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Glossary

Benchmark Concentration

Human equivalent
concentration

Lowest-observed-adverse-
effects-level

Lowest-observed-effects-
level

Minimal Risk Level

No-observed-adverse-
effects-level

No-observed-effects-level

Reference Concentration

Reference Dose

Reference Exposure Level

Relative bioavailability

Statistically calculated lower 95% confidence limit on the concentration
that produces a defined response (called the benchmark response or
BMR, usually 5 % or 10 %) for an adverse effect compared to
background, often defined as 0 % or 5%.

Human concentration of an agent that is believed to induce the same
magnitude of a toxic effect that the known animal dose has induced.

A term that describes the benchmark on a threshold dose-response
curve at which the lowest dose results in observed adverse health
effects. May be used in place of a NOAEL where a NOAEL cannot be
determined.

A term that describes the benchmark on a threshold dose-response
curve at which the lowest dose results in any observed health effects.
May be used in place of a NOEL where a NOEL cannot be determined.

A term used by the ATSDR to describe an estimate of daily human
exposure to a hazardous substance that is likely to be without an
appreciable risk of adverse non carcinogenic health effects over a
specified route and duration of exposure.

A term that describes the benchmark on a threshold dose-response
curve at which the highest dose does not result in adverse effects.

A term that describes the benchmark on a threshold dose-response
curve at which the highest dose does not result in any effects.

The RfC is an estimate of lifetime daily exposure to a non-carcinogen in
air for the general human population that appears to be without
appreciable risk of deleterious effects expressed in mg chemical/kg
body weight-day.

An estimate of lifetime daily exposure to a non-carcinogen for the
general human population that appears to be without appreciable risk of
deleterious effects expressed in mg chemical/kg body weight-day.

A term used by California EPA to describe an airborne level of a
chemical that is not anticipated to present a significant risk of an
adverse non-carcinogenic health effect

A comparative fraction which predicts bioavailability in one medium or
form in relation to the medium for which the TRV was derived.
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Slope Factor

Tolerable Concentration

Tolerable upper intake level

Tumorigenic Dose

Uncertainty Factor

Unit Risk (UR)

A plausible upper bound estimate of the probability of a response per
unit intake of a chemical over a lifetime expressed as (mg chemical/kg
body weight-day)-1 and is used to express carcinogenic effects.

A term used by Health Canada to describe concentrations in air that a
person may be continuously exposed to over a lifetime without adverse
effects.

A term used by the IOM to describe the highest daily nutrient intake that
will not result in adverse health effects.

A term used to describe a dose that will induce an increase in the
incidence of tumors or deaths due to tumours as calculated from a non-
threshold dose-response curve.

A factor that is applied to NOAELs or LOAELSs to yield an RfC or RfD.
For example, the UF can be used to account for intra-species and inter-
species extrapolations.

Unit risks estimate the upper bound probability of an individual
developing cancer following exposure to a particular level (usually as 1
ug/L in water or 1 pg/m?) of a potential carcinogen. For example, if the
unit risk is 1.2 x 10 pg/L then it is expected that 1.2 excess tumours are
expected to occur per 1,000,000 people exposed to 1 pg of that
chemical in 1 L of drinking water.

Acronyms

AAQC Ambient Air Quality Criteria

AAQO Ambient Air Quality Objective
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International Agency for Research on Cancer. An organization of the WHO
Intake of concern

Institute of Medicine
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1.0 INTRODUCTION

The methods and approaches used by Jacques Whitford to determine Toxicity Reference Values
(TRVs) for use in the HHRA are outlined in this document. Toxicity Reference Values were obtained
for each of the identified chemicals of potential concern (COPC). For the purpose of this assessment,
TRVs are defined as values used to describe acceptable doses of chemicals that will not result in the
development of unacceptable adverse health effects (e.g., RfD, RfC) or are benchmarks that are policy
derived and health based (e.g., AAQC).

Numerous sources were consulted in order to obtain toxicological and benchmark values (e.g., Health
Canada; US EPA Integrated Risk Information System (IRIS); Ontario Ministry of the Environment
(MOE); Agency for Toxic Substances and Disease Registry (ATSDR); Canadian Council of the
Ministers of the Environment (CCME); World Health Organization (WHOQ); California Environmental
Protection Agency (CalEPA); Texas Commission on Environmental Quality (TCEQ)). When TRVs for
a particular COPC were available from multiple regulatory agencies, all of the TRVs were reviewed and
professional judgment of an experienced toxicologist was used to select the most appropriate TRV for
use in this assessment.

1.1 Dose-Response Patterns

Chemicals generally follow either a threshold (non-carcinogens) or non-threshold (carcinogens) dose-
response relationship. For threshold dose-responses, a specific dose (e.g., lowest observed adverse
effect level (LOAEL) or a no-observable adverse effect level (NOAEL)) can be identified. These values,
adjusted by appropriate uncertainty factors (when required) are known as the reference dose (RfD) or
reference concentration (RfC) for the oral and inhalation routes of exposure, respectively. Some
regulatory agencies have substituted the term RfD to be reflective of objectives and toxicological
endpoints; for example, Health Canada replaces the term with tolerable daily intake (TDI) and the
ATSDR uses a minimal risk level (MRL). Health Canada also uses a tolerable concentration (TC) to
express concentrations in air that a person can be continuously exposed to over their lifetime without
adverse effects rather than an RfC. In some cases, a TC or RfC may not be available for a COPC and
an inhalation value may be calculated using a route-to-route extrapolation based on the oral TDI. For
the purposes of this risk assessment, this route-to-route extrapolation involves an assumed Health
Canada body weight of 70.7 kg and an inhalation rate of 15.8 m®day for an adult, where applicable.

Non-threshold effects are defined by the observation of adverse effects regardless of concentration and
length of exposure. Primarily, two TRVs are used to describe carcinogenic effects: the slope factor
(SF) and unit risk (UR). The SF is a plausible upper-bound estimate of the probability of a response
per unit intake of a chemical over a lifetime, expressed as (mg/kg body weight/day)™. It is used to
estimate an upper bound probability of an individual developing cancer as a result of exposure to a
particular level of a potential carcinogen. Unit risks are used to estimate an upper bound probability of
an individual developing cancer as a result of exposure to a particular level (usually as 1 pg/L in water,
or 1 ug/m? in air) of a potential carcinogen. Health Canada uses tumorigenic doses and concentrations
to develop slope factors or unit risks for substances that are considered to have non-threshold or
carcinogenic effects. The potency is expressed as a dose or concentration that will induce a 5%
increase in the incidence of tumours or deaths due to tumours as calculated from a dose-response
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curve. The TRVs that defined the 5% increased are tumorigenic concentration 05 (TCgys) primarily used
as a benchmark for exposure to a certain chemical in air or tumorigenic dose 05 (TDgs).

1.2 Bioavailability

The definition of bioavailability varies with the source and context in which the term is used. The
simplest and broadest definition of bioavailability describes the extent or rate that a chemical enters a
receptor or is made available at the target site (i.e., blood). There are two specific types of
bioavailability that are applicable to risk assessment: absolute and relative bioavailability. Absolute
bioavailability is the fraction or percentage of an administered dose that reaches systemic circulation
(blood) irrespective of via the gastrointestinal tract, skin or lungs. Relative bioavailability is the absolute
bioavailability in one medium divided by the absolute bioavailability of the chemical under the conditions
used to derive the TRV. Therefore, the relative bioavailability is a comparative fraction which predicts
bioavailability in one medium or form in relation to the medium for which the TRV was derived. Relative
bioavailability can be expressed as a relative absorption fraction (RAF).
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CRITERIA AIR CONTAMINANTS

2.0 AMMONIA

Ammonia is a colorless gas with a very distinct odor. Many household and industrial cleaners contain
ammonia, and it is also used to make fertilizers for farm crops, lawns, and other plants (ATSDR, 2004).

There are no documented health effects from exposure to low levels of ammonia (ATSDR, 2004).
Exposure to high levels of ammonia in the air can cause irritation of the skin, eyes, throat and lungs,
potentially causing coughing and burns (ATSDR, 2004). Inhalation of very high concentrations of
ammonia can cause lung damage and possible death (ATSDR, 2004). Ingestion of concentrated
ammonia can burn the mouth, throat and stomach. Contact of ammonia with eyes can cause burns
and blindness (ATSDR, 2004).

2.1 Assessment of Carcinogenicity

The IARC and the US EPA have not classified ammonia for carcinogenicity and is not considered as a
carcinogen in the HHRA.

2.2 Susceptible Populations

People who suffer from severe liver or kidney disease may be susceptible to ammonia intoxication
(ATSDR, 2004). Since ammonia is a respiratory tract irritant, persons who are hyper-reactive to other
respiratory irritants, or who are asthmatic, would be expected to be more susceptible to ammonia
inhalation effects (ATSDR, 2004).

2.3 Selection of Toxicity = Reference Values

Numerous sources were consulted in order to obtain toxicological and benchmark values for COPCs.
A summary of the reviewed studies, and the rationale for the selection of the TRVs used in the HHRA,
is outlined below.

2.3.1 Oral Exposure

2.3.1.1 Non-Carcinogenic Toxicity Reference Values

In this risk assessment, ammonia is only being evaluated through the inhalation pathway; therefore, a
non-carcinogenic oral TRV has not been selected.

2.3.1.2  Cancer Toxicity Reference Values

Ammonia is not classified as a carcinogenic substance; therefore, a carcinogenic oral TRV has not
been selected.
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2.3.2 Inhalation Exposure
2.3.2.1 Non-Carcinogenic Toxicity Reference Values

2.3.2.1.1 Acute Inhalation Toxicity Reference Values (1  -hour, 24 -hour)

The California Environmental Protection Agency (CalEPA, 2008a) derived a 1-hour exposure limit of
3200 pg/m® based on four human studies from which eye and respiratory irritation was observed
(Industrial Biotest Laboratories, 1973; MacEwen et al., 1970; Silverman et al., 1949; Verberk, 1977).
Each study used volunteer human subjects exposed to ammonia at varying durations (5 minutes to 2
hours) and at varying concentrations of ammonia (2100 to 3.55 x 10> pg/m®. A benchmark
concentration (BC) approach was used to obtain the exposure limit using a log-normal probit analysis.
The 95% lower confidence limit (LCL) of the concentration expected to produce a response rate of 5%
is defined as the BCgs; therefore, the BCys for ammonia from this analysis was 9520 ug/ms. An inter-
individual uncertainty factor of 3 was applied to account for variation in the human population. The
resulting value 3200 pg/m?® was selected for the risk assessment.

The 24-hour exposure limit used in this risk assessment was selected from the Ontario Ministry of the
Environment (MOE). A 24-hour AAQC benchmark of 100 pg/m?® was derived (MOE, 2008) based on
respiratory irritation with no additional information regarding benchmark derivation provided.

2.3.2.1.2 Chronic Inhalation Toxicity Reference Values

The US EPA (1991) derived an RfC of 100 pg/m® based on an occupational study conducted by
Holness et al (1989). Holness et al. (1989) investigated 52 production workers exposed to ammonia in
a soda ash facility. The control group used in the study consisted of 31 other plant workers from stores
and office areas of the plant without previous exposure to ammonia. The mean age of the workers was
38.9 years and duration of exposure was 12.2 years. The mean time-weighted average (TWA)
ammonia exposures based on personal sampling over one work shift (average sample collection 8.4
hours) of the exposed and cont r ol groups W and 210 & g/M®0réspectivgly.
guestionnaire was administered at the beginning and end of each work shift on the first workday of the
week and the last workday of the week to obtain information on exposure and work histories and to
determine eye, skin and respiratory symptomatology. No statistical difference in the prevalence of the
reporting symptoms was evident between the exposed and control groups, although workers reported
that exposure at the plant had aggravated specific symptoms including coughing, wheezing, nasal
complaints, eye irritation, throat discomfort and skin problems. Baseline lung functions were similar in
the exposed and control groups. No changes in lung function were demonstrated over either work shift
(days 1 or 2) or over the workweek in the exposed group compared with controls.

Based on the lack of subjective symptomatology and changes in spirometry, the US EPA (1991)
established a NOAEL 6,400 ¢ g /°.rAn adjustment was made to convert the occupational scenario
NOAEL into a continuous exposure NOAEL of 2,300 ¢ g /° rtbreathing volume for an 8-hour
occupational exposure = 10 m®day, breathing volume for a 24-hour continuous exposure = 20 m*/day;
therefore, NOAEL(ADJ) = 6400 £g/m® x ((10/20) x 5 days/7 days = 2300 £g/m°). The adjusted NOAEL
of 2,300 pg/m® was modified by a cumulative uncertainty factor of 30 (10 to account for the protection of
sensitive humans and 3 to account for database deficiencies) to arrive at a RfC of 100 pg/m®.
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ATSDR (2004) derived a chronic MRL of 70 pg/m® based on the same study as US EPA (1991)
(Holness et al., 1989). The MRL was calculated by adjusting the NOAEL of 6,440 € g /° (the mean
TWA exposure concentration) to a continuous exposure (6,440 x 8/24 hours x 5/7 days) and dividing by
an uncertainty factor of 10 for the protection of sensitive individuals. A modifying factor of 3 was used
for the lack of reproductive and developmental studies to arrive at a chronic MRL of 70 pg/m?® (ATSDR,
2004).

