05 8.94E-04 4.20E-07 2.61E-06 1.83E-05 3.30E-06 2.54E-06 0.00E+00 8.60E-06 1.21E-03 1.22E-03 3.71E-05 2.65E-02
Application abor/resi Child benzo(k)fluoranthene 7.55E-06 1.03E-05 4.16E-09 1.98E-04 6.22E-06 5.33E-06 5.55E-05 3.22E-07 2.34E-05 8.97E-04 4.20E-07 2.61E-06 2.20E-05 3.30E-06 2.54E-06 0.00E+00 1.03E-05 1.22E-03 1.23E-03 3.75E-05 2.68E-02
PDC abor/resi Child benzo(k)fluoranthene 1.05E-05 1.28E-05 5.77E-09 2.75E-04 8.62E-06 7.39E-06 7.70E-05 4.46E-07 2.91E-05 1.30E-03 6.13E-07 3.81E-06 2.72E-05 4.57E-06 3.53E-06 0.00E+00 1.28E-05 1.75E-03 1.76E-03 5.36E-05 3.83E-02
Project Alone abor/resi Child benzo(k)fluoranthene 3.55E-08 1.73E-06 1.96E-11 9.32E-07 2.92E-08 2.51E-08 2.61E-07 1.51E-09 3.93E-06 5.86E-06 1.53E-09 9.49E-09 3.68E-06 1.55E-08 1.20E-08 0.00E+00 1.73E-06 1.48E-05 1.65E-05 5.02E-07 3.59E-04
Future abor/resi Child benzo(k)fluoranthene 2.92E-06 4.22E-06 1.61E-09 7.67E-05 2.41E-06 2.06E-06 2.15E-05 1.25E-07 9.57E-06 4.10E-04 1.93E-07 1.20E-06 8.96E-06 1.28E-06 9.84E-07 0.00E+00 4.22E-06 5.38E-04 5.42E-04 1.65E-05 1.18E-02
Baseline abor/resi Infant benzo(k)fluoranthene 7.55E-06 3.23E-06 6.31E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.48E-06 1.79E-06 8.16E-07 3.99E-04 3.23E-06 4.16E-04 4.19E-04 5.11E-05 3.65E-02
Application abor/resi Infant benzo(k)fluoranthene 7.55E-06 3.88E-06 6.31E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.78E-06 1.79E-06 8.16E-07 4.02E-04 3.88E-06 4.20E-04 4.24E-04 5.17E-05 3.70E-02
PDC abor/resi Infant benzo(k)fluoranthene 1.05E-05 4.81E-06 8.75E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.65E-06 2.48E-06 1.13E-06 5.78E-04 4.81E-06 6.02E-04 6.07E-04 7.40E-05 5.28E-02
Project Alone abor/resi Infant benzo(k)fluoranthene 3.55E-08 6.49E-07 2.97E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.30E-06 8.41E-09 3.84E-09 4.82E-06 6.49E-07 6.17E-06 6.82E-06 8.32E-07 5.94E-04
Future abor/resi Infant benzo(k)fluoranthene 2.92E-06 1.58E-06 2.44E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.17E-06 6.92E-07 3.16E-07 1.79E-04 1.58E-06 1.86E-04 1.88E-04 2.29E-05 1.63E-02
Baseline abor/resi Toddler benzo(k)fluoranthene 3.02E-05 6.45E-06 2.38E-09 1.35E-04 3.52E-06 5.33E-06 3.62E-05 3.22E-07 1.18E-05 6.12E-04 2.86E-07 1.77E-06 1.11E-05 2.40E-06 1.44E-06 0.00E+00 6.45E-06 8.51E-04 8.58E-04 5.20E-05 3.71E-02
Application abor/resi Toddler benzo(k)fluoranthene 3.02E-05 7.75E-06 2.38E-09 1.35E-04 3.52E-06 5.33E-06 3.62E-05 3.22E-07 1.42E-05 6.13E-04 2.86E-07 1.77E-06 1.33E-05 2.40E-06 1.44E-06 0.00E+00 7.75E-06 8.58E-04 8.66E-04 5.25E-05 3.75E-02
PDC abor/resi Toddler benzo(k)fluoranthene 4.19E-05 9.62E-06 3.30E-09 1.88E-04 4.89E-06 7.39E-06 5.02E-05 4.46E-07 1.76E-05 8.92E-04 4.17E-07 2.59E-06 1.65E-05 3.33E-06 2.00E-06 0.00E+00 9.62E-06 1.23E-03 1.24E-03 7.50E-05 5.36E-02
Project Alone abor/resi Toddler benzo(k)fluoranthene 1.42E-07 1.30E-06 1.12E-11 6.37E-07 1.66E-08 2.51E-08 1.70E-07 1.51E-09 2.38E-06 4.01E-06 1.04E-09 6.46E-09 2.23E-06 1.13E-08 6.78E-09 0.00E+00 1.30E-06 9.64E-06 1.09E-05 6.63E-07 4.74E-04
Future abor/resi Toddler benzo(k)fluoranthene 1.17E-05 3.16E-06 9.21E-10 5.24E-05 1.36E-06 2.06E-06 1.40E-05 1.25E-07 5.80E-06 2.81E-04 1.31E-07 8.13E-07 5.44E-06 9.30E-07 5.58E-07 0.00E+00 3.16E-06 3.76E-04 3.79E-04 2.30E-05 1.64E-02
Baseline abor/resi Adolescent chrysene 2.15E-05 1.41E-04 1.27E-08 3.97E-04 2.48E-05 2.90E-05 3.47E-04 4.28E-06 3.11E-04 1.97E-03 9.50E-07 5.08E-06 2.71E-04 1.27E-05 1.15E-05 0.00E+00 1.41E-04 3.40E-03 3.54E-03 5.94E-05 4.24E-02
Application abor/resi Adolescent chrysene 2.15E-05 1.48E-04 1.27E-08 3.97E-04 2.48E-05 2.90E-05 3.47E-04 4.28E-06 3.27E-04 1.98E-03 9.50E-07 5.08E-06 2.84E-04 1.27E-05 1.15E-05 0.00E+00 1.48E-04 3.45E-03 3.59E-03 6.02E-05 4.30E-02
PDC abor/resi Adolescent chrysene 3.04E-05 1.98E-04 1.80E-08 5.61E-04 3.51E-05 4.10E-05 4.90E-04 6.04E-06 4.35E-04 2.86E-03 1.39E-06 7.42E-06 3.78E-04 1.80E-05 1.62E-05 0.00E+00 1.98E-04 4.88E-03 5.07E-03 8.50E-05 6.07E-02
Project Alone abor/resi Adolescent chrysene 2.06E-08 7.24E-06 1.22E-11 3.81E-07 2.38E-08 2.78E-08 3.33E-07 4.10E-09 1.59E-05 1.47E-05 6.31E-10 3.38E-09 1.39E-05 1.22E-08 1.10E-08 0.00E+00 7.24E-06 4.54E-05 5.26E-05 8.81E-07 6.29E-04
Future abor/resi Adolescent chrysene 8.85E-06 5.63E-05 5.25E-09 1.63E-04 1.02E-05 1.20E-05 1.43E-04 1.76E-06 1.24E-04 8.89E-04 4.37E-07 2.34E-06 1.08E-04 5.24E-06 4.72E-06 0.00E+00 5.63E-05 1.47E-03 1.53E-03 2.56E-05 1.83E-02
Baseline abor/resi Adult chrysene 2.15E-05 2.12E-04 1.36E-08 4.53E-04 2.05E-05 2.90E-05 2.87E-04 4.28E-06 3.11E-04 3.03E-03 1.47E-06 7.84E-06 3.08E-04 1.42E-05 1.31E-05 0.00E+00 2.12E-04 4.50E-03 4.72E-03 6.67E-05 4.77E-02
Application abor/resi Adult chrysene 2.15E-05 2.23E-04 1.36E-08 4.53E-04 2.05E-05 2.90E-05 2.87E-04 4.28E-06 3.27E-04 3.05E-03 1.47E-06 7.84E-06 3.24E-04 1.42E-05 1.31E-05 0.00E+00 2.23E-04 4.56E-03 4.78E-03 6.76E-05 4.83E-02
PDC abor/resi Adult chrysene 3.04E-05 2.96E-04 1.91E-08 6.40E-04 2.90E-05 4.10E-05 4.06E-04 6.04E-06 4.35E-04 4.40E-03 2.14E-06 1.14E-05 4.31E-04 2.00E-05 1.85E-05 0.00E+00 2.96E-04 6.47E-03 6.77E-03 9.58E-05 6.84E-02
Project Alone abor/resi Adult chrysene 2.06E-08 1.09E-05 1.30E-11 4.35E-07 1.97E-08 2.78E-08 2.76E-07 4.10E-09 1.59E-05 2.27E-05 9.74E-10 5.21E-09 1.58E-05 1.36E-08 1.25E-08 0.00E+00 1.09E-05 5.53E-05 6.61E-05 9.35E-07 6.68E-04
Future abor/resi Adult chrysene 8.85E-06 8.44E-05 5.59E-09 1.87E-04 8.45E-06 1.20E-05 1.18E-04 1.76E-06 1.24E-04 1.37E-03 6.75E-07 3.61E-06 1.23E-04 5.83E-06 5.39E-06 0.00E+00 8.44E-05 1.97E-03 2.05E-03 2.90E-05 2.07E-02



Soil
Drinking 
Water Dust Plant Berries Lab_tea Root Cattail Fish Moose Ruffed_Grouse Snowshoe_Hare Swim: Derm+Ing Dermal Dermal Breast Milk Water Food&Dermal Total Total RQ

SIR WIR AIR Plant Berries Lab_tea Root Cattail Fish Moose Ruffed_Grouse Snowshoe_Hare Surface Water Hands Other Breast Milk EDI EDI EDI EDI
ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/kg-BW/day Unitless

Table B-8  Summary of Predicted Human Exposures for Each Lifestyle Category, Scenario and Chemical

Baseline abor/resi Child chrysene 2.15E-05 1.13E-04 1.18E-08 3.24E-04 3.02E-05 9.68E-06 2.46E-04 1.43E-06 2.56E-04 1.41E-03 6.79E-07 3.63E-06 1.79E-04 9.39E-06 7.24E-06 0.00E+00 1.13E-04 2.49E-03 2.61E-03 7.93E-05 5.66E-02
Application abor/resi Child chrysene 2.15E-05 1.19E-04 1.18E-08 3.24E-04 3.02E-05 9.68E-06 2.46E-04 1.43E-06 2.70E-04 1.42E-03 6.79E-07 3.63E-06 1.88E-04 9.39E-06 7.24E-06 0.00E+00 1.19E-04 2.53E-03 2.65E-03 8.04E-05 5.74E-02
PDC abor/resi Child chrysene 3.04E-05 1.58E-04 1.67E-08 4.58E-04 4.26E-05 1.37E-05 3.47E-04 2.01E-06 3.59E-04 2.04E-03 9.91E-07 5.30E-06 2.50E-04 1.33E-05 1.02E-05 0.00E+00 1.58E-04 3.57E-03 3.73E-03 1.13E-04 8.10E-02
Project Alone abor/resi Child chrysene 2.06E-08 5.79E-06 1.14E-11 3.11E-07 2.89E-08 9.28E-09 2.36E-07 1.37E-09 1.31E-05 1.05E-05 4.51E-10 2.41E-09 9.15E-06 9.00E-09 6.94E-09 0.00E+00 5.79E-06 3.35E-05 3.92E-05 1.19E-06 8.52E-04
Future abor/resi Child chrysene 8.85E-06 4.50E-05 4.88E-09 1.34E-04 1.24E-05 3.99E-06 1.01E-04 5.88E-07 1.02E-04 6.35E-04 3.12E-07 1.67E-06 7.11E-05 3.87E-06 2.98E-06 0.00E+00 4.50E-05 1.08E-03 1.12E-03 3.41E-05 2.44E-02
Baseline abor/resi Infant chrysene 2.15E-05 4.24E-05 1.80E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.31E-05 5.09E-06 2.32E-06 3.14E-04 4.24E-05 4.06E-04 4.48E-04 5.47E-05 3.91E-02
Application abor/resi Infant chrysene 2.15E-05 4.45E-05 1.80E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.63E-05 5.09E-06 2.32E-06 3.18E-04 4.45E-05 4.13E-04 4.58E-04 5.58E-05 3.99E-02
PDC abor/resi Infant chrysene 3.04E-05 5.93E-05 2.54E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.82E-05 7.19E-06 3.28E-06 4.51E-04 5.93E-05 5.80E-04 6.39E-04 7.79E-05 5.57E-02
Project Alone abor/resi Infant chrysene 2.06E-08 2.17E-06 1.72E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.23E-06 4.88E-09 2.23E-09 4.40E-06 2.17E-06 7.66E-06 9.84E-06 1.20E-06 8.57E-04
Future abor/resi Infant chrysene 8.85E-06 1.69E-05 7.40E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.51E-05 2.10E-06 9.57E-07 1.37E-04 1.69E-05 1.74E-04 1.91E-04 2.32E-05 1.66E-02
Baseline abor/resi Toddler chrysene 8.60E-05 8.48E-05 6.78E-09 2.22E-04 1.71E-05 9.68E-06 1.61E-04 1.43E-06 1.55E-04 9.62E-04 4.62E-07 2.47E-06 1.09E-04 6.84E-06 4.11E-06 0.00E+00 8.48E-05 1.74E-03 1.82E-03 1.10E-04 7.88E-02
Application abor/resi Toddler chrysene 8.60E-05 8.91E-05 6.78E-09 2.22E-04 1.71E-05 9.68E-06 1.61E-04 1.43E-06 1.63E-04 9.68E-04 4.62E-07 2.47E-06 1.14E-04 6.84E-06 4.11E-06 0.00E+00 8.91E-05 1.76E-03 1.85E-03 1.12E-04 7.99E-02
PDC abor/resi Toddler chrysene 1.21E-04 1.19E-04 9.57E-09 3.13E-04 2.41E-05 1.37E-05 2.27E-04 2.01E-06 2.17E-04 1.40E-03 6.74E-07 3.60E-06 1.52E-04 9.66E-06 5.80E-06 0.00E+00 1.19E-04 2.49E-03 2.60E-03 1.58E-04 1.13E-01
Project Alone abor/resi Toddler chrysene 8.24E-08 4.34E-06 6.50E-12 2.13E-07 1.64E-08 9.28E-09 1.54E-07 1.37E-09 7.96E-06 7.21E-06 3.07E-10 1.64E-09 5.57E-06 6.56E-09 3.94E-09 0.00E+00 4.34E-06 2.12E-05 2.56E-05 1.55E-06 1.11E-03
Future abor/resi Toddler chrysene 3.54E-05 3.38E-05 2.79E-09 9.13E-05 7.04E-06 3.99E-06 6.61E-05 5.88E-07 6.19E-05 4.35E-04 2.12E-07 1.14E-06 4.33E-05 2.82E-06 1.69E-06 0.00E+00 3.38E-05 7.50E-04 7.84E-04 4.75E-05 3.39E-02
Baseline abor/resi Adolescent dibenz(a,h)anthracene 1.05E-05 6.74E-05 6.24E-09 3.22E-03 4.19E-06 1.10E-04 7.26E-05 8.95E-07 1.48E-04 3.21E-02 1.34E-05 9.43E-05 2.28E-04 6.23E-06 5.61E-06 0.00E+00 6.74E-05 3.60E-02 3.61E-02 6.04E-04 4.32E-01
Application abor/resi Adolescent dibenz(a,h)anthracene 1.05E-05 7.23E-05 6.24E-09 3.22E-03 4.19E-06 1.10E-04 7.26E-05 8.95E-07 1.59E-04 3.21E-02 1.34E-05 9.43E-05 2.45E-04 6.23E-06 5.61E-06 0.00E+00 7.23E-05 3.60E-02 3.61E-02 6.05E-04 4.32E-01
PDC abor/resi Adolescent dibenz(a,h)anthracene 1.48E-05 9.51E-05 8.78E-09 4.53E-03 5.90E-06 1.55E-04 1.02E-04 1.26E-06 2.09E-04 4.68E-02 1.96E-05 1.38E-04 3.22E-04 8.77E-06 7.89E-06 0.00E+00 9.51E-05 5.24E-02 5.25E-02 8.79E-04 6.28E-01
Project Alone abor/resi Adolescent dibenz(a,h)anthracene 1.40E-08 4.87E-06 8.32E-12 4.29E-06 5.59E-09 1.47E-07 9.68E-08 1.19E-09 1.07E-05 3.84E-05 1.31E-08 9.23E-08 1.65E-05 8.31E-09 7.48E-09 0.00E+00 4.87E-06 7.03E-05 7.52E-05 1.26E-06 8.99E-04
Future abor/resi Adolescent dibenz(a,h)anthracene 4.29E-06 2.77E-05 2.54E-09 1.31E-03 1.71E-06 4.48E-05 2.96E-05 3.65E-07 6.10E-05 1.48E-02 6.17E-06 4.34E-05 9.39E-05 2.54E-06 2.29E-06 0.00E+00 2.77E-05 1.64E-02 1.64E-02 2.74E-04 1.96E-01
Baseline abor/resi Adult dibenz(a,h)anthracene 1.05E-05 1.01E-04 6.64E-09 3.67E-03 3.46E-06 1.10E-04 6.01E-05 8.95E-07 1.48E-04 4.95E-02 2.07E-05 1.46E-04 2.60E-04 6.93E-06 6.40E-06 0.00E+00 1.01E-04 5.39E-02 5.40E-02 7.64E-04 5.46E-01
Application abor/resi Adult dibenz(a,h)anthracene 1.05E-05 1.08E-04 6.64E-09 3.67E-03 3.46E-06 1.10E-04 6.01E-05 8.95E-07 1.59E-04 4.95E-02 2.07E-05 1.46E-04 2.79E-04 6.93E-06 6.40E-06 0.00E+00 1.08E-04 5.40E-02 5.41E-02 7.65E-04 5.46E-01
PDC abor/resi Adult dibenz(a,h)anthracene 1.48E-05 1.43E-04 9.35E-09 5.17E-03 4.88E-06 1.55E-04 8.46E-05 1.26E-06 2.09E-04 7.22E-02 3.02E-05 2.12E-04 3.67E-04 9.76E-06 9.01E-06 0.00E+00 1.43E-04 7.85E-02 7.86E-02 1.11E-03 7.94E-01
Project Alone abor/resi Adult dibenz(a,h)anthracene 1.40E-08 7.30E-06 8.85E-12 4.90E-06 4.62E-09 1.47E-07 8.01E-08 1.19E-09 1.07E-05 5.92E-05 2.03E-08 1.42E-07 1.88E-05 9.24E-09 8.54E-09 0.00E+00 7.30E-06 9.41E-05 1.01E-04 1.43E-06 1.02E-03
Future abor/resi Adult dibenz(a,h)anthracene 4.29E-06 4.16E-05 2.71E-09 1.50E-03 1.41E-06 4.48E-05 2.45E-05 3.65E-07 6.10E-05 2.27E-02 9.52E-06 6.69E-05 1.07E-04 2.83E-06 2.61E-06 0.00E+00 4.16E-05 2.46E-02 2.46E-02 3.48E-04 2.49E-01
Baseline abor/resi Child dibenz(a,h)anthracene 1.05E-05 5.39E-05 5.80E-09 2.63E-03 5.09E-06 3.66E-05 5.15E-05 2.98E-07 1.22E-04 2.29E-02 9.58E-06 6.74E-05 1.50E-04 4.60E-06 3.54E-06 0.00E+00 5.39E-05 2.60E-02 2.61E-02 7.92E-04 5.66E-01
Application abor/resi Child dibenz(a,h)anthracene 1.05E-05 5.78E-05 5.80E-09 2.63E-03 5.09E-06 3.66E-05 5.15E-05 2.98E-07 1.31E-04 2.29E-02 9.58E-06 6.74E-05 1.61E-04 4.60E-06 3.54E-06 0.00E+00 5.78E-05 2.60E-02 2.61E-02 7.93E-04 5.67E-01
PDC abor/resi Child dibenz(a,h)anthracene 1.48E-05 7.61E-05 8.16E-09 3.70E-03 7.17E-06 5.16E-05 7.25E-05 4.20E-07 1.73E-04 3.35E-02 1.40E-05 9.83E-05 2.12E-04 6.47E-06 4.99E-06 0.00E+00 7.61E-05 3.78E-02 3.79E-02 1.15E-03 8.23E-01
Project Alone abor/resi Child dibenz(a,h)anthracene 1.40E-08 3.89E-06 7.73E-12 3.50E-06 6.79E-09 4.88E-08 6.86E-08 3.98E-10 8.83E-06 2.74E-05 9.38E-09 6.60E-08 1.08E-05 6.13E-09 4.73E-09 0.00E+00 3.89E-06 5.09E-05 5.47E-05 1.66E-06 1.19E-03
Future abor/resi Child dibenz(a,h)anthracene 4.29E-06 2.22E-05 2.36E-09 1.07E-03 2.08E-06 1.49E-05 2.10E-05 1.22E-07 5.03E-05 1.05E-02 4.41E-06 3.10E-05 6.18E-05 1.87E-06 1.44E-06 0.00E+00 2.22E-05 1.18E-02 1.18E-02 3.59E-04 2.57E-01
Baseline abor/resi Infant dibenz(a,h)anthracene 1.05E-05 2.02E-05 8.80E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.33E-05 2.49E-06 1.14E-06 2.27E-02 2.02E-05 2.28E-02 2.28E-02 2.78E-03 1.98E+00
Application abor/resi Infant dibenz(a,h)anthracene 1.05E-05 2.17E-05 8.80E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.72E-05 2.49E-06 1.14E-06 2.27E-02 2.17E-05 2.28E-02 2.28E-02 2.78E-03 1.99E+00
PDC abor/resi Infant dibenz(a,h)anthracene 1.48E-05 2.85E-05 1.24E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.52E-05 3.51E-06 1.60E-06 3.30E-02 2.85E-05 3.31E-02 3.31E-02 4.04E-03 2.89E+00
Project Alone abor/resi Infant dibenz(a,h)anthracene 1.40E-08 1.46E-06 1.17E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.85E-06 3.32E-09 1.52E-09 4.26E-05 1.46E-06 4.64E-05 4.79E-05 5.84E-06 4.17E-03
Future abor/resi Infant dibenz(a,h)anthracene 4.29E-06 8.32E-06 3.59E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.19E-05 1.02E-06 4.64E-07 1.03E-02 8.32E-06 1.04E-02 1.04E-02 1.26E-03 9.03E-01
Baseline abor/resi Toddler dibenz(a,h)anthracene 4.21E-05 4.04E-05 3.32E-09 1.80E-03 2.89E-06 3.66E-05 3.36E-05 2.98E-07 7.41E-05 1.57E-02 6.52E-06 4.58E-05 9.11E-05 3.35E-06 2.01E-06 0.00E+00 4.04E-05 1.78E-02 1.79E-02 1.08E-03 7.73E-01
Application abor/resi Toddler dibenz(a,h)anthracene 4.21E-05 4.34E-05 3.32E-09 1.80E-03 2.89E-06 3.66E-05 3.36E-05 2.98E-07 7.95E-05 1.57E-02 6.52E-06 4.58E-05 9.77E-05 3.35E-06 2.01E-06 0.00E+00 4.34E-05 1.78E-02 1.79E-02 1.08E-03 7.74E-01
PDC abor/resi Toddler dibenz(a,h)anthracene 5.93E-05 5.71E-05 4.67E-09 2.53E-03 4.06E-06 5.16E-05 4.73E-05 4.20E-07 1.05E-04 2.29E-02 9.51E-06 6.69E-05 1.29E-04 4.71E-06 2.83E-06 0.00E+00 5.71E-05 2.59E-02 2.60E-02 1.57E-03 1.12E+00
Project Alone abor/resi Toddler dibenz(a,h)anthracene 5.61E-08 2.92E-06 4.43E-12 2.40E-06 3.85E-09 4.88E-08 4.48E-08 3.98E-10 5.35E-06 1.88E-05 6.38E-09 4.48E-08 6.58E-06 4.47E-09 2.68E-09 0.00E+00 2.92E-06 3.33E-05 3.62E-05 2.20E-06 1.57E-03
Future abor/resi Toddler dibenz(a,h)anthracene 1.72E-05 1.66E-05 1.35E-09 7.32E-04 1.18E-06 1.49E-05 1.37E-05 1.22E-07 3.05E-05 7.21E-03 3.00E-06 2.11E-05 3.75E-05 1.37E-06 8.19E-07 0.00E+00 1.66E-05 8.08E-03 8.10E-03 4.91E-04 3.51E-01
Baseline abor/resi Adolescent fluoranthene 2.56E-06 7.09E-04 1.52E-09 8.26E-05 7.50E-06 5.44E-06 6.53E-05 8.05E-07 1.56E-03 1.77E-03 2.20E-07 1.36E-06 6.58E-04 1.51E-06 1.36E-06 0.00E+00 7.09E-04 4.16E-03 4.87E-03 8.15E-05 5.82E-02
Application abor/resi Adolescent fluoranthene 2.56E-06 7.21E-04 1.52E-09 8.26E-05 7.50E-06 5.44E-06 6.53E-05 8.05E-07 1.59E-03 1.79E-03 2.20E-07 1.36E-06 6.69E-04 1.51E-06 1.36E-06 0.00E+00 7.21E-04 4.22E-03 4.94E-03 8.28E-05 5.91E-02
PDC abor/resi Adolescent fluoranthene 3.61E-06 9.79E-04 2.14E-09 1.17E-04 1.06E-05 7.70E-06 9.23E-05 1.14E-06 2.15E-03 2.48E-03 3.21E-07 1.98E-06 9.08E-04 2.14E-06 1.93E-06 0.00E+00 9.79E-04 5.78E-03 6.76E-03 1.13E-04 8.09E-02
Project Alone abor/resi Adolescent fluoranthene 8.52E-10 1.22E-05 5.05E-13 2.75E-08 2.50E-09 1.81E-09 2.18E-08 2.68E-10 2.68E-05 2.26E-05 4.90E-11 3.06E-10 1.13E-05 5.04E-10 4.54E-10 0.00E+00 1.22E-05 6.07E-05 7.29E-05 1.22E-06 8.72E-04
Future abor/resi Adolescent fluoranthene 1.06E-06 2.69E-04 6.27E-10 3.42E-05 3.10E-06 2.25E-06 2.70E-05 3.33E-07 5.93E-04 7.10E-04 1.01E-07 6.25E-07 2.50E-04 6.27E-07 5.64E-07 0.00E+00 2.69E-04 1.62E-03 1.89E-03 3.17E-05 2.26E-02
Baseline abor/resi Adult fluoranthene 2.56E-06 1.06E-03 1.61E-09 9.43E-05 6.19E-06 5.44E-06 5.41E-05 8.05E-07 1.56E-03 2.73E-03 3.39E-07 2.09E-06 7.50E-04 1.68E-06 1.55E-06 0.00E+00 1.06E-03 5.21E-03 6.27E-03 8.87E-05 6.34E-02
Application abor/resi Adult fluoranthene 2.56E-06 1.08E-03 1.61E-09 9.43E-05 6.19E-06 5.44E-06 5.41E-05 8.05E-07 1.59E-03 2.76E-03 3.39E-07 2.09E-06 7.63E-04 1.68E-06 1.55E-06 0.00E+00 1.08E-03 5.28E-03 6.37E-03 9.00E-05 6.43E-02
PDC abor/resi Adult fluoranthene 3.61E-06 1.47E-03 2.28E-09 1.33E-04 8.76E-06 7.70E-06 7.64E-05 1.14E-06 2.15E-03 3.82E-03 4.96E-07 3.06E-06 1.03E-03 2.38E-06 2.20E-06 0.00E+00 1.47E-03 7.25E-03 8.72E-03 1.23E-04 8.81E-02
Project Alone abor/resi Adult fluoranthene 8.52E-10 1.82E-05 5.37E-13 3.14E-08 2.06E-09 1.81E-09 1.80E-08 2.68E-10 2.68E-05 3.48E-05 7.55E-11 4.72E-10 1.29E-05 5.61E-10 5.18E-10 0.00E+00 1.82E-05 7.45E-05 9.28E-05 1.31E-06 9.37E-04
Future abor/resi Adult fluoranthene 1.06E-06 4.04E-04 6.68E-10 3.91E-05 2.56E-06 2.25E-06 2.24E-05 3.33E-07 5.93E-04 1.09E-03 1.56E-07 9.64E-07 2.85E-04 6.97E-07 6.44E-07 0.00E+00 4.04E-04 2.04E-03 2.45E-03 3.46E-05 2.47E-02
Baseline abor/resi Child fluoranthene 2.56E-06 5.67E-04 1.41E-09 6.75E-05 9.10E-06 1.81E-06 4.63E-05 2.68E-07 1.29E-03 1.27E-03 1.57E-07 9.69E-07 4.37E-04 1.12E-06 8.61E-07 0.00E+00 5.67E-04 3.12E-03 3.69E-03 1.12E-04 8.01E-02
Application abor/resi Child fluoranthene 2.56E-06 5.77E-04 1.41E-09 6.75E-05 9.10E-06 1.81E-06 4.63E-05 2.68E-07 1.31E-03 1.28E-03 1.57E-07 9.69E-07 4.45E-04 1.12E-06 8.61E-07 0.00E+00 5.77E-04 3.17E-03 3.74E-03 1.14E-04 8.13E-02
PDC abor/resi Child fluoranthene 3.61E-06 7.83E-04 1.99E-09 9.54E-05 1.29E-05 2.57E-06 6.55E-05 3.79E-07 1.78E-03 1.77E-03 2.30E-07 1.42E-06 6.04E-04 1.58E-06 1.22E-06 0.00E+00 7.83E-04 4.34E-03 5.12E-03 1.56E-04 1.11E-01
Project Alone abor/resi Child fluoranthene 8.52E-10 9.73E-06 4.69E-13 2.25E-08 3.03E-09 6.05E-10 1.54E-08 8.94E-11 2.21E-05 1.61E-05 3.50E-11 2.18E-10 7.50E-06 3.72E-10 2.87E-10 0.00E+00 9.73E-06 4.58E-05 5.55E-05 1.69E-06 1.20E-03
Future abor/resi Child fluoranthene 1.06E-06 2.16E-04 5.83E-10 2.79E-05 3.77E-06 7.51E-07 1.92E-05 1.11E-07 4.89E-04 5.07E-04 7.24E-08 4.47E-07 1.66E-04 4.62E-07 3.56E-07 0.00E+00 2.16E-04 1.22E-03 1.43E-03 4.35E-05 3.11E-02
Baseline abor/resi Infant fluoranthene 2.56E-06 2.13E-04 2.14E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.53E-04 6.05E-07 2.76E-07 8.33E-05 2.13E-04 2.40E-04 4.52E-04 5.52E-05 3.94E-02
Application abor/resi Infant fluoranthene 2.56E-06 2.16E-04 2.14E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.56E-04 6.05E-07 2.76E-07 8.45E-05 2.16E-04 2.44E-04 4.60E-04 5.61E-05 4.01E-02
PDC abor/resi Infant fluoranthene 3.61E-06 2.94E-04 3.02E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.11E-04 8.56E-07 3.90E-07 1.16E-04 2.94E-04 3.32E-04 6.25E-04 7.63E-05 5.45E-02
Project Alone abor/resi Infant fluoranthene 8.52E-10 3.65E-06 7.12E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.62E-06 2.02E-10 9.20E-11 1.23E-06 3.65E-06 3.86E-06 7.51E-06 9.15E-07 6.54E-04
Future abor/resi Infant fluoranthene 1.06E-06 8.08E-05 8.85E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.81E-05 2.51E-07 1.14E-07 3.25E-05 8.08E-05 9.20E-05 1.73E-04 2.11E-05 1.51E-02
Baseline abor/resi Toddler fluoranthene 1.02E-05 4.26E-04 8.06E-10 4.61E-05 5.16E-06 1.81E-06 3.02E-05 2.68E-07 7.80E-04 8.66E-04 1.07E-07 6.59E-07 2.68E-04 8.13E-07 4.88E-07 0.00E+00 4.26E-04 2.01E-03 2.44E-03 1.48E-04 1.05E-01
Application abor/resi Toddler fluoranthene 1.02E-05 4.33E-04 8.06E-10 4.61E-05 5.16E-06 1.81E-06 3.02E-05 2.68E-07 7.94E-04 8.77E-04 1.07E-07 6.59E-07 2.73E-04 8.13E-07 4.88E-07 0.00E+00 4.33E-04 2.04E-03 2.47E-03 1.50E-04 1.07E-01
PDC abor/resi Toddler fluoranthene 1.45E-05 5.87E-04 1.14E-09 6.52E-05 7.29E-06 2.57E-06 4.27E-05 3.79E-07 1.08E-03 1.21E-03 1.56E-07 9.63E-07 3.70E-04 1.15E-06 6.90E-07 0.00E+00 5.87E-04 2.79E-03 3.38E-03 2.05E-04 1.46E-01
Project Alone abor/resi Toddler fluoranthene 3.41E-09 7.30E-06 2.69E-13 1.54E-08 1.72E-09 6.05E-10 1.01E-08 8.94E-11 1.34E-05 1.10E-05 2.38E-11 1.48E-10 4.60E-06 2.71E-10 1.63E-10 0.00E+00 7.30E-06 2.91E-05 3.64E-05 2.20E-06 1.57E-03
Future abor/resi Toddler fluoranthene 4.23E-06 1.62E-04 3.34E-10 1.91E-05 2.14E-06 7.51E-07 1.25E-05 1.11E-07 2.96E-04 3.47E-04 4.92E-08 3.04E-07 1.02E-04 3.37E-07 2.02E-07 0.00E+00 1.62E-04 7.85E-04 9.47E-04 5.74E-05 4.10E-02
Baseline abor/resi Adolescent fluorene 1.79E-07 2.50E-03 1.06E-10 3.97E-06 1.52E-06 2.12E-07 5.79E-06 7.15E-08 5.50E-03 3.49E-03 1.57E-08 9.63E-08 1.10E-03 1.06E-07 9.54E-08 0.00E+00 2.50E-03 1.01E-02 1.26E-02 2.11E-04 5.28E-06
Application abor/resi Adolescent fluorene 1.79E-07 2.51E-03 1.06E-10 3.97E-06 1.52E-06 2.12E-07 5.79E-06 7.15E-08 5.53E-03 3.50E-03 1.57E-08 9.63E-08 1.11E-03 1.06E-07 9.54E-08 0.00E+00 2.51E-03 1.02E-02 1.27E-02 2.12E-04 5.30E-06
PDC abor/resi Adolescent fluorene 2.54E-07 3.43E-03 1.50E-10 5.62E-06 2.16E-06 3.00E-07 8.21E-06 1.01E-07 7.55E-03 4.79E-03 2.29E-08 1.40E-07 1.51E-03 1.50E-07 1.35E-07 0.00E+00 3.43E-03 1.39E-02 1.73E-02 2.90E-04 7.24E-06
Project Alone abor/resi Adolescent fluorene 1.65E-11 1.16E-05 9.76E-15 3.65E-10 1.40E-10 1.95E-11 5.33E-10 6.57E-12 2.54E-05 1.59E-05 2.46E-12 1.78E-11 5.10E-06 9.75E-12 8.77E-12 0.00E+00 1.16E-05 4.65E-05 5.80E-05 9.72E-07 2.43E-08
Future abor/resi Adolescent fluorene 7.47E-08 9.30E-04 4.43E-11 1.66E-06 6.36E-07 8.84E-08 2.42E-06 2.98E-08 2.05E-03 1.30E-03 7.20E-09 4.41E-08 4.10E-04 4.42E-08 3.98E-08 0.00E+00 9.30E-04 3.76E-03 4.69E-03 7.86E-05 1.96E-06



Soil
Drinking 
Water Dust Plant Berries Lab_tea Root Cattail Fish Moose Ruffed_Grouse Snowshoe_Hare Swim: Derm+Ing Dermal Dermal Breast Milk Water Food&Dermal Total Total RQ

SIR WIR AIR Plant Berries Lab_tea Root Cattail Fish Moose Ruffed_Grouse Snowshoe_Hare Surface Water Hands Other Breast Milk EDI EDI EDI EDI
ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/kg-BW/day Unitless

Table B-8  Summary of Predicted Human Exposures for Each Lifestyle Category, Scenario and Chemical

