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PREFACE
The Federal Contaminated Sites Action Plan (FCSAP) was established in 2005 as a 15-year horizontal program 
with funding of $4.54 billion from the Government of Canada. In 2019, the program was renewed for another  
15 years, from 2020 until 2035.

The primary objective of FCSAP is to reduce environmental and human health risks from known federal 
contaminated sites in Canada and their associated federal financial liabilities. To achieve this objective, 
FCSAP funds federal departments, agencies and Consolidated Crown corporations (collectively referred to as 
“custodians”) to assess, remediate and risk manage the federal contaminated sites for which they are responsible. 
FCSAP also provides guidance, tools and resources to custodians to ensure that federal contaminated sites are 
managed in a scientifically sound and a nationally consistent manner. The Federal Approach to Contaminated Sites 
and the FCSAP Decision-Making Framework (DMF) provide a 10-step roadmap that outlines the specific activities, 
requirements and key decisions to effectively address federal contaminated sites in Canada. The DMF along with 
other FCSAP-related resources can be found on the FCSAP website.

This guidance document supplements Health Canada’s (HC’s) preliminary and detailed quantitative risk assessment 
guidance and assists federal custodial departments with the consistent assessment of human health risks posed 
by federal contaminated sites across Canada. 

Guidance documents on human health risk assessment (HHRA) prepared by HC in support of FCSAP may be 
obtained by contacting HC at hc.cs-sc.sc@canada.ca or from our website at: www.canada.ca/en/health-canada/
services/environmental-workplace-health/contaminated-sites.html.

As is common with any national guidance, this document will not satisfy all requirements presented by federal 
contaminated sites, custodial departments or risk assessors. As the practice of HHRA advances and as FCSAP 
proceeds, new and updated information on various aspects of HHRA will be published. As a result, it is anticipated 
that revisions and/or addendums to this document will be necessary from time to time to reflect this new 
information. Please consult the HC website above to confirm that the version of the document in your 
possession is the most recent.

HC requests that any questions, comments, suggested additions or revisions to this document be directed  
to HC at the email address identified above.

https://www.canada.ca/en/environment-climate-change/services/federal-contaminated-sites/publications.html
mailto:hc.cs-sc.sc@canada.ca
http://www.canada.ca/en/health-canada/services/environmental-workplace-health/contaminated-sites.html
http://www.canada.ca/en/health-canada/services/environmental-workplace-health/contaminated-sites.html
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SUMMARY OF REVISIONS
Federal Contaminated Site Risk Assessment in Canada: Toxicological Reference Values (TRVs), Version 3.0  
reflects numerous revisions to text and tables, relative to the previous version, Federal Contaminated Site Risk 
Assessment in Canada, Part II: Health Canada Toxicological Reference Values (TRVs) and Chemical-Specific 
Factors, Version 2.0 (HC, 2010). Significant technical revisions to this document include:

• TRVs in Table 1 (TRVs Recommended for use in Human Health Risk Assessments of Federal Contaminated 
Sites) and Appendix A were updated for the following substances:

 › benzene: updated inhalation unit risk [UR]

 › benzo[a]pyrene: new tolerable daily intake [TDI] and tolerable concentration [TC], updated oral 
slope factor [SF] and inhalation UR

 › cadmium: updated TDI [provisional] and inhalation UR

 › carbon tetrachloride: new inhalation UR

 › chromium, hexavalent: new TDI and TC

 › copper: new TDI (single TDI for all age groups)

 › dichlorobenzene, 1,4-: updated TC

 › dichloroethane, 1,2-: updated oral SF

 › dichloromethane: updated TDI, new TC, updated oral SF and inhalation UR

 › ethylbenzene: updated TDI and TC

 › manganese: new TDI (single TDI for all age groups)

 › naphthalene: new TC

 › nickel chloride: updated TDI

 › nickel (oxidic, sulphidic, soluble): inhalation TCs are presented for individual compounds

 › nickel (soluble): an inhalation UR is presented for a mixture of oxidic, sulfidic and soluble 
inorganic nickel compounds

 › nickel sulfate: updated TDI and TC

 › polychlorinated biphenyls (non dioxin-like, i.e., non-coplanar): updated provisional TDI

 › selenium: updated TDIs

 › tetrachloroethylene (PCE): updated TDI and TC

 › toluene: updated TDI and TC

 › trichloroethylene (TCE): new TC and updated inhalation UR

 › uranium: TDI reaffirmed (based on a recent review of the Canadian drinking water quality guideline)

 › vinyl chloride: updated oral SF (separate SFs for continuous lifetime exposure during adulthood vs 
continuous lifetime exposure from birth), and new inhalation URs for continuous lifetime exposure 
during adulthood vs continuous lifetime exposure from birth

 › xylenes (mixed isomers): updated TDI and TC

 › zinc: updated TDIs
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• The following substances were added to Table 1 and Appendix A:

 › beryllium: TDI, TC and inhalation UR

 › chromium, trivalent: TDI and TC

 › lead: provisional TRV (risk-specific dose) from the European Food Safety Authority [EFSA]

 › perfluorooctanoic acid (PFOA): TDI

 › perfluorooctane sulfonate (PFOS): TDI

• Inhalation slope factors (expressed in [mg/kgBW-day]-1) were removed from Table 1 and Appendix A. Inhalation 
unit risks (expressed in [mg/m3]-1) are recommended to be used to characterize incremental lifetime cancer 
risks (ILCRs) from inhalation exposure. Inhalation unit risks are provided in Table 1 and Appendix A.

• Substances and/or TRVs removed from version 2.0 of this guidance (HC, 2010) are listed below. The update 
to this guidance did not involve a review of the toxicological data for these substances and/or TRVs; however, 
if these substances are considered to be potential contaminants of concern at a federal contaminated site, 
then it is recommended that the risk assessor include them in the risk assessment and identify TRVs published 
by other regulatory agencies, with scientific rationale provided in the report.

