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Synopsis

Pursuant to section 74 of the Canadian Environmental Protection Act, 1999
(CEPA 1999), the Ministers of the Environment and of Health have conducted a
screening assessment of 1-propene, Chemical Abstracts Service Registry
Number 115-07-1. 1-Propene (henceforth referred to as propene) was identified
as a priority for screening assessment as it was considered to pose greatest
potential for exposure of individuals in Canada and was considered to pose a
moderate hazard to human health.

Propene is a naturally occurring gas that is emitted from many plants, and is a
component in natural gas, volcanoes, and from incomplete biomass combustion.
Propene is primarily used as a monomer for the production of polypropylene, a
plastic. It can also serve as an intermediate to make many other plastics, as a
fuel additive, as a fragrance or as a perfume ingredient. Based on submissions
made under Section 71 of CEPA 1999, companies reported manufacturing a total
of 930 000 tonnes of propene in Canada in 2000, mostly by the petrochemical
industry. During the same year, over 10 000 tonnes of propene were reported as
imported into Canada.

The National Pollutant Release Inventory reported that in 2009, a total of 404
tonnes of propene were released in Canada. There is an overall declining trend
in reported releases from 1994 to 2009, due in part to closures of several
chemical manufacturing facilities in 2008 and 2009.

Automobiles manufactured prior to 1992 are estimated to be a major source of
propene in air. In 2005, these automobiles constituted 14% of all Canadian light-
duty vehicles on the road but they contributed 76% of all propene releases from
these vehicles. However, the amount of all volatile organic compounds, including
propene, released by automobiles has been declining due to improved efficiency
of automotive engines and the continual removal of older vehicles from usage.

Propene has been detected in outdoor, indoor and personal air. It has not been
reported in surface water, drinking water, soil, sediment, consumer products or
foodstuffs in Canada. Propene has been identified as a combustion by-product in
cigarette smoke.

Based on its physical and chemical properties and modelled data, propene is not
persistent or bioaccumulative. Propene does not appear to cause harmful effects
to terrestrial plants or small mammals even when they are exposed to very high
concentrations in air. No studies have been found on potential effects of propene
on aquatic organisms.

Releases of propene to the environment occur almost exclusively to air. Based
on a conservative risk quotient analysis, air concentrations of propene in Canada



are not expected to cause harmful effects to small mammals and terrestrial
plants.

Based on the information presented in this screening assessment, there is low
risk of harm to organisms or the broader integrity of the environment from this
substance. It is concluded that this substance does not meet the criteria under
paragraph 64(a) or 64(b) of CEPA 1999 as it is not entering the environment in a
quantity or concentration or under conditions that have or may have an
immediate or long-term harmful effect on the environment or its biological
diversity or that constitute or may constitute a danger to the environment on
which life depends.

Propene has been classified by the International Agency for Research on Cancer
as “not classifiable as to its carcinogenicity to humans (Group 3)” on the basis of
inadequate evidence of carcinogenicity (IARC 1994). The animal and human
health effects database for propene did not demonstrate evidence of
carcinogenicity and the available information on genotoxicity indicates that
propene is not likely to be genotoxic. With respect to non-cancer effects, the
lowest observed adverse effect concentration (LOAEC) for chronic exposures
was 5000 ppm (8600 mg/m?), based on significantly increased incidence of
squamous metaplasia and inflammation in the nasal cavities of rats exposed for 2
years. Margins of exposure between effect levels and upper-bounding estimates
of exposure are considered adequate to address uncertainties related to health
effects and exposure.

On the basis of the adequacy of the margins between the upper-bounding
estimates of exposure and the critical effect level for chronic exposure, it is
concluded that propene does not meet the criteria under paragraph 64(c) of
CEPA 1999 as it is not entering the environment in a quantity or concentration or
under conditions that constitute or may constitute a danger in Canada to human
life or health.

Conclusion
Based on available information for ecological and human health considerations, it

is concluded that propene does not meet any of the criteria set out in section 64
of CEPA 1999.
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1 Introduction

This screening assessment report was conducted pursuant to section 74 of the
Canadian Environmental Protection Act, 1999 (CEPA 1999). This section of the
Act requires that the Ministers of the Environment and of Health conduct
screening assessments of substances that have met the categorization criteria
set out in the Act to determine whether these substances present or may present
a risk to the environment or to human health.

A screening assessment was undertaken on 1-propene (Chemical Abstracts
Service Registry Number 115-07-1, henceforth referred to as propene), a
substance on the Domestic Substances List (DSL). Propene was identified as a
priority for assessment during the categorization of the DSL, as it was determined
to present the greatest potential for exposure of individuals in Canada, and was
considered to present a moderate hazard to human health. Propene did not meet
the categorization criteria for persistence, bioaccumulation or inherent toxicity to
aguatic organisms.

Screening assessments focus on information critical to determining whether a
substance meets the criteria as set out in section 64 of CEPA 1999 (Canada
1999). Screening assessments examine scientific information and develop
conclusions by incorporating a weight-of-evidence approach and precaution.*

This screening assessment includes consideration of information on chemical
properties, hazards, uses and exposure to propene. Data relevant to the
screening assessment of propene were identified in original literature, review,
and assessment documents, commercial and government databases and indices
and from recent literature searches, up to April 2012 for both ecological and
human health sections. Air monitoring data from the National Air Pollution
Surveillance (NAPS) Network were also obtained (Environment Canada 2011). In
addition, an industry survey on propene was conducted for the year 2000 through
a Canada Gazette notice issued pursuant to Section 71 of CEPA 1999 (Canada
2001). This survey collected data on the Canadian manufacture, import, uses
and releases of propene (Environment Canada 2003).

Original studies that form the basis for determining whether the substance meets
the criteria set out in paragraphs 64(a) and 64(b) of CEPA 1999 have been

1 A determination of whether one or more of the criteria of section 64 are met is based upon an assessment of potential
risks to the environment and/or to human health associated with exposures in the general environment. For humans, this
includes, but is not limited to, exposures from ambient and indoor air, drinking water, foodstuffs, and the use of
consumer products. A conclusion under CEPA 1999 is not relevant to, nor does it preclude, an assessment against the
hazard criteria specified in the Controlled Products Regulations, which is part of the regulatory framework for the
Workplace Hazardous Materials Information System (WHMIS) for products intended for workplace use. Similarly, a
conclusion based on the criteria contained in section 64 of CEPA 1999 does not preclude actions being taken under
other sections of CEPA 1999 or other Acts.



critically evaluated by staff of Environment Canada to ensure reliability of the
data. The data from key toxicity studies were evaluated using Robust Study
Summary forms similar to those recommended by the Organisation for Economic
Co-operation and Development for the evaluation of studies for the Screening
Information Data Set of high production volume substances (OECD 2003). Only
studies with a score showing an appropriate degree of confidence were taken
into account when selecting critical values for the assessment.

Evaluation of risk to human health involves consideration of data relevant to
estimation of exposure (non-occupational) of the general population, as well as
information on health hazards (based principally on the weight-of-evidence
assessments of other agencies that were used for prioritization of the substance).
Decisions for human health are based on the nature of the critical effect and/or
margins between conservative effect levels and estimates of exposure, taking
into account confidence in the completeness of the identified databases on both
exposure and effects, within a screening context. The screening assessment
does not represent an exhaustive or critical review of all available data. Rather, it
presents a summary of the critical information upon which the conclusion is
based.

This screening assessment was prepared by staff in the Existing Substances
Programs at Health Canada and Environment Canada and incorporates input
from other programs within these departments. The environment and human
health sections of this screening assessment have undergone external written
peer review/consultation. Comments on the technical portions relevant to human
health were received from scientific experts selected and directed by Gradient
(an environmental and risk science consulting firm), including Cathy Petito
Boyce, Leslie Beyer and Chris Long. Additionally, the draft of this screening
assessment was subject to a 60-day public comment period. While external
comments were taken into consideration, the final content and outcome of the
screening assessment remain the responsibility of Health Canada and
Environment Canada.

The critical information and considerations upon which the screening assessment
Is based are summarized below.



2 Substance ldentity

For the purposes of this document, the substance will be referred to as propene
as it is in accordance with the most recent IUPAC (International Union of Pure
and Applied Chemistry) recommendations for this substance. Information
relevant to the identity of propene is presented in Table 2-1.

Table 2-1: Substance identity for propene
Chemical Abstracts

Service Registry 115-07-1

Number (CAS RN)

DSL name 1-Propene

National Chemical Propene (TSCA, AICS, ECL, SWISS, PICCS, ASIA-
Inventories (NCI) PICS, NZIoC)

names?

Propylene (EINECS, ENCS, PICCS)

Other names

1-propene, 1-propylene, methylethylene, methylethene

Chemical group
Discrete organics
(DSL Stream)

Major chemical class

Organic
or use
Chemical formula C;sHg
Chemical structure H,C=CH-CHj5
SMILES® C(=C)C
Molecular mass 42.08 g/mol

National Chemical Inventories (NCI). 2007: AICS (Australian Inventory of Chemical Substances); ASIA-
PAC (Asia—Pacific Substances Lists); ECL (Korean Existing Chemicals List); EINECS (European
Inventory of Existing Commercial Chemical Substances); ENCS (Japanese Existing and New Chemical
Substances); NZIoC (New Zealand Inventory of Chemicals); PICCS (Philippine Inventory of Chemicals
and Chemical Substances); SWISS (Giftliste 1 and Inventory of Notified New Substances); and TSCA
(Toxic Substances Control Act Chemical Substance Inventory).

Simplified Molecular Input Line Entry System.

3 Physical and Chemical Properties

At temperatures above -48°C, propene is a colourless gas, and is heavier than
air (AIHA 1989). Table 3-1 presents a range of physical-chemical properties
identified for propene that are relevant to its environmental fate. All of these
properties were determined experimentally.

Table 3-1: Physical and Chemical Properties of Propene

Temperature
o Reference
(W)

Property Type Value

Melting point (°C) Experimental -185 Not applicable O’Neil et al.
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2001

Boiling point (°C) Experimental -48 Not applicable o Nzeégit al.
Vapour density . O’Neil et al.
(kg/m®) Experimental 1.81 20 2001
Vapour density . . O’Neil et al.