Baseline abor/resi Adult fluorene 1.79E-07 3.75E-03 1.13E-10 4.53E-06 1.26E-06 2.12E-07 4.80E-06 7.15E-08 5.50E-03 5.38E-03 2.42E-08 1.49E-07 1.26E-03 1.18E-07 1.09E-07 0.00E+00 3.75E-03 1.21E-02 1.59E-02 2.25E-04 5.62E-06
Application abor/resi Adult fluorene 1.79E-07 3.77E-03 1.13E-10 4.53E-06 1.26E-06 2.12E-07 4.80E-06 7.15E-08 5.53E-03 5.40E-03 2.42E-08 1.49E-07 1.26E-03 1.18E-07 1.09E-07 0.00E+00 3.77E-03 1.22E-02 1.60E-02 2.26E-04 5.65E-06
PDC abor/resi Adult fluorene 2.54E-07 5.15E-03 1.60E-10 6.42E-06 1.78E-06 3.00E-07 6.80E-06 1.01E-07 7.55E-03 7.38E-03 3.53E-08 2.17E-07 1.72E-03 1.67E-07 1.54E-07 0.00E+00 5.15E-03 1.67E-02 2.18E-02 3.09E-04 7.71E-06
Project Alone abor/resi Adult fluorene 1.65E-11 1.73E-05 1.04E-14 4.16E-10 1.16E-10 1.95E-11 4.41E-10 6.57E-12 2.54E-05 2.46E-05 3.80E-12 2.75E-11 5.80E-06 1.08E-11 1.00E-11 0.00E+00 1.73E-05 5.58E-05 7.31E-05 1.03E-06 2.59E-08
Future abor/resi Adult fluorene 7.47E-08 1.40E-03 4.71E-11 1.89E-06 5.25E-07 8.84E-08 2.00E-06 2.98E-08 2.05E-03 2.00E-03 1.11E-08 6.80E-08 4.67E-04 4.92E-08 4.54E-08 0.00E+00 1.40E-03 4.52E-03 5.92E-03 8.37E-05 2.09E-06
Baseline abor/resi Child fluorene 1.79E-07 2.00E-03 9.87E-11 3.24E-06 1.85E-06 7.06E-08 4.11E-06 2.38E-08 4.54E-03 2.49E-03 1.12E-08 6.88E-08 7.45E-04 7.82E-08 6.03E-08 0.00E+00 2.00E-03 7.79E-03 9.79E-03 2.98E-04 7.44E-06
Application abor/resi Child fluorene 1.79E-07 2.01E-03 9.87E-11 3.24E-06 1.85E-06 7.06E-08 4.11E-06 2.38E-08 4.56E-03 2.50E-03 1.12E-08 6.88E-08 7.48E-04 7.82E-08 6.03E-08 0.00E+00 2.01E-03 7.82E-03 9.83E-03 2.99E-04 7.47E-06
PDC abor/resi Child fluorene 2.54E-07 2.75E-03 1.40E-10 4.59E-06 2.62E-06 1.00E-07 5.82E-06 3.38E-08 6.23E-03 3.42E-03 1.64E-08 1.00E-07 1.02E-03 1.11E-07 8.55E-08 0.00E+00 2.75E-03 1.07E-02 1.34E-02 4.08E-04 1.02E-05
Project Alone abor/resi Child fluorene 1.65E-11 9.25E-06 9.07E-15 2.98E-10 1.70E-10 6.49E-12 3.78E-10 2.19E-12 2.10E-05 1.14E-05 1.76E-12 1.27E-11 3.44E-06 7.19E-12 5.54E-12 0.00E+00 9.25E-06 3.58E-05 4.51E-05 1.37E-06 3.42E-08
Future abor/resi Child fluorene 7.47E-08 7.44E-04 4.12E-11 1.35E-06 7.71E-07 2.95E-08 1.71E-06 9.94E-09 1.69E-03 9.28E-04 5.14E-09 3.15E-08 2.77E-04 3.26E-08 2.52E-08 0.00E+00 7.44E-04 2.90E-03 3.64E-03 1.11E-04 2.77E-06
Baseline abor/resi Infant fluorene 1.79E-07 7.51E-04 1.50E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.54E-04 4.24E-08 1.93E-08 3.35E-05 7.51E-04 2.88E-04 1.04E-03 1.27E-04 3.17E-06
Application abor/resi Infant fluorene 1.79E-07 7.54E-04 1.50E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.56E-04 4.24E-08 1.93E-08 3.36E-05 7.54E-04 2.89E-04 1.04E-03 1.27E-04 3.18E-06
PDC abor/resi Infant fluorene 2.54E-07 1.03E-03 2.12E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.49E-04 6.01E-08 2.74E-08 4.59E-05 1.03E-03 3.95E-04 1.42E-03 1.74E-04 4.34E-06
Project Alone abor/resi Infant fluorene 1.65E-11 3.47E-06 1.38E-15 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.18E-06 3.90E-12 1.78E-12 1.54E-07 3.47E-06 1.33E-06 4.80E-06 5.85E-07 1.46E-08
Future abor/resi Infant fluorene 7.47E-08 2.79E-04 6.25E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.46E-05 1.77E-08 8.07E-09 1.25E-05 2.79E-04 1.07E-04 3.86E-04 4.71E-05 1.18E-06
Baseline abor/resi Toddler fluorene 7.16E-07 1.50E-03 5.65E-11 2.22E-06 1.05E-06 7.06E-08 2.68E-06 2.38E-08 2.75E-03 1.70E-03 7.63E-09 4.68E-08 4.63E-04 5.70E-08 3.42E-08 0.00E+00 1.50E-03 4.93E-03 6.43E-03 3.90E-04 9.74E-06
Application abor/resi Toddler fluorene 7.16E-07 1.51E-03 5.65E-11 2.22E-06 1.05E-06 7.06E-08 2.68E-06 2.38E-08 2.76E-03 1.71E-03 7.63E-09 4.68E-08 4.65E-04 5.70E-08 3.42E-08 0.00E+00 1.51E-03 4.95E-03 6.46E-03 3.91E-04 9.78E-06
PDC abor/resi Toddler fluorene 1.02E-06 2.06E-03 8.01E-11 3.14E-06 1.49E-06 1.00E-07 3.80E-06 3.38E-08 3.78E-03 2.34E-03 1.11E-08 6.82E-08 6.35E-04 8.08E-08 4.85E-08 0.00E+00 2.06E-03 6.76E-03 8.82E-03 5.34E-04 1.34E-05
Project Alone abor/resi Toddler fluorene 6.59E-11 6.93E-06 5.19E-15 2.04E-10 9.64E-11 6.49E-12 2.46E-10 2.19E-12 1.27E-05 7.79E-06 1.20E-12 8.65E-12 2.14E-06 5.24E-12 3.14E-12 0.00E+00 6.93E-06 2.26E-05 2.96E-05 1.79E-06 4.48E-08
Future abor/resi Toddler fluorene 2.99E-07 5.58E-04 2.36E-11 9.24E-07 4.37E-07 2.95E-08 1.12E-06 9.94E-09 1.02E-03 6.35E-04 3.50E-09 2.14E-08 1.72E-04 2.38E-08 1.43E-08 0.00E+00 5.58E-04 1.83E-03 2.39E-03 1.45E-04 3.62E-06
Baseline abor/resi Adolescent formaldehyde 7.28E-05 4.23E-02 4.32E-08 5.55E-02 3.61E-02 4.06E-03 3.78E+00 4.67E-02 5.35E-03 3.74E-03 1.67E-06 1.07E-05 5.75E-04 2.91E-05 2.62E-05 0.00E+00 4.23E-02 3.93E+00 3.98E+00 6.66E-02 3.33E-04
Application abor/resi Adolescent formaldehyde 7.29E-05 6.38E-02 4.32E-08 5.55E-02 3.61E-02 4.06E-03 3.79E+00 4.67E-02 8.08E-03 3.75E-03 1.67E-06 1.07E-05 8.68E-04 2.92E-05 2.62E-05 0.00E+00 6.38E-02 3.94E+00 4.00E+00 6.71E-02 3.35E-04
PDC abor/resi Adolescent formaldehyde 9.31E-05 7.33E-02 5.52E-08 7.09E-02 4.61E-02 5.18E-03 4.83E+00 5.96E-02 9.27E-03 5.39E-03 2.40E-06 1.54E-05 9.96E-04 3.72E-05 3.35E-05 0.00E+00 7.33E-02 5.03E+00 5.10E+00 8.55E-02 4.28E-04
Project Alone abor/resi Adolescent formaldehyde 1.48E-06 2.15E-02 8.79E-10 1.13E-03 7.35E-04 8.26E-05 7.70E-02 9.50E-04 2.72E-03 1.10E-04 4.67E-08 3.02E-07 2.92E-04 5.93E-07 5.34E-07 0.00E+00 2.15E-02 8.30E-02 1.05E-01 1.75E-03 8.76E-06
Future abor/resi Adolescent formaldehyde 2.02E-05 3.09E-02 1.20E-08 1.54E-02 1.00E-02 1.13E-03 1.05E+00 1.30E-02 3.91E-03 1.65E-03 7.35E-07 4.73E-06 4.21E-04 8.10E-06 7.29E-06 0.00E+00 3.09E-02 1.10E+00 1.13E+00 1.89E-02 9.45E-05
Baseline abor/resi Adult formaldehyde 7.28E-05 6.35E-02 4.59E-08 6.33E-02 2.98E-02 4.06E-03 3.13E+00 4.67E-02 5.35E-03 5.77E-03 2.57E-06 1.65E-05 6.18E-04 3.24E-05 2.99E-05 0.00E+00 6.35E-02 3.29E+00 3.35E+00 4.74E-02 2.37E-04
Application abor/resi Adult formaldehyde 7.29E-05 9.58E-02 4.60E-08 6.34E-02 2.98E-02 4.06E-03 3.13E+00 4.67E-02 8.08E-03 5.78E-03 2.57E-06 1.66E-05 9.32E-04 3.24E-05 3.00E-05 0.00E+00 9.58E-02 3.29E+00 3.39E+00 4.79E-02 2.40E-04
PDC abor/resi Adult formaldehyde 9.31E-05 1.10E-01 5.87E-08 8.09E-02 3.81E-02 5.18E-03 4.00E+00 5.96E-02 9.27E-03 8.32E-03 3.70E-06 2.38E-05 1.07E-03 4.14E-05 3.83E-05 0.00E+00 1.10E-01 4.21E+00 4.32E+00 6.10E-02 3.05E-04
Project Alone abor/resi Adult formaldehyde 1.48E-06 3.23E-02 9.36E-10 1.29E-03 6.07E-04 8.26E-05 6.38E-02 9.50E-04 2.72E-03 1.70E-04 7.21E-08 4.66E-07 3.14E-04 6.60E-07 6.10E-07 0.00E+00 3.23E-02 6.99E-02 1.02E-01 1.45E-03 7.23E-06
Future abor/resi Adult formaldehyde 2.02E-05 4.64E-02 1.28E-08 1.76E-02 8.28E-03 1.13E-03 8.71E-01 1.30E-02 3.91E-03 2.55E-03 1.13E-06 7.30E-06 4.52E-04 9.01E-06 8.32E-06 0.00E+00 4.64E-02 9.18E-01 9.64E-01 1.36E-02 6.82E-05
Baseline abor/resi Child formaldehyde 7.28E-05 3.39E-02 4.01E-08 4.53E-02 4.38E-02 1.35E-03 2.68E+00 1.56E-02 4.42E-03 2.67E-03 1.19E-06 7.66E-06 7.40E-04 2.15E-05 1.66E-05 0.00E+00 3.39E-02 2.80E+00 2.83E+00 8.60E-02 4.30E-04
Application abor/resi Child formaldehyde 7.29E-05 5.11E-02 4.02E-08 4.53E-02 4.38E-02 1.35E-03 2.68E+00 1.56E-02 6.66E-03 2.68E-03 1.19E-06 7.66E-06 1.12E-03 2.15E-05 1.66E-05 0.00E+00 5.11E-02 2.80E+00 2.85E+00 8.67E-02 4.33E-04
PDC abor/resi Child formaldehyde 9.31E-05 5.86E-02 5.13E-08 5.79E-02 5.60E-02 1.73E-03 3.43E+00 1.99E-02 7.65E-03 3.85E-03 1.71E-06 1.10E-05 1.28E-03 2.75E-05 2.12E-05 0.00E+00 5.86E-02 3.58E+00 3.64E+00 1.11E-01 5.53E-04
Project Alone abor/resi Child formaldehyde 1.48E-06 1.72E-02 8.17E-10 9.23E-04 8.92E-04 2.75E-05 5.46E-02 3.17E-04 2.24E-03 7.89E-05 3.34E-08 2.16E-07 3.76E-04 4.38E-07 3.37E-07 0.00E+00 1.72E-02 5.95E-02 7.67E-02 2.33E-03 1.17E-05
Future abor/resi Child formaldehyde 2.02E-05 2.48E-02 1.12E-08 1.26E-02 1.22E-02 3.76E-04 7.46E-01 4.32E-03 3.23E-03 1.18E-03 5.25E-07 3.38E-06 5.41E-04 5.97E-06 4.61E-06 0.00E+00 2.48E-02 7.80E-01 8.05E-01 2.45E-02 1.22E-04
Baseline abor/resi Infant formaldehyde 7.28E-05 1.27E-02 6.09E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.15E-05 1.17E-05 5.32E-06 9.97E-07 1.27E-02 1.62E-04 1.29E-02 1.57E-03 7.84E-06
Application abor/resi Infant formaldehyde 7.29E-05 1.92E-02 6.09E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.08E-04 1.17E-05 5.32E-06 1.01E-06 1.92E-02 1.99E-04 1.94E-02 2.36E-03 1.18E-05
PDC abor/resi Infant formaldehyde 9.31E-05 2.20E-02 7.78E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.24E-04 1.49E-05 6.80E-06 1.28E-06 2.20E-02 2.40E-04 2.22E-02 2.71E-03 1.36E-05
Project Alone abor/resi Infant formaldehyde 1.48E-06 6.45E-03 1.24E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.64E-05 2.37E-07 1.08E-07 3.04E-08 6.45E-03 3.82E-05 6.49E-03 7.92E-04 3.96E-06
Future abor/resi Infant formaldehyde 2.02E-05 9.28E-03 1.69E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.23E-05 3.24E-06 1.48E-06 2.87E-07 9.28E-03 7.76E-05 9.36E-03 1.14E-03 5.71E-06
Baseline abor/resi Toddler formaldehyde 2.91E-04 2.54E-02 2.30E-08 3.10E-02 2.48E-02 1.35E-03 1.75E+00 1.56E-02 2.68E-03 1.83E-03 8.09E-07 5.21E-06 6.60E-04 1.57E-05 9.40E-06 0.00E+00 2.54E-02 1.83E+00 1.85E+00 1.12E-01 5.62E-04
Application abor/resi Toddler formaldehyde 2.92E-04 3.83E-02 2.30E-08 3.10E-02 2.48E-02 1.35E-03 1.75E+00 1.56E-02 4.04E-03 1.83E-03 8.09E-07 5.21E-06 9.96E-04 1.57E-05 9.40E-06 0.00E+00 3.83E-02 1.83E+00 1.87E+00 1.13E-01 5.66E-04
PDC abor/resi Toddler formaldehyde 3.72E-04 4.40E-02 2.94E-08 3.96E-02 3.17E-02 1.73E-03 2.24E+00 1.99E-02 4.63E-03 2.64E-03 1.17E-06 7.50E-06 1.14E-03 2.00E-05 1.20E-05 0.00E+00 4.40E-02 2.34E+00 2.38E+00 1.44E-01 7.22E-04
Project Alone abor/resi Toddler formaldehyde 5.93E-06 1.29E-02 4.68E-10 6.31E-04 5.05E-04 2.75E-05 3.56E-02 3.17E-04 1.36E-03 5.40E-05 2.27E-08 1.47E-07 3.36E-04 3.19E-07 1.91E-07 0.00E+00 1.29E-02 3.89E-02 5.18E-02 3.14E-03 1.57E-05
Future abor/resi Toddler formaldehyde 8.10E-05 1.86E-02 6.39E-09 8.61E-03 6.90E-03 3.76E-04 4.86E-01 4.32E-03 1.96E-03 8.08E-04 3.57E-07 2.30E-06 4.83E-04 4.35E-06 2.61E-06 0.00E+00 1.86E-02 5.10E-01 5.28E-01 3.20E-02 1.60E-04
Baseline abor/resi Adolescent indeno(1,2,3-cd)pyrene 6.07E-06 5.79E-05 3.60E-09 5.12E-04 2.12E-06 3.74E-05 5.47E-05 6.74E-07 1.27E-04 1.65E-03 7.05E-07 4.65E-06 2.34E-04 3.59E-06 3.23E-06 0.00E+00 5.79E-05 2.64E-03 2.70E-03 4.52E-05 3.23E-02
Application abor/resi Adolescent indeno(1,2,3-cd)pyrene 6.07E-06 6.52E-05 3.60E-09 5.12E-04 2.12E-06 3.75E-05 5.47E-05 6.75E-07 1.43E-04 1.66E-03 7.05E-07 4.65E-06 2.63E-04 3.59E-06 3.24E-06 0.00E+00 6.52E-05 2.69E-03 2.76E-03 4.62E-05 3.30E-02
PDC abor/resi Adolescent indeno(1,2,3-cd)pyrene 8.51E-06 8.35E-05 5.04E-09 7.18E-04 2.97E-06 5.25E-05 7.66E-05 9.45E-07 1.84E-04 2.41E-03 1.03E-06 6.78E-06 3.37E-04 5.04E-06 4.53E-06 0.00E+00 8.35E-05 3.81E-03 3.89E-03 6.52E-05 4.66E-02
Project Alone abor/resi Adolescent indeno(1,2,3-cd)pyrene 1.52E-08 7.28E-06 9.03E-12 1.28E-06 5.31E-09 9.39E-08 1.37E-07 1.69E-09 1.60E-05 1.30E-05 1.31E-09 8.62E-09 2.94E-05 9.02E-09 8.11E-09 0.00E+00 7.28E-06 6.00E-05 6.73E-05 1.13E-06 8.05E-04
Future abor/resi Adolescent indeno(1,2,3-cd)pyrene 2.44E-06 2.56E-05 1.44E-09 2.05E-04 8.49E-07 1.50E-05 2.19E-05 2.71E-07 5.63E-05 7.59E-04 3.24E-07 2.14E-06 1.03E-04 1.44E-06 1.30E-06 0.00E+00 2.56E-05 1.17E-03 1.20E-03 2.00E-05 1.43E-02
Baseline abor/resi Adult indeno(1,2,3-cd)pyrene 6.07E-06 8.68E-05 3.83E-09 5.85E-04 1.75E-06 3.74E-05 4.53E-05 6.74E-07 1.27E-04 2.55E-03 1.09E-06 7.17E-06 2.67E-04 4.00E-06 3.69E-06 0.00E+00 8.68E-05 3.63E-03 3.72E-03 5.26E-05 3.76E-02
Application abor/resi Adult indeno(1,2,3-cd)pyrene 6.07E-06 9.77E-05 3.83E-09 5.85E-04 1.75E-06 3.75E-05 4.53E-05 6.75E-07 1.43E-04 2.56E-03 1.09E-06 7.17E-06 3.00E-04 4.00E-06 3.69E-06 0.00E+00 9.77E-05 3.70E-03 3.80E-03 5.37E-05 3.84E-02
PDC abor/resi Adult indeno(1,2,3-cd)pyrene 8.51E-06 1.25E-04 5.37E-09 8.19E-04 2.45E-06 5.25E-05 6.35E-05 9.45E-07 1.84E-04 3.72E-03 1.59E-06 1.05E-05 3.85E-04 5.60E-06 5.17E-06 0.00E+00 1.25E-04 5.25E-03 5.38E-03 7.61E-05 5.44E-02
Project Alone abor/resi Adult indeno(1,2,3-cd)pyrene 1.52E-08 1.09E-05 9.61E-12 1.47E-06 4.39E-09 9.39E-08 1.14E-07 1.69E-09 1.60E-05 2.00E-05 2.02E-09 1.33E-08 3.36E-05 1.00E-08 9.26E-09 0.00E+00 1.09E-05 7.14E-05 8.23E-05 1.16E-06 8.31E-04
Future abor/resi Adult indeno(1,2,3-cd)pyrene 2.44E-06 3.84E-05 1.54E-09 2.35E-04 7.02E-07 1.50E-05 1.82E-05 2.71E-07 5.63E-05 1.17E-03 5.00E-07 3.30E-06 1.18E-04 1.60E-06 1.48E-06 0.00E+00 3.84E-05 1.62E-03 1.66E-03 2.35E-05 1.68E-02
Baseline abor/resi Child indeno(1,2,3-cd)pyrene 6.07E-06 4.63E-05 3.35E-09 4.18E-04 2.57E-06 1.25E-05 3.88E-05 2.25E-07 1.05E-04 1.18E-03 5.04E-07 3.32E-06 1.54E-04 2.65E-06 2.04E-06 0.00E+00 4.63E-05 1.93E-03 1.97E-03 6.00E-05 4.28E-02
Application abor/resi Child indeno(1,2,3-cd)pyrene 6.07E-06 5.21E-05 3.35E-09 4.18E-04 2.57E-06 1.25E-05 3.88E-05 2.25E-07 1.18E-04 1.19E-03 5.04E-07 3.32E-06 1.73E-04 2.65E-06 2.04E-06 0.00E+00 5.21E-05 1.97E-03 2.02E-03 6.13E-05 4.38E-02
PDC abor/resi Child indeno(1,2,3-cd)pyrene 8.51E-06 6.68E-05 4.69E-09 5.86E-04 3.60E-06 1.75E-05 5.43E-05 3.15E-07 1.51E-04 1.72E-03 7.36E-07 4.85E-06 2.22E-04 3.71E-06 2.86E-06 0.00E+00 6.68E-05 2.78E-03 2.84E-03 8.65E-05 6.18E-02
Project Alone abor/resi Child indeno(1,2,3-cd)pyrene 1.52E-08 5.83E-06 8.39E-12 1.05E-06 6.45E-09 3.13E-08 9.73E-08 5.64E-10 1.32E-05 9.29E-06 9.34E-10 6.15E-09 1.94E-05 6.65E-09 5.13E-09 0.00E+00 5.83E-06 4.31E-05 4.89E-05 1.49E-06 1.06E-03
Future abor/resi Child indeno(1,2,3-cd)pyrene 2.44E-06 2.05E-05 1.34E-09 1.68E-04 1.03E-06 5.01E-06 1.56E-05 9.02E-08 4.64E-05 5.42E-04 2.32E-07 1.53E-06 6.80E-05 1.06E-06 8.20E-07 0.00E+00 2.05E-05 8.52E-04 8.72E-04 2.65E-05 1.89E-02
Baseline abor/resi Infant indeno(1,2,3-cd)pyrene 6.07E-06 1.74E-05 5.08E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.47E-05 1.44E-06 6.56E-07 1.97E-03 1.74E-05 2.03E-03 2.05E-03 2.50E-04 1.78E-01
Application abor/resi Infant indeno(1,2,3-cd)pyrene 6.07E-06 1.95E-05 5.08E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.15E-05 1.44E-06 6.56E-07 2.01E-03 1.95E-05 2.08E-03 2.10E-03 2.56E-04 1.83E-01
PDC abor/resi Infant indeno(1,2,3-cd)pyrene 8.51E-06 2.50E-05 7.11E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.88E-05 2.01E-06 9.19E-07 2.84E-03 2.50E-05 2.93E-03 2.96E-03 3.61E-04 2.58E-01
Project Alone abor/resi Infant indeno(1,2,3-cd)pyrene 1.52E-08 2.18E-06 1.27E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.88E-06 3.61E-09 1.65E-09 4.35E-05 2.18E-06 5.04E-05 5.26E-05 6.41E-06 4.58E-03
Future abor/resi Infant indeno(1,2,3-cd)pyrene 2.44E-06 7.68E-06 2.04E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.42E-05 5.77E-07 2.63E-07 8.78E-04 7.68E-06 9.05E-04 9.13E-04 1.11E-04 7.95E-02
Baseline abor/resi Toddler indeno(1,2,3-cd)pyrene 2.43E-05 3.47E-05 1.91E-09 2.86E-04 1.46E-06 1.25E-05 2.53E-05 2.25E-07 6.37E-05 8.08E-04 3.43E-07 2.26E-06 9.33E-05 1.93E-06 1.16E-06 0.00E+00 3.47E-05 1.32E-03 1.35E-03 8.21E-05 5.86E-02
Application abor/resi Toddler indeno(1,2,3-cd)pyrene 2.43E-05 3.91E-05 1.92E-09 2.86E-04 1.46E-06 1.25E-05 2.53E-05 2.25E-07 7.17E-05 8.13E-04 3.43E-07 2.26E-06 1.05E-04 1.93E-06 1.16E-06 0.00E+00 3.91E-05 1.34E-03 1.38E-03 8.39E-05 5.99E-02
PDC abor/resi Toddler indeno(1,2,3-cd)pyrene 3.40E-05 5.01E-05 2.68E-09 4.01E-04 2.04E-06 1.75E-05 3.54E-05 3.15E-07 9.18E-05 1.18E-03 5.00E-07 3.29E-06 1.35E-04 2.71E-06 1.62E-06 0.00E+00 5.01E-05 1.90E-03 1.95E-03 1.18E-04 8.45E-02
Project Alone abor/resi Toddler indeno(1,2,3-cd)pyrene 6.09E-08 4.37E-06 4.80E-12 7.17E-07 3.65E-09 3.13E-08 6.34E-08 5.64E-10 8.01E-06 6.35E-06 6.35E-10 4.18E-09 1.17E-05 4.85E-09 2.91E-09 0.00E+00 4.37E-06 2.70E-05 3.14E-05 1.90E-06 1.36E-03
Future abor/resi Toddler indeno(1,2,3-cd)pyrene 9.74E-06 1.54E-05 7.68E-10 1.15E-04 5.84E-07 5.01E-06 1.01E-05 9.02E-08 2.82E-05 3.71E-04 1.58E-07 1.04E-06 4.13E-05 7.75E-07 4.65E-07 0.00E+00 1.54E-05 5.83E-04 5.98E-04 3.63E-05 2.59E-02



Soil
Drinking 
Water Dust Plant Berries Lab_tea Root Cattail Fish Moose Ruffed_Grouse Snowshoe_Hare Swim: Derm+Ing Dermal Dermal Breast Milk Water Food&Dermal Total Total RQ

SIR WIR AIR Plant Berries Lab_tea Root Cattail Fish Moose Ruffed_Grouse Snowshoe_Hare Surface Water Hands Other Breast Milk EDI EDI EDI EDI
ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/kg-BW/day Unitless

Table B-8  Summary of Predicted Human Exposures for Each Lifestyle Category, Scenario and Chemical

Baseline abor/resi Adolescent phenanthrene 3.79E-06 5.01E-03 2.25E-09 1.04E-04 2.16E-05 6.74E-06 1.18E-04 1.46E-06 1.10E-02 8.48E-03 2.45E-07 1.47E-06 2.97E-03 2.24E-06 2.02E-06 0.00E+00 5.01E-03 2.27E-02 2.77E-02 4.65E-04 3.32E-01
Application abor/resi Adolescent phenanthrene 3.79E-06 5.08E-03 2.25E-09 1.04E-04 2.16E-05 6.75E-06 1.18E-04 1.46E-06 1.12E-02 8.59E-03 2.45E-07 1.47E-06 3.01E-03 2.24E-06 2.02E-06 0.00E+00 5.08E-03 2.30E-02 2.81E-02 4.71E-04 3.36E-01
PDC abor/resi Adolescent phenanthrene 5.37E-06 6.89E-03 3.18E-09 1.48E-04 3.06E-05 9.55E-06 1.67E-04 2.06E-06 1.52E-02 1.17E-02 3.58E-07 2.14E-06 4.09E-03 3.18E-06 2.86E-06 0.00E+00 6.89E-03 3.13E-02 3.82E-02 6.40E-04 4.57E-01
Project Alone abor/resi Adolescent phenanthrene 8.78E-10 6.93E-05 5.21E-13 2.42E-08 5.01E-09 1.56E-09 2.74E-08 3.38E-10 1.53E-04 1.11E-04 5.14E-11 3.29E-10 4.12E-05 5.20E-10 4.68E-10 0.00E+00 6.93E-05 3.04E-04 3.74E-04 6.26E-06 4.47E-03
Future abor/resi Adolescent phenanthrene 1.58E-06 1.88E-03 9.35E-10 4.35E-05 9.00E-06 2.81E-06 4.92E-05 6.06E-07 4.14E-03 3.23E-03 1.13E-07 6.75E-07 1.12E-03 9.34E-07 8.41E-07 0.00E+00 1.88E-03 8.60E-03 1.05E-02 1.76E-04 1.25E-01
Baseline abor/resi Adult phenanthrene 3.79E-06 7.51E-03 2.39E-09 1.19E-04 1.79E-05 6.74E-06 9.78E-05 1.46E-06 1.10E-02 1.31E-02 3.78E-07 2.26E-06 3.39E-03 2.50E-06 2.30E-06 0.00E+00 7.51E-03 2.77E-02 3.52E-02 4.99E-04 3.56E-01
Application abor/resi Adult phenanthrene 3.79E-06 7.62E-03 2.39E-09 1.19E-04 1.79E-05 6.75E-06 9.78E-05 1.46E-06 1.12E-02 1.32E-02 3.78E-07 2.27E-06 3.43E-03 2.50E-06 2.30E-06 0.00E+00 7.62E-03 2.81E-02 3.57E-02 5.05E-04 3.61E-01
PDC abor/resi Adult phenanthrene 5.37E-06 1.03E-02 3.39E-09 1.69E-04 2.53E-05 9.55E-06 1.38E-04 2.06E-06 1.52E-02 1.81E-02 5.52E-07 3.31E-06 4.66E-03 3.53E-06 3.26E-06 0.00E+00 1.03E-02 3.82E-02 4.86E-02 6.87E-04 4.91E-01
Project Alone abor/resi Adult phenanthrene 8.78E-10 1.04E-04 5.54E-13 2.76E-08 4.14E-09 1.56E-09 2.27E-08 3.38E-10 1.53E-04 1.70E-04 7.94E-11 5.07E-10 4.69E-05 5.78E-10 5.34E-10 0.00E+00 1.04E-04 3.70E-04 4.74E-04 6.70E-06 4.79E-03
Future abor/resi Adult phenanthrene 1.58E-06 2.83E-03 9.95E-10 4.96E-05 7.44E-06 2.81E-06 4.07E-05 6.06E-07 4.14E-03 4.98E-03 1.74E-07 1.04E-06 1.27E-03 1.04E-06 9.60E-07 0.00E+00 2.83E-03 1.05E-02 1.33E-02 1.89E-04 1.35E-01
Baseline abor/resi Child phenanthrene 3.79E-06 4.01E-03 2.09E-09 8.52E-05 2.62E-05 2.25E-06 8.37E-05 4.85E-07 9.09E-03 6.06E-03 1.75E-07 1.05E-06 1.99E-03 1.65E-06 1.28E-06 0.00E+00 4.01E-03 1.73E-02 2.14E-02 6.49E-04 4.64E-01
Application abor/resi Child phenanthrene 3.79E-06 4.06E-03 2.09E-09 8.52E-05 2.62E-05 2.25E-06 8.37E-05 4.85E-07 9.22E-03 6.14E-03 1.75E-07 1.05E-06 2.02E-03 1.65E-06 1.28E-06 0.00E+00 4.06E-03 1.76E-02 2.16E-02 6.58E-04 4.70E-01
PDC abor/resi Child phenanthrene 5.37E-06 5.51E-03 2.96E-09 1.21E-04 3.72E-05 3.18E-06 1.19E-04 6.87E-07 1.25E-02 8.37E-03 2.55E-07 1.53E-06 2.74E-03 2.34E-06 1.81E-06 0.00E+00 5.51E-03 2.39E-02 2.94E-02 8.94E-04 6.39E-01
Project Alone abor/resi Child phenanthrene 8.78E-10 5.55E-05 4.84E-13 1.98E-08 6.08E-09 5.21E-10 1.94E-08 1.13E-10 1.26E-04 7.90E-05 3.67E-11 2.35E-10 2.76E-05 3.83E-10 2.96E-10 0.00E+00 5.55E-05 2.32E-04 2.88E-04 8.75E-06 6.25E-03
Future abor/resi Child phenanthrene 1.58E-06 1.51E-03 8.69E-10 3.55E-05 1.09E-05 9.36E-07 3.49E-05 2.02E-07 3.42E-03 2.31E-03 8.05E-08 4.82E-07 7.49E-04 6.89E-07 5.31E-07 0.00E+00 1.51E-03 6.56E-03 8.07E-03 2.45E-04 1.75E-01
Baseline abor/resi Infant phenanthrene 3.79E-06 1.50E-03 3.17E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.88E-04 8.97E-07 4.09E-07 1.48E-04 1.50E-03 8.42E-04 2.34E-03 2.86E-04 2.04E-01
Application abor/resi Infant phenanthrene 3.79E-06 1.52E-03 3.17E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.98E-04 8.97E-07 4.09E-07 1.50E-04 1.52E-03 8.53E-04 2.38E-03 2.90E-04 2.07E-01
PDC abor/resi Infant phenanthrene 5.37E-06 2.07E-03 4.49E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.47E-04 1.27E-06 5.80E-07 2.04E-04 2.07E-03 1.16E-03 3.23E-03 3.93E-04 2.81E-01
Project Alone abor/resi Infant phenanthrene 8.78E-10 2.08E-05 7.34E-14 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.53E-06 2.08E-10 9.49E-11 1.99E-06 2.08E-05 1.15E-05 3.23E-05 3.94E-06 2.82E-03
Future abor/resi Infant phenanthrene 1.58E-06 5.65E-04 1.32E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.59E-04 3.74E-07 1.70E-07 5.60E-05 5.65E-04 3.17E-04 8.82E-04 1.08E-04 7.68E-02
Baseline abor/resi Toddler phenanthrene 1.52E-05 3.01E-03 1.19E-09 5.83E-05 1.49E-05 2.25E-06 5.46E-05 4.85E-07 5.51E-03 4.15E-03 1.19E-07 7.13E-07 1.23E-03 1.21E-06 7.23E-07 0.00E+00 3.01E-03 1.10E-02 1.40E-02 8.51E-04 6.08E-01
Application abor/resi Toddler phenanthrene 1.52E-05 3.05E-03 1.20E-09 5.83E-05 1.49E-05 2.25E-06 5.46E-05 4.85E-07 5.59E-03 4.20E-03 1.19E-07 7.13E-07 1.25E-03 1.21E-06 7.23E-07 0.00E+00 3.05E-03 1.12E-02 1.42E-02 8.62E-04 6.16E-01
PDC abor/resi Toddler phenanthrene 2.15E-05 4.14E-03 1.69E-09 8.25E-05 2.11E-05 3.18E-06 7.73E-05 6.87E-07 7.58E-03 5.73E-03 1.74E-07 1.04E-06 1.69E-03 1.71E-06 1.02E-06 0.00E+00 4.14E-03 1.52E-02 1.93E-02 1.17E-03 8.37E-01
Project Alone abor/resi Toddler phenanthrene 3.51E-09 4.16E-05 2.77E-13 1.35E-08 3.45E-09 5.21E-10 1.27E-08 1.13E-10 7.63E-05 5.40E-05 2.50E-11 1.60E-10 1.70E-05 2.79E-10 1.68E-10 0.00E+00 4.16E-05 1.47E-04 1.89E-04 1.15E-05 8.18E-03
Future abor/resi Toddler phenanthrene 6.31E-06 1.13E-03 4.98E-10 2.43E-05 6.19E-06 9.36E-07 2.27E-05 2.02E-07 2.07E-03 1.58E-03 5.47E-08 3.28E-07 4.62E-04 5.02E-07 3.01E-07 0.00E+00 1.13E-03 4.18E-03 5.31E-03 3.22E-04 2.30E-01
Baseline abor/resi Adolescent pyrene 2.74E-05 5.61E-04 1.62E-08 1.85E-04 9.17E-05 1.30E-05 6.76E-04 8.34E-06 1.24E-03 1.58E-03 5.36E-07 1.74E-06 4.48E-04 1.62E-05 1.46E-05 0.00E+00 5.61E-04 4.30E-03 4.86E-03 8.14E-05 2.71E-06
Application abor/resi Adolescent pyrene 2.74E-05 5.82E-04 1.62E-08 1.85E-04 9.17E-05 1.30E-05 6.76E-04 8.34E-06 1.28E-03 1.62E-03 5.36E-07 1.74E-06 4.64E-04 1.62E-05 1.46E-05 0.00E+00 5.82E-04 4.39E-03 4.98E-03 8.33E-05 2.78E-06
PDC abor/resi Adolescent pyrene 3.86E-05 7.82E-04 2.29E-08 2.61E-04 1.29E-04 1.84E-05 9.54E-04 1.18E-05 1.72E-03 2.24E-03 7.82E-07 2.53E-06 6.24E-04 2.29E-05 2.06E-05 0.00E+00 7.82E-04 6.04E-03 6.82E-03 1.14E-04 3.81E-06
Project Alone abor/resi Adolescent pyrene 1.80E-08 2.01E-05 1.07E-11 1.22E-07 6.03E-08 8.56E-09 4.44E-07 5.48E-09 4.43E-05 3.67E-05 2.55E-10 8.41E-10 1.61E-05 1.07E-08 9.59E-09 0.00E+00 2.01E-05 9.78E-05 1.18E-04 1.98E-06 6.58E-08
Future abor/resi Adolescent pyrene 1.13E-05 2.20E-04 6.68E-09 7.61E-05 3.78E-05 5.36E-06 2.78E-04 3.43E-06 4.85E-04 6.58E-04 2.46E-07 7.98E-07 1.76E-04 6.67E-06 6.00E-06 0.00E+00 2.20E-04 1.74E-03 1.96E-03 3.29E-05 1.10E-06
Baseline abor/resi Adult pyrene 2.74E-05 8.42E-04 1.73E-08 2.11E-04 7.58E-05 1.30E-05 5.60E-04 8.34E-06 1.24E-03 2.44E-03 8.27E-07 2.68E-06 5.10E-04 1.80E-05 1.67E-05 0.00E+00 8.42E-04 5.11E-03 5.96E-03 8.42E-05 2.81E-06
Application abor/resi Adult pyrene 2.74E-05 8.72E-04 1.73E-08 2.11E-04 7.58E-05 1.30E-05 5.60E-04 8.34E-06 1.28E-03 2.49E-03 8.27E-07 2.68E-06 5.29E-04 1.80E-05 1.67E-05 0.00E+00 8.72E-04 5.23E-03 6.11E-03 8.64E-05 2.88E-06
PDC abor/resi Adult pyrene 3.86E-05 1.17E-03 2.44E-08 2.98E-04 1.07E-04 1.84E-05 7.90E-04 1.18E-05 1.72E-03 3.45E-03 1.21E-06 3.91E-06 7.11E-04 2.55E-05 2.35E-05 0.00E+00 1.17E-03 7.20E-03 8.37E-03 1.18E-04 3.95E-06
Project Alone abor/resi Adult pyrene 1.80E-08 3.02E-05 1.14E-11 1.39E-07 4.98E-08 8.56E-09 3.68E-07 5.48E-09 4.43E-05 5.66E-05 3.93E-10 1.30E-09 1.83E-05 1.19E-08 1.10E-08 0.00E+00 3.02E-05 1.20E-04 1.50E-04 2.12E-06 7.07E-08
Future abor/resi Adult pyrene 1.13E-05 3.30E-04 7.11E-09 8.68E-05 3.12E-05 5.36E-06 2.30E-04 3.43E-06 4.85E-04 1.01E-03 3.80E-07 1.23E-06 2.00E-04 7.42E-06 6.85E-06 0.00E+00 3.30E-04 2.08E-03 2.41E-03 3.41E-05 1.14E-06
Baseline abor/resi Child pyrene 2.74E-05 4.49E-04 1.51E-08 1.51E-04 1.11E-04 4.34E-06 4.79E-04 2.78E-06 1.02E-03 1.13E-03 3.83E-07 1.24E-06 2.98E-04 1.20E-05 9.22E-06 0.00E+00 4.49E-04 3.24E-03 3.69E-03 1.12E-04 3.74E-06
Application abor/resi Child pyrene 2.74E-05 4.65E-04 1.51E-08 1.51E-04 1.11E-04 4.34E-06 4.79E-04 2.78E-06 1.06E-03 1.15E-03 3.83E-07 1.24E-06 3.09E-04 1.20E-05 9.22E-06 0.00E+00 4.65E-04 3.32E-03 3.78E-03 1.15E-04 3.83E-06
PDC abor/resi Child pyrene 3.86E-05 6.25E-04 2.13E-08 2.13E-04 1.57E-04 6.12E-06 6.77E-04 3.92E-06 1.42E-03 1.60E-03 5.59E-07 1.81E-06 4.16E-04 1.69E-05 1.30E-05 0.00E+00 6.25E-04 4.56E-03 5.19E-03 1.58E-04 5.25E-06
Project Alone abor/resi Child pyrene 1.80E-08 1.61E-05 9.92E-12 9.92E-08 7.32E-08 2.85E-09 3.15E-07 1.83E-09 3.65E-05 2.62E-05 1.82E-10 6.01E-10 1.07E-05 7.86E-09 6.06E-09 0.00E+00 1.61E-05 7.40E-05 9.01E-05 2.74E-06 9.13E-08
Future abor/resi Child pyrene 1.13E-05 1.76E-04 6.21E-09 6.21E-05 4.58E-05 1.79E-06 1.97E-04 1.14E-06 4.00E-04 4.70E-04 1.76E-07 5.70E-07 1.17E-04 4.92E-06 3.79E-06 0.00E+00 1.76E-04 1.32E-03 1.49E-03 4.53E-05 1.51E-06
Baseline abor/resi Infant pyrene 2.74E-05 1.68E-04 2.29E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.04E-04 6.48E-06 2.96E-06 6.28E-05 1.68E-04 2.04E-04 3.72E-04 4.54E-05 1.51E-06
Application abor/resi Infant pyrene 2.74E-05 1.74E-04 2.29E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.08E-04 6.48E-06 2.96E-06 6.44E-05 1.74E-04 2.09E-04 3.83E-04 4.68E-05 1.56E-06
PDC abor/resi Infant pyrene 3.86E-05 2.35E-04 3.23E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.45E-04 9.15E-06 4.18E-06 8.83E-05 2.35E-04 2.85E-04 5.20E-04 6.34E-05 2.11E-06
Project Alone abor/resi Infant pyrene 1.80E-08 6.04E-06 1.50E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.73E-06 4.26E-09 1.94E-09 1.58E-06 6.04E-06 5.34E-06 1.14E-05 1.39E-06 4.62E-08
Future abor/resi Infant pyrene 1.13E-05 6.61E-05 9.42E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.08E-05 2.67E-06 1.22E-06 2.55E-05 6.61E-05 8.14E-05 1.47E-04 1.80E-05 6.00E-07
Baseline abor/resi Toddler pyrene 1.09E-04 3.37E-04 8.63E-09 1.03E-04 6.31E-05 4.34E-06 3.13E-04 2.78E-06 6.18E-04 7.72E-04 2.60E-07 8.43E-07 1.83E-04 8.71E-06 5.23E-06 0.00E+00 3.37E-04 2.18E-03 2.52E-03 1.53E-04 5.09E-06
Application abor/resi Toddler pyrene 1.10E-04 3.49E-04 8.63E-09 1.03E-04 6.31E-05 4.34E-06 3.13E-04 2.78E-06 6.40E-04 7.90E-04 2.60E-07 8.43E-07 1.90E-04 8.71E-06 5.23E-06 0.00E+00 3.49E-04 2.23E-03 2.58E-03 1.56E-04 5.21E-06
PDC abor/resi Toddler pyrene 1.55E-04 4.69E-04 1.22E-08 1.46E-04 8.91E-05 6.12E-06 4.41E-04 3.92E-06 8.60E-04 1.09E-03 3.80E-07 1.23E-06 2.55E-04 1.23E-05 7.38E-06 0.00E+00 4.69E-04 3.07E-03 3.54E-03 2.15E-04 7.15E-06
Project Alone abor/resi Toddler pyrene 7.20E-08 1.21E-05 5.68E-12 6.78E-08 4.15E-08 2.85E-09 2.06E-07 1.83E-09 2.21E-05 1.80E-05 1.24E-10 4.08E-10 6.57E-06 5.73E-09 3.44E-09 0.00E+00 1.21E-05 4.71E-05 5.92E-05 3.59E-06 1.20E-07
Future abor/resi Toddler pyrene 4.51E-05 1.32E-04 3.55E-09 4.25E-05 2.60E-05 1.79E-06 1.29E-04 1.14E-06 2.42E-04 3.21E-04 1.20E-07 3.88E-07 7.19E-05 3.59E-06 2.15E-06 0.00E+00 1.32E-04 8.87E-04 1.02E-03 6.18E-05 2.06E-06
Baseline Worker Adult 3-methylcholanthrene 4.56E-06 0.00E+00 1.16E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.06E-06 3.75E-06 0.00E+00 0.00E+00 1.24E-05 1.24E-05 1.75E-07 5.83E-09
Application Worker Adult 3-methylcholanthrene 4.63E-06 0.00E+00 1.18E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.12E-06 3.80E-06 0.00E+00 0.00E+00 1.25E-05 1.25E-05 1.77E-07 5.92E-09
PDC Worker Adult 3-methylcholanthrene 4.78E-06 0.00E+00 1.22E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.25E-06 3.93E-06 0.00E+00 0.00E+00 1.30E-05 1.30E-05 1.83E-07 6.11E-09
Project Alone Worker Adult 3-methylcholanthrene 1.49E-06 0.00E+00 3.81E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.33E-06 1.23E-06 0.00E+00 0.00E+00 4.04E-06 4.04E-06 5.72E-08 1.91E-09
Future Worker Adult 3-methylcholanthrene 1.72E-06 0.00E+00 4.39E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.53E-06 1.41E-06 0.00E+00 0.00E+00 4.66E-06 4.66E-06 6.59E-08 2.20E-09
Baseline Worker Adult 7,12-dimethylbenz(a)anthra 8.20E-07 0.00E+00 2.10E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.49E-07 8.77E-07 0.00E+00 0.00E+00 2.65E-06 2.65E-06 3.74E-08 2.67E-05
Application Worker Adult 7,12-dimethylbenz(a)anthra 8.32E-07 0.00E+00 2.12E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.63E-07 8.89E-07 0.00E+00 0.00E+00 2.68E-06 2.68E-06 3.80E-08 2.71E-05
PDC Worker Adult 7,12-dimethylbenz(a)anthra 8.59E-07 0.00E+00 2.19E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.94E-07 9.18E-07 0.00E+00 0.00E+00 2.77E-06 2.77E-06 3.92E-08 2.80E-05
Project Alone Worker Adult 7,12-dimethylbenz(a)anthra 2.68E-07 0.00E+00 6.85E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.10E-07 2.86E-07 0.00E+00 0.00E+00 8.65E-07 8.65E-07 1.22E-08 8.74E-06
Future Worker Adult 7,12-dimethylbenz(a)anthra 3.09E-07 0.00E+00 7.89E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.57E-07 3.30E-07 0.00E+00 0.00E+00 9.96E-07 9.96E-07 1.41E-08 1.01E-05
Baseline Worker Adult anthracene 1.35E-07 0.00E+00 3.46E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.78E-07 1.65E-07 0.00E+00 0.00E+00 4.78E-07 4.78E-07 6.77E-09 2.26E-11
Application Worker Adult anthracene 1.39E-07 0.00E+00 3.55E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.83E-07 1.69E-07 0.00E+00 0.00E+00 4.91E-07 4.91E-07 6.95E-09 2.32E-11
PDC Worker Adult anthracene 1.85E-07 0.00E+00 4.72E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.43E-07 2.25E-07 0.00E+00 0.00E+00 6.53E-07 6.53E-07 9.24E-09 3.08E-11
Project Alone Worker Adult anthracene 8.45E-09 0.00E+00 2.16E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.11E-08 1.03E-08 0.00E+00 0.00E+00 2.99E-08 2.99E-08 4.22E-10 1.41E-12
Future Worker Adult anthracene 4.95E-08 0.00E+00 1.26E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.52E-08 6.02E-08 0.00E+00 0.00E+00 1.75E-07 1.75E-07 2.47E-09 8.24E-12
Baseline Worker Adult benz(a)anthracene 3.85E-06 0.00E+00 9.83E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.07E-06 4.68E-06 0.00E+00 0.00E+00 1.36E-05 1.36E-05 1.92E-07 1.37E-04
Application Worker Adult benz(a)anthracene 3.98E-06 0.00E+00 1.02E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.25E-06 4.84E-06 0.00E+00 0.00E+00 1.41E-05 1.41E-05 1.99E-07 1.42E-04
PDC Worker Adult benz(a)anthracene 5.27E-06 0.00E+00 1.35E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.94E-06 6.41E-06 0.00E+00 0.00E+00 1.86E-05 1.86E-05 2.63E-07 1.88E-04
Project Alone Worker Adult benz(a)anthracene 3.06E-07 0.00E+00 7.82E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.03E-07 3.72E-07 0.00E+00 0.00E+00 1.08E-06 1.08E-06 1.53E-08 1.09E-05
Future Worker Adult benz(a)anthracene 1.46E-06 0.00E+00 3.72E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.92E-06 1.77E-06 0.00E+00 0.00E+00 5.15E-06 5.15E-06 7.28E-08 5.20E-05



Soil
Drinking 
Water Dust Plant Berries Lab_tea Root Cattail Fish Moose Ruffed_Grouse Snowshoe_Hare Swim: Derm+Ing Dermal Dermal Breast Milk Water Food&Dermal Total Total RQ

SIR WIR AIR Plant Berries Lab_tea Root Cattail Fish Moose Ruffed_Grouse Snowshoe_Hare Surface Water Hands Other Breast Milk EDI EDI EDI EDI
ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/day ug/kg-BW/day Unitless

Table B-8  Summary of Predicted Human Exposures for Each Lifestyle Category, Scenario and Chemical