CalEPA (2008b) also derived a chronic REL of 200 pg/m® based on the same occupational study
(Holness et al.,, 1989) from which the US EPA derived their chronic inhalation RfC. The CalEPA
(2008b) chronic REL value differs from the US EPA (1991) RfC because CalEPA did not apply an
uncertainty factor of 3 to account for database deficiencies, resulting in a less stringent REL.

The US EPA RfC value of 100 pg/m?® was selected for the risk assessment because, while ATSDR
MRLs are appropriate as screening levels for hazardous substances, the US EPA provided a more
comprehensive review of epidemiologic literature and as such, a higher level of confidence was placed
in the RfC.

2.3.2.2  Cancer Inhalation Toxicity Reference Values

Ammonia is not classified as a carcinogenic substance; therefore, a carcinogenic inhalation
toxicological reference value has not been selected.

2.4 Bioavailability

In this risk assessment, ammonia is only being evaluated through the inhalation pathway; as a result,
oral and dermal bioavailability/absorption factors have not been determined. With regards to the
inhalation pathway, it has been conservatively assumed that ammonia is completely absorbed (i.e.
absorption factor is 1).

2.9 Conclusion

The following tables present Ammonia TRVs selected for use in this risk assessment.

Table 2-1 Ammonia Oral TRVs used in the HHRA

Toxicity Reference Value ‘ Reference

Critical Effect Source

Value (mg/kg/day) Type

Non-carcinogenic

TRV NE

Ammonia

Carcinogenic Slope

Factor NE

NE- Not Evaluated

Table 2-2 Ammonia Inhalation TRVs used in the HHRA

Reference

Duration ‘ Value ? ‘ Critical Effect Agency
Type
1-Hour 3200 Eye and.Re.splratory Benchmark CalEPA, 1999
Ammonia Irritation
24-Hour 100 Eye and Respiratory Benchmark MOE AAQC,
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Irritation 2005

Lack of evidence of
decreased pulmonary
function changes in
subjective symptomology

Annual Average 100 RfC US EPA, 1991

2 Units:Non-carci nogeni/my COPC (¢eg
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3.0 CARBON MONOXIDE

Carbon monoxide (CO) is a colorless, tasteless, odorless, and non-irritating gas. It is a primary product
of incomplete combustion of fuels such as natural gas, oil, wood, propane and kerosene.

Exposure to low concentrations of CO can lead to fatigue; at higher concentrations, health effects of
CO inhalation include impaired vision, impaired coordination, headaches, dizziness, confusion, nausea,
and flu-like symptoms and can escalate to angina, reduced brain function and ultimately death (US
EPA, 2009).

The mechanism of toxicity principally associated with health effects of greatest concern from CO
exposure is it entering the bloodstream and reducing oxygen delivery to the body's organs and tissues,
known as hypoxia induced by elevated carboxyhemoglobin (COHb) blood levels (US EPA, 2000).

3.1 Assessment of Carcinogenicity

The US EPA and Health Canada have not classified carbon monoxide (CO) with respect to
carcinogenicity. For the purpose of this risk assessment carbon monoxide was evaluated as a non-
carcinogenic substance.

3.2 Susceptible Po pulations

Evidence suggests that individuals with heart disease, including stable exercise-induced angina,
coronary artery disease, and ischemic heart disease, represent that population at greatest risk from
exposure to ambient CO levels (Health Canada, 1994). In addition, pregnant women, fetuses and
young infants, individuals with anemia or respiratory disease, the elderly, children, and persons with
peripheral vascular disease and chronic obstructive lung disease may be more susceptible to the effect
of CO exposure (Health Canada, 1994).

3.3 Selection of Toxicity Reference Values

Numerous sources were consulted in order to obtain toxicological and benchmark values for COPCs.
A summary of the reviewed studies, and the rationale for the selection of the TRVs used in the HHRA,
is outlined below.

3.3.1 Oral Exposure

3.3.1.1  Non-Carcinogenic Toxicity Reference Values

In this risk assessment, CO is only being evaluated through the inhalation pathway; therefore, a non-
carcinogenic oral TRV has not been selected.

3.3.1.2 Cancer Toxicity Reference Values

Carbon monoxide is not classified as a carcinogenic substance; therefore, a carcinogenic oral TRV has
not been selected.
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3.3.2 Inhalation Exposure
3.3.2.1 Non-Carcinogenic Toxicity Reference Values

3.3.2.1.1 Acute Inhalation Toxicity Reference Values (1  -hour, 24-hour)

Based on uncertainties in the available data, along with conservative assumptions, Health Canada
(1994) recommended that the National Ambient Air Quality Objective (NAAQO) maximum desirable
level (MDL) be based upon a carboxyhaemoglobin (COHDb) blood level of less than 1%. This level is the
upper end of the range of baseline COHb levels experienced in normal, non-smoking individuals from
endogenous population. The Physiologically Based Pharmacokinetic (PBPK) model of Coburn, Forster
and Kane (1965) was used to produce ambient CO concentrations based on the allowable COHb level.
Based on this modeling exercise, a 1-h o ur exposur e ‘onuldXesultinleds tham 1%mn
COHb in exposed people. This value was adopted as the 1-hour NAAQO MDL for CO by Health
Canada (1994).

The U.S. EPA National Ambient Air Quality Standards provide a maximum acceptable 1-hour level of
CO of 40,000 pg/m?® (US EPA, 2009). No further information regarding the derivation of this value was
available.

As it is most conservative, the 1-hour TRV of 15,000 € g /° was selected as the acute exposure limit for
CO for the current assessment. A 24-hour TRV for CO was not identified for use in the risk
assessment.

3.3.2.1.2 Chronic Inhalation Toxicity Reference Values
No chronic non-carcinogenic TRV for CO was identified for use in the risk assessment.
3.3.2.2  Cancer Inhalation Toxicity Reference Values

Carbon monoxide is not classified as a carcinogenic substance; therefore, a carcinogenic inhalation
TRV has not been selected.

3.4 Bioavailability

In this risk assessment, CO is only being evaluated through the inhalation pathway; as a result, oral
and dermal bioavailability/absorption factors have not been determined. With regards to the inhalation
pathway, it has been conservatively assumed that CO is completely absorbed (i.e. absorption factor is
1.

35 Conclusion

The following tables present CO TRVs selected for use in this risk assessment.
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Table 3-1 Carbon Monoxide Oral TRVs used in the HHRA

Toxicity Reference Value Reference

Value (mg/kg/day) Critical Effect Type Source

Non-carcinogenic NE
Carbon TRV
Monoxide Carcinogenic Slope NE
Factor

NE- Not Evaluated

Table 3-2 Carbon Monoxide Inhalation TRVs used in the HHRA

COPC Duration ‘ Value Critical Effect Reference Agency
| _ Type - -
carboxyhaemoglobin (COHb) blood level of Health Canada,
i 1-Hour 15,000 less than 1%. Benchmark 1994
Carbon
Monoxide 24-Hour NV
Annual NV
Average

2 Units:Non-carcinogeni c’),GOPNDValeg/ m
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4.0 HYDROGEN CHLORIDE

At room temperature, hydrogen chloride is a colorless to slightly yellow, corrosive, nonflammable gas
that is heavier than air and has a strong irritating odor (ATSDR, 2002). On exposure to air, hydrogen
chloride forms dense white corrosive vapors. Upon contact with water, it forms hydrochloric acid. Both
hydrogen chloride and hydrochloric acid are corrosive (ATSDR, 2002). Hydrogen chloride has many
uses, including cleaning, pickling, electroplating metals, tanning leather, and refining and producing a
wide variety of products (ATSDR, 2002). Hydrogen chloride can be formed during the burning of many
plastics (ATSDR, 2002).

Hydrogen chloride is irritating and corrosive to any tissue it contacts. Brief exposure to low levels
causes throat irritation (ATSDR, 2002). Exposure to higher levels can result in rapid breathing,
narrowing of the bronchioles, blue coloring of the skin, accumulation of fluid in the lungs, and even
death. Exposure to even higher levels can cause swelling and spasm of the throat and suffocation.
Some people may develop an inflammatory reaction to hydrogen chloride. This condition is called
reactive airways dysfunction syndrome (RADS), a type of asthma caused by some irritating or corrosive
substances (ATSDR, 2002).

Depending on the concentration, hydrogen chloride can produce mild irritation to severe burns of the
eyes and skin (ATSDR, 2002). Long-term exposure to low levels can cause respiratory problems, eye
and skin irritation, and discoloration of the teeth (ATSDR, 2002).

4.1 Assessmen t of Carcinogenicity

No information from is available from Health Canada or the US EPA on the carcinogenic effects of
hydrogen chloride in.

The US EPA has not classified HC| with respect to potential carcinogenicity (US EPA, 1995).

Hydrogen Chloride is not carcinogenic; therefore it is only being evaluated as a non- carcinogenic
substance in this assessment.

4.2 Susceptible Populations

People working in occupations in which hydrogen chloride is used have the highest risk of being
exposed to this compound (ATSDR, 2002). Exposure of the general population is minimal (ATSDR,
2002).

4.3 Selection of Toxicity Reference Values

Numerous sources were consulted in order to obtain toxicological and benchmark values for COPCs.
A summary of the reviewed studies, and the rationale for the selection of the TRVs used in the HHRA,
is outlined below.
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4.3.1 Oral Exposure

4.3.1.1 Non-Carcinogenic Toxicity Reference Values

In this risk assessment, hydrogen chloride is only being evaluated through the inhalation pathway;
therefore, a non-carcinogenic oral toxicological reference value has not been selected.

4.3.1.2  Cancer Toxicity Reference Values

Hydrogen chloride is not classified as a carcinogenic substance; therefore, a carcinogenic oral
toxicological reference value has not been selected.

4.3.2 Inhalati on Exposure
4.3.21  Non-Carcinogenic Toxicity Reference Values

4.3.2.1.1 Acute Inhalation Toxicity Reference Values (1  -hour, 24 -hour)

The 1-hour exposure limit used in this risk assessment was selected from Alberta Environment (AENV).
AENV (2007) derived an AAQO benchmark (1-hour) of 75 pg/m? for hydrogen chloride, This value is
based on health effects with no additional information regarding benchmark derivation provided.

A 24-hour exposure benchmark of 690 pg/m® for hydrogen chloride was selected from the Ontario
Ministry of the Environment (MOE). This acute inhalation value was based on occupational health
effects with appropriate safety factors applied in the derivation of the AAQC (Szakolcai, 2009). No
additional information regarding benchmark derivation was provided.

4.3.2.1.2 Chronic Inhalation Toxicity Reference Values

The US EPA (1995) has developed an RfC of 20 ug/m?® for hydrogen chloride based on a study
conducted by Albert et al. (1982), and discussed by Sellakumar et al. (1985). 100 male Sprague-
Dawley rats were exposedt o 1 5, 0¥h§drogeg thraride (HCI) for 6 hours/day, 5 days/week for
their lifetimes. All animals were observed daily, weighed monthly, and allowed to die naturally or were
sacrificed when moribund. Complete necropsy was performed on all animals, with particular attention
given to the respiratory tract. Histologic sections were prepared from the nasal cavity, lung, trachea,
larynx, liver, kidneys, testes and other organs where gross pathological signs were present; however,
Sellakumar et al. (1985) did not discuss histopathological events in organs other than the respiratory
tract. HCl-exposed animals showed no differences in body weights or survival when compared with air
controls. The researchers indicated 62/99 exposed animals with epithelial or squamous hyperplasia in
the nasal mucosa vs. 51/99 in the concurrent control group. Incidence of squamous metaplasia was 9
and 5 in the exposed and control rats, respectively. There was a 24% incidence of hyperplasia of
laryngeal-tracheal segments in exposed rats vs. 6% in the controls. Based on the results, the 15,000
e g P ooncentration was considered a LOAEL. This LOAEL was adjusted for human equivalency and
resulted in a LOAEE(@USER)199)f TheUSEPA (8995) applied a cumulative
uncertainty factor of 300 (a factor of 3 for interspecies differences, 10 for intraspecies extrapolations,
and 10 to extrapolate from a LOAEL to a NOAEL) to arrive at a final RfC of 20 pg/m? for hydrogen
chloride.
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4.3.2.2  Carcinogenic Inhalation Toxicity Reference Values

Hydrogen chloride is not classified as a carcinogenic substance; therefore, a carcinogenic inhalation
toxicological reference value has not been selected.

4.4 Bioavailability

In this risk assessment, hydrogen chloride is only being evaluated through the inhalation pathway; as a
result, oral and dermal bioavailability/absorption factors have not been determined. With regards to the
inhalation pathway, it has been conservatively assumed that hydrogen chloride is completely absorbed
(i.e. absorption factor is 1).

