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Synopsis

The Ministers of the Environment and of Health have conducted a screening assessment
of oxirane, (chloromethyl)-, Chemical Abstracts Service Registry Number (CAS RN)
106-89-8 (epichlorohydrin), a substance identified in the categorization of the Domestic
Substances List as a high priority for action under the Ministerial Challenge.
Epichlorohydrin was identified as a high priority as it was considered to pose greatest
potential for exposure to individuals in Canada (GPE) and had been classified by other
agencies on the basis of carcinogenicity. The substance did not meet the ecological
categorization criteria for persistence, bioaccumulation or inherent toxicity to aquatic
organisms. Therefore, the focus of this assessment on epichlorohydrin relates to human
health aspects.

Under information reported pursuant to section 71 of CEPA 1999, in 2006
epichlorohydrin was not manufactured in or imported into Canada by any company above
the 100 kg threshold. It is likely that epichlorohydrin is being imported in very small
amounts as residual monomer in products containing epoxy resin or other resins made
using epichlorohydrin. Direct use of epichlorohydrin by consumers is not expected. The
principal use of epichlorohydrin is in the production of epoxy and phenoxy resins, which
are primarily used in protective coatings and thermoplastic polymers. It may also be used
for the production of synthetic glycerol, and in the chemical synthesis of pharmaceutical
products, polyols, and surface active agents for washing products and toiletries. Polymers
made with epichlorohydrin are used as additives in papermaking, as cross-linking agents
for starches, and as anion-exchange resins and flocculants used in treating drinking and
wastewater.

In Canada, since epichlorohydrin is present only as a residual, environmental and
consumer product exposures are expected to be low to negligible. No empirical data were
identified regarding measured concentrations of epichlorohydrin in environmental media
(i.e., air, water, soil and food) in Canada. Based on its possible uses, oral exposure to
epichlorohydrin via food and/or drinking water may occur at low levels for the general
population of Canada. Contributions from ambient air and soil are expected to be
negligible due to the lack of manufacture in and/or import of this substance into Canada.
There is also the possibility of low level exposure to epichlorohydrin via inhalation
during the use of consumer products that contain residual amounts of epichlorohydrin
monomer.

Based principally on the weight of evidence based assessments of several international
and national agencies, a critical effect for the characterization of risk to human health is
carcinogenicity, based on observation of tumours in rats and tumour initiation in mice.
Epichlorohydrin was genotoxic in a wide range of in vitro and in vivo experimental
systems, as well as in investigations of occupationally exposed humans. Therefore,
although the mode of action has not been fully elucidated, it cannot be precluded that
tumours observed in experimental animals resulted from direct interaction with genetic
material.
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On the basis of carcinogenicity, for which there may be a probability of harm at any level
of exposure, it is concluded that epichlorohydrin is a substance which may be 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.

On the basis of moderate ecological hazard and low reported releases of epichlorohydrin,
it is concluded that this substance 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. Although epichlorohydrin
does meet the criterion for persistence, it does not meet the criterion for bioaccumulation
potential as set out in the Persistence and Bioaccumulation Regulations.

In addition and where relevant, research and monitoring will support verification of
assumptions used during the screening assessment and, where appropriate, the
performance of potential control measures identified during the risk management phase.

Based on the information available, epichlorohydrin meets one or more of the criteria set
out in Section 64 of the Canadian Environmental Protection Act, 1999.
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Introduction

The Canadian Environmental Protection Act, 1999 (CEPA 1999) (Canada 1999) requires
the Minister of the Environment and the Minister of Health to 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
human health. Based on the results of a screening assessment, the Ministers can propose
to take no further action with respect to the substance, to add the substance to the Priority
Substances List (PSL) for further assessment, or to recommend that the substance be
added to the List of Toxic Substances in Schedule 1 of the Act and, where applicable, the
implementation of virtual elimination.

Based on the information obtained through the categorization process, the Ministers
identified a number of substances as high priorities for action. These include substances
that

e met all of the ecological categorization criteria, including persistence (P),
bioaccumulation potential (B) and inherent toxicity to aquatic organisms (iT), and
were believed to be in commerce; and/or

e met the categorization criteria for greatest potential for exposure (GPE) or
presented an intermediate potential for exposure (IPE), and had been identified as
posing a high hazard to human health based on classifications by other national or
international agencies for carcinogenicity, genotoxicity, developmental toxicity or
reproductive toxicity.

The Ministers therefore published a notice of intent in the Canada Gazette, Part I, on
December 9, 2006 (Canada 2006), that challenged industry and other interested
stakeholders to submit, within specified timelines, specific information that may be used
to inform risk assessment, and to develop and benchmark best practices for the risk
management and product stewardship of those substances identified as high priorities.

The substance oxirane, (chloromethyl)- (epichlorohydrin) was identified as a high
priority for assessment of human health risk because it was considered to present GPE
and had been classified by other agencies on the basis of carcinogenicity. The Challenge
for epichlorohydrin was published in the Canada Gazette on May 12, 2007 (Canada
2007b). A substance profile was released at the same time (Canada 2007a). The
substance profile presented the technical information available prior to December 2005
that formed the basis for categorization of this substance. As a result of Challenge,
submissions of information were received.

Although epichlorohydrin was determined to be a high priority for assessment with
respect to risks to human health, it also meets the ecological categorization criteria for
persistence, it did not meet the criteria for bioaccumulation or inherent toxicity for
aquatic organisms. Therefore, this assessment focuses principally on information relevant
to the evaluation of risks to human health.
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Under CEPA 1999, screening assessments focus on information critical to determining
whether a substance meets the criteria for defining a chemical as toxic as set out in
section 64 of the Act, where

“64. [...] a substance is toxic if it is entering or may enter the environment in a quantity or
concentration or under conditions that
(a) have or may have an immediate or long-term harmful effect on the environment or its
biological diversity;
(b) constitute or may constitute a danger to the environment on which life depends; or
(C) constitute or may constitute a danger in Canada to human life or health.”

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, including the additional information submitted under the
Challenge. Data relevant to the screening assessment of this substance were identified in
original literature, review and assessment documents, stakeholder research reports and
from recent literature searches, up to April 2008. Key studies were critically evaluated;
modelling results may have been used to reach conclusions.

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 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.

This assessment has undergone external written peer review/consultation. Comments on
the technical portions relevant to human health were received from scientific experts
selected and directed by Toxicology Excellence for Risk Assessment (TERA), including
Michael Jayjock (The Life Group), Katherine Walker (Independent Consultant) and
Susan Griffin (U.S. Environmental Protection Agency). While external comments were
taken into consideration, the final content and outcome of the screening risk assessment
remain the responsibility of Health Canada and Environment Canada.

Additionally, the draft of this screening assessment was subject to a 60-day public
comment period. The critical information and considerations upon which the assessment
is based are summarized below.
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Substance Identity

For the purposes of this document, this substance will be referred to as epichlorohydrin,
derived from the Japanese Existing and New Chemical Substances (ENCS) and the
Korean Existing Chemicals List (ECL) inventories.

Table 1. Substance Identity

Chemical Abstracts Service
Registry Number (CAS RN)

106-89-8

Name on Domestic
Substances List (DSL)

Oxirane, (chloromethyl)-

Inventory names®

Oxirane, (chloromethyl)- (TSCA, AICS, SWISS, PICCS, ASIA-PAC,
NZIoC);

1-chloro-2,3-epoxypropane (EINECS, ECL);

epichlorohydrin (ENCS, ECL);

copolymer of oxirane, (chloromethyl)-(PICCS);

propane, 1-chloro-2,3-epoxy (PICCS)

Other names

(+)-Epichlorohydrin; (chloromethyl)ethylene oxide;
(chloromethyl)oxirane; (RS)-epichlorhydrin; a-epichlorohydrin; y-
chloropropylene oxide; 1,2-epoxy-3-chloropropane; 2,3-epoxypropyl
chloride; 2-(chloromethyl)oxirane; 2-chloropropylene oxide; 3-chloro-
1,2-epoxypropane; 3-chloro-1,2-propylene oxide; 3-chloropropene-1,2-
oxide; 3-chloropropylene oxide; chloropropylene oxide; glycerol
epichlorohydrin; glycidyl chloride; J 006; NSC 6747; oxirane, 2-
(chloromethyl)-; UN 2023; UN 2023 (DOT)

Chemical group (DSL
stream)

Discrete organics

Major chemical class or use

Epoxides

Major chemical sub-class

Halogenated alkyl epoxides

Chemical formula C;H;sCIO

Chemical structure Cl o
Simplified Molecular Input

Line Entry System o(C1cCnci
(SMILES)

Molecular mass 92.52 g/mol

* Sources: NCI (National Chemical Inventories) 2007; AICS (Australian Inventory of Chemical
Substances); ECL (Korean Existing Chemicals List); EINECS (European Inventory of Existing Chemical
Substances); ENCS (Japanese Existing and New Chemical Substances); PICCS (Philippine Inventory of
Chemicals and Chemical Substances); ASIA-PAC (Combined Inventories from the Asia-Pacific Region);
NZIoC (New Zealand Inventory of Chemicals); TSCA (Toxic Substances Control Act Inventory), and
SWISS (SWISS Giftliste 1 and Inventory of Notified New Substances)
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Physical and Chemical Properties

A summary of key physical and chemical properties of epichlorohydrin is
presented in Table 2.

Table 2. Physical and chemical properties for epichlorohydrin

Property Type Value? Tem[()oecr)a ture Reference
Physical state (normal Colourless liquid with | 20-25
temperature and Experimental | irritating, chloroform- MP Biomedicals 2006
pressure) like odour
20-25 MP Biomedicals 2006;
. N Society of the Plastics
le H/Sltg?/ Experimental i ig (l) (} ig (1) g?cms) ’ Industry 1994; Ullmann's
(kg/m’) ( g/em’) Encyclopedia of Industrial
Chemistry 1986
Plunkett 1987; Renfro
1967; Society of the
?)gl)hng pomnt Experimental | 115.2to 117 ggi;;slgig;l;fz(}og(i 4
Physprop 2006; Tamplin et
al. 1966; Verschueren 1983
Howard 1989; McDonald
1966; Riddick and Bunger
Melting point Experimental -57.2t0 -57 1970; Riesser 1979;
°C) P 26 Rowley et al. 2004; Solvay
Interox 2000; Physprop
2006
log K, (octanol-water .
partition coefficient) Experimental | 0.3 to 0.45 gnggg 1989; Deneer et
(dimensionless) )
log Ko
(organic carbon-water Modelled | 0.652 PCKOCWIN 2000
partition coefficient)
(dimensionless)
0.27 (group method)
(2.6213>< 10°
Henry's Law constant atm'm’/mol);
(Parm/mol)) Modelled | ¢ (bond method) HENRYWIN 2000
(5.621x10°
*atm'm’/mol)
1600 (12 mm Hg); 20-25 E.aub.ert and Danner 1985.;
- iddick and Bunger 1970;
Vapour pressure . 1700 (17 mbars ); ) Solvay Interox 2000;
Experimental | 2192 (16.4 mm Hg); .
(Pa) ] Verschueren 1983; WHO
2270 (17 torr); 1987
2280 (17.1 mm Hg)
- 20-25 Solvay 1993; Yalkowsky
zN/aIE;r solubility Experimental | 60 to 65.9 and Dannenfelser 1992;
& Verschueren 1983

? Originally reported values and units are presented in brackets
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Sources

Epichlorohydrin does not occur naturally in the environment. It is manufactured
commercially from chlorine and propylene, or from hydrochloric acid and natural
glycerine derived from biodiesel (Solvay 2007b).