Baseline Worker Adult benzo(a)pyrene 1.97E-06 0.00E+00 5.03E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.59E-06 2.39E-06 0.00E+00 0.00E+00 6.96E-06 6.96E-06 9.84E-08 7.03E-05
Application Worker Adult benzo(a)pyrene 1.99E-06 0.00E+00 5.08E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.62E-06 2.42E-06 0.00E+00 0.00E+00 7.04E-06 7.04E-06 9.95E-08 7.11E-05
PDC Worker Adult benzo(a)pyrene 2.42E-06 0.00E+00 6.18E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.19E-06 2.94E-06 0.00E+00 0.00E+00 8.55E-06 8.55E-06 1.21E-07 8.63E-05
Project Alone Worker Adult benzo(a)pyrene 3.40E-07 0.00E+00 8.67E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.47E-07 4.13E-07 0.00E+00 0.00E+00 1.20E-06 1.20E-06 1.70E-08 1.21E-05
Future Worker Adult benzo(a)pyrene 8.02E-07 0.00E+00 2.05E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.06E-06 9.75E-07 0.00E+00 0.00E+00 2.83E-06 2.83E-06 4.01E-08 2.86E-05
Baseline Worker Adult benzo(b)fluoranthene 5.86E-07 0.00E+00 1.50E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.72E-07 7.13E-07 0.00E+00 0.00E+00 2.07E-06 2.07E-06 2.93E-08 2.09E-05
Application Worker Adult benzo(b)fluoranthene 6.08E-07 0.00E+00 1.55E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.00E-07 7.39E-07 0.00E+00 0.00E+00 2.15E-06 2.15E-06 3.04E-08 2.17E-05
PDC Worker Adult benzo(b)fluoranthene 8.01E-07 0.00E+00 2.04E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.05E-06 9.74E-07 0.00E+00 0.00E+00 2.83E-06 2.83E-06 4.00E-08 2.86E-05
Project Alone Worker Adult benzo(b)fluoranthene 4.97E-08 0.00E+00 1.27E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.55E-08 6.05E-08 0.00E+00 0.00E+00 1.76E-07 1.76E-07 2.49E-09 1.78E-06
Future Worker Adult benzo(b)fluoranthene 2.23E-07 0.00E+00 5.70E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.94E-07 2.72E-07 0.00E+00 0.00E+00 7.89E-07 7.89E-07 1.12E-08 7.97E-06
Baseline Worker Adult benzo(g,h,i)perylene 4.64E-06 0.00E+00 1.18E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.11E-06 5.64E-06 0.00E+00 0.00E+00 1.64E-05 1.64E-05 2.32E-07 1.66E-04
Application Worker Adult benzo(g,h,i)perylene 4.84E-06 0.00E+00 1.24E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.38E-06 5.89E-06 0.00E+00 0.00E+00 1.71E-05 1.71E-05 2.42E-07 1.73E-04
PDC Worker Adult benzo(g,h,i)perylene 6.37E-06 0.00E+00 1.63E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.39E-06 7.75E-06 0.00E+00 0.00E+00 2.25E-05 2.25E-05 3.18E-07 2.27E-04
Project Alone Worker Adult benzo(g,h,i)perylene 4.70E-07 0.00E+00 1.20E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.19E-07 5.71E-07 0.00E+00 0.00E+00 1.66E-06 1.66E-06 2.35E-08 1.68E-05
Future Worker Adult benzo(g,h,i)perylene 1.84E-06 0.00E+00 4.70E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.42E-06 2.24E-06 0.00E+00 0.00E+00 6.50E-06 6.50E-06 9.20E-08 6.57E-05
Baseline Worker Adult benzo(k)fluoranthene 7.87E-06 0.00E+00 2.01E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.04E-05 9.58E-06 0.00E+00 0.00E+00 2.78E-05 2.78E-05 3.94E-07 2.81E-04
Application Worker Adult benzo(k)fluoranthene 7.99E-06 0.00E+00 2.04E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.05E-05 9.72E-06 0.00E+00 0.00E+00 2.82E-05 2.82E-05 3.99E-07 2.85E-04
PDC Worker Adult benzo(k)fluoranthene 9.32E-06 0.00E+00 2.38E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.23E-05 1.13E-05 0.00E+00 0.00E+00 3.29E-05 3.29E-05 4.66E-07 3.33E-04
Project Alone Worker Adult benzo(k)fluoranthene 1.70E-06 0.00E+00 4.35E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.24E-06 2.07E-06 0.00E+00 0.00E+00 6.02E-06 6.02E-06 8.52E-08 6.08E-05
Future Worker Adult benzo(k)fluoranthene 3.15E-06 0.00E+00 8.05E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.15E-06 3.84E-06 0.00E+00 0.00E+00 1.11E-05 1.11E-05 1.58E-07 1.13E-04
Baseline Worker Adult chrysene 1.28E-05 0.00E+00 3.26E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.68E-05 1.55E-05 0.00E+00 0.00E+00 4.52E-05 4.52E-05 6.39E-07 4.56E-04
Application Worker Adult chrysene 1.32E-05 0.00E+00 3.37E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.74E-05 1.60E-05 0.00E+00 0.00E+00 4.66E-05 4.66E-05 6.59E-07 4.71E-04
PDC Worker Adult chrysene 1.75E-05 0.00E+00 4.46E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.30E-05 2.13E-05 0.00E+00 0.00E+00 6.18E-05 6.18E-05 8.74E-07 6.24E-04
Project Alone Worker Adult chrysene 9.46E-07 0.00E+00 2.42E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.25E-06 1.15E-06 0.00E+00 0.00E+00 3.34E-06 3.34E-06 4.73E-08 3.38E-05
Future Worker Adult chrysene 4.78E-06 0.00E+00 1.22E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.29E-06 5.81E-06 0.00E+00 0.00E+00 1.69E-05 1.69E-05 2.39E-07 1.71E-04
Baseline Worker Adult dibenz(a,h)anthracene 6.46E-06 0.00E+00 1.65E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.51E-06 7.86E-06 0.00E+00 0.00E+00 2.28E-05 2.28E-05 3.23E-07 2.31E-04
Application Worker Adult dibenz(a,h)anthracene 6.76E-06 0.00E+00 1.73E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.90E-06 8.22E-06 0.00E+00 0.00E+00 2.39E-05 2.39E-05 3.38E-07 2.41E-04
PDC Worker Adult dibenz(a,h)anthracene 8.88E-06 0.00E+00 2.27E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.17E-05 1.08E-05 0.00E+00 0.00E+00 3.14E-05 3.14E-05 4.44E-07 3.17E-04
Project Alone Worker Adult dibenz(a,h)anthracene 6.77E-07 0.00E+00 1.73E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.91E-07 8.23E-07 0.00E+00 0.00E+00 2.39E-06 2.39E-06 3.38E-08 2.42E-05
Future Worker Adult dibenz(a,h)anthracene 2.59E-06 0.00E+00 6.60E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.41E-06 3.15E-06 0.00E+00 0.00E+00 9.14E-06 9.14E-06 1.29E-07 9.23E-05
Baseline Worker Adult fluoranthene 1.47E-06 0.00E+00 3.76E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.94E-06 1.79E-06 0.00E+00 0.00E+00 5.20E-06 5.20E-06 7.36E-08 5.25E-05
Application Worker Adult fluoranthene 1.49E-06 0.00E+00 3.80E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.96E-06 1.81E-06 0.00E+00 0.00E+00 5.26E-06 5.26E-06 7.44E-08 5.31E-05
PDC Worker Adult fluoranthene 2.00E-06 0.00E+00 5.10E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.63E-06 2.43E-06 0.00E+00 0.00E+00 7.06E-06 7.06E-06 9.99E-08 7.13E-05
Project Alone Worker Adult fluoranthene 3.62E-08 0.00E+00 9.25E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.77E-08 4.40E-08 0.00E+00 0.00E+00 1.28E-07 1.28E-07 1.81E-09 1.29E-06
Future Worker Adult fluoranthene 5.26E-07 0.00E+00 1.34E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.93E-07 6.40E-07 0.00E+00 0.00E+00 1.86E-06 1.86E-06 2.63E-08 1.88E-05
Baseline Worker Adult fluorene 1.01E-07 0.00E+00 2.58E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.33E-07 1.23E-07 0.00E+00 0.00E+00 3.57E-07 3.57E-07 5.05E-09 1.26E-10
Application Worker Adult fluorene 1.01E-07 0.00E+00 2.59E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.33E-07 1.23E-07 0.00E+00 0.00E+00 3.58E-07 3.58E-07 5.06E-09 1.27E-10
PDC Worker Adult fluorene 1.37E-07 0.00E+00 3.49E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.80E-07 1.66E-07 0.00E+00 0.00E+00 4.83E-07 4.83E-07 6.84E-09 1.71E-10
Project Alone Worker Adult fluorene 6.59E-10 0.00E+00 1.68E-13 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.67E-10 8.01E-10 0.00E+00 0.00E+00 2.33E-09 2.33E-09 3.29E-11 8.23E-13
Future Worker Adult fluorene 3.57E-08 0.00E+00 9.13E-12 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.71E-08 4.35E-08 0.00E+00 0.00E+00 1.26E-07 1.26E-07 1.79E-09 4.47E-11
Baseline Worker Adult formaldehyde 2.35E-04 0.00E+00 6.01E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.10E-04 1.94E-04 0.00E+00 0.00E+00 6.39E-04 6.39E-04 9.03E-06 4.52E-08
Application Worker Adult formaldehyde 2.40E-04 0.00E+00 6.13E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.14E-04 1.97E-04 0.00E+00 0.00E+00 6.51E-04 6.51E-04 9.21E-06 4.60E-08
PDC Worker Adult formaldehyde 2.62E-04 0.00E+00 6.70E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.34E-04 2.16E-04 0.00E+00 0.00E+00 7.12E-04 7.12E-04 1.01E-05 5.03E-08
Project Alone Worker Adult formaldehyde 7.00E-05 0.00E+00 1.79E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.23E-05 5.75E-05 0.00E+00 0.00E+00 1.90E-04 1.90E-04 2.69E-06 1.34E-08
Future Worker Adult formaldehyde 9.45E-05 0.00E+00 2.41E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.41E-05 7.77E-05 0.00E+00 0.00E+00 2.56E-04 2.56E-04 3.62E-06 1.81E-08
Baseline Worker Adult indeno(1,2,3-cd)pyrene 4.49E-06 0.00E+00 1.15E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.92E-06 5.47E-06 0.00E+00 0.00E+00 1.59E-05 1.59E-05 2.25E-07 1.60E-04
Application Worker Adult indeno(1,2,3-cd)pyrene 4.54E-06 0.00E+00 1.16E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.98E-06 5.53E-06 0.00E+00 0.00E+00 1.61E-05 1.61E-05 2.27E-07 1.62E-04
PDC Worker Adult indeno(1,2,3-cd)pyrene 5.61E-06 0.00E+00 1.43E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.38E-06 6.82E-06 0.00E+00 0.00E+00 1.98E-05 1.98E-05 2.80E-07 2.00E-04
Project Alone Worker Adult indeno(1,2,3-cd)pyrene 7.29E-07 0.00E+00 1.86E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.60E-07 8.87E-07 0.00E+00 0.00E+00 2.58E-06 2.58E-06 3.64E-08 2.60E-05
Future Worker Adult indeno(1,2,3-cd)pyrene 1.83E-06 0.00E+00 4.69E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.42E-06 2.23E-06 0.00E+00 0.00E+00 6.48E-06 6.48E-06 9.17E-08 6.55E-05
Baseline Worker Adult phenanthrene 2.15E-06 0.00E+00 5.50E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.84E-06 2.62E-06 0.00E+00 0.00E+00 7.61E-06 7.61E-06 1.08E-07 7.69E-05
Application Worker Adult phenanthrene 2.17E-06 0.00E+00 5.54E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.86E-06 2.64E-06 0.00E+00 0.00E+00 7.67E-06 7.67E-06 1.09E-07 7.75E-05
PDC Worker Adult phenanthrene 2.92E-06 0.00E+00 7.45E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.84E-06 3.55E-06 0.00E+00 0.00E+00 1.03E-05 1.03E-05 1.46E-07 1.04E-04
Project Alone Worker Adult phenanthrene 4.19E-08 0.00E+00 1.07E-11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.52E-08 5.10E-08 0.00E+00 0.00E+00 1.48E-07 1.48E-07 2.10E-09 1.50E-06
Future Worker Adult phenanthrene 7.65E-07 0.00E+00 1.95E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.01E-06 9.31E-07 0.00E+00 0.00E+00 2.70E-06 2.70E-06 3.82E-08 2.73E-05
Baseline Worker Adult pyrene 1.62E-05 0.00E+00 4.15E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.14E-05 1.98E-05 0.00E+00 0.00E+00 5.74E-05 5.74E-05 8.12E-07 2.71E-08
Application Worker Adult pyrene 1.66E-05 0.00E+00 4.24E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.19E-05 2.02E-05 0.00E+00 0.00E+00 5.87E-05 5.87E-05 8.30E-07 2.77E-08
PDC Worker Adult pyrene 2.22E-05 0.00E+00 5.66E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.92E-05 2.70E-05 0.00E+00 0.00E+00 7.84E-05 7.84E-05 1.11E-06 3.69E-08
Project Alone Worker Adult pyrene 8.46E-07 0.00E+00 2.16E-10 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.11E-06 1.03E-06 0.00E+00 0.00E+00 2.99E-06 2.99E-06 4.23E-08 1.41E-09
Future Worker Adult pyrene 5.93E-06 0.00E+00 1.51E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.81E-06 7.21E-06 0.00E+00 0.00E+00 2.09E-05 2.09E-05 2.96E-07 9.87E-09

Drinking water concentration equal to surface water concentration which is based on air concentration predicted at Twin Lakes or R27
Used in worked example



Plant Plant Plant Plant Berries Lab_tea
Deposition Air Soil SUM Soil Deposition

mg/kg mg/kg mg/L mg/L ug/m3 ug/m3 mg/m2/yr mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww
Baseline Abor/resi 3-methylcholanthrene Baseline_ 5.54E-06 5.54E-05 1.41E-08 1.41E-08 7.49E-07 4.21E-11 3.04E-04 1.96E-07 1.85E-07 3.05E-09 3.85E-07 3.86E-09 5.76E-07
Application Abor/resi 3-methylcholanthrene Applicatio 5.62E-06 5.62E-05 2.35E-08 2.35E-08 7.60E-07 4.27E-11 3.09E-04 1.99E-07 1.88E-07 3.10E-09 3.91E-07 3.92E-09 5.84E-07
PDC Abor/resi 3-methylcholanthrene PDC_Abo 5.76E-06 5.76E-05 2.53E-08 2.53E-08 7.79E-07 4.38E-11 3.17E-04 2.04E-07 1.93E-07 3.17E-09 4.00E-07 4.02E-09 5.98E-07
Project Alone Abor/resi 3-methylcholanthrene Project A 1.24E-07 1.24E-06 9.34E-09 9.34E-09 1.68E-08 9.44E-13 6.83E-06 4.40E-09 4.16E-09 6.85E-11 8.63E-09 8.67E-11 1.29E-08
Future Abor/resi 3-methylcholanthrene Future_A 5.57E-07 5.57E-06 1.12E-08 1.12E-08 7.53E-08 4.23E-12 3.06E-05 1.97E-08 1.87E-08 3.07E-10 3.87E-08 3.89E-10 5.79E-08
Baseline Abor/resi 7,12-dimethylbenz(a)anthraceneBaseline_ 9.96E-07 9.96E-06 1.26E-07 1.26E-07 6.66E-06 7.57E-12 2.71E-03 1.75E-06 3.44E-07 1.29E-09 2.09E-06 1.63E-09 5.12E-06
Application Abor/resi 7,12-dimethylbenz(a)anthraceneApplicatio 1.01E-06 1.01E-05 2.09E-07 2.09E-07 6.77E-06 7.68E-12 2.75E-03 1.77E-06 3.49E-07 1.31E-09 2.12E-06 1.65E-09 5.20E-06
PDC Abor/resi 7,12-dimethylbenz(a)anthracenePDC_Abo 1.04E-06 1.04E-05 2.25E-07 2.25E-07 6.93E-06 7.87E-12 2.82E-03 1.82E-06 3.57E-07 1.34E-09 2.17E-06 1.69E-09 5.33E-06
Project Alone Abor/resi 7,12-dimethylbenz(a)anthraceneProject A 2.27E-08 2.27E-07 8.31E-08 8.31E-08 1.52E-07 1.73E-13 6.18E-05 3.98E-08 7.84E-09 2.93E-11 4.77E-08 3.72E-11 1.17E-07
Future Abor/resi 7,12-dimethylbenz(a)anthraceneFuture_A 1.00E-07 1.00E-06 9.94E-08 9.94E-08 6.69E-07 7.60E-13 2.72E-04 1.75E-07 3.45E-08 1.29E-10 2.10E-07 1.64E-10 5.14E-07
Baseline Abor/resi anthracene Baseline_ 1.14E-06 1.14E-05 7.31E-08 7.31E-08 3.65E-05 8.69E-12 1.49E-02 3.70E-08 2.35E-09 1.66E-08 5.60E-08 2.11E-08 1.09E-07
Application Abor/resi anthracene Applicatio 1.14E-06 1.14E-05 7.63E-08 7.63E-08 3.65E-05 8.69E-12 1.49E-02 3.70E-08 2.35E-09 1.66E-08 5.60E-08 2.11E-08 1.09E-07
PDC Abor/resi anthracene PDC_Abo 1.61E-06 1.61E-05 1.02E-07 1.02E-07 5.16E-05 1.23E-11 2.10E-02 5.23E-08 3.31E-09 2.35E-08 7.91E-08 2.98E-08 1.53E-07
Project Alone Abor/resi anthracene Project A 9.08E-10 9.08E-09 3.18E-09 3.18E-09 2.90E-08 6.90E-15 1.18E-05 2.94E-11 1.86E-12 1.32E-11 4.45E-11 1.67E-11 8.62E-11
Future Abor/resi anthracene Future_A 4.71E-07 4.71E-06 2.89E-08 2.89E-08 1.50E-05 3.58E-12 6.11E-03 1.52E-08 9.66E-10 6.85E-09 2.31E-08 8.68E-09 4.47E-08
Baseline Abor/resi benz(a)anthracene Baseline_ 3.22E-05 3.22E-04 1.32E-07 1.32E-07 2.13E-05 2.45E-10 8.65E-03 5.58E-06 2.40E-07 9.51E-08 5.91E-06 1.20E-07 1.64E-05
Application Abor/resi benz(a)anthracene Applicatio 3.23E-05 3.23E-04 1.39E-07 1.39E-07 2.13E-05 2.45E-10 8.66E-03 5.58E-06 2.40E-07 9.51E-08 5.91E-06 1.20E-07 1.64E-05
PDC Abor/resi benz(a)anthracene PDC_Abo 4.55E-05 4.55E-04 1.84E-07 1.84E-07 3.00E-05 3.46E-10 1.22E-02 7.87E-06 3.39E-07 1.34E-07 8.34E-06 1.70E-07 2.31E-05
Project Alone Abor/resi benz(a)anthracene Project A 3.33E-08 3.33E-07 7.30E-09 7.30E-09 2.20E-08 2.53E-13 8.94E-06 5.76E-09 2.48E-10 9.83E-11 6.11E-09 1.24E-10 1.69E-08
Future Abor/resi benz(a)anthracene Future_A 1.33E-05 1.33E-04 5.28E-08 5.28E-08 8.75E-06 1.01E-10 3.56E-03 2.29E-06 9.86E-08 3.91E-08 2.43E-06 4.95E-08 6.73E-06
Baseline Abor/resi benzo(a)pyrene Baseline_ 1.24E-05 1.24E-04 3.52E-08 3.52E-08 4.92E-06 9.44E-11 2.00E-03 1.76E-06 2.18E-07 2.46E-08 2.00E-06 3.11E-08 5.16E-06
Application Abor/resi benzo(a)pyrene Applicatio 1.24E-05 1.24E-04 4.01E-08 4.01E-08 4.92E-06 9.44E-11 2.00E-03 1.76E-06 2.18E-07 2.46E-08 2.00E-06 3.11E-08 5.16E-06
PDC Abor/resi benzo(a)pyrene PDC_Abo 1.74E-05 1.74E-04 5.11E-08 5.11E-08 6.88E-06 1.32E-10 2.80E-03 2.46E-06 3.05E-07 3.44E-08 2.80E-06 4.35E-08 7.22E-06
Project Alone Abor/resi benzo(a)pyrene Project A 3.79E-08 3.79E-07 4.84E-09 4.84E-09 1.50E-08 2.88E-13 6.10E-06 5.37E-09 6.64E-10 7.49E-11 6.11E-09 9.48E-11 1.57E-08
Future Abor/resi benzo(a)pyrene Future_A 4.95E-06 4.95E-05 1.59E-08 1.59E-08 1.96E-06 3.76E-11 7.98E-04 7.02E-07 8.68E-08 9.79E-09 7.99E-07 1.24E-08 2.06E-06
Baseline Abor/resi benzo(b)fluoranthene Baseline_ 4.76E-06 4.76E-05 1.25E-07 1.25E-07 1.94E-05 3.62E-11 7.87E-03 3.33E-07 3.60E-08 8.24E-09 3.78E-07 1.04E-08 9.78E-07
Application Abor/resi benzo(b)fluoranthene Applicatio 4.77E-06 4.77E-05 1.32E-07 1.32E-07 1.94E-05 3.62E-11 7.87E-03 3.34E-07 3.60E-08 8.25E-09 3.78E-07 1.04E-08 9.79E-07
PDC Abor/resi benzo(b)fluoranthene PDC_Abo 6.70E-06 6.70E-05 1.74E-07 1.74E-07 2.72E-05 5.09E-11 1.11E-02 4.69E-07 5.06E-08 1.16E-08 5.31E-07 1.47E-08 1.38E-06
Project Alone Abor/resi benzo(b)fluoranthene Project A 5.41E-09 5.41E-08 7.24E-09 7.24E-09 2.20E-08 4.12E-14 8.94E-06 3.79E-10 4.09E-11 9.37E-12 4.29E-10 1.19E-11 1.11E-09
Future Abor/resi benzo(b)fluoranthene Future_A 1.94E-06 1.94E-05 4.96E-08 4.96E-08 7.87E-06 1.47E-11 3.20E-03 1.36E-07 1.46E-08 3.35E-09 1.54E-07 4.25E-09 3.98E-07
Baseline Abor/resi benzo(g,h,i)perylene Baseline_ 3.79E-05 3.79E-04 6.97E-08 6.97E-08 1.09E-05 2.88E-10 4.43E-03 5.22E-06 1.03E-06 3.85E-08 6.28E-06 4.88E-08 1.53E-05
Application Abor/resi benzo(g,h,i)perylene Applicatio 3.79E-05 3.79E-04 7.45E-08 7.45E-08 1.09E-05 2.88E-10 4.43E-03 5.22E-06 1.03E-06 3.85E-08 6.28E-06 4.88E-08 1.53E-05
PDC Abor/resi benzo(g,h,i)perylene PDC_Abo 5.34E-05 5.34E-04 9.81E-08 9.81E-08 1.54E-05 4.06E-10 6.24E-03 7.35E-06 1.44E-06 5.43E-08 8.85E-06 6.88E-08 2.16E-05
Project Alone Abor/resi benzo(g,h,i)perylene Project A 4.87E-08 4.87E-07 4.81E-09 4.81E-09 1.40E-08 3.70E-13 5.69E-06 6.71E-09 1.32E-09 4.95E-11 8.07E-09 6.27E-11 1.97E-08
Future Abor/resi benzo(g,h,i)perylene Future_A 1.55E-05 1.55E-04 2.85E-08 2.85E-08 4.45E-06 1.18E-10 1.81E-03 2.13E-06 4.19E-07 1.57E-08 2.57E-06 1.99E-08 6.25E-06
Baseline Abor/resi benzo(k)fluoranthene Baseline_ 3.78E-05 3.78E-04 1.08E-08 1.08E-08 4.47E-06 2.87E-10 1.82E-03 1.65E-06 3.11E-07 6.53E-08 2.02E-06 8.28E-08 4.83E-06
Application Abor/resi benzo(k)fluoranthene Applicatio 3.78E-05 3.78E-04 1.29E-08 1.29E-08 4.47E-06 2.87E-10 1.82E-03 1.65E-06 3.11E-07 6.53E-08 2.02E-06 8.28E-08 4.83E-06
PDC Abor/resi benzo(k)fluoranthene PDC_Abo 5.24E-05 5.24E-04 1.60E-08 1.60E-08 6.19E-06 3.98E-10 2.52E-03 2.28E-06 4.31E-07 9.06E-08 2.80E-06 1.15E-07 6.69E-06
Project Alone Abor/resi benzo(k)fluoranthene Project A 1.78E-07 1.78E-06 2.16E-09 2.16E-09 2.10E-08 1.35E-12 8.54E-06 7.74E-09 1.46E-09 3.07E-10 9.51E-09 3.89E-10 2.27E-08
Future Abor/resi benzo(k)fluoranthene Future_A 1.46E-05 1.46E-04 5.27E-09 5.27E-09 1.73E-06 1.11E-10 7.03E-04 6.37E-07 1.20E-07 2.53E-08 7.82E-07 3.20E-08 1.87E-06
Baseline Abor/resi chrysene Baseline_ 1.08E-04 1.08E-03 1.41E-07 1.41E-07 2.30E-05 8.17E-10 9.33E-03 2.98E-06 1.43E-08 3.17E-07 3.31E-06 4.01E-07 8.73E-06
Application Abor/resi chrysene Applicatio 1.08E-04 1.08E-03 1.48E-07 1.48E-07 2.30E-05 8.17E-10 9.33E-03 2.98E-06 1.43E-08 3.17E-07 3.31E-06 4.01E-07 8.73E-06

Deposition 
PredictedDustDrinking Water

Table B1-9 Summary of Chemical Concentrations Used to Estimate Exposures
Environmental Concentrations

Site ChemicalScenario Abbreviatio
Soil AirSurface Soil Surface Water



Baseline Abor/resi 3-methylcholanthrene
Application Abor/resi 3-methylcholanthrene
PDC Abor/resi 3-methylcholanthrene
Project Alone Abor/resi 3-methylcholanthrene
Future Abor/resi 3-methylcholanthrene
Baseline Abor/resi 7,12-dimethylbenz(a)anthracene
Application Abor/resi 7,12-dimethylbenz(a)anthracene
PDC Abor/resi 7,12-dimethylbenz(a)anthracene
Project Alone Abor/resi 7,12-dimethylbenz(a)anthracene
Future Abor/resi 7,12-dimethylbenz(a)anthracene
Baseline Abor/resi anthracene
Application Abor/resi anthracene
PDC Abor/resi anthracene
Project Alone Abor/resi anthracene
Future Abor/resi anthracene
Baseline Abor/resi benz(a)anthracene
Application Abor/resi benz(a)anthracene
PDC Abor/resi benz(a)anthracene
Project Alone Abor/resi benz(a)anthracene
Future Abor/resi benz(a)anthracene
Baseline Abor/resi benzo(a)pyrene
Application Abor/resi benzo(a)pyrene
PDC Abor/resi benzo(a)pyrene
Project Alone Abor/resi benzo(a)pyrene
Future Abor/resi benzo(a)pyrene
Baseline Abor/resi benzo(b)fluoranthene
Application Abor/resi benzo(b)fluoranthene
PDC Abor/resi benzo(b)fluoranthene
Project Alone Abor/resi benzo(b)fluoranthene
Future Abor/resi benzo(b)fluoranthene
Baseline Abor/resi benzo(g,h,i)perylene
Application Abor/resi benzo(g,h,i)perylene
PDC Abor/resi benzo(g,h,i)perylene
Project Alone Abor/resi benzo(g,h,i)perylene
Future Abor/resi benzo(g,h,i)perylene
Baseline Abor/resi benzo(k)fluoranthene
Application Abor/resi benzo(k)fluoranthene
PDC Abor/resi benzo(k)fluoranthene
Project Alone Abor/resi benzo(k)fluoranthene
Future Abor/resi benzo(k)fluoranthene
Baseline Abor/resi chrysene
Application Abor/resi chrysene

Table B1-9 Summary of Chemical Concentrations Used to 

Site ChemicalScenario

Lab_tea Lab_tea Lab_tea Root Cattail Fish Moose Ruffed_grouse Snowshoe_hare
Air Soil SUM Soil Soil Water

mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww
1.85E-07 8.95E-09 7.70E-07 7.87E-08 7.35E-08 7.77E-07 2.35E-05 8.55E-08 1.70E-07
1.88E-07 9.09E-09 7.82E-07 8.00E-08 7.46E-08 1.29E-06 3.13E-05 8.57E-08 1.70E-07
1.93E-07 9.31E-09 8.01E-07 8.19E-08 7.64E-08 1.39E-06 3.28E-05 8.60E-08 1.70E-07
4.16E-09 2.01E-10 1.73E-08 1.77E-09 1.65E-09 5.14E-07 8.09E-06 2.38E-09 4.74E-09
1.87E-08 9.00E-10 7.74E-08 7.92E-09 7.39E-09 6.14E-07 1.07E-05 1.01E-08 2.01E-08
3.44E-07 3.77E-09 5.47E-06 9.03E-09 8.43E-09 6.92E-06 8.56E-06 3.02E-08 9.91E-08
3.49E-07 3.83E-09 5.55E-06 9.18E-09 8.56E-09 1.15E-05 9.56E-06 3.02E-08 9.93E-08
3.57E-07 3.92E-09 5.69E-06 9.40E-09 8.77E-09 1.24E-05 9.78E-06 3.03E-08 9.96E-08
7.84E-09 8.61E-11 1.25E-07 2.06E-10 1.92E-10 4.57E-06 1.19E-06 8.40E-10 2.76E-09
3.45E-08 3.79E-10 5.49E-07 9.07E-10 8.47E-10 5.47E-06 2.02E-06 3.58E-09 1.18E-08
2.35E-09 4.88E-08 1.60E-07 2.59E-08 2.42E-08 4.02E-06 1.05E-06 8.34E-10 2.39E-09
2.35E-09 4.88E-08 1.60E-07 2.59E-08 2.42E-08 4.20E-06 1.09E-06 8.34E-10 2.39E-09
3.31E-09 6.89E-08 2.26E-07 3.66E-08 3.41E-08 5.61E-06 1.47E-06 1.22E-09 3.49E-09
1.86E-12 3.88E-11 1.27E-10 2.06E-11 1.92E-11 1.75E-07 3.82E-08 5.01E-13 1.48E-12
9.66E-10 2.01E-08 6.58E-08 1.07E-08 9.95E-09 1.59E-06 4.25E-07 3.84E-10 1.10E-09
2.40E-07 2.79E-07 1.69E-05 4.59E-07 4.28E-07 7.24E-06 2.64E-05 1.02E-07 3.44E-07
2.40E-07 2.79E-07 1.69E-05 4.59E-07 4.28E-07 7.64E-06 2.65E-05 1.02E-07 3.44E-07
3.39E-07 3.93E-07 2.38E-05 6.47E-07 6.04E-07 1.01E-05 3.85E-05 1.49E-07 5.03E-07
2.48E-10 2.88E-10 1.74E-08 4.74E-10 4.42E-10 4.01E-07 1.21E-07 7.32E-11 2.47E-10
9.86E-08 1.15E-07 6.94E-06 1.89E-07 1.76E-07 2.90E-06 1.20E-05 4.71E-08 1.58E-07
2.18E-07 7.20E-08 5.45E-06 1.13E-07 1.05E-07 1.94E-06 9.28E-06 3.67E-08 1.24E-07
2.18E-07 7.21E-08 5.45E-06 1.13E-07 1.05E-07 2.20E-06 9.34E-06 3.67E-08 1.24E-07
3.05E-07 1.01E-07 7.63E-06 1.58E-07 1.47E-07 2.81E-06 1.35E-05 5.35E-08 1.80E-07
6.64E-10 2.20E-10 1.66E-08 3.44E-10 3.21E-10 2.66E-07 8.32E-08 7.84E-11 2.64E-10
8.68E-08 2.87E-08 2.17E-06 4.49E-08 4.20E-08 8.73E-07 4.26E-06 1.69E-08 5.67E-08
3.60E-08 2.42E-08 1.04E-06 8.22E-07 7.67E-07 6.87E-06 3.23E-06 7.11E-09 2.28E-08
3.60E-08 2.42E-08 1.04E-06 8.22E-07 7.67E-07 7.26E-06 3.33E-06 7.11E-09 2.28E-08
5.06E-08 3.40E-08 1.46E-06 1.16E-06 1.08E-06 9.60E-06 4.62E-06 1.04E-08 3.32E-08
4.09E-11 2.75E-11 1.18E-09 9.34E-10 8.72E-10 3.98E-07 9.48E-08 5.78E-12 1.85E-11
1.46E-08 9.84E-09 4.22E-07 3.34E-07 3.12E-07 2.73E-06 1.39E-06 3.27E-09 1.05E-08
1.03E-06 1.13E-07 1.65E-05 3.44E-07 3.21E-07 3.83E-06 2.68E-05 1.08E-07 3.65E-07
1.03E-06 1.13E-07 1.65E-05 3.44E-07 3.21E-07 4.10E-06 2.69E-05 1.08E-07 3.65E-07
1.44E-06 1.59E-07 2.32E-05 4.85E-07 4.52E-07 5.40E-06 3.91E-05 1.57E-07 5.33E-07
1.32E-09 1.45E-10 2.11E-08 4.42E-10 4.13E-10 2.64E-07 7.73E-08 1.02E-10 3.44E-10
4.19E-07 4.62E-08 6.72E-06 1.40E-07 1.31E-07 1.57E-06 1.23E-05 4.97E-08 1.68E-07
3.11E-07 1.92E-07 5.33E-06 3.45E-07 3.22E-07 5.92E-07 9.41E-06 4.20E-08 1.30E-07
3.11E-07 1.92E-07 5.33E-06 3.45E-07 3.22E-07 7.11E-07 9.44E-06 4.20E-08 1.30E-07
4.31E-07 2.66E-07 7.39E-06 4.78E-07 4.46E-07 8.81E-07 1.37E-05 6.13E-08 1.90E-07
1.46E-09 9.01E-10 2.51E-08 1.62E-09 1.51E-09 1.19E-07 6.17E-08 1.53E-10 4.75E-10
1.20E-07 7.42E-08 2.06E-06 1.33E-07 1.25E-07 2.90E-07 4.32E-06 1.93E-08 5.98E-08
1.43E-08 9.30E-07 9.68E-06 1.53E-06 1.43E-06 7.77E-06 1.48E-05 6.79E-08 1.81E-07
1.43E-08 9.30E-07 9.68E-06 1.53E-06 1.43E-06 8.17E-06 1.49E-05 6.79E-08 1.81E-07

Environmental Concentrations



Plant Plant Plant Plant Berries Lab_tea
Deposition Air Soil SUM Soil Deposition

mg/kg mg/kg mg/L mg/L ug/m3 ug/m3 mg/m2/yr mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww

Deposition 
PredictedDustDrinking Water

Table B1-9 Summary of Chemical Concentrations Used to Estimate Exposures
Environmental Concentrations

Site ChemicalScenario Abbreviatio
Soil AirSurface Soil Surface Water

PDC Abor/resi chrysene PDC_Abo 1.52E-04 1.52E-03 1.98E-07 1.98E-07 3.24E-05 1.15E-09 1.32E-02 4.20E-06 2.01E-08 4.47E-07 4.67E-06 5.67E-07 1.23E-05
Project Alone Abor/resi chrysene Project A 1.03E-07 1.03E-06 7.24E-09 7.24E-09 2.20E-08 7.83E-13 8.94E-06 2.85E-09 1.37E-11 3.04E-10 3.17E-09 3.85E-10 8.37E-09
Future Abor/resi chrysene Future_A 4.43E-05 4.43E-04 5.63E-08 5.63E-08 9.45E-06 3.36E-10 3.84E-03 1.23E-06 5.87E-09 1.30E-07 1.36E-06 1.65E-07 3.60E-06
Baseline Abor/resi Dibenz(a,h)anthracene Baseline_ 5.26E-05 5.26E-04 6.74E-08 6.74E-08 1.05E-05 4.00E-10 4.27E-03 5.03E-06 2.17E-05 5.35E-08 2.68E-05 6.78E-08 1.48E-05
Application Abor/resi Dibenz(a,h)anthracene Applicatio 5.26E-05 5.26E-04 7.23E-08 7.23E-08 1.05E-05 4.00E-10 4.27E-03 5.03E-06 2.17E-05 5.35E-08 2.68E-05 6.78E-08 1.48E-05
PDC Abor/resi Dibenz(a,h)anthracene PDC_Abo 7.41E-05 7.41E-04 9.51E-08 9.51E-08 1.48E-05 5.63E-10 6.01E-03 7.08E-06 3.06E-05 7.53E-08 3.77E-05 9.54E-08 2.08E-05
Project Alone Abor/resi Dibenz(a,h)anthracene Project A 7.02E-08 7.02E-07 4.87E-09 4.87E-09 1.40E-08 5.33E-13 5.69E-06 6.71E-09 2.90E-08 7.13E-11 3.57E-08 9.04E-11 1.97E-08
Future Abor/resi Dibenz(a,h)anthracene Future_A 2.15E-05 2.15E-04 2.77E-08 2.77E-08 4.28E-06 1.63E-10 1.74E-03 2.05E-06 8.86E-06 2.18E-08 1.09E-05 2.76E-08 6.01E-06
Baseline Abor/resi fluoranthene Baseline_ 1.28E-05 1.28E-04 7.09E-07 7.09E-07 1.20E-04 9.71E-11 4.88E-02 4.87E-07 1.06E-07 9.56E-08 6.88E-07 1.21E-07 1.43E-06
Application Abor/resi fluoranthene Applicatio 1.28E-05 1.28E-04 7.21E-07 7.21E-07 1.20E-04 9.71E-11 4.88E-02 4.87E-07 1.06E-07 9.56E-08 6.88E-07 1.21E-07 1.43E-06
PDC Abor/resi fluoranthene PDC_Abo 1.81E-05 1.81E-04 9.79E-07 9.79E-07 1.70E-04 1.37E-10 6.90E-02 6.88E-07 1.50E-07 1.35E-07 9.73E-07 1.71E-07 2.02E-06
Project Alone Abor/resi fluoranthene Project A 4.26E-09 4.26E-08 1.22E-08 1.22E-08 4.00E-08 3.24E-14 1.63E-05 1.62E-10 3.54E-11 3.19E-11 2.29E-10 4.04E-11 4.76E-10
Future Abor/resi fluoranthene Future_A 5.29E-06 5.29E-05 2.69E-07 2.69E-07 4.97E-05 4.02E-11 2.02E-02 2.02E-07 4.40E-08 3.96E-08 2.85E-07 5.02E-08 5.91E-07
Baseline Abor/resi fluorene Baseline_ 8.95E-07 8.95E-06 2.50E-06 2.50E-06 4.35E-04 6.81E-12 1.77E-01 0.00E+00 1.36E-08 1.94E-08 3.31E-08 2.46E-08 0.00E+00
Application Abor/resi fluorene Applicatio 8.95E-07 8.95E-06 2.51E-06 2.51E-06 4.35E-04 6.81E-12 1.77E-01 0.00E+00 1.36E-08 1.94E-08 3.31E-08 2.46E-08 0.00E+00
PDC Abor/resi fluorene PDC_Abo 1.27E-06 1.27E-05 3.43E-06 3.43E-06 6.17E-04 9.64E-12 2.51E-01 0.00E+00 1.93E-08 2.75E-08 4.69E-08 3.49E-08 0.00E+00
Project Alone Abor/resi fluorene Project A 8.23E-11 8.23E-10 1.16E-08 1.16E-08 4.00E-08 6.26E-16 1.63E-05 0.00E+00 1.25E-12 1.79E-12 3.04E-12 2.26E-12 0.00E+00
Future Abor/resi fluorene Future_A 3.74E-07 3.74E-06 9.30E-07 9.30E-07 1.82E-04 2.84E-12 7.38E-02 0.00E+00 5.69E-09 8.11E-09 1.38E-08 1.03E-08 0.00E+00
Baseline Abor/resi formaldehyde Baseline_ 3.64E-04 3.64E-03 4.23E-05 4.23E-05 4.37E-02 2.77E-09 1.78E+01 0.00E+00 2.07E-06 4.60E-04 4.62E-04 5.83E-04 0.00E+00
Application Abor/resi formaldehyde Applicatio 3.64E-04 3.64E-03 6.38E-05 6.38E-05 4.37E-02 2.77E-09 1.78E+01 0.00E+00 2.07E-06 4.61E-04 4.63E-04 5.83E-04 0.00E+00
PDC Abor/resi formaldehyde PDC_Abo 4.65E-04 4.65E-03 7.33E-05 7.33E-05 5.59E-02 3.54E-09 2.27E+01 0.00E+00 2.65E-06 5.88E-04 5.91E-04 7.45E-04 0.00E+00
Project Alone Abor/resi formaldehyde Project A 7.42E-06 7.42E-05 2.15E-05 2.15E-05 8.90E-04 5.64E-11 3.62E-01 0.00E+00 4.22E-08 9.37E-06 9.41E-06 1.19E-05 0.00E+00
Future Abor/resi formaldehyde Future_A 1.01E-04 1.01E-03 3.09E-05 3.09E-05 1.22E-02 7.69E-10 4.94E+00 0.00E+00 5.76E-07 1.28E-04 1.29E-04 1.62E-04 0.00E+00
Baseline Abor/resi indeno(1,2,3-cd)pyrene Baseline_ 3.04E-05 3.04E-04 5.79E-08 5.79E-08 8.37E-06 2.31E-10 3.40E-03 4.22E-06 1.89E-08 2.70E-08 4.27E-06 3.42E-08 1.24E-05
Application Abor/resi indeno(1,2,3-cd)pyrene Applicatio 3.04E-05 3.04E-04 6.52E-08 6.52E-08 8.37E-06 2.31E-10 3.40E-03 4.22E-06 1.89E-08 2.70E-08 4.27E-06 3.42E-08 1.24E-05
PDC Abor/resi indeno(1,2,3-cd)pyrene PDC_Abo 4.25E-05 4.25E-04 8.35E-08 8.35E-08 1.17E-05 3.23E-10 4.77E-03 5.92E-06 2.64E-08 3.78E-08 5.98E-06 4.79E-08 1.74E-05
Project Alone Abor/resi indeno(1,2,3-cd)pyrene Project A 7.61E-08 7.61E-07 7.28E-09 7.28E-09 2.10E-08 5.79E-13 8.54E-06 1.06E-08 4.73E-11 6.78E-11 1.07E-08 8.58E-11 3.11E-08
Future Abor/resi indeno(1,2,3-cd)pyrene Future_A 1.22E-05 1.22E-04 2.56E-08 2.56E-08 3.36E-06 9.25E-11 1.37E-03 1.69E-06 7.57E-09 1.08E-08 1.71E-06 1.37E-08 4.97E-06
Baseline Abor/resi phenanthrene Baseline_ 1.89E-05 1.89E-04 5.01E-06 5.01E-06 8.63E-04 1.44E-10 3.51E-01 4.37E-07 1.57E-07 2.76E-07 8.70E-07 3.49E-07 1.28E-06
Application Abor/resi phenanthrene Applicatio 1.89E-05 1.89E-04 5.08E-06 5.08E-06 8.63E-04 1.44E-10 3.51E-01 4.37E-07 1.57E-07 2.76E-07 8.70E-07 3.49E-07 1.28E-06
PDC Abor/resi phenanthrene PDC_Abo 2.68E-05 2.68E-04 6.89E-06 6.89E-06 1.22E-03 2.04E-10 4.97E-01 6.19E-07 2.22E-07 3.91E-07 1.23E-06 4.95E-07 1.82E-06
Project Alone Abor/resi phenanthrene Project A 4.39E-09 4.39E-08 6.93E-08 6.93E-08 2.00E-07 3.34E-14 8.13E-05 1.01E-10 3.64E-11 6.39E-11 2.02E-10 8.10E-11 2.97E-10
Future Abor/resi phenanthrene Future_A 7.89E-06 7.89E-05 1.88E-06 1.88E-06 3.59E-04 6.00E-11 1.46E-01 1.82E-07 6.53E-08 1.15E-07 3.62E-07 1.45E-07 5.34E-07
Baseline Abor/resi pyrene Baseline_ 1.37E-04 1.37E-03 5.61E-07 5.61E-07 9.12E-05 1.04E-09 3.71E-02 2.77E-07 9.24E-08 1.17E-06 1.54E-06 1.48E-06 8.14E-07
Application Abor/resi pyrene Applicatio 1.37E-04 1.37E-03 5.82E-07 5.82E-07 9.13E-05 1.04E-09 3.71E-02 2.77E-07 9.24E-08 1.17E-06 1.54E-06 1.48E-06 8.14E-07
PDC Abor/resi pyrene PDC_Abo 1.93E-04 1.93E-03 7.82E-07 7.82E-07 1.29E-04 1.47E-09 5.24E-02 3.92E-07 1.30E-07 1.65E-06 2.17E-06 2.09E-06 1.15E-06
Project Alone Abor/resi pyrene Project A 9.00E-08 9.00E-07 2.01E-08 2.01E-08 6.00E-08 6.84E-13 2.44E-05 1.82E-10 6.07E-11 7.69E-10 1.01E-09 9.75E-10 5.35E-10
Future Abor/resi pyrene Future_A 5.63E-05 5.63E-04 2.20E-07 2.20E-07 3.76E-05 4.28E-10 1.53E-02 1.14E-07 3.80E-08 4.82E-07 6.34E-07 6.10E-07 3.35E-07
Baseline Worker 3-methylcholanthrene Baseline_ 4.56E-06 4.56E-05 1.41E-08 1.41E-08 6.17E-07 3.47E-11 2.51E-04 1.62E-07 1.53E-07 2.51E-09 3.17E-07 3.18E-09 4.74E-07
Application Worker 3-methylcholanthrene Applicatio 4.63E-06 4.63E-05 2.35E-08 2.35E-08 6.26E-07 3.52E-11 2.54E-04 1.64E-07 1.55E-07 2.55E-09 3.21E-07 3.23E-09 4.81E-07
PDC Worker 3-methylcholanthrene PDC_Wo 4.78E-06 4.78E-05 2.53E-08 2.53E-08 6.46E-07 3.63E-11 2.63E-04 1.69E-07 1.60E-07 2.63E-09 3.32E-07 3.33E-09 4.97E-07
Project Alone Worker 3-methylcholanthrene Project A 1.49E-06 1.49E-05 9.34E-09 9.34E-09 2.02E-07 1.13E-11 8.20E-05 5.28E-08 4.99E-08 8.21E-10 1.04E-07 1.04E-09 1.55E-07



Table B1-9 Summary of Chemical Concentrations Used to 

Site ChemicalScenario
PDC Abor/resi chrysene
Project Alone Abor/resi chrysene
Future Abor/resi chrysene
Baseline Abor/resi Dibenz(a,h)anthracene
Application Abor/resi Dibenz(a,h)anthracene
PDC Abor/resi Dibenz(a,h)anthracene
Project Alone Abor/resi Dibenz(a,h)anthracene
Future Abor/resi Dibenz(a,h)anthracene
Baseline Abor/resi fluoranthene
Application Abor/resi fluoranthene
PDC Abor/resi fluoranthene
Project Alone Abor/resi fluoranthene
Future Abor/resi fluoranthene
Baseline Abor/resi fluorene
Application Abor/resi fluorene
PDC Abor/resi fluorene
Project Alone Abor/resi fluorene
Future Abor/resi fluorene
Baseline Abor/resi formaldehyde
Application Abor/resi formaldehyde
PDC Abor/resi formaldehyde
Project Alone Abor/resi formaldehyde
Future Abor/resi formaldehyde
Baseline Abor/resi indeno(1,2,3-cd)pyrene
Application Abor/resi indeno(1,2,3-cd)pyrene
PDC Abor/resi indeno(1,2,3-cd)pyrene
Project Alone Abor/resi indeno(1,2,3-cd)pyrene
Future Abor/resi indeno(1,2,3-cd)pyrene
Baseline Abor/resi phenanthrene
Application Abor/resi phenanthrene
PDC Abor/resi phenanthrene
Project Alone Abor/resi phenanthrene
Future Abor/resi phenanthrene
Baseline Abor/resi pyrene
Application Abor/resi pyrene
PDC Abor/resi pyrene
Project Alone Abor/resi pyrene
Future Abor/resi pyrene
Baseline Worker 3-methylcholanthrene
Application Worker 3-methylcholanthrene
PDC Worker 3-methylcholanthrene
Project Alone Worker 3-methylcholanthrene

Lab_tea Lab_tea Lab_tea Root Cattail Fish Moose Ruffed_grouse Snowshoe_hare
Air Soil SUM Soil Soil Water

mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww

Environmental Concentrations

2.01E-08 1.31E-06 1.37E-05 2.16E-06 2.01E-06 1.09E-05 2.15E-05 9.91E-08 2.65E-07
1.37E-11 8.91E-10 9.28E-09 1.47E-09 1.37E-09 3.98E-07 1.11E-07 4.51E-11 1.21E-10
5.87E-09 3.83E-07 3.99E-06 6.30E-07 5.88E-07 3.09E-06 6.69E-06 3.12E-08 8.35E-08
2.17E-05 1.57E-07 3.66E-05 3.20E-07 2.98E-07 3.71E-06 2.41E-04 9.58E-07 3.37E-06
2.17E-05 1.57E-07 3.66E-05 3.20E-07 2.98E-07 3.97E-06 2.41E-04 9.58E-07 3.37E-06
3.06E-05 2.21E-07 5.16E-05 4.50E-07 4.20E-07 5.23E-06 3.52E-04 1.40E-06 4.92E-06
2.90E-08 2.09E-10 4.88E-08 4.26E-10 3.98E-10 2.68E-07 2.89E-07 9.38E-10 3.30E-09
8.86E-06 6.40E-08 1.49E-05 1.30E-07 1.22E-07 1.53E-06 1.11E-04 4.41E-07 1.55E-06
1.06E-07 2.80E-07 1.81E-06 2.88E-07 2.68E-07 3.90E-05 1.33E-05 1.57E-08 4.85E-08
1.06E-07 2.80E-07 1.81E-06 2.88E-07 2.68E-07 3.97E-05 1.35E-05 1.57E-08 4.85E-08
1.50E-07 3.97E-07 2.57E-06 4.07E-07 3.79E-07 5.38E-05 1.87E-05 2.30E-08 7.08E-08
3.54E-11 9.35E-11 6.05E-10 9.58E-11 8.94E-11 6.69E-07 1.70E-07 3.50E-12 1.09E-11
4.40E-08 1.16E-07 7.51E-07 1.19E-07 1.11E-07 1.48E-05 5.34E-06 7.24E-09 2.23E-08
1.36E-08 5.70E-08 7.06E-08 2.55E-08 2.38E-08 1.38E-04 2.62E-05 1.12E-09 3.44E-09
1.36E-08 5.70E-08 7.06E-08 2.55E-08 2.38E-08 1.38E-04 2.63E-05 1.12E-09 3.44E-09
1.93E-08 8.08E-08 1.00E-07 3.62E-08 3.38E-08 1.89E-04 3.60E-05 1.64E-09 5.01E-09
1.25E-12 5.24E-12 6.49E-12 2.35E-12 2.19E-12 6.36E-07 1.20E-07 1.76E-13 6.36E-13
5.69E-09 2.38E-08 2.95E-08 1.06E-08 9.94E-09 5.12E-05 9.77E-06 5.14E-10 1.58E-09
2.07E-06 1.35E-03 1.35E-03 1.67E-02 1.56E-02 1.34E-04 2.81E-05 1.19E-07 3.83E-07
2.07E-06 1.35E-03 1.35E-03 1.67E-02 1.56E-02 2.02E-04 2.82E-05 1.19E-07 3.83E-07
2.65E-06 1.73E-03 1.73E-03 2.13E-02 1.99E-02 2.32E-04 4.06E-05 1.71E-07 5.52E-07
4.22E-08 2.75E-05 2.75E-05 3.39E-04 3.17E-04 6.80E-05 8.31E-07 3.34E-09 1.08E-08
5.76E-07 3.75E-04 3.76E-04 4.63E-03 4.32E-03 9.79E-05 1.24E-05 5.25E-08 1.69E-07
1.89E-08 7.92E-08 1.25E-05 2.41E-07 2.25E-07 3.18E-06 1.24E-05 5.04E-08 1.66E-07
1.89E-08 7.92E-08 1.25E-05 2.41E-07 2.25E-07 3.58E-06 1.25E-05 5.04E-08 1.66E-07
2.64E-08 1.11E-07 1.75E-05 3.38E-07 3.15E-07 4.59E-06 1.81E-05 7.36E-08 2.42E-07
4.73E-11 1.99E-10 3.13E-08 6.04E-10 5.64E-10 4.00E-07 9.77E-08 9.34E-11 3.08E-10
7.57E-09 3.18E-08 5.01E-06 9.66E-08 9.02E-08 1.41E-06 5.70E-06 2.32E-08 7.63E-08
1.57E-07 8.09E-07 2.25E-06 5.20E-07 4.85E-07 2.75E-04 6.38E-05 1.75E-08 5.24E-08
1.57E-07 8.09E-07 2.25E-06 5.20E-07 4.85E-07 2.79E-04 6.46E-05 1.75E-08 5.24E-08
2.22E-07 1.15E-06 3.18E-06 7.37E-07 6.87E-07 3.79E-04 8.81E-05 2.55E-08 7.65E-08
3.64E-11 1.88E-10 5.21E-10 1.21E-10 1.13E-10 3.81E-06 8.31E-07 3.67E-12 1.17E-11
6.53E-08 3.37E-07 9.36E-07 2.17E-07 2.02E-07 1.04E-04 2.43E-05 8.05E-09 2.41E-08
9.24E-08 3.43E-06 4.34E-06 2.98E-06 2.78E-06 3.09E-05 1.19E-05 3.83E-08 6.20E-08
9.24E-08 3.43E-06 4.34E-06 2.98E-06 2.78E-06 3.20E-05 1.22E-05 3.83E-08 6.20E-08
1.30E-07 4.85E-06 6.12E-06 4.20E-06 3.92E-06 4.30E-05 1.68E-05 5.59E-08 9.05E-08
6.07E-11 2.26E-09 2.85E-09 1.96E-09 1.83E-09 1.11E-06 2.76E-07 1.82E-11 3.00E-11
3.80E-08 1.41E-06 1.79E-06 1.23E-06 1.14E-06 1.21E-05 4.95E-06 1.76E-08 2.85E-08
1.53E-07 7.37E-09 6.34E-07 6.49E-08 6.05E-08 7.77E-07 2.35E-05 8.55E-08 1.70E-07
1.55E-07 7.48E-09 6.43E-07 6.58E-08 6.14E-08 1.29E-06 3.13E-05 8.57E-08 1.70E-07
1.60E-07 7.72E-09 6.64E-07 6.79E-08 6.34E-08 1.39E-06 3.28E-05 8.60E-08 1.70E-07
4.99E-08 2.41E-09 2.07E-07 2.12E-08 1.98E-08 5.14E-07 8.09E-06 2.38E-09 4.74E-09