(relative to air) Experimental 1.49 (air=1) 20 2001
Vapour pressure . Braker and
(kPa) Experimental 779 10 Mossman 1980
VapOLzlr(PpSssure Experimental 1158 25 Inchem 2001
Vapour pressure . Braker and
(kPa) Experimental 2531 50 Mossman 1980
Solubility in water | g o imental 200 25 McAuliffe 1966
(mg/L)
, 1985 Pa/m°/mol .
Henry's Law Experimental (0.0196 atm 25 Wasik and
constant 3 Tsang 1970
m~/mol)
Octanol-water
partition
coefficient Experimental 1.77 Not applicable Inchem 2001
log Kow
(dimensionless)
Rate constant for
gas-phase
reaction with Atkinson et al
hydroxyl radical Experimental 2.60 x 10™ Not applicable 1989 ‘
, (kow)
(cm“/molecule/
sec)
4 Sources

Propene is found to be a naturally occurring product in vegetation, especially
bananas and apples and is released from many types of plants (Clayton and
Clayton 1981; Isidorov et al. 1985). During the combustion of organic matter (i.e.,
from auto/aircraft exhaust, tobacco smoke or biomass burning) propene is
released into the ambient air. In addition, propene may be released during the
production and use of other products for which it is a chemical intermediate.
Propene is most commonly obtained from petroleum refining through thermal
cracking, where a mixture of hydrocarbons is heated and undergoes reactions
with free radicals, which results in effluent separation. This produces gasoline
and fuel oil in addition to the propene (Speight 2007; Mark et al. 1978).

Based on submissions made under Section 71 of CEPA 1999, 11 companies
reported manufacturing propene in 2000, with a total production of 930 000
tonnes, with most manufacturing done by the petrochemical industry. Over

10 000 tonnes of propene were imported in 2000 (Environment Canada 2003).

More recent data from Statistics Canada indicate that Canadian production of
propene has decreased when compared to the industry submissions from 2000.
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In 2008, 770 672 tonnes of propene was produced, followed by 590 623 tonnes
in 2009 and 660 474 tonnes in 2010. No recent information on the number of
companies manufacturing propene was found (Statistics Canada 2011).

5 Uses

Propene is primarily used as a monomer for the production of polypropylene, a
plastic. It can also serve as an intermediate to make acrylonitrile, propene oxide,
isopropyl alcohol, cumene, butyraldehydes, propene oligomeres, acrolein, allyl
chloride, allyl acetate, cresols, ethylene-propene rubbers, ethene and butanes
(Speight 2007). Propene can be used as a fuel additive or fragrance, or a
perfume deodorizer (HSDB 2003). If dimerized or alkylated, propene is used to
produce polymer gasoline for gasoline blending (Mark et al. 1978; Marchionna et
al. 2001).

Propene is not permitted for use as a food additive in Canada and is not found in
the Lists of Permitted Food Additives and their associated Marketing
Authorizations, issued under the authority of the Food and Drugs Act (April 2014
email from HPFB, Health Canada to Risk Management Bureau, Health Canada,
unreferenced). Propene is not listed in the Drug Product Database (DPD), the
Therapeutic Products Directorate's internal Non-Medicinal Ingredient Database,
the Natural Health Products Ingredients Database or the Licensed Natural Health
Products Database as a medicinal or a non-medicinal ingredient present in final
pharmaceutical products, natural health products or veterinary drugs (DPD 2012;
NHPID 2012; LNHPD 2012; February 2011 email from Therapeutic Products
Directorate, Natural Health Products Directorate and Veterinary Drugs
Directorate, Health Canada, to Risk Management Bureau, Health Canada,;
unreferenced).

In Canada, the majority of companies used propene in a destructive manner,
typically as a feedstock to make other substances or as a fuel. Other reported
uses were in the production of olefins and in other chemical manufacturing
(Environment Canada 2003).

6 Releases to the Environment

Propene is a gas that is naturally emitted from garlic essential oil, European fir
and Scots pine, and is released from germinating beans, corn, cotton and pea
seeds (Isidorov et al. 1985). Natural gas, volcanoes, and incomplete biomass
combustion release considerable quantities of propene into the atmosphere
(HSDB 2003). Some soil microorganisms, such as the cyanobacteria Oscillatoria
spp. and Nostoc spp. also release it (Hodges and Campbell 1998).

The National Pollutant Release Inventory (NPRI) (Environment Canada 2010)
reported that a total of 404 tonnes of propene were released from 44 facilities in
2009. A generally declining trend in releases is observed when comparing
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releases in recent years to totals from 1994-2009 Some of the recent reductions
were due to closures of several chemical manufacturing facilities in 2008 and
2009.

The sectoral distribution of the releases for 2009 is shown in Table 6-1. Virtually
all releases (>99%) are to air as propene is a gas under normal ambient
temperatures and pressures. The amount of propene reportedly released by the
oil and gas industry is likely underestimated; some gas processing facilities are
not required to report to the NPRI as they do not meet NPRI reporting criteria.

Table 6-1: Quantities released as reported to the NPRI for 2009

Sector Quantity Released (tonnes)
Oil sands and heavy ail 160
Petroleum extraction and refining 126
Chemical and chemical products 59
Primary metal manufacturing 32
Other manufacturing 21
Iron and steel 12
Oil and gas pipelines and storage 4
Upstream oil & gas 3.1
Mining 2
Pulp and paper 0.003
Transportation equipment 0.002
manufacturing
Total 419.1

Propene was one of the chemicals measured in vehicle emissions in 2003 by the
AirCare program, a vehicle emissions testing and reduction program in the Lower
Fraser Valley of British Columbia (Environment Canada 2003). The vehicles
tested ranged in model years from 1978 to 1998. Of these, 50 were light-duty
passenger cars and 20 were light-duty trucks. The vehicles selected for testing
were chosen to represent the top 70% of the on-road vehicle fleet in British
Columbia.

In the AirCare program, the quantity of propene emitted per kilometre driven
varied greatly; however, a general trend was apparent: vehicles older than 1992
often emitted considerably more propene than did vehicles newer than 1992. The
average propene emission rate for pre-1992 vehicles was 50.19 mg/km driven,
while the average for 1992 and later vehicles was 1.60 mg/km driven. This
change was largely the result of emissions controls and requirements for cleaner-
burning fuels in the United States and Canada.

These data can be used to estimate the amount of propene potentially released
from motor vehicles in Canada, assuming that the vehicle distribution for Canada
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is similar to that of the Lower Fraser Valley. In 2005, Canadians drove an
estimated 287.7 billion km in 17.9-18.2 million in light-duty vehicles (weighing
less than 4.5 tonnes) (Statistics Canada 2005; NRCan 2008). This calculation
resulted in a total estimated release of propene for Canada from light-duty
vehicles at 1774 tonnes in 2005. The majority of this, 1345 tonnes (76% of the
total), was from cars older than 1992 although they represented only 14% of the
fleet in 2005 (NRCan 2008). As of 2009 this age class of vehicle represented
only 6.7% of the vehicle fleet (Statistics Canada 2010). As the Canadian vehicle
fleet ages the proportion of vehicles older than 1992 will continue to drop
resulting in substantial decreases in the amount of propene released by
Canadian vehicles.

Environment Canada’s national emission trends for criteria air contaminants
indicates that the release of all volatile organic compounds (VOCSs), including
propene, from vehicles has dropped from 1 million tonnes in 1985 to 491 000
tonnes in 2010 despite an increase in the national light vehicle fleet (19.7 million)
and total kilometres driven (303 billion km) (Environment Canada 2012; Statistics
Canada 2010).

Current vehicle regulation such as the On-Road Vehicle and Engine Emission
Regulations of CEPA 1999 (Canada 2003) contribute to reducing vehicular
emissions.

7 Environmental Fate

As virtually all of the propene released in Canada is to air and propene is a gas at
environmental temperatures, the main focus for this assessment will be on the air
compartment. Results of Level Il fugacity modelling with the Equilibrium Criterion
(EQC) Model (Mackay et al. 2003), using average half-lives reported by Howard
et al. (1991), indicate that when released to air, 99.99 percent of propene is
expected to partition to air and that only negligible amounts will partition to sail,
water, or sediment.

If released to surface water, propene will readily evaporate as it has a high
Henry’s Law constant of 1985 Pa/m®*mol.

7.1 Persistence and Bioaccumulation Potential

Modelled data concerning the biodegradation and persistence of propene in
different environmental media are presented in Table 7-1. Modelled
biodegradation values for propene indicate that the half-life for propene is 17.5
days in water and soil (Howard et al. 1991).

Propene reacts in air primarily with hydroxyl radicals (OHe) but it can also react
with nitrate ions (NOs), ozone (Os), and O(*P) atoms—oxygen atoms in the
“triplet P” state, an excited form of oxygen (Atkinson 1989). The hydroxyl radical
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rate constant for propene is 2.60 x 10™** cm®molecule/sec, indicating that
propene reacts quickly in the atmosphere with OHe (Atkinson et al. 1997). Rate
constants for reactions with NOs, O3 and O(3P) are 9.73 x 10, 1.05 x 10"*" and
4.01 x 10™*2 cm®*molecule/sec, respectively (Atkinson et al. 1997). These rate
constants indicate that propene will react much more slowly with NO3, O3z and
O(®P) than with OHe.

Propene is a precursor of tropospheric ozone. Under non-polluted air conditions
O3 is formed photo-chemically from the photolysis of NO,, resulting in a photo-
equilibrium between NO, NO, and O3, with no net formation or loss of O3
(Atkinson 2000). When compounds such as propene are present and undergo
degradation reactions, the intermediate organic peroxy radicals (RO,) and HO,
radicals that are formed react with NO, converting it to NO, which then
photolyzes to form O3 resulting in the net formation of Os.

Assuming an initial hydroxyl ion concentration of 1.5 x 10° molecules/cm?, the
tropospheric half-life of propene was calculated to be 4.9 hours in a normalized
12-hour day (AOPWIN 2008). The half-life of propene in air calculated by Howard
et al. (1991) was between 1.7 and 13.7 hours, based upon a measured photo-
oxidation rate of 2.60 x 10** cm®molecule/sec in air. Table 7-1 summarizes the
half-life of propene in various media.

Table 7-1: Environmental half-lives and removal processes of propene in
different media

Medium Half-life Removal References

Process
(average)
Soll 17.5 days Biotic degradation | Howard et al.
1991

Air 4.9-7.7 hours OHe radical Howard et al.
reactions 1991

Air 4.9 hours OHe radical EPISuite 2008
reactions

Surface 17.5 days Biotic degradation | Howard et al.

water 1991

Ground 35 days Biotic degradation | Howard et al.

water 1991

Propene has an expected reactive half-life of 5-8 hours in air and an estimated
biodegradation half-life of 17.5 days in water and soil (Table 7-1). The half-lives
in sediment can be extrapolated from the half-life estimations in water and soil
using an extrapolation ratio of 1:1:4 for water:soil:sediment biodegradation half-
lives (Boethling et al. 1995). Therefore, the half-life of propene in sediment is 70
days.