Annually, global production quantities of epichlorohydrin are around 903 000
tonnes/year (Dow ¢1995-2008). In 1986, more than 2200 tonnes of epichlorohydrin were
reported to the Domestic Substances List as being in commerce in Canada (Environment
Canada 1988). However, based on a survey conducted under Section 71 of CEPA 1999,
in 2006 epichlorohydrin was not manufactured in or imported into Canada by any
company above the 100 kg threshold (Environment Canada 2007). It is likely that
epichlorohydrin is being imported as residual monomer in products containing epoxy
resin or other resins made using epichlorohydrin, however these residuals would not meet
the survey reporting criteria.

Uses

Direct use of epichlorohydrin by consumers is not expected. Epichlorohydrin is a
versatile chemical intermediate used to make a wide variety of chemical products. The
principal use of epichlorohydrin is in the production of epoxy resins which are primarily
used in protective coatings, including those used for lining food and beverage cans
(Solvay 2007a). Epoxy resins are also used in structural applications such as printed
circuit board laminates, semiconductor encapsulants, and structural composites; tooling,
molding, and casting; flooring; and adhesives, paints and other coatings (Pham and
Marks 2004). Phenoxy resins, used to make thermoplastic polymers, are also commonly
manufactured from epichlorohydrin (Pham and Marks 2004). Other resins or polymers
made with epichlorohydrin are used in the textile industry, and for the production of
elastomers and phosphorous fireproofing materials (Solvay 2002; Dow ¢1995-2008).

Epichlorohydrin is also used to make synthetic glycerol, which is used in the manufacture
of personal care products, drugs, food and beverages (Solvay 2007a). Residual levels of
epichlorohydrin in glycerol are expected to be minimal (e.g., it was not detected at

1.5 ppm) because it is hydrolyzed during the high-temperature production process, thus
the potential for exposure from this source is expected to be negligible (US EPA 1985).

Additionally, epichlorohydrin is used in the chemical synthesis of pharmaceutical
products, polyols (reactants used for the manufacture of rigid polyurethane foams), and
surface active agents for washing products and toiletries (Solvay 2002). Information
submitted to Health Canada indicates that polymers manufactured with epichlorohydrin
may be used in the production of some cosmetic products, including hair dyes, lipsticks,
eye and face makeup, and nail lacquers (Health Canada, Cosmetics Division, Healthy
Environments and Consumer Safety Branch, pers. comm., 2008 March 27 and 2008 April
11, unreferenced).
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Polymers made with epichlorohydrin are used as additives in papermaking to preserve the
strength of the paper in the presence of water (Dulany et al. 2000). This includes paper
products such as tissues, toweling, beverage filters and other cellulose products (Dulany
et al. 2000). Information submitted to Health Canada indicates that epichlorohydrin is
used in the manufacture of various synthetic materials, including polyamide-
epichlorohydrin resins. These resins are used in the manufacture of retention aids and
wet-strength resins, which are used in Canada in the production of papers used in food
contact applications (Health Canada, Food Packaging and Incidental Additives Sections,
Health Products and Food Branch, pers. comm., 2008 Feb 27, unreferenced).

Epichlorohydrin is used as a cross-linking agent for starches to form intermolecular
bridges between starch molecules to change the gelatinization and swelling properties of
the starches (Dumitriu 2005). Cross-linked starch hydrogels may be used as a food
additive and in the manufacture of various consumer products such as powder coating
inside surgical gloves (Dumitriu 2005).

Epichlorohydrin is listed as a food additive under Division 16 of Canada’s Food and
Drug Regulations, and as such is allowed for use as a starch modifying agent according
to good manufacturing practices (Health Canada 2005). However, based on industrial
data provided to Health Canada by industry in the late 1970s, it is unlikely that
epichlorohydrin is used today by North American starch manufacturers, and if it were
used the residual levels of epichlorohydrin in the modified starch would be negligible
(Health Canada, Chemical Health Hazards Assessment Division, Health Products and
Food Branch, pers. comm., 2007 Nov 01,). Recent editions of the Food Chemicals Codex
(Institute of Medicine 1996, 2000) no longer list epichlorohydrin for use as a starch
modifying agent, and the internationally recognized Joint WHO/FAO Expert Committee
on Food Additives does not include epichlorohydrin in its most recent food-grade
specification for modified starches (JECFA 2001).

As a reactive ingredient, epichlorohydrin is used for manufacturing anion-exchange
resins and flocculants, used in treating drinking water and wastewater (Solvay 2002).
Canada currently has voluntary health-based standards for additives which limit the
amount of epichlorohydrin that can be added to drinking water. It may be added
indirectly from the epoxy coatings used to coat pipes and pipe-related components used
for drinking water. The limit for leaching of epichlorohydrin from these coatings is
0.004 mg/L for National Sanitation Foundation (NSF) certification under the current
standards (NSF International 2005a). It may also be added directly as a copolymer for
coagulation. Epichlorohydrin/dimethylamine polymers have historically been used for
this purpose in Canada and elsewhere at a use level based on a polymer application of
20 mg/L, and a residual epichlorohydrin monomer level of 0.01% in the polymer, for a
carryover of not more than 2 ppb of epichlorohydrin in the treated drinking water (as per
current NSF International [2005b] standards).

Although epichlorohydrin may possibly be used as a precursor in the manufacture of
medical devices, Health Canada cannot currently identify a specified licensed medical
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device manufactured using epichlorohydrin in Canada (Health Canada, Medical Devices
Bureau, Health Products and Food Branch, pers. comm., 2007 Nov 02).

In Canada, there are no registered pesticides that contain epichlorohydrin as an active
ingredient or formulant (PMRA 2007).

Releases to the Environment

Information reported under section 71 of CEPA 1999 indicated that there was no
manufacture or import of epichlorohydrin in Canada in 2006 above the reporting
threshold of 100 kg, therefore industrial releases are not expected to be significant
(Environment Canada 2007). Given the possible uses of this substance in Canada,
dispersive releases may occur from consumer or commercial use of products containing
residual epichlorohydrin monomer.

Epichlorohydrin is reportable under the National Pollutant Release Inventory (NPRI) but
has not been reported since 2003, when a total of 2 kg were released on-site by one
company (NPRI 2007).

Environmental Fate

Epichlorohydrin has experimental vapour pressure values of 1600-2200 Pa (Table 2) and
is expected to exist solely as a vapour in the ambient atmosphere. Because of its very
high water solubility (Table 2), this chemical may also be removed from the atmosphere
by wet deposition processes. In water, based on the estimated log K, value of 0.65
(Table 2), epichlorohydrin is not expected to adsorb to suspended solids and sediments.
Volatilization from water surfaces, based upon the estimated Henry's Law constants of
0.3-5.7 Pa m*/mol, is expected to be moderate. The low log K, suggests that
epichlorohydrin will not adsorb to soil and, therefore, will likely have very high mobility
in this environmental compartment. Volatilization of epichlorohydrin from moist soil
surfaces may be an important fate process, given estimated Henry's Law constants of 0.3—
5.7 Pa m’/mol (Table 2). Based upon experimental vapour pressure values of 1600-2200
Pa (Table 2), it is thought that volatilization of epichlorohydrin from dry soil surfaces
may exist.

A Level III multi-media fate simulation was performed on epichlorohydrin using the
Equilibrium Criterion (EQC) model (EQC 2003); a simulation for a type I chemical was
run. Results of the Level I1I modelling suggest that when released into air, the major part
of epichlorohydrin (91.6%) will stay in this environmental compartment. The remaining
small mass fraction (> 7%) of the substance emitted to air is expected to reach water,
while only 1.5% of the substance will partition to soil (Table 3).

When released into the water compartment, almost all of the chemical (98%) will remain

in this environmental compartment (Table 3). Due to “water-air” inter-media exchange, a
small amount of the chemical (2.3%) will partition to air.

10
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When released into soil, the major part of epichlorohydrin (85%) is expected to remain in
this environmental compartment (Table 3). Approximately one tenth part of the chemical
will partition to water (due to direct soil-water advection or inter-media exchange via
air), while a small portion (4%) of epichlorohydrin is expected to partition to air (due to
direct soil-water advection or inter-media exchange via water).

Importantly, in water, soil and sediment, very significant losses of the chemical are
expected as a result of abiotic (hydrolysis) and biotic degradation, while no significant
degradation of the substance in air will likely occur (see the “Environmental Persistence”
section of this report).

Table 3. Results of the Level 111 fugacity modelling (EQC 2003) for epichlorohydrin®

Substance released to Percen-tage of substance partitioning into_ each compartm_ent (%)
Air Water Soil Sediment

Air (100%) 91.6 7.0 1.5 0.00

Water (100%) 23 97.6 0.04 0.07

Soil (100%) 4.2 11.2 84.6 0.01

* As inputs, the following experimental physico-chemical properties were used (see Table 2): water
solubility = 60 g/L; vapour pressure = 2008 Pa (average of all vapour pressure values); log K., = 0.3;
melting point = -57 °C. Half-lives: air — 24.3 days; soil, water, and sediment — 6 days (average hydrolysis
half-life) (see Table 4).

Persistence and Bioaccumulation Potential

Environmental Persistence

The half-life of the substance resulting from the reaction of epichlorohydrin with
photochemically produced hydroxyl radicals in air can be as high as ~24 days (Table 4),
based upon the experimental rate constant of 4.4x10™"° cm’/molecule sec (Atkinson
1989). Therefore, this chemical meets the persistence criterion in air (half-life of > 2
days) set out in the Persistence and Bioaccumulation Regulations (Canada 2000).