 › aniline

 › benzo[a]pyrene (dermal slope factor was removed)

 › bis(2-ethyl hexyl)phthalate

 › bis(chloro methyl)ether

 › boron

 › cyanide (free)

 › chromium (total); TRVs are presented for trivalent and hexavalent chromium

 › dibromoethane, 1,2-

 › dibutyl phthalate

 › dichlorobenzidine, 3,3’-

 › dichlorophenol, 2,4-

 › fluoride (inorganic)

 › isopropylbenzene

 › methyl tert-butyl ether (MTBE)

 › molybdenum

 › nitrilotriacetic acid (NTA)

 › pentachlorobenzene

 › phenol

 › styrene

 › tetrachlorobenzene, 1,2,3,4-

 › tetrachlorobenzene, 1,2,3,5-

 › tetrachlorobenzene, 1,2,4,5-

 › tetrachlorophenol, 2,3,4,6-
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 › tributyltin oxide (TBTO)

 › trichlorobenzene, 1,2,3-

 › trichlorobenzene, 1,2,4-

 › trichlorobenzene, 1,3,5-

 › trichlorophenol, 2,4,6-

 › trichloropropane, 1,2,3-

• The table of polycyclic aromatic hydrocarbon (PAH) relative potency factors (RPFs) that was published in 
PQRA Part I (HC, 2012) is now presented in Table 2 (Recommended RPFs) and Table 3 (Provisional RPFs) 
of this document. Because of limited data and a lack of CAS numbers, six PAHs were excluded from the  
list of provisional RPFs (5,8- and 5,9-dimethylchrysene, and 7-, 8-, 9-, and 10-methylchrysene).

• The table of dioxin toxic equivalency factors (TEFs) that was published in PQRA Part I (HC, 2012) is now 
presented in Table 4 of this document.

• The table containing pesticide TRVs (formerly Table 2) was removed. For federal contaminated sites where 
pesticides are contaminants of potential concern, please contact HC.
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ACRONYMS AND ABBREVIATIONS
ADAF age-dependent adjustment factor

AROI acceptable range of oral intake

ATSDR Agency for Toxic Substances and Disease Registry (United States)

B[a]P benzo[a]pyrene

CalEPA California Environmental Protection Agency

CCME Canadian Council of Ministers of the Environment

DRI dietary reference intake

DQRA detailed quantitative risk assessment

EFSA European Food Safety Authority

ETE essential trace element

FCSAP Federal Contaminated Sites Action Plan

HC Health Canada

HHRA human health risk assessment

HQ hazard quotient

ILCR incremental lifetime cancer risk

IOM Institute of Medicine of the National Academies (renamed the National Academy of Medicine in 2015)

IPCS International Programme on Chemical Safety

IRIS Integrated Risk Information System (US EPA)

LOAEL lowest observable adverse effect level

MECP Ontario Ministry of Environment, Conservation and Parks (formerly the Ontario Ministry  
 of the Environment)

MRL minimal risk level

NOAEL no observable adverse effect level

PAH polycyclic aromatic hydrocarbon

PCB polychlorinated biphenyl

PCDD polychlorinated dibenzodioxin

PCDF polychlorinated dibenzofuran

PCE perchloroethylene (tetrachloroethylene)

PFOA  perfluorooctanoic acid

PFOS perfluorooctane sulfonate

PQRA preliminary quantitative risk assessment

RAF relative absorption factor

RAF
Derm

 dermal relative absorption factor

RAIS Risk Assessment Information System

RDA recommended dietary allowance
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RPF relative potency factor

RfC reference concentration

RfD reference dose

SF slope factor

TC tolerable concentration

TCDD 2,3,7,8-tetrachlorodibenzo-p-dioxin

TCE trichloroethylene

TDI tolerable daily intake

TEF toxic equivalency factor

TEQ toxic equivalent

TRV toxicological reference value

UF uncertainty factor

UL tolerable upper intake level

UR unit risk

US EPA United States Environmental Protection Agency

VOC volatile organic compound

WHO World Health Organization
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1.0 INTRODUCTION
This document is part of a series of guidance documents published by HC for use in assessment of human health 
risks at federal contaminated sites in Canada. TRVs are parameters used to quantitatively assess potential human 
health risks associated with exposure to environmental contaminants and are published by a variety of national 
and international agencies for the purpose of characterizing toxicity of substances. TRVs have been established 
for two categories of chemical substances: those with a threshold mode of action, and those with a non-threshold 
mode of action.

• For substances with a threshold mode of action, the TRV is provided as a tolerable daily intake (TDI) for 
oral exposures, or tolerable concentration (TC) for inhalation exposures, typically derived from a dose or 
exposure level at or below which no toxic effects are assumed to occur. To characterize potential risks for 
substances with a threshold mode of action, the estimated exposure is divided by the corresponding oral 
TDI or inhalation TC to obtain a hazard quotient (HQ). For Canadian federal contaminated sites, human health 
risks are considered to be negligible or acceptable when the HQ ≤ 0.2, or ≤ 1.0 where background exposures 
are included (HC, 2021).

• For substances without a threshold (such as certain carcinogens and germ cell mutagens), for which it 
is possible that any level of exposure may result in an adverse effect, the TRV is derived from the fit of 
a model (dose-response relationship linking exposure levels and effects in the observable range) which 
is then extrapolated to low doses. This extrapolation allows for the estimation of oral slope factors (SFs) 
and inhalation unit risks (URs). To characterize risks for substances with a non-threshold mode of action, 
the estimated exposure is multiplied by the corresponding oral SF or inhalation UR to obtain an incremental 
lifetime cancer risk (ILCR). For Canadian federal contaminated sites, human health risks are considered to 
be negligible when the ILCR is ≤ 1 in 100 000 (≤ 1×10-5) (HC, 2021).