Bioaccumulation and bioconcentration factors were not found for propene;
however it is expected that bioaccumulation and bioconcentration of propene in
the aquatic system is limited due to its high volatility, short half-life, moderate
water solubility and low density relative to water (HSDB 2003). When
bioaccumulation and bioconcentration factors are lacking, the log Koy of a
substance may be used to determine its bioaccumulation potential. Propene has
a log Koy 0f 1.77 (Inchem 2001), indicating that is not likely to bioaccumulate.

8 Potential to Cause Ecological Harm
No monitoring data on propene in water or soil were found.
8.1 Ecological Exposure Assessment

Four- and 24-hour concentrations of propene were measured at 62 Canadian
sites between January 2005 and December 2009 as part of the Environment
Canada National Air Pollutant Surveillance (NAPS) air monitoring network
(Environment Canada 2011). Edmonton, Montreal, Toronto and Vancouver each
had several monitoring sites, while the other sites were located in smaller cities
and towns, rural areas or parks. Sites were classified as urban, rural or remote,
and minimum, maximum and average values were calculated for each of these
groups (Table 8-1). The mean concentration of all 62 sites was 0.67ug/m?
(Environment Canada 2011). The sites that had the highest concentrations of
propene were Saint John, New Brunswick (maximum of 104.14ug/m® in 2006)
and Oakville, Ontario (maximum of 104.20ug/m? in 2005).

Table 8-1: Summary of monitored monthly air concentrations of propene at
NAPS sites from 2005-2009

Number of Number of Minimum Maximum Mean

Site Type Sites Samples
(Hg/m®) (Hg/m®) (Hg/m®)

Remote 4 1198 0.01 0.66 0.07
sites
Rural sites | 13 4265 0.03 6.43 0.19
Urban 45 6827 0.05 104.20 0.90
sites

There was a noticeable seasonal variation observed for atmospheric propene,
with relatively low concentrations found during the summer months and higher
concentrations during the winter months. The seasonal cycling was not always
consistent and tended to be disrupted in areas with greater numbers of industrial
propene point sources. This may be due to the more rapid destruction of propene
in air through photochemical reactions due to longer day length in summer.



Environment Canada and the Fort Air Partnership conducted an air monitoring
program that included propene near a chemical manufacturing area in Fort
Saskatchewan, Alberta and surrounding locations. Air samples were taken over
24 hours from 10 sites once every 6 days between September 2004 and October
2006. Elk Island National Park, which was used as a background site for the Fort
Saskatchewan sites, had the lowest minimum (0.04 pg/m®), maximum (0.56
ug/m®) and mean concentrations (0.17 pg/m®). The concentrations of propene in
the Fort Saskatchewan area ranged from 0.04 to 4.03 pg/m?®, and the highest
mean concentration among these sites was 0.51 ug/m?®.

A similar monitoring program was undertaken near an industrial area in North
Vancouver, British Columbia. Concentrations in North Vancouver ranged from
0.28 to 6.25 pg/m®, with the highest mean concentration among the four sites
being 1.75 pg/m*® (Englot 2006). The North Vancouver site is located in the
vicinity of chemical plants, concrete and mineral products industries, marine
cargo, transportation and ship building/repair shops, and metal fabricating plants
(Environment Canada 2010).

A separate four-week study was conducted by the Air Quality Research Branch
and the Canadian Meteorological Centre of Environment Canada in central
Alberta. Data was collected from existing air quality stations and with aircraft-
mounted instruments. In the summer of 2005 propene concentrations were all
below 0.2 pg/m?® (Wiens 2005).

8.2 Ecological Effects Characterization

No studies were found on the potential effects of propene on aquatic organisms.
Given that propene is unlikely to be found in any media other than air, only
exposure to the air compartment is considered here.

No evidence of toxic effects was found in studies investigating the effect of
propene on terrestrial plants. Propene promotes fruit ripening at concentrations of
172-344 mg/m® (Nanos et al. 2002), and accelerates fruit softening in apricots
(Cardarelli et al. 2002) and bananas (Golding et al. 1999). Concentrations as
high as 8600 mg/m® for up to 10 days did not appear to have any negative effects
on strawberries (Perkins-Veazie et al. 1996). The concentration 8600 mg/m? is a
no observed adverse effect concentration (NOAEC) and will be used as the
critical toxicity value (CTV) for plants.

A concentration of 111 800 mg/m® caused no death or hepatotoxicity in Sprague-
Dawley rats exposed to 0 or 111 800 mg/m? propene for 4 hours (Conolly and
Osimitz 1981). The inhalation LCs in rats was not reached at 111 800 mg/m?®
(6.5%) over 4 hours (Nova 2010). Short-term inhalation of 40 % propene led to
slight anaesthesia but no toxic effects in rats (Browning 1987). A repeated dose
of 17 200 mg/m? caused no mortality, morbidity, weight change, or other
compound related effects in a 2-week mouse study and a 2-week rat study (NTP
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1985). The value 111 800 mg/m?® is a NOAEC and will be used as the CTV for
mammals (Conolly and Osimitz 1981). A summary of further data on the effects
of propene on mammals can be found in Appendix A.

8.3 Ecological Risk Characterization

The approach taken in this ecological screening assessment was to examine
various supporting information and develop conclusions based on a weight-of-
evidence approach as required under Section 76.1 of CEPA 1999. Particular
consideration has been given to sources, releases, occurrence in the
environment, persistence, bioaccumulation and risk quotient analyses.

Propene is not persistent or bioaccumulative. For the risk quotient analysis, an
analysis of exposure pathways and subsequent identification of sensitive
receptors is first done to select relevant ecological assessment endpoints.
Canadian environmental concentrations are used preferentially as predicted
environmental concentrations (PECs). PECs were selected to represent
reasonable worse-case scenarios, as an indication of the potential for these
substances to reach concentrations of concern and to identify areas where those
concerns would be most likely. A predicted no-effect concentration (PNEC) was
determined by dividing a CTV by an assessment factor. CTVs typically
represented the lowest ecotoxicity value from an available and acceptable data
set.

For propene, releases to the environment occur predominantly to air (>99%) and
it is mainly found in air, so the risk quotient analysis focuses on air exposure
scenarios. For these scenarios, the maximum monthly mean air concentration of
propene recorded at the Oakville, Ontario, NAPS air monitoring site in 2005,
104.20 pg/m®, was selected as a worst-case value for the PEC.

Empirical acute toxicity data (NOAECSs) were used to select a CTV for
mammalian and plant receptors. The PNEC for mammals was derived by
dividing the CTV (the 4 hour NOAEC of 111 800 mg/m?, the concentration of
propene that produced no death or hepatotoxicity (Conolly and Osimitz 1981)) by
an assessment factor of 100 to account for lab to field exposures, for
extrapolation from rats to other species, and extrapolation from acute to chronic
exposure. The PNEC for plants was derived by dividing the CTV (the NOAEC of
8600 mg/m?; the lowest concentration where no effect was observed on
strawberries after 10 days (Perkins-Veazie et al. 1996)) by an assessment factor
of 100 to account for lab to field exposures, and the general lack of data.

A risk quotient (PEC/PNEC) was calculated for each of the endpoint organisms
(mammals and plants) in order to determine likely current ecological risk in
Canada. A summary of data used in the risk quotient analysis of propene is
presented in Table 8-2. Risk quotients greatly less than 1 indicate that propene
concentrations found in Canada are unlikely to pose a risk to various ecological
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components. The exposure scenarios presented here are conservative and
reflect worst case scenarios in terms of plant and animal sensitivity.

Table 8-2: Summary of data used in risk quotient analyses of propene

Medium | Organism | PEC CTVv Assessment | PNEC Risk
Factor (mg/m® | Quotient
(mg/m® | (mg/m?® or mg/L)
or mg/L) | or
mg/L)
Air Plants 0.1042 8600 100 86 0.001
Air Rats 0.1042 111800 | 100 1118 9x10°

Given that the primary sources of anthropogenic propene are vehicle and
industrial emissions, it important to consider that both of these sources have
decreasing emissions in Canada, thus reducing the potential for ecological
effects. Propene emissions from vehicles have been declining due to improved
efficiency of automotive engines, the continual removal of older vehicles from
usage and current vehicle regulations (see releases section).

While it is noted that propene is a precursor of tropospheric ozone, the
Government of Canada, through the Air Quality Management System (CCME
2012), is moving forward with the implementation of a number of measures for
reducing emissions of nitrogen oxides (NOx) and VOCs (both ozone precursors)
from key industrial sectors that are sources of propene emissions (including the
Oil Sands, Petroleum Refining, Chemicals & Iron and Steel sectors).

Based on the information presented in this screening assessment, it is concluded
that propene does not meet the criteria under paragraph 64(a) or 64(b) of CEPA
1999 as it is not entering the environment in a quantity or concentration or under
conditions that have or may have an immediate or long-term harmful effect on the
environment or its biological diversity; or that constitute or may constitute a
danger to the environment on which life depends.

8.4 Uncertainties in the Evaluation of Ecological Risk

Confidence in the available data for propene exposure data is moderate to high.
Air monitoring data from across Canada was available and this greatly reduces
the uncertainty in the air exposure scenarios. These data provides both
background concentrations from remote areas as well as concentrations in rural
areas and in cities, thus allowing a distinction between natural and anthropogenic
sources and releases. No data were available on the effects of propene in other
compartments. However, releases and partitioning of propene to water,
sediment and soil are expected to be negligible due to the physical and chemical
properties of propene.
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9 Potential to Cause Harm to Human Health
9.1 Exposure Assessment

9.1.1 Environmental Media

Propene is found naturally in vegetation, such as fruits, beans, corn and rice.
Additionally it has been detected in the foliage of elm, ash, cypress and
hackberry trees in the United States. Propene is also a product of incomplete
combustion resulting from burning of fossil fuels. Given the high vapour pressure
and low water solubility of propene, it is expected that the primary source of
exposure would be from the air. In the literature, there are several propene
monitoring studies from the United States and Europe, however, many are
outdated. More recently, monitoring data from various provincial and national
databases in Canada have measured the concentration of propene in ambient
and indoor air which are listed in Tables 9-1, 9-2 and 9-3.

9.1.2 Outdoor Air

The Clean Air Strategic Alliance (CASA) in Alberta is a provincial air monitoring
program which measures concentrations of various VOCs. Propene was
passively monitored hourly from 4 sites between 2003 and 2007 giving a range of
0.02 — 13.8 pg/m*. A maximum hourly concentration of 13.76 pg/m® was
measured at a site in the Edmonton area, while the 99" percentile from all sites
was 2.8 pg/m® (CASA 2010).