Epichlorohydrin is a readily hydrolysable chemical (half-life of 4-8 days; see Table 4),
resulting in the formation of 3-chloro-1,2-propanediol, which is much less toxic (IPCS
INCHEM 1984). Furthermore, the weight of evidence indicates that epichlorohydrin also
biodegrades in water (up to 91-97% biodegradation) and soil (half-life of 7-28 days; see
Table 4); that is, it is not expected to persist in these two environmental compartments.
Epichlorohydrin is also not expected to be persistent in sediment: it has an extrapolated
half-life value of 60 days in this medium (Table 4). Therefore, it can be concluded that
epichlorohydrin does not meet the persistence criteria in water and soil (half-lives > 182
days), and in sediments (half-life > 365 days), as set out in the Persistence and
Bioaccumulation Regulations (Canada 2000).

11
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Table 4. Empirical and modeled persistence data for epichlorohydrin

Fate process Data type Degradation Degradation Reference
value endpoint (unit)
OH.radical Experimental 44x107"° E?:S /ﬁéﬁif?ﬁesec) Atkinson 1989
reaction in air Experimental 243 . Atkinson 1989
Modelled 18.95 Half-life (days) AOPWIN 2000
Boelhouwers and deGroot
Hydrolysis (at . . 2001; Kayen and von Hebel
20-25°C) Experimental 39-82 Half-life (days) 1977; Mabey and Mill 1978;
Piringer 1980; Santodonato
et al. 1980
18 (after 2
weeks);
> 40;
67.9% (after 2
weeks); CITI 1992; Dow Chemical
Experimental 75% (after 2 Biodegradation (%) | Company 2001; NITE 2002;
Biodegradation days); Popp 1985
in water 91* (after 4
days);
97* (after 30
days)
BIOWIN 2000 (Ultimate
Modelled 15 Half-life (days) Survey)
Biodegradation Experimental 7-28 Half-life (days) IUCLID Data Set 2002
in soil Extrapolated 15° Half-life (days) Boethling et al. 1995
Blodegradatmn Extrapolated 60° Half-life (days) Boethling et al. 1995
in sediment

 Corresponds to half-life of less than 182 days.
®Values were derived from the modeled BIOWIN Ultimate Survey result (t;; waer = 15 days), using
Boethling’s extrapolation factors (t;/, water : t1/2 soit : t1/2 sediment = 1:1:4).

With respect to the long-range transport potential (LRTP) of epichlorohydrin from its

point of release to air, the TaPL3 model predicted a characteristic travel distance (CTD)
value of 4126 km (TaPL3 2000). According to Beyer et al. (2000), CTDs of greater than
2000 km represent high LRTP; therefore, epichlorohydrin has high LRTP, and is judged
to be subject to atmospheric transport to remote regions such as the Arctic.

Potential for Bioaccumulation

Experimental log Ky, values of 0.3-0.45 (Table 2) suggest that the potential for
bioaccumulation of epichlorohydrin in aquatic organisms is low. Modelled
bioaccumulation factors (BAF) and bioconcentration factors (BCF) of 1 to 15 L/kg
(Table 5) indicate that epichlorohydrin does not meet the bioaccumulation criteria (BCF
or BAF > 5000 L/kg) set out in the Persistence and Bioaccumulation Regulations
(Canada 2000).

12
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Table 5. Predicted bioaccumulation values for epichlorohydrin®

Tes.t Endpoint/Units Value Reference
organism
Fish BAF® (L/kg, wet weight) 1 | Arnot and Gobas 2003
. . Arnot and Gobas 2003; BCFWIN 2000; OASIS
Fish BCF (L/kg, wet weight) 1-15 Forecast 2005

# Metabolism information for this substance was not available, nor was it considered in these models.

Potential to Cause Ecological Harm

As indicated earlier, epichlorohydrin meets the persistence criterion for air but does not
meet the persistence criteria for water, soil or sediment, and it does not meet the
bioaccumulation criteria as set out in the Persistence and Bioaccumulation Regulations
(Canada 2000).

Experimental ecological data indicate that epichlorohydrin does not cause acute harm to
aquatic organisms at low concentrations. For example, for different aquatic fish species
and Daphnia magna, acute LCsy and ECs values vary within a range of 10.6—72 mg/L
(Alabaster 1969; Cowgill 1987; Bridie et al. 1979; Bringmann and Kuhn 1977, 1978,
1982; Dawson et al. 1977; Gersich et al. 1986; Juhnke and Luedemann 1978; Mayes et al.
1983; Wellens 1982). Therefore, based on the weight of experimental ecotoxicological
evidence available, epichlorohydrin poses a moderate (acute or immediate) hazard to
aquatic organisms.

Epichlorohydrin is reportable under the National Pollutant Release Inventory (NPRI) but
has not been reported since 2003, when a total of only 2 kg were released on-site by one
company (NPRI 2007). Additionally, there is no indication that this substance is imported
or manufactured in Canada in 2006 by any company above the reporting threshold of 100
kg, based on the results of a survey conducted under Section 71 of CEPA (Environment
Canada 2007). Given the low quantity of reported releases, there is unlikely to be
significant exposure of organisms in the environment.

Based on the available information, it is concluded that epichlorohydrin is unlikely to be
causing ecological harm in Canada.

Potential to Cause Harm to Human Health
Exposure Assessment

There were no empirical data identified regarding measured concentrations of
epichlorohydrin in environmental media in Canada.

The 1999 national-scale air toxics assessment modelled concentrations of

epichlorohydrin in the United States using air dispersion models. The 95th percentile
ambient air concentration of epichlorohydrin nationwide was calculated to be

13
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0.001 pg/m’ (US EPA 1999). Additionally, in sampling of ambient air in a residential
area surrounding an industrial zone in New York State conducted between 1997 and
2003, epichlorohydrin was only detected once out of 145 one-hour samples (1.15 pg/m’)
and once out of 233 24-hour samples (0.15 ug/m’) (NY State Dept. of Health 2005). As
there was no manufacture or importation of epichlorohydrin into Canada reported for
2006 (Environment Canada 2007), it is expected that industrial releases are negligible,
and so concentrations of epichlorohydrin in ambient air in the United States are not
considered relevant to the Canadian population.

Although it is likely that polymers manufactured using epichlorohydrin are used for
drinking water treatment in Canada, there were no measured values of residual levels of
epichlorohydrin identified in water therefore intake estimates from this source could not
be quantified. Currently Canada has voluntary standards of 2 pg/L for use of this
substance in drinking water treatment (NSF International 2005b). This value directly
corresponds to the drinking water guideline published by the US EPA (2007) but is
higher than the guideline value of 0.4 pg/L set by the WHO (2004).

Exposure to epichlorohydrin in food is possible given the use of this substance in a
variety of food contact applications, including papers treated with polyamide-
epichlorohydrin resins and cans lined with epoxy resin coatings. Based on data submitted
to Health Canada, the residual levels of epichlorohydrin in wet-strength resins are up to
0.0775 ppm, which results in an estimated daily intake ranging from 2 to 7.4 ng/kg-bw
per day for the general population of Canada (see Appendix 1). Reported residual levels
of epichlorohydrin in retention aids are predicted to result in significantly lower
exposures. With respect to exposure from residual concentrations of epichlorohydrin in
foods from epoxy can linings, information provided to Health Canada indicates that the
levels of epichlorohydrin typically found in the epoxy resins supplied to the can coatings
manufacturers range from 0 to 1.2 ppm with an average of 0.2 ppm. These
epichlorohydrin levels are further reduced in the production of the “wet” can coating. The
epichlorohydrin levels are reduced again when that coating is applied and cured in the
can manufacturing process (Health Canada, Food Packaging and Incidental Additives
Sections, Health Products and Food Branch, pers. comm., 2008 Sep 2, unreferenced). As
well, potential migration of epichlorohydrin from food packaging was examined in a
study conducted in the United Kingdom, in which epichlorohydrin was not detected in
any of 47 samples of canned dry goods and powdered beverages at detection limit of
0.02 mg/kg (MAFF UK 1999). However, it is believed that actual concentrations in food
are likely to be much lower than this detection limit; therefore it was not used to quantify
estimates of exposure from can linings. Based on the available information, exposure to
epichlorohydrin from can linings is expected to be very low.

Concentrations in soil were not available, and modelling for this medium is not
considered relevant for this substance, as industrial releases in Canada are unlikely.

Epichlorohydrin is expected to be present in various consumer products. The Household

Products Database (HPD 2007) indicates that epichlorohydrin may be found in a variety
of epoxy adhesives, coatings and putties as a residual monomer in epoxy resins. The
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resins may be present in these products at concentrations ranging from 0.1-100%.
However, only trace quantities of epichlorohydrin monomer are likely to be present in the
resins (a Material Safety Data Sheet for epoxy resins indicates that residual
epichlorohydrin concentrations are less than 0.1% [Evercoat 2005]). Therefore, in spite
of its high vapour pressure, emissions of epichlorohydrin to either indoor or ambient air
are expected to be negligible. An estimate of exposure to epichlorohydrin from epoxy
adhesives predicts air concentrations during use to range from 0.000945 mg/m’ to
0.0372 mg/m’ (see Appendix 2). These scenarios correspond to gluing a handle on a
coffee mug or gluing a large vase; however, it is expected that the majority of exposures
will occur below the lower end of this range. Dermal exposure may also result from the
use of this product, but estimated concentrations are lower than those resulting from
inhalation (see Appendix 2). The use of two-component epoxy coatings may result in
much higher exposures to epichlorohydrin due to a significant increase in the amount of
product used and the surface area covered (i.e., coating a basement floor). However, it is
believed that the general Canadian population uses these coatings very rarely and that
they are used primarily in occupational settings. Residual epichlorohydrin in polymers
used to manufacture various types of cosmetics may also lead to exposure via the
inhalation and dermal routes. The residual concentrations in these products are unknown
and therefore exposure from this source cannot be quantified, however, it is expected to
be low. Confidence in these estimates is low as they are based on a number of
assumptions; nevertheless, it is likely that they are an overestimate of actual exposures
from the use of these products.

Health Effects Assessment

An overview of the toxicological database for epichlorohydrin is presented in Appendix
3.

On the basis of investigations in experimental animals, epichlorohydrin has been
classified by the European Commission as a Category 2 carcinogen — “regarded as if
carcinogenic to humans” (EC 1993, 2002; ESIS 2007); by the United States National
Toxicology Program (NTP) as “reasonably anticipated to be a human carcinogen” (NTP
2005); by the International Agency for Research on Cancer (IARC) as a Group 2A
carcinogen — “probably carcinogenic to humans” (IARC 1976, 1999); and by the United
States Environmental Protection Agency (US EPA) as a Group B2 carcinogen —
“probable human carcinogen” (US EPA 1994). These classifications were based
primarily upon rodent studies, in which exposure to epichlorohydrin was by oral,
inhalation or intraperitonial administration as described below.