Sources of TRVs for use in assessment of potential human health risks at Canadian federal contaminated sites 
include, but are not limited to the following:

• Health Canada (HC)—various sources including:

 › Contaminated Sites Reports and Publications—Federal Contaminated Site Risk Assessment in Canada: 
www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-publications/
contaminated-sites.html

 › Environmental Contaminants: www.canada.ca/en/health-canada/services/environmental-workplace-
health/reports-publications/environmental-contaminants.html

 › Chemicals Management Plan: www.canada.ca/en/health-canada/services/chemical-substances/ 
chemicals-management-plan.html

 › Water Quality—Reports and Publications: www.canada.ca/en/health-canada/services/environmental-
workplace-health/reports-publications/water-quality.html

 › Air Quality and Health: www.canada.ca/en/health-canada/services/air-quality.html

• United States Environmental Protection Agency (US EPA)

 › Integrated Risk Information System (IRIS): www.epa.gov/iris. TRVs are generally identified by the  
US EPA as oral reference doses (RfDs), inhalation reference concentrations (RfCs), oral slope factors (SFs), 
and inhalation unit risks (URs).

https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-publications/contaminated-sites.html
https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-publications/contaminated-sites.html
https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-publications/environmental-contaminants.html
https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-publications/environmental-contaminants.html
https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-publications/water-quality.html
https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-publications/water-quality.html
https://www.canada.ca/en/health-canada/services/air-quality.html
https://www.epa.gov/iris
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• California Environmental Protection Agency (CalEPA)

 › Chemicals Database: https://oehha.ca.gov/chemicals

 › The CalEPA employs the same general terminology as the US EPA.

• World Health Organization (WHO) and the International Programme on Chemical Safety (IPCS)—various 
sources including:

 › Chemical Safety Information from Intergovernmental Organizations: www.inchem.org

 › International Programme on Chemical Safety: www.inchem.org; www.who.int/ipcs/en

 › Air Quality: www.euro.who.int/en/what-we-do/health-topics/environmental-health/air-quality

 › TRVs are generally identified by the WHO and the IPCS as tolerable daily intakes (TDIs).

• United States Agency for Toxic Substances and Disease Registry (ATSDR)

 › Toxicological Profiles: www.atsdr.cdc.gov/toxprofiles/index.asp

 › The ATSDR generally identifies TRVs as minimal risk levels (MRLs).

https://oehha.ca.gov/chemicals
http://www.inchem.org/
http://www.inchem.org/
http://www.who.int/ipcs/en
http://www.euro.who.int/en/what-we-do/health-topics/environmental-health/air-quality
http://www.atsdr.cdc.gov/toxprofiles/index.asp
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2.0 TRVs RECOMMENDED BY HEALTH CANADA

2.1 TRVs FOR ENVIRONMENTAL CONTAMINANTS
For the assessment of potential human health risks posed by substances found at federal contaminated sites in 
Canada, HC TRVs are recommended when available, unless justification is provided for the use of TRVs published 
by other regulatory agencies and based on more recent science. TRVs recommended for environmental 
contaminants are presented in Table 1; however, not all of the TRVs were derived by HC. In order to enable 
standardization of HHRAs for federal contaminated sites, where HC did not have a published TRV, TRVs were 
identified from other regulatory agencies. The TRV basis, method of derivation, level of protection, uncertainty 
or confidence level, and any modifications made were considered in the identification of TRVs for use in HHRAs 
of federal contaminated sites.

For substances that lack a TRV from regulatory or advisory agencies, please contact HC. If risk assessors prefer 
to apply published TRVs other than those presented in Table 1 (e.g., more recent data have been used by 
a different agency), these TRVs may be applied with scientific rationale to support such use.

The TRVs presented in Table 1 are recommended for chronic exposures. At this time, HC does not prescribe 
TRVs for exposures of lesser duration (i.e., acute, subchronic). Short-duration TRVs from other regulatory agencies 
may be used in risk assessments of federal contaminated sites, with scientific rationale.

2.2 TRVs FOR ESSENTIAL TRACE ELEMENTS
Recommended TRVs for essential trace elements (ETEs) are presented in Table 1.

The approach for establishing TRVs for ETEs considers the benefits and risks associated with these substances; 
this approach reflects their characterization as essential elements. For potential risks posed at federal 
contaminated sites in Canada from exposure to contaminants considered to be ETEs, it is recommended 
that the tolerable upper intake level (UL) be used as the reference exposure level for human health risk 
assessment—specifically, the ULs published by the Institute of Medicine of the National Academies (IOM, 2000, 
2001). In other words, the UL is interpreted and applied as a TDI for oral exposure. The use of ULs to assess 
the non-carcinogenic risks of an ETE does not preclude the need to quantify cancer risks for ETEs that may 
also be carcinogenic.

Some elemental contaminants found at federal contaminated sites can also be ETEs. For example, the WHO 
considers the following trace elements to be essential in human nutrition: iron (FAO/WHO, 2001), chromium, 
cobalt, copper, iodine, molybdenum, selenium and zinc (WHO, 1996, 2002). For this reason, the underlying 
assumption for RfDs and TDIs that a zero intake is without risk, is inappropriate for ETEs (WHO, 2002). Manganese 
is now fully recognized as essential to human health (IOM, 2001), and there is a growing body of evidence that 
suggests that silicon, boron, nickel, and vanadium play essential metabolic roles in some species. These latter 
substances have been considered to be probable ETEs by the WHO since 1996. However, given that human  
data on ULs for probable ETEs are limited, HHRAs of federal contaminated sites should address exposure to  
such ETEs based on the TRVs presented in Table 1.