Propene is measured and reported as part of Environment Canada’s National Air
Pollution Surveillance (NAPS) program. Four and 24—hour propene
concentrations were collected at 64 sites across Canada between January 2005
and December 2009. The monitoring sites ranged from rural to urban areas,
dominated by residential (48) and commercial (12) sites, followed by
undeveloped rural (3) and agriculture (1) sites. The lowest mean concentration of
0.03 + 0.04 pg/m?® was reported from an undeveloped rural site in Alert, Nunavut.
The highest mean concentration of 5.7 + 12.2 pg/m? was reported at the Forest
Hills site, an urban residential area of Saint John, New Brunswick. Propene
concentrations ranged from 0.013 to 104.2 pg/m? across all sites (Environment
Canada 2011). While the highest concentration was reported from a residential
area of Oakville, Ontario, the corresponding 95" percentile was reported at 13.7
ug/m®. The highest 95" percentile of 23.8 pg/m*® was measured instead at the
Forest Hills site.

Propene was also measured in ambient and indoor air in three recent Canadian
studies. Measurements were conducted between 2006 and 2011 and took place
in Windsor, ON, Regina, SK, and Halifax, NS, as part of the Windsor Ontario
Exposure Assessment Study (Health Canada 2010a), the Regina Indoor Air
Quality Study (Health Canada 2010b) and the Halifax Indoor Air Quality Study
(Health Canada 2011). The Windsor Ontario Exposure Assessment Study
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(WOEAS), published in 2010, involved 45 to 48 homes and reported 188 VOCs
in air samples (Health Canada 2010a). Twenty-four hour samples were collected
during an 8 week period in the summer and winter seasons over a two year
period from 2005 to 2006. Ambient air concentrations of propene in summer
ranged from 0.2 — 2.2 pg/m®. Concentrations in the winter were comparable
ranging from 0.1 — 2.1 pug/m?. The highest 95" percentile of propene in ambient
air was associated with the summer season with a value of 1.1 ug/m*. However
the winter 95™ percentile was 1.1 pg/m? suggesting that there is no strong
seasonal trend.

The Regina Indoor Air Quality Study (RIAQS) also measured 194 VOCs in
ambient air around residential areas in Regina, Saskatchewan (Health Canada
2010b). A total of 146 homes were sampled during 5 weeks in the summer and
10 weeks in the winter during 2007. Concentrations of propene ranged between
0.1 and 2.9 pg/m? over the year. Summer and winter air concentrations ranged
from 0.1 — 0.8 pg/m® and 0.1 — 2.9 pug/m?, respectively. Unlike the Windsor air
study, the higher median (0.4 pg/m®) and 95™ percentile of 1.8 pg/m* occurred in
the winter.

More recently, Health Canada has published an additional air monitoring study
conducted in Halifax, Nova Scotia. Data for the Halifax Indoor Air Quality Study
were collected from 50 homes over the summer and winter of 2009. Propene
concentrations in the summer ranged from 0.1 — 7.0 ug/m?®and comparable
values were observed in the winter, ranging from 0.045 — 6.50 pg/m?. Similar to
the Windsor study, the median concentration and 95" percentile for the sites had
minimal seasonal differences. For summer and winter samples, the 95™
percentiles were 0.8 ug/m?® and 0.7 pg/m® respectively (Health Canada 2011).

In these exposure studies, there was no noticeable seasonal trend, with the
exception of Regina, where propene was observed to have higher levels in the
winter compared to the summer season. Several air monitoring studies in urban
areas have observed higher concentration of VOCs in the winter versus the
summer (Chang et al. 2005; Curren et al. 2006; Olsen et al. 2009; Matsunaga et
al. 2010; Lai and Peng 2011), however, in the case of Windsor and Halifax, there
Is no seasonal trend and therefore is not substantiated by this urban evidence.
The lack of obvious seasonality may be a result of the property of propene as a
dense gas. There is no apparent increase or decrease in concentrations in the
ground level mixing layer, as propene would be excluded from vertical transport,
remaining close to the ground rather than in the upper atmosphere.

Propene was also studied as a component in motor vehicle exhaust and as a
potential exposure for commuters, particularly cyclists (Weichenthal et al, 2011).
The Weichenthal group recently measured a number of VOCs in outdoor
samples in Ottawa, Ontario to determine the relationship between traffic pollution
and acute changes in heart rate variability in cyclists. The study examined two
outdoor scenarios, one in high traffic in the downtown core, and the other in low
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traffic, along river valley bike routes. As expected the median of the high traffic
propene concentrations (0.9 ug/m®) was higher than the median concentration
measured in the low traffic area (0.6 pg/m?°).

Table 9-1: Outdoor air concentrations of propene in Canada

Area/ Sampling Mean (Range) Median
Study Location Period Duration n | Conc.(ug/m®) | (ug/md) 95th %
NAPS Residential /
Study® Forest Hills —
2005-2009 24-hr 209 SIZO(A(l).](.))& 1.4 23.8
Saint John, ’
NB*
NAPS Residential /
Study® Bronte Rd —
2005-2009 24-hr 93 3.4 (0.1-104.2) 0.5 13.7
Oakville,
ON***
NAPS Commercial /
Study® Prg Plaza —
2005-2009 24-hr 166 0.9 (0.1-7.8) 0.6 2.8
Prince
George, BC
NAPS Agricultural
Study® Rural /
E i tal
EahoMMENa | 2005-2009 | 24-hr 199 | 0.2 (0.04-0.9) 0.2 0.4
Simcoe, ON
NAPS Undeveloped
Study® rural / Elk
Island Nat'l
ok 2005-2009 |  24-hr 79 | 1.2(0.04-1.1) 0.1 05
Elk Island, AB
NAPS Undeveloped
Studya rural / Alert, 2005-2009 24-hr 98 0.03 (0.0-0.3) 0.0 0.04
NU**
WOAES . 2005
Studyb Windsor, ON Winter N/A 201 0.5(0.1-2.2) 0.5 1.1
WOAES Windsor, ON 2005 N/A 216 0.5(0.2-2.2) 0.4 1.1
Study Summer
WOAES . 2006
Studyb Windsor, ON Winter N/A 213 0.4 (0.1-1.2) 0.4 0.8
WOAES | windsor, oN | 2006 NA | 214 | 04(02-13) 0.4 0.8
Study Summer
RIAQS . 2007
Study® Regina, SK Winter 24-hr 94 0.4 (0.1-2.9) 0.4 1.8
RIAQS . 2007
Study® Regina, SK Summer 24-hr 108 0.2 (0.1-0.8) 0.2 0.5
RIAQS . 2007
Study® Regina, SK Summer 5-day 97 0.3 (0.02-0.8) 0.3 0.5
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Area/ Sampling Mean (Range) Median
Study Location Period Duration n Conc. (pg/ms) (pg/ms) 95th %
g:ﬁ%? Halifax, Ns | 2099 N/A 287 | 0.3 (MDL-6.5) 0.2 0.7
;'t'ﬁ(?y? Halifax, NS éﬂ(z?m or N/A 324 | 0.3(0.1-7.0) 0.2 0.8
Sng{ese Ottawa, ON tzrg]}f?cHigh' 1-hr 42 1.0 (0.2-3.0) 0.9 2.1
Sfﬁg{ese Ottawa, ON tzrg]}f?cmw' 1-hr 42 | 03(0.2-0.9) 06 08
Jmer Eggg?;f’gg”d 2003-2007 |  24-hr N/A | 0.02-13.8 N/A 2.8

N/A: Not Available

Acronyms : NAPS — National Air Pollution Surveillance 2005-2009, WOAES — Windsor Ontario Exposure
Assessment Study, RIAQS — Regina Indoor Air Quality Study, HIAQS — Halifax Indoor Air Quality Study
@ Environment Canada 2011b

® Health Canada 2010a

¢ Health Canada 2010b

4 Health Canada 2011

¢ Weichenthal et al. 2011

"CASA 2010

* Highest 95" percentile

= | owest 95" percentile

*** Highest maximum

9.1.3 Indoor Air

Recent exposure studies in Canada not only focussed on ambient air, but also
measured indoor air from residential sites. A listing of indoor air concentrations
can be found in Table 9-2.

Indoor air monitoring was conducted at homes in the same municipalities of
Windsor, Regina and Halifax as those studies previously mentioned in the
ambient air section. The air concentrations of the Windsor study ranged from 0.2
— 20.1 pg/m? overall (Health Canada 2010a). As seen with the ambient air data,
there was minimal difference in the median indoor air concentrations between the
seasons, 1.1 pg/m*® and 1.0 ug/m® for summer and winter respectively. The
highest 95" percentile of 3.9 pg/m* was measured during the summer; however
with a 95™ percentile of 3.2 pg/m® in the winter, there is a minimal seasonal
association.

In the Regina study (Health Canada 2010b) indoor air concentrations ranged
from 0.2 — 30.5 pug/m® over the course of the study. As seen in the exposure
study, there was a seasonal difference in the median concentrations, 1.1 pg/m?® in
the winter and 0.6 pg/m® in the summer. The highest 95" percentile of 8.3 pg/m?
was measured indoors during the winter season. Propene has been measured in
smoke plumes from cigarettes in previous studies and this study conducts further
investigations of the indoor air concentrations in smoking and non-smoking
homes. The propene concentration range observed in non-smoking homes was

16




0.2 — 14.6 pg/m® across both seasons while higher concentrations were observed
in homes with smokers, ranging between 0.4 — 30.5 pg/m?®.

The Halifax study (Health Canada 2011) also reported a large range in indoor air
concentrations, however, this study showed no seasonal association. The
concentration range in the summer was 0.1 — 135.8 pg/m® and 0.1 — 77.2 pg/m®
in winter. Median concentrations between the two seasons are similar; however
the highest 95™ percentile of 18.3 ug/m?® is in the winter. The 95" percentile
measured in the summer months was 8.8 pg/m?°.

Weichenthal et al. (2011) also measured propene levels in indoor air as a part
the study measuring indoor air pollution and heart rate variability in cyclists.
Samples were collected from the indoor air to determine the exposure to propene
of cyclists on stationary bikes. The median indoor concentration was 0.6 pg/m?,
which was between median concentrations from outside in high and low traffic.
The 95" percentile during the indoor sampling period was 1.0 pg/m?, expectedly
lower than the outdoor high traffic scenario.