Plant Plant Plant Plant Berries Lab_tea
Deposition Air Soil SUM Soil Deposition

mg/kg mg/kg mg/L mg/L ug/m3 ug/m3 mg/m2/yr mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww

Deposition 
PredictedDustDrinking Water

Table B1-9 Summary of Chemical Concentrations Used to Estimate Exposures
Environmental Concentrations

Site ChemicalScenario Abbreviatio
Soil AirSurface Soil Surface Water

Future Worker 3-methylcholanthrene Future_W 1.72E-06 1.72E-05 1.12E-08 1.12E-08 2.32E-07 1.31E-11 9.44E-05 6.09E-08 5.75E-08 9.47E-10 1.19E-07 1.20E-09 1.79E-07
Baseline Worker 7,12-dimethylbenz(a)anthraceneBaseline_ 8.20E-07 8.20E-06 1.26E-07 1.26E-07 5.49E-06 6.24E-12 2.23E-03 1.44E-06 2.83E-07 1.06E-09 1.72E-06 1.34E-09 4.22E-06
Application Worker 7,12-dimethylbenz(a)anthraceneApplicatio 8.32E-07 8.32E-06 2.09E-07 2.09E-07 5.57E-06 6.32E-12 2.26E-03 1.46E-06 2.87E-07 1.07E-09 1.75E-06 1.36E-09 4.28E-06
PDC Worker 7,12-dimethylbenz(a)anthracenePDC_Wo 8.59E-07 8.59E-06 2.25E-07 2.25E-07 5.75E-06 6.53E-12 2.34E-03 1.51E-06 2.96E-07 1.11E-09 1.80E-06 1.41E-09 4.42E-06
Project Alone Worker 7,12-dimethylbenz(a)anthraceneProject A 2.68E-07 2.68E-06 8.31E-08 8.31E-08 1.79E-06 2.04E-12 7.29E-04 4.70E-07 9.25E-08 3.46E-10 5.63E-07 4.39E-10 1.38E-06
Future Worker 7,12-dimethylbenz(a)anthraceneFuture_W 3.09E-07 3.09E-06 9.94E-08 9.94E-08 2.07E-06 2.35E-12 8.40E-04 5.42E-07 1.07E-07 3.99E-10 6.49E-07 5.05E-10 1.59E-06
Baseline Worker anthracene Baseline_ 1.35E-07 1.35E-06 7.31E-08 7.31E-08 4.33E-06 1.03E-12 1.76E-03 4.38E-09 2.78E-10 1.97E-09 6.63E-09 2.50E-09 1.29E-08
Application Worker anthracene Applicatio 1.39E-07 1.39E-06 7.63E-08 7.63E-08 4.44E-06 1.06E-12 1.81E-03 4.50E-09 2.85E-10 2.02E-09 6.81E-09 2.56E-09 1.32E-08
PDC Worker anthracene PDC_Wo 1.85E-07 1.85E-06 1.02E-07 1.02E-07 5.91E-06 1.40E-12 2.40E-03 5.99E-09 3.79E-10 2.69E-09 9.06E-09 3.41E-09 1.76E-08
Project Alone Worker anthracene Project A 8.45E-09 8.45E-08 3.18E-09 3.18E-09 2.70E-07 6.42E-14 1.10E-04 2.74E-10 1.73E-11 1.23E-10 4.14E-10 1.56E-10 8.03E-10
Future Worker anthracene Future_W 4.95E-08 4.95E-07 2.89E-08 2.89E-08 1.58E-06 3.76E-13 6.43E-04 1.60E-09 1.02E-10 7.20E-10 2.42E-09 9.12E-10 4.70E-09
Baseline Worker benz(a)anthracene Baseline_ 3.85E-06 3.85E-05 1.32E-07 1.32E-07 2.54E-06 2.93E-11 1.03E-03 6.66E-07 2.86E-08 1.13E-08 7.06E-07 1.44E-08 1.95E-06
Application Worker benz(a)anthracene Applicatio 3.98E-06 3.98E-05 1.39E-07 1.39E-07 2.63E-06 3.03E-11 1.07E-03 6.89E-07 2.96E-08 1.17E-08 7.30E-07 1.49E-08 2.02E-06
PDC Worker benz(a)anthracene PDC_Wo 5.27E-06 5.27E-05 1.84E-07 1.84E-07 3.48E-06 4.00E-11 1.41E-03 9.11E-07 3.92E-08 1.55E-08 9.66E-07 1.97E-08 2.67E-06
Project Alone Worker benz(a)anthracene Project A 3.06E-07 3.06E-06 7.30E-09 7.30E-09 2.02E-07 2.33E-12 8.21E-05 5.29E-08 2.28E-09 9.02E-10 5.61E-08 1.14E-09 1.55E-07
Future Worker benz(a)anthracene Future_W 1.46E-06 1.46E-05 5.28E-08 5.28E-08 9.61E-07 1.11E-11 3.91E-04 2.52E-07 1.08E-08 4.29E-09 2.67E-07 5.44E-09 7.39E-07
Baseline Worker benzo(a)pyrene Baseline_ 1.97E-06 1.97E-05 3.52E-08 3.52E-08 7.80E-07 1.50E-11 3.17E-04 2.79E-07 3.45E-08 3.89E-09 3.17E-07 4.93E-09 8.18E-07
Application Worker benzo(a)pyrene Applicatio 1.99E-06 1.99E-05 4.01E-08 4.01E-08 7.89E-07 1.51E-11 3.21E-04 2.82E-07 3.49E-08 3.94E-09 3.21E-07 4.99E-09 8.28E-07
PDC Worker benzo(a)pyrene PDC_Wo 2.42E-06 2.42E-05 5.11E-08 5.11E-08 9.58E-07 1.84E-11 3.89E-04 3.43E-07 4.24E-08 4.78E-09 3.90E-07 6.06E-09 1.01E-06
Project Alone Worker benzo(a)pyrene Project A 3.40E-07 3.40E-06 4.84E-09 4.84E-09 1.35E-07 2.58E-12 5.47E-05 4.81E-08 5.95E-09 6.71E-10 5.47E-08 8.50E-10 1.41E-07
Future Worker benzo(a)pyrene Future_W 8.02E-07 8.02E-06 1.59E-08 1.59E-08 3.18E-07 6.09E-12 1.29E-04 1.14E-07 1.41E-08 1.59E-09 1.29E-07 2.01E-09 3.33E-07
Baseline Worker benzo(b)fluoranthene Baseline_ 5.86E-07 5.86E-06 1.25E-07 1.25E-07 2.38E-06 4.45E-12 9.68E-04 4.10E-08 4.43E-09 1.01E-09 4.65E-08 1.28E-09 1.20E-07
Application Worker benzo(b)fluoranthene Applicatio 6.08E-07 6.08E-06 1.32E-07 1.32E-07 2.47E-06 4.62E-12 1.00E-03 4.25E-08 4.59E-09 1.05E-09 4.82E-08 1.33E-09 1.25E-07
PDC Worker benzo(b)fluoranthene PDC_Wo 8.01E-07 8.01E-06 1.74E-07 1.74E-07 3.25E-06 6.08E-12 1.32E-03 5.61E-08 6.05E-09 1.39E-09 6.35E-08 1.76E-09 1.64E-07
Project Alone Worker benzo(b)fluoranthene Project A 4.97E-08 4.97E-07 7.24E-09 7.24E-09 2.02E-07 3.78E-13 8.21E-05 3.48E-09 3.75E-10 8.61E-11 3.94E-09 1.09E-10 1.02E-08
Future Worker benzo(b)fluoranthene Future_W 2.23E-07 2.23E-06 4.96E-08 4.96E-08 9.07E-07 1.70E-12 3.69E-04 1.56E-08 1.69E-09 3.86E-10 1.77E-08 4.89E-10 4.58E-08
Baseline Worker benzo(g,h,i)perylene Baseline_ 4.64E-06 4.64E-05 6.97E-08 6.97E-08 1.33E-06 3.52E-11 5.42E-04 6.38E-07 1.25E-07 4.71E-09 7.69E-07 5.97E-09 1.87E-06
Application Worker benzo(g,h,i)perylene Applicatio 4.84E-06 4.84E-05 7.45E-08 7.45E-08 1.39E-06 3.68E-11 5.66E-04 6.67E-07 1.31E-07 4.92E-09 8.03E-07 6.24E-09 1.96E-06
PDC Worker benzo(g,h,i)perylene PDC_Wo 6.37E-06 6.37E-05 9.81E-08 9.81E-08 1.83E-06 4.84E-11 7.44E-04 8.77E-07 1.72E-07 6.48E-09 1.06E-06 8.20E-09 2.57E-06
Project Alone Worker benzo(g,h,i)perylene Project A 4.70E-07 4.70E-06 4.81E-09 4.81E-09 1.35E-07 3.57E-12 5.49E-05 6.47E-08 1.27E-08 4.77E-10 7.78E-08 6.05E-10 1.90E-07
Future Worker benzo(g,h,i)perylene Future_W 1.84E-06 1.84E-05 2.85E-08 2.85E-08 5.29E-07 1.40E-11 2.15E-04 2.53E-07 4.98E-08 1.87E-09 3.05E-07 2.37E-09 7.43E-07
Baseline Worker benzo(k)fluoranthene Baseline_ 7.87E-06 7.87E-05 1.08E-08 1.08E-08 9.32E-07 5.98E-11 3.79E-04 3.43E-07 6.48E-08 1.36E-08 4.22E-07 1.73E-08 1.01E-06
Application Worker benzo(k)fluoranthene Applicatio 7.99E-06 7.99E-05 1.29E-08 1.29E-08 9.45E-07 6.07E-11 3.84E-04 3.48E-07 6.58E-08 1.38E-08 4.28E-07 1.75E-08 1.02E-06
PDC Worker benzo(k)fluoranthene PDC_Wo 9.32E-06 9.32E-05 1.60E-08 1.60E-08 1.10E-06 7.09E-11 4.48E-04 4.06E-07 7.68E-08 1.61E-08 4.99E-07 2.04E-08 1.19E-06
Project Alone Worker benzo(k)fluoranthene Project A 1.70E-06 1.70E-05 2.16E-09 2.16E-09 2.02E-07 1.30E-11 8.20E-05 7.43E-08 1.40E-08 2.95E-09 9.13E-08 3.74E-09 2.18E-07
Future Worker benzo(k)fluoranthene Future_W 3.15E-06 3.15E-05 5.27E-09 5.27E-09 3.73E-07 2.40E-11 1.52E-04 1.37E-07 2.60E-08 5.46E-09 1.69E-07 6.91E-09 4.03E-07
Baseline Worker chrysene Baseline_ 1.28E-05 1.28E-04 1.41E-07 1.41E-07 2.73E-06 9.71E-11 1.11E-03 3.54E-07 1.70E-09 3.77E-08 3.93E-07 4.77E-08 1.04E-06
Application Worker chrysene Applicatio 1.32E-05 1.32E-04 1.48E-07 1.48E-07 2.82E-06 1.00E-10 1.14E-03 3.65E-07 1.75E-09 3.89E-08 4.06E-07 4.93E-08 1.07E-06
PDC Worker chrysene PDC_Wo 1.75E-05 1.75E-04 1.98E-07 1.98E-07 3.73E-06 1.33E-10 1.52E-03 4.84E-07 2.32E-09 5.15E-08 5.38E-07 6.53E-08 1.42E-06
Project Alone Worker chrysene Project A 9.46E-07 9.46E-06 7.24E-09 7.24E-09 2.02E-07 7.19E-12 8.21E-05 2.62E-08 1.26E-10 2.79E-09 2.91E-08 3.53E-09 7.69E-08
Future Worker chrysene Future_W 4.78E-06 4.78E-05 5.63E-08 5.63E-08 1.02E-06 3.63E-11 4.15E-04 1.32E-07 6.34E-10 1.41E-08 1.47E-07 1.78E-08 3.88E-07
Baseline Worker Dibenz(a,h)anthracene Baseline_ 6.46E-06 6.46E-05 6.74E-08 6.74E-08 1.29E-06 4.91E-11 5.24E-04 6.17E-07 2.67E-06 6.57E-09 3.29E-06 8.32E-09 1.81E-06



Table B1-9 Summary of Chemical Concentrations Used to 

Site ChemicalScenario
Future Worker 3-methylcholanthrene
Baseline Worker 7,12-dimethylbenz(a)anthracene
Application Worker 7,12-dimethylbenz(a)anthracene
PDC Worker 7,12-dimethylbenz(a)anthracene
Project Alone Worker 7,12-dimethylbenz(a)anthracene
Future Worker 7,12-dimethylbenz(a)anthracene
Baseline Worker anthracene
Application Worker anthracene
PDC Worker anthracene
Project Alone Worker anthracene
Future Worker anthracene
Baseline Worker benz(a)anthracene
Application Worker benz(a)anthracene
PDC Worker benz(a)anthracene
Project Alone Worker benz(a)anthracene
Future Worker benz(a)anthracene
Baseline Worker benzo(a)pyrene
Application Worker benzo(a)pyrene
PDC Worker benzo(a)pyrene
Project Alone Worker benzo(a)pyrene
Future Worker benzo(a)pyrene
Baseline Worker benzo(b)fluoranthene
Application Worker benzo(b)fluoranthene
PDC Worker benzo(b)fluoranthene
Project Alone Worker benzo(b)fluoranthene
Future Worker benzo(b)fluoranthene
Baseline Worker benzo(g,h,i)perylene
Application Worker benzo(g,h,i)perylene
PDC Worker benzo(g,h,i)perylene
Project Alone Worker benzo(g,h,i)perylene
Future Worker benzo(g,h,i)perylene
Baseline Worker benzo(k)fluoranthene
Application Worker benzo(k)fluoranthene
PDC Worker benzo(k)fluoranthene
Project Alone Worker benzo(k)fluoranthene
Future Worker benzo(k)fluoranthene
Baseline Worker chrysene
Application Worker chrysene
PDC Worker chrysene
Project Alone Worker chrysene
Future Worker chrysene
Baseline Worker Dibenz(a,h)anthracene

Lab_tea Lab_tea Lab_tea Root Cattail Fish Moose Ruffed_grouse Snowshoe_hare
Air Soil SUM Soil Soil Water

mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww

Environmental Concentrations

5.75E-08 2.78E-09 2.39E-07 2.44E-08 2.28E-08 6.14E-07 1.07E-05 1.01E-08 2.01E-08
2.83E-07 3.11E-09 4.51E-06 7.45E-09 6.95E-09 6.92E-06 8.56E-06 3.02E-08 9.91E-08
2.87E-07 3.15E-09 4.57E-06 7.55E-09 7.05E-09 1.15E-05 9.56E-06 3.02E-08 9.93E-08
2.96E-07 3.26E-09 4.72E-06 7.80E-09 7.28E-09 1.24E-05 9.78E-06 3.03E-08 9.96E-08
9.25E-08 1.02E-09 1.47E-06 2.43E-09 2.27E-09 4.57E-06 1.19E-06 8.40E-10 2.76E-09
1.07E-07 1.17E-09 1.70E-06 2.80E-09 2.62E-09 5.47E-06 2.02E-06 3.58E-09 1.18E-08
2.78E-10 5.78E-09 1.89E-08 3.07E-09 2.86E-09 4.02E-06 1.05E-06 8.34E-10 2.39E-09
2.85E-10 5.94E-09 1.94E-08 3.15E-09 2.94E-09 4.20E-06 1.09E-06 8.34E-10 2.39E-09
3.79E-10 7.89E-09 2.58E-08 4.19E-09 3.91E-09 5.61E-06 1.47E-06 1.22E-09 3.49E-09
1.73E-11 3.61E-10 1.18E-09 1.91E-10 1.79E-10 1.75E-07 3.82E-08 5.01E-13 1.48E-12
1.02E-10 2.11E-09 6.92E-09 1.12E-09 1.05E-09 1.59E-06 4.25E-07 3.84E-10 1.10E-09
2.86E-08 3.33E-08 2.01E-06 5.47E-08 5.11E-08 7.24E-06 2.64E-05 1.02E-07 3.44E-07
2.96E-08 3.44E-08 2.08E-06 5.66E-08 5.29E-08 7.64E-06 2.65E-05 1.02E-07 3.44E-07
3.92E-08 4.56E-08 2.76E-06 7.49E-08 6.99E-08 1.01E-05 3.85E-05 1.49E-07 5.03E-07
2.28E-09 2.65E-09 1.60E-07 4.35E-09 4.06E-09 4.01E-07 1.21E-07 7.32E-11 2.47E-10
1.08E-08 1.26E-08 7.62E-07 2.07E-08 1.93E-08 2.90E-06 1.20E-05 4.71E-08 1.58E-07
3.45E-08 1.14E-08 8.64E-07 1.79E-08 1.67E-08 1.94E-06 9.28E-06 3.67E-08 1.24E-07
3.49E-08 1.15E-08 8.74E-07 1.81E-08 1.69E-08 2.20E-06 9.34E-06 3.67E-08 1.24E-07
4.24E-08 1.40E-08 1.06E-06 2.19E-08 2.05E-08 2.81E-06 1.35E-05 5.35E-08 1.80E-07
5.95E-09 1.97E-09 1.49E-07 3.08E-09 2.88E-09 2.66E-07 8.32E-08 7.84E-11 2.64E-10
1.41E-08 4.65E-09 3.52E-07 7.28E-09 6.79E-09 8.73E-07 4.26E-06 1.69E-08 5.67E-08
4.43E-09 2.98E-09 1.28E-07 1.01E-07 9.44E-08 6.87E-06 3.23E-06 7.11E-09 2.28E-08
4.59E-09 3.09E-09 1.32E-07 1.05E-07 9.78E-08 7.26E-06 3.33E-06 7.11E-09 2.28E-08
6.05E-09 4.07E-09 1.75E-07 1.38E-07 1.29E-07 9.60E-06 4.62E-06 1.04E-08 3.32E-08
3.75E-10 2.52E-10 1.08E-08 8.58E-09 8.00E-09 3.98E-07 9.48E-08 5.78E-12 1.85E-11
1.69E-09 1.13E-09 4.87E-08 3.85E-08 3.59E-08 2.73E-06 1.39E-06 3.27E-09 1.05E-08
1.25E-07 1.38E-08 2.01E-06 4.21E-08 3.93E-08 3.83E-06 2.68E-05 1.08E-07 3.65E-07
1.31E-07 1.44E-08 2.10E-06 4.39E-08 4.10E-08 4.10E-06 2.69E-05 1.08E-07 3.65E-07
1.72E-07 1.90E-08 2.76E-06 5.78E-08 5.40E-08 5.40E-06 3.91E-05 1.57E-07 5.33E-07
1.27E-08 1.40E-09 2.04E-07 4.26E-09 3.98E-09 2.64E-07 7.73E-08 1.02E-10 3.44E-10
4.98E-08 5.49E-09 7.98E-07 1.67E-08 1.56E-08 1.57E-06 1.23E-05 4.97E-08 1.68E-07
6.48E-08 4.00E-08 1.11E-06 7.19E-08 6.71E-08 5.92E-07 9.41E-06 4.20E-08 1.30E-07
6.58E-08 4.06E-08 1.13E-06 7.30E-08 6.81E-08 7.11E-07 9.44E-06 4.20E-08 1.30E-07
7.68E-08 4.73E-08 1.32E-06 8.52E-08 7.95E-08 8.81E-07 1.37E-05 6.13E-08 1.90E-07
1.40E-08 8.65E-09 2.41E-07 1.56E-08 1.45E-08 1.19E-07 6.17E-08 1.53E-10 4.75E-10
2.60E-08 1.60E-08 4.45E-07 2.88E-08 2.69E-08 2.90E-07 4.32E-06 1.93E-08 5.98E-08
1.70E-09 1.11E-07 1.15E-06 1.82E-07 1.70E-07 7.77E-06 1.48E-05 6.79E-08 1.81E-07
1.75E-09 1.14E-07 1.19E-06 1.88E-07 1.75E-07 8.17E-06 1.49E-05 6.79E-08 1.81E-07
2.32E-09 1.51E-07 1.57E-06 2.49E-07 2.32E-07 1.09E-05 2.15E-05 9.91E-08 2.65E-07
1.26E-10 8.18E-09 8.52E-08 1.35E-08 1.26E-08 3.98E-07 1.11E-07 4.51E-11 1.21E-10
6.34E-10 4.13E-08 4.30E-07 6.79E-08 6.34E-08 3.09E-06 6.69E-06 3.12E-08 8.35E-08
2.67E-06 1.93E-08 4.50E-06 3.93E-08 3.66E-08 3.71E-06 2.41E-04 9.58E-07 3.37E-06



Plant Plant Plant Plant Berries Lab_tea
Deposition Air Soil SUM Soil Deposition

mg/kg mg/kg mg/L mg/L ug/m3 ug/m3 mg/m2/yr mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww

Deposition 
PredictedDustDrinking Water

Table B1-9 Summary of Chemical Concentrations Used to Estimate Exposures
Environmental Concentrations

Site ChemicalScenario Abbreviatio
Soil AirSurface Soil Surface Water

Application Worker Dibenz(a,h)anthracene Applicatio 6.76E-06 6.76E-05 7.23E-08 7.23E-08 1.35E-06 5.14E-11 5.48E-04 6.46E-07 2.79E-06 6.87E-09 3.44E-06 8.70E-09 1.89E-06
PDC Worker Dibenz(a,h)anthracene PDC_Wo 8.88E-06 8.88E-05 9.51E-08 9.51E-08 1.77E-06 6.75E-11 7.20E-04 8.49E-07 3.67E-06 9.03E-09 4.52E-06 1.14E-08 2.49E-06
Project Alone Worker Dibenz(a,h)anthracene Project A 6.77E-07 6.77E-06 4.87E-09 4.87E-09 1.35E-07 5.14E-12 5.49E-05 6.47E-08 2.79E-07 6.88E-10 3.45E-07 8.71E-10 1.90E-07
Future Worker Dibenz(a,h)anthracene Future_W 2.59E-06 2.59E-05 2.77E-08 2.77E-08 5.16E-07 1.97E-11 2.10E-04 2.47E-07 1.07E-06 2.63E-09 1.32E-06 3.33E-09 7.25E-07
Baseline Worker fluoranthene Baseline_ 1.47E-06 1.47E-05 7.09E-07 7.09E-07 1.38E-05 1.12E-11 5.62E-03 5.60E-08 1.22E-08 1.10E-08 7.93E-08 1.39E-08 1.64E-07
Application Worker fluoranthene Applicatio 1.49E-06 1.49E-05 7.21E-07 7.21E-07 1.40E-05 1.13E-11 5.68E-03 5.66E-08 1.24E-08 1.11E-08 8.01E-08 1.41E-08 1.66E-07
PDC Worker fluoranthene PDC_Wo 2.00E-06 2.00E-05 9.79E-07 9.79E-07 1.88E-05 1.52E-11 7.63E-03 7.61E-08 1.66E-08 1.49E-08 1.08E-07 1.89E-08 2.23E-07
Project Alone Worker fluoranthene Project A 3.62E-08 3.62E-07 1.22E-08 1.22E-08 3.40E-07 2.75E-13 1.38E-04 1.38E-09 3.01E-10 2.71E-10 1.95E-09 3.43E-10 4.04E-09
Future Worker fluoranthene Future_W 5.26E-07 5.26E-06 2.69E-07 2.69E-07 4.94E-06 4.00E-12 2.01E-03 2.00E-08 4.37E-09 3.94E-09 2.83E-08 4.99E-09 5.88E-08
Baseline Worker fluorene Baseline_ 1.01E-07 1.01E-06 2.50E-06 2.50E-06 4.91E-05 7.68E-13 1.99E-02 0.00E+00 1.54E-09 2.19E-09 3.73E-09 2.78E-09 0.00E+00
Application Worker fluorene Applicatio 1.01E-07 1.01E-06 2.51E-06 2.51E-06 4.92E-05 7.70E-13 2.00E-02 0.00E+00 1.54E-09 2.20E-09 3.74E-09 2.78E-09 0.00E+00
PDC Worker fluorene PDC_Wo 1.37E-07 1.37E-06 3.43E-06 3.43E-06 6.64E-05 1.04E-12 2.70E-02 0.00E+00 2.08E-09 2.97E-09 5.05E-09 3.76E-09 0.00E+00
Project Alone Worker fluorene Project A 6.59E-10 6.59E-09 1.16E-08 1.16E-08 3.20E-07 5.01E-15 1.30E-04 0.00E+00 1.00E-11 1.43E-11 2.43E-11 1.81E-11 0.00E+00
Future Worker fluorene Future_W 3.57E-08 3.57E-07 9.30E-07 9.30E-07 1.74E-05 2.72E-13 7.06E-03 0.00E+00 5.44E-10 7.76E-10 1.32E-09 9.83E-10 0.00E+00
Baseline Worker formaldehyde Baseline_ 2.35E-04 2.35E-03 4.23E-05 4.23E-05 2.83E-02 1.79E-09 1.15E+01 0.00E+00 1.34E-06 2.98E-04 2.99E-04 3.77E-04 0.00E+00
Application Worker formaldehyde Applicatio 2.40E-04 2.40E-03 6.38E-05 6.38E-05 2.88E-02 1.82E-09 1.17E+01 0.00E+00 1.36E-06 3.03E-04 3.05E-04 3.84E-04 0.00E+00
PDC Worker formaldehyde PDC_Wo 2.62E-04 2.62E-03 7.33E-05 7.33E-05 3.15E-02 1.99E-09 1.28E+01 0.00E+00 1.49E-06 3.32E-04 3.33E-04 4.20E-04 0.00E+00
Project Alone Worker formaldehyde Project A 7.00E-05 7.00E-04 2.15E-05 2.15E-05 8.40E-03 5.32E-10 3.42E+00 0.00E+00 3.98E-07 8.84E-05 8.88E-05 1.12E-04 0.00E+00
Future Worker formaldehyde Future_W 9.45E-05 9.45E-04 3.09E-05 3.09E-05 1.13E-02 7.18E-10 4.61E+00 0.00E+00 5.37E-07 1.19E-04 1.20E-04 1.51E-04 0.00E+00
Baseline Worker indeno(1,2,3-cd)pyrene Baseline_ 4.49E-06 4.49E-05 5.79E-08 5.79E-08 1.24E-06 3.41E-11 5.04E-04 6.25E-07 2.79E-09 4.00E-09 6.32E-07 5.06E-09 1.83E-06
Application Worker indeno(1,2,3-cd)pyrene Applicatio 4.54E-06 4.54E-05 6.52E-08 6.52E-08 1.25E-06 3.45E-11 5.09E-04 6.32E-07 2.82E-09 4.04E-09 6.39E-07 5.12E-09 1.85E-06
PDC Worker indeno(1,2,3-cd)pyrene PDC_Wo 5.61E-06 5.61E-05 8.35E-08 8.35E-08 1.55E-06 4.26E-11 6.29E-04 7.80E-07 3.48E-09 4.99E-09 7.88E-07 6.32E-09 2.29E-06
Project Alone Worker indeno(1,2,3-cd)pyrene Project A 7.29E-07 7.29E-06 7.28E-09 7.28E-09 2.01E-07 5.54E-12 8.17E-05 1.01E-07 4.53E-10 6.49E-10 1.02E-07 8.21E-10 2.97E-07
Future Worker indeno(1,2,3-cd)pyrene Future_W 1.83E-06 1.83E-05 2.56E-08 2.56E-08 5.06E-07 1.39E-11 2.06E-04 2.55E-07 1.14E-09 1.63E-09 2.58E-07 2.07E-09 7.48E-07
Baseline Worker phenanthrene Baseline_ 2.15E-06 2.15E-05 5.01E-06 5.01E-06 9.81E-05 1.64E-11 3.99E-02 4.97E-08 1.78E-08 3.13E-08 9.89E-08 3.97E-08 1.46E-07
Application Worker phenanthrene Applicatio 2.17E-06 2.17E-05 5.08E-06 5.08E-06 9.89E-05 1.65E-11 4.02E-02 5.01E-08 1.80E-08 3.16E-08 9.97E-08 4.00E-08 1.47E-07
PDC Worker phenanthrene PDC_Wo 2.92E-06 2.92E-05 6.89E-06 6.89E-06 1.33E-04 2.22E-11 5.40E-02 6.74E-08 2.42E-08 4.25E-08 1.34E-07 5.38E-08 1.98E-07
Project Alone Worker phenanthrene Project A 4.19E-08 4.19E-07 6.93E-08 6.93E-08 1.91E-06 3.19E-13 7.77E-04 9.68E-10 3.47E-10 6.11E-10 1.93E-09 7.73E-10 2.84E-09
Future Worker phenanthrene Future_W 7.65E-07 7.65E-06 1.88E-06 1.88E-06 3.49E-05 5.82E-12 1.42E-02 1.77E-08 6.33E-09 1.11E-08 3.51E-08 1.41E-08 5.18E-08
Baseline Worker pyrene Baseline_ 1.62E-05 1.62E-04 5.61E-07 5.61E-07 1.08E-05 1.23E-10 4.40E-03 3.29E-08 1.10E-08 1.39E-07 1.83E-07 1.76E-07 9.66E-08
Application Worker pyrene Applicatio 1.66E-05 1.66E-04 5.82E-07 5.82E-07 1.11E-05 1.26E-10 4.50E-03 3.37E-08 1.12E-08 1.42E-07 1.87E-07 1.80E-07 9.87E-08
PDC Worker pyrene PDC_Wo 2.22E-05 2.22E-04 7.82E-07 7.82E-07 1.48E-05 1.69E-10 6.01E-03 4.49E-08 1.50E-08 1.90E-07 2.49E-07 2.40E-07 1.32E-07
Project Alone Worker pyrene Project A 8.46E-07 8.46E-06 2.01E-08 2.01E-08 5.64E-07 6.43E-12 2.29E-04 1.72E-09 5.71E-10 7.23E-09 9.52E-09 9.16E-09 5.03E-09
Future Worker pyrene Future_W 5.93E-06 5.93E-05 2.20E-07 2.20E-07 3.95E-06 4.50E-11 1.61E-03 1.20E-08 4.00E-09 5.07E-08 6.67E-08 6.42E-08 3.52E-08



Table B1-9 Summary of Chemical Concentrations Used to 

Site ChemicalScenario
Application Worker Dibenz(a,h)anthracene
PDC Worker Dibenz(a,h)anthracene
Project Alone Worker Dibenz(a,h)anthracene
Future Worker Dibenz(a,h)anthracene
Baseline Worker fluoranthene
Application Worker fluoranthene
PDC Worker fluoranthene
Project Alone Worker fluoranthene
Future Worker fluoranthene
Baseline Worker fluorene
Application Worker fluorene
PDC Worker fluorene
Project Alone Worker fluorene
Future Worker fluorene
Baseline Worker formaldehyde
Application Worker formaldehyde
PDC Worker formaldehyde
Project Alone Worker formaldehyde
Future Worker formaldehyde
Baseline Worker indeno(1,2,3-cd)pyrene
Application Worker indeno(1,2,3-cd)pyrene
PDC Worker indeno(1,2,3-cd)pyrene
Project Alone Worker indeno(1,2,3-cd)pyrene
Future Worker indeno(1,2,3-cd)pyrene
Baseline Worker phenanthrene
Application Worker phenanthrene
PDC Worker phenanthrene
Project Alone Worker phenanthrene
Future Worker phenanthrene
Baseline Worker pyrene
Application Worker pyrene
PDC Worker pyrene
Project Alone Worker pyrene
Future Worker pyrene

Lab_tea Lab_tea Lab_tea Root Cattail Fish Moose Ruffed_grouse Snowshoe_hare
Air Soil SUM Soil Soil Water

mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww mg/kg ww

Environmental Concentrations

2.79E-06 2.01E-08 4.70E-06 4.10E-08 3.83E-08 3.97E-06 2.41E-04 9.58E-07 3.37E-06
3.67E-06 2.65E-08 6.18E-06 5.40E-08 5.04E-08 5.23E-06 3.52E-04 1.40E-06 4.92E-06
2.79E-07 2.02E-09 4.71E-07 4.11E-09 3.84E-09 2.68E-07 2.89E-07 9.38E-10 3.30E-09
1.07E-06 7.71E-09 1.80E-06 1.57E-08 1.47E-08 1.53E-06 1.11E-04 4.41E-07 1.55E-06
1.22E-08 3.23E-08 2.09E-07 3.31E-08 3.09E-08 3.90E-05 1.33E-05 1.57E-08 4.85E-08
1.24E-08 3.27E-08 2.11E-07 3.35E-08 3.12E-08 3.97E-05 1.35E-05 1.57E-08 4.85E-08
1.66E-08 4.39E-08 2.84E-07 4.49E-08 4.20E-08 5.38E-05 1.87E-05 2.30E-08 7.08E-08
3.01E-10 7.95E-10 5.14E-09 8.15E-10 7.60E-10 6.69E-07 1.70E-07 3.50E-12 1.09E-11
4.37E-09 1.15E-08 7.47E-08 1.18E-08 1.10E-08 1.48E-05 5.34E-06 7.24E-09 2.23E-08
1.54E-09 6.43E-09 7.97E-09 2.88E-09 2.69E-09 1.38E-04 2.62E-05 1.12E-09 3.44E-09
1.54E-09 6.45E-09 7.99E-09 2.89E-09 2.69E-09 1.38E-04 2.63E-05 1.12E-09 3.44E-09
2.08E-09 8.70E-09 1.08E-08 3.90E-09 3.64E-09 1.89E-04 3.60E-05 1.64E-09 5.01E-09
1.00E-11 4.19E-11 5.19E-11 1.88E-11 1.75E-11 6.36E-07 1.20E-07 1.76E-13 6.36E-13
5.44E-10 2.28E-09 2.82E-09 1.02E-09 9.51E-10 5.12E-05 9.77E-06 5.14E-10 1.58E-09
1.34E-06 8.73E-04 8.74E-04 1.08E-02 1.01E-02 1.34E-04 2.81E-05 1.19E-07 3.83E-07
1.36E-06 8.90E-04 8.91E-04 1.10E-02 1.03E-02 2.02E-04 2.82E-05 1.19E-07 3.83E-07
1.49E-06 9.73E-04 9.74E-04 1.20E-02 1.12E-02 2.32E-04 4.06E-05 1.71E-07 5.52E-07
3.98E-07 2.59E-04 2.60E-04 3.20E-03 2.99E-03 6.80E-05 8.31E-07 3.34E-09 1.08E-08
5.37E-07 3.50E-04 3.51E-04 4.32E-03 4.03E-03 9.79E-05 1.24E-05 5.25E-08 1.69E-07
2.79E-09 1.17E-08 1.85E-06 3.57E-08 3.33E-08 3.18E-06 1.24E-05 5.04E-08 1.66E-07
2.82E-09 1.19E-08 1.87E-06 3.61E-08 3.36E-08 3.58E-06 1.25E-05 5.04E-08 1.66E-07
3.48E-09 1.46E-08 2.30E-06 4.45E-08 4.15E-08 4.59E-06 1.81E-05 7.36E-08 2.42E-07
4.53E-10 1.90E-09 3.00E-07 5.78E-09 5.40E-09 4.00E-07 9.77E-08 9.34E-11 3.08E-10
1.14E-09 4.79E-09 7.54E-07 1.46E-08 1.36E-08 1.41E-06 5.70E-06 2.32E-08 7.63E-08
1.78E-08 9.19E-08 2.56E-07 5.91E-08 5.52E-08 2.75E-04 6.38E-05 1.75E-08 5.24E-08
1.80E-08 9.27E-08 2.58E-07 5.96E-08 5.56E-08 2.79E-04 6.46E-05 1.75E-08 5.24E-08
2.42E-08 1.25E-07 3.46E-07 8.01E-08 7.48E-08 3.79E-04 8.81E-05 2.55E-08 7.65E-08
3.47E-10 1.79E-09 4.98E-09 1.15E-09 1.07E-09 3.81E-06 8.31E-07 3.67E-12 1.17E-11
6.33E-09 3.27E-08 9.08E-08 2.10E-08 1.96E-08 1.04E-04 2.43E-05 8.05E-09 2.41E-08
1.10E-08 4.07E-07 5.15E-07 3.53E-07 3.30E-07 3.09E-05 1.19E-05 3.83E-08 6.20E-08
1.12E-08 4.16E-07 5.26E-07 3.61E-07 3.37E-07 3.20E-05 1.22E-05 3.83E-08 6.20E-08
1.50E-08 5.56E-07 7.03E-07 4.82E-07 4.50E-07 4.30E-05 1.68E-05 5.59E-08 9.05E-08
5.71E-10 2.12E-08 2.68E-08 1.84E-08 1.72E-08 1.11E-06 2.76E-07 1.82E-11 3.00E-11
4.00E-09 1.49E-07 1.88E-07 1.29E-07 1.20E-07 1.21E-05 4.95E-06 1.76E-08 2.85E-08



Chemical
Exposure Limit 

Type
Water Exposure 
Limit [ug/kg/day]

Oral Exposure 
Limit [ug/kg/day] Reference / Comment

3-methylcholanthrene RfD 30 30 Using Aromatic C17-C34 group limit
7,12-dimethylbenz(a)anthracene RsD 0.0014 0.0014 Using B(a)P equivalent
anthracene RfD 300 300 US EPA IRIS 2010
benz(a)anthracene RsD 0.0014 0.0014 Using B(a)P equivalent

benzo(b)fluoranthene RsD 0.0014 0.0014 Using B(a)P equivalent
benzo(g,h,i)perylene RsD 0.0014 0.0014 Using B(a)P equivalent
benzo(k)fluoranthene RsD 0.0014 0.0014 Using B(a)P equivalent
chrysene RsD 0.0014 0.0014 Using B(a)P equivalent
dibenz(a,h)anthracene RsD 0.0014 0.0014 Using B(a)P equivalent
fluoranthene RsD 0.0014 0.0014 Using B(a)P equivalent
fluorene RfD 40 40 US EPA IRIS 2010

indeno(1,2,3-cd)pyrene RsD 0.0014 0.0014 Using B(a)P equivalent
phenanthrene RsD 0.0014 0.0014 Using B(a)P equivalent
pyrene RfD 30 30 US EPA IRIS 2010

Table B1-10  Human Oral Exposure Limits

benzo(a)pyrene RsD 0.0014 0.0014 See Appendix A for details

formaldehyde RfD 200 200 See Appendix A for details



Type Receptor Variable Abbreviation Value Units Reference/Comment
abor/resi Adolescent AIR abor/resi_AIR_Adolescent 1.56E+01 m3/d Health Canada (2009a); air inhalation rate
abor/resi Adult AIR abor/resi_AIR_Adult 1.66E+01 m3/d Health Canada (2009a); air inhalation rate
abor/resi Child AIR abor/resi_AIR_Child 1.45E+01 m3/d Health Canada (2009a); air inhalation rate
abor/resi Infant AIR abor/resi_AIR_Infant 2.20E+00 m3/d Health Canada (2009a); air inhalation rate
abor/resi Toddler AIR abor/resi_AIR_Toddler 8.30E+00 m3/d Health Canada (2009a); air inhalation rate
abor/resi Adolescent Berries abor/resi_Berries_Adolescent 6.19E+01 g/d Health Canada (1994)
abor/resi Adult Berries abor/resi_Berries_Adult 5.11E+01 g/d Health Canada (1994)
abor/resi Child Berries abor/resi_Berries_Child 7.51E+01 g/d Health Canada (1994)
abor/resi Infant Berries abor/resi_Berries_Infant 0.00E+00 g/d assumed, diet entirely breast milk
abor/resi Toddler Berries abor/resi_Berries_Toddler 4.26E+01 g/d Health Canada (1994)
abor/resi Adolescent BW abor/resi_BW_Adolescent 5.97E+01 kg Health Canada (2009a); body weight
abor/resi Adult BW abor/resi_BW_Adult 7.07E+01 kg Health Canada (2009a); body weight
abor/resi Child BW abor/resi_BW_Child 3.29E+01 kg Health Canada (2009a); body weight
abor/resi Infant BW abor/resi_BW_Infant 8.20E+00 kg Health Canada (2009a); body weight
abor/resi Toddler BW abor/resi_BW_Toddler 1.65E+01 kg Health Canada (2009a); body weight
abor/resi Adolescent Cattail abor/resi_Cattail_Adolescent 3.00E+00 g/d Wein (1989, 1991)
abor/resi Adult Cattail abor/resi_Cattail_Adult 3.00E+00 g/d Wein (1989, 1991)
abor/resi Child Cattail abor/resi_Cattail_Child 1.00E+00 g/d Wein (1989, 1991); Health Canada (2009a)
abor/resi Infant Cattail abor/resi_Cattail_Infant 0.00E+00 g/d assumed, diet entirely breast milk
abor/resi Toddler Cattail abor/resi_Cattail_Toddler 1.00E+00 g/d Wein (1989, 1991); Health Canada (2009a)
abor/resi Adolescent Fish abor/resi_Fish_Adolescent 4.00E+01 g/d Health Canada (2007)
abor/resi Adult Fish abor/resi_Fish_Adult 4.00E+01 g/d Health Canada (2007)
abor/resi Child Fish abor/resi_Fish_Child 3.30E+01 g/d Health Canada (2007)
abor/resi Infant Fish abor/resi_Fish_Infant 0.00E+00 g/d assumed, diet entirely breast milk
abor/resi Toddler Fish abor/resi_Fish_Toddler 2.00E+01 g/d Health Canada (2007)
abor/resi Adolescent Lab_tea abor/resi_Lab_tea_Adolescent 3.00E+00 g/d Wein (1989, 1991)
abor/resi Adult Lab_tea abor/resi_Lab_tea_Adult 3.00E+00 g/d Wein (1989, 1991)
abor/resi Child Lab_tea abor/resi_Lab_tea_Child 1.00E+00 g/d Wein (1989, 1991); Health Canada (2009a)
abor/resi Infant Lab_tea abor/resi_Lab_tea_Infant 0.00E+00 g/d assumed, diet entirely breast milk
abor/resi Toddler Lab_tea abor/resi_Lab_tea_Toddler 1.00E+00 g/d Wein (1989, 1991); Health Canada (2009a)
abor/resi Adolescent LAF abor/resi_LAF_Adolescent 1.00E-01 yr-lifestage/yr-total Health Canada (2009a); lifetime adjustment factor
abor/resi Adult LAF abor/resi_LAF_Adult 7.50E-01 yr-lifestage/yr-total Health Canada (2009a); lifetime adjustment factor
abor/resi Child LAF abor/resi_LAF_Child 8.75E-02 yr-lifestage/yr-total Health Canada (2009a); lifetime adjustment factor
abor/resi Infant LAF abor/resi_LAF_Infant 6.25E-03 yr-lifestage/yr-total Health Canada (2009a); lifetime adjustment factor
abor/resi Toddler LAF abor/resi_LAF_Toddler 5.63E-02 yr-lifestage/yr-total Health Canada (2009a); lifetime adjustment factor
abor/resi Adolescent Moose abor/resi_Moose_Adolescent 1.33E+02 g/d Health Canada (2009a); Wein (1991)
abor/resi Adult Moose abor/resi_Moose_Adult 2.05E+02 g/d Health Canada (2009a); Wein (1991)
abor/resi Child Moose abor/resi_Moose_Child 9.50E+01 g/d Health Canada (2009a); Wein (1991)
abor/resi Infant Moose abor/resi_Moose_Infant 0.00E+00 g/d assumed, diet entirely breast milk
abor/resi Toddler Moose abor/resi_Moose_Toddler 6.50E+01 g/d Health Canada (2009a); Wein (1991)
abor/resi Adolescent Plant abor/resi_Plant_Adolescent 1.20E+02 g/d Health Canada (2009a)
abor/resi Adult Plant abor/resi_Plant_Adult 1.37E+02 g/d Health Canada (2009a)
abor/resi Child Plant abor/resi_Plant_Child 9.80E+01 g/d Health Canada (2009a)
abor/resi Infant Plant abor/resi_Plant_Infant 0.00E+00 g/d assumed, diet entirely breast milk