4.5 Conclusion

The following tables present Hydrogen Chloride TRVs selected for use in this risk assessment.

Table 4-1 Hydrogen Chloride Oral TRVs used in the HHRA

Toxicity Reference Value - Reference
Value (mg/kg/day) Critical Effect Type Source
Non-carcinogenic NE
Hydrogen TRV
Chloride Carcinogenic Slope
NE
Factor

NE- Not Evaluated

Table 4-2 Hydrogen Chloride Inhalation TRVs used in the HHRA

Reference
1-Hour 75 Health Based Benchmark AEN;/O'S'?QO’
Hydrogen MOE AAQC,
Chloride 24-Hour 20 Health Based Benchmark 2008
Annual Average 20 Hyperpasia of the nasal RfC US EPA, 1995
mucosa larynx and trachea

2 Units: Non-carcinogenic COPC - ( § g/, m Carci nogehiic COPC (eg/ m
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5.0 HYDROGEN FLUORIDE

Hydrogen fluoride is a naturally-occurring gas that is very irritating to the skin, eyes, and respiratory
tract (ATSDR, 2003). At very high levels it can also damage the heart (ATSDR, 2003). It dissolves in
water to form hydrofluoric acid.

5.1 Assessment of Carcinogenicity

Epidemiological studies have not demonstrated an association between fluoride in drinking water and
an increased risk of cancer (US EPA, 1989). Increased rates of cancer have been observed in workers
involving possible fluoride exposure; however, these situations involved mixed exposures to several
chemicals and hydrogen fluoride could not be specifically implicated as the cause of the cancers
(ATSDR, 2003). US EPA has not classified hydrogen fluoride with respect to potential carcinogenicity.

For the purpose of this risk assessment hydrogen fluoride will be evaluated as a non-carcinogenic
substance.

5.2 Susceptible Populations

Existing data indicate that the elderly, people with deficiencies of calcium, magnesium, and/or vitamin
C, and people with cardiovascular and kidney problems may be unusually susceptible to the toxic
effects of fluoride and its compounds; however, these effects would not be expected at typical ambient
exposure levels (i.e., 1 ppm) (ATSDR, 2003).

53 Selection of Toxicity Reference Values

Numerous sources were consulted in order to obtain toxicological and benchmark values for COPCs.
A summary of the reviewed studies, and the rationale for the selection of the TRVs used in the HHRA,
is outlined below.

5.3.1 Oral Exposure

5.3.1.1 Non-Carcinogenic Toxicity Refere nce Values

In this risk assessment, hydrogen fluoride is only being evaluated through the inhalation pathway;
therefore, a non-carcinogenic oral TRV has not been selected.

5.3.1.2 Carcinogenic Toxicity Reference Values

Hydrogen fluoride is not classified as a carcinogenic substance; therefore, a carcinogenic oral TRV has
not been selected.

5.3.2 Inhalation Exposure

5.3.2.1  Non-Carcinogenic Toxicity Reference Values
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5.3.2.1.1 Acute Inhalation Toxicity Reference Values (1  -hour, 24 -hour)

The Texas Commission on Environmental Quality (TCEQ, 2008) has recently updated its 1-hour value
for hydrogen fluoride to 25 pg/m® (Lee, 2009). The updated value from the TCEQ is based on an
American Conference of Industrial Hygienists (ACGIH) TLV-Ceiling of 2455 pg/m®. The TLV-ceiling
value is based on repeated experimental human exposures to hydrogen fluoride 6 hours per day for 10
to 50 days. Redness of the skin and some burning and irritation of the nose and eyes were noted at
approximately 2455 pg/m?® noted as the LOAEL (Largent, 1961). The short-term ESL was derived by
adding a safety factor of 100 to the LOAEL of 2455 pg/m® without any exposure duration adjustments
(Lee, 2009). Furthermore, this current 1-hour health-based value from TCEQ is consistent with the
ATSDR Acute (1-hr) Minimal Risk Level of 16 ug/m?® (ATSDR, 2003). TCEQ is an agency recognized by
MOE (2004) as a source of air quality guidelines.

CalEPA (2008) has established an acute 1-hour inhalation REL of 240 pg/m® based on a study
conducted by Lund et al. (1997). 20 healthy male volunteers were exposed in a chamber to constant

hydrogen fluorideconcentrati ons t hat ranged from 200 to 520
report itching or soreness of the eyes and upper airways and to grade these subjective responses on a

scale from 1 to 5 with a standardized questionnaire. Lower airway symptoms of chest tightness and
soreness, coughing, expectoration, and wheezing were similarly reported and graded by the volunteers.

For the purposes of analysis the authors grouped the subjects into exposure groups of 200-6 0 0 € g/ mj
(low), 700-24 00 € g/ mj), ahdn2500:5L2n0 0 € g/ mj (high). Lower air
significantly different for any concentration range. The upper airway and total symptom score was
significantly increased at the end of exposure for the highest exposure range and for all exposures

when considered as a single group. The total symptom score was also significantly increased at the

end of exposure for the lowest concentration range although individual scores for eye irritation, upper
respiratory irritation, and lower respiratory irritation were not significantly different comparing before and

after exposure. 2400 gg/ mj was consi de52@0 tog/bmej aw
deemed to be a LOAEL for upper airway irritation. CalEPA (2008) applied an uncertainty factor of 10

(for the protection of sensitive populations) to the NOAEL to arrive atan RELof2 4 0 €.g/ m

The TCEQ (2008) 1-hour value of 25 pg/m?® was selected for use in this risk assessment because it is
the most conservative value.

5.3.2.1.2 Chronic Inhalation Toxicity Referenc e Values
No 24-hour TRV for hydrogen fluoride was identified for use in the risk assessment
5.3.2.2  Carcinogenic Inhalation Toxicity Reference Values

Hydrogen fluoride is not classified as a carcinogenic substance; therefore, a carcinogenic inhalation
toxicological reference value has not been selected.

54 Bioavailability

In this risk assessment, hydrogen fluoride is only being evaluated through the inhalation pathway; as a
result, oral and dermal bioavailability/absorption factors have not been determined. With regards to the
inhalation pathway, it has been conservatively assumed that hydrogen fluoride is completely absorbed
(i.e. absorption factor is 1).
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5.5 Conclusion
The following tables present hydrogen fluoride TRVs selected for use in this risk assessment.

Table 5-1 Hydrogen Fluoride Oral TRVs used in the HHRA

Toxicity Reference Value Reference

Value (mg/kg/day) Critical Effect Type Source
Non-carcinogenic NE
Hydrogen TRV
Fluoride Carcinogenic Slope
NE
Factor

NE- Not Evaluated

Table 5-2 Hydrogen Fluoride Inhalation TRVs used in the HHRA

%M Critical Effect Reference
R - Type -7

Redness of the skin and
1-Hour 25 some burning and irritation Benchmark TCEQ, 2008
Hydrogen of the nose and eyes
Fluoride 24-Hour NV
Annual Average NV

® Units:Noncarcinogeni c’), RVOMG Vaue g/ m
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6.0 NITROGEN OXIDES (NOx) AND NITROGEN DIOXIDE (NO,)

Nitrogen oxides (NO,) are mixtures of gases composed of nitrogen and oxygen. Different nitrogen
oxides have different physical properties. Major sources of NOy in the air are the exhaust of motor
vehicles, the burning of coal, oil and natural gas, and processes such as arc welding, electroplating and
dynamite blasting (ATSDR, 2002). Nitrogen oxides are also produced commercially. They can be
used in the production of nitric acid, lacquers, dyes, rocket fuels, and explosives (ATSDR, 2002).

NOx causes a wide variety of health and environmental impacts because of various compounds and
derivatives in the family of nitrogen oxides, including nitrogen dioxide (NO,), nitric acid, nitrous oxide,
nitrates, and nitric oxide. Low concentrations of NO, in the air can irritate the eyes, nose, throat and
lungs as well as causing shortness of breath, fluid build-up in the lungs (after 1 or 2 days of exposure),
tiredness and nausea (ATSDR, 2002). Inhalation of high doses of NO, can cause burning, spasms and
swelling of the throat and upper respiratory tract, reduced oxygenation of body tissues, cause a build-
up of fluid in the lungs and result in possible death (ATSDR, 2002).

Dermal contact with NO, (gas or liquid) can cause severe burns (ATSDR, 2002).

Nitrogen dioxide can irritate the lungs and lower resistance to respiratory infections such as influenza.
The effects of short-term exposure are still unclear, but continued or frequent exposure to
concentrations that are typically much higher than those normally found in the ambient air may cause
increased incidence of acute respiratory illness inchildren.

Ambient air quality guidelines/objectives are generally specific to nitrogen dioxide (NO,).

6.1 Assessment of Carcinogenicity

Nitrogen oxides are not classified as carcinogenic.

6.2 Susceptible Populations

Two general groups in the population may be more susceptible to the effects of NO, exposure than
other individuals: persons with pre-existing respiratory disease and children 5 to 12 years old (US EPA,
2008). Individuals in these groups appear to be affected by lower levels of NO, than individuals in the
rest of the population. Asthmatics are considered to be one of the groups most responsive to NO,
exposure (US EPA, 2008). Patients with chronic obstructive pulmonary disease (COPD) constitute
another subpopulation that is potentially susceptible to NO, exposure, as are immunocompromised
individuals (e.g., individuals suffering from the human immunodeficiency virus and cancer patients
being treated with chemotherapy) (US EPA, 2008).

6.3 Selection of Toxicity Reference Values

Numerous sources were consulted in order to obtain toxicological and benchmark values for COPCs.
A summary of the reviewed studies, and the rationale for the selection of the TRVs used in the HHRA,
is outlined below.
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6.3.1 Oral Exposure

6.3.1.1 Non-Carcinogenic Toxicity Reference Values

In this risk assessment, NO, is only being evaluated through the inhalation pathway; therefore, a non-
carcinogenic oral TRV has not been selected.

6.3.1.2  Cancer Toxicity Reference Values

Nitrogen dioxide is not classified as a carcinogenic substance; therefore, a carcinogenic oral TRV has
not been selected.

6.3.2 Inhalation Exposure
6.3.2.1  Non-Carcinogenic Toxicity Reference Values

6.3.2.1.1 Acute Inhalat ion Toxicity Reference Values (1 -hour, 24 -hour)

1-hour and 24-hour exposure limits used in this risk assessment were selected from the Ontario
Ministry of the Environment (MOE). The 1-hour AAQC benchmark of 400 pg/m® and 24-hour AAQC
benchmark of 200 pg/m?® were derived by the MOE (2008). These acute inhalation values were based
on occupational health effects (respiratory irritation) with appropriate safety factors applied (Szakolcai,
2009). No additional information regarding benchmark derivation was provided.

Heal t h CNatioaatl Aanbient Air Quality Objectives also provide maximum acceptable 1-hour and
24-hour levels of NO, of 400 and 200 pg/m® respectively, which are equivalent to those criteria
established by the Ontario Ministry of the Environment (Health Canada, 2006). These values are based
on respiratory irritation with no additional information regarding benchmark derivation provided.

6.3.2.1.2 Chronic Inhalation Toxicity Reference Values

Health Canadadés National Amb i e n tximédm desirdDle anhualtleyel dbb j e c t
nitrogen dioxide of 60 ug/m®. This value has been selected for this risk assessment. It is an effects-

based level that is also reflective of technological, economic and societal considerations. Furthermore,

it represents the air quality management goal for the protection of the general public and the
environment of Canada (Health Canada, 2006). No further information regarding the derivation of this

value is available.

The U.S. EPA National Ambient Air Quality Standards provide an equivalent maximum acceptable
annual level of NO, of 100 pg/m® (US EPA, 2009). No further information regarding the derivation of
this value is available.

6.3.2.2  Carcinogenic Inhalation Toxicity Reference Values

Nitrogen dioxide is not classified as a carcinogenic substance; therefore, a carcinogenic inhalation
toxicological reference value has not been selected.

6.4 Bioavailability
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In this risk assessment, NO, is only being evaluated through the inhalation pathway; as a result, oral
and dermal bioavailability/absorption factors have not been determined. With regards to the inhalation
pathway, it has been conservatively assumed that nitrogen dioxide is completely absorbed (i.e.,
absorption factor is 1).

6.5 Conclusion

The following tables present NO, TRVs selected for use in this risk assessment.