When male rats were exposed to 0, 375, 750 or 1500 mg/L epichlorohydrin in drinking
water for 81 weeks, a dose-dependent increase in forestomach hyperplasia was observed
in all the exposed groups, while forestomach carcinomas were observed at the highest
exposure level (Konishi et al. 1980). Similarly, when male and female rats were exposed
to 0, 2 or 10 mg epichlorohydrin/kg-bw/day by gavage for two years, an increased
incidence of forestomach hyperplasia, papiloma and carcinoma were observed (Wester et
al. 1985).
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When male rats were exposed via inhalation to 0, 10 or 30 ppm (0, 38 or 113 mg/m”)
epichlorohydrin for the duration of their lifetime, no neoplastic effects were observed at
10 ppm. In contrast, one rat developed nasal papilloma and another rat developed
squamous cell carcinoma of the nasal cavity at 30 ppm. In the same study, when male rats
were exposed to 100 ppm epichlorohydrin for six hours a day for 30 days and observed
for a lifetime, 17/140 rats developed nasal cavity tumors, including squamous cell
carcinomas (15/140) and papillomas (2/140) compared to none in control rats (Laskin et
al. 1980).

Intraperitonial exposure of 20, 50 or 100 mg epichlorohydrin/kg-bw/day to mice, three
times a week for eight weeks, resulted in a significantly increased incidence of lung
papillomas and local sarcomas in the highest exposure group (Stoner et al. 1986).

Dermal administration to mice did not result in an increased incidence of skin tumours,
but epichlorohydrin was a skin tumour initiator (Weil et al. 1963; Van Duuren et al.
1974). Subcutaneous administration to mice resulted in local sarcomas (Van Duuren et al.
1974).

A number of cohort studies on workers occupationally exposed to epichlorohydrin have
been conducted to examine the carcinogenicity of the substance (Bond et al. 1986;
Delzell et al. 1989; Barbone et al. 1992; 1994; Tsai et al. 1996; Olsen et al. 1994).
However, these studies were limited by small sample size or confounding factors and
therefore, IARC (1999) concluded that there is insufficient evidence in human studies to
evaluate carcinogenicity of epichlorohydrin.

Epichlorohydrin is a direct-acting alkylating agent. IARC (1999) has reviewed
approximately 114 in vitro and in vivo genotoxicity assays for epichlorohydrin and 98 of
those were positive without metabolic activation. Based on those results, [ARC (1999)
concluded that “Epichlorohydrin induces genetic damage in most bacterial and
mammalian tests in vitro or in vivo, not requiring the presence of a metabolic activation
system.” Positive genotoxicity results were also reported in human case studies, in which
cohorts were occupationally exposed to epichlorohydrin (Kucerova et al. 1977; Picciano
1979; Sram et al. 1980; Cheng et al. 1999).

Critical studies of non-cancer effects are summarized below. Please see Appendix 3 for a
further overview of the toxicological database.

The critical non-cancer effect induced by epichlorohydrin via inhalation exposure is
respiratory damage observed in 167 male workers occupationally exposed to
epichlorohydrin in a resin manufacturing factory in Taiwan (Luo et al. 2003). The
average exposure in the low exposure group was 0.064 + 0.05 ppm (0.24 + 0.02 mg/m’ or
intake of 0.08 = 0.07 mg/kg-bw/day). The average exposure time (duration of
employment) was estimated as 7.9 & 3.8 years. A significant increase (p = 0.005) in small
airway abnormalities (as assessed by significantly lower values for mean mid-expiratory
flow) were observed among the workers in the low exposure group. Based on this
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observation, the lowest-observed-(adverse)-effect concentration (LO(A)EC) for this study
is 0.064 + 0.05 ppm (0.24 + 0.02 mg/m?), which is the lowest chronic LO(A)EC available
for this substance. The effects observed in humans are consistent with effects observed in
rats and mice at higher inhalation exposure levels (94.4 mg/m’) (Quast et al. 1979).
Short-term inhalation studies were not available, but the lowest acute and subchronic
effect levels were 1361 mg/m’ and 2 mg/m’, respectively.

Further studies on another cohort from the same resin manufacturing facility indicate that
there may be sensitive human subpopulations for pulmonary function abnormality based
on examination of human polymorphisms for glutathione S-transferase gene (Luo et al.
2004).

Via oral exposure, the critical non-cancer effect induced by epichlorohydrin is
forestomach hyperplasia observed at 2 mg/kg-bw per day when Wistar rats were
administered 0, 2, or 10 mg/kg-bw epichlorohydrin daily by gavage for two years
(Wester et al. 1985). This is the lowest-observed-(adverse)-effect level (LO(A)EL)
available for chronic oral exposure. Similar effects were observed at higher exposure
levels in chronic drinking water studies as well as other short-term and subchronic
studies.

Additionally, epichlorohydrin has been classified as a dermal sensitizer by the European
Union (EC 2002).

The confidence in the toxicity database is moderate to high as data are available for
carcinogenicity, genotoxicity, reproductive, developmental, chronic, short-term and acute
toxicity. Epichlorohydin was also studied following administration by all relevant routes
of exposure. However, no data are available on female reproductive toxicity or two-
generation reproductive toxicity, and short-term repeated exposure studies are not
available for the inhalation route. As well, the available epidemiology data are
insufficient to evaluate carcinogenicity in humans.

Characterization of Risk to Human Health

Based principally on the weight of evidence based assessments or classifications of
several national and international agencies (US EPA 1994; IARC 1999; NTP 2005; ESIS
2007), the critical effect for human health risk characterization is carcinogenicity.
Epichlorohydrin was genotoxic in a wide range of in vitro and in vivo experimental
systems, as well as in investigations of occupationally exposed humans. Therefore, a
mode of action for carcinogenicity involving direct interaction with genetic material
cannot be precluded.

Based on its possible uses, oral exposure to epichlorohydrin via food/drinking water may
occur at low levels for the general population of Canada. Contributions from ambient air
and soil are expected to be negligible due to the lack of manufacture in and/or import of
this substance into Canada. As exposure from environmental media was not quantified,
margins of exposure for chronic non-cancer effects could not be calculated. Margins
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between any exposures from environmental media and the chronic oral critical effect
level of 2 mg/kg-bw per day, however, are expected to be large.

With respect to consumer product exposure, comparison of the critical non-cancer
inhalation effect level in sub-chronically exposed experimental animals (i.e., 2 mg/m’)
with the conservative range of upper-bounding estimates of airborne concentration during
use of consumer products containing epichlorohydrin (i.e., 0.000945 mg/m’ to

0.0372 mg/m’) results in margins of exposure of 54 to 2116. Given the infrequent use
patterns for these consumer products, comparison to short-term inhalation studies would
be the most appropriate; however, these studies are not available. As well, since it is
likely that the majority of uses will result in exposures below the lower end of the range
presented (i.e., 0.000945 mg/m’), the margin of exposure would likely be closer to the
high end of the range (i.e., 2116). The margins of exposure for non-cancer effects are
likely sufficiently large to adequately account for uncertainties in the database.

Uncertainties in Evaluation of Risk to Human Health

The scope of this screening assessment of epichlorohydrin does not take into account
possible differences between humans and experimental species in sensitivity to effects
induced by this substance. However, similar non-cancer effects were observed in mice,
rats and humans after inhalation exposure to epichlorohydrin. In addition, the mode of
tumour induction has not been fully elucidated. With respect to species differences,
carcinogenicity is observed mainly in rats; the same routes of exposure were not
examined in mice. Dermal carcinogenicity studies suggest that epichlorohydrin is a
tumour initiator in mice. In human studies, there is an indication of carcinogenicity of
epichlorohydrin, but IARC 1999 has concluded that “there is inadequate evidence in
humans for carcinogenicity of epichlorohydrin.” Furthermore, positive genotoxicity
results have been observed in human case studies as well as in vivo rodent assays. In the
critical non-cancer studies, effects were observed at the lowest exposure levels tested,
increasing the uncertainty as to level at which these effects occur. As well, information
from short-term inhalation studies would reduce uncertainty in comparison of observed
effects with exposure scenarios based on infrequent use patterns.

There are significant uncertainties with respect to the extent of the exposure of the
general population to epichlorohydrin. There are no measured concentrations of
epichlorohydrin available for any media in Canada, and these measurements are
infrequent elsewhere. There is little known about the actual use of epichlorohydrin for
water treatment in Canada, and as the standards in place are voluntary, it is possible that
these levels may be exceeded, depending upon the treatment technique in place. There
has not been any testing for migration of epichlorohydrin from can linings in Canada.
Also, there is little known about the actual residual levels of epichlorohydrin in consumer
products, as levels are not commonly reported on Material Safety Data Sheets. However,
it is believed that the estimates of exposure to consumer products presented here are
conservative, and so there is confidence that actual exposure levels do not exceed these
estimates.
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Conclusion

Based on the available information, it is concluded that epichlorohydrin 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 carcinogenicity of epichlorohydrin, for which there may be a
probability of harm at any level of exposure, it is concluded that epichlorohydrin is a
substance that may be 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 epichlorohydrin does not meet the criteria in paragraph
64(a) and 64(b) of CEPA 1999, but it does meet the criteria in paragraph 64(c) of CEPA
1999. Additionally, epichlorohydrin meets the criterion for persistence in air, but does not
meet the persistence criteria for water, soil or sediment, nor does it meet the criteria for
bioaccumulation potential as set out in the Persistence and Bioaccumulation Regulations.

19



Screening Assessment CAS RN 106-89-8

References

Acedo GN, Rédei GP. 1982. Accuracy of the identification of carcinogens and noncarcinogens by
Arabidopsis. Arabidopsis Inf Serv 19:103-107 [cited in I[ARC 1999].

Alabaster JS. 1969. Survival of fish in 164 herbicides, insecticides, fungicides, wetting agents and
miscellaneous substances. Int Pest Control 11(2):29-35

Amacher DE, Dunn EM. 1985. Mutagenesis at the ouabain-resistance locus of 3.7.2C L5178Y cells by
chromosomal mutagens. Environ Mutag 19:523-533 [cited in IARC 1999].

Amacher DE, Zelljadt I. 1984. Mutagenic activity of some clastogenic chemicals at the hypoxanthine
guanine phosphoribosyl transferase locus of Chinese hamster ovary cells. Mutat Res 136:137-145 [cited in
IARC 1999].

Andersen M, Kiel P, Larsen H, Maxild J. 1978. Mutagenic action of aromatic epoxy resins. Nature 276:
391-2. [cited in IARC, 1999].