Table 9-2: Indoor air concentrations of propene in Canada

Mean Media
(Range) n 95th
Locatio Sampling Duratio Conc. (ng/m® | Percent
Study n Period n n (ug/m®) ) ile

WOAES | Windso . N/A 23 1.0 (0.2-
Study® r, ON 2005 Winter > 20.1) 1.0 3.9
WOAES Windso | 2005 N/A 21 1.2 (0.3- 11 32
Study® r, ON Summer 7 12.7) ' '
WOAES Windso . N/A 22
Study® r. ON 2006 Winter 4 1.0 (0.2-7.0) 0.9 3.1
WOAES Windso | 2006 N/A 21
Study® r. ON Summer 1 1.2 (0.2-8.2) 11 4.0
RIAQS Regina, . i 10 1.4 (0.2-
Studyb SK 2007 Winter 24-hr 5 19.8) 1.1 8.3
RIAQS Regina, . i 1.5(0.3-
Studyb SK 2007 Winter 5-day 89 17.9) 1.2 11.3
RIAQS Regina, | 2007 i 10 0.7 (0.2-
Study® | sk Summer 24-hr | g 30.5) 0.6 4.9
RIAQS Regina, | 2007 i 10 0.8 (0.2-
Study’ | SK Summer Sday | 7y 29.6) 0.7 6.4
HIAQS Halifax, . N/A 31 1.0 (0.1-
Study® NS 2009 Winter > 77.2) 0.7 18.3
HIAQS Halifax, | 2009 N/A 33 0.6 (0.1- 05 88
Study® NS Summer 1 135.8) ' '
Other Ottawa, | 2010 N/A
Studies® | ON Summer 42 | 0.6 (0.3-1.0) 0.6 1.0

N/A: Not Available

Acronyms: WOAES — Windsor Ontario Exposure Assessment Study, RIAQS — Regina Indoor Air Quality
Study, HIAQS — Halifax Indoor Air Quality Study

& Health Canada 2010a, Home

® Health Canada 2010b, Home with non-smokers only

° Health Canada 2011, Home
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4 Weichenthal et al. 2011, Office building
9.1.4 Personal Air

Personal air concentrations of propene were collected in the WOEAS (Health
Canada 2010a) and are listed in Table 9-3. Selected participants wore backpacks
equipped with sampling apparatus over 24-hour periods for five consecutive days
to measure personal exposure to acetone in air. Participants were asked to wear
the sampling equipment during the normal course of a day. The highest 95"
percentile of 4.8 pg/m* was measured in the summer season (Health Canada
2010a). There was little difference found in the median concentrations of propene
between summer and winter, reporting 1.10 ug/m* and 1.09 pg/m? respectively.

Table 9-3: Personal air concentrations of propene in Canada

Mean
(Range) 95th
Sampling Conc. Median | Percenti
Study Location Period Duration n (|Jg/m3) (pg/ms) le

WOAES : 2005 N/A 1.1 (0.3-
Study? Windsor, ON Winter 225 11.5) 1.1 2.8
WOAES : 2005 N/A 1.2 (0.5-
Study? Windsor, ON Summer 207 9.8) 1.1 4.8

N/A: Not Available
Acronyms: WOAES — Windsor Ontario Exposure Assessment Study
# Health Canada 2010a

9.1.5 Water and Soil

Propene released to the environment is expected to remain in the air and not
partition to soil or water. Empirical data on concentrations in water and soil in
Canada were not identified.

9.1.6 Products

A survey conducted in 2000, pursuant to section 71 of CEPA 1999, reported the
presence of propene as a component in fuels. Concentrations of propene were
reported between 0 — 85% w/w in propene containing fuel products. The reported
usage of fuels is intended for distributors or industry and not meant for use by the
general population. No consumer uses were identified in the Household Product
Database (HPD).

9.1.7 Tobacco Smoke
Propene is a component of cigarettes and tobacco smoke. In a study of organic
compounds in cigarettes, the concentration of propene was found to be 0.18

mg/per smoke plume inhaled from an individual cigarette (L6froth 1989). Median
indoor propene concentrations in smoking and non-smoking households in the
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Regina Indoor Air study were similar; however, smoking households had greater
maximum concentrations in the summer and lower maximum concentrations in
the winter (Health Canada 2010b).

9.1.8 Representative upper-bounding estimate of exposure

Given the high vapour pressure of propene, air is considered to be the
predominant source of exposure for the general public. The 95" percentiles for
ambient air concentrations were, on average, lower than indoor air across all
studies. From the available monitoring data, indoor air concentrations were
higher compared to personal air. Personal air data is considered to be more
representative of air concentrations present in the breathing zone as it samples
the air surrounding the individual, rather than in fixed indoor or outdoor locations.
The highest 95th percentiles concentrations for indoor and personal air of 18.3
and 4.8 ug/m? identified in the Halifax and Windsor studies (Health Canada
2010a, Health Canada 2011) are considered to be conservative upper-bounding
air concentrations to which the general population of Canada is exposed.

9.1.9 Confidence in Exposure Assessment

Confidence in the exposure data of propene in environmental media is
considered moderate to high. Ambient, indoor, and personal air monitoring data
were available, and was both recent and representative of Canadian houses.
Despite the lack of data for other environmental media, such as water and
soil/sediment, the physical chemical properties of propene suggest that there
would be minimal amounts present in other media. Confidence in the propene air
concentrations is high given the conservative nature of the assessment.

9.2 Health Effects Assessment

Appendix A contains a summary of the available health effects information for
propene.

The International Agency for Research on Cancer (IARC) has classified propene
as a Group 3 carcinogen (not classifiable as to its carcinogenicity in humans).
This classification was based on inadequate evidence of carcinogenicity in
humans and experimental animals (IARC 1994).

Occupational cohort and case-control studies have been conducted in carpet
factory workers and in polypropylene manufacturing workers to investigate the
risk of developing colorectal cancer. The most relevant studies have been
summarized in Appendix A. Although propene was likely to be handled in the
different facilities, the risk cannot be related specifically to propene because no
information was provided on workers’ exposure. Multiple chemicals including
propene were used in the facilities, and as such, specific chemical exposure
could not be related specifically to colorectal cancer. However, a meta-analysis of
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ten selected epidemiological studies found that the epidemiological evidence
does not support a causal association between polypropylene production and
colorectal cancer (summary risk ratio of 1.37 (95% Confidence Interval 0.83-
2.11)). It was suggested that the positive associations reported in individual
studies between polypropylene production and colorectal cancer (a common
cancer) were largely driven by small clusters occurring in two plants. Excluding
the original cluster, decreases the incidence to non-significant levels (Lagast et
al. 1995).

Mammalian carcinogenicity studies with exposure to propene by inhalation have
been conducted on both rats and mice. Although tumours were observed in some
studies, the incidences were consistent with historical control data, or were not
found to be statistically significant with respect to differences between exposed
and control groups, thus limiting the significance of their occurrence. The studies
are described below and are also presented in Appendix A.

In a chronic/carcinogenicity study in rats exposed by inhalation to 0, 5 000 and 10
000 ppm (0, 8 600 and 17 200 mg/m?), C-cell neoplasms were observed in the
thyroid in females. Negative trends were observed in adenomas and adenomas
plus carcinomas, while positive trends were noted for hyperplasia. When all
types of lesions (adenoma, carcinoma and hyperplasia) were combined, a
positive trend was no longer apparent and the study authors concluded that
these thyroid gland tumours were not due to propene exposure (NTP 1985;
Quest et al. 1984). In a second chronic/carcinogenicity study, male and female
rats were exposed to concentrations of 0, 200, 1 000 and 5 000 ppm (0, 344, 1
720, or 8 600 mg/m?®) propene for two years. No difference was reported in the
incidences of tumours among the different groups, although the highest dose
tested was lower than that employed in the NTP study (Ciliberti et al. 1988).

In a two-year study male and female mice were exposed to concentrations of 0, 5
000 or 10 000 ppm (0, 8 600 or 17 200 mg/m®) propene. The appearance of
tumours in the lungs of males, specifically the alveolar/bronchial region, was not
likely to be exposure related. Exposed mice had lower incidence rates of
alveolar/bronchial adenomas and carcinomas than control group animals. When
the rates of adenoma and carcinoma were combined, the result was a negative
trend in males. There was no significant difference in exposed and control
females. The authors noted that the biological significance of this negative trend
was hard to interpret, due to the incidence rates in the control and treatment
groups, which fell into the historical control incidence range for this type of
tumour. Observed decreased incidences of adenomas and carcinomas in the
liver of mice were not considered to be propene related. Adenomas were
observed in male mice only, while carcinomas were found in male and female
animals. When the incidence rates for adenomas and carcinomas were
combined for males, no significant difference was observed between the
treatment groups and controls. Non-site specific hemangiosarcomas were
observed in the subcutaneous tissue, spleen and uterus of females, while
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hemangiomas were found in the liver. Combined hemangiosarcoma and
hemangioma in females indicated a positive trend. However, incidences in the 10
000 ppm group were not significantly higher than in the control group. No
significant difference between treated and control groups was noted for
hemangiosarcomas observed in male mice. Due to the non-site specific nature of
these neoplasms and the lack of higher occurrences of tumours in the 10 000
ppm group, the authors have suggested that these incidences were not related to
propene exposure. Endometrial polyp incidence in the uterus produced a
significant positive trend. The overall observed rate in the 10 000 ppm group was
however not significantly different from the control group. Therefore, propene
exposure was not associated with polyp formation (NTP 1985; Quest et al. 1984).

In a second chronic study, male and female mice were exposed to
concentrations of 0, 200, 1 000, or 5 000 ppm (0, 344, 1 720, or 8 600 mg/m°)
propene, 7 hours per day, 5 days per week for 78 weeks. No difference was
reported in the incidences of tumours among the different groups (Ciliberti et al.
1988).

In in vitro assays, propene was not mutagenic in bacterial mutation assays using
Salmonella typhimurium strains TA97, TA98, TA100 and TA1537 Escherichia coli
strains NP2uvrA/pKM101 and strain B and Bacillus subtillis strain Sd-4, with and
without metabolic activation (Hugues et al. 1984; Inveresk Research 2003;
Landry and Fuerst 1968; NTP 1989; Victorin and Stahlberg 1988). However,
mutagenic activity was observed in Salmonella. Typhimurium strain TA1535 with
or without activation (Inveresk Research 2003; NTP 1989). In a mouse
lymphoma cell mutation assay, negative results were reported without metabolic
activation and equivocal results were observed in presence of metabolic
activation (McGregor et al. 1991).

Some in vivo studies where propene was administered via the inhalation route
have been identified in the literature. Propene was not found to produce an
increase in hprt mutant frequencies in splenic T-lymphocytes and an increase in
micronucleated polychromatic erythrocytes in a short-term study in male rats
(Dupont 2002a; Pottenger et al. 2007; Walker et al. 2004). Negative results were
also observed in a sex linked recessive lethal mutation assay in male Drosophila
melanogaster (Foureman et al. 1994). However, positive results for DNA adducts
were reported in liver, spleen, lung and lymphocytes in rats (Eide et al. 1995;
Pottenger et al. 2007). Similar results were observed in liver, kidney and spleen
tissue in mice but it has been noted by the IARC working group that the findings
of this study were based on low counts of radioactivity (IARC 1994; Svensson et
al. 1991).