Table 6-1 Nitrogen Oxides Oral TRVs used in the HHRA

Toxicity Reference Value Critical Effect Reference Source

Value (mg/kg/day) Type

Non-carcinogenic

TRV NE

Nitrogen Oxides
Carcinogenic Slope

Factor NE

NE- Not Evaluated

Table 6-2 Nitrogen Oxides Inhalation TRVs used in the HHRA

%M Critical Effect Reference
R _ Type

1-Hour 400 Respiratory Irritation Benchmark MOE&‘)’;QC’
Nitrogen . o MOE AAQC,
Oxides 24-Hour 200 Respiratory Irritation Benchmark 2008

Annual Average 60 Health Based Benchmark Healtgocoaénada,

® Units:Noncarcinogeni ¢)) COPC (eg/ m
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7.0 PARTICULATE MATTER ( TSP, PM;5 AND PM )

Total suspended particulate (TSP) or particulate matter (PM) consists of minute solid or liquid particles
that remain suspended in air and can be inhaled into the respiratory system. Particles are not defined
on the basis of their chemical composition, and may include a broad range of chemical species.
Particles in the atmosphere have been characterized according to size mainly because of the different
health effects from particles of different diameters. The smaller the particle size, the farther the particle
can penetrate the lungs. Particulate matter in the atmosphere, as described in the current assessment,
is composed of three groups: TSP, inhalable coarse patrticles (PMo and PM,s.10) and fine or respirable
particles (PM,s). It is important to recognize that TSP contains all particles smaller than 44 microns;
PMi, contains all particles with a mean aerodynamic diameter of less than 10 microns; and PM,s
contains particles smaller than 2.5 microns as well as ultrafine PM of less than 0.1 micron (US EPA,
2004).

Particulate matter can cause serious health problems when fine particles get deep into the lungs.
Health effects include increased respiratory symptoms (irritation of airways, coughing , difficulty
breathing), decreased lung function, aggravated asthma, chronic bronchitis, irregular heartbeat,
nonfatal heart attacks, and premature death in people with heart or lung disease (US EPA, 2008).

7.1 Assessment of Carcinogenicity

The US EPA and Health Canada have not classified particulate matter (PM) with respect to
carcinogenicity. Relatively few studies are available that examine the effects of long term or chronic
exposure on health end points. - Available studies indicate that long term exposures (16 to 20 years)
were associated with increases in mortality, respiratory disease symptoms, decrements in lung function
and, possibly, with lung cancer (Health Canada, 1998). However, the effects on mortality cannot be
ascribed with certainty to a true chronic effect, since they could equally be the result of cumulative
effects of daily variations in PM. Moreover, the association with lung cancer was weak by comparison
with other lifestyle factors such as smoking (Health Canada, 1998). Accordingly, particulate matter has
been assessed as a non-carcinogen in this risk assessment.

7.2 Susceptible Populations

Epidemiological studies indicate that the elderly, children, and people with chronic lung disease,
influenza, or asthma, are especially sensitive to the effects of particulate matter (Health Canada, 1998).

7.3 Selection of Toxicity Reference Values

Numerous sources were consulted in order to obtain toxicological and benchmark values for COPCs.
A summary of the reviewed studies, and the rationale for the selection of the TRVs used in the HHRA,
is outlined below.

7.3.1 Oral Exposure

7.3.1.1  Non-Carcinogenic Toxicity Reference Values
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In this risk assessment, particulate matter is only being evaluated through the inhalation pathway;
therefore, a non-carcinogenic oral TRV has not been selected.

7.3.1.2  Carcinogenic Toxicity Reference Values

In this risk assessment, particulate matter is only being evaluated through the inhalation pathway;
therefore, a carcinogenic oral TRV has not been selected.

7.3.2 Inhalation Exposure

7.3.2.1  Non-Carcinogenic Toxicity Reference Values

7.3.2.1.1 Acute Inhalation Toxicity Reference Values (1  -hour, 24 -hour)

Epidemiological studies have indicated that there is little evidence that the dose-response curve for PM
includes a threshold (Health Canada, 1998). The lack of a threshold at low concentrations suggests
that it would be difficult to identify a level at which no adverse effects would be expected to occur as a
result of exposure to particulate matter. Although 1-hour exposure limits have not been specified by
government agencies, 24-hour exposure limits for all manner of particulate matter have been specified
and selected for use in this risk assessment.

Total Suspended Particulates

Heal t h Canadads Arduality @bgettiveAprovideea maximum acceptable annual level
of total particulate matter of 120 pg/m°. It is a level that is based on the critical effect of respiratory
irritation and is also reflective of technological, economic and societal information. Furthermore, it
represents the air quality management goal for the protection of the general public and the environment
of Canada (Health Canada, 2006). No further information regarding the derivation of this value is
available.

The Alberta Ambient Air Quality Objectives and Guidelines (2009) provide a 24-hour average for total

particulate matter of 100 pg/m®. This value is based on pulmonary effects but with no additional
information regarding benchmark derivation provided.

As there is no information available regarding the derivation or basis of the Alberta (2007) 24-hour
guideline, the Health Canada National Ambient Air Quality Objective of 120 pg/m®has been selected for
this risk assessment even though it is slightly greater than the Alberta value.

PM;s

A number of government organizations have established health-based reference levels for fine
particulate matter.

The CEPA/FRAC Working Group (Health Canada) recommended a 24-hour average reference level of
15 pg/m? for PM, 5 on the basis of several key epidemiological studies (Health Canada, 1998). The
reference level estimates the lowest ambient PM level at which statistically significant increases in
health responses can be detected based upon available data and current technology. The reference
level should not be interpreted as thresholds of effects, or level at which impacts do not occur (Health
Canada, 1999).

M Jac ques Whitford  ©2009  PROJECT 1009497.06  June 10, 2009 53

Whittord



The US EPA (2009) established a health-based 24-hour air quality standard of 35 pg/m® for PM,s. This
is a primary standard, intended to protect public health, including the health of "sensitive" populations
such as asthmatics, children, and the elderly.

The Canada Wide Standard (CCME, 2006) for 24-hour PM,5 is 30 ug/m®. This Canada-Wide Standard
is based on 98" percentile ambient measurements conducted annually and averaged over 3 years. The
Ontario Ministry of the Environment (MOE, 2008) Ambient Air Quality Criteria is also 30 ug/m?® for PM,s
and is based on the critical effect of respiratory irritation.

As the facility is to be built in Ontario, a reference exposure limit of 30 pg/m*® has been selected for
further use in this risk assessment, as per the Canada-Wide Standard and the Ontario Ministry of the
Environment Ambient Air Quality Criteria.

PMyo

Much like fine particulate matter, many of the same government agencies have also established
benchmarks for inhalable coarse particulate matter. The CEPA/FRAC Working Group (Health Canada)
recommended a 24-hour average reference level of 25 ng/m® for PM;, on the basis of several key
epidemiological studies (Health Canada, 1998). The reference level estimates the lowest ambient PM
level at which statistically significant increases .in health responses can be detected based upon
available data and current technology. The reference level should not be interpreted as thresholds of
effects, or level at which impacts do not occur (Health Canada, 1999).

The US EPA (2009) established a 24-hour health-based air quality standard for PMy, of 150 pg/m®.
Finally, the Ontario Ministry of the Environment (MOE, 2008) Ambient Air Quality Criteria is 50 pg/m?®
for PMy,, is based on based on cardiopulmonary effects and 24-hour averages.

As the facility is to be built in Ontario, a reference exposure limit of 50 pug/m*® has been selected for
further use in this risk assessment, as per the Ontario Ministry of the Environment Ambient Air Quality
Criteria.

7.3.2.1.2 Chronic‘Inhalation Toxicity Reference Values

Total Suspended Particulates

Health Canadaods National Ambient Air Qualialleyelodbj ec't
total particulate matter of 60 pug/m?®. It is an effects-based level that is also reflective of technological,

economic and societal information. Furthermore, it represents the air quality management goal for the

protection of the general public and the environment of Canada (Health Canada, 2006). No further
information regarding the derivation of this value is available. This value was selected for further use in

the risk assessment.

PM;s

A chronic exposure limit was not identified for inhalable fine particulate matter.
PMyo

A chronic exposure limit was not identified for inhalable coarse particulate matter.

7.3.2.2  Cancer Inhalation Toxicity Reference Values
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In this risk assessment, particulate matter is not being evaluated as a carcinogen; therefore, a
carcinogenic inhalation toxicological reference value has not been selected.

7.4 Bioavailability

In this risk assessment, particulate matter is only being evaluated through the inhalation pathway; as a
result, oral and dermal bioavailability/absorption factors have not been determined. With regards to the
inhalation pathway, it has been conservatively assumed that particulate matter is completely absorbed
(i.e. absorption factor is 1).

7.5 Conclusion

The following tables present Particulate Matter (TSP, PM, s, and PM;,) TRVs selected for use in this
risk assessment.

Table 7-1 Particulate Matter Oral TRVs used in the HHRA

Toxicity Reference Value . Reference
tical Effect
Value (mg/kg/day) Critical ec Type Source
Non-carcinogenic NE
Particulate Matter | TRV
(TSP, PM2,5, and
PM0) Carcinogenic Slope NE
Factor

NE- Not Evaluated

Table 7-2 Particulate Matter Inhalation TRVs used in the HHRA

Duration ‘ Value ? ‘ Critical Effect Reference
Type
1-Hour NV
TSP 24-Hour 120 Health-Based Benchmark Healtgo%e(;nada,
Annual Average 60 Health-Based Benchmark Healtgo%a(snada,
1-Hour NV
PMa s 24-Hour 30 Health-Based Benchmark CCME, 2006
Annual Average NV
1-Hour NV
PMzo 24-Hour 50 Health-Based Benchmark MOE AAQC,
2005
Annual Average NV
2 Units:Non-carci nogeni c),00PND Véleg / m
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8.0 SULFUR DIOXIDE

Sulfur dioxide is a colorless gas with a pungent odor. It is a liquid when under pressure, and it dissolves
in water very easily (ATSDR 1999). The burning of coal and oil at power plants or from copper smelting
can result in the presence of sulfur dioxide in the air. In nature, sulfur dioxide can be released to the air
from volcanic eruptions (ATSDR 1999).

Inhalation exposure to high levels of sulfur dioxide can be life threatening. Inhalation can lead to the
burning of the nose and throat, breathing difficulties and severe airway obstruction (ATSDR 1999).
Animal studies have shown that inhalation of high concentrations of sulfur dioxide can cause decreased
respiration, inflammation of the airways, and destruction of lung tissue (ATSDR 1999). Chronic
exposure to persistent levels of sulfur dioxide may also affect lung function (ATSDR 1999).

8.1 Assessment of Carcinogenicity

There are no studies that clearly show carcinogenic effects of sulfur dioxide in people (ATSDR, 1998).
IARC (2006) has classified SO, as Group 3, not classifiable to human carcinogenicity.

Sulphur dioxide is not carcinogenic; therefore it is only being evaluated as a non- carcinogenic
substance in this assessment.

8.2 Susceptible Populations

Asthmatics have been show to be sensitive to the respiratory effects of low concentrations of sulfur
dioxide (ATSDR 1999) with exercising asthmatics recognized as the most susceptible group to SO,
inhalation (ATSDR, 1998). Elderly adults with pre-existing respiratory or cardiovascular disease may
be susceptible to the increased risk of mortality associated with acute-duration exposure to SO,
(ATSDR, 1998). Children may be particularly susceptible to increased frequencies of respiratory illness
following chronic-duration exposure to SO, (ATSDR, 1998).

8.3 Selection of Toxicity Reference Values

Numerous sources were consulted in order to obtain toxicological and benchmark values for COPCs.
A summary of the reviewed studies, and the rationale for the selection of the TRVs used in the HHRA,
is outlined below.

8.3.1 Oral Exposure

8.3.1.1 Non-Carcinogenic Toxicity Reference Values

In this risk assessment, SO, is only being evaluated through the inhalation pathway; therefore, a non-
carcinogenic oral TRV has not been selected.

8.3.1.2  Cancer Toxicity Reference Values

SO, is not classified as a carcinogenic substance; therefore, a carcinogenic oral TRV has not been
selected.
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8.3.2 Inhalation Exposure
8.3.2.1 Non-Carcinogenic Toxicity Reference Values

8.3.2.1.1 Acute Inhalation Toxicity Reference Values (1  -hour, 24 -hour)

1-hour and 24-hour exposure limits used in this risk assessment were selected from the Ontario
Ministry of the Environment (MOE). The 1-hour AAQC benchmark of 690 pg/m*® and 24-hour AAQC
benchmark of 275 pg/m® were derived by the MOE (2008). These acute inhalation values were based
on occupational health effects with appropriate safety factors applied (Szakolcai, 2009). No additional
information regarding benchmark derivation was provided.

Heal t h ChNatioaal Antbient Air Quality Objectives provide maximum desirable 1-hour and 24-
hour levels for SO, of 875 and 300 pg/m?, respectively, which are both less stringent than those criteria
established by the Ontario Ministry of the Environment (Health Canada, 2006). These values are based
on health effects with no additional information regarding benchmark derivation provided.

Although there is no 1l-hour value, the US EPA National Ambient Air Quality Standards provide a
maximum acceptable 24-hour level of sulfur dioxide of 370 pg/m® (US EPA, 2009). No further
information regarding the derivation of this value is available.

MOE (2008) 1-hour and 24-hour values of 690 pug/m® and 275 pg/m®, respectively, were selected for
use in this risk assessment.

8.3.2.1.2 Chronic Inhalation Toxicity Reference Values

Heal th Canadadés National Ambi ent Ai desirddle anhualtleyelddb j e c t
SO, of 29 ug/m?. It is an effects-based level that is also reflective of technological, economic and

societal information. Furthermore, it represents the air quality management goal for the protection of the

general public and the environment of Canada (Health Canada, 2006). No further information regarding

the derivation of this value is available.