[AOPWIN] Atmospheric Oxidation Program for Windows [Estimation Model]. 2000. Version 1.91.
Washington (DC): U.S. Environmental Protection Agency, Office of Pollution Prevention and Toxics;
Syracuse (NY): Syracuse Research Corporation. [accessed April 30, 2006]. Available from:
http://www.epa.gov/oppt/exposure/pubs/episuite.htm

Arnot JA, Gobas FAPC. 2003. A generic QSAR for assessing the bioaccumulation potential of organic
chemicals in aquatic food webs. QSAR Comb Sci 22(3): 337-345.

Asita A. 1989. A comparative study of the clastogenic activity of ethylating agents. Mutagenesis. 4: 432-
436. [cited in [ARC, 1999].

Asita AO, Hayashi M, Kodama Y, Matsuoka A, Suzuki T, Sofuni T. 1992. Micronucleated reticulocyte
induction by ethylating agents in mice. Mutat Res 271:29-37 [cited in IARC 1999].

Atkinson R. 1989. Kinetics and mechanisms of the gas-phase reactions of the hydroxyl radical with organic
compounds. J Phys Chem Ref Data,. Monograph No. 1, 246 p.

Barbone F, Delzell E, Austin H, Cole P. 1992. A case-control study of lung cancer at a dye and resin
manufacturing plant. Am J Ind Med 22:835-49 [cited in IARC 1999].

Barbone F, Delzell E, Austin H, Cole P. 1994. Exposure to epichlorohydrin and central nervous system
neoplasms at a resin and dye manufacturing plant. Arch Environ Health 49: 355-58 [cited in IARC 1999].

Bartsch H, Malaveille C, Barbin A, Planche G. 1979. Mutagenic and alkylating metabolites of halo-
ethylenes, chlorobutadienes and dichlorobutenes produced by rodent or human liver tissues. Evidence for
oxirane formation by p450-linked microsomal monooxygenases. Arch Toxicol 41:249-77. [cited in [ARC,
1999].

Bartsch H, Terracini B, Malaveille C, Tomatis L, Wahrendorf J, Brun G, Dodet B. 1983. Quantitative
comparison of carcinogenicity, mutagenicity and electrophilicity of 10 direct-acting alkylating agents and
of the initial 06:7-alkylguanine ratio in DNA with carcinogenic potency in rodents. Mutat Res 110:181-
219. [cited in IARC, 1999].

[BCFWIN] BioConcentration Factor Program for Windows [Estimation Model]. 2000. Version 2.15.
Washington (DC): U.S. Environmental Protection Agency, Office of Pollution Prevention and Toxics;
Syracuse (NY): Syracuse Research Corporation. [accessed April 30, 2006]. Available from:
www.epa.gov/oppt/exposure/pubs/episuite.htm

20


http://www.epa.gov/oppt/exposure/pubs/episuite.htm
http://www.epa.gov/oppt/exposure/pubs/episuite.htm

Screening Assessment CAS RN 106-89-8

Beyer A, Mackay D, Matthies M, Wania F, Webster E. 2000. Assessing long-range transport potential of
persistent organic pollutants. Environ Sci Technol 34(4): 699—-703.

Biles RW, Connor TH, Trieff NM, Legator LS. 1978. The influence of contaminants on the mutagenic
activity of dibromochloropropane (DBCP). J environ Pathol Toxicol 2:301-312 [cited in TARC 1999].

[BIOWIN] Biodegradation Probability Program for Windows [Estimation Model]. 2000. Version 4.02.
Washington (DC): U.S. Environmental Protection Agency, Office of Pollution Prevention and Toxics;
Syracuse (NY): Syracuse Research Corporation. [accessed April 30, 2006]. Available from:
http://www.epa.gov/oppt/exposure/pubs/episuite.htm

Boelhouwers, E.J. and deGroot, W.A. 2001. Hydrolysis of epichlorohydrin at 20 °C and at 35 °C. Solvay
Pharmaceuticals Int. Doc. No. 8320/14/01 (cited in: [IUCLID Data Set. 2006. CAS No. 106-89-8: 1-chloro-
2,3-epoxypropane. The Dow Chemical Company. Date of last update: 17.01.2006).

Boethling RS, Howard PH, Beauman JA, Larosche ME. 1995. Factors for intermedia extrapolations in
biodegradability assessment. Chemosphere 30(4): 741-752.

Bond GG, Flores GH, Shellenberger RJ, Cartmill JB, Fishbeck WA, Cook RR. 1986. Nested case-control
study of lung cancer among chemical workers. Am. J. Epidermiol. 124:53-66 [cited in IARC, 1999].

Bridges BA. 1978. Detection of volatile liquid mutagens with bacteria: experiments with dichlovos and
epichlorohydrin. Mutat Res 54:367-71. [cited in IARC 1999].

Bridie AL, Wolff CJM, Winter M. 1979. The acute toxicity of some petrochemicals to goldfish. Water Res
13(7):623-626.

Bringmann G, Kuhn R. 1977. Results of the damaging effect of water pollutants on Daphnia magna
[Befunde der Schadwirkung Wassergefahrdender Stoffe Gegen Daphnia magna]. Z Wasser-Abwasser-
Forsch 10(5):161-166 [German] [English abstract] [English translation].

Bringmann G, Kuhn R. 1978. Limiting values for the noxious effects of water pollutant material to blue
algae (Microcystis aeruginosa) and green algae (Scenedesmus quadricauda) in cell propagation inhibition
tests. [Grenzwerte der Schadwirkung Wasse]. Vom Wasser 50:45-60. [German] [English abstract] [English
translation].

Bringmann G, Kuhn R. 1982. Results of toxic action of water pollutants on Daphnia magna Straus tested
by an improved standardized procedure. In: Z Wasser-Abwasser-Forsch 15(1):1-6 [German] [English
abstract].

Bukvic N, Bavaro P, Soleo L, Fanelli M, Stipani I, Elia G, Susca F, Guanti G. 2000. Increment of sister
chromatid exchange frequencies (SCE) due to epichlorohydrin (ECH) in vitro treatment in human
lymphocytes. Teratogen Carcin Mut 20:313-20.

Canada. 1999. Canadian Environmental Protection Act, 1999 = Loi canadienne sur la protection de
I’environnement, 1999. Statutes of Canada = Statuts du Canada, Chapter 33. Act assented to September 14,
1999. Ottawa: Queen’s Printer. Available at Canada Gazette (Part III) 22(3): chapter 33
http://canadagazette.gc.ca/partlll/1999/g3-02203.pdf (accessed August 3, 2007).

Canada. 2000. Canadian Environmental Protection Act: Persistence and Bioaccumulation Regulations,
P.C. 2000-348, 23 March, 2000, SOR/2000-107, Canada Gazette. Part II, vol. 134, no. 7, p. 607—612.
Ottawa: Queen’s Printer. Available from: http://canadagazette.gc.ca/partl1/2000/20000329/pdf/g2-
13407.pdf

21


http://www.epa.gov/oppt/exposure/pubs/episuite.htm
http://canadagazette.gc.ca/partIII/1999/g3-02203.pdf
http://canadagazette.gc.ca/partII/2000/20000329/pdf/g2-13407.pdf
http://canadagazette.gc.ca/partII/2000/20000329/pdf/g2-13407.pdf

Screening Assessment CAS RN 106-89-8

Canada. 2006. Notice of application of a rapid ecological screening approach

under section 74 to substances categorized under section 73 of

the Canadian Environmental Protection Act, 1999Statutes of Canada. Ottawa: Public Works and
Government Services Canada. Canada Gazette, Part 1. Vol.140, No. 49, p. 4109-4116. Available from:
http://canadagazette.gc.ca/partl/2006/20061209/pdf/g1-14049.pdf

Canada, Dept. of the Environment, Dept. of Health. 2007a. Substance profile for the challenge oxirane, -
chloromethyl CAS RN 106-89-8. Available from:
http://www.ec.gc.ca/substances/ese/eng/challenge/batch2/batch2 _106-89-8 en.pdf

Canada, Dept. of the Environment. 2007b. Canadian Environmental Protection Act, 1999. Notice with
respect to certain substances on the Domestic Substances List (DSL). Canada Gazette, Part I, Vol. 141,
No.19. p. 1186-1201. Ottawa: Public Works and Government Services. Available from:
http://canadagazette.gc.ca/partl/2007/20070512/pdf/g1-14119.pdf

Carbone P, Barbata G, Margiotta G, Tomasino A, Granata G. 1981. Low epichlorohydrin concentrations
induce sister chromatid exchanges in human lymphocytes ‘in vitro’. Caryologia 34:261-6 [cited in ITARC
1999].

Cassidy SL, Dix KM, Jenkins T. 1983. Evaluation of testicular sperm head counting technique using rats
exposed to dimethoxyethyl phthalate (DMEP), glycerol alpha-mono-chlorohydrin (GMCH),
epichlorohydrin (ECH), formaldehyde (FA), or methyl methanesulfonate (MMS). Arch Toxicol 53:71-78
[cited in ITARC 1999].

[CITI] Chemicals Inspection and Testing Institute. 1992. Biodegradation and Bioaccumulation Data of
Existing Chemicals Based on the CSCL Japan. Japan Chemical Industry Ecology - Toxicology and
Information Center. ISBN 4-89074-101-1.

Cheng T-J, Hwang S-J, Kuo H-W, Luo J-C, Chang MJW. 1999. Exposure to epichlorohydrin and
dimethylformamide, glutathione S-transferases and sister chromatid exchange frequencies in peripheral
lymphocytes. Arch Toxicol 73:282-7.

Connor TH, Wade JB Jr, Meyne J, Pullin TG, Lagator MS. 1980. Evaluation of the epoxide diluent, n-
butylglycidyl ether, in a series of mutagenicity assays. Environ Mol Mutag 2:521-30. [cited in [ARC,
1999].

Cooper E.R.A., A.R. Jones and H. Jackson. 1974. Effects of alpha-chlorohydrin and related compounds
on the reproductive organs and fertility of the male rat. J. Reprod. Fert., 38:379-386.

Cowgill UM. 1987. Critical analysis of factors affecting the sensitivity of zooplankton and the
reproducibility of toxicity test results. Water Res 21(12):1453-1462.

Daniel FB, Robinson M, Olson GR, Page NP. 1996. Toxicity studies of epichlorohydrin in Sprague-
Dawley rats. Drug Chem Toxicol 19:41-58 [cited in IARC 1999].

Daubert TE, Danner RP. 1985. Data compilation tables of properties of pure compounds. American
Institute of Chemical Engineers. 450 p.

Dawson GW, Jennings AL, Drozdowski D, Rider E. 1977. The acute toxicity of 47 industrial chemicals to
fresh and saltwater fishes. J Hazard Mater 1(4):303-318.