ETE deficiency in the diet can result in functional or structural abnormalities associated with biochemical changes. 
These effects may be reversed by adequate supplementation of the ETE (e.g., Mertz, 1980; WHO, 1996). 
Conversely, excess intake of an ETE may result in toxicity, which is considered when establishing TDIs or RfDs. 
However, some TDIs or RfDs for ETEs can be overly conservative when compared to dietary reference intakes 
(DRIs) established by the IOM’s Food and Nutrition Board (IOM, 2000, 2001).
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The Expert Advisory Committee on Dietary Reference Intakes (DRI Committee) developed a framework 
for development of dietary allowances and recommendations (IOM, 2000, 2001). The DRIs apply to healthy 
Canadian populations and consider bioavailability as well as nutrient and dietary interactions (Mertz, 1995; IOM, 
2000, 2001; WHO, 2002). DRIs are normally developed for the general population, according to age and gender 
(IOM, 2000, 2001). These DRIs consider physiological state to protect sensitive subpopulations (Mertz, 1998; 
Munro, 1999).

For each ETE, a safe range of intakes has been established to avoid deficiency and toxicity (‘acceptable range 
of oral intake’ or AROI [WHO, 2005]). Each ETE has a homeostatic mechanism which involves regulation of 
absorption, excretion, and tissue retention. This mechanism allows adaptation to varying nutrient intakes for 
optimal systemic supply in order for essential functions to be carried out (WHO, 2002). AROIs, including intake 
from food and water, are maintained under homeostasis in healthy populations (IOM, 2000, 2001). As nutrient 
needs vary considerably among individuals, deficiency and toxicity are not necessarily encountered at the lower 
and upper bounds of the AROIs, respectively (Becking, 1998). For DRIs within AROI limits, IOM (2000, 2001) 
defined the following:

• Recommended Dietary Allowance (RDA): average daily nutrient intake level sufficient to meet the nutrient 
requirement of nearly all (97% to 98%) healthy individuals in a particular life stage and gender group;

• Adequate Intake: recommended average daily intake level based on observed or experimentally determined 
approximations or estimates of nutrient intake by a group (or groups) of apparently healthy people that are 
assumed to be adequate—used when an RDA cannot be determined;

• Estimated Average Requirement: average daily nutrient intake level estimated to meet the requirement  
of half the healthy individuals in a particular life stage and gender group; and,

• Tolerable Upper Intake Level (UL): highest average daily nutrient intake level that is likely to pose no risk  
of adverse health effects to almost all individuals in the general population—as intake increases above the UL, 
potential risk of adverse effects may increase.

The ULs are not specific data points from any particular dose-response relationship, but are derived using 
well-established principles of risk assessment (WHO, 2002). Various data sources, such as epidemiological 
studies, clinical trials, and experimental studies, can be used to estimate ULs (WHO, 1996, 2002; IOM, 2000, 
2001). ULs are derived from no observable adverse effect levels (NOAELs) and/or lowest observable adverse 
effect levels (LOAELs) (IOM, 2000, 2001). Uncertainty factors (UFs) are applied to NOAELs or LOAELs in the 
calculation of ULs (WHO, 2002). However, these UFs tend to be lower than those traditionally used to establish 
TDIs or RfDs, while fully protecting human health (Mertz, 1995). The UFs used to establish ULs are generally 
less than 10, owing to the quality of available human data (Becking, 1998; Munro, 1999; Dourson et al., 2001). 
The ULs consider risks from nutrient deficiencies and toxicity, as well as inter-individual variability (WHO, 2002).

2.3 RELATIVE POTENCY FACTORS/TOXIC EQUIVALENCY FACTORS
Some substances, such as polycyclic aromatic hydrocarbons (PAHs) and polychlorinated dibenzo-p-dioxins 
(PCDDs) and polychlorinated dibenzofurans (PCDFs), are typically present as complex mixtures in the 
environment; however, for many individual PAHs and PCDDs/PCDFs, toxicological data are insufficient 
to establish TRVs.
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Mixtures of carcinogenic PAHs are assessed using relative potency factors (RPFs), also referred to as potency 
equivalence factors. An RPF is the ratio of carcinogenic potential of an individual PAH relative to benzo[a]pyrene 
(B[a]P). For a given mixture, the concentration of each carcinogenic PAH is multiplied by its RPF, and the resulting 
concentrations are summed to estimate a B[a]P equivalent concentration. Recommended RPFs for carcinogenic 
PAHs provided in Table 2 are those recommended by the Canadian Council of Ministers of the Environment 
(CCME, 2010). For PAHs that are not routinely analyzed or for which no regulatory RPFs currently exist, provisional 
RPFs are presented in Table 3. These RPFs are subject to uncertainty and are therefore considered provisional. 
The RPFs are based on an analysis of available RPFs and scientific literature (Equilibrium Environmental Inc. [EEI], 
2006). The PAHs considered by EEI (2006) were those that may be present at Canadian federal contaminated 
sites. EEI (2006) compiled RPFs for each individual PAH from several regulatory agencies, in order to analyze their 
variation. Where RPFs varied by < 1 order of magnitude, this was considered to suggest a general consensus; for 
those that varied by > 1 order of magnitude, EEI (2006) conducted a more detailed analysis to support the 
selection of a potentially appropriate RPF. Risk assessors are encouraged to consult other sources for more recent 
data; RPFs based on more recent literature can be used in an HHRA with supporting rationale.

Exposures to mixtures of PCDDs/PCDFs and dioxin-like polychlorinated biphenyls (PCBs) are assessed using 
the WHO’s toxic equivalency factors (TEFs) (van den Berg et al., 2006). For a given mixture, the concentration 
of each PCDD, PCDF and PCB is multiplied by its respective TEF, and the resulting concentrations are summed 
to estimate a 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) toxic equivalent (TEQ) concentration. TEFs for PCDDs, 
PCDFs and certain carcinogenic PCBs are provided in Table 4.