The U.S. EPA National Ambient Air Quality Standards provide a maximum acceptable annual level of
SO, of 79 pug/m® (US EPA, 2009). No further information regarding the derivation of this value is
available.

The Health Canada (2006) value of 29 pg/m?® was selected for use in this risk assessment.
8.3.2.2  Cancer Inhalation Toxicity Reference Values

SO, is not classified as a carcinogenic substance; therefore, a carcinogenic inhalation toxicological
reference value has not been selected.

8.4 Bioavailability

In this risk assessment, SO, is only being evaluated through the inhalation pathway; as a result, oral
and dermal bioavailability/absorption factors have not been determined. With regards to the inhalation
pathway, it has been conservatively assumed that sulfur dioxide is completely absorbed (i.e. absorption
factor is 1).
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8.5 Conclusion

The following tables present SO, TRVs selected for use in this risk assessment.

Table 8-1 Sulfur Dioxide Oral TRVs used in the HHRA

Toxicity Reference Value Critical Effect Reference Source

Value (mg/kg/day) Type

Non-carcinogenic
TRV NE
Sulfur Dioxide
Carcinogenic Slope
NE
Factor

NE- Not Evaluated

Table 8-2 Sulfur Dioxide Inhalation TRVs used in the HHRA

Duration Value ? Critical Effect Refl_e;sgce Agency

1-Hour 690 Health Based Benchmark MOE(;A(‘)ASQC’
Sulfur Dioxide | 24-Hour 275 Health Based Benchmark MOI;(;A(‘)A8QC’
Annual Average 29 Health Based Benchmark Healtgocoaénada,

® Units:Noncarcinogenic’) COPC (eg/ m
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NON-CRITERIA AIR CONTAMINANTS

9.0 1,1-DICHLOROETHENE

1,1-Dichloroethene (1,1-DCE) is a man-made chemical that does not occur naturally. The primary use
of 1,1-DCE is in the production of polymers used in food packaging, as well as in the textile industry
(ATSDR, 1994). 1,1-DCE is also a degradation product of 1,1,1-trichloroethane, tetrachloroethylene,
1,1,2-trichloroethene and 1,1-dichloroethane (US EPA, 2002).

Chronic inhalation of low levels of 1,1-DCE can damage the nervous system, liver and lungs. Animal
studies have shown birth defects in the offspring of exposed individuals. Ingestion of 1,1-DCE has also
resulted in damage to the liver, kidneys and lungs in animal studies. Dermal contact can cause
irritation of the skin and eyes (ATSDR, 1995).

9.1 Assessment of Carcinogenicity

The US EPA (2002) lists 1,1-DCE as group C, a possible human carcinogen. This grouping is based
on the induction of several tumor types in rats and mice treated by gavage and lung papillomas in mice
after topical application

The IARC lists 1,1-DCE as a Group 3 chemical, describing it as not classifiable as to its carcinogenicity
to humans (IARC, 1999).

For this risk assessment 1,1-DCE was evaluated as a non-carcinogen.

9.2 Susceptible Population s

Based on available literature, populations with unusual susceptibility to the health effects of 1,1-DCE
were not identified; however, the following groups of people should be cautioned against exposure to
1,1-DCE: the very young, the elderly, the pregnant, those ingesting acetaminophen, those ingesting
large amounts of alcohol, people using phenobarbital, those receiving thyroid replacement therapy or
those who are hyperthyroid, people who are fasting as well as those with cardiac, hepatic, renal , and
central nervous system dysfunctions (ATSDR, 1994).

9.3 Selection of Toxicity Reference Values

Numerous sources were consulted in order to obtain toxicological and benchmark values for COPCs.
A summary of the reviewed studies, and the rationale for the selection of the TRVs used in the HHRA,
is outlined below.

9.3.1 Oral Exposure

9.3.1.1  Non-Carcinogenic Toxicity Reference Values
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In this risk assessment, 1,1-DCE is only being evaluated through the inhalation pathway; therefore, a
non-carcinogenic oral TRV has not been selected.

9.3.1.2 Carcinogenic Toxicity Reference Values

In this risk assessment, 1,1-DCE is only being evaluated through the inhalation pathway; therefore, a
carcinogenic oral TRV has not been selected.

9.3.2 Inhalation Exposure
9.3.2.1 Non-Carcinogenic Toxicity Reference Values

9.3.2.1.1 Acute Inhalation Toxicity Reference Values (1  -hour, 24 -hour)

A 1-hour exposure limit of 210 ug/m? for 1,1-DCE was selected for this risk assessment from the Texas
Commission on Environmental Quality (TCEQ, 2008). This is based on centrilobular swelling in liver in
mice as the critical effect. This 1-hour ESL value is derived after a thorough review of epidemiological
and experimental toxicological data and of occupational exposure limits (OEL) from various agencies
around the world, including Occupational Safety and Health Administration (OSHA), American
Conference of Industrial Hygienists (ACGIH), and the National Institute for Occupational Safety and
Health (NIOSH). The majority of TCEQ ESLs are derived from OELs, therefore to account for
occupational exposures OELs are further divided by a safety factor of 100 (i.e., 10 for extrapolation
from workers to the general public; 10 for difference in exposure time) to derive a 1-hour exposure limit
(Lee, 2009).

A 24-hour exposure limit was not identified for 1,1-DCE.
9.3.2.1.2 Chronic Inhalation Toxicity Reference Values

The US EPA (2002) provides a reference concentration (RfC) of 200 ug/m®. The basis is a rat chronic
inhalation study conducted by Quast et al. (1986). This 2-year chronic study exposed 48 Sprague-
Dawley rats (6-7 weeks old)/sex/group to 0, 50, 100 or 200 ppm 1,1-DCE in their drinking water. The
time-weighted average exposures over the 2-years were 7, 10, or 20 mg/kg-day for males and 9, 14, or
30 mg/kg-day for females. The only treatment-related effect that was observed in rats at any treatment
level was minimal hepatocellular midzonal fatty change and hepatocellular swelling. These changes
were only statistically significant for male rats at 200ppm (20 mg/kg-day). For female rats, minimal
hepatocellular midzonal fatty change was significant for the 100 and 200ppm treatment groups (14 and
30 mg/kg-day) and minimal hepatocellular swelling was significant for all treatment groups. The study
established a human equivalent LOAEL of 53,200 pg/m® and a human equivalent NOAEL of
17,700 pg/m®. From this NOAEL, a benchmark concentration was derived and the 10% lower bound
confidence limit on the human equivalent of the benchmark concentration (BMCL10 HEC) was
estimated at 6900 pg/m? for liver toxicity (fatty change). An uncertainty factor of 30, (3 for interspecies
variability and 10 for intraspecies variability), was then applied to the BMCL10 HEC. This value was
selected for use in the risk assessment.

9.3.2.2  Carcinogenic Inhalation Toxicity Reference Values
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In this risk assessment, 1,1-DCE is not being evaluated as a carcinogen; therefore, a carcinogenic
inhalation toxicological reference value has not been selected.

9.4 Bioavailability

In this risk assessment, 1,1-DCE is only being evaluated through the inhalation pathway; as a result,
oral and dermal bioavailability/absorption factors have not been determined. With regards to the
inhalation pathway, it has been conservatively assumed that 1,1-DCE is completely absorbed (i.e.
absorption factor is 1).

9.5 Conclusion
The following tables present 1,1-DCE TRVs selected for use in this risk assessment.

Table 9-1 1,1-Dichloroethene Oral TRVs used in the HHRA

Value ? | Critical Effect Reflfayrsgce Source

Toxicity Reference

Value

Non-carcinogenic
1,1- TRV NE
Dichloroethene | carcinogenic Slope NE
Factor

& Units: NE 7 Not Evaluated

Table 9-2 1,1-Dichloroethene Inhalation TRVs used in the HHRA
Duration Critical Effect Reference Type Agency

1-Hour 210 Cemr"c’bullis;fwe"'”g n Benchmark TCEQ ESL, 2008
1,1-Dichloroethene 24-Hour NV
Annual Average 200 Liver Effects RfC US EPA, 2002

2 Units:Non-carci nogeni c’), BMOMG Value,g/ m
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10.0 1,1,1 -TRICHLOROETHANE

1,1,1-Trichloroethane is a synthetic chemical that does not occur naturally in the environment (ATSDR,

2006) . |t also is known as methylchloroform, -methy

trichloromethane. Its registered trade names are chloroethene NU® and Aerothene TT®.

1,1,1-Trichloroethane had many industrial and household uses, including use as a solvent to dissolve
other substances, such as glues and paints; to remove oil or grease from manufactured metal parts;
and as an ingredient of household products such as spot cleaners, glues, and aerosol sprays (ATSDR,
2006). However, no 1,1,1-trichloroethane has been manufactured for domestic use in the United States
since January 1, 2002 because it affects the ozone layer.

The health effects of 1,1,1-trichloroethane are dependent on the dose, route of exposure and duration
of exposure. Inhalation of high levels of 1,1,1-trichloroethane can cause dizziness, lightheadedness,
and loss of coordination, however these symptoms will-pass when exposure ceases. Inhalation of
higher levels of 1,1,1-trichloroethane can lead to unconsciousness, low blood pressure, and can cause
the heart to stop beating (ATSDR, 2006b). Animal studies show that inhalation of very high levels of
1,1,1-trichloroethane damage the breathing passages, cause mild effects on the liver, and affect the
nervous system (ATSDR, 2006b). Chronic effects  of low level inhalation exposure to 1,1,1-
trichloroethane are not known (ATSDR, 2006b).

There are no human studies regarding ingestion of 1,1,1-trichloroethane, however animal studies, using
very high doses, indicate nervous system effects, mild liver damage, unconsciousness, and possible
death (ATSDR, 2006b). Dermal contact with 1,1,1-trichloroethane may lead to some irritation of the
skin. Animal studies suggest that repeated exposure of 1,1,1-trichloroethane to the skin may affect the
liver, and in very large amounts, cause death. These effects only occurred when evaporation was
prevented (ATSDR, 2006b).

10.1 Assessment of Carcinogenicity

Available information does not indicate that 1,1,1-trichloroethane causes cancer (ATSDR, 2006). The
US EPA (2007) lists 1,1,1-trichloroethane as group D, not classifiable as to its human carcinogenicity.
This grouping is based on a lack of data concerning carcinogenicity in humans and animals. The IARC
lists 1,1,1-trichloroethane as a Group 3 chemical: describing it as not classifiable as to its
carcinogenicity to humans. (IARC, 1999). Accordingly, 1,1,1-trichloroethane was assessed as a non-
carcinogen in this assessment.

10.2 Susceptible Populations

Because 1,1,1-trichloroethane is associated with some cardiovascular effects, persons with
compromised heart conditions may be at additional risk around high exposure levels of
1,1,1-trichloroethane and should be restricted to some lower level of exposure (ATSDR, 2006).
Although there are no data available that address this issue, it is possible that individuals with impaired
respiratory function (e.g., emphysema, poor perfusion) might excrete less 1,1,1-trichloroethane in a
given period than healthy people, since the majority of a single dose is expired from the lungs (Monster
et al. 1979; Nolan et al. 1984). In situations of prolonged exposure, such as living near a hazardous
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waste site, this might contribute to accumulation of 1,1,1-trichloroethane in the body. People with
respiratory disease might, therefore, constitute a more susceptible population (ATSDR, 2006).

10.3 Selection of Toxicity Reference Values

Numerous sources were consulted in order to obtain toxicological and benchmark values for COPCs.
A summary of the reviewed studies, and the rationale for the selection of the TRVs used in the HHRA,
is outlined below.

10.3.1 Oral Exposure

10.3.1.1 Non-Carcinogenic Toxicity Reference Values

US EPA (2007) derived an oral chronic TRV of 2 mg/kg-day based on a subchronic rat and mouse
dietary study (NTP, 2000). Groups of 10 male and 10 female F344/N rats and B6C3F1 mice were fed
diets containing 0 (untreated feed), O (placebo microcapsules), 5000, 10,000, 20,000, 40,000, or 80,000
ppm of microencapsulated 1,1,1-trichloroethane (> 99% pure), 7 days/week for 13 weeks. Average
daily doses calculated by the researchers were 290, 600, 1200, 2400, and 4800 mg/kg in male rats;
310, 650, 1250, 2500, and 5000 mg/kg in female rats; 850, 1770, 3500, 7370, and 15,000 mg/kg in
male mice; and 1340, 2820, 5600, 11,125, and 23,000 mg/kg in female mice. All rats survived to study
termination and no clinical signs of toxicity were observed. The dose of 10,000 ppm was established as
the NOAEL and 20,000 ppm (3500 mg/kg-day) was established as the LOAEL based on decreases in
terminal body weight greater than 10% of the control values. The female body weight loss data was
then used to establish a benchmark dose (BMDL,o) of 2,155 mg/kg-day. This benchmark dose was
then modified by an uncertainty factor of 1,000 (10 each for inter and intraspecies variability, 3 for
database deficiencies, and 3 for subchronic to chronic extrapolation). This value was selected for the
current assessment.