De Flora S, Bennicelli C, Zanacchi P, Camoirano A, Petruzzelli S, Giuntini C. 1984. Metabolic activation
and deactivation of mutagens by preparations of human lung parenchyma and bronchial tree. Mutat Res
139:9-14 [cited in IARC 1999].

22


http://canadagazette.gc.ca/partI/2006/20061209/pdf/g1-14049.pdf
http://www.ec.gc.ca/substances/ese/eng/challenge/batch2/batch2_106-89-8_en.pdf
http://www.ec.gc.ca/Ceparegistry/documents/notices/g1-14119.pdf
http://www.ec.gc.ca/Ceparegistry/documents/notices/g1-14119.pdf

Screening Assessment CAS RN 106-89-8

De Jong G. Van Sittert NJ, Natarajan AT. 1988. Cytagenic monitoring of industrial populations potentially
exposed to genotoxic chemicals and of control populations. Mutat. Res. 204: 451-64.

Dean BJ, Hodson-Walker G. 1979. An in vitro chromosome assay using cultured rat-liver cells. Mutat Res
64:329-337 [cited in IARC 1999].

Delzell E, Macaluso M, Cole P. 1989. A follow-up study of workers at a dye and resin manufacturing plant.
J Occup Med 31:273-8 [cited in IARC 1999].

Deneer JW, Sinnige TL, Seinen W, Hermens JL. 1988. A quantitative structure-activity relationship for the
acute toxicity of some epoxy compounds to the guppy. Aquat Toxicol 13:195-204.

Dietz FK, Grandjean M, and Young JT. 1985. Report from The Dow Chemical Company Toxicology
Laboratory, Freeport, Texas, USA [cited in STAR, 2006]

[Dow] Product safety assessment: Epichlorohydrin [Internet]. ¢1995-2008. [place unknown]: Dow
Chemical Company. [cited 2007 Dec 21]. Available from:
http://www.dow.com/productsafety/finder/epi.htm

Dow Chemical Company. 2001. [MSDS] Material Safety Data Sheet [Internet]. Product name:
epichlorohydrin. MSD: 000599. Effective date: 12/18/01. Available from
http://61.30.108.131/Chm_/93MSDSen/072-01.doc

Dulany MA, Battan GL, Peck MC, Farley CE. 2000. Papermaking Additives [Internet]. Kirk-Othmer
Encyclopedia of Chemical Technology, online version. Available from:
http://www.mrw.interscience.wiley.com/emrw/9780471238966/search/firstpage

Dumitriu S, editor. 2005. Polysaccharides: Structural Diversity and Functional Versatility. Second Edition.
New York (NY): Marcel Dekker. pp 618-620.

Eder E, Neudecker T, Lutz D, Henschler D. 1980. Mutagenic potential of allyl and allylic compounds.
Structure-activity relationship as determined by alkylating and direct in vitro mutagenic properties.
Biochem Pharmocol 29:993-8. [cited in IARC, 1999].

Elmore JD, Wong JL, Laumbach AD, Streips UN. 1976. Vinyl chloride mutagenicity via the metabolic
chloroxirane and chloroacetaldehyde monomer hydrate. Biochim Bio-phys Acta 442:405-19. [cited in
IARC 1999].

Emerson & Cuming. 2004. Material Safety Data Sheet. Product Name: ECCOBOND®© 286 White, Part B.
Epoxy adhesive (hardener). MSDS ID: EC180729. (last updated 20 December 2004; cited 24 January
2008). Available from: http://www.ifa.hawaii.edu/instr-
shop/MSDS/Emerson%?20&%20Cuming%20Eccobond%20286%20B.pdf

Environment Canada. 1988. Data relating to the Domestic Substance List

(DSL) 1984-1986, collected under CEPA, 1988, s. 25(1): Reporting for the Domestic Substance List
[reporting guide]. Ottawa: Minister of Supply and Services Canada. DSS cat. no. En40—364/1998E. Data
processed by Environment Canada.

Environment Canada. 2007. Data for Batch 2 substances collected under the Canadian Environmental
Protection Act, 1999, Section 71: Notice with respect to certain Batch 2 Challenge substances. Data

prepared by: Environment Canada, Existing Substances Program.

Epstein SS, Arnold E, Andrea J, Bass W, Bishop Y. 1972. Detection of chemical mutagens by the dominant
lethal assay in the mouse. Toxicol Appl Pharmacol 23:288-325 [cited in IARC 1976, 1999].

23


http://www.dow.com/productsafety/finder/epi.htm
http://61.30.108.131/Chm_/93MSDSen/072-01.doc
http://www.mrw.interscience.wiley.com/emrw/9780471238966/search/firstpage
http://www.ifa.hawaii.edu/instr-shop/MSDS/Emerson%20&%20Cuming%20Eccobond%20286%20B.pdf
http://www.ifa.hawaii.edu/instr-shop/MSDS/Emerson%20&%20Cuming%20Eccobond%20286%20B.pdf

Screening Assessment CAS RN 106-89-8

[ESIS] European Chemical Substances Information System. 2007 [database on the Internet]. Version 4.60.
Available from: http://ecb.jrc.it/esis

[EC] European Commission. 1993. 1-chloro-2,3-epoxypropane. Commission Directive 93/72/EEC of 1
September 1993. Annex 1. Official journal of the European Union. 16.10.1993. L258/29. European
Commission. 19™ ATP. Available from: http://ecb jrc.it/documents/Classification-
Labelling/ATPS OF DIRECTIVE 67-548-EEC/

[EC] European Commission (Ingrid Langezaal). 2002. The classification and labelling of Carcinogenic,
Mutagenic, Reprotoxic and Sensitising substances. Ispra, October 2002, 19/193.
http://ecb.jrc.it/documents/Classification-

Labelling/The CL process_in_general and substances_in_Annex I with CMR and_sensitising_properti
es.doc

[EPIWIN] Estimation Programs Interface for Microsoft Windows [Estimation Model]. 2004. Version 3.12.
Washington (DC): U.S. Environmental Protection Agency, Office of Pollution Prevention and Toxics;
Syracuse (NY): Syracuse Research Corporation. [cited yr mon date]. Available from:
http://www.epa.gov/oppt/exposure/pubs/episuite.html

[EQC] Equilibrium Criterion Model. 2003. Version 2.02. Peterborough (ON): Trent University, Canadian
Environmental Modelling Centre. Available from:
http://www.trentu.ca/academic/aminss/envmodel/models/EQC2.html

Evans EL, Mitchell AD. 1981. Effects of 20 coded chemicals on sister chromatid frequencies in cultured
Chinese hamster cells. In: de Serres FJ, Ashby J, editors. Evaluation of short-term tests for carcinogens.
Report of the International Collaborative Program. Vol. 1, Progress in Mutation Research. Amsterdam:
Elsevier. p. 538-550 [cited in IARC 1999].

Evercoat. 2005. Material Safety Data Sheet. Product Name: Everfix Resin Part A. MSDS Number: 130010.
(last updated 24 February 2005; cited 24 January 2008). Available from:
http://www.evercoat.com/productDetail.aspx?pID=45

Freuder E, Leake CD.1941. The Toxicity of Epichlorohydrin. University of California Publications in
Pharmacology. 2:69-78 [cited in SIAR 2006].

Fomin AP. 1966. Biological effect of epichlorohydrin and its hygienic significance as an atmospheric
contamination factor. Gig Sanit 31:7-11 (in Russian) [cited in IARC 1976, 1999].

Garberg P, Akerblom EL, Bolcsfoldi G. 1988. Evaluation of a genotoxicity test measuring DNA-strand
breaks in mouse lymphoma cells by alkaline unwinding and hydroxyapatite elution. Mutat Res 203:155-76
[cited in IARC 1999].

Gatehouse D. 1981. Mutagenic activity of 42 coded compounds in the ‘microtiter’ fluctuation test. . In: de
Serres FJ, Ashby J, editors. Evaluation of short-term tests for carcinogens. Report of the International
Collaborative Program. Vol. 1, Progress in Mutation Research. Amsterdam: Elsevier. p. 376-386 [cited in
IARC 1999].

Gersich FM, Blanchard FA, Applegath SL, Park CN. 1986. The precision of daphnid (Daphnia magna
Straus, 1820) static acute toxicity tests. Arch Environ Contam Toxicol 15(6):741-749.

Gupta RS, Goldstein S. 1981. Mutagenic testing in the human fibroblast diphtheria toxin resistance (HF
dip®) system. In: de Serres FJ, Ashby J, editors. Evaluation of short-term tests for carcinogens. Report of
the International Collaborative Program. Vol. 1, Progress in Mutation Research. Amsterdam: Elsevier. p.
614-625 [cited in IARC 1999].

24


http://ecb.jrc.it/esis
http://ecb.jrc.it/documents/Classification-Labelling/ATPS_OF_DIRECTIVE_67-548-EEC/
http://ecb.jrc.it/documents/Classification-Labelling/ATPS_OF_DIRECTIVE_67-548-EEC/
http://ecb.jrc.it/documents/Classification-Labelling/The_CL_process_in_general_and_substances_in_Annex_I_with_CMR_and_sensitising_properties.doc
http://ecb.jrc.it/documents/Classification-Labelling/The_CL_process_in_general_and_substances_in_Annex_I_with_CMR_and_sensitising_properties.doc
http://ecb.jrc.it/documents/Classification-Labelling/The_CL_process_in_general_and_substances_in_Annex_I_with_CMR_and_sensitising_properties.doc
http://www.epa.gov/oppt/exposure/pubs/episuite.htm
http://www.trentu.ca/academic/aminss/envmodel/models/EQC2.html
http://www.evercoat.com/productDetail.aspx?pID=45

Screening Assessment CAS RN 106-89-8

Hahn JD. 1970. Post-testicular antifertility effect of epichlorohydrin and 2,3-epoxypropanol. Nature 226:87
[cited in ITARC 1999].

Health Canada. 1998. Exposure factors for assessing total daily intake of priority substances by the general
population of Canada. Unpublished report. Ottawa (ON): Health Canada, Environmental Health
Directorate.

Health Canada. 2005. Food and Drug Regulations, Part B, Division 15 and 16, Table 13, p. 331.
Ottawa(ON): Health Canada, Food & Nutrition. [updated 2005 Decmber 02; cited 2007 December 20].
Available from: http://www.hc-sc.gc.ca/fn-an/legislation/acts-lois/fdr-rad/index_e.html

Hellmér L, Bolcsfoldi G. 1992. An evaluation of the E. coli K-12 uvrB/recA DNA repair host-mediated
assay. IL. In vivo results for 36 compounds tested in the mouse. Mutat Res 272: 161-173 [cited in IARC
1999].