3.0 RELATIVE ABSORPTION FACTORS FOR 
DERMAL EXPOSURE

The degree of absorption of a substance into the systemic circulation depends on the route of exposure (oral, 
inhalation or dermal), the medium of exposure (e.g., soil, drinking water, food), as well as other factors, such 
as the physico-chemical properties of the substance, duration and frequency of exposure.

Ideally, health risks from an environmental exposure would be evaluated using a TRV derived from a study using 
the same route of exposure and the same medium of exposure. When this is not possible, relative absorption 
factors (RAFs) may be used to account for differences in absorption under environmental exposure conditions vs. 
conditions in the TRV study. As dermal TRVs are rarely available, dermal exposure associated with a contaminant 
is typically assessed in relation to an oral TRV, by incorporating a dermal absorption factor.

An RAFDerm is calculated as follows:

RAFDerm = fraction of chemical absorbed through the skin from environmental medium

fraction of chemical absorbed in principal oral TRV study

The denominator represents the chemical absorption efficiency in the principal study used to derive the oral TRV. 
For example, if dermal absorption is 10% and oral absorption in the principal TRV study is 100%, the RAFDerm 
would be 10% ÷ 100% = 10%. Similarly, if oral absorption in the principal TRV study is only 50%, then the RAFDerm 
would be 10% ÷ 50% = 20%. As such, an RAFDerm of 1 (i.e., 100%) does not indicate that absorption is complete; 
rather, absorption from environmental exposure is considered equivalent to the absorption observed in the 
principal study upon which the TRV is based.
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Recommended RAFDerm values are provided in Table 5. Unless otherwise indicated, these values were obtained 
from the Ontario Ministry of the Environment, Conservation and Parks (MECP, 2011; formerly the Ontario Ministry 
of the Environment). For substances not listed in Table 5, RAFDerm may be obtained from the sources listed at 
the beginning of this section, as well as from the Risk Assessment Information System (RAIS; http://rais.ornl.gov) 
or other recognized sources. Where alternate data sources are used, rationale with references should be provided 
in the report.

Dermal absorption of contaminants from contact with water during activities such as swimming, bathing, and 
showering can be estimated by employing dermal permeability constants (PDerm, available from US EPA, 2004) 
and using methods described by the US EPA (1992, 2007a). HC uses a ‘multiroute assessment approach’ to 
determine the relative contribution of inhalation and dermal exposure associated with bathing and showering 
in relation to the total dose from exposure to a contaminant in drinking water (Krishnan and Carrier, 2008).

4.0 SUMMARY TABLES
The following tables provide a summary of recommended TRVs (Table 1), recommended RPFs for PAHs (Table 2), 
provisional RPFs for PAHs (Table 3), TEFs for PCDDs, PCDFs and PCBs (Table 4), and dermal RAFs (Table 5). 
A summary of the basis of each TRV recommended by HC for use in HHRA of federal contaminated sites is 
presented in Appendix A. It is recommended that selected TRVs and associated key health effects be described 
and summarized in the risk assessment report, with a discussion of both carcinogenic and non-carcinogenic 
effects by exposure route (i.e., oral, dermal, inhalation), as appropriate.

Table 1: TRVs Recommended for Use in Human Health Risk Assessments of Federal Contaminated Sites

Substance

Non-Carcinogenic TRVs* Carcinogenic TRVs*

Oral Tolerable 
Daily Intake

TDI

mg/kg
BW

-day

Inhalation 
Tolerable 

Concentration

TC

mg/m3

Oral Slope 
Factor

SF

(mg/kg
BW

-day)-1

Inhalation 
Unit Risk

UR

(mg/m3)-1

Arsenic 1.8 6.4

Barium 0.2

Benzene 0.083 0.016

Benzo[a]pyrene (B[a]P) 0.0000667 0.000002 1.289 0.6

Beryllium 0.002 0.00002 2.4

Cadmium 0.0008p 4.2

Carbon tetrachloride1 0.00071 0.006

Chlorobenzene 0.43 0.01p

Chromium, trivalent 1.5 0.0001

Chromium, hexavalent 0.0022 0.0001 76

Copper 0.426

Dichlorobenzene, 1,2- 0.43

Dichlorobenzene, 1,4- 0.11 0.06

Dichloroethane, 1,2- 0.0033

Dichloroethylene, 1,1- 0.003

Dichloromethane (methylene chloride)2 0.014 0.6 0.002 0.00001

http://rais.ornl.gov
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Substance

Non-Carcinogenic TRVs* Carcinogenic TRVs*

Oral Tolerable 
Daily Intake

TDI

mg/kg
BW

-day

Inhalation 
Tolerable 

Concentration

TC

mg/m3

Oral Slope 
Factor

SF

(mg/kg
BW

-day)-1

Inhalation 
Unit Risk

UR

(mg/m3)-1

Ethylbenzene 0.022 2

n-Hexane 0.1p 0.7p

Lead3 0.0005p

Manganese 0.025

Mercury, inorganic4 0.0003

Methylmercury
women of child-bearing age, infants and children < 12 years
non-sensitive adults of the general population

0.0002p

0.00047p

Methylnaphthalene, 2- 0.004

Naphthalene 0.02 0.01

Nickel chloride 0.0013

Nickel oxide 0.000025

Nickel subsulfide 0.000018

Nickel, metallic 0.000018p

Nickel sulfate 0.012 0.00002

Nickel, mixture of oxidic5, sulfidic6, and soluble7 inorganic 
nickel compounds

1.3

Perfluorooctanoic acid (PFOA) 0.000021

Perfluorooctane sulfonate (PFOS) 0.00006

Polychlorinated biphenyls (PCBs), non dioxin-like 
(i.e., non-coplanar)