10.3.1.2 Carcinogenic Toxicity Reference Values

1,1,1-Trichloroethane is not classified as a carcinogenic substance; therefore, a carcinogenic oral
toxicological reference value has not been selected.

10.3.2 Inhalation Exposure

10.3.2.1 Non-Carcinogenic Toxicity Reference Values

10.3.2.1.1  Acute Inhalation Toxicity Reference Value s (1-hour, 24 -hour)

US EPA (2007) derived 1-hour and 24-hour acute inhalation TRVs of 9000 £g/m® and 6000 pg/m?,
respectively. These TRVs were derived from a human study involving inhalation exposure of 12 adult
male chamber-exposed volunteers to 0, 950, and 1900 mg/m® for 3.5 hours, followed by
neurobehavioural tests. Measurements of 1,1,1-trichloroethane in blood, performed after 0, 20, 60, 120,
and 180 minutes of exposure, showed that levels rose rapidly during the first 20 minutes and began
leveling off after about 120 minutes. None of the subjects complained of headache, discomfort, or
nausea. Changes in neurobehavioral performance were observed at both exposure levels, including
increased simple reaction time, increased choice reaction time, impaired performance in the tracking
test, and improved performance in the Stroop test. Based on impaired psychomotor performance,
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particularly increased reaction time, a LOAEL of 950 mg/m® was established for acute CNS effects.
With respecto the 1-hour RfC, the LOAEL was modified by an uncertainty factor of 100 to account for
intraspecies differences and extrapolation from a LOAEL to a NOAEL. The 24-hour TRV was
extrapolated using physiologically based pharmacokinetic modeling to determine what concentration of
1,1,1-trichloroethane would result in the same internal (blood) concentration after twenty four hours of
inhalation exposure.

10.3.2.1.2  Chronic Inhalation Toxicity Reference Values

US EPA (2007) also der i ve d basedomstudiasicondudiet By Qadst etsal, 0 0 0 ¢
(1984; 1988) and McNutt et al. (1975).

Quast et al. (1984, 1988) exposed groups of 80 male and 80 female F344 rats and B6C3F1 mice to O,
150, 500, or 1500 ppm (0, 820, 2730, or 8190 mg/m?) production-grade (94%) 1,1,1-trichloroethane
vapor for 6 hours/day, 5 days/week for 2 years. The study identified a NOAEL at the highest dose
(8190 mg/m?); when adjusted for continuous exposure (6 hours/day, 5 days/week in rats and mice), the
NOAEL is equivalent to 1460 mg/m?.

McNutt et al. (1975) chamber-exposed male CF-1 mice to 0, 250, or 1000 ppm (0, 1370, or 5460
mg/m®) technical grade 1,1,1-trichloroethane continuously for up to 14 weeks. The study identified a
NOAEL of 1370 mg/m® and a LOAEL of 5460 mg/m? for liver effects including increases in relative liver
weight, triglycerides, and lesions visible by light microscopy.

Combining the studies, the NOAEL established by Quast et al. (1984; 1988) and the LOAEL
established by McNutt et al. (1975) were carried forward by US EPA. Physiologically based
pharmacokinetic modeling was used to determine a NOAEL (Human Equivalent Concentration) of

1,553 mg/m?® which was modified with a cumulative uncertainty of 100 (3 for interspecies variability, 10

for interspecies variability, and 3 for datahimse d:
value is higher than the acute and subchronic RfC values derived by US EPA, and consequently, the
chronic RfC was set equi val en® so@onotttchexcees thb tntitngo n i ¢
reference value derived for short-term exposure.This value was selected for chronic inhalation in the

current assessment.

10.3.2.1.3  Carcinogenic Inhalation Toxicity Reference Values

1,1,1-Trichloroethane is not classified as a carcinogenic substance; therefore, a carcinogenic inhalation
toxicological reference value has not been selected.

10.4 Bioavailability

For this HHRA, the oral bioavailability factor for soil was conservatively assumed to be 1.0 (Health
Canada, 2004). The relative dermal absorption fraction (RAF) was set as 0.2 (Health Canada, 2004).
With regards to the inhalation pathway, it has been conservatively assumed that 1,1,1-trichloroethane is
completely absorbed (i.e. absorption factor is 1).

10.5 Conclusion

The following tables present 1,1,1-trichloroethane TRVs selected for use in this risk assessment.
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Table 10-1 1,1,1-Trichloroethane Oral TRVs used in the HHRA

Toxicity Reference Reference

Value Critical Effect Type Source

Non-carcinogenic .
111- TRV 2 Reduced Body Weight RfD US EPA, 2007
Trichloroethane Carcinogenic Slope
NE
Factor

% Units: Non-carcinogenic COPC (mg/kg/day), NE i Not Evaluated

Table 10-2 1,1,1-Trichloroethane Inhalation TRVs used in the HHRA

‘% Value ? Critical Effect Reference
- - Type

1-Hour 9000 Neurological Effects RfC US EPA, 2007

1,1,1-
Trichloroethane | 24-Hour 6000 Neurological Effects RfC US EPA, 2007
Annual Average 5000 Liver Effects RfC US EPA, 2007

2 Units: Non-carcinogenic COP C  ( €)g / m
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11.0 1,1,2-TRICHLOROETHYLENE (T CE)

1,1,2-Trichloroethylene (TCE) is a non-flammable, colourless liquid at room temperature with a
somewhat sweet odour and a sweet burning taste. TCE is mainly used as a solvent to remove grease
from metal parts but is also used to make other chemicals (ATSDR, 1997). TCE can be found in
various household products including typewriter correction fluid, paint remover, adhesives, and spot
removers. TCE is a breakdown product of tetrachlorethylene.

The effects of TCE on human health are dependent on the dose, the route of contact, and the duration
of contact. Acute (short term) inhalation of low doses of TCE can cause headache, lung irritation,
dizziness, poor coordination and difficulty concentrating (ATSDR, 2003). Acute inhalation of higher
doses of TCE can lead to impaired heart function, unconsciousness and death. Chronic inhalation of
TCE can cause nerve, kidney and liver damage (ATSDR, 2003).

Ingestion of large amounts of 1,1,2-trichloroethylene can cause nausea, liver damage,
unconsciousness, impaired heart function, and death. Chronic ingestion of smaller doses of TCE may
lead to liver and kidney damage, impaired immune function, and impaired fetal development in
pregnant women. The extent of these effects, however, is not yet known (ATSDR, 2003).

Acute dermal contact with 1,1,2-trichloroethylene can cause skin irritation and rashes (ATSDR, 2003).

11.1 Assessment of Carcinogenicity

US EPA (2001) reports that cancer epidemiology for 1,1,2-trichloroethylene has grown in recent years
with several large well-designed studies being published. Consistency across epidemiological studies
is strongest for an association between TCE exposure and kidney cancer (US EPA, 2001). The US
EPA does not currently have a consensus classification for the carcinogenicity of TCE; however, it is
reassessing the potential carcin ogeni city of TCE and at this ti

me

(

|l i kely to be carcinogenic to humaped igsembbBonappbo

cancer potential (US EPA, 2001). Health Canada (1996) classified 1,1,2-trichloroethylene (TCE) as a
Group Il - probable human carcinogen, via oral and inhalation exposure.

For this assessment, 1,1,2-trichloroethylene is being assessed as an inhalation carcinogen.

11.2 Susceptible Populations

People who have worked with TCE for long periods of time may develop an allergy towards it or
become sensitive to its effects on the skin. As well, smokers may increase their risk of toxic effects
from TCE. People who consume alcohol or who are treated with disulfide can both inhibit the
metabolism of TCE and can cause it to accumulate in the bloodstream, which may in turn affect the
nervous system. When TCE was used as an anesthetic or inhaled at high concentrations intentionally
or occupationally, it was known to cause cardiac arrhythmias in some people; therefore, those with a
history of cardiac rhythm disturbances may be more susceptible to high- level TCE exposure (ATSDR,
1997).

11.3 Selection of Toxicity Reference Values
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Numerous sources were consulted in order to obtain toxicological and benchmark values for COPCs.
A summary of the reviewed studies, and the rationale for the selection of the TRVs used in the HHRA,
is outlined below.

11.3.1 Oral Exposure

11.3.1.1 Non-Carcinogenic Oral Toxicity Reference Values

In this risk assessment, 1,1,2-trichloroethylene is only being evaluated through the inhalation pathway;
therefore, a non-carcinogenic oral TRV has not been selected.

11.3.1.2 Carcinogenic Oral Toxicity Reference Values

In this risk assessment, 1,1,2-trichloroethylene is only being evaluated through the inhalation pathway;
therefore, a carcinogenic oral TRV has not been selected.

11.3.2 Inhalation Exposure
11.3.2.1 Non-Carcinogenic Toxicity Reference Values

11.3.2.1.1  Acute Inhalation Toxicity Reference Values (1  -hour, 24 -hour)

A 1-hour exposure limit of 540 pg/m*® for 1,1,2-trichloroethylene was selected from the Texas
Commission on Environmental Quality (TCEQ, 2008). The TCEQ effects screening level (ESL) is
derived from an American Conference of Governmental Industrial Hygienists (ACGIH) Threshold Limit
Value (TLV) of 54 mg/m?® based on the following critical effects: CNS impairment; cognitive decrements;
and renal toxicity. ACGIH values are occupational values, therefore TCEQ further divides the TLV by a
safety factor of 100 (i.e., 10 for extrapolation from workers to the general public; 10 for difference in
exposure time) to derive a 1-hour exposure limit.

A 24-hour exposure benchmark of 12 pg/m? for 1,1,2-trichloroethylene was selected from the Ontario
Ministry of the Environment (MOE). This acute inhalation value was based on occupational health
effects with appropriate safety factors applied in the derivation of the AAQC (Szakolcai, 2009). No
additional information regarding benchmark derivation was provided.

11.3.2.1.2  Chronic Inhalation Toxicity Reference Values

Chronic inhalation exposure to 1,1,2-trichloroethylene has been shown to affect the central nervous
system (ASTDR, 1997), as well as the liver and kidneys (RIVM, 2001). A tolerable concentration in air
of 200 pg/m® was developed by RIVM (2001) from a LOAEL of 200 mg/m® that was adjusted by an
uncertainty factor of 1000 (10 each for interspecies variability, intraspecies variability and use of a
LOAEL). The LOAEL was derived from a 30-day, 24-hour mice inhalation exposure study, in which
hepatotoxicity was observed at all doses (200, 405, 810, and 1620 mg/m®). Although RIVM has
derived a chronic inhalation value, data available and information on toxicity via the inhalation route are
still considered limited, therefore this value is considered provisional. No other agencies have derived
a non-carcinogenic inhalation TRV.
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Furthermore, Health Canada considers 1,1,2-trichloroethylene carcinogenic by inhalation; therefore, for
this assessment 1,1,2-trichloroethylene will not be evaluated from a chronic non-carcinogenic
perspective.

11.3.2.2 Carcinogenic Inhalation Toxicity Reference Values

Health Canada (2004) has derived a cancer inhalation unit risk (UR) value of 6.14 x 107 (ug/m®)™. This
value is calculated from a Health Canada (1996) TCO5 value of 82 mg/m®. The TCys was modified to a
unit risk by dividing it into 0.05 [UR;;»= 0.05/TCys] (Health Canada, 2004). The carcinogenic potency
(TCos) value of 82 mg/m?is derived from a study by Maltoni et al. (1986, 1988) in which male Sprague-
Dawley rats were exposed to 0, 100, 300 or 600 ppm (0, 540, 1620 or 3240 mg/m® TCE for 7
hours/day, 5 days/week for 104 weeks. The authors observed an exposure-related increase in the
incidence of tumours of the Leydig cells in the testis (6/135, 16/130, 30/130 and 31/130, or when
corrected for the number of animals alive at the time of appearance of the first Leydig cell tumour - 62
weeks, 6/120, 16/114, 30/114 and 31/120). Based on a multistage model, a TCqs of 556 mg/m3 was
derived. This was further modified to account for the ratio of inhalation volume/body weight of humans
aged 5 to 11 [(12 m®day)/27 kg] to rats [(0.11 m*/day)/0.35 kg] and by time factors (7/24, 5/7). The
resulting Health Canada (2004) inhalation unit risk- of 6.14 x 107 (ug/m®™* was selected for this
assessment.

11.4 Bioavailability

In this risk assessment, 1,1,2-trichloroethylene is only being evaluated through the inhalation pathway;
as a result, oral and dermal bioavailability/absorption factors have not been determined. With regards to
the inhalation pathway, it has been conservatively assumed that 1,1,2-trichloroethylene is completely
absorbed (i.e. absorption factor is 1).