Based on the available information on genotoxicity, propene is not likely to be

mutagenic in humans. Positive result were observed in DNA binding assays but
the adducts observed are unlikely to result in genotoxic effects, as these adducts
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were formed but no evidence of mutagenic or clastogenic effects were observed
(in vivo and in vitro).

Oxidation of propene upon inhalation in both humans and animals can create
propylene oxide. Propylene oxide has been classified by the International Agency
for Research on Cancer (1994) as a Group 2B carcinogen (possibly carcinogenic
to humans) based on tumours in rodents at high concentrations (Filser et al.
2008; OECD 2003). Due to the possibility of carcinogenesis as a result of
propylene oxide exposure, the maximum body burden for propylene oxide has
been calculated at 100 ppm by Golka et al. 1989, a concentration lower than the
one at which neoplastics effects were observed. The body burden of propylene
oxide was 124 nl gas/ml tissue at this exposure concentration. Due to saturation
kinetics, the maximum body burden of propylene oxide cannot exceed a
concentration of 71 nL propylene oxide gas/ml tissue if rats are exposed to
propene even at very high concentrations. It is not likely that the body burden at
which carcinogenesis would occur could be reached (Golka et al. 1989). Thus,
this may provide a mechanistic basis that explains why no increase in cancer has
been observed at 5000 and 10 000 ppm propene in chronic animal studies.

Chronic non-cancer effects have been identified in the NTP studies. In the rat
study, increased incidence of squamous metaplasia was observed in the nasal
cavities of females at both concentrations and in males at the lowest
concentration only. Males experienced inflammatory changes at both testing
concentrations, with a significant difference from the control group at 5000 ppm.
Epithelial hyperplasia was observed in nasal cavities of female rats exposed at
the highest concentration. Non—neoplastic lesions were not observed in the nasal
cavities of mice. However, chronic kidney inflammation was observed in both
male and female mice, with the highest incidences being in the 5 000 ppm group.
The authors indicated that this result was due to propene exposure; however, the
relationship was unclear (NTP 1985; Quest et al. 1984). A re-evaluation of
archived specimens showed no evidence of renal tubule injury compared to the
control animals. Chronic progressive nephropathy affected over 85% of mice in
each group, but at low grade of severity. The severity of the lesion was minimal in
each group, with no difference between control and exposed group (Hard 2001).
It was proposed that the inflammation observed in the mouse kidney represents a
spontaneous lesion without toxicological significance. A re-evaluation of the nasal
cavity tissues by Harkema (2002) found that propene induces mild rhinitis (nasal
inflammation) and associated epithelial alterations suggesting chronic, low grade
irritation in both rats and mice. However, there was no obvious dose-response
relationship for this effect in the two species. There was also a modest gender
effect with female rodents (rats and mice) having a slightly higher incidence of
propene-induced nasal lesions compared to similarly exposed males. In addition,
rats had more exposure-related nasal epithelial alterations than did the similarly
exposed mice.
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In the second chronic study, no non-neoplastic effects were observed. A slightly
increased mortality rate was observed in male rats being treated at 1 000 ppm
and 5 000 ppm. The male mouse mortality rate was also slightly increased for
mice in the 5 000 ppm group (Ciliberti et al., 1988). However, IARC (1994) notes
incomplete reporting as the study does not provide information referring to
performance of the study, such as the time of death of test or control animals,
numbers of animals that died and toxic effects observed with respect to mortality
rates. Also, nasal tissue histopathology was not evaluated in this study. Given the
limitations of this study, the NTP study noted above was deemed to be more
valid for risk characterization.

The lowest-observed-adverse-effect concentration (LOAEC) for non-neoplastic
effect was 8600 mg/m?® (5000 ppm), based on significantly increased incidence of
squamous metaplasia (males and females) and inflammation in the nasal cavities
(males only) of rats.

In a short-term toxicity study, the NTP studied the effects of propene inhalation
(at concentrations of 0, 1 075, 2 151, 4 300, 8 600 or 17 200 mg/m®) on rats and
mice. No mortality, morbidity, weight change, or compound related effects were
observed in both species following exposure to up to 17 200 mg/m?® propene for 2
weeks (NTP 1985). In a 4-week study in rats, there were no treatment-related
changes in body weight/body weight gain food consumption, mortality, and no
treatment-related effects on cell proliferation in the liver or nasal respiratory
epithelium up to doses of17 200 mg/m?* (Dupont 2002b; Pottenger et al. 2007).
In a 14 week-study in rat and mice, the same concentrations of exposure as the
two week study were tested by the NTP. No compound related effects or
pathologic changes (including reproductive organs, nasal cavity or kidney) were
observed in rats or mice at any concentrations (NTP 1985, OECD 2003). The
NOAEC for repeated-dose inhalation exposure was 17 200 mg/m? based on
absence of treatment-related effects in rats and mice following exposure to
propene for a period of up to 14 weeks.

No reproductive toxicity studies were identified for propene. However,
developmental toxicity has been investigated in a study where pregnant Wistar
rats were exposed by inhalation to 0, 344, 1720 or 17 200 mg propene/m?®,
6h/day on day 6 through 19 post coitum. No treatment-related effects on
developmental parameters were observed in fetuses of pregnant rats. Likewise,
no maternal toxicity was reported (BASF 2002). The NOAEC for developmental
toxicity and maternal toxicity was 17 200 mg/m?°.

Similar to other hydrocarbons, inhalation of high doses of propene may cause
central nervous system narcotic effects characterized by headache, dizziness,
giddiness, nausea, vomiting, face reddening, coughing, and at high enough
concentrations unconsciousness. High gas concentration may also cause
irritation to mucous membranes as noted by tearing and reddening of the eyes,
and increased sensitivity to light. Direct dermal or eye contact to this substance in
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its liquid state may result in cryogenic burns (Information Handling Services,
1989; Clayton and Clayton, 1981; Sax and Lewis, 1987; Midwest Research
Institute, 1978).

Recent studies in rats suggest that propene has a low order of acute toxicity by
the inhalation route of exposure. In a study with exposure to propene for 4 hours,
the NOAEC was 111 800 mg/m?, the highest concentration tested, based on no
deaths or hepatotoxicity (Conolly and Osimitz 1981). In a similar study, a NOAEC
of 86 000 mg/m? was identified, based again on no deaths or hepatotoxicity
(Osimitz and Conolly 1985). It is important to note however that in both study, the
liver was the only organ examined.

Toxicokinetic studies on propene show that it is not readily absorbed from the
lungs following inhalation exposure and is therefore not well distributed in the
body. A recent report has stated that, at low concentrations, 7% of propene
inhaled is metabolized in humans with the rest, 93%, exhaled immediately
unchanged in humans (Golka et al. 1989; Filser et al., 2000). In rats, about 16%
of the inhaled material is absorbed, of which almost one-half is exhaled,
unchanged (for a total absorption of about 8%) (IARC 1994). Studies have shown
that propene metabolites appear to be fairly evenly distributed throughout the
body. However, higher concentrations will likely be found in fatty tissue based on
its observed tissue: air partition coefficient. Propene which is absorbed is rapidly
metabolized by oxidation to propylene oxide. Limited data is available concerning
its elimination following metabolism. IARC (1994) reported 3 possible
metabolic/elimination pathways for propylene oxide in humans. It is
predominantly conjugated with glutathione, and eliminated rapidly. It may also be
hydrolysed to lactic and pyruvic acids. Finally, propylene oxide may forms
adducts with proteins, including haemoglobin, in man, dog, rat and mouse (IARC,
1994). Based on the low absorption of propene and its rapid elimination, it has
been suggested that the concentration of bioavailable propene may not reach
high enough levels in classical long-term inhalation studies to show serious
chronic effects (Golka et al. 1989).

The confidence in the toxicity database for propene is considered to be moderate
to high, as adequate information is available to identify critical endpoints based
on repeated-dose inhalation exposure of acute to long-term duration, with the
exception of reproductive toxicity studies for that route of exposure. No oral or
dermal studies are available. However, propene is a gas at room temperature
and thus exposition by other routes of exposure is not expected.

9.3 Characterization of Risk to Human Health
The International Agency for Research on Cancer has classified propene as a
Group 3 carcinogen (not classifiable as to its carcinogenicity in humans). This

classification was based on inadequate evidence of carcinogenicity in humans
and experimental animals (IARC 1994). In humans, available epidemiological
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studies do not demonstrate a causal association between polypropylene
production (which likely involves propene handling) and colorectal cancer. In rats
and mice, propene did not demonstrate carcinogenicity in two
chronic/carcinogenicity inhalation studies. Consideration of the available
information on genotoxicity indicates that propene is not likely to be genotoxic.

With respect to non-cancer effects, the lowest inhalation LOAEC for chronic
exposures was 5000 ppm (8600 mg/m?), based on significantly increased
incidence of squamous metaplasia and inflammation in the nasal cavities of rats
exposed for 2 years. This LOAEC has also been selected as a critical effect level
by the US EPA (US EPA 1999). This effect level is more than five orders of
magnitude higher than the highest 95" percentile concentrations for both indoor
and personal air measured for propene in Canada (18.3 and 4.8 pg/m?®,
respectively). The resulting margins of exposure are considered adequate to
address uncertainties related to health effects and exposure. Therefore, based
on the information available, it is concluded that propene does not meet the
criteria under paragraph 64(c) of CEPA 1999 as it is not entering the environment
in a quantity or concentration or under conditions that constitute or may constitute
a danger in Canada to human life or health.

9.4 Uncertainties in Evaluation of Risk to Human Health

The level of confidence in the environmental exposure data is moderate to high.
Relevant and current ambient air concentrations of propene were available from
Canadian monitoring sites. Potential exposure from other environmental media
(water and soil) have a lower confidence due to estimations based on the known
quantity in commerce for 2000 combined with estimated loss percentages from
Environment Canada’s Mass Flow tool. However, owing to the properties of
propene, the monitoring data available is sufficient in conservatively estimating
the exposure for the general population.

10 Conclusion

Based on the information presented in this screening assessment, there is low
risk of harm to organisms or the broader integrity of the environment from this
substance. It is therefore concluded that propene does not meet the criteria
under paragraph 64(a) or 64(b) of CEPA 1999 as it is not entering the
environment in a quantity or concentration or under conditions that have or may
have an immediate or long-term harmful effect on the environment or its
biological diversity, or that constitute or may constitute a danger to the
environment on which life depends.

On the basis of the adequacy of the margins between upper-bounding estimates

of exposure and the critical effect level for chronic exposure, it is concluded that
propene does not meet the criteria under paragraph 64(c) of CEPA 1999 as it is
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not entering the environment in a quantity or concentration or under conditions
that constitute or may constitute a danger in Canada to human life or health.