0.00001p

Polychlorinated biphenyls (PCBs), dioxin-like (i.e., coplanar)8 2.3E-09 TEQp

Polychlorinated dibenzo-p-dioxins/ Polychlorinated 
dibenzofurans (PCDDs/PCDFs)8

2.3E-09 TEQp

Pyrene 0.03

Selenium

0 to < 6 months 0.0055UL

 6 months to < 5 years 0.0060UL

5 to < 12 years 0.0063UL

12 to < 20 years 0.0062UL

≥ 20 years 0.0057UL

Tetrachloroethylene (PCE) 0.0047 0.04

Toluene 0.0097 2.3

Trichloroethylene (TCE) 0.00146 0.002 0.000811 0.0041

Uranium, non-radioactive 0.0006

Vinyl chloride9

for continuous lifetime exposure 
during adulthood

0.24 0.0044

for continuous lifetime exposure from birth 0.48 0.0088

Xylenes, mixed isomers 0.013 0.1
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Substance

Non-Carcinogenic TRVs* Carcinogenic TRVs*

Oral Tolerable 
Daily Intake

TDI

mg/kg
BW

-day

Inhalation 
Tolerable 

Concentration

TC

mg/m3

Oral Slope 
Factor

SF

(mg/kg
BW

-day)-1

Inhalation 
Unit Risk

UR

(mg/m3)-1

Zinc

0 to < 6 months 0.49UL

6 months to < 5 years 0.48UL

5 to < 12 years 0.51UL

12 to < 20 years 0.54UL

≥ 20 years 0.57UL

mg/kgBW-day = milligrams per kilogram of body weight per day, (mg/kgBW-day)-1 = per milligram per kilogram of body weight per day, 
mg/m3 = milligrams per cubic metre, (mg/m3)-1 = per milligram per cubic metre

* Extracted from a variety of sources. A summary of key information used in the derivation of the TRVs is provided in Appendix A.
UL Tolerable upper intake level
p  Provisional value
1 The carbon tetrachloride inhalation UR should not be used if the concentration of carbon tetrachloride in air exceeds 18 mg/m3 (US EPA, 2010).
2 The dichloromethane oral SF and inhalation UR should not be used with exposures exceeding 60 mg/kgBW-day (oral) and 7700 mg/m3 (inhalation), 

respectively (US EPA, 2011). Application of ADAFs is recommended when assessing incremental cancer risk from exposure during early life stages 
(US EPA, 2011).

3 HC has not derived a TRV for lead. Based on the available scientific literature, no threshold could be established for the identified critical effect 
for lead (neurodevelopmental toxicity). HC (2013a,b) therefore recommended that lead be considered a non-threshold substance. The risk-specific 
dose from EFSA (2013) is recommended as a provisional TRV.

4 Exposure to mercury through consumption of fish, seafood, and marine mammals should be compared with the TRV for methylmercury, 
the predominant form of mercury in these foods.

5 Oxidic nickel includes nickel oxide, nickel-copper oxide, nickel silicate oxides, and other complex nickel oxides.
6 Sulfidic nickel includes nickel subsulfide
7  Soluble nickel includes water-soluble forms of nickel (primarily nickel sulfate and nickel chloride), as well as other more stable forms 

(e.g., nickel-bearing sulfide minerals and nickel oxide) that can dissolve under certain environmental pH conditions (e.g., acidic mine tailings) 
or redox potential conditions (e.g., buried reducing sediment).

8 PCDDs, PCDFs, and dioxin-like PCBs are assessed by converting their concentrations to units of 2,3,7,8-TCDD TEQs using TEFs. These TEFs 
are published in van den Berg et al. (2006) and provided in Table 4 below. The sum of the TEQs is then compared to the TDI for 2,3,7,8-TCDD.

9 The vinyl chloride inhalation UR should not be used if the concentration of vinyl chloride in air exceeds 10 mg/m3 (US EPA, 2000).

Table 2: Recommended RPFs for Carcinogenic PAHs

PAH CAS No. Benzo[a]Pyrene RPF1

Benzo[a]pyrene 50-32-8 1

Benzo[a]anthracene 56-55-3 0.1

Benzo[b]fluoranthene 205-99-2 0.1

Benzo[g,h,i]perylene 191-24-2 0.01

Benzo[j]fluoranthene 205-82-3 0.1

Benzo[k]fluoranthene 207-08-9 0.1

Chrysene 218-01-9 0.01

Dibenzo[a,h]anthracene 53-70-3 1

Indeno[1,2,3-cd]pyrene 193-39-5 0.1
1 The PAH RPFs in this table are those published in CCME (2010), and are recommended to evaluate the carcinogenic potential of PAH mixtures 

at federal contaminated sites.
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Table 3: Provisional RPFs for Carcinogenic PAHs 