11.5 Conclusion
The following tables present 1,1,2-trichloroethylene TRVs selected for use in this risk assessment.

Table 11-1 1,1,2-Trichloroethylene Oral TRVs used in the HHRA

Reference

Toxicity Reference value 2 | Critical Effect Source

Value

Type

Non-carcinogenic
1,1,2- TRV NE
Trichloroethylene Carcinogenic Slope
NE
Factor
® NEi Not Evaluated
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Table 11-2 1,1,2-Trichloroethylene Inhalation TRVs used in the HHRA

CNS impairment; cognitive
1-Hour 540 decrements; and renal Benchmark TCEQESL,
L 2008
toxicity
) 1.1,2- 24-Hour 12 Health Based Benchmark MOE AAQC,
Trichloroethylene 2008
Annual Average NE
Carcinogenic 7 Health Canada,
Annual Average 6.14x 10 Cancer UR 2004

2 Units:Non-carci nogeni c)) COPCafeghmgefiic COPC (eg/ m
NE i Not Evaluated
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12.0 1,2,47 TRICHLOROBENZENE

1,2,4-Trichlorobenzene is a man-made chemical that looks like a colorless liquid (US EPA, 2006).
1,2,4-Trichlorobenzene has several uses; it is used as an intermediate or building block to make
herbicides - substances that destroy or prevent the growth of weeds. It is also used as a solvent and
dielectric fluid (a liquid that conducts little or no electricity), a degreaser (a substance that removes
grease), and as a lubricant (US EPA, 2006).

Health effects of 1,2,4-trichlorobenzene include eye, skin, and respiratory tract irritation with short-term
exposure, and potential liver effects with chronic exposure (ILO, 2003).

12.1 Assessment of Carcinogenicity

1,2,4-Trichlorobenzene has not been classified as a carcinogen by any of the major regulatory review
agencies including the IARC, US EPA or Health Canada. Accordingly, 1,2,4-trichlorobenzene was
assessed as a non-carcinogen in this assessment.

12.2 Susceptible Populations

No particular susceptible populations are identified by the US EPA.

12.3 Selection of Toxicity Reference Values

Numerous sources were consulted in order to obtain toxicological and benchmark values for COPCs.
A summary of the reviewed studies, and the rationale for the selection of the TRVs used in the HHRA,
is outlined below.

12.3.1 Oral Exposure

12.3.1.1 Non-Carcinogenic Toxicity Reference Values

Health Canada (2004b) provides a tolerable daily intake (TDI) of 0.0016 mg/kg-day, which was used as
the oral TRV in this assessment. This TDI is based on a 13-week study undertaken by Cote et al.
(1988). Rats were exposed to 1,2,4-trichlorobenzene at 0.07 to 146 mg/kg bw-day in the diet.
Significant increases in the relative liver weight and absolute and relative kidney weight were seen in
males at the highest doses. Histopathological changes in the liver and thyroid were significant only at
the highest dose and were more severe in males than females. Health Canada derived the TDI of
0.0016 mg/kg bw-day based on a NOEL of 7.8 mg/kg bw-day in the Cote et al. (1988) study. An
uncertainty factor of 5000 was applied (10 for intraspecies variation, 10 for interspecies variation, 10 for
use of a subchronic study, and 5 for the lack of adequate data on chronic toxicity and carcinogenicity).

The US EPA (1996) provides a non-carcinogenic oral reference dose (RfD) of 0.01 mg/kg-day. The
derivation of the oral RfD is based on a multigeneration reproductive study on rats carried out by
Robinson et al. (1981). Male and female progeny were administered 0, 25, 100 or 400 ppm of 1,2,4-
trichlorobenzene in their drinking water. A LOAEL was derived from a significant increase (11% in
males, 13% in females) in adrenal gland weights observed in the 400-ppm (53.6 mg/kg-day) groups of
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males and females. A NOAEL of 100 ppm (14.8 mg/kg-day) was derived based on the absence of
effects. This NOAEL was modified by 1000 to account for sensitive subpopulations (10), lack of chronic
studies (10) and extrapolation from laboratory studies to humans (10).

RIVM (2001) provides a tolerable daily intake (TDI) of 0.008 mg/kg-day, based on the same Cote et al.
(1988) study used by Health Canada (2004b). An identical NOEL of 7.8 mg/kg-day was established and
modified by an uncertainty factor of 1000 (rather than 5000 as used by Health Canada).

The Health Canada (2004b) value was used in this assessment because it is based on more recent
data than the US EPA study and is more conservative than the US EPA and RIVM values.

12.3.1.2 Cancer Toxicity Reference Values

In this risk assessment, 1,2,4-trichlorobenzene is not being evaluated as a carcinogen; therefore, a
carcinogenic oral toxicological reference value has not been selected.

12.3.2 Inhalation Exposure
12.3.2.1 Non-Carcinogenic Toxicity Reference Values

12.3.2.1.1  Acute Inhalation Toxicity Reference Values (1  -hour, 24 -hour)

A 1-hour exposure limit of 400 ug/m® for 1,2 4-trichlorobenzene was selected from the Texas
Commission on Environmental Quality (TCEQ, 2008). The TCEQ effects screening level (ESL) is
derived from an American Conference of Governmental Industrial Hygienists (ACGIH) Threshold Limit
Value (TLV) of 40 mg/m® based on eye and upper respiratory tract irritation. ACGIH values are
occupational values, therefore TCEQ further divides the TLV by a safety factor of 100 (i.e., 10 for
extrapolation from workers to_the general public; 10 for difference in exposure time) to derive a 1-hour
exposure limit.

A 24-hour exposure benchmark of 400 pg/m?®for 1,2,4-trichlorobenzene was selected from the Ontario
Ministry of the Environment (MOE). This acute inhalation value was based on occupational health
effects with appropriate safety factors applied in the derivation of the AAQC (Szakolcai, 2009). No
additional information regarding benchmark derivation was provided.

12.3.2.1.2  Chronic Inhalation Toxicity Reference Values

Health Canada (2004b) provides a tolerable concentration (TC) of 7 ug/m® which was used as the
chronic inhalation TRV in this assessment. This value was derived based on subchronic inhalation
exposure of rats, rabbits and beagle dogs to 1,2,4-trichlorobenzene (up to 742,000 pg/m°) for 44 days.
There was an increase in liver weight (rats and dogs) and kidney weight (rats) at 742,000 pg/m?, and
an increase in the excretion of porphyrins (rats) at 223,000 ug/m*. A NOEL in rabbits was established
at 742,000 pg/m?®, while a NOAEL in rats and a NOEL in dogs were established at 223,000 pg/m®
(Kociba et al., 1981). The lowest NOAEL (223,000 pg/m°®) was adjusted based on an exposure time of
7 hours/day and 5 days/week. The NOAEL was further modified for the ratio of inhalation volume/body
weight of rats [(0.11 m®day)/0.35 kg] to humans aged 5 to 11 years [(12 m®day)/27 kg]. Finally, an
uncertainty factor of 5,000 was applied (10 for intraspecies variation; 10 for interspecies variation; 10
for use of a subchronic study; and 5 for lack of adequate carcinogenicity and chronic toxicity data).
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RIVM (2001) provides a provisional total concentration in air (pTCA) of 50 pg/m?®, derived based on a
subchronic study of 1,2,4-trichlorobenzene in rats (Watanabe et al., 1977). Rats were exposed to 1,2,4-
trichlorobenzene for 6 hours/day, 5 days/week for 3 months. A NOAEL of 22,300 ug/m® was
established based on a slight, reversible increase in urinary porphyrins. An uncertainty factor of 500
was subsequently applied to obtain the pTCA.

The Health Canada (2004b) value was used for this assessment because it is based on more recent
data and is more conservative than the RIVM value.

12.3.2.2 Carcinogenic Inhalation Toxicity Reference Values

In this risk assessment, 1,2,4-trichlorobenzene is not being evaluated as a carcinogen; therefore, a
carcinogenic inhalation toxicological reference value has not been selected.

12.4 Bioavailability

For this HHRA, the oral bioavailability factor for soil was conservatively assumed to be 1.0 (Health
Canada, 2004a). The relative dermal absorption fraction (RAF) was set as 0.08 (Health Canada,
2004a). With regards to the inhalation pathway, it has been conservatively assumed that 1,2,4-
trichlorobenzene is completely absorbed (i.e. absorption factor is 1).

12.5 Conclusion

The following tables present 1,2,4-trichlorobenzene TRVs selected for use in this risk assessment.

Table 12-1 1,2,4-Trichlorobenzene Oral TRVs used in the HHRA

Toxicity Reference Reference

Value Critical Effect Type Source

Increases in the relative liver Health

Non-carcinogenic

TRV 0.0016 weight and absolute and RfD Canada,
1,2,4- relative kidney weight. 2004b
Trichlorobenzene . .
Carcinogenic Slope NE

Factor

 Units: Non-carcinogenic COPC (mg/kg/day), NE i Not Evaluated

Table 12-2 1,2,4-Trichlorobenzene Inhalation TRVs used in the HHRA

Duration Critical Effect Reference

Type

1-Hour 400 Eye and Upper Respiratory | g panc | TCEQ ESL, 2008
Tract Irritation
1,2,4- MOE AAQC,
Trichlorobenzene 24-Hour 400 Health Based Benchmark 2008
Increase in the excretion of Health Canada,
Annual Average 7 porphyrins RfC 2004b

2 Units: Non-carcinogenic COPC (3 g/ m
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13.0 1,2,4,5-TETRACHLOROBENZENE

According to the US EPA, 1,2,4,5-tetrachlorobenzene is an odorless man-made substance that can
range in appearance from a colorless crystal to a white flaky or chunky solid. It is used as an
intermediate to make herbicides, insecticides and defoliants (US EPA, 2006).

1,2,4,5-Tetrachlorobenzene can affect human health through both inhalation exposure and ingestion.
Short-term inhalation exposure can lead to coughing. Long-term exposure can result in liver
impairment (ILO, 2003).

13.1 Assessment of Carcinogenicity

1,2,4,5-Tetrachlorobenzene has not been classified as a carcinogen by any of the major regulatory
review agencies including the IARC, US EPA or Health Canada. Accordingly, 1,2,4,5-
tetrachlorobenzene was assessed as a non-carcinogen in.this assessment.

13.2 Susceptible Populations

No susceptible populations were identified.

13.3 Selection of Toxicity Reference Values

Numerous sources were consulted in order to obtain toxicological and benchmark values for COPCs.
A summary of the reviewed studies, and the rationale for the selection of the TRVs used in the HHRA,
is outlined below.

13.3.1 Oral Exposure

13.3.1.1 Non-Carcinogenic Toxicity Reference Values

Health Canada (2004b) provides a tolerable daily intake (TDI) of 0.00021 mg/kg-day. This value was
derived based on the results of a study conducted by the National Toxicological Program (NTP, 2001)
in which subchronic doses (0, 30, 100, 300, 1,000 or 2,000 mg 1,2,4,5-tetrachlorobenzene/kg diet)
were administered to rats for 13 weeks. Effects including compound-related clinical symptoms,
haematological changes and histopathological effects in the liver were observed in animals in the
highest dose groups. In lower dose groups, increased kidney and liver weights, histopathological
effects in the kidney and thyroid and reduced levels of free thyroxin and total thyroxin in serum were
observed. Based on histopathological effects in the thyroid, a NOAEL value of 2.1 mg 1,2,4,5-
tetrachlorobenzene/kg-day was derived from this study, corresponding to an oral dose of 30 mg
1,2,4,5-tetrachlorobenzene/kg diet. Health Canada applied an uncertainty factor of 10,000 to account
for intraspecies variation (10), interspecies variation (10), the subchronic duration of the study (10) and
for a lack of adequate data on carcinogenicity and reproductive toxicity (10). The resulting TDI is
0.00021 mg/kg-day.

The US EPA (1991) provides a non-carcinogenic oral TRV of 0.0003 mg/kg-day. This value was
derived based on a study by Chu et al. (1984) which involved groups of weanling Sprague-Dawley rats
(15 per sex) who were fed diets containing 0, 0.5, 5.0, 50, and 500 mg 1,2,4,5-tetrachlorobenzene/kg

M Jac ques Whitford  ©2009  PROJECT 1009497.06  June 10, 2009 79

Whittord



diet for 13 weeks. Dose-related increases in the frequency and severity of kidney lesions for male rats
were observed at levels of 5.0 mg 1,2,4,5-tetrachlorobenzene/kg diet and greater. The severity of
effects was considered significant only at the 50 and 500 mg 1,2,4,5-tetrachlorobenzene/kg diet levels
because of a high incidence of mild kidney lesions in the controls. Consequently, a LOAEL of 3.4 mg
1,2,4,5-tetrachlorobenzene/kg-day (50 mg 1,2,4,5-tetrachlorobenzene/kg diet) and a NOAEL of 0.34
mg 1,2,4,5-tetrachlorobenzene/kg-day (5.0 mg 1,2,4,5-tetrachlorobenzene/kg diet) were established.
An uncertainty factor of 1000 was applied to the NOAEL to reflect both interspecies (10) and
interspecies (10) variability to the toxicity of this chemical in lieu of specific data, and for extrapolation of
a subchronic effect level to its chronic equivalent (10).

The Health Canada (2004b) value was used for this assessment because it is based on more recent
data and is more conservative than the US EPA value.