It is therefore concluded that propene does not meet any of the criteria set out in
section 64 of CEPA 1999.
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Appendix A. Summary of health effects information

for propene in mammals

Table Al. Health effects information for propene from animal studies

Endpoints

Lowest effect levels®/results

Acute toxicity

Inhalation LCs (rat; 4 hours): > 65 000 ppm (111 800 mg/m"®)

Inhalation NOAEC (rat): 111 800 mg/m3 based on no death or
hepatotoxicity in Sprague-Dawley rats exposed to 0 or 65 000 ppm
(111 800 mg/m®) propylene for 4 hour. However, the liver was the only
organ examined (Conolly and Osimitz 1981).

Other inhalation NOAEC (rat): 86 000 mg/m3 based on no death or
hepatotoxicity in Sprague-Dawley rats exposed to 0 or 50 000 ppm
(86 000 mg/m®) propylene for 4 hour. However, the liver was the only
organ examined (Osimitz and Conolly 1985).

Short-term
repeated-dose
toxicity

Inhalation NOAEC (mouse, rat): 17 200 mg/m® based on no mortality,
morbidity, weight change, or other compound related effects in a 2-week
mouse study and a 2-week rat study (NTP 1985: male and female F344 rat
and B6C3F1 mice (5 per dose) exposed to 0, 625, 1 250, 2 500, 5 000 or
10 000 ppm (0, 1 075, 2 151, 4 300, 8 600 or 17 200 mg/m°), 6 h/day, 5
days/week, for 2 weeks).

Other inhalation NOAEC (rat): 17 200 mg/m3 based on no treatment-
related statistically significant changes in body weight/body weight gain
and food consumption, no mortality, no histopathological changes in nasal
cavity tissues and no treatment related effects on cell proliferation in the
liver or nasal respiratory epithelium in F344 rat (8 males and females per
dose) exposed to 0, 200, 2 000 or 10 000 ppm (0, 344, 3442 or 17 200
mg/m3), 6 h/day, 5 days/week, for up to 4 weeks (Dupont 2002b; Pottenger
et al. 2007).
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Endpoints Lowest effect levels®/results
Subchronic Inhalation NOAEC (mouse): 17 200 mg/m* based on no treatment-
toxicity related mortality, morbidity, weight change or gross or microscopic

pathology effects (including reproductive organs, nasal cavity and kidney)
in B6C3F1 mice (9-11/sex/dose) exposed to 0, 625, 1 250, 2 500, 5 000 or
10 000 ppm (0, 1 075, 2 151, 4 300, 8 600 or 17 200 mg/m°), 6 h/day, 5
days/week, for 14 weeks. Two mice exhibited morbidity and therefore were
sacrificed; specifically a female on Day 35 exposed to 1250 ppm and a
male on Day 67 exposed to 5000 ppm. Mean body weight were found to
be decreased by 4 to 7% in exposed females in comparison to control
weights. However, the weight changes and the morbidity observed were
not a result of propylene exposure (NTP 1985; OECD 2003).

Other inhalation NOAEC (rat): 17 200 mg/m® based on no treatment-
related mortality, weight change or gross or microscopic pathology effects
(including reproductive organs, nasal cavity and kidney) in F344 rat (9-
11/sex/dose) exposed to 0, 625, 1 250, 2 500, 5 000 or 10 000 ppm (O, 1
075, 2 151, 4 300, 8 600 or 17 200 mg/m3), 6 h/day, 5 days/week, for 14
weeks. The mean weight change observed in exposed male rats was 4-
12% higher than the mean weights in the control group, while exposed and
control females were found to be comparable with respect to weight
change. The weight changes in males were judged to be not treatment-
related (NTP 1985; OECD 2003).

Chronic toxicity/
carcinogenicity

Inhalation study in rats: Groups of 50 F344 rats per sex were exposed to
propene by inhalation (whole-body) at 0, 5 000 or 10 000 ppm (0O, 8 600 or
17 200 mg/m®), 6 h/day, 5 days/week for 103 weeks. Negative trends were
observed in adenomas and adenomas plus carcinomas, while positive
trends were noted for hySperpIasia (adenomas 5/39, 2/47 and 0/47 at 0,

8 600 and 17 200 mg/m~, respectively; adenomas plus carcinomas 6/39,
2/47 and 2/47, respectively; hyperplasia 2/39,7/47 and 6/47, respectively ).
The combination of all types of lesions; adenoma, carcinoma and
hyperplasia caused the trends to disappear. Based on this occurrence,
the authors of the study concluded that these tumours of the thyroid gland
were not due to propene exposure.

Non-neoplastic LOAEC: 8600 mg/m® based on significantly increased
incidence of squamous metaplasia in nasal cavities of both sexes and
inflammation of the nasal cavities in males. The increased incidence of
squamous metaplasia was observed in female rats at both concentrations
and in males at the lowest concentration only. Males experienced
inflammatory changes at both testing concentrations, with a significant
difference from the control group at 5000 ppm. Other non-neoplastic
effects included epithelial hyperplasia in nasal cavities of female rats
exposed at the highest concentration (NTP, 1985; Quest et al., 1984). A
reevaluation of the nasal cavity tissues by Harkema (2002) found that
propene induces mild rhinitis (nasal inflammation) and associated epithelial
alterations suggesting chronic, low grade irritation in rats. However, there
was no obvious dose-response relationship for this effect. It was proposed
that this may suggest a possible threshold effect at 5000 ppm for most of
the observed nasal lesions. There was also a modest gender effect with
female rats having a slightly higher incidence of propylene-induced nasal
lesions compared to similarly exposed males.
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Endpoints

Lowest effect levels®/results

Other inhalation studies in rats: Groups of 100 or 120 F344 rats per sex
were exposed to propylene by inhalation (whole-body) at 0, 200, 1000 or 5
000 ppm (0, 344, 1720 or 8 600 mg/m®), 7 h/day, 5 days/week for 104
weeks. No increased incidence of tumours, differences in benign or
malignant tumours or incidence of unexpected tumours were observed in
exposed rats compared to controls. No non-neoplastics effects were
reported. Non-neoplastic NOAEC: 17 200 mg/m®, based on no
treatment-related effects in both sexes. A slightly increased mortality rate
was observed in male rats being treated at the intermediate and highest
concentration. However, comments by the International Agency for
Research on Cancer Working Group indicate incomplete recording of
details such as time of death of mice, numbers of high-dose mice that died
and toxic effects observed with respect to mortality rates. Also, nasal
tissue histopathology was not evaluated in this study (Ciliberti et al. 1988;
IARC 1994).

Inhalation study in mice: Groups of 49-50 male and female B6C3F1
mice were exposed by inhalation (whole-body) to concentrations of 0, 5
000 or 10 000 ppm (0, 8 600 or 17 200 mg/m?®) propene for 6 hours per
day, 5 days per week for 103 weeks.

- Inlungs of exposed mice, Alveolar/bronchial adenomas as well as
carcinomas showed lower incidence rates when compared to the
control group (adenomas 7/50, 3/49 and 3/50 at 0, 8 600 and 17
200 mg/m®, respectively; carcinomas 9/50, 1/49 and 4/50,
respectively). When the rates of adenoma and carcinoma were
combined, the result was a negative trend in males (16/50, 4/49
and 7/50, respectively). There was no significant difference in
exposed and control females (6/50, 4/49 and 7/50, respectively).
The authors noted that the biological significance of this negative
trend was hard to interpret, due to the incidence rates in the
control and treatment groups, which fell into the historical control
incidence range for this type of tumour (2-34%).

- Inthe liver, decreased incidences of adenomas and carcinomas
were observed but were not considered to be propene related.
Adenomas were observed in male mice only, while carcinomas
were found in male and female animals (males: adenomas 5/50,
0/49 and 3/50, respectively; carcinomas 9/50, 11/49 and 3/49,
respectively; females: carcinomas 2/50, 3/49 and 5/49,
respectively). When the incidence rates for occurrences of
adenomas and carcinomas were combined for males, no
significant difference was observed between the treatment groups
and controls (14/50, 11/49 and 14/49, respectively).

- Non-site specific hemangiosarcomas were observed in the
subcutaneous tissue, spleen and uterus of affected females, while
hemangiomas were found in the liver. Combined
hemangiosarcoma and hemangioma in females indicated a
positive trend (0/50, 1/49 and 4/50, respectively). However,
incidences in the 10 000 ppm group were not significantly higher
than in the control group. No significant difference between
treated and control groups was noted for hemangiosarcomas
observed in male mice. Due to the non-site specific nature of
these neoplasms and the lack of higher occurrences of tumours in
the 10 000 ppm group, the authors have suggested that these
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Lowest effect levels®/results

incidences were not related to propene exposure.

- Endometrial polyp incidence in the uterus produced a significant
positive trend (p=0.044; 0/47, 0/47 and 3/48, respectively). The
overall observed rate in the 10 000 ppm group was 6%, and was
not found to be significantly different from the control group. NTP
historical incidence control data for this tumour type indicate a
percentage occurrence of 0.9%, with an incidence range of 0% -
6%. Therefore, propene was not found to be connected with polyp
formation.

Non-neoplastic NOAEC: 17 200 mg/ms, based on no treatment-related
mortality, weight change or gross or microscopic lesions of the
reproductive organs and nasal cavity (NTP 1985; Quest et al. 1984).
Chronic kidney inflammation was observed in both male and female mice,
with the highest incidences being in the 5 000 ppm group (male: 0/50,
17/49 and 9/49 at 0, 5000 ppm and 10000 ppm, respectively; female:

1/50, 7/49 and 6/49, respectively). The authors indicated that this result
was due to propene exposure; however, the relationship was unclear (NTP
1985; Quest et al. 1984). A reevaluation of archived specimens showed no
evidence of renal tubule injury compared to the control animals. Chronic
progressive nephropathy affected over 85% of mice in each group, but at
low grade of severity. The severity of the lesion was minimal in each
group, with no difference between control and exposed group (Hard 2001).
It was proposed that the inflammation observed in the mouse kidney
represents a spontaneous lesion without toxicological significance. A
reevaluation of the nasal cavity tissues by Harkema (2002) found a slightly
higher incidence of rhinitis in exposed females and in males exposed at
the lowest concentration. It was suggested that propylene induces mild
rhinitis (nasal inflammation) and associated epithelial alterations
suggesting chronic, low grade irritation in mice. However, there was no
obvious dose-response relationship for this effect.