PAH CAS No. Provisional Benzo[a]pyrene RPF1

Anthanthrene 191-26-4 0.1
Benzo[c]chrysene 194-69-4 0.01
Benzo[g]chrysene 196-78-1 0.1
Benzo[c]phenanthrene 195-19-7 0.01
Cyclopenta[c,d]pyrene 27208-37-3 0.1
Dibenzo[a,e]fluoranthene 5385-75-1 1
Dibenzo[a,e]pyrene 192-65-4 1
Dibenzo[a,h]pyrene 189-64-0 1
Dibenzo[a,i]pyrene 189-55-9 1
Dibenzo[a,l]pyrene 191-30-0 100
9,10- Dimethylanthracene 781-43-1 0.01
7,12- Dimethylbenzo[a]anthracene 57-97-6 10
1,2- Dimethylbenzo[a]pyrene 16757-85-0 1
1,6- Dimethylbenzo[a]pyrene 16757-90-7 0.1
3,6- Dimethylbenzo[a]pyrene 16757-91-8 1
4,5- Dimethylbenzo[a]pyrene 16757-89-4 1
5,6- Dimethylchrysene 3697-27-6 0.1
5,7- Dimethylchrysene 52171-92-3 0.1
5,11- Dimethylchrysene 14207-78-4 1
1,4- Dimethylphenanthrene 22349-59-3 0.01
4,10- Dimethylphenanthrene 23189-63-1 0.001
5- Ethylchrysene 54986-62-8 0.1
Fluoranthene 206-44-0 0.001
7- Methylbenzo[a]anthracene 2541-69-7 1
8- Methylbenzo[a]anthracene 2381-31-9 1
9- Methylbenzo[a]anthracene 2381-16-0 0.1
12- Methylbenzo[a]anthracene 2422-79-9 0.1
11- Methylbenzo[b]fluorene 77969-74-5 0.01
1- Methylbenzo[a]pyrene 40568-90-9 1
2- Methylbenzo[a]pyrene 16757-82-7 1
3- Methylbenzo[a]pyrene 16757-81-6 1
4- Methylbenzo[a]pyrene 16757-83-8 1
5- Methylbenzo[a]pyrene 31647-36-6 0.1
6- Methylbenzo[a]pyrene 2381-39-7 0.1
11- Methylbenzo[a]pyrene 16757-80-5 1
12- Methylbenzo[a]pyrene 4514-19-6 1
5- Methylchrysene 3697-24-3 1
6- Methylchrysene 1705-85-7 0.1
2- Methylfluoranthene 33543-31-6 0.001
Phenanthrene 85-01-8 0.001
2,9,10- Trimethylanthracene 63018-94-0 0.01
2,3,9,10- Tetramethylanthracene 66552-77-0 0.01

1  The RPFs in this table are based on an analysis of available RPFs and scientific literature by EEI (2006), and may be used if these PAHs are measured 
at federal contaminated sites.The RPFs are relative to benzo[a]pyrene, provisional and based on limited data. RPFs based on more recent literature 
can be used with rationale.
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Table 4: TEFs for PCDDs, PCDFs, and Dioxin-Like PCBs

Substance CAS No. TEF1

Polychlorinated Dibenzo-p-dioxins

2,3,7,8- Tetrachlorodibenzo-p-dioxin (TCDD) 1746-01-6 1

1,2,3,7,8- Pentachlorodibenzo-p-dioxin (PeCDD) 40321-76-4 1

1,2,3,4,7,8- Hexachlorodibenzo-p-dioxin (HxCDD) 39227-28-6 0.1

1,2,3,6,7,8- Hexachlorodibenzo-p-dioxin (HxCDD) 57653-85-7 0.1

1,2,3,7,8,9- Hexachlorodibenzo-p-dioxin (HxCDD) 19408-74-3 0.1

1,2,3,4,6,7,8- Heptachlorodibenzo-p-dioxin (HpCDD) 35822-46-9 0.01

Octachlorodibenzo-p-dioxin (OCDD) 3268-87-9 0.0003

Polychlorinated Dibenzofurans

2,3,7,8- Tetrachlorodibenzofuran (TCDF) 51207-31-9 0.1

1,2,3,7,8- Pentachlorodibenzofuran (PeCDF) 57117-41-6 0.03

2,3,4,7,8- Pentachlorodibenzofuran (PeCDF) 57117-31-4 0.3

1,2,3,4,7,8- Hexachlorodibenzofuran (HxCDF) 70648-26-9 0.1

1,2,3,6,7,8- Hexachlorodibenzofuran (HxCDF) 57117-44-9 0.1

1,2,3,7,8,9- Hexachlorodibenzofuran (HxCDF) 72918-21-9 0.1

2,3,4,6,7,8- Hexachlorodibenzofuran (HxCDF) 60851-34-5 0.1

1,2,3,4,6,7,8- Heptachlorodibenzofuran (HpCDF) 67562-39-4 0.01

1,2,3,4,7,8,9- Heptachlorodibenzofuran (HpCDF) 55673-89-7 0.01

Octachlorodibenzofuran (OCDF) 39001-02-0 0.0003

Non-ortho Substituted PCB Congeners

PCB 77 32598-13-3 0.0001

PCB 81 70362-50-4 0.0003

PCB 126 57465-28-8 0.1

PCB 169 32774-16-6 0.03

Mono-ortho Substituted PCB Congeners

PCB 105 32598-14-4 0.00003

PCB 114 74472-37-0 0.00003

PCB 118 31508-00-6 0.00003

PCB 123 65510-44-3 0.00003

PCB 156 38380-08-4 0.00003

PCB 157 69782-90-7 0.00003

PCB 167 52663-72-6 0.00003

PCB 189 39635-31-9 0.00003
1 Source: van den Berg et al. (2006)
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Table 5: Recommended Dermal Relative Absorption Factors (RAFDerm)