13.3.1.2 Cancer Toxicity Reference Values

In this risk assessment, 1,2,4,5-tetrachlorobenzene is not being evaluated as a carcinogen; therefore, a
carcinogenic oral toxicological reference value has not been selected.

13.3.2 Inhalation Exposure
13.3.2.1 Non-Carcinogenic Toxicity Reference Values

13.3.2.1.1  Acute Inhalation Toxicity Reference Values (1  -hour, 24 -hour)
No acute inhalation TRVs for 1,2,4,5-tetrachlorobenzene were identified for use in the risk assessment.
13.3.2.1.2  Chronic Inhalation Toxicity Reference Values

The study team used the previously described Health Canada (2004b) TDI of 0.00021 mg/kg-day to
calculate a chronic inhalation exposure limit based on route-to-route extrapolation. A body weight of
70.7 kg and an inhalation rate of 15.8 m*/day were assumed for the purposes of the calculation. This
resulted in a calculated chronic inhalation exposure limit of 0.94 pg/m?.

13.3.2.2 Carcinogenic Inhalation Toxicity Reference Values

In this risk assessment, 1,2,4,5-tetrachlorobenzene is not being evaluated as a carcinogen; therefore, a
carcinogenic inhalation toxicological reference value has not been selected.

13.4 Bioavailability

For this HHRA, the oral bioavailability factor for soil was conservatively assumed to be 1.0 (Health
Canada, 2004a). The relative dermal absorption fraction (RAF) was set as 0.1 (RAIS, 2006). With
regards to the inhalation pathway, it has been conservatively assumed that 1,2,4,5-tetrachlorobenzene
is completely absorbed (i.e. absorption factor is 1).

13.5 Conclusion

The following tables present 1,2,4,5-tetrachlorobenzene TRVs selected for use in this risk assessment.
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Table 13-1 1,2,4,5-Tetrachlorobenzene Oral TRVs used in the HHRA

Toxicity Reference Critical Effect Reference Source

Value Type

Non-carcinogenic Histopathological changes Health
g 0.00021 pathological chang RfD Canada,
1,2,4,5- TRV in the thyroid. 2004b

Tetrachlorobenzene . .
Carcinogenic Slope

Factor NE

% Units: Non-carcinogenic COPC (mg/kg/day), NE i Not Evaluated

Table 13-2 1,2,4,5-Tetrachlorobenzene Inhalation TRVs used in the HHRA

Duration Value ? Critical Effect Reference
=S _Type 7

1-Hour NV

1,2,4,5- 24-Hour NV

Tetrachlorobenzene Calculated route-to-route

Annual Average 0.94 extrapolation from oral RfD
TDI.

Health Canada,
2004b

2 Units:Non-carcinogeni c’), VOMG Value g/ m
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14.0 1,2-DICHLOROBENZENE

Dichlorobenzenes do not occur naturally. Dichlorobenzenes are chemical intermediates used widely in
the manufacture of dyes, pesticides and various industrial products. Ortho-dichlorobenzene (1,2-
dichlorobenzene) is a colorless to pale yellow liquid used as a solvent and an insecticide (IARC, 1999).

Exposure to high levels of 1,2-dichlorobenzene may be very irritating to your eyes and nose and cause
difficult breathing, and an upset stomach (ATSDR, 2006). Animal studies have found that 1,2-
dichlorobenzene can cause effects in the kidneys and blood. 1,2-Dichlorobenzene has been identified
in at least 281 of the 1,662 National Priorities List sites identified by the U.S. Environmental Protection
Agency (US EPA).

14.1 Assessment of Carcinogenicity

The International Agency for Research on Cancer (IARC) has found that 1,2-dichlorobenzene is not
classifiable as to its carcinogenicity to humans (Group 3) (IARC, 1999). Two well-conducted animal
studies have been conducted in which 1,2-dichlorobenzene was administered orally to rats and mice.
No increased incidence of tumours was observed in these studies leading IARC to conclude that
evidence in experimental animal studies 'suggest a lack of carcinogenicity. Inadequate evidence in
humans was available (IARC, 1999). Accordingly, 1,2-dichlorobenzene was assessed as a non-
carcinogen in this assessment.

14.2 Susceptible Populations

According to the ATSDR (2006), exposure to dichlorobenzenes mostly occurs from breathing indoors or
workplace air.

14.3 Selection of Toxicity Reference Values

Numerous sources were consulted in order to obtain toxicological and benchmark values for COPCs.
A summary of the reviewed studies, and the rationale for the selection of the TRVs used in the HHRA,
is outlined below.

14.3.1 Oral Exposure

14.3.1.1 Non-Carcinogenic Toxicit y Reference Values

Health Canada (2004b) provides a tolerable daily intake (TDI) of 0.43 mg/kg-day, which was used as
the oral TRV in this assessment. This Health Canada TDI has been derived on the basis of a NOEL of
60 mg/kg-day (tubular regeneration in the kidney at the next highest dose) derived in a long-term
National Toxicology Program (NTP) bioassay conducted via oral exposure (NTP, 1983). In the study,
groups of F344 rats and B6C3F1 mice (both sexes) were administered 0, 60, or 120 mg 1,2-
dichlorobenzene/kg-day by gavage, 5 days/week for 103 weeks (NTP, 1983). In mice exposed, there
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was a dose-related increase in the incidence of tubular regeneration of the kidney of males at 120
mg/kg-day. Based on the occurrence of these effects at higher doses, the NOEL of 60 mg/kg-day was
derived. Health Canada adjusted the dose to account for the dosing schedule of 5 days/week, and a
100-fold uncertainty factor (10 for intraspecies variation and 10 for interspecies variation) was applied.

The US EPA (1991) provides a non-carcinogenic oral reference dose (RfD) of 0.09 mg/kg-day, based
on a study where 1,2-dichlorobenzene in corn oil was given by gavage to F344/N rats and B6C3F1
mice (50 males and 50 females/group) at doses of 0, 60, or 120 mg/kg-day, 5 days/week for 103 weeks
(NTP, 1985). The survival of high-dose (120 mg/kg-day) male rats was decreased compared with
controls (19/50 vs. 42/50), but the difference appeared largely because of deaths from gavage error (4
controls vs. 20 high-dose). A statistically significant increase in renal tubular regeneration in high-dose
male mice was observed (17/49) compared with the low-dose group (12/50) or the controls (8/48).
There was no other evidence of treatment-related renal lesions in either species. The US EPA
guestioned the significance of the abovementioned effects, and consequently, established a NOAEL of
120 mg/kg-day. This NOAEL was then adjusted to 85.7 mg/kg-day to account for a gavage schedule of
5 days/week. To this value, an uncertainty factor of 1000 was applied for uncertainty in the
extrapolation of dose levels from laboratory animals to humans (10), uncertainty in the threshold for
sensitive humans (10), and uncertainty because of the lack of studies assessing reproductive effects
and adequate chronic toxicity in a second species (10).

The Agency for Toxic Substances and Disease Registry (ATSDR, 2006) provides a non-carcinogenic
oral minimal risk level (MRL) of 0.3 mg/kg-day, based on the same previously described study that
formed the basis of the US EPA RfD. However, ATSDR placed a higher degree of confidence in the
observed effects and assigned a LOAEL of 120 mg/kg-day and a NOAEL of 60 mg/kg-day from the
study. From this data, a BMDL,, of 30.74 mg/kg-day was derived, to which an uncertainty factor of 100
was applied (factor of 10 for each of intraspecies and interspecies extrapolation).

Additionally, RIVM (2001) derived a TDI identical to that derived by Health Canada (2004b)

The Health Canada (2004b) value of 0.43 mg/kg-day was selected for use in this assessment because
it is based on a TDI rather than a minimal risk level.

14.3.1.2 Cancer Toxicity Reference Values

In this risk assessment, 1,2-dichlorobenzene is not being evaluated as a carcinogen; therefore, a
carcinogenic oral TRV has not been selected.

14.3.2 Inhalation Exposure

14.3.2.1 Non-Carcinogenic Toxicity Reference Values

14.3.2.1.1  Acute Inhalation Toxicity Reference Values (1  -hour, 24 -hour)

A 1-hour exposure benchmark of 30,500 pg/m? for 1,2-dichlorobenzene was selected from the Ontario
Ministry of the Environment (MOE). This acute inhalation value was based on occupational health
effects with appropriate safety factors applied in the derivation of the AAQC (Szakolcai, 2009). No
additional information regarding benchmark derivation was provided.
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A 24-hour exposure limit was not identified for 1,2-dichlorobenzene.
14.3.2.1.2  Chronic Inhalation Toxicity Reference Values

RIVM (2001) developed a provisional total concentration in air (pTCA) of 600 ug/m?® based on five to
seven month subchronic inhalation studies of various species (Hollingworth et al.,1958). A LOAEL of
560,000 pg/m® was established based on decreased spleen weights observed in male guinea pigs.
Subsequently, a NOAEL of 290,000 pg/m°, based on the absence of adverse effects, was adjusted to
60,000 pug/m3for duration (7 hours/day for 5 days/week) and an uncertainty factor of 100 was applied to
establish this pTCA which was selected for use in this risk assessment.

14.3.2.2 Carcinogenic Inhalation Toxicity Reference Values

In this risk assessment, 1,2-dichlorobenzene is not being evaluated as a carcinogen; therefore, a
carcinogenic inhalation TRV has not been selected.

14.4 Bioavailability

For this HHRA, the oral bioavailability factor for soil was conservatively assumed to be 1 (Health
Canada, 2004a). The relative dermal absorption fraction (RAF) was set as 0.1 (Health Canada,
2004a). With regards to the inhalation ‘pathway, it has been conservatively assumed that 1,2-
dichlorobenzene is completely absorbed (i.e. absorption factor is 1).

14.5 Conclusion
The following tables present 1,2-dichlorobenzene TRVs selected for use in this risk assessment.

Table 14-1 1,2-Dichlorobenzene Oral TRVs used in the HHRA

Toxicity Reference Critical Effect Reference Source

Value Type

. . L Health
Non-carcinogenic 0.43 Tubular reg_eneraﬂon in the RID Canada,
1.2- TRV Kidney. 2004b

Dichlorobenzene . :
Carcinogenic Slope

NE
Factor

# Units: Non-carcinogenic COPC (mg/kg/day), NE T Not Evaluated

Table 14-2 1,2-Dichlorobenzene Inhalation TRVs used in the HHRA

Duration Critical Effect Reference
Type
1-Hour 30,500 Health Based Benchmark MOE&‘)’;QC’
1,2-

Dichlorobenzene | 23-Hour _ NV
Annual Average 600 NOAEL. fro”.‘ varlous_ RfC RIVM, 2001

semichronic animal studies

2 Units: Non-carcinogenic COP C ), M\gi /NmValue
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15.0 2,3,4,6-TETRACHLOROPHENOL

Chlorophenols (CPs) are organic chemicals formed from phenol (1-hydroxybenzene) by substitution in
the phenol ring with one or more atoms of chlorine. Nineteen congeners are possible, ranging from
monochlorophenols to the fully chlorinated pentachlorophenol (PCP). Chlorophenols, particularly
trichlorophenols (T3CP), tetrachlorophenols (T4CP), and PCP, are also available as sodium or
potassium salts (INCHEM, 1989).

Chlorophenols are solids at room temperature. The aqueous solubility of chlorophenols is low, but the
sodium or potassium salts of chlorophenols are up to four orders of magnitude more soluble in water
than the parent compounds (INCHEM, 1989). The acidity of chlorophenols increases as the number of
chlorine substitutions increases. The n-octanol/water partition coefficients of chlorophenols increase
with chlorination, indicating a propensity for the higher chlorophenols to bioaccumulate (INCHEM,
1989). The taste and odour thresholds of chlorophenols are quite low.

According to ATSDR (1999), some chlorophenols are used as pesticides, while others are used in
antiseptics. Small amounts are produced when water is disinfected with chlorine. They are also
produced while bleaching wood pulp with chlorine to make paper (ATSDR,1999).

Chlorophenols can have a number of toxic effects. on human health. Humans exposed to
chlorophenols as well as other chemicals through inhalation and dermal contact developed acne and
mil liver injuries. Animal studies have concluded that ingestion of high levels of chlorophenols can
affect the liver and immune system. Putting chlorophenols on the skin and eyes of animals can also
cause injusry such as swelling, redness, and scabbling. This is more common with mono and
dichlorophenols however (ATSDR, 1999).

15.1 Assessment of Carcinogenicity

According to IARC (1999), combined exposures to polychlorophenols or to their sodium salts, are
possibly carcinogenic to humans (Group 2B); however given the lack of evidence for the purpose of this
risk assessment 2,3,4,6-tetrachlorophenol was evaluated as a nhon-carcinogen.

15.2 Susceptible Populations

No particularly susceptible populations were identified.

15.3 Selection of Toxicity Reference Values

Numerous sources were consulted in order to obtain toxicological and benchmark values for COPCs.
A summary of the reviewed studies, and the rationale for the selection of the TRVs used in the HHRA,
is outlined below.
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