Table B1-11  Human Receptor Exposure Variables



Type Receptor Variable Abbreviation Value Units Reference/Comment
Table B1-11  Human Receptor Exposure Variables

abor/resi Toddler Plant abor/resi_Plant_Toddler 6.70E+01 g/d Health Canada (2009a)
abor/resi Adolescent Root abor/resi_Root_Adolescent 2.27E+02 g/d Health Canada (2009a)
abor/resi Adult Root abor/resi_Root_Adult 1.88E+02 g/d Health Canada (2009a)
abor/resi Child Root abor/resi_Root_Child 1.61E+02 g/d Health Canada (2009a)
abor/resi Infant Root abor/resi_Root_Infant 0.00E+00 g/d assumed, diet entirely breast milk
abor/resi Toddler Root abor/resi_Root_Toddler 1.05E+02 g/d Health Canada (2009a)
abor/resi Adolescent Ruffed_Grouse abor/resi_Ruffed_Grouse_Adolescent 1.40E+01 g/d Health Canada (2009a); Wein (1991)
abor/resi Adult Ruffed_Grouse abor/resi_Ruffed_Grouse_Adult 2.16E+01 g/d Health Canada (2009a); Wein (1991)
abor/resi Child Ruffed_Grouse abor/resi_Ruffed_Grouse_Child 1.00E+01 g/d Health Canada (2009a); Wein (1991)
abor/resi Infant Ruffed_Grouse abor/resi_Ruffed_Grouse_Infant 0.00E+00 g/d assumed, diet entirely breast milk
abor/resi Toddler Ruffed_Grouse abor/resi_Ruffed_Grouse_Toddler 6.80E+00 g/d Health Canada (2009a); Wein (1991)
abor/resi Adolescent SAH abor/resi_SAH_Adolescent 8.00E+02 cm2 Health Canada (2009a); surface area hands
abor/resi Adult SAH abor/resi_SAH_Adult 8.90E+02 cm2 Health Canada (2009a); surface area hands
abor/resi Child SAH abor/resi_SAH_Child 5.90E+02 cm2 Health Canada (2009a); surface area hands
abor/resi Infant SAH abor/resi_SAH_Infant 3.20E+02 cm2 Health Canada (2009a); surface area hands
abor/resi Toddler SAH abor/resi_SAH_Toddler 4.30E+02 cm2 Health Canada (2009a); surface area hands
abor/resi Adolescent SAO abor/resi_SAO_Adolescent 7.20E+03 cm2 Health Canada (2009a); surface area other(arms and legs)
abor/resi Adult SAO abor/resi_SAO_Adult 8.22E+03 cm2 Health Canada (2009a); surface area other(arms and legs)
abor/resi Child SAO abor/resi_SAO_Child 4.55E+03 cm2 Health Canada (2009a); surface area other(arms and legs)
abor/resi Infant SAO abor/resi_SAO_Infant 1.46E+03 cm2 Health Canada (2009a); surface area other(arms and legs)
abor/resi Toddler SAO abor/resi_SAO_Toddler 2.58E+03 cm2 Health Canada (2009a); surface area other(arms and legs)
abor/resi Adolescent SAT abor/resi_SAT_Adolescent 1.55E+04 cm2  Health Canada (2009a); surface area total
abor/resi Adult SAT abor/resi_SAT_Adult 1.76E+04 cm2  Health Canada (2009a); surface area total
abor/resi Child SAT abor/resi_SAT_Child 1.01E+04 cm2  Health Canada (2009a); surface area total
abor/resi Infant SAT abor/resi_SAT_Infant 3.62E+03 cm2  Health Canada (2009a); surface area total
abor/resi Toddler SAT abor/resi_SAT_Toddler 6.13E+03 cm2  Health Canada (2009a); surface area total
abor/resi Adolescent SEF abor/resi_SEF_Adolescent 1.00E+00 hr/d Assumed: 1hr/day; swim exposure frequency
abor/resi Adult SEF abor/resi_SEF_Adult 1.00E+00 hr/d Assumed: 1hr/day; swim exposure frequency
abor/resi Child SEF abor/resi_SEF_Child 1.00E+00 hr/d Assumed: 1hr/day; swim exposure frequency
abor/resi Infant SEF abor/resi_SEF_Infant 1.00E+00 hr/d Assumed: 1hr/day; swim exposure frequency
abor/resi Toddler SEF abor/resi_SEF_Toddler 1.00E+00 hr/d Assumed: 1hr/day; swim exposure frequency
abor/resi Adolescent SED abor/resi_SED_Adolescent 2.55E-01 days/ days per year Assumed:  93 days/365 days; swim exposure duration
abor/resi Adult SED abor/resi_SED_Adult 2.55E-01 days/ days per year Assumed:  93 days/365 days; swim exposure duration
abor/resi Child SED abor/resi_SED_Child 2.55E-01 days/ days per year Assumed:  93 days/365 days; swim exposure duration
abor/resi Infant SED abor/resi_SED_Infant 2.55E-01 days/ days per year Assumed:  93 days/365 days; swim exposure duration
abor/resi Toddler SED abor/resi_SED_Toddler 2.55E-01 days/ days per year Assumed:  93 days/365 days; swim exposure duration
abor/resi Adolescent SIR abor/resi_SIR_Adolescent 2.00E-02 g/d Health Canada (2009a); soil ingestion rate
abor/resi Adult SIR abor/resi_SIR_Adult 2.00E-02 g/d Health Canada (2009a); soil ingestion rate
abor/resi Child SIR abor/resi_SIR_Child 2.00E-02 g/d Health Canada (2009a); soil ingestion rate
abor/resi Infant SIR abor/resi_SIR_Infant 2.00E-02 g/d Health Canada (2009a); soil ingestion rate
abor/resi Toddler SIR abor/resi_SIR_Toddler 8.00E-02 g/d Health Canada (2009a); soil ingestion rate
abor/resi Adolescent SLH abor/resi_SLH_Adolescent 1.00E-04 g/cm2/event Health Canada (2009a); skin loading hands
abor/resi Adult SLH abor/resi_SLH_Adult 1.00E-04 g/cm2/event Health Canada (2009a); skin loading hands



Type Receptor Variable Abbreviation Value Units Reference/Comment
Table B1-11  Human Receptor Exposure Variables

abor/resi Child SLH abor/resi_SLH_Child 1.00E-04 g/cm2/event Health Canada (2009a); skin loading hands
abor/resi Infant SLH abor/resi_SLH_Infant 1.00E-04 g/cm2/event Health Canada (2009a); skin loading hands
abor/resi Toddler SLH abor/resi_SLH_Toddler 1.00E-04 g/cm2/event Health Canada (2009a); skin loading hands
abor/resi Adolescent SLO abor/resi_SLO_Adolescent 1.00E-05 g/cm2/event Health Canada (2009a); skin loading other
abor/resi Adult SLO abor/resi_SLO_Adult 1.00E-05 g/cm2/event Health Canada (2009a); skin loading other
abor/resi Child SLO abor/resi_SLO_Child 1.00E-05 g/cm2/event Health Canada (2009a); skin loading other
abor/resi Infant SLO abor/resi_SLO_Infant 1.00E-05 g/cm2/event Health Canada (2009a); skin loading other
abor/resi Toddler SLO abor/resi_SLO_Toddler 1.00E-05 g/cm2/event Health Canada (2009a); skin loading other
abor/resi Adolescent Snowshoe_Hare abor/resi_Snowshoe_Hare_Adolescent 2.80E+01 g/d Health Canada (2009a); Wein (1991)
abor/resi Adult Snowshoe_Hare abor/resi_Snowshoe_Hare_Adult 4.32E+01 g/d Health Canada (2009a); Wein (1991)
abor/resi Child Snowshoe_Hare abor/resi_Snowshoe_Hare_Child 2.00E+01 g/d Health Canada (2009a); Wein (1991)
abor/resi Infant Snowshoe_Hare abor/resi_Snowshoe_Hare_Infant 0.00E+00 g/d assumed, diet entirely breast milk
abor/resi Toddler Snowshoe_Hare abor/resi_Snowshoe_Hare_Toddler 1.36E+01 g/d Health Canada (2009a); Wein (1991)
abor/resi Adolescent SW_IR abor/resi_SW_IR_Adolescent 2.50E-02 L/d US EPA 2003; Assumed 1hr / day; swim ingestion rate
abor/resi Adult SW_IR abor/resi_SW_IR_Adult 2.50E-02 L/d US EPA 2003; Assumed 1hr / day; swim ingestion rate
abor/resi Child SW_IR abor/resi_SW_IR_Child 5.00E-02 L/d US EPA 2003; Assumed 1hr / day; swim ingestion rate
abor/resi Infant SW_IR abor/resi_SW_IR_Infant 0.00E+00 L/d US EPA 2003; Assumed 1hr / day; swim ingestion rate
abor/resi Toddler SW_IR abor/resi_SW_IR_Toddler 5.00E-02 L/d US EPA 2003; Assumed 1hr / day; swim ingestion rate
abor/resi Adolescent WIR abor/resi_WIR_Adolescent 1.00E+00 L/d Health Canada (2009a)
abor/resi Adult WIR abor/resi_WIR_Adult 1.50E+00 L/d Health Canada (2009a)
abor/resi Child WIR abor/resi_WIR_Child 8.00E-01 L/d Health Canada (2009a)
abor/resi Infant WIR abor/resi_WIR_Infant 3.00E-01 L/d Health Canada (2009a)
abor/resi Toddler WIR abor/resi_WIR_Toddler 6.00E-01 L/d Health Canada (2009a)
Worker Adult AIR Worker_AIR_Adult 3.36E+01 m3/d Health Canada (2009a); air inhalation rate male worker = 1.4
Worker Adult Berries Worker_Berries_Adult 0.00E+00 g/d Assumed
Worker Adult BW Worker_BW_Adult 7.07E+01 kg Health Canada (2009a); body weight
Worker Adult Cattail Worker_Cattail_Adult 0.00E+00 g/d Assumed
Worker Adult Fish Worker_Fish_Adult 0.00E+00 g/d Assumed
Worker Adult Lab_tea Worker_Lab_tea_Adult 0.00E+00 g/d Assumed
Worker Adult LAF Worker_LAF_Adult 7.50E-01 yr-lifestage/yr-total Health Canada (2009a); lifetime adjustment factor
Worker Adult Moose Worker_Moose_Adult 0.00E+00 g/d Assumed
Worker Adult Plant Worker_Plant_Adult 0.00E+00 g/d Assumed
Worker Adult Root Worker_Root_Adult 0.00E+00 g/d Assumed
Worker Adult Ruffed_Grouse Worker_Ruffed_Grouse_Adult 0.00E+00 g/d Assumed
Worker Adult SAH Worker_SAH_Adult 8.90E+02 cm2 Health Canada (2009a); surface area hands
Worker Adult SAO Worker_SAO_Adult 8.22E+03 cm2 Health Canada (2009a); surface area other(arms and legs)
Worker Adult SAT Worker_SAT_Adult 1.76E+04 cm2  Health Canada (2009a); surface area total
Worker Adult SEF Worker_SEF_Adult 0.00E+00 hr/d Assumed
Worker Adult SED Worker_SED_Adult 0.00E+00 days/ days per year Assumed
Worker Adult SIR Worker_SIR_Adult 1.00E-01 g/d Health Canada (2009a); soil ingestion rate
Worker Adult SLH Worker_SLH_Adult 1.00E-03 g/cm2/event Health Canada (2009a); skin loading hands
Worker Adult SLO Worker_SLO_Adult 1.00E-04 g/cm2/event Health Canada (2009a); skin loading other
Worker Adult Snowshoe_Hare Worker_Snowshoe_Hare_Adult 0.00E+00 g/d Assumed
Worker Adult SW_IR Worker_SW_IR_Adult 0.00E+00 L/d Assumed



Type Receptor Variable Abbreviation Value Units Reference/Comment
Table B1-11  Human Receptor Exposure Variables

Worker Adult WIR Worker_WIR_Adult 0.00E+00 L/d Assumed



Chemical Group
3-methylcholanthrene PAH
7,12-dimethylbenz(a)anthracene PAH
anthracene PAH
benz(a)anthracene PAH
benzo(a)pyrene PAH
benzo(b)fluoranthene PAH
benzo(g,h,i)perylene PAH
benzo(k)fluoranthene PAH
chrysene PAH
dibenz(a,h)anthracene PAH
fluoranthene PAH
fluorene PAH
formaldehyde VOC
indeno(1,2,3-cd)pyrene PAH
phenanthrene PAH
pyrene PAH

Table B1-12  Chemical Group



Chemical Value Comment / Reference
3-methylcholanthrene 2.68E+02 Mackay et al 1992
7,12-dimethylbenz(a)anthracene 2.56E+02 Mackay et al 1992
anthracene 1.78E+02 US EPA OSW 2005
benz(a)anthracene 2.28E+02 US EPA OSW 2005
benzo(a)pyrene 2.52E+02 US EPA OSW 2005
benzo(b)fluoranthene 2.52E+02 US EPA OSW 2005
benzo(g,h,i)perylene 2.76E+02 Health Canada 2009b
benzo(k)fluoranthene 2.52E+02 US EPA OSW 2005
chrysene 2.28E+02 US EPA OSW 2005
dibenz(a,h)anthracene 2.78E+02 US EPA OSW 2005
fluoranthene 2.02E+02 US EPA OSW 2005
fluorene 1.66E+02 US EPA OSW 2005
formaldehyde 3.00E+01 US EPA OSW 2005
indeno(1,2,3-cd)pyrene 2.76E+02 US EPA OSW 2005
phenanthrene 1.78E+02 US EPA OSW 2005
pyrene 2.02E+02 US EPA OSW 2005

Table B1-13  Molecular weight [grams/mole]



Chemical Value Log(Kow) Reference
3-methylcholanthrene 9.12E+06 6.96E+00 Mackay et al 1992
7,12-dimethylbenz(a)anthracene 2.09E+06 6.32E+00 Mackay et al 1992
anthracene 3.16E+04 4.50E+00 US EPA OSW 2005
benz(a)anthracene 5.01E+05 5.70E+00 US EPA OSW 2005
benzo(a)pyrene 1.00E+06 6.00E+00 US EPA OSW 2005
benzo(b)fluoranthene 1.26E+06 6.10E+00 US EPA OSW 2005
benzo(g,h,i)perylene 3.16E+06 6.50E+00 Health Canada 2009b
benzo(k)fluoranthene 1.26E+06 6.10E+00 US EPA OSW 2005
chrysene 5.01E+05 5.70E+00 US EPA OSW 2005
dibenz(a,h)anthracene 3.16E+06 6.50E+00 US EPA OSW 2005
fluoranthene 1.00E+05 5.00E+00 US EPA OSW 2005
fluorene 1.58E+04 4.20E+00 US EPA OSW 2005
formaldehyde 2.24E+00 3.50E-01 US EPA OSW 2005
indeno(1,2,3-cd)pyrene 3.98E+06 6.60E+00 US EPA OSW 2005
phenanthrene 3.16E+04 4.50E+00 US EPA OSW 2005
pyrene 7.94E+04 4.90E+00 US EPA OSW 2005

Table B1-14   Kow



Chemical Value H [Pa m3/mol] H' [Unitless] Reference
3-methylcholanthrene 3.40E-06 3.45E-01 1.39E-04 Assumed equal to B(a)anthracene
7,12-dimethylbenz(a)anthracene 3.40E-06 3.45E-01 1.39E-04 Assumed equal to B(a)anthracene
anthracene 6.50E-05 6.59E+00 2.67E-03 US EPA OSW 2005
benz(a)anthracene 3.40E-06 3.45E-01 1.39E-04 US EPA OSW 2005
benzo(a)pyrene 1.10E-06 1.11E-01 4.51E-05 US EPA OSW 2005
benzo(b)fluoranthene 1.10E-04 1.11E+01 4.51E-03 US EPA OSW 2005
benzo(g,h,i)perylene 3.30E-07 3.35E-02 1.35E-05 Health Canada 2009b
benzo(k)fluoranthene 8.30E-07 8.41E-02 3.40E-05 US EPA OSW 2005
chrysene 9.50E-05 9.63E+00 3.90E-03 US EPA OSW 2005
dibenz(a,h)anthracene 1.50E-08 1.52E-03 6.15E-07 US EPA OSW 2005
fluoranthene 1.60E-05 1.62E+00 6.56E-04 US EPA OSW 2005
fluorene 6.40E-05 6.48E+00 2.62E-03 US EPA OSW 2005
formaldehyde 3.36E-07 3.40E-02 1.38E-05 US EPA OSW 2005
indeno(1,2,3-cd)pyrene 1.60E-06 1.62E-01 6.56E-05 US EPA OSW 2005
phenanthrene 2.30E-05 2.33E+00 9.43E-04 US EPA OSW 2005
pyrene 1.10E-05 1.11E+00 4.49E-04 US EPA OSW 2005

Table B-15  Henry's Constant [atm m3 / mol]



Chemical Value VP[atm] VP[Pa] VP[kPa] Reference
3-methylcholanthrene 7.73E-10 1.02E-12 1.03E-07 1.03E-10 Mackay et al 1992
7,12-dimethylbenz(a)anthracene 2.69E-08 3.53E-11 3.58E-06 3.58E-09 Mackay et al 1992
anthracene 2.70E-06 3.6E-09 3.60E-04 3.60E-07 US EPA OSW 2005
benz(a)anthracene 1.10E-07 1.45E-10 1.47E-05 1.47E-08 US EPA OSW 2005
benzo(a)pyrene 5.50E-09 7.24E-12 7.34E-07 7.34E-10 US EPA OSW 2005
benzo(b)fluoranthene 5.00E-07 6.58E-10 6.67E-05 6.67E-08 US EPA OSW 2005
benzo(g,h,i)perylene 1.00E-10 9.87E-14 1.00E-08 1.00E-11 Health Canada 2009b
benzo(k)fluoranthene 2.00E-09 2.63E-12 2.66E-07 2.66E-10 US EPA OSW 2005
chrysene 6.20E-09 8.16E-12 8.27E-07 8.27E-10 US EPA OSW 2005
dibenz(a,h)anthracene 1.00E-10 1.32E-13 1.34E-08 1.34E-11 US EPA OSW 2005
fluoranthene 7.83E-06 1.03E-08 1.04E-03 1.04E-06 US EPA OSW 2005
fluorene 6.30E-04 8.29E-07 8.40E-02 8.40E-05 US EPA OSW 2005
formaldehyde 5.24E+03 6.9E+00 6.98E+05 6.98E+02 US EPA OSW 2005
indeno(1,2,3-cd)pyrene 1.00E-10 1.32E-13 2.03E+04 2.03E+01 US EPA OSW 2005
phenanthrene 1.10E-04 1.45E-07 1.47E-02 1.47E-05 US EPA OSW 2005
pyrene 4.60E-06 6.05E-09 6.13E-04 6.13E-07 US EPA OSW 2005

Table B1-16  Vapour Pressure [mmHg]



Chemical Value S[kg/m3] Reference
3-methylcholanthrene 1.08E-02 1.08E-05 Mackay et al 1992
7,12-dimethylbenz(a)anthracene 8.70E-02 8.70E-05 Mackay et al 1992
anthracene 4.30E-02 4.30E-05 US EPA OSW 2005
benz(a)anthracene 9.40E-03 9.40E-06 US EPA OSW 2005
benzo(a)pyrene 1.60E-03 1.60E-06 US EPA OSW 2005
benzo(b)fluoranthene 1.50E-03 1.50E-06 US EPA OSW 2005
benzo(g,h,i)perylene 2.60E-04 2.60E-07 Health Canada 2009b
benzo(k)fluoranthene 8.00E-04 8.00E-07 US EPA OSW 2005
chrysene 6.30E-03 6.30E-06 US EPA OSW 2005
dibenz(a,h)anthracene 2.50E-03 2.50E-06 US EPA OSW 2005
fluoranthene 2.10E-01 2.10E-04 US EPA OSW 2005
fluorene 2.00E+00 2.00E-03 US EPA OSW 2005
formaldehyde 5.50E+05 5.50E+02 US EPA OSW 2005
indeno(1,2,3-cd)pyrene 2.20E-05 2.20E-08 US EPA OSW 2005
phenanthrene 1.10E+00 1.10E-03 US EPA OSW 2005
pyrene 1.40E+00 1.40E-03 US EPA OSW 2005

Table B1-17  Solubility [mg/L] or [ppm]



Chemical Value Log(Kow)
3-methylcholanthrene 0.01 6.96
7,12-dimethylbenz(a)anthracene 0.01 6.32
anthracene 0.01 4.50
benz(a)anthracene 0.01 5.70
benzo(a)pyrene 0.01 6.00
benzo(b)fluoranthene 0.01 6.10
benzo(g,h,i)perylene 0.01 6.50
benzo(k)fluoranthene 0.01 6.10
chrysene 0.01 5.70
dibenz(a,h)anthracene 0.01 6.50
fluoranthene 0.01 5.00
fluorene 0.01 4.20
formaldehyde 1.00 0.35
indeno(1,2,3-cd)pyrene 0.01 6.60
phenanthrene 0.01 4.50
pyrene 0.01 4.90

If Kow >4.0, Vgag = 0.01

Table B1-18  Plant (i.e. garden produce) Adjustment Factor [ Unitless]



Chemical Value Reference
3-methylcholanthrene 48.3% Assumed equal to B(a)anthracene
7,12-dimethylbenz(a)anthracene 48.3% Assumed equal to B(a)anthracene
anthracene 99.8% US EPA OSW 2005
benz(a)anthracene 48.3% US EPA OSW 2005
benzo(a)pyrene 29.4% US EPA OSW 2005
benzo(b)fluoranthene 96.6% US EPA OSW 2005
benzo(g,h,i)perylene 5.5% Assumed equal to dibenz(a,h)anthracene
benzo(k)fluoranthene 27.3% US EPA OSW 2005
chrysene 74.4% US EPA OSW 2005
dibenz(a,h)anthracene 5.5% US EPA OSW 2005
fluoranthene 99.2% US EPA OSW 2005
fluorene 100.0% US EPA OSW 2005
formaldehyde 100.0% US EPA OSW 2005
indeno(1,2,3-cd)pyrene 0.5% US EPA OSW 2005
phenanthrene 99.9% US EPA OSW 2005
pyrene 99.4% US EPA OSW 2005

Table B1-19  Fraction of Chemical in the Vapour Phase [%]



Chemical Value Log(Koc) Reference
3-methylcholanthrene 4.68E+05 5.67E+00 Mackay et al 1992
7,12-dimethylbenz(a)anthracene 1.51E+05 5.18E+00 Mackay et al 1992
anthracene 2.35E+04 4.37E+00 US EPA OSW 2005
benz(a)anthracene 3.58E+05 5.55E+00 US EPA OSW 2005
benzo(a)pyrene 9.69E+05 5.99E+00 US EPA OSW 2005
benzo(b)fluoranthene 1.05E+06 6.02E+00 US EPA OSW 2005
benzo(g,h,i)perylene 2.04E+07 7.31E+00 Health Canada 2009b
benzo(k)fluoranthene 9.92E+05 6.00E+00 US EPA OSW 2005
chrysene 4.01E+05 5.60E+00 US EPA OSW 2005
dibenz(a,h)anthracene 1.79E+06 6.25E+00 US EPA OSW 2005
fluoranthene 4.91E+04 4.69E+00 US EPA OSW 2005
fluorene 7.71E+03 3.89E+00 US EPA OSW 2005
formaldehyde 2.21E+00 3.44E-01 US EPA OSW 2005
indeno(1,2,3-cd)pyrene 3.08E+06 6.49E+00 US EPA OSW 2005
phenanthrene 2.65E+04 4.42E+00 US EPA OSW 2005
pyrene 6.80E+04 4.83E+00 US EPA OSW 2005

Table B1-20  Koc [(mg/g) / (mg/mL)] or [L/kg]



Chemical Wet Dry Reference Wet Reference Dry
3-methylcholanthrene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
7,12-dimethylbenz(a)anthracene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
anthracene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
benz(a)anthracene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
benzo(a)pyrene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
benzo(b)fluoranthene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
benzo(g,h,i)perylene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
benzo(k)fluoranthene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
chrysene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
dibenz(a,h)anthracene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
fluoranthene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
fluorene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
formaldehyde 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
indeno(1,2,3-cd)pyrene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
phenanthrene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
pyrene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005

Wet deposition velocity based on annual average precipitation of 456 mm (Environment Canada 2009)

Table B1-21  Deposition Velocities [m/s]



Chemical Value Reference
3-methylcholanthrene 1.96E+00 Eqn #3.8; US EPA 2004
7,12-dimethylbenz(a)anthracene 8.66E-01 Eqn #3.8; US EPA 2004
anthracene 1.49E-01 Eqn #3.8; US EPA 2004
benz(a)anthracene 4.84E-01 Eqn #3.8; US EPA 2004
benzo(a)pyrene 5.61E-01 Eqn #3.8; US EPA 2004
benzo(b)fluoranthene 6.53E-01 Eqn #3.8; US EPA 2004
benzo(g,h,i)perylene 8.80E-01 Eqn #3.8; US EPA 2004
benzo(k)fluoranthene 6.53E-01 Eqn #3.8; US EPA 2004
chrysene 4.84E-01 Eqn #3.8; US EPA 2004
dibenz(a,h)anthracene 8.57E-01 Eqn #3.8; US EPA 2004
fluoranthene 2.34E-01 Eqn #3.8; US EPA 2004
fluorene 1.10E-01 Eqn #3.8; US EPA 2004
formaldehyde 1.83E-03 Eqn #3.8; US EPA 2004
indeno(1,2,3-cd)pyrene 1.02E+00 Eqn #3.8; US EPA 2004
phenanthrene 1.49E-01 Eqn #3.8; US EPA 2004
pyrene 2.01E-01 Eqn #3.8; US EPA 2004

Table B1-22  Dermal permeability coefficient in water [cm/hr]



Chemical Value Reference
3-methylcholanthrene 2.34E+03 Calculated; CCME 2008
7,12-dimethylbenz(a)anthracene 7.57E+02 Calculated; CCME 2008
anthracene 1.18E+02 Calculated; CCME 2008
benz(a)anthracene 1.79E+03 Calculated; CCME 2008
benzo(a)pyrene 4.85E+03 Calculated; CCME 2008
benzo(b)fluoranthene 5.24E+03 Calculated; CCME 2008
benzo(g,h,i)perylene 1.02E+05 Calculated; CCME 2008
benzo(k)fluoranthene 4.96E+03 Calculated; CCME 2008
chrysene 2.01E+03 Calculated; CCME 2008
dibenz(a,h)anthracene 8.95E+03 Calculated; CCME 2008
fluoranthene 2.46E+02 Calculated; CCME 2008
fluorene 3.86E+01 Calculated; CCME 2008
formaldehyde 1.11E-02 Calculated; CCME 2008
indeno(1,2,3-cd)pyrene 1.54E+04 Calculated; CCME 2008
phenanthrene 1.33E+02 Calculated; CCME 2008
pyrene 3.40E+02 Calculated; CCME 2008

Calculated Kd = Koc x foc
foc(g/g) = 0.5% AENV 2007

Table B1-23  Soil to Pore Water Partition Coefficient (Kd) [L/kg]



Chemical Value Reference
3-methylcholanthrene 10.0% RAIS 2009
7,12-dimethylbenz(a)anthracene 13.0% RAIS 2009
anthracene 14.8% Health Canada 2009b
benz(a)anthracene 14.8% Health Canada 2009b
benzo(a)pyrene 14.8% Health Canada 2009b
benzo(b)fluoranthene 14.8% Health Canada 2009b
benzo(g,h,i)perylene 14.8% Health Canada 2009b
benzo(k)fluoranthene 14.8% Health Canada 2009b
chrysene 14.8% Health Canada 2009b
dibenz(a,h)anthracene 14.8% Health Canada 2009b
fluoranthene 14.8% Health Canada 2009b
fluorene 14.8% Health Canada 2009b
formaldehyde 10.0% RAIS 2009
indeno(1,2,3-cd)pyrene 14.8% Health Canada 2009b
phenanthrene 14.8% Health Canada 2009b
pyrene 14.8% Health Canada 2009b

Table B1-24  Relative Dermal Absorption Factors (RAFDermal) [%]



Chemical Kt Ks(yr-1) Half-life [Days] Reference Kv(yr-1) Half-life [Days] Comment/Reference
3-methylcholanthrene 1.83E-01 1.81E-01 1.40E+03 Mackay et al 1992 2.45E-03 1.03E+05 Lyman et al. 1990
7,12-dimethylbenz(a)anthracene 9.07E+00 9.04E+00 2.80E+01 Mackay et al 1992 3.27E-02 7.75E+03 Lyman et al. 1990
anthracene 4.33E+01 5.50E-01 4.60E+02 US EPA OSW 2005 4.28E+01 5.92E+00 Lyman et al. 1990
benz(a)anthracene 8.94E-01 3.70E-01 6.84E+02 US EPA OSW 2005 5.24E-01 4.82E+02 Lyman et al. 1990
benzo(a)pyrene 5.37E-01 4.80E-01 5.27E+02 US EPA OSW 2005 5.68E-02 4.45E+03 Lyman et al. 1990
benzo(b)fluoranthene 5.51E+00 4.10E-01 6.17E+02 US EPA OSW 2005 5.10E+00 4.96E+01 Lyman et al. 1990
benzo(g,h,i)perylene 3.90E-01 3.89E-01 6.50E+02 Mackay et al 1992 3.02E-04 8.39E+05 Lyman et al. 1990
benzo(k)fluoranthene 1.60E-01 1.20E-01 2.11E+03 US EPA OSW 2005 4.03E-02 6.27E+03 Lyman et al. 1990
chrysene 2.89E-01 2.50E-01 1.01E+03 US EPA OSW 2005 3.93E-02 6.44E+03 Lyman et al. 1990
dibenz(a,h)anthracene 2.70E-01 2.70E-01 9.38E+02 US EPA OSW 2005 3.59E-04 7.05E+05 Lyman et al. 1990
fluoranthene 1.27E+01 5.70E-01 4.44E+02 US EPA OSW 2005 1.22E+01 2.08E+01 Lyman et al. 1990
fluorene 6.58E+02 4.22E+00 6.00E+01 US EPA OSW 2005 6.54E+02 3.87E-01 Lyman et al. 1990
formaldehyde 1.63E+02 3.61E+01 7.01E+00 US EPA OSW 2005 1.26E+02 2.00E+00 Mackay et al 1992; Assumed Class 3 compound
indeno(1,2,3-cd)pyrene 3.74E-01 3.50E-01 7.23E+02 US EPA OSW 2005 2.37E-02 1.07E+04 Lyman et al. 1990
phenanthrene 6.17E+01 1.26E+00 2.01E+02 US EPA OSW 2005 6.05E+01 4.18E+00 Lyman et al. 1990
pyrene 9.03E-01 1.30E-01 1.95E+03 US EPA OSW 2005 7.73E-01 3.27E+02 Lyman et al. 1990

Lymann et al (1990): Volatilization half-life [Days] = (0.0000000158 x Koc x S) / VP

Table B1-25  Degradation and Volatilization Soil Loss Constant (kt) [yr-1]



Chemical Value Half-life [Days] Reference
3-methylcholanthrene 3.57E+00 7.10E+01 Assumed = benzo(a)pyrene
7,12-dimethylbenz(a)anthracene 3.57E+00 7.10E+01 Assumed = benzo(a)pyrene
anthracene 1.10E+01 2.30E+01 Mackay & Hickie 2000
benz(a)anthracene 3.57E+00 7.10E+01 Assumed = benzo(a)pyrene
benzo(a)pyrene 3.57E+00 7.10E+01 Mackay & Hickie 2000
benzo(b)fluoranthene 3.57E+00 7.10E+01 Assumed = benzo(a)pyrene
benzo(g,h,i)perylene 3.57E+00 7.10E+01 Assumed = benzo(a)pyrene
benzo(k)fluoranthene 1.21E+01 2.10E+01 Mackay & Hickie 2000
chrysene 3.57E+00 7.10E+01 Mackay & Hickie 2000
dibenz(a,h)anthracene 3.57E+00 7.10E+01 Assumed = benzo(a)pyrene
fluoranthene 3.57E+00 7.10E+01 Mackay & Hickie 2000
fluorene 3.57E+00 7.10E+01 Mackay & Hickie 2000
formaldehyde 6.33E+01 4.00E+00 Mackay et al 1992, mid point of range (96 hrs)
indeno(1,2,3-cd)pyrene 3.57E+00 7.10E+01 Assumed = benzo(a)pyrene
phenanthrene 3.57E+00 7.10E+01 Mackay & Hickie 2000
pyrene 3.57E+00 7.10E+01 Mackay & Hickie 2000

Table B1-26  Surface water loss constant (ksw) [yr-1]



Chemical Value Reference
3-methylcholanthrene 0
7,12-dimethylbenz(a)anthracene 10 Health Canada 2009a
Anthracene 0
Benz(a)anthracene 0.1 Health Canada 2009a
Benzo(a)pyrene 1 Health Canada 2009a
Benzo(b)fluoranthene 0.1 Health Canada 2009a
Benzo(g,h,i)perylene 0.01 Health Canada 2009a
Benzo(k)fluoranthene 0.1 Health Canada 2009a
Chrysene 0.01 Health Canada 2009a
Dibenz(a,h)anthracene 1 Health Canada 2009a
Fluoranthene 0.001 Health Canada 2009a
Fluorene 0
formaldehyde 0
Indeno(1,2,3-cd)pyrene 0.1 Health Canada 2009a
Phenanthrene 0.001 Health Canada 2009a
Pyrene 0

Table B1-27  PAH PEF Values



Receptor Value Reference
Berries 81% Site-specific berries (regional data)
Cattail 86% Site-specific Cattail (regional data)  
Fish 75% Suter et al. 2000 (Table 3.5)
Lab_tea 56% Site-specific Labrador tea (regional data)
Plant 85% US EPA OSW 2005
Root 85% US EPA OSW 2005

Variable Value Units Reference
Empirical Constant - (y) 2.88 Unitless US EPA OSW 2005
Yield or Standing Biomass for Garden Produce (Yp) 2.24 kg DW/m2 US EPA OSW 2005
Plant Surface Loss Coefficient - (kp) 18 yr-1 US EPA OSW 2005
Period of Garden Exposure - (Tp) 0.16 yr US EPA OSW 2005
Fraction of COPC in Vapour Phase NA Chemical Specific
Deposition Velocity NA Chemical Specific

Variable Value Comment
Time 80 Based on life expectancy

Variable Value Units Reference
Surface Soil Mixing Depth = Depth1 0.02 m US EPA OSW 2005
Soil Mixing Depth for Plants = Depth2 0.2 m US EPA OSW 2005
Soil Bulk Density 1500 kg/m3 US EPA OSW 2005

Variable Value Units
Universal Gas Constant (R) 8.21E-05 atm m3 / mol
Temperature (T) 288 Kelvin
R x T 2.36E-02 Kelvin atm m3 / mol

Variable Value Units
Washing and peeling factor (WPF) 100% %

Table B1-33  Food Preparation

Table B1-32 Gas Constants

Table B1-28  Water Content in Wildlife Food [%]

Table B1-29  Equation Variables for Plant Concentration due to Direct Deposition

Table B1-30  Time Period of Deposition [years]

Table B1-31  Soil Properties



Lake Parameter Abbreviation Value Units Comment/Reference
Lake LA Lake_LA 4470000 m2 Surface water quality assessment
Lake LD Lake_LD 1.85 m Surface water quality assessment
Lake LV Lake_LV 8,269,500      m3 area x depth
Lake FR Lake_FR 387,672         m3/year Surface water quality assessment
Lake FWC Lake_FWC 100% % Assumed entire water column available for mixing

Notes
LA: Lake area
LD: Lake depth
LV: Lake volume
FR: Flow rate
FWC: Fraction of water column

Table B1-34 Lake Parameters for Lake C03



Berries 3-methylcholanthrene 3.67E-03 US EPA OSW 2005
Berries 7,12-dimethylbenz(a)anthracene 8.61E-03 US EPA OSW 2005
Berries Anthracene 9.71E-02 US EPA OSW 2005
Berries Benz(a)anthracene 1.97E-02 US EPA OSW 2005
Berries Benzo(a)pyrene 1.32E-02 US EPA OSW 2005
Berries Benzo(b)fluoranthene 1.15E-02 US EPA OSW 2005
Berries Benzo(g,h,i)perylene 6.78E-03 US EPA OSW 2005
Berries Benzo(k)fluoranthene 1.15E-02 US EPA OSW 2005
Berries Chrysene 1.97E-02 US EPA OSW 2005
Berries Dibenz(a,h)anthracene 6.78E-03 US EPA OSW 2005
Berries Fluoranthene 4.99E-02 US EPA OSW 2005
Berries Fluorene 1.45E-01 US EPA OSW 2005
Berries Formaldehyde 8.42E+00 US EPA OSW 2005
Berries Indeno(1,2,3-cd)pyrene 5.93E-03 US EPA OSW 2005
Berries Phenanthrene 9.71E-02 US EPA OSW 2005
Berries Pyrene 5.70E-02 US EPA OSW 2005
Cattail 3-methylcholanthrene 9.48E-02 US EPA OSW 2005
Cattail 7,12-dimethylbenz(a)anthracene 6.05E-02 US EPA OSW 2005
Cattail Anthracene 1.51E-01 US EPA OSW 2005
Cattail Benz(a)anthracene 9.48E-02 US EPA OSW 2005
Cattail Benzo(a)pyrene 6.05E-02 US EPA OSW 2005
Cattail Benzo(b)fluoranthene 1.15E+00 US EPA OSW 2005
Cattail Benzo(g,h,i)perylene 6.05E-02 Assumed = B(a)P
Cattail Benzo(k)fluoranthene 6.09E-02 US EPA OSW 2005
Cattail Chrysene 9.48E-02 US EPA OSW 2005
Cattail Dibenz(a,h)anthracene 4.05E-02 US EPA OSW 2005
Cattail Fluoranthene 1.50E-01 US EPA OSW 2005
Cattail Fluorene 1.90E-01 US EPA OSW 2005
Cattail Formaldehyde 3.05E+02 US EPA OSW 2005
Cattail Indeno(1,2,3-cd)pyrene 5.29E-02 US EPA OSW 2005
Cattail Phenanthrene 1.83E-01 US EPA OSW 2005
Cattail Pyrene 1.45E-01 US EPA OSW 2005
Fish 3-methylcholanthrene 5.50E+01 ATSDR 1995, Northern Pike
Fish 7,12-dimethylbenz(a)anthracene 5.50E+01 ATSDR 1995, Northern Pike
Fish Anthracene 5.50E+01 ATSDR 1995, Northern Pike
Fish Benz(a)anthracene 5.50E+01 ATSDR 1995, Northern Pike
Fish Benzo(a)pyrene 5.50E+01 ATSDR 1995, Northern Pike
Fish Benzo(b)fluoranthene 5.50E+01 ATSDR 1995, Northern Pike
Fish Benzo(g,h,i)perylene 5.50E+01 ATSDR 1995, Northern Pike
Fish Benzo(k)fluoranthene 5.50E+01 ATSDR 1995, Northern Pike
Fish Chrysene 5.50E+01 ATSDR 1995, Northern Pike
Fish Dibenz(a,h)anthracene 5.50E+01 ATSDR 1995, Northern Pike
Fish Fluoranthene 5.50E+01 ATSDR 1995, Northern Pike
Fish Fluorene 5.50E+01 ATSDR 1995, Northern Pike
Fish Formaldehyde 3.16E+00 US EPA OSW 2005
Fish Indeno(1,2,3-cd)pyrene 5.50E+01 ATSDR 1995, Northern Pike
Fish Phenanthrene 5.50E+01 ATSDR 1995, Northern Pike
Fish Pyrene 5.50E+01 ATSDR 1995, Northern Pike
Lab_tea 3-methylcholanthrene 3.67E-03 US EPA OSW 2005
Lab_tea 7,12-dimethylbenz(a)anthracene 8.61E-03 US EPA OSW 2005
Lab_tea Anthracene 9.71E-02 US EPA OSW 2005
Lab_tea Benz(a)anthracene 1.97E-02 US EPA OSW 2005

Table B1-35  Media Specific Bioconcentration Factors (BCF) for the Human Health Risk 
Assessment Exposure Model [DW Basis] 

ChemicalMedia Reference/CommentBCF



Table B1-35  Media Specific Bioconcentration Factors (BCF) for the Human Health Risk 
Assessment Exposure Model [DW Basis] 

ChemicalMedia Reference/CommentBCF
Lab_tea Benzo(a)pyrene 1.32E-02 US EPA OSW 2005
Lab_tea Benzo(b)fluoranthene 1.15E-02 US EPA OSW 2005
Lab_tea Benzo(g,h,i)perylene 6.78E-03 US EPA OSW 2005
Lab_tea Benzo(k)fluoranthene 1.15E-02 US EPA OSW 2005
Lab_tea Chrysene 1.97E-02 US EPA OSW 2005
Lab_tea Dibenz(a,h)anthracene 6.78E-03 US EPA OSW 2005
Lab_tea Fluoranthene 4.99E-02 US EPA OSW 2005
Lab_tea Fluorene 1.45E-01 US EPA OSW 2005
Lab_tea Formaldehyde 8.42E+00 US EPA OSW 2005
Lab_tea Indeno(1,2,3-cd)pyrene 5.93E-03 US EPA OSW 2005
Lab_tea Phenanthrene 9.71E-02 US EPA OSW 2005
Lab_tea Pyrene 5.70E-02 US EPA OSW 2005
Plant 3-methylcholanthrene 3.67E-03 US EPA OSW 2005
Plant 7,12-dimethylbenz(a)anthracene 8.61E-03 US EPA OSW 2005
Plant Anthracene 9.71E-02 US EPA OSW 2005
Plant Benz(a)anthracene 1.97E-02 US EPA OSW 2005
Plant Benzo(a)pyrene 1.32E-02 US EPA OSW 2005
Plant Benzo(b)fluoranthene 1.15E-02 US EPA OSW 2005
Plant Benzo(g,h,i)perylene 6.78E-03 US EPA OSW 2005
Plant Benzo(k)fluoranthene 1.15E-02 US EPA OSW 2005
Plant Chrysene 1.97E-02 US EPA OSW 2005
Plant Dibenz(a,h)anthracene 6.78E-03 US EPA OSW 2005
Plant Fluoranthene 4.99E-02 US EPA OSW 2005
Plant Fluorene 1.45E-01 US EPA OSW 2005
Plant Formaldehyde 8.42E+00 US EPA OSW 2005
Plant Indeno(1,2,3-cd)pyrene 5.93E-03 US EPA OSW 2005
Plant Phenanthrene 9.71E-02 US EPA OSW 2005
Plant Pyrene 5.70E-02 US EPA OSW 2005
Root 3-methylcholanthrene 9.48E-02 US EPA OSW 2005
Root 7,12-dimethylbenz(a)anthracene 6.05E-02 US EPA OSW 2005
Root Anthracene 1.51E-01 US EPA OSW 2005
Root Benz(a)anthracene 9.48E-02 US EPA OSW 2005
Root Benzo(a)pyrene 6.05E-02 US EPA OSW 2005
Root Benzo(b)fluoranthene 1.15E+00 US EPA OSW 2005
Root Benzo(g,h,i)perylene 6.05E-02 Assumed = B(a)P
Root Benzo(k)fluoranthene 6.09E-02 US EPA OSW 2005
Root Chrysene 9.48E-02 US EPA OSW 2005
Root Dibenz(a,h)anthracene 4.05E-02 US EPA OSW 2005
Root Fluoranthene 1.50E-01 US EPA OSW 2005
Root Fluorene 1.90E-01 US EPA OSW 2005
Root Formaldehyde 3.05E+02 US EPA OSW 2005
Root Indeno(1,2,3-cd)pyrene 5.29E-02 US EPA OSW 2005
Root Phenanthrene 1.83E-01 US EPA OSW 2005
Root Pyrene 1.45E-01 US EPA OSW 2005



Media Chemical Value Comment
Breast milk 3-methylcholanthrene 1.82E+00 McKone 1992
Breast milk 7,12-dimethylbenz(a)anthracene 4.18E-01 McKone 1992
Breast milk Anthracene 6.32E-03 McKone 1992
Breast milk Benz(a)anthracene 1.00E-01 McKone 1992
Breast milk Benzo(a)pyrene 2.00E-01 McKone 1992
Breast milk Benzo(b)fluoranthene 2.52E-01 McKone 1992
Breast milk Benzo(g,h,i)perylene 6.32E-01 McKone 1992
Breast milk Benzo(k)fluoranthene 2.52E-01 McKone 1992
Breast milk Chrysene 1.00E-01 McKone 1992
Breast milk Dibenz(a,h)anthracene 6.32E-01 McKone 1992
Breast milk Fluoranthene 2.00E-02 McKone 1992
Breast milk Fluorene 3.17E-03 McKone 1992
Breast milk Formaldehyde 4.48E-07 McKone 1992
Breast milk Indeno(1,2,3-cd)pyrene 7.96E-01 McKone 1992
Breast milk Phenanthrene 6.32E-03 McKone 1992
Breast milk Pyrene 1.59E-02 McKone 1992

Table B1-36  Breast Milk Bio-transfer Factors [(ug/kg-milk) / (ug/day-intake)]
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Appendix B2
Predicted Game

Meat Concentrations



Table B2-1  Maximum Predicted Soil Concentration (mg/kg)
SQG

Chemical Baseline Application PDC AENV 2009 mammalian avian
PAH 3-methylcholanthrene 5.4E-05 5.4E-05 5.4E-05 ─ NA NA
PAH 7,12-dimethylbenz(a)anthracene 2.2E-04 2.2E-04 2.2E-04 ─ NA NA
PAH anthracene 1.5E-05 1.5E-05 2.2E-05 61.5 NA NA
PAH benz(a)anthracene 4.3E-04 4.3E-04 6.2E-04 6.2 NA NA
PAH benzo(a)pyrene 1.6E-04 1.6E-04 2.3E-04 0.6 NA NA
PAH benzo(b)fluoranthene 6.2E-05 6.2E-05 9.1E-05 ─ NA NA
PAH benzo(g,h,i)perylene 5.0E-04 5.0E-04 7.3E-04 ─ NA NA
PAH benzo(k)fluoranthene 4.7E-04 4.7E-04 6.8E-04 6.2 NA NA
PAH chrysene 1.4E-03 1.4E-03 2.1E-03 6.2 NA NA
PAH dibenz(a,h)anthracene 6.9E-04 6.9E-04 1.0E-03 ─ NA NA
PAH fluoranthene 1.7E-04 1.7E-04 2.5E-04 15.4 NA NA
PAH fluorene 1.2E-05 1.2E-05 1.8E-05 15.4 NA NA
PAH indeno(1,2,3-cd)pyrene 3.9E-04 3.9E-04 5.7E-04 ─ NA NA
PAH phenanthrene 2.5E-04 2.5E-04 3.7E-04 43 NA NA
PAH pyrene 1.8E-03 1.8E-03 2.6E-03 7.7 NA NA
TPH F2 2.3E-03 2.3E-03 3.3E-03 9,800 NA NA
TPH F3 4.4E-03 4.4E-03 6.3E-03 16,000 NA NA
TPH HMW PAHs 6.2E-03 6.2E-03 8.9E-03 ─ 1.1 NA
TPH LMW PAHs 4.5E-04 4.5E-04 6.6E-04 ─ 100 NA
VOC formaldehyde 2.6E-03 2.6E-03 3.7E-03 ─ NA NA

Notes: 

F2 consists of constituents in the aromatic C11-C16 subfraction: anthracene, fluoranthene, fluorene, phenanthrene, pyrene

Based on data presented in US EPA 2007, LMW PAHs are interpreted as 2 and 3 ring PAHs 
Based on data presented in US EPA 2007, HMW PAH are interpreted as PAHs with 4 or more rings 

Chemical 
Category

F3 consists of constituents in the aromatic C17-C34 subfraction: 3-
methylcholanthrene, 7,12-dimethylbenz(a)anthracene, 
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, 
dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene

US EPA’s Eco-SSLs are from US EPA OSWER (2007) 

ECO SSL - US EPA 2007

─ = No soil quality guideline available.
NA = Not available.  Insufficient data to derive an Eco-SSL

AENV SQGs are referenced from AENV (2009) Surface Soil Remediation Guideline Values for Natural Area Land Use - Wildlife Soil and Food Ingestion (Table A-1)



Table B2-2  Maximum Predicted Surface Water Concentration (mg/L)
Chemical 
Category Chemical Baseline Application PDC AENV 2009

PAH 3-methylcholanthrene 1.4E-08 2.3E-08 2.5E-08 ─
PAH 7,12-dimethylbenz(a)anthracene 1.3E-07 2.1E-07 2.3E-07 ─
PAH anthracene 7.3E-08 7.6E-08 1.0E-07 ─
PAH benz(a)anthracene 1.3E-07 1.4E-07 1.8E-07 ─
PAH benzo(a)pyrene 3.5E-08 4.0E-08 5.1E-08 ─
PAH benzo(b)fluoranthene 1.2E-07 1.3E-07 1.7E-07 ─
PAH benzo(g,h,i)perylene 7.0E-08 7.4E-08 9.8E-08 ─
PAH benzo(k)fluoranthene 1.1E-08 1.3E-08 1.6E-08 ─
PAH chrysene 1.4E-07 1.5E-07 2.0E-07 ─
PAH dibenz(a,h)anthracene 6.7E-08 7.2E-08 9.5E-08 ─
PAH fluoranthene 7.1E-07 7.2E-07 9.8E-07 ─
PAH fluorene 2.5E-06 2.5E-06 3.4E-06 ─
PAH indeno(1,2,3-cd)pyrene 5.8E-08 6.5E-08 8.3E-08 ─
PAH phenanthrene 5.0E-06 5.1E-06 6.9E-06 ─
PAH pyrene 5.6E-07 5.8E-07 7.8E-07 ─
TPH F2 8.9E-06 9.0E-06 1.2E-05 42.6
TPH F3 7.8E-07 9.2E-07 1.2E-06 69
TPH HMW PAHs 1.3E-06 1.5E-06 1.9E-06 ─
TPH LMW PAHs 8.9E-06 9.0E-06 1.2E-05 ─
VOC formaldehyde 4.2E-05 6.4E-05 7.3E-05 ─

Notes: 

F2 consists of constituents in the aromatic C11-C16 subfraction: anthracene, fluoranthene, fluorene, phenanthrene, pyrene

Based on data presented in US EPA 2007, LMW PAHs are interpreted as 2 and 3 ring PAHs 
Based on data presented in US EPA 2007, HMW PAH are interpreted as PAHs with 4 or more rings 

AENV 2009.  Surface Water Quality Guidelines Wildlife Water (Table C-11)
─ = No water quality guideline available.