Hemminki K. 1979. Fluorescence study of DNA alkylation by epoxides. Che Boil Interact 28:269-78.
[cited in IARC, 1999].

Hemminki K, Falck K. 1979. Correlation of mutagenicity and 4-(p-nitrobenzyl)-pyridine alkylation by
epoxides. Toxicol Lett 4:103-6. [cited in [ARC, 1999].

Hemminki K, Falck K, Vaino H. 1980. Comparison of alkylation rates and mutagenicity of direct acting
industrial and laboratory chemicals. Epoxides, glycidyl ethers, methylating and ethylating agents,
halogenated hydrocarbons, hydrazine derivatives, aldehydes, thiuram and dithiocarbamate derivatives.
Arch. Toxicol. 46: 277-285. [cited in TARC 1999].

Henck JW, Park CN, Blogg CD. 1980. A Comparison of Single-Dose Oral LD50's for SPB (Sprague-
Dawley) Rats and CDF (Fischer 344-Derived) Rats. Report of The Dow Chemical Company Toxicology
Research Laboratory [cited in STAR 2006].

[HENRYWIN] Henry’s Law Constant Program for Microsoft Windows [Estimation Model]. 2000. Version
3.10. Washington (DC): US Environmental Protection Agency, Office of Pollution Prevention and Toxics;
Syracuse (NY): Syracuse Research Corporation. [accessed April 30, 2006]. Available from:
www.epa.gov/oppt/exposure/pubs/episuite.htm

Heslot H. 1962. A quantitative study of biochemical reversions induced in the yeast Schizosaccharomyces
pombe by radiations and radiomimetic substances. Abh Dtsch Akad Wiss Berlin K1 Med 1:193-228 [cited
in IARC 1999].

Hine CH, Rowe VK. 1963. Epichlorohydrin. In: Patty FA (ed.), Industrial Hygiene and Toxicology. 2™ ed.
Interscience, New York. pp. 1622-1625 [cited in [ARC, 1976 & 1999].

[HPD] Household Products Database [database on the Internet]. 2007. Epichlorohydrin. Bethesda (MD):
U.S Department of Health and Human Services, National Institutes of Health, National Library of
Medicine, Toxicology Data Network. [cited 2007 Dec]. Available from: http://household
products.nlm.nih.gov

Howard PH. 1989. Handbook of Environmental Fate and Exposure data for Organic Chemicals. Volume I.
Large Production and Priority Pollutants. Chelsea, MI: Lewis Publishers Inc.

Hughes TJ, Simmons DM, Monteith LG, Claxton LD. 1987. Vaporization technique to measure mutagenic

activity of volatile organic chemicals in the Ames Salmonella assay. Environ Mutagen 9(4):421-41. [cited
in IARC, 1999].

25


http://www.hc-sc.gc.ca/fn-an/legislation/acts-lois/fdr-rad/index_e.html
http://www.epa.gov/oppt/exposure/pubs/episuite.htm
http://household%20products.nlm.nih.gov/
http://household%20products.nlm.nih.gov/

Screening Assessment CAS RN 106-89-8

[TARC] Working Group on the Evaluation of Carcinogenic Risks to Humans. 1976. Cadmium, nickel,
some epoxides, miscellaneous industrial chemicals and general considerations on volatile anaesthetics.
IARC Monogr Eval Carcinog Risks Hum. 1976:11:131-139.

[TARC] Working Group on the Evaluation of Carcinogenic Risks to Humans. 1999. Re-evaluation of some
organic chemicals, hydrazine and hydrogen peroxide. IARC Monogr Eval Carcinog Risks Hum. 1999:71 Pt
2:603-628.

Imamura A, Kurumi Y, Danzuka T, Kodama M, Kawachi T, Nagao M. 1983. Classification of
compoundsby cluster analysis of Ames test data. Jpn J Cancer Res (Gann). 74:196-204 [cited in IARC
1999].

Institute of Medicine. 1996. Food Chemicals Codex. Fourth Edition. [place unknown]: National Academy
Press. 882p.

Institute of Medicine. 2000. Food Chemicals Codex. Second Supplement to the Fourth Edition. [place
unknown]: National Academy Press. 100p.

[TPCS INCHEM] International Programme on Chemical Safety. 1984. Environmental Health Criteria
(EHC) monographs, No. 33: Epichlorohydrin. Available from:
http://www.inchem.org/documents/ehc/ehc/ehc33.htm. [Accessed: August 2008]

Ishidate M Jr, Sofuni T, Yoshikawa K. 1981. Chromosomal aberration tests in vitro as a primary screening
tool for environmental mutagens and/or carcinogens. Gann Monogr Cancer Res 27:95-108 [cited in IARC
1999].

[TUCLID] International Uniform Chemical Information Database. Data Set. 2002. CAS No. 106-89-8:
oxirane, (chloromethyl)-. Epichlorohydrin Task Group, The Society of the Plastics Industry, Inc. Available
from: http://www.epa.gov/hpv/pubs/update/c13696.pdf . Accessed October 30, 2006

Jagannath DR, Vultaggio DM, Brusick DJ. 1981. Genetic activity of 42 coded compounds in the mitotic
gene conversion assay using Sccharomyces cerevisiae strain D4. In: de Serres FJ, Ashby J, editors.
Evaluation of short-term tests for carcinogens. Report of the International Collaborative Program. Vol. 1,
Progress in Mutation Research. Amsterdam: Elsevier. p. 456-467 [cited in IARC 1999].

[JECFA] Joint FAO/WHO Expert Committee on Food Additives. 2001. Modified Starches. Prepared at the
57™ JECFA meeting in Rome, June 2001. Published in FAO JECFA Monographs 1, Combined
Compendium of Food Additive Specifications, Volume 2, Food and Agriculture Organization of the United
Nations, Rome, 2005. [cited 2008 January 10]. Available from: http://www.fao.org/ag/agn/jecfa-
additives/specs/Monograph1/Additive-287.pdf

John JA, Quast JF, Murray J, Calhoun LG, Staples RE. 1983a. Inhalation toxicity of epichlorohydrin :
Effects on fertility in rats and rabbits. Toxicol. Appl. Pharmacol., 68:415-423.

John JA, Gushow TS, Ayres JA, Hanley TR, Quast JF, Rao KS. 1983b. Teratologic evaluation of inhaled
epichlorohydrin and allyl chloride in rats and rabbits. Fundam. Appl. Toxicol., 3:437-442.

Jotz MM, Mitchell AD. 1981. Effects of 20 coded chemicals on the forward mutation frequency at the
thymidine kinase locus in L5178Y mouse lymphoma cells. In: de Serres FJ, Ashby J (editors). Evaluation
of short-term tests for carcinogens. Report of the International Collaborative Program. Vol. 1, Progress in
Mutation Research. Amsterdam: Elsevier. p. 580-93 [cited in IARC 1999].

Juhnke I, Luedemann D. 1978. Results of the investigation of 200 chemical compounds for acute fish
toxicity with the golden orfe test [Ergebnisse der Untersuchung von 200 Chemischen Verbindungen auf
Akute Fischtoxizitat mit dem Goldorfentest] In: Z Wasser-Abwasser-Forsch 11(5):161-164 [German]
[English translation].

26


http://www.inchem.org/documents/ehc/ehc/ehc33.htm
http://www.epa.gov/hpv/pubs/update/c13696.pdf%20.%20Accessed%20October%2030
http://www.fao.org/ag/agn/jecfa-additives/specs/Monograph1/Additive-287.pdf
http://www.fao.org/ag/agn/jecfa-additives/specs/Monograph1/Additive-287.pdf

Screening Assessment CAS RN 106-89-8

Kada T, Hirano K, Shirasu Y. 1980. Screening of environmental chemical mutagens by the rec-assay
system with Bacillus subtilis. In: de Serres FJ, Hollender A (editors). Chemical mutagens. Volume 6. New
York (NY): Plenum press. p. 149-72. [cited in IARC 1999].

Kassinova GV, Kovaltsova SV, Marfin SV, Zakharov IA. 1981. Activity of 40 coded compounds in
differential inhibition and mitotic crossing-over assays in yeast. . In: de Serres FJ, Ashby J, editors.
Evaluation of short-term tests for carcinogens. Report of the International Collaborative Program. Vol. 1,
Progress in Mutation Research. Amsterdam: Elsevier. p. 434-455 [cited in IARC 1999].

Kayen AHM, von Hebel KL. 1977. Hydrolysis of epichlorohydrin and side reactions, MRS.0011.77, 59-63
[cited in: TUCLID Data Set. 2006. CAS No. 106-89-8: 1-chloro-2,3-epoxypropane. The Dow Chemical
Company. Date of last update: 17.01.2006].

Kawabata A. 1981. Studies on the carcinogenic activity of epichlorohydrin by oral administration in male
Wistar rats. J. Nara Med. Assoc. 32:270-280

Keeler PA.1976. Acute percutaneous absorption potential of epichlorohydrin. Report of The Dow Chemical
Company Toxicology Research Laboratory, Midland, MI, USA [citedin siar, 2006].

Kirkhart B. 1981. Micronucleus test on 21 compounds. In: de Serres FJ, Ashby J (editors). Evaluation of
short-term tests for carcinogens. Report of the International Collaborative Program. Vol. 1, Progress in
Mutation Research. Amsterdam: Elsevier. p. 698-704 [cited in IARC 1999].

Knaap AG, Voogd CE, Kramers PG. 1982. Comparison of the mutagenic potency of 2-chloroethanol, 2-
bromoethanol, 1,2-epoxybutane, epichlorohydrin and glycidaldehyde in Klebsiella pneumoniae, Drosophila
melanogaster and L5178Y mouse lymphoma cells. Mutat Res 101(3):199-208 [cited in IARC 1999].

Kolmark G, Giles NH. 1955. Compartive studies of monoepoxides as inducers of reverse mutations in
Neuropora Genetics 40:890-902 [cited in [ARC 1999].

Konishi Y, Kawabata A, Denda A, Tkeda T, Katada H, Maruyama H, Higashiguchi R. 1980. Forestomach
tumors induced by orally administered epichlorohydrin in male Wistar rats. Gann 71:922-3 [cited in ITARC
1999].

Kucerova M, Polivkova Z. 1976. Banding techniques used for detection of chromosomal aberrations
induced by radiation and alkylating agents TEPA and epichlorohydrin. Mutat Res 34:279-90 [cited in
IARC 1999].