Substance RAF
Derm

1 Substance RAF
Derm

1

Arsenic 0.03 n-Hexane4 1

Barium 0.1 Lead5 0.006

Benzene2 0.03 Mercury6 1

Benzo[a]pyrene (B[a]P)3 0.148 Methylmercury 0.06

Beryllium 0.1 Nickel7 0.09

Cadmium 0.01 PAHs3 0.148

Carbon tetrachloride 0.03 PCBs 0.14

Chlorobenzene 0.03 PCDDs/PCDFs 0.03

Chromium, total 0.1 Selenium 0.01

Chromium, hexavalent 0.1 Tetrachloroethylene 0.03

Copper 0.06 Toluene 0.03

Dichlorobenzene, 1,2- (o-DCB) 0.03 Trichloroethylene 0.03

Dichlorobenzene, 1,4- (p-DCB) 0.03 Uranium 0.1

Dichloroethane, 1,2- 0.03 Vinyl chloride 0.03

Dichloroethylene, 1,1- 0.03 Xylenes, mixed isomers 0.03

Dichloromethane (methylene chloride) 0.03
Zinc 0.1

Ethylbenzene 0.03
1 RAFDerm are those recommended by the Ontario MECP (2011), unless otherwise noted.
2 Unless otherwise indicated, the default value for volatile organic compounds (VOCs), including benzene, is 0.03 (MECP, 2011).
3 HC research on in vitro dermal absorption of B[a]P from commercial gardening soil spiked with 14C-B[a]P (Moody et al., 2007) identified a mean 

dermal absorption (total of receiver + skin depot ) of 0.148 (14.8%) and is recommended as the dermal absorption of B[a]P from soil. Consistent 
with the MECP (2011) approach for other PAHs, the default RAFDerm for all PAHs is the same as that for B[a]P (i.e., 0.148 or 14.8%).

4 No data regarding the relative dermal absorption of n-hexane were identified; therefore, an RAFDerm of 1 is recommended, as per CCME (2011).
5 The dermal RAF for lead was determined by dividing 0.3% (absolute dermal absorption value [Moore et al., 1980]) by 50% (oral absorption of lead 

from food and water [US EPA 2007b]), i.e., 0.3% / 50% = 0.006 or 0.6%.
6 The RAFDerm for mercury is based on the absolute dermal absorption (46.6%) in human skin (Moody et al. [2009]), and is comparable to the range of 

oral absorption of mercuric chloride (HgCl2) in water (30–40%) observed in male rats (Morcillo and Santamaria [1995]). Given the observed similarity 
in dermal and oral absorption of mercury, an RAFDerm of 1 is recommended.

7 The RAFDerm for nickel was determined by dividing 1.0% (absolute dermal absorption value [Moody et al., 2009]) by 11% (approximate oral 
bioavailability [Ishimatsu et al., 1995]), i.e., 1.0% / 11% = 0.09 or 9%.
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ACRONYMS FOR APPENDIX A
ADAF age-dependent adjustment factor

BMC benchmark concentration

BMCL benchmark concentration lower limit of a one-sided 95% confidence interval on the BMC

BMD benchmark dose

BMDL benchmark dose lower limit of a one-sided 95% confidence interval on the BMD

BMDL
01/05/10

  lower 95% confidence limit on a benchmark dose associated with a 1%, 5%, or 10% response

BW body weight

CF conversion factor

CMP Chemicals Management Plan

DWEL drinking water equivalent level

EHMI equivalent human monthly intake

ESOD erythrocyte superoxide dismutase

HEC human equivalent concentration

HEQ human equivalent

IR
w
 water ingestion rate

LEC lowest effect concentration

LOAEL lowest observable adverse effect level

MF modifying factor

NOAEL  no observable adverse effect level

PBPK  physiologically based pharmacokinetic (model)

PND postnatal day

POD  point of departure

pTDI provisional tolerable daily intake

pTMI  provisional tolerable monthly intake

pTWI  provisional tolerable weekly intake

RfC reference concentration

RfD  reference dose

SF slope factor

TC  tolerable concentration

TC
05

  tumorigenic concentration found to induce a 5% increase in the incidence of, or deaths due to, 
 tumours considered to be associated with exposure

TDI  tolerable daily intake

TEF toxic equivalency factor

TEQ toxic equivalent
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TRV  toxicological reference value

UF  uncertainty factor

UL tolerable upper intake level (for essential elements)

UR  unit risk

ACRONYMS FOR TRV SOURCES
ATSDR Agency for Toxic Substances and Disease Registry

BCL Battelle’s Columbus Laboratories

CCME Canadian Council of Ministers of the Environment

CDHS California Health and Human Services Agency’s Department of Health Services

CEPA  Canadian Environmental Protection Act

CSTEE Scientific Committee on Toxicity, Ecotoxicity and the Environment

HC  Health Canada

EC  Environment Canada

ECB European Chemicals Bureau

ECCC Environment and Climate Change Canada

EFSA European Food Safety Authority

FAO  Food and Agriculture Organization (United Nations)

IARC  International Agency for Research on Cancer

IOM  Institute of Medicine of the National Academies

IRIS  Integrated Risk Information System (US EPA)

JBRC Japan Bioassay Research Centre

NIOSH National Institute for Occupational Safety and Health

NTP  National Toxicology Program

OEHHA California Environmental Protection Agency’s Office of Environmental Health Hazard Assessment

US EPA United States Environmental Protection Agency

WHO  World Health Organization
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UNITS
g/kg

BW
 grams per kilogram of body weight

kg kilograms

L/day litres per day

mg/day milligrams per day

mg/L milligrams per litre

mg/kg
BW

 milligrams per kilogram of body weight

mg/kg
BW

-day milligrams per kilogram of body weight per day

(mg/kg
BW

-day)–1 per milligram per kilogram of body weight per day

mg/m3 milligrams per cubic metre

(mg/m3)–1 per milligram per cubic metre

µg/day micrograms per day

µg/g micrograms per gram

µg/kg
BW

 micrograms per kilogram of body weight

µg/kg
BW

-day micrograms per kilogram of body weight per day

µg/L micrograms per litre

(µg/L)-1 per microgram per litre

µg/m3 micrograms per cubic metre

ng/kg
BW

 nanograms per kilogram of body weight

ng/kg
BW

-day nanograms per kilogram of body weight per day

pg/kg
BW

 picograms per kilogram of body weight

pg/kg
BW

-day picograms per kilogram of body weight per day

pg/kg
BW

-month picograms per kilogram of body weight per month

ppm parts per million

(ppm)-1 per part per million
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