F3 consists of constituents in the aromatic C17-C34 
subfraction: 3-methylcholanthrene, 7,12-
dimethylbenz(a)anthracene, benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylene, 
benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, 
indeno(1,2,3-cd)pyrene



Table B2-3 Predicted Game Meat Concentration (mg/kg-FW)
Receptor Chemical Baseline Application PDC Project Alone Future
Moose 3-methylcholanthrene 2.3E-05 3.1E-05 3.3E-05 8.1E-06 1.1E-05
Moose 7,12-dimethylbenz(a)anthracene 8.6E-06 9.6E-06 9.8E-06 1.2E-06 2.0E-06
Moose anthracene 1.0E-06 1.1E-06 1.5E-06 3.8E-08 4.3E-07
Moose benz(a)anthracene 2.6E-05 2.7E-05 3.8E-05 1.2E-07 1.2E-05
Moose benzo(a)pyrene 9.3E-06 9.3E-06 1.4E-05 8.3E-08 4.3E-06
Moose benzo(b)fluoranthene 3.2E-06 3.3E-06 4.6E-06 9.5E-08 1.4E-06
Moose benzo(g,h,i)perylene 2.7E-05 2.7E-05 3.9E-05 7.7E-08 1.2E-05
Moose benzo(k)fluoranthene 9.4E-06 9.4E-06 1.4E-05 6.2E-08 4.3E-06
Moose chrysene 1.5E-05 1.5E-05 2.1E-05 1.1E-07 6.7E-06
Moose dibenz(a,h)anthracene 2.4E-04 2.4E-04 3.5E-04 2.9E-07 1.1E-04
Moose fluoranthene 1.3E-05 1.3E-05 1.9E-05 1.7E-07 5.3E-06
Moose fluorene 2.6E-05 2.6E-05 3.6E-05 1.2E-07 9.8E-06
Moose formaldehyde 2.8E-05 2.8E-05 4.1E-05 8.3E-07 1.2E-05
Moose indeno(1,2,3-cd)pyrene 1.2E-05 1.3E-05 1.8E-05 9.8E-08 5.7E-06
Moose phenanthrene 6.4E-05 6.5E-05 8.8E-05 8.3E-07 2.4E-05
Moose pyrene 1.2E-05 1.2E-05 1.7E-05 2.8E-07 4.9E-06
Ruffed_grouse 3-methylcholanthrene 8.6E-08 8.6E-08 8.6E-08 2.4E-09 1.0E-08
Ruffed_grouse 7,12-dimethylbenz(a)anthracene 3.0E-08 3.0E-08 3.0E-08 8.4E-10 3.6E-09
Ruffed_grouse anthracene 8.3E-10 8.3E-10 1.2E-09 5.0E-13 3.8E-10
Ruffed_grouse benz(a)anthracene 1.0E-07 1.0E-07 1.5E-07 7.3E-11 4.7E-08
Ruffed_grouse benzo(a)pyrene 3.7E-08 3.7E-08 5.4E-08 7.8E-11 1.7E-08
Ruffed_grouse benzo(b)fluoranthene 7.1E-09 7.1E-09 1.0E-08 5.8E-12 3.3E-09
Ruffed_grouse benzo(g,h,i)perylene 1.1E-07 1.1E-07 1.6E-07 1.0E-10 5.0E-08
Ruffed_grouse benzo(k)fluoranthene 4.2E-08 4.2E-08 6.1E-08 1.5E-10 1.9E-08
Ruffed_grouse chrysene 6.8E-08 6.8E-08 9.9E-08 4.5E-11 3.1E-08
Ruffed_grouse dibenz(a,h)anthracene 9.6E-07 9.6E-07 1.4E-06 9.4E-10 4.4E-07
Ruffed_grouse fluoranthene 1.6E-08 1.6E-08 2.3E-08 3.5E-12 7.2E-09
Ruffed_grouse fluorene 1.1E-09 1.1E-09 1.6E-09 1.8E-13 5.1E-10
Ruffed_grouse formaldehyde 1.2E-07 1.2E-07 1.7E-07 3.3E-09 5.2E-08
Ruffed_grouse indeno(1,2,3-cd)pyrene 5.0E-08 5.0E-08 7.4E-08 9.3E-11 2.3E-08
Ruffed_grouse phenanthrene 1.7E-08 1.7E-08 2.6E-08 3.7E-12 8.0E-09
Ruffed_grouse pyrene 3.8E-08 3.8E-08 5.6E-08 1.8E-11 1.8E-08
Snowshoe_hare 3-methylcholanthrene 1.7E-07 1.7E-07 1.7E-07 4.7E-09 2.0E-08
Snowshoe_hare 7,12-dimethylbenz(a)anthracene 9.9E-08 9.9E-08 1.0E-07 2.8E-09 1.2E-08
Snowshoe_hare anthracene 2.4E-09 2.4E-09 3.5E-09 1.5E-12 1.1E-09
Snowshoe_hare benz(a)anthracene 3.4E-07 3.4E-07 5.0E-07 2.5E-10 1.6E-07
Snowshoe_hare benzo(a)pyrene 1.2E-07 1.2E-07 1.8E-07 2.6E-10 5.7E-08
Snowshoe_hare benzo(b)fluoranthene 2.3E-08 2.3E-08 3.3E-08 1.9E-11 1.0E-08
Snowshoe_hare benzo(g,h,i)perylene 3.7E-07 3.7E-07 5.3E-07 3.4E-10 1.7E-07
Snowshoe_hare benzo(k)fluoranthene 1.3E-07 1.3E-07 1.9E-07 4.7E-10 6.0E-08
Snowshoe_hare chrysene 1.8E-07 1.8E-07 2.6E-07 1.2E-10 8.4E-08
Snowshoe_hare dibenz(a,h)anthracene 3.4E-06 3.4E-06 4.9E-06 3.3E-09 1.5E-06
Snowshoe_hare fluoranthene 4.8E-08 4.8E-08 7.1E-08 1.1E-11 2.2E-08
Snowshoe_hare fluorene 3.4E-09 3.4E-09 5.0E-09 6.4E-13 1.6E-09
Snowshoe_hare formaldehyde 3.8E-07 3.8E-07 5.5E-07 1.1E-08 1.7E-07
Snowshoe_hare indeno(1,2,3-cd)pyrene 1.7E-07 1.7E-07 2.4E-07 3.1E-10 7.6E-08
Snowshoe_hare phenanthrene 5.2E-08 5.2E-08 7.7E-08 1.2E-11 2.4E-08



Snowshoe_hare pyrene 6.2E-08 6.2E-08 9.0E-08 3.0E-11 2.8E-08



Soil Browse Aquatic Plant Invert Water Air Total Total
EDI EDI EDI EDI EDI EDI EDI EDI Concentration

mg/day mg/day mg/day mg/day mg/day mg/day mg/day mg/kg-BW/day mg/kg ww
Baseline MAX Moose 3-methylcholanthrene 1.26E-04 3.74E-04 5.00E-04 0.00E+00 3.42E-07 5.25E-07 1.00E-03 2.22E-06 2.35E-05
Application MAX Moose 3-methylcholanthrene 1.26E-04 3.75E-04 8.31E-04 0.00E+00 5.67E-07 5.26E-07 1.33E-03 2.96E-06 3.13E-05
PDC MAX Moose 3-methylcholanthrene 1.27E-04 3.76E-04 8.96E-04 0.00E+00 6.12E-07 5.28E-07 1.40E-03 3.11E-06 3.28E-05
Project Alone MAX Moose 3-methylcholanthrene 3.50E-06 1.04E-05 3.31E-04 0.00E+00 2.26E-07 1.46E-08 3.45E-04 7.66E-07 8.09E-06
Future MAX Moose 3-methylcholanthrene 1.49E-05 4.43E-05 3.95E-04 0.00E+00 2.70E-07 6.22E-08 4.55E-04 1.01E-06 1.07E-05
Baseline MAX Ruffed_Grouse 3-methylcholanthrene 2.81E-06 2.01E-06 0.00E+00 1.26E-07 6.57E-10 2.26E-09 4.95E-06 7.05E-06 8.55E-08
Application MAX Ruffed_Grouse 3-methylcholanthrene 2.82E-06 2.01E-06 0.00E+00 1.27E-07 1.09E-09 2.26E-09 4.96E-06 7.06E-06 8.57E-08
PDC MAX Ruffed_Grouse 3-methylcholanthrene 2.83E-06 2.02E-06 0.00E+00 1.27E-07 1.18E-09 2.27E-09 4.97E-06 7.09E-06 8.60E-08
Project Alone MAX Ruffed_Grouse 3-methylcholanthrene 7.81E-08 5.58E-08 0.00E+00 3.51E-09 4.35E-10 6.28E-11 1.38E-07 1.96E-07 2.38E-09
Future MAX Ruffed_Grouse 3-methylcholanthrene 3.33E-07 2.38E-07 0.00E+00 1.50E-08 5.20E-10 2.68E-10 5.87E-07 8.36E-07 1.01E-08
Baseline MAX Snowshoe_hare 3-methylcholanthrene 1.99E-06 5.23E-06 0.00E+00 0.00E+00 1.89E-09 5.19E-09 7.23E-06 5.16E-06 1.70E-07
Application MAX Snowshoe_hare 3-methylcholanthrene 1.99E-06 5.24E-06 0.00E+00 0.00E+00 3.14E-09 5.20E-09 7.24E-06 5.17E-06 1.70E-07
PDC MAX Snowshoe_hare 3-methylcholanthrene 2.00E-06 5.26E-06 0.00E+00 0.00E+00 3.39E-09 5.21E-09 7.27E-06 5.19E-06 1.70E-07
Project Alone MAX Snowshoe_hare 3-methylcholanthrene 5.52E-08 1.45E-07 0.00E+00 0.00E+00 1.25E-09 1.44E-10 2.02E-07 1.44E-07 4.74E-09
Future MAX Snowshoe_hare 3-methylcholanthrene 2.35E-07 6.20E-07 0.00E+00 0.00E+00 1.50E-09 6.14E-10 8.58E-07 6.13E-07 2.01E-08
Baseline MAX Moose 7,12-dimethylbenz(a)anthracene 5.11E-04 2.05E-02 4.46E-03 0.00E+00 3.04E-06 4.67E-06 2.54E-02 5.65E-05 8.56E-06
Application MAX Moose 7,12-dimethylbenz(a)anthracene 5.12E-04 2.05E-02 7.40E-03 0.00E+00 5.05E-06 4.68E-06 2.84E-02 6.32E-05 9.56E-06
PDC MAX Moose 7,12-dimethylbenz(a)anthracene 5.13E-04 2.06E-02 7.98E-03 0.00E+00 5.45E-06 4.70E-06 2.91E-02 6.46E-05 9.78E-06
Project Alone MAX Moose 7,12-dimethylbenz(a)anthracene 1.42E-05 5.69E-04 2.94E-03 0.00E+00 2.01E-06 1.30E-07 3.53E-03 7.84E-06 1.19E-06
Future MAX Moose 7,12-dimethylbenz(a)anthracene 6.06E-05 2.43E-03 3.52E-03 0.00E+00 2.40E-06 5.54E-07 6.01E-03 1.34E-05 2.02E-06
Baseline MAX Ruffed_Grouse 7,12-dimethylbenz(a)anthracene 1.14E-05 1.10E-04 0.00E+00 5.12E-07 5.86E-09 2.01E-08 1.22E-04 1.74E-04 3.02E-08
Application MAX Ruffed_Grouse 7,12-dimethylbenz(a)anthracene 1.14E-05 1.10E-04 0.00E+00 5.12E-07 9.73E-09 2.01E-08 1.22E-04 1.74E-04 3.02E-08
PDC MAX Ruffed_Grouse 7,12-dimethylbenz(a)anthracene 1.14E-05 1.10E-04 0.00E+00 5.14E-07 1.05E-08 2.02E-08 1.22E-04 1.74E-04 3.03E-08
Project Alone MAX Ruffed_Grouse 7,12-dimethylbenz(a)anthracene 3.16E-07 3.05E-06 0.00E+00 1.42E-08 3.87E-09 5.59E-10 3.39E-06 4.83E-06 8.40E-10
Future MAX Ruffed_Grouse 7,12-dimethylbenz(a)anthracene 1.35E-06 1.30E-05 0.00E+00 6.07E-08 4.63E-09 2.39E-09 1.45E-05 2.06E-05 3.58E-09
Baseline MAX Snowshoe_hare 7,12-dimethylbenz(a)anthracene 8.05E-06 2.86E-04 0.00E+00 0.00E+00 1.69E-08 4.61E-08 2.95E-04 2.10E-04 9.91E-08
Application MAX Snowshoe_hare 7,12-dimethylbenz(a)anthracene 8.06E-06 2.87E-04 0.00E+00 0.00E+00 2.80E-08 4.62E-08 2.95E-04 2.11E-04 9.93E-08
PDC MAX Snowshoe_hare 7,12-dimethylbenz(a)anthracene 8.09E-06 2.88E-04 0.00E+00 0.00E+00 3.02E-08 4.64E-08 2.96E-04 2.11E-04 9.96E-08
Project Alone MAX Snowshoe_hare 7,12-dimethylbenz(a)anthracene 2.23E-07 7.96E-06 0.00E+00 0.00E+00 1.11E-08 1.28E-09 8.19E-06 5.85E-06 2.76E-09
Future MAX Snowshoe_hare 7,12-dimethylbenz(a)anthracene 9.54E-07 3.40E-05 0.00E+00 0.00E+00 1.33E-08 5.47E-09 3.50E-05 2.50E-05 1.18E-08
Baseline MAX Moose anthracene 3.56E-05 4.40E-04 2.59E-03 0.00E+00 1.77E-06 3.51E-05 3.10E-03 6.89E-06 1.05E-06
Application MAX Moose anthracene 3.56E-05 4.40E-04 2.70E-03 0.00E+00 1.85E-06 3.51E-05 3.22E-03 7.14E-06 1.09E-06
PDC MAX Moose anthracene 5.20E-05 6.43E-04 3.61E-03 0.00E+00 2.47E-06 5.12E-05 4.36E-03 9.69E-06 1.47E-06
Project Alone MAX Moose anthracene 1.99E-08 2.45E-07 1.13E-04 0.00E+00 7.69E-08 1.95E-08 1.13E-04 2.51E-07 3.82E-08
Future MAX Moose anthracene 1.64E-05 2.03E-04 1.02E-03 0.00E+00 6.98E-07 1.61E-05 1.26E-03 2.80E-06 4.25E-07
Baseline MAX Ruffed_Grouse anthracene 7.94E-07 2.36E-06 0.00E+00 3.57E-08 3.40E-09 1.51E-07 3.35E-06 4.77E-06 8.34E-10
Application MAX Ruffed_Grouse anthracene 7.94E-07 2.36E-06 0.00E+00 3.57E-08 3.55E-09 1.51E-07 3.35E-06 4.77E-06 8.34E-10
PDC MAX Ruffed_Grouse anthracene 1.16E-06 3.45E-06 0.00E+00 5.21E-08 4.75E-09 2.20E-07 4.89E-06 6.96E-06 1.22E-09
Project Alone MAX Ruffed_Grouse anthracene 4.43E-10 1.32E-09 0.00E+00 1.99E-11 1.48E-10 8.41E-11 2.01E-09 2.87E-09 5.01E-13
Future MAX Ruffed_Grouse anthracene 3.66E-07 1.09E-06 0.00E+00 1.64E-08 1.34E-09 6.95E-08 1.54E-06 2.20E-06 3.84E-10
Baseline MAX Snowshoe_hare anthracene 5.61E-07 6.16E-06 0.00E+00 0.00E+00 9.80E-09 3.46E-07 7.08E-06 5.06E-06 2.39E-09
Application MAX Snowshoe_hare anthracene 5.61E-07 6.16E-06 0.00E+00 0.00E+00 1.02E-08 3.46E-07 7.08E-06 5.06E-06 2.39E-09
PDC MAX Snowshoe_hare anthracene 8.20E-07 9.00E-06 0.00E+00 0.00E+00 1.37E-08 5.06E-07 1.03E-05 7.38E-06 3.49E-09
Project Alone MAX Snowshoe_hare anthracene 3.13E-10 3.43E-09 0.00E+00 0.00E+00 4.26E-10 1.93E-10 4.36E-09 3.12E-09 1.48E-12
Future MAX Snowshoe_hare anthracene 2.58E-07 2.84E-06 0.00E+00 0.00E+00 3.87E-09 1.59E-07 3.26E-06 2.33E-06 1.10E-09
Baseline MAX Moose benz(a)anthracene 1.01E-03 6.05E-02 4.66E-03 0.00E+00 3.18E-06 2.04E-05 6.61E-02 1.47E-04 2.64E-05
Application MAX Moose benz(a)anthracene 1.01E-03 6.05E-02 4.92E-03 0.00E+00 3.36E-06 2.04E-05 6.64E-02 1.48E-04 2.65E-05
PDC MAX Moose benz(a)anthracene 1.47E-03 8.83E-02 6.53E-03 0.00E+00 4.46E-06 2.98E-05 9.63E-02 2.14E-04 3.85E-05

Scenario

Table B2-4  Summary of Predicted Exposures and Game Meat Concentrations

ReceptorSite Chemical

Game Meat
EDI



Soil Browse Aquatic Plant Invert Water Air Total Total
EDI EDI EDI EDI EDI EDI EDI EDI Concentration

mg/day mg/day mg/day mg/day mg/day mg/day mg/day mg/kg-BW/day mg/kg wwScenario

Table B2-4  Summary of Predicted Exposures and Game Meat Concentrations

ReceptorSite Chemical

Game Meat
EDI

Project Alone MAX Moose benz(a)anthracene 7.19E-07 4.32E-05 2.58E-04 0.00E+00 1.77E-07 1.46E-08 3.03E-04 6.73E-07 1.21E-07
Future MAX Moose benz(a)anthracene 4.63E-04 2.78E-02 1.87E-03 0.00E+00 1.28E-06 9.41E-06 3.02E-02 6.71E-05 1.20E-05
Baseline MAX Ruffed_Grouse benz(a)anthracene 2.24E-05 3.25E-04 0.00E+00 4.32E-07 6.13E-09 8.79E-08 3.48E-04 4.95E-04 1.02E-07
Application MAX Ruffed_Grouse benz(a)anthracene 2.24E-05 3.25E-04 0.00E+00 4.32E-07 6.47E-09 8.79E-08 3.48E-04 4.95E-04 1.02E-07
PDC MAX Ruffed_Grouse benz(a)anthracene 3.27E-05 4.74E-04 0.00E+00 6.30E-07 8.59E-09 1.28E-07 5.07E-04 7.23E-04 1.49E-07
Project Alone MAX Ruffed_Grouse benz(a)anthracene 1.60E-08 2.32E-07 0.00E+00 3.09E-10 3.40E-10 6.29E-11 2.49E-07 3.55E-07 7.32E-11
Future MAX Ruffed_Grouse benz(a)anthracene 1.03E-05 1.49E-04 0.00E+00 1.99E-07 2.46E-09 4.05E-08 1.60E-04 2.28E-04 4.71E-08
Baseline MAX Snowshoe_hare benz(a)anthracene 1.58E-05 8.46E-04 0.00E+00 0.00E+00 1.76E-08 2.02E-07 8.62E-04 6.16E-04 3.44E-07
Application MAX Snowshoe_hare benz(a)anthracene 1.58E-05 8.46E-04 0.00E+00 0.00E+00 1.86E-08 2.02E-07 8.62E-04 6.16E-04 3.44E-07
PDC MAX Snowshoe_hare benz(a)anthracene 2.31E-05 1.24E-03 0.00E+00 0.00E+00 2.47E-08 2.95E-07 1.26E-03 8.99E-04 5.03E-07
Project Alone MAX Snowshoe_hare benz(a)anthracene 1.13E-08 6.05E-07 0.00E+00 0.00E+00 9.78E-10 1.44E-10 6.18E-07 4.41E-07 2.47E-10
Future MAX Snowshoe_hare benz(a)anthracene 7.29E-06 3.90E-04 0.00E+00 0.00E+00 7.08E-09 9.29E-08 3.97E-04 2.84E-04 1.58E-07
Baseline MAX Moose benzo(a)pyrene 3.74E-04 2.31E-02 1.25E-03 0.00E+00 8.52E-07 4.56E-06 2.47E-02 5.49E-05 9.28E-06
Application MAX Moose benzo(a)pyrene 3.74E-04 2.31E-02 1.42E-03 0.00E+00 9.69E-07 4.56E-06 2.49E-02 5.53E-05 9.34E-06
PDC MAX Moose benzo(a)pyrene 5.46E-04 3.37E-02 1.81E-03 0.00E+00 1.24E-06 6.66E-06 3.60E-02 8.01E-05 1.35E-05
Project Alone MAX Moose benzo(a)pyrene 7.98E-07 4.92E-05 1.71E-04 0.00E+00 1.17E-07 9.73E-09 2.21E-04 4.92E-07 8.32E-08
Future MAX Moose benzo(a)pyrene 1.72E-04 1.06E-02 5.62E-04 0.00E+00 3.84E-07 2.10E-06 1.13E-02 2.52E-05 4.26E-06
Baseline MAX Ruffed_Grouse benzo(a)pyrene 8.33E-06 1.24E-04 0.00E+00 3.75E-07 1.64E-09 1.96E-08 1.33E-04 1.89E-04 3.67E-08
Application MAX Ruffed_Grouse benzo(a)pyrene 8.33E-06 1.24E-04 0.00E+00 3.75E-07 1.87E-09 1.96E-08 1.33E-04 1.89E-04 3.67E-08
PDC MAX Ruffed_Grouse benzo(a)pyrene 1.22E-05 1.81E-04 0.00E+00 5.47E-07 2.38E-09 2.86E-08 1.93E-04 2.76E-04 5.35E-08
Project Alone MAX Ruffed_Grouse benzo(a)pyrene 1.78E-08 2.64E-07 0.00E+00 7.99E-10 2.25E-10 4.19E-11 2.83E-07 4.03E-07 7.84E-11
Future MAX Ruffed_Grouse benzo(a)pyrene 3.83E-06 5.69E-05 0.00E+00 1.72E-07 7.39E-10 9.02E-09 6.09E-05 8.68E-05 1.69E-08
Baseline MAX Snowshoe_hare benzo(a)pyrene 5.89E-06 3.23E-04 0.00E+00 0.00E+00 4.72E-09 4.50E-08 3.29E-04 2.35E-04 1.24E-07
Application MAX Snowshoe_hare benzo(a)pyrene 5.89E-06 3.23E-04 0.00E+00 0.00E+00 5.37E-09 4.50E-08 3.29E-04 2.35E-04 1.24E-07
PDC MAX Snowshoe_hare benzo(a)pyrene 8.60E-06 4.71E-04 0.00E+00 0.00E+00 6.85E-09 6.57E-08 4.80E-04 3.43E-04 1.80E-07
Project Alone MAX Snowshoe_hare benzo(a)pyrene 1.26E-08 6.89E-07 0.00E+00 0.00E+00 6.48E-10 9.61E-11 7.02E-07 5.02E-07 2.64E-10
Future MAX Snowshoe_hare benzo(a)pyrene 2.71E-06 1.48E-04 0.00E+00 0.00E+00 2.13E-09 2.07E-08 1.51E-04 1.08E-04 5.67E-08
Baseline MAX Moose benzo(b)fluoranthene 1.46E-04 4.28E-03 4.42E-03 0.00E+00 3.02E-06 1.83E-05 8.87E-03 1.97E-05 3.23E-06
Application MAX Moose benzo(b)fluoranthene 1.46E-04 4.28E-03 4.68E-03 0.00E+00 3.19E-06 1.83E-05 9.12E-03 2.03E-05 3.33E-06
PDC MAX Moose benzo(b)fluoranthene 2.13E-04 6.25E-03 6.18E-03 0.00E+00 4.22E-06 2.67E-05 1.27E-02 2.82E-05 4.62E-06
Project Alone MAX Moose benzo(b)fluoranthene 1.17E-07 3.42E-06 2.56E-04 0.00E+00 1.75E-07 1.46E-08 2.60E-04 5.78E-07 9.48E-08
Future MAX Moose benzo(b)fluoranthene 6.72E-05 1.97E-03 1.76E-03 0.00E+00 1.20E-06 8.40E-06 3.80E-03 8.45E-06 1.39E-06
Baseline MAX Ruffed_Grouse benzo(b)fluoranthene 3.26E-06 2.30E-05 0.00E+00 1.46E-07 5.81E-09 7.87E-08 2.65E-05 3.77E-05 7.11E-09
Application MAX Ruffed_Grouse benzo(b)fluoranthene 3.26E-06 2.30E-05 0.00E+00 1.46E-07 6.15E-09 7.87E-08 2.65E-05 3.77E-05 7.11E-09
PDC MAX Ruffed_Grouse benzo(b)fluoranthene 4.75E-06 3.35E-05 0.00E+00 2.14E-07 8.12E-09 1.15E-07 3.86E-05 5.50E-05 1.04E-08
Project Alone MAX Ruffed_Grouse benzo(b)fluoranthene 2.60E-09 1.84E-08 0.00E+00 1.17E-10 3.37E-10 6.29E-11 2.15E-08 3.06E-08 5.78E-12
Future MAX Ruffed_Grouse benzo(b)fluoranthene 1.50E-06 1.06E-05 0.00E+00 6.73E-08 2.31E-09 3.62E-08 1.22E-05 1.73E-05 3.27E-09
Baseline MAX Snowshoe_hare benzo(b)fluoranthene 2.30E-06 5.99E-05 0.00E+00 0.00E+00 1.67E-08 1.81E-07 6.24E-05 4.46E-05 2.28E-08
Application MAX Snowshoe_hare benzo(b)fluoranthene 2.30E-06 5.99E-05 0.00E+00 0.00E+00 1.77E-08 1.81E-07 6.24E-05 4.46E-05 2.28E-08
PDC MAX Snowshoe_hare benzo(b)fluoranthene 3.36E-06 8.74E-05 0.00E+00 0.00E+00 2.34E-08 2.63E-07 9.11E-05 6.51E-05 3.32E-08
Project Alone MAX Snowshoe_hare benzo(b)fluoranthene 1.84E-09 4.79E-08 0.00E+00 0.00E+00 9.70E-10 1.44E-10 5.08E-08 3.63E-08 1.85E-11
Future MAX Snowshoe_hare benzo(b)fluoranthene 1.06E-06 2.75E-05 0.00E+00 0.00E+00 6.65E-09 8.29E-08 2.87E-05 2.05E-05 1.05E-08
Baseline MAX Moose benzo(g,h,i)perylene 1.17E-03 8.29E-02 2.47E-03 0.00E+00 1.68E-06 1.04E-05 8.66E-02 1.92E-04 2.68E-05
Application MAX Moose benzo(g,h,i)perylene 1.17E-03 8.29E-02 2.64E-03 0.00E+00 1.80E-06 1.04E-05 8.67E-02 1.93E-04 2.69E-05
PDC MAX Moose benzo(g,h,i)perylene 1.71E-03 1.21E-01 3.47E-03 0.00E+00 2.37E-06 1.51E-05 1.26E-01 2.81E-04 3.91E-05
Project Alone MAX Moose benzo(g,h,i)perylene 1.10E-06 7.81E-05 1.70E-04 0.00E+00 1.16E-07 9.77E-09 2.49E-04 5.54E-07 7.73E-08
Future MAX Moose benzo(g,h,i)perylene 5.39E-04 3.82E-02 1.01E-03 0.00E+00 6.89E-07 4.78E-06 3.97E-02 8.83E-05 1.23E-05
Baseline MAX Ruffed_Grouse benzo(g,h,i)perylene 2.61E-05 4.45E-04 0.00E+00 1.17E-06 3.24E-09 4.46E-08 4.72E-04 6.73E-04 1.08E-07
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Application MAX Ruffed_Grouse benzo(g,h,i)perylene 2.61E-05 4.45E-04 0.00E+00 1.17E-06 3.47E-09 4.46E-08 4.72E-04 6.73E-04 1.08E-07
PDC MAX Ruffed_Grouse benzo(g,h,i)perylene 3.81E-05 6.50E-04 0.00E+00 1.71E-06 4.57E-09 6.52E-08 6.90E-04 9.83E-04 1.57E-07
Project Alone MAX Ruffed_Grouse benzo(g,h,i)perylene 2.46E-08 4.19E-07 0.00E+00 1.10E-09 2.24E-10 4.20E-11 4.45E-07 6.34E-07 1.02E-10
Future MAX Ruffed_Grouse benzo(g,h,i)perylene 1.20E-05 2.05E-04 0.00E+00 5.40E-07 1.33E-09 2.06E-08 2.18E-04 3.10E-04 4.97E-08
Baseline MAX Snowshoe_hare benzo(g,h,i)perylene 1.84E-05 1.16E-03 0.00E+00 0.00E+00 9.33E-09 1.02E-07 1.18E-03 8.42E-04 3.65E-07
Application MAX Snowshoe_hare benzo(g,h,i)perylene 1.84E-05 1.16E-03 0.00E+00 0.00E+00 9.98E-09 1.02E-07 1.18E-03 8.42E-04 3.65E-07
PDC MAX Snowshoe_hare benzo(g,h,i)perylene 2.69E-05 1.69E-03 0.00E+00 0.00E+00 1.31E-08 1.50E-07 1.72E-03 1.23E-03 5.33E-07
Project Alone MAX Snowshoe_hare benzo(g,h,i)perylene 1.74E-08 1.09E-06 0.00E+00 0.00E+00 6.44E-10 9.64E-11 1.11E-06 7.94E-07 3.44E-10
Future MAX Snowshoe_hare benzo(g,h,i)perylene 8.49E-06 5.34E-04 0.00E+00 0.00E+00 3.82E-09 4.72E-08 5.43E-04 3.88E-04 1.68E-07
Baseline MAX Moose benzo(k)fluoranthene 1.10E-03 2.43E-02 3.81E-04 0.00E+00 2.60E-07 4.01E-06 2.58E-02 5.73E-05 9.41E-06
Application MAX Moose benzo(k)fluoranthene 1.10E-03 2.43E-02 4.57E-04 0.00E+00 3.12E-07 4.01E-06 2.59E-02 5.75E-05 9.44E-06
PDC MAX Moose benzo(k)fluoranthene 1.61E-03 3.55E-02 5.67E-04 0.00E+00 3.88E-07 5.85E-06 3.76E-02 8.36E-05 1.37E-05
Project Alone MAX Moose benzo(k)fluoranthene 4.00E-06 8.85E-05 7.66E-05 0.00E+00 5.23E-08 1.46E-08 1.69E-04 3.76E-07 6.17E-08
Future MAX Moose benzo(k)fluoranthene 5.05E-04 1.11E-02 1.87E-04 0.00E+00 1.27E-07 1.84E-06 1.18E-02 2.63E-05 4.32E-06
Baseline MAX Ruffed_Grouse benzo(k)fluoranthene 2.45E-05 1.31E-04 0.00E+00 1.26E-06 5.01E-10 1.73E-08 1.56E-04 2.23E-04 4.20E-08
Application MAX Ruffed_Grouse benzo(k)fluoranthene 2.45E-05 1.31E-04 0.00E+00 1.26E-06 6.01E-10 1.73E-08 1.56E-04 2.23E-04 4.20E-08
PDC MAX Ruffed_Grouse benzo(k)fluoranthene 3.58E-05 1.90E-04 0.00E+00 1.84E-06 7.46E-10 2.52E-08 2.28E-04 3.25E-04 6.13E-08
Project Alone MAX Ruffed_Grouse benzo(k)fluoranthene 8.93E-08 4.75E-07 0.00E+00 4.58E-09 1.01E-10 6.28E-11 5.69E-07 8.10E-07 1.53E-10
Future MAX Ruffed_Grouse benzo(k)fluoranthene 1.12E-05 5.98E-05 0.00E+00 5.78E-07 2.45E-10 7.91E-09 7.17E-05 1.02E-04 1.93E-08
Baseline MAX Snowshoe_hare benzo(k)fluoranthene 1.73E-05 3.40E-04 0.00E+00 0.00E+00 1.44E-09 3.96E-08 3.58E-04 2.55E-04 1.30E-07
Application MAX Snowshoe_hare benzo(k)fluoranthene 1.73E-05 3.40E-04 0.00E+00 0.00E+00 1.73E-09 3.96E-08 3.58E-04 2.55E-04 1.30E-07
PDC MAX Snowshoe_hare benzo(k)fluoranthene 2.53E-05 4.96E-04 0.00E+00 0.00E+00 2.15E-09 5.77E-08 5.22E-04 3.73E-04 1.90E-07
Project Alone MAX Snowshoe_hare benzo(k)fluoranthene 6.31E-08 1.24E-06 0.00E+00 0.00E+00 2.90E-10 1.44E-10 1.30E-06 9.30E-07 4.75E-10
Future MAX Snowshoe_hare benzo(k)fluoranthene 7.95E-06 1.56E-04 0.00E+00 0.00E+00 7.06E-10 1.81E-08 1.64E-04 1.17E-04 5.98E-08
Baseline MAX Moose chrysene 3.36E-03 2.87E-02 5.00E-03 0.00E+00 3.42E-06 2.21E-05 3.71E-02 8.23E-05 1.48E-05
Application MAX Moose chrysene 3.36E-03 2.87E-02 5.26E-03 0.00E+00 3.59E-06 2.21E-05 3.73E-02 8.29E-05 1.49E-05
PDC MAX Moose chrysene 4.90E-03 4.19E-02 6.99E-03 0.00E+00 4.78E-06 3.22E-05 5.38E-02 1.20E-04 2.15E-05
Project Alone MAX Moose chrysene 2.22E-06 1.90E-05 2.56E-04 0.00E+00 1.75E-07 1.46E-08 2.78E-04 6.17E-07 1.11E-07
Future MAX Moose chrysene 1.54E-03 1.32E-02 1.99E-03 0.00E+00 1.36E-06 1.02E-05 1.67E-02 3.72E-05 6.69E-06
Baseline MAX Ruffed_Grouse chrysene 7.48E-05 1.54E-04 0.00E+00 1.92E-06 6.57E-09 9.49E-08 2.31E-04 3.29E-04 6.79E-08
Application MAX Ruffed_Grouse chrysene 7.48E-05 1.54E-04 0.00E+00 1.92E-06 6.91E-09 9.49E-08 2.31E-04 3.29E-04 6.79E-08
PDC MAX Ruffed_Grouse chrysene 1.09E-04 2.25E-04 0.00E+00 2.80E-06 9.19E-09 1.39E-07 3.37E-04 4.80E-04 9.91E-08
Project Alone MAX Ruffed_Grouse chrysene 4.96E-08 1.02E-07 0.00E+00 1.27E-09 3.37E-10 6.29E-11 1.53E-07 2.18E-07 4.51E-11
Future MAX Ruffed_Grouse chrysene 3.44E-05 7.09E-05 0.00E+00 8.84E-07 2.62E-09 4.37E-08 1.06E-04 1.51E-04 3.12E-08
Baseline MAX Snowshoe_hare chrysene 5.29E-05 4.01E-04 0.00E+00 0.00E+00 1.89E-08 2.18E-07 4.54E-04 3.25E-04 1.81E-07
Application MAX Snowshoe_hare chrysene 5.29E-05 4.01E-04 0.00E+00 0.00E+00 1.99E-08 2.18E-07 4.54E-04 3.25E-04 1.81E-07
PDC MAX Snowshoe_hare chrysene 7.72E-05 5.86E-04 0.00E+00 0.00E+00 2.65E-08 3.18E-07 6.64E-04 4.74E-04 2.65E-07
Project Alone MAX Snowshoe_hare chrysene 3.50E-08 2.66E-07 0.00E+00 0.00E+00 9.70E-10 1.44E-10 3.02E-07 2.16E-07 1.21E-10
Future MAX Snowshoe_hare chrysene 2.43E-05 1.85E-04 0.00E+00 0.00E+00 7.54E-09 1.00E-07 2.09E-04 1.49E-04 8.35E-08
Baseline MAX Moose dibenz(a,h)anthracene 1.62E-03 7.75E-01 2.39E-03 0.00E+00 1.63E-06 9.98E-06 7.79E-01 1.73E-03 2.41E-04
Application MAX Moose dibenz(a,h)anthracene 1.62E-03 7.75E-01 2.56E-03 0.00E+00 1.75E-06 9.98E-06 7.79E-01 1.73E-03 2.41E-04
PDC MAX Moose dibenz(a,h)anthracene 2.37E-03 1.13E+00 3.37E-03 0.00E+00 2.30E-06 1.46E-05 1.14E+00 2.53E-03 3.52E-04
Project Alone MAX Moose dibenz(a,h)anthracene 1.59E-06 7.59E-04 1.72E-04 0.00E+00 1.18E-07 9.77E-09 9.33E-04 2.07E-06 2.89E-07
Future MAX Moose dibenz(a,h)anthracene 7.47E-04 3.56E-01 9.82E-04 0.00E+00 6.71E-07 4.59E-06 3.58E-01 7.96E-04 1.11E-04
Baseline MAX Ruffed_Grouse dibenz(a,h)anthracene 3.62E-05 4.16E-03 0.00E+00 1.63E-06 3.14E-09 4.29E-08 4.20E-03 5.98E-03 9.58E-07
Application MAX Ruffed_Grouse dibenz(a,h)anthracene 3.62E-05 4.16E-03 0.00E+00 1.63E-06 3.36E-09 4.29E-08 4.20E-03 5.98E-03 9.58E-07
PDC MAX Ruffed_Grouse dibenz(a,h)anthracene 5.28E-05 6.07E-03 0.00E+00 2.38E-06 4.43E-09 6.27E-08 6.13E-03 8.73E-03 1.40E-06
Project Alone MAX Ruffed_Grouse dibenz(a,h)anthracene 3.54E-08 4.07E-06 0.00E+00 1.59E-09 2.27E-10 4.20E-11 4.11E-06 5.86E-06 9.38E-10



Soil Browse Aquatic Plant Invert Water Air Total Total
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Table B2-4  Summary of Predicted Exposures and Game Meat Concentrations