Other inhalation studies in mice: Groups of 100 Swiss mice per sex
were exposed to propylene by inhalation (whole-body) at 0, 200, 1000 or 5
000 ppm (0, 344, 1720 or 8 600 mg/m®), 7 h/day, 5 days/week for 78
weeks. Mice were observed until spontaneous death and did not develop
neoplastic effects. Propene exposure caused no increase in tumour
incidence based on historical data, no difference in animals bearing
tumours, and types of tumours. Non-neoplastic NOAEC: 17 200 mg/ms,
based on no treatment-related effects in both sexes. A slight increase in
the mortality rate was noted in male mouse at the highest concentration.
However, comments by the International Agency for Research on Cancer
Working Group indicate incomplete recording of details such as time of
death of mice, numbers of high-dose mice that died and toxic effects
observed with respect to mortality rates. Also, nasal tissue histopathology
was not evaluated in this study (Ciliberti et al. 1988; IARC 1994).
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Endpoints Lowest effect levels®/results
Reproductive No reproductive toxicity study identified.
toxicity

Developmental
toxicity

Inhalation NOAEC (rat): 17 200 mg/m” based on no treatment-related
effects on gestational and developmental parameters (conception rate,
mean number of corpora lutea, total implantations, resorptions, live
fetuses, fetal sex ratio, pre- and post-implantation losses, placental and
fetal body weights, external and soft tissue changes, skeletal
abnormalities) in pregnant Wistar rats (25 females per group) exposed by
inhalation to 0, 200, 1000 or 10 000 ppm (0, 344, 1720 or 17 200 mg/m®),
6h/day on day 6 through 19 post coitum. No maternal toxicity was reported
(BASF 2002).

Genotoxicity
and related
endpoints: in
Vivo

Micronuclei

Negative: polychromatic erythrocytes; male F344 rats; inhalation (0, 200,
2 000 or 10 000 ppm [0, 344, 3442 or 17 200 mg/m?], 6 h/day, 5
days/week, for up to 4 weeks) (Dupont 2002a; Pottenger et al. 2007).

DNA binding

Positive: liver, spleen, lung tissues and lymphocytes; male and female
F344 rats (16-24 males and 8 females/group); inhalation (0, 200, 2 000 or
10 000 ppm [0, 344, 3442 or 17 200 mg/m3], 6 h/day, 5 days/week, for up
to 4 weeks) (Pottenger et al. 2007).

Positive: liver, kidney, spleen tissue; male CBA mice; inhalation (0 or 30
000 ppm [0 or 51 600 mg/m’]) (Svensson et al. 1991). IARC Working
Group notes that the results of this study were based on low counts of
radioactivity (IARC 1994).

Positive: liver and lymphocytes; male and female Sprague-Dawley rats;
inhalation (0 or 300 ppm, 12 h/day for 3 consecutive days) (Eide et al.
1995).

Gene mutation at the HPRT locus

Negative: Splenic T-lymphocytes; male F344 rats (5-8 animals/group);
inhalation (0, 200, 2 000 or 10 000 ppm [0, 344, 3442 or 17 200 mg/ms], 6
h/day, 5 days/week, for 4 weeks) (Pottenger et al. 2007; Walker et al.
2004).

Sex linked recessive lethal mutation assay
Negative: Male Drosophila melanogaster; inhalation (0 or 720 000 ppm)
(Foureman et al. 1994).

Genotoxicity
and related
endpoints: in
vitro

Mutagenicity in bacteria

Positive: Salmonella typhimurium, strain TA1535, with metabolic
activation; negative without activation (Inveresk Research, 2003).
Positive: Salmonella typhimurium, strain TA1535, with and without
metabolic activation (NTP 1989).

Week positive: Salmonella typhimurium, strain TA100, with metabolic
activation; negative without activation (NTP 1989).

Negative: Salmonella typhimurium, strains TA98, TA100, and TA1537,
with and without activation (Inveresk Research, 2003).

Negative: S. typhimurium, strains TA97 and TA98, with and without
metabolic activation (NTP 1989).
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Lowest effect levels®/results

Negative: S. typhimurium, strains TA97 and TA98, with and without
metabolic activation (Hughes et al. 1984).

Negative: S. typhimurium, strain TA100, with and without metabolic
activation (Victorin and Stahlberg 1988).

Negative: S. typhimurium, strain TA100, with and without metabolic
activation (Kleindienst et al. 1992).

Negative: Escherichia coli, strain WP2uvrA/pKM101, with and without
metabolic activation (Inveresk Research, 2003).

Negative: E. coli, strain B, with and without activation (Landry and Fuerst
1968).

Negative: Bacillus Subtillis, strain Sd-4, with and without activation
(Landry and Fuerst 1968).

Mammalian cell mutation assay

Negative: Mouse lymphoma L5178Y TK+/- without metabolic activation
(McGregor et al. 1991).

Equivocal: Mouse lymphoma L5178Y TK+/- with metabolic activation
(McGregor et al. 1991).

Sensitization

No sensitization study identified.

Irritation

No irritation study identified.

a

Definitions; LCso: median lethal8 concentration; LOEL/LOEC: lowest-observed-effect level/concentration;

LOAEL/LOAEC: lowest-observed-adverse-effect level/concentration; NOAEL/NOAEC: no-observed-
adverse-effect level/concentration.

Table A2. Health effects information for propene from human studies

Endpoints Lowest effect levels®/results
Carcinogeni | Carpet manufacturing plant
city

In those investigations, no clear propylene exposure was identified. No
information was provided on the nature and the importance of the workers’
exposures.

- In a case series study, Vobecky et al. (1978) first identified a cluster of 5
workers with colorectal cancer employed in a Canadian plant producing
polypropylene-containing synthetic fibre unit (carpet production) in Québec,
Canada. All cases were diagnosed within an 18 month period from 1974 to
1975. After the initial identification of the cluster, the authors extended their
study to include all new cases of colorectal cancer for the years 1965 to 1975
in the Eastern Townships of Québec, where the plant is located. They
interviewed the patients to obtain information on employment. A comparison
was made of the proportion of male carpet factory workers with colorectal
cancer to the proportion of men with this cancer from other occupations in the
region. The proportion of male carpet factory workers with colorectal cancer
was significantly greater than that of the other occupations for the period 1971
to 1975.

- A case-control study of colorectal cancer was conducted in a 13-county
region of Québec for the years 1965 to 1976. Two hundred seven patients
(103 men and 104 women) with colorectal cancer were identified in the likely
labour pool for a carpet factory. A similar number of controls was chosen from
the same pool, matched on age, sex, and place of residence at time of
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Lowest effect levels®/results

diagnosis. The original cluster of 5 cases was included in the analysis (as
described in Vobecky et al. 1978). Among men there was a significant excess
of cases having been employed at the carpet factory (relative risk (RR) =
2.33; P<0.01). There was no excess of colorectal cancer among women
employed in the factory (RR = 0.55) (Vobecky et al. 1983; Lagast et al. 1995).

- A case-control study of colorectal cancer was conducted by choosing cases
and controls from employees in a carpet plant (same as Vobecky et al. 1978;
1983). The time period for case ascertainment was expanded (1965 to 1979),
during which 37 male and six female carpet manufacturing employees were
diagnosed with colorectal cancer. Each case was matched to three controls
according to sex, age, date of employment start, and duration of employment.
Because of the small number of cases, women were excluded from the
analysis. Company records were used for the occupational data. The original
five cases that made up the initial observation were not excluded from the
analysis. When combined, workers involved in the extrusion D department
(solubilization of acetate), the extrusion TM department (extrusion of
triacetate and polypropylene), and the textiles department (undefined) were at
elevated risk (RR = 3.72; P<0.005). Taken separately, the RR for the
extrusion D department was 1.75, that for the extrusion TM department was
2.74, and that for textiles was 2.95. Only the RR for work in textiles was
statistically significant (P<0.03) (Vobecky et al. 1984; Lagast et al. 1995).

- A retrospective cohort mortality study of the carpet manufacturing plant
workers was conducted in 7487 men and 2624 women who had worked for at
least one year at the plant from 1947 to 1977, with mortality follow-up through
to 1986. The standardized mortality ratio (SMR) for colorectal cancer among
male employees was significantly lower than expected (SMR = 0.69; 95% CI:
0.52-0.92), while mortality among women employees

was close to expected (SMR= 1.02; 95% CI: 0.57-1.69) (Goldberg and
Theriault 1994a; Lagast et al. 1995). In a further refinement, Goldberg and
Theriault (1994b) performed a nested case-control study within the cohort of
male carpet making workers, supplementing the deaths from colorectal
cancer with incidence data from the Québec Tumour Registry for the years
1975 to 1987. An excess risk of colorectal cancer associated with
employment in the combined polypropylene and cellulose triacetate extrusion
unit was observed (odds ratio (OR) = 5.81; 95% CI: 0.98-34.46). However, of
the four cases in this exposure category, three were from the original cluster
identified previously by Vobecky et al. (1978).

Polypropylene manufacturing plant

In those studies, although propylene was handled in the facility, IARC (1994)
states that the excess risk cannot be related specifically to propylene.
Multiple chemicals including propylene were used in the facility, and as such,
specific chemical exposure could not be related specifically to colorectal
cancer.

- An occupational study of workers in a polypropylene manufacturing facility in
Texas, United States, was conducted on 355 male employees with more than
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6 months employment between 1960-1985. A significant increased incidence
of colorectal cancer was noted; 7 observed and 1.3 expected (standardized
incidence ratio (SIR) = 5.6, 95% CI: 2.2-11.5) (Acquavella et al. 1988).

- The relationship between colorectal cancer and polypropylene
manufacturing was assessed in a cohort study of workers employed in
polypropylene pilot plants in Louisiana and Texas. The cohort consisted of
183 men who worked for six months or longer between 1956 and 1962 in the
Louisiana plant or between 1959 and 1977 in the Texas plant. The workers
were followed for colorectal cancer occurrence until 31 December 1985. No
excess was observed. Three colorectal cancers were identified among
workers compared with 3.3 expected (SIR = 0.9; 90% CI: 0.3-2.3). Further
examination of cancer risk by type of job (mechanic, process and laboratory),
duration of employment, and latency showed no association with risk
(Acquavella and Owen 1990).

- In a follow-up study, the original cohort of polypropylene production workers
(Acquavella et al. 1988) was studied again but it included this time all
employees who worked for 6 months or longer between 1960 and 1992 (for a
total of 412 male workers). Nine colorectal cancers have been identified
among the original cohort of polypropylene production workers compared with
3.8 expected based on Texas incidence rates and a ten-year latency period,
giving an SIR of 2.4 (95% CI: 1.1-4.5). However, as a result of screening
activities initiated among these workers, three adenocarcinomas in situ were
also identified. The screening-adjusted SIR for colorectal cancer was 2.6
(95% CI: 1.4-4.6) based on 12 cancers. However, seven of the nine colorectal
cancer cases were from the initial study. If these original cluster cases are
eliminated, the excess risk is eliminated (SIR=1.10; 95% CI: 0.36-2.57)
(Lewis et al. 1994).

See Table Al for footnotes
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