ReceptorSite Chemical

Game Meat
EDI

Future MAX Ruffed_Grouse dibenz(a,h)anthracene 1.66E-05 1.91E-03 0.00E+00 7.48E-07 1.29E-09 1.97E-08 1.93E-03 2.75E-03 4.41E-07
Baseline MAX Snowshoe_hare dibenz(a,h)anthracene 2.56E-05 1.08E-02 0.00E+00 0.00E+00 9.03E-09 9.85E-08 1.09E-02 7.77E-03 3.37E-06
Application MAX Snowshoe_hare dibenz(a,h)anthracene 2.56E-05 1.08E-02 0.00E+00 0.00E+00 9.68E-09 9.85E-08 1.09E-02 7.77E-03 3.37E-06
PDC MAX Snowshoe_hare dibenz(a,h)anthracene 3.73E-05 1.58E-02 0.00E+00 0.00E+00 1.28E-08 1.44E-07 1.59E-02 1.13E-02 4.92E-06
Project Alone MAX Snowshoe_hare dibenz(a,h)anthracene 2.50E-08 1.06E-05 0.00E+00 0.00E+00 6.52E-10 9.64E-11 1.06E-05 7.60E-06 3.30E-09
Future MAX Snowshoe_hare dibenz(a,h)anthracene 1.18E-05 4.99E-03 0.00E+00 0.00E+00 3.72E-09 4.53E-08 5.00E-03 3.57E-03 1.55E-06
Baseline MAX Moose fluoranthene 4.01E-04 8.28E-03 2.51E-02 0.00E+00 1.72E-05 1.16E-04 3.39E-02 7.54E-05 1.33E-05
Application MAX Moose fluoranthene 4.01E-04 8.28E-03 2.55E-02 0.00E+00 1.74E-05 1.16E-04 3.44E-02 7.64E-05 1.35E-05
PDC MAX Moose fluoranthene 5.86E-04 1.21E-02 3.47E-02 0.00E+00 2.37E-05 1.69E-04 4.75E-02 1.06E-04 1.87E-05
Project Alone MAX Moose fluoranthene 8.51E-08 1.76E-06 4.31E-04 0.00E+00 2.94E-07 2.46E-08 4.33E-04 9.62E-07 1.70E-07
Future MAX Moose fluoranthene 1.85E-04 3.82E-03 9.54E-03 0.00E+00 6.52E-06 5.34E-05 1.36E-02 3.02E-05 5.34E-06
Baseline MAX Ruffed_Grouse fluoranthene 8.93E-06 4.45E-05 0.00E+00 4.02E-07 3.30E-08 4.99E-07 5.43E-05 7.74E-05 1.57E-08
Application MAX Ruffed_Grouse fluoranthene 8.93E-06 4.45E-05 0.00E+00 4.02E-07 3.36E-08 4.99E-07 5.43E-05 7.74E-05 1.57E-08
PDC MAX Ruffed_Grouse fluoranthene 1.31E-05 6.50E-05 0.00E+00 5.87E-07 4.56E-08 7.29E-07 7.94E-05 1.13E-04 2.30E-08
Project Alone MAX Ruffed_Grouse fluoranthene 1.90E-09 9.44E-09 0.00E+00 8.52E-11 5.66E-10 1.06E-10 1.21E-08 1.72E-08 3.50E-12
Future MAX Ruffed_Grouse fluoranthene 4.12E-06 2.05E-05 0.00E+00 1.85E-07 1.25E-08 2.30E-07 2.50E-05 3.57E-05 7.24E-09
Baseline MAX Snowshoe_hare fluoranthene 6.31E-06 1.16E-04 0.00E+00 0.00E+00 9.51E-08 1.14E-06 1.24E-04 8.82E-05 4.85E-08
Application MAX Snowshoe_hare fluoranthene 6.31E-06 1.16E-04 0.00E+00 0.00E+00 9.67E-08 1.14E-06 1.24E-04 8.82E-05 4.85E-08
PDC MAX Snowshoe_hare fluoranthene 9.22E-06 1.69E-04 0.00E+00 0.00E+00 1.31E-07 1.67E-06 1.80E-04 1.29E-04 7.08E-08
Project Alone MAX Snowshoe_hare fluoranthene 1.34E-09 2.46E-08 0.00E+00 0.00E+00 1.63E-09 2.43E-10 2.78E-08 1.99E-08 1.09E-11
Future MAX Snowshoe_hare fluoranthene 2.91E-06 5.34E-05 0.00E+00 0.00E+00 3.61E-08 5.27E-07 5.69E-05 4.06E-05 2.23E-08
Baseline MAX Moose fluorene 2.83E-05 4.85E-04 8.86E-02 0.00E+00 6.05E-05 4.24E-04 8.96E-02 1.99E-04 2.62E-05
Application MAX Moose fluorene 2.83E-05 4.85E-04 8.90E-02 0.00E+00 6.08E-05 4.24E-04 9.00E-02 2.00E-04 2.63E-05
PDC MAX Moose fluorene 4.14E-05 7.08E-04 1.22E-01 0.00E+00 8.30E-05 6.19E-04 1.23E-01 2.73E-04 3.60E-05
Project Alone MAX Moose fluorene 1.55E-09 2.65E-08 4.09E-04 0.00E+00 2.80E-07 2.32E-08 4.10E-04 9.10E-07 1.20E-07
Future MAX Moose fluorene 1.30E-05 2.23E-04 3.29E-02 0.00E+00 2.25E-05 1.95E-04 3.34E-02 7.42E-05 9.77E-06
Baseline MAX Ruffed_Grouse fluorene 6.31E-07 2.60E-06 0.00E+00 2.84E-08 1.16E-07 1.82E-06 5.20E-06 7.41E-06 1.12E-09
Application MAX Ruffed_Grouse fluorene 6.31E-07 2.60E-06 0.00E+00 2.84E-08 1.17E-07 1.82E-06 5.20E-06 7.41E-06 1.12E-09
PDC MAX Ruffed_Grouse fluorene 9.22E-07 3.80E-06 0.00E+00 4.14E-08 1.60E-07 2.66E-06 7.59E-06 1.08E-05 1.64E-09
Project Alone MAX Ruffed_Grouse fluorene 3.45E-11 1.42E-10 0.00E+00 1.55E-12 5.38E-10 9.96E-11 8.16E-10 1.16E-09 1.76E-13
Future MAX Ruffed_Grouse fluorene 2.91E-07 1.20E-06 0.00E+00 1.31E-08 4.33E-08 8.40E-07 2.39E-06 3.40E-06 5.14E-10
Baseline MAX Snowshoe_hare fluorene 4.46E-07 6.78E-06 0.00E+00 0.00E+00 3.35E-07 4.18E-06 1.17E-05 8.39E-06 3.44E-09
Application MAX Snowshoe_hare fluorene 4.46E-07 6.78E-06 0.00E+00 0.00E+00 3.37E-07 4.18E-06 1.17E-05 8.39E-06 3.44E-09
PDC MAX Snowshoe_hare fluorene 6.51E-07 9.91E-06 0.00E+00 0.00E+00 4.60E-07 6.11E-06 1.71E-05 1.22E-05 5.01E-09
Project Alone MAX Snowshoe_hare fluorene 2.44E-11 3.71E-10 0.00E+00 0.00E+00 1.55E-09 2.29E-10 2.17E-09 1.55E-09 6.36E-13
Future MAX Snowshoe_hare fluorene 2.05E-07 3.12E-06 0.00E+00 0.00E+00 1.25E-07 1.93E-06 5.38E-06 3.84E-06 1.58E-09
Baseline MAX Moose formaldehyde 6.02E-03 2.04E-01 3.99E-05 0.00E+00 1.02E-03 2.22E-02 2.33E-01 5.19E-04 2.81E-05
Application MAX Moose formaldehyde 6.02E-03 2.04E-01 6.02E-05 0.00E+00 1.54E-03 2.22E-02 2.34E-01 5.20E-04 2.82E-05
PDC MAX Moose formaldehyde 8.67E-03 2.94E-01 6.91E-05 0.00E+00 1.77E-03 3.20E-02 3.37E-01 7.48E-04 4.06E-05
Project Alone MAX Moose formaldehyde 1.64E-04 5.58E-03 2.03E-05 0.00E+00 5.20E-04 6.08E-04 6.89E-03 1.53E-05 8.31E-07
Future MAX Moose formaldehyde 2.65E-03 8.99E-02 2.92E-05 0.00E+00 7.48E-04 9.80E-03 1.03E-01 2.29E-04 1.24E-05
Baseline MAX Ruffed_Grouse formaldehyde 1.34E-04 1.10E-03 0.00E+00 1.21E-05 1.97E-06 9.57E-05 1.34E-03 1.91E-03 1.19E-07
Application MAX Ruffed_Grouse formaldehyde 1.34E-04 1.10E-03 0.00E+00 1.21E-05 2.97E-06 9.57E-05 1.34E-03 1.91E-03 1.19E-07
PDC MAX Ruffed_Grouse formaldehyde 1.93E-04 1.58E-03 0.00E+00 1.74E-05 3.41E-06 1.38E-04 1.93E-03 2.75E-03 1.71E-07
Project Alone MAX Ruffed_Grouse formaldehyde 3.67E-06 3.00E-05 0.00E+00 3.30E-07 1.00E-06 2.62E-06 3.76E-05 5.35E-05 3.34E-09
Future MAX Ruffed_Grouse formaldehyde 5.91E-05 4.83E-04 0.00E+00 5.31E-06 1.44E-06 4.22E-05 5.91E-04 8.42E-04 5.25E-08
Baseline MAX Snowshoe_hare formaldehyde 9.47E-05 2.86E-03 0.00E+00 0.00E+00 5.67E-06 2.19E-04 3.18E-03 2.27E-03 3.83E-07
Application MAX Snowshoe_hare formaldehyde 9.47E-05 2.86E-03 0.00E+00 0.00E+00 8.56E-06 2.19E-04 3.18E-03 2.27E-03 3.83E-07
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Table B2-4  Summary of Predicted Exposures and Game Meat Concentrations

ReceptorSite Chemical

Game Meat
EDI

PDC MAX Snowshoe_hare formaldehyde 1.37E-04 4.11E-03 0.00E+00 0.00E+00 9.82E-06 3.16E-04 4.58E-03 3.27E-03 5.52E-07
Project Alone MAX Snowshoe_hare formaldehyde 2.59E-06 7.81E-05 0.00E+00 0.00E+00 2.88E-06 6.00E-06 8.96E-05 6.40E-05 1.08E-08
Future MAX Snowshoe_hare formaldehyde 4.18E-05 1.26E-03 0.00E+00 0.00E+00 4.15E-06 9.67E-05 1.40E-03 1.00E-03 1.69E-07
Baseline MAX Moose indeno(1,2,3-cd)pyrene 9.25E-04 3.93E-02 2.05E-03 0.00E+00 1.40E-06 7.85E-06 4.23E-02 9.39E-05 1.24E-05
Application MAX Moose indeno(1,2,3-cd)pyrene 9.25E-04 3.93E-02 2.31E-03 0.00E+00 1.58E-06 7.85E-06 4.25E-02 9.45E-05 1.25E-05
PDC MAX Moose indeno(1,2,3-cd)pyrene 1.35E-03 5.73E-02 2.96E-03 0.00E+00 2.02E-06 1.15E-05 6.17E-02 1.37E-04 1.81E-05
Project Alone MAX Moose indeno(1,2,3-cd)pyrene 1.71E-06 7.28E-05 2.58E-04 0.00E+00 1.76E-07 1.45E-08 3.32E-04 7.39E-07 9.77E-08
Future MAX Moose indeno(1,2,3-cd)pyrene 4.25E-04 1.81E-02 9.06E-04 0.00E+00 6.19E-07 3.61E-06 1.94E-02 4.31E-05 5.70E-06
Baseline MAX Ruffed_Grouse indeno(1,2,3-cd)pyrene 2.06E-05 2.11E-04 0.00E+00 1.06E-06 2.69E-09 3.38E-08 2.33E-04 3.31E-04 5.04E-08
Application MAX Ruffed_Grouse indeno(1,2,3-cd)pyrene 2.06E-05 2.11E-04 0.00E+00 1.06E-06 3.03E-09 3.38E-08 2.33E-04 3.31E-04 5.04E-08
PDC MAX Ruffed_Grouse indeno(1,2,3-cd)pyrene 3.01E-05 3.08E-04 0.00E+00 1.55E-06 3.88E-09 4.93E-08 3.40E-04 4.84E-04 7.36E-08
Project Alone MAX Ruffed_Grouse indeno(1,2,3-cd)pyrene 3.82E-08 3.91E-07 0.00E+00 1.96E-09 3.39E-10 6.26E-11 4.31E-07 6.14E-07 9.34E-11
Future MAX Ruffed_Grouse indeno(1,2,3-cd)pyrene 9.48E-06 9.70E-05 0.00E+00 4.87E-07 1.19E-09 1.55E-08 1.07E-04 1.52E-04 2.32E-08
Baseline MAX Snowshoe_hare indeno(1,2,3-cd)pyrene 1.46E-05 5.50E-04 0.00E+00 0.00E+00 7.76E-09 7.75E-08 5.64E-04 4.03E-04 1.66E-07
Application MAX Snowshoe_hare indeno(1,2,3-cd)pyrene 1.46E-05 5.50E-04 0.00E+00 0.00E+00 8.73E-09 7.75E-08 5.64E-04 4.03E-04 1.66E-07
PDC MAX Snowshoe_hare indeno(1,2,3-cd)pyrene 2.13E-05 8.03E-04 0.00E+00 0.00E+00 1.12E-08 1.13E-07 8.24E-04 5.89E-04 2.42E-07
Project Alone MAX Snowshoe_hare indeno(1,2,3-cd)pyrene 2.70E-08 1.02E-06 0.00E+00 0.00E+00 9.76E-10 1.44E-10 1.05E-06 7.48E-07 3.08E-10
Future MAX Snowshoe_hare indeno(1,2,3-cd)pyrene 6.70E-06 2.53E-04 0.00E+00 0.00E+00 3.43E-09 3.56E-08 2.60E-04 1.85E-04 7.63E-08
Baseline MAX Moose phenanthrene 5.99E-04 9.77E-03 1.77E-01 0.00E+00 1.21E-04 8.40E-04 1.89E-01 4.19E-04 6.38E-05
Application MAX Moose phenanthrene 5.99E-04 9.77E-03 1.80E-01 0.00E+00 1.23E-04 8.40E-04 1.91E-01 4.25E-04 6.46E-05
PDC MAX Moose phenanthrene 8.74E-04 1.43E-02 2.44E-01 0.00E+00 1.67E-04 1.23E-03 2.61E-01 5.79E-04 8.81E-05
Project Alone MAX Moose phenanthrene 9.86E-08 1.61E-06 2.46E-03 0.00E+00 1.68E-06 1.38E-07 2.46E-03 5.46E-06 8.31E-07
Future MAX Moose phenanthrene 2.76E-04 4.50E-03 6.67E-02 0.00E+00 4.55E-05 3.86E-04 7.19E-02 1.60E-04 2.43E-05
Baseline MAX Ruffed_Grouse phenanthrene 1.33E-05 5.24E-05 0.00E+00 6.00E-07 2.33E-07 3.61E-06 7.02E-05 1.00E-04 1.75E-08
Application MAX Ruffed_Grouse phenanthrene 1.33E-05 5.24E-05 0.00E+00 6.00E-07 2.36E-07 3.61E-06 7.02E-05 1.00E-04 1.75E-08
PDC MAX Ruffed_Grouse phenanthrene 1.95E-05 7.66E-05 0.00E+00 8.76E-07 3.21E-07 5.27E-06 1.03E-04 1.46E-04 2.55E-08
Project Alone MAX Ruffed_Grouse phenanthrene 2.20E-09 8.63E-09 0.00E+00 9.87E-11 3.23E-09 5.95E-10 1.48E-08 2.10E-08 3.67E-12
Future MAX Ruffed_Grouse phenanthrene 6.14E-06 2.41E-05 0.00E+00 2.76E-07 8.77E-08 1.66E-06 3.23E-05 4.60E-05 8.05E-09
Baseline MAX Snowshoe_hare phenanthrene 9.43E-06 1.37E-04 0.00E+00 0.00E+00 6.71E-07 8.29E-06 1.55E-04 1.11E-04 5.24E-08
Application MAX Snowshoe_hare phenanthrene 9.43E-06 1.37E-04 0.00E+00 0.00E+00 6.81E-07 8.29E-06 1.55E-04 1.11E-04 5.24E-08
PDC MAX Snowshoe_hare phenanthrene 1.38E-05 2.00E-04 0.00E+00 0.00E+00 9.24E-07 1.21E-05 2.26E-04 1.62E-04 7.65E-08
Project Alone MAX Snowshoe_hare phenanthrene 1.55E-09 2.25E-08 0.00E+00 0.00E+00 9.29E-09 1.36E-09 3.47E-08 2.48E-08 1.17E-11
Future MAX Snowshoe_hare phenanthrene 4.34E-06 6.29E-05 0.00E+00 0.00E+00 2.52E-07 3.81E-06 7.13E-05 5.10E-05 2.41E-08
Baseline MAX Moose pyrene 4.25E-03 6.67E-03 1.99E-02 0.00E+00 1.36E-05 8.72E-05 3.09E-02 6.87E-05 1.19E-05
Application MAX Moose pyrene 4.25E-03 6.67E-03 2.06E-02 0.00E+00 1.41E-05 8.72E-05 3.16E-02 7.03E-05 1.22E-05
PDC MAX Moose pyrene 6.20E-03 9.74E-03 2.77E-02 0.00E+00 1.89E-05 1.27E-04 4.38E-02 9.73E-05 1.68E-05
Project Alone MAX Moose pyrene 1.99E-06 3.12E-06 7.13E-04 0.00E+00 4.87E-07 4.08E-08 7.19E-04 1.60E-06 2.76E-07
Future MAX Moose pyrene 1.95E-03 3.07E-03 7.80E-03 0.00E+00 5.33E-06 4.01E-05 1.29E-02 2.86E-05 4.95E-06
Baseline MAX Ruffed_Grouse pyrene 9.47E-05 3.58E-05 0.00E+00 4.26E-06 2.61E-08 3.75E-07 1.35E-04 1.93E-04 3.83E-08
Application MAX Ruffed_Grouse pyrene 9.47E-05 3.58E-05 0.00E+00 4.26E-06 2.71E-08 3.75E-07 1.35E-04 1.93E-04 3.83E-08
PDC MAX Ruffed_Grouse pyrene 1.38E-04 5.23E-05 0.00E+00 6.21E-06 3.64E-08 5.48E-07 1.97E-04 2.81E-04 5.59E-08
Project Alone MAX Ruffed_Grouse pyrene 4.43E-08 1.68E-08 0.00E+00 1.99E-09 9.37E-10 1.76E-10 6.42E-08 9.14E-08 1.82E-11
Future MAX Ruffed_Grouse pyrene 4.35E-05 1.65E-05 0.00E+00 1.96E-06 1.03E-08 1.73E-07 6.21E-05 8.85E-05 1.76E-08
Baseline MAX Snowshoe_hare pyrene 6.69E-05 9.34E-05 0.00E+00 0.00E+00 7.52E-08 8.61E-07 1.61E-04 1.15E-04 6.20E-08
Application MAX Snowshoe_hare pyrene 6.69E-05 9.34E-05 0.00E+00 0.00E+00 7.79E-08 8.61E-07 1.61E-04 1.15E-04 6.20E-08
PDC MAX Snowshoe_hare pyrene 9.77E-05 1.36E-04 0.00E+00 0.00E+00 1.05E-07 1.26E-06 2.35E-04 1.68E-04 9.05E-08
Project Alone MAX Snowshoe_hare pyrene 3.13E-08 4.37E-08 0.00E+00 0.00E+00 2.70E-09 4.03E-10 7.81E-08 5.58E-08 3.00E-11
Future MAX Snowshoe_hare pyrene 3.08E-05 4.30E-05 0.00E+00 0.00E+00 2.95E-08 3.96E-07 7.41E-05 5.30E-05 2.85E-08



Browse Browse Browse Browse Aquatic Plant Invert
Deposition Air Soil Total Aquatic Soil

mg/kg mg/kg mg/L ug/m3 ug/m3 mg/m2/yr mg/kg dw mg/kg dw mg/kg dw mg/kg dw mg/kg dw mg/kg dw
Baseline MAX 3-methylcholanthrene Baseline_MAX_3-methylcholanthrene 5.37E-05 5.37E-04 1.41E-08 7.26E-06 4.08E-10 2.95E-03 9.35E-06 3.00E-05 1.97E-07 3.96E-05 2.17E-04 2.25E-05
Application MAX 3-methylcholanthrene Application_MAX_3-methylcholanthrene 5.38E-05 5.38E-04 2.35E-08 7.27E-06 4.09E-10 2.96E-03 9.37E-06 3.01E-05 1.98E-07 3.97E-05 3.60E-04 2.25E-05
PDC MAX 3-methylcholanthrene PDC_MAX_3-methylcholanthrene 5.40E-05 5.40E-04 2.53E-08 7.30E-06 4.10E-10 2.97E-03 9.40E-06 3.02E-05 1.98E-07 3.98E-05 3.88E-04 2.26E-05
Project Alone MAX 3-methylcholanthrene Project Alone_MAX_3-methylcholanthrene 1.49E-06 1.49E-05 9.34E-09 2.02E-07 1.13E-11 8.20E-05 2.60E-07 8.34E-07 5.48E-09 1.10E-06 1.43E-04 6.25E-07
Future MAX 3-methylcholanthrene Future_MAX_3-methylcholanthrene 6.36E-06 6.36E-05 1.12E-08 8.60E-07 4.83E-11 3.50E-04 1.11E-06 3.56E-06 2.34E-08 4.69E-06 1.71E-04 2.67E-06
Baseline MAX 7,12-dimethylbenz(a)anthracene Baseline_MAX_7,12-dimethylbenz(a)anthracene 2.17E-04 2.17E-03 1.26E-07 6.46E-05 1.65E-09 2.63E-02 1.27E-03 9.00E-04 1.87E-06 2.17E-03 1.93E-03 9.11E-05
Application MAX 7,12-dimethylbenz(a)anthracene Application_MAX_7,12-dimethylbenz(a)anthracene 2.18E-04 2.18E-03 2.09E-07 6.47E-05 1.65E-09 2.63E-02 1.27E-03 9.01E-04 1.87E-06 2.17E-03 3.21E-03 9.13E-05
PDC MAX 7,12-dimethylbenz(a)anthracene PDC_MAX_7,12-dimethylbenz(a)anthracene 2.18E-04 2.18E-03 2.25E-07 6.49E-05 1.66E-09 2.64E-02 1.27E-03 9.05E-04 1.88E-06 2.18E-03 3.46E-03 9.16E-05
Project Alone MAX 7,12-dimethylbenz(a)anthracene Project Alone_MAX_7,12-dimethylbenz(a)anthracene 6.04E-06 6.04E-05 8.31E-08 1.79E-06 4.59E-11 7.29E-04 3.51E-05 2.50E-05 5.20E-08 6.02E-05 1.28E-03 2.53E-06
Future MAX 7,12-dimethylbenz(a)anthracene Future_MAX_7,12-dimethylbenz(a)anthracene 2.58E-05 2.58E-04 9.94E-08 7.66E-06 1.96E-10 3.11E-03 1.50E-04 1.07E-04 2.22E-07 2.57E-04 1.53E-03 1.08E-05
Baseline MAX anthracene Baseline_MAX_anthracene 1.52E-05 1.52E-04 7.31E-08 4.85E-04 1.15E-10 1.97E-01 3.67E-05 8.41E-06 1.47E-06 4.66E-05 1.12E-03 6.36E-06
Application MAX anthracene Application_MAX_anthracene 1.52E-05 1.52E-04 7.63E-08 4.85E-04 1.15E-10 1.97E-01 3.67E-05 8.41E-06 1.47E-06 4.66E-05 1.17E-03 6.36E-06
PDC MAX anthracene PDC_MAX_anthracene 2.21E-05 2.21E-04 1.02E-07 7.08E-04 1.68E-10 2.88E-01 5.36E-05 1.23E-05 2.15E-06 6.81E-05 1.57E-03 9.29E-06
Project Alone MAX anthracene Project Alone_MAX_anthracene 8.45E-09 8.45E-08 3.18E-09 2.70E-07 6.42E-14 1.10E-04 2.05E-08 4.69E-09 8.20E-10 2.60E-08 4.88E-05 3.54E-09
Future MAX anthracene Future_MAX_anthracene 6.98E-06 6.98E-05 2.89E-08 2.23E-04 5.31E-11 9.07E-02 1.69E-05 3.87E-06 6.78E-07 2.15E-05 4.43E-04 2.93E-06
Baseline MAX benz(a)anthracene Baseline_MAX_benz(a)anthracene 4.28E-04 4.28E-03 1.32E-07 2.82E-04 3.25E-09 1.15E-01 5.53E-03 8.60E-04 8.41E-06 6.40E-03 2.02E-03 7.69E-05
Application MAX benz(a)anthracene Application_MAX_benz(a)anthracene 4.28E-04 4.28E-03 1.39E-07 2.82E-04 3.25E-09 1.15E-01 5.53E-03 8.60E-04 8.41E-06 6.40E-03 2.13E-03 7.69E-05
PDC MAX benz(a)anthracene PDC_MAX_benz(a)anthracene 6.25E-04 6.25E-03 1.84E-07 4.12E-04 4.75E-09 1.68E-01 8.08E-03 1.26E-03 1.23E-05 9.35E-03 2.83E-03 1.12E-04
Project Alone MAX benz(a)anthracene Project Alone_MAX_benz(a)anthracene 3.06E-07 3.06E-06 7.30E-09 2.02E-07 2.33E-12 8.21E-05 3.96E-06 6.15E-07 6.02E-09 4.58E-06 1.12E-04 5.50E-08
Future MAX benz(a)anthracene Future_MAX_benz(a)anthracene 1.97E-04 1.97E-03 5.28E-08 1.30E-04 1.50E-09 5.29E-02 2.55E-03 3.96E-04 3.87E-06 2.95E-03 8.11E-04 3.54E-05
Baseline MAX benzo(a)pyrene Baseline_MAX_benzo(a)pyrene 1.59E-04 1.59E-03 3.52E-08 6.30E-05 1.21E-09 2.56E-02 1.69E-03 7.54E-04 2.10E-06 2.44E-03 5.41E-04 6.67E-05
Application MAX benzo(a)pyrene Application_MAX_benzo(a)pyrene 1.59E-04 1.59E-03 4.01E-08 6.30E-05 1.21E-09 2.56E-02 1.69E-03 7.54E-04 2.10E-06 2.44E-03 6.15E-04 6.67E-05
PDC MAX benzo(a)pyrene PDC_MAX_benzo(a)pyrene 2.32E-04 2.32E-03 5.11E-08 9.20E-05 1.76E-09 3.74E-02 2.46E-03 1.10E-03 3.06E-06 3.56E-03 7.85E-04 9.74E-05
Project Alone MAX benzo(a)pyrene Project Alone_MAX_benzo(a)pyrene 3.40E-07 3.40E-06 4.84E-09 1.35E-07 2.58E-12 5.47E-05 3.60E-06 1.61E-06 4.48E-09 5.21E-06 7.43E-05 1.42E-07
Future MAX benzo(a)pyrene Future_MAX_benzo(a)pyrene 7.31E-05 7.31E-04 1.59E-08 2.90E-05 5.56E-10 1.18E-02 7.75E-04 3.46E-04 9.64E-07 1.12E-03 2.44E-04 3.07E-05
Baseline MAX benzo(b)fluoranthene Baseline_MAX_benzo(b)fluoranthene 6.22E-05 6.22E-04 1.25E-07 2.53E-04 4.73E-10 1.03E-01 3.26E-04 1.27E-04 7.18E-07 4.53E-04 1.92E-03 2.61E-05
Application MAX benzo(b)fluoranthene Application_MAX_benzo(b)fluoranthene 6.22E-05 6.22E-04 1.32E-07 2.53E-04 4.73E-10 1.03E-01 3.26E-04 1.27E-04 7.18E-07 4.53E-04 2.03E-03 2.61E-05
PDC MAX benzo(b)fluoranthene PDC_MAX_benzo(b)fluoranthene 9.08E-05 9.08E-04 1.74E-07 3.69E-04 6.90E-10 1.50E-01 4.75E-04 1.85E-04 1.05E-06 6.61E-04 2.68E-03 3.81E-05
Project Alone MAX benzo(b)fluoranthene Project Alone_MAX_benzo(b)fluoranthene 4.97E-08 4.97E-07 7.24E-09 2.02E-07 3.78E-13 8.21E-05 2.60E-07 1.01E-07 5.74E-10 3.62E-07 1.11E-04 2.08E-08
Future MAX benzo(b)fluoranthene Future_MAX_benzo(b)fluoranthene 2.86E-05 2.86E-04 4.96E-08 1.16E-04 2.17E-10 4.72E-02 1.50E-04 5.83E-05 3.30E-07 2.08E-04 7.62E-04 1.20E-05
Baseline MAX benzo(g,h,i)perylene Baseline_MAX_benzo(g,h,i)perylene 4.98E-04 4.98E-03 6.97E-08 1.43E-04 3.79E-09 5.83E-02 5.13E-03 3.64E-03 3.38E-06 8.78E-03 1.07E-03 2.09E-04
Application MAX benzo(g,h,i)perylene Application_MAX_benzo(g,h,i)perylene 4.98E-04 4.98E-03 7.45E-08 1.43E-04 3.79E-09 5.83E-02 5.13E-03 3.64E-03 3.38E-06 8.78E-03 1.14E-03 2.09E-04
PDC MAX benzo(g,h,i)perylene PDC_MAX_benzo(g,h,i)perylene 7.28E-04 7.28E-03 9.81E-08 2.09E-04 5.53E-09 8.51E-02 7.49E-03 5.32E-03 4.93E-06 1.28E-02 1.51E-03 3.05E-04
Project Alone MAX benzo(g,h,i)perylene Project Alone_MAX_benzo(g,h,i)perylene 4.69E-07 4.69E-06 4.81E-09 1.35E-07 3.57E-12 5.49E-05 4.83E-06 3.43E-06 3.18E-09 8.27E-06 7.38E-05 1.97E-07
Future MAX benzo(g,h,i)perylene Future_MAX_benzo(g,h,i)perylene 2.29E-04 2.29E-03 2.85E-08 6.60E-05 1.74E-09 2.68E-02 2.36E-03 1.68E-03 1.55E-06 4.04E-03 4.37E-04 9.62E-05
Baseline MAX benzo(k)fluoranthene Baseline_MAX_benzo(k)fluoranthene 4.68E-04 4.68E-03 1.08E-08 5.54E-05 3.56E-09 2.25E-02 1.53E-03 1.04E-03 5.40E-06 2.57E-03 1.65E-04 2.24E-04
Application MAX benzo(k)fluoranthene Application_MAX_benzo(k)fluoranthene 4.68E-04 4.68E-03 1.29E-08 5.54E-05 3.56E-09 2.25E-02 1.53E-03 1.04E-03 5.40E-06 2.57E-03 1.98E-04 2.24E-04
PDC MAX benzo(k)fluoranthene PDC_MAX_benzo(k)fluoranthene 6.83E-04 6.83E-03 1.60E-08 8.08E-05 5.19E-09 3.29E-02 2.23E-03 1.52E-03 7.88E-06 3.75E-03 2.46E-04 3.27E-04
Project Alone MAX benzo(k)fluoranthene Project Alone_MAX_benzo(k)fluoranthene 1.70E-06 1.70E-05 2.16E-09 2.02E-07 1.30E-11 8.20E-05 5.55E-06 3.79E-06 1.97E-08 9.37E-06 3.32E-05 8.17E-07
Future MAX benzo(k)fluoranthene Future_MAX_benzo(k)fluoranthene 2.15E-04 2.15E-03 5.27E-09 2.54E-05 1.63E-09 1.03E-02 7.00E-04 4.78E-04 2.48E-06 1.18E-03 8.09E-05 1.03E-04
Baseline MAX chrysene Baseline_MAX_chrysene 1.43E-03 1.43E-02 1.41E-07 3.05E-04 1.09E-08 1.24E-01 2.96E-03 5.12E-05 2.81E-05 3.04E-03 2.17E-03 3.42E-04
Application MAX chrysene Application_MAX_chrysene 1.43E-03 1.43E-02 1.48E-07 3.05E-04 1.09E-08 1.24E-01 2.96E-03 5.12E-05 2.81E-05 3.04E-03 2.28E-03 3.42E-04
PDC MAX chrysene PDC_MAX_chrysene 2.09E-03 2.09E-02 1.98E-07 4.45E-04 1.58E-08 1.81E-01 4.32E-03 7.48E-05 4.10E-05 4.43E-03 3.03E-03 5.00E-04
Project Alone MAX chrysene Project Alone_MAX_chrysene 9.46E-07 9.46E-06 7.24E-09 2.02E-07 7.19E-12 8.21E-05 1.96E-06 3.39E-08 1.86E-08 2.01E-06 1.11E-04 2.27E-07
Future MAX chrysene Future_MAX_chrysene 6.57E-04 6.57E-03 5.63E-08 1.40E-04 5.00E-09 5.70E-02 1.36E-03 2.36E-05 1.29E-05 1.40E-03 8.64E-04 1.57E-04
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Baseline MAX dibenz(a,h)anthracene Baseline_MAX_dibenz(a,h)anthracene 6.91E-04 6.91E-03 6.74E-08 1.38E-04 5.25E-09 5.61E-02 4.94E-03 7.71E-02 4.68E-06 8.21E-02 1.03E-03 2.90E-04
Application MAX dibenz(a,h)anthracene Application_MAX_dibenz(a,h)anthracene 6.91E-04 6.91E-03 7.23E-08 1.38E-04 5.25E-09 5.61E-02 4.94E-03 7.71E-02 4.68E-06 8.21E-02 1.11E-03 2.90E-04
PDC MAX dibenz(a,h)anthracene PDC_MAX_dibenz(a,h)anthracene 1.01E-03 1.01E-02 9.51E-08 2.01E-04 7.67E-09 8.18E-02 7.21E-03 1.13E-01 6.84E-06 1.20E-01 1.46E-03 4.23E-04
Project Alone MAX dibenz(a,h)anthracene Project Alone_MAX_dibenz(a,h)anthracene 6.77E-07 6.77E-06 4.87E-09 1.35E-07 5.14E-12 5.49E-05 4.83E-06 7.55E-05 4.59E-09 8.03E-05 7.47E-05 2.84E-07
Future MAX dibenz(a,h)anthracene Future_MAX_dibenz(a,h)anthracene 3.18E-04 3.18E-03 2.77E-08 6.34E-05 2.42E-09 2.58E-02 2.27E-03 3.55E-02 2.15E-06 3.77E-02 4.26E-04 1.33E-04
Baseline MAX fluoranthene Baseline_MAX_fluoranthene 1.71E-04 1.71E-03 7.09E-07 1.60E-03 1.30E-09 6.51E-01 4.86E-04 3.83E-04 8.51E-06 8.77E-04 1.09E-02 7.15E-05
Application MAX fluoranthene Application_MAX_fluoranthene 1.71E-04 1.71E-03 7.21E-07 1.60E-03 1.30E-09 6.51E-01 4.86E-04 3.83E-04 8.51E-06 8.77E-04 1.11E-02 7.15E-05
PDC MAX fluoranthene PDC_MAX_fluoranthene 2.49E-04 2.49E-03 9.79E-07 2.34E-03 1.89E-09 9.51E-01 7.09E-04 5.60E-04 1.24E-05 1.28E-03 1.50E-02 1.04E-04
Project Alone MAX fluoranthene Project Alone_MAX_fluoranthene 3.62E-08 3.62E-07 1.22E-08 3.40E-07 2.75E-13 1.38E-04 1.03E-07 8.13E-08 1.81E-09 1.86E-07 1.87E-04 1.52E-08
Future MAX fluoranthene Future_MAX_fluoranthene 7.86E-05 7.86E-04 2.69E-07 7.38E-04 5.97E-10 3.00E-01 2.24E-04 1.76E-04 3.92E-06 4.04E-04 4.14E-03 3.30E-05
Baseline MAX fluorene Baseline_MAX_fluorene 1.21E-05 1.21E-04 2.50E-06 5.86E-03 9.16E-11 2.38E+00 0.00E+00 4.96E-05 1.74E-06 5.13E-05 3.84E-02 5.05E-06
Application MAX fluorene Application_MAX_fluorene 1.21E-05 1.21E-04 2.51E-06 5.86E-03 9.16E-11 2.38E+00 0.00E+00 4.96E-05 1.74E-06 5.13E-05 3.86E-02 5.05E-06
PDC MAX fluorene PDC_MAX_fluorene 1.76E-05 1.76E-04 3.43E-06 8.55E-03 1.34E-10 3.48E+00 0.00E+00 7.24E-05 2.55E-06 7.50E-05 5.27E-02 7.38E-06
Project Alone MAX fluorene Project Alone_MAX_fluorene 6.59E-10 6.59E-09 1.16E-08 3.20E-07 5.01E-15 1.30E-04 0.00E+00 2.71E-09 9.53E-11 2.80E-09 1.77E-04 2.76E-10
Future MAX fluorene Future_MAX_fluorene 5.55E-06 5.55E-05 9.30E-07 2.70E-03 4.22E-11 1.10E+00 0.00E+00 2.28E-05 8.03E-07 2.36E-05 1.43E-02 2.33E-06
Baseline MAX formaldehyde Baseline_MAX_formaldehyde 2.56E-03 2.56E-02 4.23E-05 3.07E-01 1.95E-08 1.25E+02 0.00E+00 3.93E-05 2.16E-02 2.16E-02 1.73E-05 2.15E-03
Application MAX formaldehyde Application_MAX_formaldehyde 2.56E-03 2.56E-02 6.38E-05 3.07E-01 1.95E-08 1.25E+02 0.00E+00 3.93E-05 2.16E-02 2.16E-02 2.61E-05 2.15E-03
PDC MAX formaldehyde PDC_MAX_formaldehyde 3.69E-03 3.69E-02 7.33E-05 4.43E-01 2.80E-08 1.80E+02 0.00E+00 5.67E-05 3.11E-02 3.11E-02 3.00E-05 3.09E-03
Project Alone MAX formaldehyde Project Alone_MAX_formaldehyde 7.00E-05 7.00E-04 2.15E-05 8.40E-03 5.32E-10 3.42E+00 0.00E+00 1.08E-06 5.90E-04 5.91E-04 8.79E-06 5.87E-05
Future MAX formaldehyde Future_MAX_formaldehyde 1.13E-03 1.13E-02 3.09E-05 1.35E-01 8.57E-09 5.50E+01 0.00E+00 1.73E-05 9.50E-03 9.52E-03 1.27E-05 9.46E-04
Baseline MAX indeno(1,2,3-cd)pyrene Baseline_MAX_indeno(1,2,3-cd)pyrene 3.93E-04 3.93E-03 5.79E-08 1.09E-04 2.99E-09 4.41E-02 4.09E-03 6.61E-05 2.33E-06 4.16E-03 8.88E-04 1.89E-04
Application MAX indeno(1,2,3-cd)pyrene Application_MAX_indeno(1,2,3-cd)pyrene 3.93E-04 3.93E-03 6.52E-08 1.09E-04 2.99E-09 4.41E-02 4.09E-03 6.61E-05 2.33E-06 4.16E-03 1.00E-03 1.89E-04
PDC MAX indeno(1,2,3-cd)pyrene PDC_MAX_indeno(1,2,3-cd)pyrene 5.74E-04 5.74E-03 8.35E-08 1.58E-04 4.37E-09 6.44E-02 5.97E-03 9.65E-05 3.41E-06 6.07E-03 1.28E-03 2.75E-04
Project Alone MAX indeno(1,2,3-cd)pyrene Project Alone_MAX_indeno(1,2,3-cd)pyrene 7.29E-07 7.29E-06 7.28E-09 2.01E-07 5.54E-12 8.17E-05 7.58E-06 1.22E-07 4.32E-09 7.71E-06 1.12E-04 3.49E-07
Future MAX indeno(1,2,3-cd)pyrene Future_MAX_indeno(1,2,3-cd)pyrene 1.81E-04 1.81E-03 2.56E-08 4.99E-05 1.38E-09 2.03E-02 1.88E-03 3.04E-05 1.07E-06 1.91E-03 3.93E-04 8.67E-05
Baseline MAX phenanthrene Baseline_MAX_phenanthrene 2.55E-04 2.55E-03 5.01E-06 1.16E-02 1.94E-09 4.72E+00 4.40E-04 5.70E-04 2.47E-05 1.03E-03 7.69E-02 1.07E-04
Application MAX phenanthrene Application_MAX_phenanthrene 2.55E-04 2.55E-03 5.08E-06 1.16E-02 1.94E-09 4.72E+00 4.40E-04 5.70E-04 2.47E-05 1.03E-03 7.80E-02 1.07E-04
PDC MAX phenanthrene PDC_MAX_phenanthrene 3.72E-04 3.72E-03 6.89E-06 1.69E-02 2.83E-09 6.89E+00 6.42E-04 8.32E-04 3.61E-05 1.51E-03 1.06E-01 1.56E-04
Project Alone MAX phenanthrene Project Alone_MAX_phenanthrene 4.19E-08 4.19E-07 6.93E-08 1.91E-06 3.19E-13 7.77E-04 7.24E-08 9.38E-08 4.07E-09 1.70E-07 1.06E-03 1.76E-08
Future MAX phenanthrene Future_MAX_phenanthrene 1.17E-04 1.17E-03 1.88E-06 5.34E-03 8.91E-10 2.17E+00 2.02E-04 2.62E-04 1.14E-05 4.76E-04 2.89E-02 4.92E-05
Baseline MAX pyrene Baseline_MAX_pyrene 1.81E-03 1.81E-02 5.61E-07 1.21E-03 1.37E-08 4.90E-01 2.74E-04 3.30E-04 1.03E-04 7.07E-04 8.62E-03 7.58E-04
Application MAX pyrene Application_MAX_pyrene 1.81E-03 1.81E-02 5.82E-07 1.21E-03 1.37E-08 4.90E-01 2.74E-04 3.30E-04 1.03E-04 7.07E-04 8.93E-03 7.58E-04
PDC MAX pyrene PDC_MAX_pyrene 2.64E-03 2.64E-02 7.82E-07 1.76E-03 2.01E-08 7.15E-01 4.00E-04 4.81E-04 1.50E-04 1.03E-03 1.20E-02 1.11E-03
Project Alone MAX pyrene Project Alone_MAX_pyrene 8.46E-07 8.46E-06 2.01E-08 5.64E-07 6.43E-12 2.29E-04 1.28E-07 1.54E-07 4.82E-08 3.31E-07 3.09E-04 3.55E-07
Future MAX pyrene Future_MAX_pyrene 8.31E-04 8.31E-03 2.20E-07 5.54E-04 6.32E-09 2.25E-01 1.26E-04 1.52E-04 4.74E-05 3.25E-04 3.38E-03 3.48E-04



Receptor Variable Abbreviation Value Units Reference
Moose AIR AIR_Moose 7.2E+01 m3/day Allometric equation for mammals 3-20; US EPA 1993
Moose BW BW_Moose 4.50E+02 kg-WW ASRD 2002
Moose Per_SIR Per_SIR_Moose 2.0% % of Diet Actually <2%; Suter et al. 2000
Moose SIR SIR_Moose 2.35E-01 kg-soil/day Calculated; See estimation of Soil / Sediment Ingestion Rate
Moose WIR WIR_Moose 2.42E+01 L/day Allometric equation 3-17; US EPA 1993
Ruffed_Grouse AIR AIR_Ruffed_Grouse 3.1E-01 m3/day Allometric equation for birds 3-19; US EPA 1993
Ruffed_Grouse BW BW_Ruffed_Grouse 7.02E-01 kg-WW US EPA 1993
Ruffed_Grouse Per_SIR Per_SIR_Ruffed_Grouse 9.3% % of Diet Assumed similar to wild turkey; Suter et al. 2000
Ruffed_Grouse SIR SIR_Ruffed_Grouse 5.24E-03 kg-soil/day Calculated; See estimation of Soil / Sediment Ingestion Rate
Ruffed_Grouse WIR WIR_Ruffed_Grouse 4.65E-02 L/day Allometric equation 3-15; US EPA 1993
Snowshoe_hare AIR AIR_Snowshoe_hare 7.1E-01 m3/day Allometric equation for mammals 3-20; US EPA 1993
Snowshoe_hare BW BW_Snowshoe_hare 1.40E+00 kg-WW US EPA 1993
Snowshoe_hare Per_SIR Per_SIR_Snowshoe_hare 2.8% % of Diet Assumed similar to cotton rat; Suter et al. 2000
Snowshoe_hare SIR SIR_Snowshoe_hare 3.70E-03 kg-soil/day Calculated; See estimation of Soil / Sediment Ingestion Rate
Snowshoe_hare WIR WIR_Snowshoe_hare 1.34E-01 L/day Allometric equation 3-17; US EPA 1993

Notes:
AIR = Air inhalation rate
BW = Body Weight
SIR = Soil ingestion rate
Sed_IR = Sediment ingestion rate
WIR = Water ingestion rate

Table B2-6  Wildlife Receptor Exposure Variables



NFMR Units
4.52E+01 kcal/kg/day
2.03E+04 kcal/day
2.03E+07 cal/day

BW Units
4.50E+02 kg

GE AE FIR
[kcal/kg-DW] [%] kg/day

Invert 0% 5400 72% 0.00E+00
Browse 80% 4200 41% 9.44E+00
Aquatic Plant 20% 4300 41% 2.31E+00

Sum 1.18E+01

1.18E+01
2.35E-01
2.61E-02

NFMR Units
1.63E+02 kcal/kg/day
2.28E+02 kcal/day
2.28E+05 cal/day

BW Units
1.40E+00 kg

GE AE FIR
[kcal/kg-DW] [%] kg/day

Invert 0% 5400 72% 0.00E+00
Browse 100% 4200 41% 1.32E-01
Aquatic Plant 0% 4300 41% 0.00E+00

Sum 1.32E-01

1.32E-01
3.70E-03
9.44E-02

NFMR Units
1.55E+02 kcal/kg/day
1.09E+02 kcal/day
1.09E+05 cal/day

BW Units
7.02E-01 kg

GE AE FIR
[kcal/kg-DW] [%] kg/day

Invert 20% 5400 72% 5.61E-03
Browse 80% 4200 41% 5.07E-02
Aquatic Plant 0% 4300 41% 0.00E+00

Sum 5.63E-02

5.63E-02
5.24E-03
8.02E-02

Diet

Table B2-7 Estimation of Soil Ingestion Rate
Receptor
moose 2.0%

Percent Soil in Diet

Receptor
snowshoe_hare

Percent Soil in Diet
2.8%

Portion

Estimation of Total Ingestion Rate [kg-food / day]
Soil Ingestion Rate [kg-soil / day]

Estimation of Average Metabolizable Energy

Estimation of Total Normalized Ingestion Rate [kg-food / kg-BW day]

Soil Ingestion Rate [kg-soil / day]
Estimation of Total Normalized Ingestion Rate [kg-food / kg-BW day]

Estimation of Average Metabolizable Energy

Diet Portion

Estimation of Total Ingestion Rate [kg-food / day]

Receptor Percent Soil in Diet
ruffed_grouse 9.3%

Soil Ingestion Rate [kg-soil / day]
Estimation of Total Normalized Ingestion Rate [kg-food / kg-BW day]

Estimation of Average Metabolizable Energy

Diet Portion

Estimation of Total Ingestion Rate [kg-food / day]



Receptor
NFMR

[kcal/kg bw/day] A
FMR 

[kcal/day] B
Body Weight 

[grams] a b Reference/Comments
Moose 4.52E+01 2.03E+04 4.50E+05 1.52E+00 7.30E-01 US EPA 1993
Ruffed_Grouse 1.55E+02 1.09E+02 7.02E+02 8.51E-01 9.59E-01 Used "Galliformes" (Nagy et al. 1999)
Snowshoe_hare 1.63E+02 2.28E+02 1.40E+03 5.48E+00 7.12E-01 Used "Rodentia" (Nagy et al. 1999)

A) NFMR = Normalized Free Metabolic Rate = FMR / BW; Where BW is in kg
B) FMR = Free Metabolic Rate [kcal/day] = (a x BW^b) / 4.184 Kj/calorie; Where BW is in grams; moose equation already in kcal units

Table B2-8  Normalized to Body Weight Free-living (Field) Metabolic Rate (NFMR) 



Receptor Media Abbreviation Value
Moose Browse Moose_Browse 80.0%
Moose Invert Moose_Invert 0.0%
Moose Aquatic Plant Moose_Aquatic Plant 20.0%
Ruffed_grouse Browse Ruffed_grouse_Browse 80.0%
Ruffed_grouse Invert Ruffed_grouse_Invert 20.0%
Ruffed_grouse Aquatic Plant Ruffed_grouse_Aquatic Plant 0.0%
Snowshoe_hare Browse Snowshoe_hare_Browse 100.0%
Snowshoe_hare Invert Snowshoe_hare_Invert 0.0%
Snowshoe_hare Aquatic Plant Snowshoe_hare_Aquatic Plant 0.0%

Table B2-9  Receptor Dietary Composition [media % of diet]



Receptor Dietary Item Abbreviation Value
Moose Browse Moose_Browse 1722
Moose Invert Moose_Invert 3888
Moose Aquatic Plant Moose_Aquatic Plant 1763
Ruffed_grouse Browse Ruffed_grouse_Browse 1722
Ruffed_grouse Invert Ruffed_grouse_Invert 3888
Ruffed_grouse Aquatic Plant Ruffed_grouse_Aquatic Plant 1763
Snowshoe_hare Browse Snowshoe_hare_Browse 1722
Snowshoe_hare Invert Snowshoe_hare_Invert 3888
Snowshoe_hare Aquatic Plant Snowshoe_hare_Aquatic Plant 1763

A) US EPA 1993; Equation 4-17

Table B2-10   Metabolizable Energy (ME) of Dietary Items [kcal/kg] A



Receptor Dietary Item Abbreviation Value Reference/Comments
Moose Browse Moose_Browse 4200 monocot young grasses; US EPA 1993
Moose Invert Moose_Invert 5400 grasshopper, crickets; US EPA 1993
Moose Aquatic Plant Moose_Aquatic Plant 4300 aquatic emergent vegetation; US EPA 1993
Ruffed_grouse Browse Ruffed_grouse_Browse 4200 monocot young grasses; US EPA 1993
Ruffed_grouse Invert Ruffed_grouse_Invert 5400 grasshopper, crickets; US EPA 1993
Ruffed_grouse Aquatic Plant Ruffed_grouse_Aquatic Plant 4300 aquatic emergent vegetation; US EPA 1993
Snowshoe_hare Browse Snowshoe_hare_Browse 4200 monocot young grasses; US EPA 1993
Snowshoe_hare Invert Snowshoe_hare_Invert 5400 grasshopper, crickets; US EPA 1993
Snowshoe_hare Aquatic Plant Snowshoe_hare_Aquatic Plant 4300 aquatic emergent vegetation; US EPA 1993

A) US EPA 1993; Tables 4-1 & 4-2

Table B2-11  Gross Energy (GE) of Dietary Items [kcal/kg dw] A



Receptor Dietary Item Abbreviation Value Reference/Comments
Moose Aquatic Plant Moose_Aquatic Plant 41% mature grasses; US EPA 1993
Moose Browse Moose_Browse 41% mature grasses; US EPA 1993
Moose Invert Moose_Invert 72% terrestrial insects; US EPA 1993
Ruffed_grouse Aquatic Plant Ruffed_grouse_Aquatic Plant 41% mature grasses; US EPA 1993
Ruffed_grouse Browse Ruffed_grouse_Browse 41% mature grasses; US EPA 1993
Ruffed_grouse Invert Ruffed_grouse_Invert 72% terrestrial insects; US EPA 1993
Snowshoe_hare Aquatic Plant Snowshoe_hare_Aquatic Plant 41% mature grasses; US EPA 1993
Snowshoe_hare Browse Snowshoe_hare_Browse 41% mature grasses; US EPA 1993
Snowshoe_hare Invert Snowshoe_hare_Invert 72% terrestrial insects; US EPA 1993

A) US EPA 1993; Table 4-3

Table B2-12   Assimilation Efficiency (AE) of Dietary Items [Percent% Efficiency] A



Table B2-13 Chemical groups
Chemical Group
3-methylcholanthrene PAH
7,12-dimethylbenz(a)anthracene PAH
anthracene PAH
benz(a)anthracene PAH
benzo(a)pyrene PAH
benzo(b)fluoranthene PAH
benzo(g,h,i)perylene PAH
benzo(k)fluoranthene PAH
chrysene PAH
dibenz(a,h)anthracene PAH
fluoranthene PAH
fluorene PAH
formaldehyde VOC
indeno(1,2,3-cd)pyrene PAH
phenanthrene PAH
pyrene PAH



Chemical Value Log(Kow) Reference
3-methylcholanthrene 9.12E+06 6.96E+00 Mackay et al 1992
7,12-dimethylbenz(a)anthracene 2.09E+06 6.32E+00 Mackay et al 1992
anthracene 3.16E+04 4.50E+00 US EPA OSW 2005
benz(a)anthracene 5.01E+05 5.70E+00 US EPA OSW 2005
benzo(a)pyrene 1.00E+06 6.00E+00 US EPA OSW 2005
benzo(b)fluoranthene 1.26E+06 6.10E+00 US EPA OSW 2005
benzo(g,h,i)perylene 3.16E+06 6.50E+00 Health Canada 2009
benzo(k)fluoranthene 1.26E+06 6.10E+00 US EPA OSW 2005
chrysene 5.01E+05 5.70E+00 US EPA OSW 2005
dibenz(a,h)anthracene 3.16E+06 6.50E+00 US EPA OSW 2005
fluoranthene 1.00E+05 5.00E+00 US EPA OSW 2005
fluorene 1.58E+04 4.20E+00 US EPA OSW 2005
formaldehyde 2.24E+00 3.50E-01 US EPA OSW 2005
indeno(1,2,3-cd)pyrene 3.98E+06 6.60E+00 US EPA OSW 2005
phenanthrene 3.16E+04 4.50E+00 US EPA OSW 2005
pyrene 7.94E+04 4.90E+00 US EPA OSW 2005

Table B2-14  Kow



Chemical Value H [Pa m3/mol] H' [Unitless] Reference
3-methylcholanthrene 1.10E-04 1.11E+01 4.51E-03 Assumed equal to B(b)F
7,12-dimethylbenz(a)anthracene 3.40E-06 3.45E-01 1.39E-04 Assumed equal to B(a)A
anthracene 6.50E-05 6.59E+00 2.67E-03 US EPA OSW 2005
benz(a)anthracene 3.40E-06 3.45E-01 1.39E-04 US EPA OSW 2005
benzo(a)pyrene 1.10E-06 1.11E-01 4.51E-05 US EPA OSW 2005
benzo(b)fluoranthene 1.10E-04 1.11E+01 4.51E-03 US EPA OSW 2005
benzo(g,h,i)perylene 3.30E-07 3.35E-02 1.35E-05 Health Canada 2009
benzo(k)fluoranthene 8.30E-07 8.41E-02 3.40E-05 US EPA OSW 2005
chrysene 9.50E-05 9.63E+00 3.90E-03 US EPA OSW 2005
dibenz(a,h)anthracene 1.50E-08 1.52E-03 6.15E-07 US EPA OSW 2005
fluoranthene 1.60E-05 1.62E+00 6.56E-04 US EPA OSW 2005
fluorene 6.40E-05 6.48E+00 2.62E-03 US EPA OSW 2005
formaldehyde 3.36E-07 3.40E-02 1.38E-05 US EPA OSW 2005
indeno(1,2,3-cd)pyrene 1.60E-06 3.52E-02 6.56E-05 US EPA OSW 2005
phenanthrene 2.30E-05 2.33E+00 9.43E-04 US EPA OSW 2005
pyrene 1.10E-05 1.11E+00 4.49E-04 US EPA OSW 2005

Table B2-15  Henry's constant [atm m3 / mol]



Chemical Value VP[atm] VP[Pa] VP[kPa] Reference
3-methylcholanthrene 7.73E-10 1.02E-12 1.03E-07 1.03E-10 Mackay et al 1992
7,12-dimethylbenz(a)anthracene 2.69E-08 3.53E-11 3.58E-06 3.58E-09 Mackay et al 1992
anthracene 2.70E-06 3.6E-09 3.60E-04 3.60E-07 US EPA OSW 2005
benz(a)anthracene 1.10E-07 1.45E-10 1.47E-05 1.47E-08 US EPA OSW 2005
benzo(a)pyrene 5.50E-09 7.24E-12 7.34E-07 7.34E-10 US EPA OSW 2005
benzo(b)fluoranthene 5.00E-07 6.58E-10 6.67E-05 6.67E-08 US EPA OSW 2005
benzo(g,h,i)perylene 1.00E-10 9.87E-14 1.00E-08 1.00E-11 Health Canada 2009
benzo(k)fluoranthene 2.00E-09 2.63E-12 2.66E-07 2.66E-10 US EPA OSW 2005
chrysene 6.20E-09 8.16E-12 8.27E-07 8.27E-10 US EPA OSW 2005
dibenz(a,h)anthracene 1.00E-10 1.32E-13 1.34E-08 1.34E-11 US EPA OSW 2005
fluoranthene 7.83E-06 1.03E-08 1.04E-03 1.04E-06 US EPA OSW 2005
fluorene 6.30E-04 8.3E-07 8.40E-02 8.40E-05 US EPA OSW 2005
formaldehyde 5.24E+03 6.9E+00 6.98E+05 6.98E+02 US EPA OSW 2005
indeno(1,2,3-cd)pyrene 1.00E-10 1.32E-13 2.03E+04 2.03E+01 US EPA OSW 2005
phenanthrene 1.10E-04 1.45E-07 1.47E-02 1.47E-05 US EPA OSW 2005
pyrene 4.60E-06 6.05E-09 6.13E-04 6.13E-07 US EPA OSW 2005

Table B2-16  Vapour pressure [mmHg]



Chemical Value S[kg/m3] Reference
3-methylcholanthrene 1.08E-02 1.08E-05 Mackay et al 1992
7,12-dimethylbenz(a)anthracene 8.70E-02 8.70E-05 Mackay et al 1992
anthracene 4.30E-02 4.30E-05 US EPA OSW 2005
benz(a)anthracene 9.40E-03 9.40E-06 US EPA OSW 2005
benzo(a)pyrene 1.60E-03 1.60E-06 US EPA OSW 2005
benzo(b)fluoranthene 1.50E-03 1.50E-06 US EPA OSW 2005
benzo(g,h,i)perylene 2.60E-04 2.60E-07 Health Canada 2009
benzo(k)fluoranthene 8.00E-04 8.00E-07 US EPA OSW 2005
chrysene 6.30E-03 6.30E-06 US EPA OSW 2005
dibenz(a,h)anthracene 2.50E-03 2.50E-06 US EPA OSW 2005
fluoranthene 2.10E-01 2.10E-04 US EPA OSW 2005
fluorene 2.00E+00 2.00E-03 US EPA OSW 2005
formaldehyde 5.50E+05 5.50E+02 US EPA OSW 2005
indeno(1,2,3-cd)pyrene 2.20E-05 2.20E-08 US EPA OSW 2005
phenanthrene 1.10E+00 1.10E-03 US EPA OSW 2005
pyrene 1.40E+00 1.40E-03 US EPA OSW 2005

Table B2-17  Solubility [mg/L] or [ppm]



Chemical Value Log(Koc) Reference
3-methylcholanthrene 4.68E+05 5.67E+00 Mackay et al 1992
7,12-dimethylbenz(a)anthracene 1.51E+05 5.18E+00 Mackay et al 1992
anthracene 2.35E+04 4.37E+00 US EPA OSW 2005
benz(a)anthracene 3.58E+05 5.55E+00 US EPA OSW 2005
benzo(a)pyrene 9.69E+05 5.99E+00 US EPA OSW 2005
benzo(b)fluoranthene 1.05E+06 6.02E+00 US EPA OSW 2005
benzo(g,h,i)perylene 2.04E+07 7.31E+00 Health Canada 2009
benzo(k)fluoranthene 9.92E+05 6.00E+00 US EPA OSW 2005
chrysene 4.01E+05 5.60E+00 US EPA OSW 2005
dibenz(a,h)anthracene 1.79E+06 6.25E+00 US EPA OSW 2005
fluoranthene 4.91E+04 4.69E+00 US EPA OSW 2005
fluorene 7.71E+03 3.89E+00 US EPA OSW 2005
formaldehyde 2.21E+00 3.44E-01 US EPA OSW 2005
indeno(1,2,3-cd)pyrene 3.08E+06 6.49E+00 US EPA OSW 2005
phenanthrene 2.65E+04 4.42E+00 US EPA OSW 2005
pyrene 6.80E+04 4.83E+00 US EPA OSW 2005

Table B2-18  Koc [(mg/g) / (mg/mL)] or [L/kg]



Chemical Value Reference
3-methylcholanthrene 96.6% Assumed equal to B(b)fluoranthene
7,12-dimethylbenz(a)anthracene 48.3% Assumed equal to B(a)anthracene
anthracene 99.8% US EPA OSW 2005
benz(a)anthracene 48.3% US EPA OSW 2005
benzo(a)pyrene 29.4% US EPA OSW 2005
benzo(b)fluoranthene 96.6% US EPA OSW 2005
benzo(g,h,i)perylene 5.5% Assumed equal to dibenz(a,h)anthracene
benzo(k)fluoranthene 27.3% US EPA OSW 2005
chrysene 74.4% US EPA OSW 2005
dibenz(a,h)anthracene 5.5% US EPA OSW 2005
fluoranthene 99.2% US EPA OSW 2005
fluorene 100.0% US EPA OSW 2005
formaldehyde 100.0% US EPA OSW 2005
indeno(1,2,3-cd)pyrene 0.5% US EPA OSW 2005
phenanthrene 99.9% US EPA OSW 2005
pyrene 99.4% US EPA OSW 2005

Table B2-19  Fraction of Chemical in the Vapour Phase



Chemical Wet Dry Reference Wet Reference Dry
3-methylcholanthrene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
7,12-dimethylbenz(a)anthracene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
anthracene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
benz(a)anthracene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
benzo(a)pyrene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
benzo(b)fluoranthene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
benzo(g,h,i)perylene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
benzo(k)fluoranthene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
chrysene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
dibenz(a,h)anthracene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
fluoranthene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
fluorene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
formaldehyde 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
indeno(1,2,3-cd)pyrene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
phenanthrene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005
pyrene 2.89E-03 1.00E-02 Mackay 1991 Extrapolation from Wesley and Hicks 2000; WESA 2005

Wet deposition velocity based on annual average precipitation of 456mm (Environment Canada 2009)

Table B2-20  Deposition velocities [m/s]



Chemical Kt Ks(yr-1) Half-life [Days] Reference Kv(yr-1) Half-life [Days] Comment/Reference
3-methylcholanthrene 1.83E-01 1.81E-01 1.40E+03 Mackay et al 1992 2.45E-03 1.03E+05 Lymann et al. 1990
7,12-dimethylbenz(a)anthracene 4.03E-01 3.70E-01 6.84E+02 Assumed = B(a)A 3.27E-02 7.75E+03 Lymann et al. 1990
anthracene 4.33E+01 5.50E-01 4.60E+02 US EPA OSW 2005 4.28E+01 5.92E+00 Lymann et al. 1990
benz(a)anthracene 8.94E-01 3.70E-01 6.84E+02 US EPA OSW 2005 5.24E-01 4.82E+02 Lymann et al. 1990
benzo(a)pyrene 5.37E-01 4.80E-01 5.27E+02 US EPA OSW 2005 5.68E-02 4.45E+03 Lymann et al. 1990
benzo(b)fluoranthene 5.51E+00 4.10E-01 6.17E+02 US EPA OSW 2005 5.10E+00 4.96E+01 Lymann et al. 1990
benzo(g,h,i)perylene 3.90E-01 3.89E-01 6.50E+02 Mackay et al 1992 3.02E-04 8.39E+05 Lymann et al. 1990
benzo(k)fluoranthene 1.60E-01 1.20E-01 2.11E+03 US EPA OSW 2005 4.03E-02 6.27E+03 Lymann et al. 1990
chrysene 2.89E-01 2.50E-01 1.01E+03 US EPA OSW 2005 3.93E-02 6.44E+03 Lymann et al. 1990
dibenz(a,h)anthracene 2.70E-01 2.70E-01 9.38E+02 US EPA OSW 2005 3.59E-04 7.05E+05 Lymann et al. 1990
fluoranthene 1.27E+01 5.70E-01 4.44E+02 US EPA OSW 2005 1.22E+01 2.08E+01 Lymann et al. 1990
fluorene 6.58E+02 4.22E+00 6.00E+01 US EPA OSW 2005 6.54E+02 3.87E-01 Lymann et al. 1990
formaldehyde 1.63E+02 3.61E+01 7.01E+00 US EPA OSW 2005 1.26E+02 2.00E+00 Mackay et al 1992; Assumed Class 3 compound
indeno(1,2,3-cd)pyrene 3.74E-01 3.50E-01 7.23E+02 US EPA OSW 2005 2.37E-02 1.07E+04 Lymann et al. 1990
phenanthrene 6.17E+01 1.26E+00 2.01E+02 US EPA OSW 2005 6.05E+01 4.18E+00 Lymann et al. 1990
pyrene 9.03E-01 1.30E-01 1.95E+03 US EPA OSW 2005 7.73E-01 3.27E+02 Lymann et al. 1990

Lymann et al (1990): Volatilization half-life [Days] = (0.0000000158 x Koc x S) / VP

Table B2-21  Degradation and Volatilization Soil Loss Constant (kt) [yr-1]



Chemical Value Half-life [Days] Reference
3-methylcholanthrene 3.57E+00 7.10E+01 Assumed = benzo(a)pyrene
7,12-dimethylbenz(a)anthracene 3.57E+00 7.10E+01 Assumed = benzo(a)pyrene
anthracene 1.10E+01 2.30E+01 Mackay & Hickie 2000
benz(a)anthracene 3.57E+00 7.10E+01 Assumed = benzo(a)pyrene
benzo(a)pyrene 3.57E+00 7.10E+01 Mackay & Hickie 2000
benzo(b)fluoranthene 3.57E+00 7.10E+01 Assumed = benzo(a)pyrene
benzo(g,h,i)perylene 3.57E+00 7.10E+01 Assumed = benzo(a)pyrene
benzo(k)fluoranthene 1.21E+01 2.10E+01 Mackay & Hickie 2000
chrysene 3.57E+00 7.10E+01 Mackay & Hickie 2000
dibenz(a,h)anthracene 3.57E+00 7.10E+01 Assumed = benzo(a)pyrene
fluoranthene 3.57E+00 7.10E+01 Mackay & Hickie 2000
fluorene 3.57E+00 7.10E+01 Mackay & Hickie 2000
formaldehyde 6.33E+01 4.00E+00 Mackay et al 1992, midpt of range (96 hrs)
indeno(1,2,3-cd)pyrene 3.57E+00 7.10E+01 Assumed = benzo(a)pyrene
phenanthrene 3.57E+00 7.10E+01 Mackay & Hickie 2000
pyrene 3.57E+00 7.10E+01 Mackay & Hickie 2000

Table B2-22  Surface water loss constant (ksw) [yr-1]



Receptor Value Comment
Moose 100% Assumed
Ruffed_Grouse 100% Assumed
Snowshoe_hare 100% Assumed

Receptor Value Reference
Browse 63% Site-specific data for Alder (regional data)
Invert 69% Suter et al. 2000 (Table 3.5)
Aquatic Plant 84% Suter et al. 2000 (Table 3.5)

Variable Value Units Reference
Empirical Constant - (y) 2.88 Unitless US EPA OSW 2005
Yield or Standing Biomass for Forage/Browse (Yp) 0.24 kg DW/m2 US EPA OSW 2005
Plant Surface Loss Coefficient - (kp) 18 yr-1 US EPA OSW 2005
Period of Browse Exposure - (Tp) 0.12 yr US EPA OSW 2005
Fraction of COPC in Vapour Phase NA Chemical Specific
Deposition Velocity NA Chemical Specific

Variable Value Comment
Time 80 Based on life expectancy

Variable Value Units Reference
Surface Soil Mixing Depth = Depth1 0.02 m US EPA OSW 2005
Soil Mixing Depth for Plants = Depth2 0.2 m US EPA OSW 2005
Soil Bulk Density 1500 kg/m3 US EPA OSW 2005

Variable Value Units
Universal Gas Constant (R) 8.21E-05 atm m3 / mol
Temperature (T) 288 Kelvin
R x T 2.36E-02 Kelvin atm m3 / mol

Table B2-27  Soil Properties

Table B2-28  Gas Constants

Table B2-23    Percent of Exposure Derived from Impacted Area

Table B2-24   Water Content in Wildlife Food [%]

Table B2-25  Equation Variables Plant Concentration Due to Direct Deposition

Table B2-26  Time Period of Deposition [years]



Aquatic Plant 3-methylcholanthrene Aquatic Plant_3-methylcholanthrene 1.54E+04 Assumed = benzo(a)pyrene; US EPA OSW 1999
Aquatic Plant 7,12-dimethylbenz(a)anthracene Aquatic Plant_7,12-dimethylbenz(a)anthracene 1.54E+04 Based on all PAHs; US EPA OSW 1999
Aquatic Plant anthracene Aquatic Plant_anthracene 1.54E+04 Assumed = PAHs; US EPA OSW 1999
Aquatic Plant benz(a)anthracene Aquatic Plant_benz(a)anthracene 1.54E+04 US EPA OSW 1999 App C, Table C-4 Water-to-Algae BCF
Aquatic Plant benzo(a)pyrene Aquatic Plant_benzo(a)pyrene 1.54E+04 US EPA OSW 1999 App C, Table C-4 Water-to-Algae BCF
Aquatic Plant benzo(b)fluoranthene Aquatic Plant_benzo(b)fluoranthene 1.54E+04 US EPA OSW 1999 App C, Table C-4 Water-to-Algae BCF
Aquatic Plant benzo(g,h,i)perylene Aquatic Plant_benzo(g,h,i)perylene 1.54E+04 Assumed = PAHs; US EPA OSW 1999
Aquatic Plant benzo(k)fluoranthene Aquatic Plant_benzo(k)fluoranthene 1.54E+04 US EPA OSW 1999 App C, Table C-4 Water-to-Algae BCF
Aquatic Plant chrysene Aquatic Plant_chrysene 1.54E+04 US EPA OSW 1999 App C, Table C-4 Water-to-Algae BCF
Aquatic Plant dibenz(a,h)anthracene Aquatic Plant_dibenz(a,h)anthracene 1.54E+04 US EPA OSW 1999 App C, Table C-4 Water-to-Algae BCF
Aquatic Plant fluoranthene Aquatic Plant_fluoranthene 1.54E+04 Assumed = PAHs; US EPA OSW 1999
Aquatic Plant fluorene Aquatic Plant_fluorene 1.54E+04 Assumed = PAHs; US EPA OSW 1999
Aquatic Plant formaldehyde Aquatic Plant_formaldehyde 4.09E-01 US EPA OSW 1999 App C, Table C-4 Water-to-Algae BCF
Aquatic Plant indeno(1,2,3-cd)pyrene Aquatic Plant_indeno(1,2,3-cd)pyrene 1.54E+04 US EPA OSW 1999 App C, Table C-4 Water-to-Algae BCF
Aquatic Plant phenanthrene Aquatic Plant_phenanthrene 1.54E+04 Assumed = PAHs; US EPA OSW 1999
Aquatic Plant pyrene Aquatic Plant_pyrene 1.54E+04 Assumed = PAHs; US EPA OSW 1999
Browse 3-methylcholanthrene Browse_3-methylcholanthrene 3.67E-03 US EPA OSW 2005
Browse 7,12-dimethylbenz(a)anthracene Browse_7,12-dimethylbenz(a)anthracene 8.61E-03 US EPA OSW 2005
Browse anthracene Browse_anthracene 9.71E-02 US EPA OSW 2005
Browse benz(a)anthracene Browse_benz(a)anthracene 1.97E-02 US EPA OSW 2005
Browse benzo(a)pyrene Browse_benzo(a)pyrene 1.32E-02 US EPA OSW 2005
Browse benzo(b)fluoranthene Browse_benzo(b)fluoranthene 1.15E-02 US EPA OSW 2005
Browse benzo(g,h,i)perylene Browse_benzo(g,h,i)perylene 6.78E-03 US EPA OSW 2005
Browse benzo(k)fluoranthene Browse_benzo(k)fluoranthene 1.15E-02 US EPA OSW 2005
Browse chrysene Browse_chrysene 1.97E-02 US EPA OSW 2005

Table B2-29  Literature Derived Regression Models and Bio-concentration Factors for the ERA [DW basis]

Reference/CommentMedia Chemical Abbreviation UF



Table B2-29  Literature Derived Regression Models and Bio-concentration Factors for the ERA [DW basis]

Reference/CommentMedia Chemical Abbreviation UF
Browse dibenz(a,h)anthracene Browse_dibenz(a,h)anthracene 6.78E-03 US EPA OSW 2005
Browse fluoranthene Browse_fluoranthene 4.99E-02 US EPA OSW 2005
Browse fluorene Browse_fluorene 1.45E-01 US EPA OSW 2005
Browse formaldehyde Browse_formaldehyde 8.42E+00 US EPA OSW 2005
Browse indeno(1,2,3-cd)pyrene Browse_indeno(1,2,3-cd)pyrene 5.93E-03 US EPA OSW 2005
Browse phenanthrene Browse_phenanthrene 9.71E-02 US EPA OSW 2005
Browse pyrene Browse_pyrene 5.70E-02 US EPA OSW 2005
Invert 3-methylcholanthrene Invert_3-methylcholanthrene 4.19E-01 Assumed = benzo(a)pyrene; US EPA OSW 1999
Invert 7,12-dimethylbenz(a)anthracene Invert_7,12-dimethylbenz(a)anthracene 4.19E-01 Assumed = benzo(a)pyrene; US EPA OSW 1999
Invert anthracene Invert_anthracene 4.19E-01 Assumed = benzo(a)pyrene; US EPA OSW 1999
Invert benz(a)anthracene Invert_benz(a)anthracene 1.80E-01 US EPA OSW 1999 App C, Table C-1 Soil to Invert BCF
Invert benzo(a)pyrene Invert_benzo(a)pyrene 4.19E-01 US EPA OSW 1999 App C, Table C-1 Soil to Invert BCF
Invert benzo(b)fluoranthene Invert_benzo(b)fluoranthene 4.19E-01 US EPA OSW 1999 App C, Table C-1 Soil to Invert BCF
Invert benzo(g,h,i)perylene Invert_benzo(g,h,i)perylene 4.19E-01 Assumed = benzo(a)pyrene; US EPA OSW 1999
Invert benzo(k)fluoranthene Invert_benzo(k)fluoranthene 4.79E-01 US EPA OSW 1999 App C, Table C-1 Soil to Invert BCF
Invert chrysene Invert_chrysene 2.40E-01 US EPA OSW 1999 App C, Table C-1 Soil to Invert BCF
Invert dibenz(a,h)anthracene Invert_dibenz(a,h)anthracene 4.19E-01 US EPA OSW 1999 App C, Table C-1 Soil to Invert BCF
Invert fluoranthene Invert_fluoranthene 4.19E-01 Assumed = benzo(a)pyrene; US EPA OSW 1999
Invert fluorene Invert_fluorene 4.19E-01 Assumed = benzo(a)pyrene; US EPA OSW 1999
Invert formaldehyde Invert_formaldehyde 8.39E-01 US EPA OSW 1999 App C, Table C-1 Soil to Invert BCF
Invert indeno(1,2,3-cd)pyrene Invert_indeno(1,2,3-cd)pyrene 4.79E-01 US EPA OSW 1999 App C, Table C-1 Soil to Invert BCF
Invert phenanthrene Invert_phenanthrene 4.19E-01 Assumed = benzo(a)pyrene; US EPA OSW 1999
Invert pyrene Invert_pyrene 4.19E-01 Assumed = benzo(a)pyrene; US EPA OSW 1999

Notes:
Predicted Linear Uptake Factors:
UF Soil - Plant [dry weight] = logBCF = 1.588 - 0.578log(Kow); Travis and Arms 1988
UF Soil - Invertebrate [dry weight] = logBCF = 1.146 - 0.819log(Kow); Southworth et al.1978



Media Chemical Abbreviation Value Comment
Moose 3-methylcholanthrene Moose_3-methylcholanthrene 2.35E-02 US EPA OSW 2005
Moose 7,12-dimethylbenz(a)anthracene Moose_7,12-dimethylbenz(a)anthracene 3.36E-04 US EPA OSW 2005
Moose anthracene Moose_anthracene 3.38E-04 US EPA OSW 2005
Moose benz(a)anthracene Moose_benz(a)anthracene 3.99E-04 US EPA OSW 2005
Moose benzo(a)pyrene Moose_benzo(a)pyrene 3.76E-04 US EPA OSW 2005
Moose benzo(b)fluoranthene Moose_benzo(b)fluoranthene 3.65E-04 US EPA OSW 2005
Moose benzo(g,h,i)perylene Moose_benzo(g,h,i)perylene 3.10E-04 US EPA OSW 2005
Moose benzo(k)fluoranthene Moose_benzo(k)fluoranthene 3.65E-04 US EPA OSW 2005
Moose chrysene Moose_chrysene 3.99E-04 US EPA OSW 2005
Moose dibenz(a,h)anthracene Moose_dibenz(a,h)anthracene 3.10E-04 US EPA OSW 2005
Moose fluoranthene Moose_fluoranthene 3.92E-04 US EPA OSW 2005
Moose fluorene Moose_fluorene 2.93E-04 US EPA OSW 2005
Moose formaldehyde Moose_formaldehyde 1.21E-04 US EPA OSW 2005
Moose indeno(1,2,3-cd)pyrene Moose_indeno(1,2,3-cd)pyrene 2.94E-04 US EPA OSW 2005
Moose phenanthrene Moose_phenanthrene 3.38E-04 US EPA OSW 2005
Moose pyrene Moose_pyrene 3.84E-04 US EPA OSW 2005
Ruffed_Grouse 3-methylcholanthrene Ruffed_Grouse_3-methylcholanthrene 1.73E-02 US EPA OSW 2005
Ruffed_Grouse 7,12-dimethylbenz(a)anthracene Ruffed_Grouse_7,12-dimethylbenz(a)anthracene 2.48E-04 US EPA OSW 2005
Ruffed_Grouse anthracene Ruffed_Grouse_anthracene 2.49E-04 US EPA OSW 2005
Ruffed_Grouse benz(a)anthracene Ruffed_Grouse_benz(a)anthracene 2.94E-04 US EPA OSW 2005
Ruffed_Grouse benzo(a)pyrene Ruffed_Grouse_benzo(a)pyrene 2.77E-04 US EPA OSW 2005
Ruffed_Grouse benzo(b)fluoranthene Ruffed_Grouse_benzo(b)fluoranthene 2.69E-04 US EPA OSW 2005
Ruffed_Grouse benzo(g,h,i)perylene Ruffed_Grouse_benzo(g,h,i)perylene 2.28E-04 US EPA OSW 2005
Ruffed_Grouse benzo(k)fluoranthene Ruffed_Grouse_benzo(k)fluoranthene 2.69E-04 US EPA OSW 2005

Table B2-30  Bio transfer factors [day/kg FW]



Media Chemical Abbreviation Value Comment
Table B2-30  Bio transfer factors [day/kg FW]

Ruffed_Grouse chrysene Ruffed_Grouse_chrysene 2.94E-04 US EPA OSW 2005
Ruffed_Grouse dibenz(a,h)anthracene Ruffed_Grouse_dibenz(a,h)anthracene 2.28E-04 US EPA OSW 2005
Ruffed_Grouse fluoranthene Ruffed_Grouse_fluoranthene 2.89E-04 US EPA OSW 2005
Ruffed_Grouse fluorene Ruffed_Grouse_fluorene 2.16E-04 US EPA OSW 2005
Ruffed_Grouse formaldehyde Ruffed_Grouse_formaldehyde 8.88E-05 US EPA OSW 2005
Ruffed_Grouse indeno(1,2,3-cd)pyrene Ruffed_Grouse_indeno(1,2,3-cd)pyrene 2.17E-04 US EPA OSW 2005
Ruffed_Grouse phenanthrene Ruffed_Grouse_phenanthrene 2.49E-04 US EPA OSW 2005
Ruffed_Grouse pyrene Ruffed_Grouse_pyrene 2.83E-04 US EPA OSW 2005
Snowshoe_Hare 3-methylcholanthrene Snowshoe_Hare_3-methylcholanthrene 2.35E-02 US EPA OSW 2005
Snowshoe_Hare 7,12-dimethylbenz(a)anthracene Snowshoe_Hare_7,12-dimethylbenz(a)anthracene 3.36E-04 US EPA OSW 2005
Snowshoe_Hare anthracene Snowshoe_Hare_anthracene 3.38E-04 US EPA OSW 2005
Snowshoe_Hare benz(a)anthracene Snowshoe_Hare_benz(a)anthracene 3.99E-04 US EPA OSW 2005
Snowshoe_Hare benzo(a)pyrene Snowshoe_Hare_benzo(a)pyrene 3.76E-04 US EPA OSW 2005
Snowshoe_Hare benzo(b)fluoranthene Snowshoe_Hare_benzo(b)fluoranthene 3.65E-04 US EPA OSW 2005
Snowshoe_Hare benzo(g,h,i)perylene Snowshoe_Hare_benzo(g,h,i)perylene 3.10E-04 US EPA OSW 2005
Snowshoe_Hare benzo(k)fluoranthene Snowshoe_Hare_benzo(k)fluoranthene 3.65E-04 US EPA OSW 2005
Snowshoe_Hare chrysene Snowshoe_Hare_chrysene 3.99E-04 US EPA OSW 2005
Snowshoe_Hare dibenz(a,h)anthracene Snowshoe_Hare_dibenz(a,h)anthracene 3.10E-04 US EPA OSW 2005
Snowshoe_Hare fluoranthene Snowshoe_Hare_fluoranthene 3.92E-04 US EPA OSW 2005
Snowshoe_Hare fluorene Snowshoe_Hare_fluorene 2.93E-04 US EPA OSW 2005
Snowshoe_Hare formaldehyde Snowshoe_Hare_formaldehyde 1.21E-04 US EPA OSW 2005
Snowshoe_Hare indeno(1,2,3-cd)pyrene Snowshoe_Hare_indeno(1,2,3-cd)pyrene 2.94E-04 US EPA OSW 2005
Snowshoe_Hare phenanthrene Snowshoe_Hare_phenanthrene 3.38E-04 US EPA OSW 2005
Snowshoe_Hare pyrene Snowshoe_Hare_pyrene 3.84E-04 US EPA OSW 2005



Receptor % Reference/Comment
Moose 0.19 US EPA OSW 2005; assumed equal to beef
Ruffed_Grouse 0.14 US EPA OSW 2005; assumed equal to chicken
Snowshoe_Hare 0.19 US EPA OSW 2005; assumed equal to beef

Table B2-31  Fat content



Chemical Value Reference
3-methylcholanthrene 1.00 Assumed
7,12-dimethylbenz(a)anthracene 0.01 Assumed similar to PAHs
anthracene 0.01 Hofelt et al. 2001; US EPA OSW 2005
benz(a)anthracene 0.01 Hofelt et al. 2001; US EPA OSW 2005
benzo(a)pyrene 0.01 Hofelt et al. 2001; US EPA OSW 2005
benzo(b)fluoranthene 0.01 Hofelt et al. 2001; US EPA OSW 2005
benzo(g,h,i)perylene 0.01 Hofelt et al. 2001; US EPA OSW 2005
benzo(k)fluoranthene 0.01 Hofelt et al. 2001; US EPA OSW 2005
chrysene 0.01 Hofelt et al. 2001; US EPA OSW 2005
dibenz(a,h)anthracene 0.01 Hofelt et al. 2001; US EPA OSW 2005
fluoranthene 0.01 Hofelt et al. 2001; US EPA OSW 2005
fluorene 0.01 Hofelt et al. 2001; US EPA OSW 2005
formaldehyde 1.00 Assumed
indeno(1,2,3-cd)pyrene 0.01 Hofelt et al. 2001; US EPA OSW 2005
phenanthrene 0.01 Hofelt et al. 2001; US EPA OSW 2005
pyrene 0.01 Hofelt et al. 2001; US EPA OSW 2005

Table B2-32 Metabolism factor



Lake Parameter Abbreviation Value Units Comment/Reference
Lake LA Lake_LA 4,470,000         m2 Surface water quality assessment
Lake LD Lake_LD 1.85 m Surface water quality assessment
Lake LV Lake_LV 8,269,500         m3 area x depth
Lake FR Lake_FR 387,672            m3/year Surface water quality assessment
Lake FWC Lake_FWC 100% % Assumed entire water column available for mixing

Notes
LA: Lake area
LD: Lake depth
LV: Lake volume
FR: Flow rate
FWC: Fraction of water column

Table B2-33  Lake Parameters for Lake C03
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APPENDIX C: HEALTH CANADA’S PM2.5 SUM15 ASSESSMENT

C-1.0 INTRODUCTION

Predicted acute and chronic inhalation Risk Quotients (RQs) for fine particulate matter (PM2.5)
were less than 1.0 at all locations evaluated within the Human Health Risk Assessment (HHRA),
including the local maximum point of impingement (L-MPOI). This demonstrates that predicted
PM2.5 air concentrations were less than or equal to recognized acute and chronic standards for
PM2.5 and indicates that health risks associated with PM2.5 are considered negligible within the
air quality study area. Acute health risks were predicted based on the Canada-Wide Standard
(CWS) of 30 µg/m3 (24-hour 98th percentile) (CCME 2000), while chronic health risks were
predicted using the California Air Resource Board’s (CARB) standard of 12 µg/m3 (annual
average) (CARB 2002). In addition to comparing the predicted PM2.5 air concentrations to these
recognized standards, Alberta Health and Wellness (AHW) routinely requests an evaluation of
the particulate matter (PM)-attributable health impacts based on Health Canada’s SUM15
method (Health Canada 1999). Therefore this appendix summarizes the results of the
calculations of Health Canada’s “SUM 15” method for the proposed project .

Health Canada’s SUM15 method is used to estimate “excess health risk” by summing daily
PM2.5 air concentrations that exceed 15 µg/m³ (Health Canada 1999). This method differs from
more recent methods recommended by other governmental organizations (U.S. EPA 2005;
WHO 2005) and academic researchers (e.g., Samet 2000; Cohen 2004) that have investigated
and determined the excess risk of mortality and morbidity effects from exposure to daily or
short-term changes in ambient PM concentrations.  For example, the World Health Organization
(WHO) estimates that health risks increase 0.5% for every 10 µg/m3 increase in daily PM2.5

concentrations above 25 µg/m3 (WHO 2005), while the United States Environmental Protection
Agency (U.S. EPA) provides two sets of short-term and long-term PM2.5 standards (U.S. EPA
2005).  These include:

 an annual PM2.5 ambient air quality standard of 15 µg/m³ together with a 24-hour PM2.5

standard in the range of 25 to 35 µg/m³; and

 an annual PM2.5 standard in the range of 12 to 14 µg/m³ together with a 24-hour PM2.5

standard in the range of 35 to 40 µg/m³, “to provide supplemental protection against
episodic localized or seasonal peaks”.

In spite of this data, the SUM15 method was followed to calculate potential excess health risks
for the communities within the air quality study area for which 24-hour PM2.5 air concentrations
were predicted to exceed 15 µg/m³ on one or more days during a year. These communities
include Anzac (R12) and Gregoire Lake Indian Reserve 176 (R13-R16).

C-2.0 AMBIENT PM2.5 MONITORING DATA FOR ANZAC

For comparison purposes only, ambient PM2.5 monitoring data were obtained from the nearest
ambient monitoring station (AMS) in Anzac, Alberta.  Data (24-hour) from this continuous AMS



Appendix C April 2010
Intrinsik Environmental Sciences Inc. – Project #89700 Page D-2

were accessed from the Clean Air Strategic Alliance (CASA) data warehouse (CASA 2010).
Table C1 provides the summary statistics, including the average, standard deviation (st dev),
minimum value (min), maximum value (max), 95th percentile value and 98th percentile value, as
well as the SUM15 values calculated based on the three consecutive years of ambient
monitoring data (2007 to 2009) from this monitoring station. The SUM15 value is equivalent to
the cumulative air concentration of PM2.5 for one year of 24-hour PM2.5 air concentrations that
exceed 15 μg/m³ (i.e., ∑[24-hour PM2.5 air concentration – 15 µg/m³]).

Table C1 Ambient PM2.5 Air Concentrations Measured at the Anzac Air Monitoring
Station (µg/m3)

Year Average St Dev Min Max 95th Percentile 98th Percentile SUM15
2007 5.2 3.6 0.4 34.2 12.2 13.8 37
2008 3.5 2.8 0.6 31.1 9.0 10.0 26
2009 3.3 4.2 0.3 64.5 11.6 11.6 66

Comparison of the ambient annual average PM2.5 concentrations shown in Table C1 (i.e., 3.3 to
5.2 µg/m3) against the CARB standard of 12 µg/m3 indicates that health risks associated with
ambient long-term PM2.5 exposures between 2007 and 2009 were negligible.  Similarly, ambient
24-hour 98th percentile concentrations of PM2.5 from the Anzac AMS (i.e., 10.0 to 13.8) were
below the PM2.5 CWS of 30 µg/m3, signifying negligible health risks associated with ambient
short-term PM2.5 exposure over the three consecutive years of monitoring data. Despite the lack
of both short- and long-term exceedances, short-term or episodic spikes in daily PM2.5

concentrations in excess of 15 µg/m³ did contribute to annual SUM15 values ranging up to
66 µg/m³ in 2009. Figure C1 demonstrates that average daily concentrations are typically
measured above 15 µg/m³ during the summer months. The likely cause of these observed
short-term or episodic spikes in daily PM2.5 concentrations is forest fires.
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Figure C1 Ambient Daily PM2.5 Air Concentrations Measured at the Anzac Air Monitoring
Station Between 2007 and 2009

C-3.0 HEALTH CANADA SUM15 METHOD

“Excess health risks”, as defined by Health Canada (1999) were calculated for Anzac (R12) and
Gregoire Lake Indian Reserve 176 (R13-R16).based on 24-hour PM2.5 air concentrations
predicted for these communities. PM2.5 air concentrations were predicted on an hourly basis for
8,760 hours per year for five consecutive years, using meteorological data from 2002 to 2006
(MEMS, 2010).  From these hourly predictions, the average daily PM2.5 air concentrations were
calculated.  Excess health risks were estimated for each of the five years of PM2.5 air quality
predictions and presented as a range (min to max) for each community and assessment case.

Excess health risks were estimated for mortality, respiratory hospital admissions (RHA), and
cardiac hospital admissions (CHA) based on the calculated cumulative concentration above 15
µg/m³ or SUM15. This required:

 cumulative air concentrations of PM2.5: the one-year sum (i.e., 365 days) of 24-hour
PM2.5 air concentrations that exceed 15 μg/m3 (i.e., ∑[24-hour PM2.5 air concentration –
15 µg/m3]);

 relative risk estimates for mortality, RHA and CHA; and
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 baseline mortality, RHA and CHA incidence rates.

Table C2 provides the range of annual cumulative PM2.5 air concentrations presented for the
two communities in the Baseline Case, Application Case, and Planned Development Case
(PDC). Health Canada’s baseline incidence rates for mortality, CHA, and RHA are presented in
Table C3.

Table C2 Cumulative Daily PM2.5 Air Concentrations Exceeding 15 µg/m3 (µg/m3)
Location Baseline Application PDC

Anzac 0 to 9.7 0 to 9.7 0 to 10
Gregoire Lake Indian Reserve 176 0 to 8.6 0 to 8.6 0 to 18

Table C3 Calculated Baseline Incidence Rates and Relative National Risk Estimates

Health Endpoint
Incidence Rate per

1,000,000 Population
per Day

Relative Risk per 1 µg/m3 Change in PM2.5

Point Estimate 95% Confidence Interval

Mortality 18.4 1.0014 1.001 to 1.0018
Respiratory Hospital
Admissions (RHA) 16 1.00074 1.00049 to 1.00099

Cardiovascular Hospital
Admissions (CHA) 14.4 1.0007 1.00036 to 1.001

Source: Health Canada (1999)

Health Canada uses this information to calculate potential health risks related to mortality, RHA,
and CHA that may be attributable to PM2.5 as follows:

Cumulative PM2.5 concentration x incidence rate x (relative risk – 1) (Eq. 1)

Using Eq. 1, risks were estimated for each health endpoint.  For example, the maximum
predicted change in the daily mortality rate at Anzac for the Baseline Case that would be
attributable to PM2.5 was calculated as follows:

Change in mortality rate = 9.7 µg/m3 x 18.4 per 1,000,000 x (1.0014 – 1)

= 0.25 per 1,000,000

This calculation illustrates that the cumulative PM2.5 concentration of 9.7 µg/m3 predicted for the
Baseline Case at Anzac was associated with a maximum predicted increase in the non-accident
mortality rate of 0.25 per 1,000,000 (i.e., from 18.4 to 18.7).

The remaining calculations for mortality, RHA and CHA are summarized in Tables 4 through 6,
respectively.  The risk estimates are presented in terms of “health effects per 1,000,000 people”.

Table C4 Calculated Mortality (per 1,000,000 people) Attributed to Changes in Daily
PM2.5
Location Baseline Application PDC

Anzac 0.0 to 0.25 0.0 to 0.25 0.0 to 0.26
Gregoire Lake Indian Reserve 176 0.0 to 0.22 0.0 to 0.46 0.0 to 0.46
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Table C5 Calculated Respiratory Hospital Admissions (per 1,000,000 people)
Attributed to Changes in Daily PM2.5
Location Baseline Application PDC

Anzac 0.0 to 0.11 0.0 to 0.11 0.0 to 0.12
Gregoire Lake Indian Reserve 176 0.0 to 0.10 0.0 to 0.10 0.0 to 0.21

Table C6 Calculated Cardiovascular Hospital Admissions (per 1,000,000 people)
Attributed to Changes in Daily PM2.5
Location Baseline Application PDC

Anzac 0.0 to 0.10 0.0 to 0.10 0.0 to 0.10
Gregoire Lake Indian Reserve 176 0.0 to 0.087 0.0 to 0.087 0.0 to 0.18

The results in Table C5 and 6 indicate excess health risks for these communities are considered
negligible since the changes to mortality, RHA and CHA are less than one incident per
1,000,000.  As such, it is unlikely that a PM2.5 attributable health effect (as it relates to the
predicted air concentrations) could be detected at any of the communities, considering the
area’s small population size (i.e., when compared to a population of 1,000,000). For instance, a
change in the RHA of 1.2 per 1,000,000 people would be equivalent to an increase in Health
Canada’s baseline incidence rate of 16 to 17.2 per 1,000,000 population per day, which is
equivalent to an increase in the incidence rate from 0.013 to 0.014 for the population of the
Anzac (i.e., 837 people; RMWB 2008).

C-4.0 CONCLUSIONS

The SUM15 assessment indicates that incremental changes in mortality and morbidity as a
result of the Project are expected to be negligible.  In addition, RQ values calculated on an
acute and chronic basis for these locations were less than 1.0, indicating that predicted 24-hour
concentrations at these communities are below guidelines.  The Project’s PM2.5 emissions are
not expected to increase the mortality and morbidity rates to an appreciable extent in the region.
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