Kucerova, M., V.S. Zhurkov, Z. Polivkova and J.E. Ivanova. 1977. Mutagenic effect of epichlorohydrin. II.
Analysis of chromosomal aberrations in lymphocytes of persons occupationally exposed to
epichlorohydrin. Mutat. Res. 48: 355-360 [cited in IARC, 1999].

Laskin S, Sellakumar AR, Kuschner M, Nelson N, La Mendola S, Rusch GM, Katz GV, Dulak NC, Albert
RE. 1980. Inhalation carcinogenicity of epichlorohydrin in non-inbred Sprague-Dawley rats. J Natl Cancer

Inst 65:751-7 [cited in [ARC 1999].

Laumbach AD, Lee S, Wong J, Streips UN. 1977. Studies on the mutagenicity of vinyl chloride metabolites
and related chemicals. Prev Detect Cancer 3:155-70.

Lawrence WH, Malik M, Turner JE, Autian J. 1972. Toxicity profile of epichlorohydrin. J Pharm Sci
61:1712-7 [cited in IARC 1976, 1999].

Loprieno N. 1981. Screening of coded carcinogenic/noncarcinogenic chemicals by a forward mutation
system with the yeast Schizosaccharomyces pombe . In: de Serres FJ, Ashby J, editors. Evaluation of short-

27



Screening Assessment CAS RN 106-89-8

term tests for carcinogens. Report of the International Collaborative Program. Vol. 1, Progress in Mutation
Research. Amsterdam: Elsevier. p. 424-433 [cited in IARC 1999].

Luo J-C, Kuo H-W, Cheng T-J, Chang MJW. 2003. Pulmonary function abnormality and respiratory tract
irritation symptoms in epichlorohydrin-exposed workers in Taiwan. Am J Ind Med 43:440-6.

Luo J-C, Cheng T-J, Kuo H-W, Chang MJW. 2004. Decreased lung function associated with occupational
exposure to epichlorohydrin and the modification effects of glutathione S-transferase polymorphisms. J.
Occup Environ Med 46:280-6.

Mabey W, Mill T. 1978. Critical review of hydrolysis of organic compounds in water under environmental
conditions. J Phys Chem Ref Data 7(2): 383-415.

[MAFF UK]. Joint Food Safety and Standards Group Food Surveillance Information Sheet Number 170 —
Survey of Chemical Migration from Can Coatings into food and Beverages -2. Epichlorohydrin. UK:
Ministry of Agriculture, Fisheries and Food, Department of Health Scottish Executive. [updated 1999
January; cited 2007 December 27]. Available from:
http://archive.food.gov.uk/maff/archive/food/infsheet/1999/n0170/170epic.htm

Marks TA, Gerling FS, Staples RE. 1982. Teratogenic evaluation of epichlorohydrin in the mouse and rat
and glycidol in the mouse. J Toxicol Environ Health 9:87-96 [cited in IARC 1999].

Martire G, Vricella G, Perfumo AM, De Lorenzo F. 1981. Evaluation of the mutagenic activity of coded
compounds in the Salmonella test. . In: de Serres FJ, Ashby J, editors. Evaluation of short-term tests for
carcinogens. Report of the International Collaborative Program. Vol. 1, Progress in Mutation Research.
Amsterdam: Elsevier. p. 271-279 [cited in IARC 1999].

Matsushima T, Takamoto Y, Shirai A, Sawamura M, Sugimura T. 1981. Reverse mutation test on 42 coded
compounds with the E. coli WP2 system. In: de Serres FJ, Ashby J, editors. Evaluation of short-term tests
for carcinogens. Report of the International Collaborative Program. Vol. 1, Progress in Mutation Research.
Amsterdam: Elsevier. p. 387-395 [cited in IARC 1999].

Mayes MA, Alexander HC, Dill DC. 1983. A study to assess the ilnfluence of age on the response of
fathead minnows in static acute toxicity tests. Bull Environ Contam Toxicol 31(2):139-147.

McDonald RA. 1966. Some physical properties of epichlorohydrin. [A review for the Dow Epichlorohydrin
Bulletin. Report of The Dow Chemical Company, Midland (MI) (USA)] [cited in: [UCLID Data Set. 2006.
CAS No. 106-89-8: 1-chloro-2,3-epoxypropane. The Dow Chemical Company. Date of last update:
17.01.2006].

Mehta RD, von Borstel RC. 1981. Mutagenic activity of 42 encoded compounds in the haploid yeast
reversion assay, strain XV185-14C. In: de Serres FJ, Ashby J, editors. Evaluation of short-term tests for
carcinogens. Report of the International Collaborative Program. Vol. 1, Progress in Mutation Research.
Amsterdam: Elsevier. p. 414-423 [cited in [ARC 1999].

Migliore L, Rossi AM, Loprieno N. 1982. Mutagenic action of structurally related alkene oxides on
Schizosaccharomyces pombe: the influence, ‘in vitro’, of mouse-liver metabolizingsystem. Mutat Res
102:425-437 [cited in IARC 1999].

Milby TH, Whorton D. 1980. Epidemiological assessment of occupationally related, chemically induced
sperm count suppression. J Occup Med 22:77-82 [cited in IARC 1999].

Milby TH, Whorton D, Stubbs HA, Ross CE, Joyner RE, Lipshultz LI. 1981. Testicular function among
epichlorohydrin workers. Brit. J. Ind. Med. 38: 372-377.

28


http://archive.food.gov.uk/maff/archive/food/infsheet/1999/no170/170epic.htm

Screening Assessment CAS RN 106-89-8

Mohn GR, Vogels-Bouter S, van der Host-van der Zon J. 1981. Studies on the mutagenic activity of 20
coded compounds in liquid test using the multipurpose strain E. coli K-12/343/113 and derivatives. In: de
Serres FJ, Ashby J, editors. Evaluation of short-term tests for carcinogens. Report of the International
Collaborative Program. Vol. 1, Progress in Mutation Research. Amsterdam: Elsevier. p. 396-413 [cited in
IARC 1999].

MP Biomedicals, LLC. 2006. [MSDS] Material Safety Data Sheet: epichlorohydrin. Catalog Number:
151063. 7p.

[MPBPWIN] Melting Point Boiling Point Program for Microsoft Windows [Estimation Model]. 2000.
Version 1.41. Washington (DC): US Environmental Protection Agency, Office of Pollution Prevention and
Toxics; Syracuse (NY): Syracuse Research Corporation. Available from:
www.epa.gov/oppt/exposure/pubs/episuite.htm

Nagao M, Takahashi Y. 1981. Mutagenic activity of 42 coded compounds in the Salmonella/microsome
assay. In: de Serres FJ, Ashby J, editors. Evaluation of short-term tests for carcinogens. Report of the
International Collaborative Program. Vol. 1, Progress in Mutation Research. Amsterdam: Elsevier. p. 302-
313 [cited in IARC 1999].

Natarajan AT, van Kesteren-van Leeuwen AC. 1981. Mutagenic activity of 20 coded chemicals on sister
chromatid exchange assay using Chinese hamster ovary (CHO) cells. In: de Serres FJ, Ashby J, editors.
Evaluation of short-term tests for carcinogens. Report of the International Collaborative Program. Vol. 1,
Progress in Mutation Research. Amsterdam: Elsevier. p. 551-559 [cited in IARC 1999].

[NCI] National Chemical Inventories [database on CD]. 2007. Columbus (Ohio): Thomas Technology
Solutions Inc. American Chemical Society.Available from: http://www.cas.org/products/cd/nci/index.html

[NHW] Department of National Health and Welfare. 1990. Present patterns and trends in infant feeding in
Canada. Ottawa (ON): Department of National Health and Welfare. 9 p. Catalogue No. H39-199/1999E;
ISBN 0-662-18397-5 [cited in Health Canada 1998].

Nishi Y, Hasegawa MM, Ohkawa Y, Inui N. 1984. Comparison of 6-thioguanine-resistant mutation and
sister chromatid exchange in Chinese hamster V79 cells with forty chemical and physical agents. Cancer
Res 44:3270-3279 [cited in IARC 1999].

[NITE] National Institute of Technology and Evaluation. 2002 Biodegradation and bioconcentration
of existing chemical substances under the Chemical Substances Control Law. Available from:
http://www.safe.nite.go.jp/data/hazkizon/pk e kizon input second.home object Accessed October 2006

Norppa H, Hemminki K, Sorsa M, Vainio H. 1981. Effects of monosubstituted epoxides on chromosome
aberrations and SCE in cultured human lymphocytes. Mutat Res 91: 243-250 [cited in IARC 1999].

[NPRI] National Pollutant Release Inventory [database on the Internet]. 2007. Gatineau (QC): Environment
Canada. [cited December 2007]. Available from: http://www.ec.gc.ca/pdb/querysite/query_e.cfm

NSF International. 2005a. NSF/ANSI Standard 61 : Drinking Water Components — health effects. Ann
Arbor, MI,

NSF International. 2005b. NSF/ANSI Standard 60 : Drinking Water Treatment Additives — health effects.
Ann Arbor, MI,

[NTP] National Toxicology Program (US). 2005. 11" Report on carcinogens. Substance profile:

epichlorohydrin. Research Triangle Park (NC): National Toxicology Program. Available from:
http://www.iso.org/en/prods-services/iso3166ma/02iso-3166-code-lists/index.html

29


http://www.epa.gov/oppt/exposure/pubs/episuite.htm
http://www.cas.org/products/cd/nci/require.html
http://www.safe.nite.go.jp/data/hazkizon/pk_e_kizon_input_second.home_object
http://www.ec.gc.ca/pdb/querysite/query_e.cfm
http://www.iso.org/en/prods-services/iso3166ma/02iso-3166-code-lists/index.html

Screening Assessment CAS RN 106-89-8

[NY State Dept. of Health] New York State Department of Health, Center for Environmental Health. 2005.
Health Consultation. Holtsville Residential Area. Holtsville, Farmingville, Holbrook and Lake
Ronkonkoma Communities. Suffolk County, New York. EPA Facility ID: NYXCRA270000. Atlanta
(Georgia): U.S. Department of Health and Human Services, Public Health Service, Agency for Toxic
Substances and Disease Registry, Division of Health Assessment and Consultation. [published 2005
December 13; cited 2007 November 08]. Available from:
http://www.atsdr.cdc.gov/HAC/PHA/HoltsvilleResidential Areal21205/HoltsvilleResidential AreaHC12130
5.pdf

[OASIS Forecast] Optimized Approach based on Structural Indices Set [Internet]. 2004. Version 1.14.
Bourgas, Bulgaria: Laboratory of Mathematical Chemistry. [accessed April 30, 2006]. Available from:
http://oasis-lmc.org/?section=software

Olsen GW, Lacy SE, Chamberlin SR, Albert DL, Arceneaux TG, Bullard LF, Stafford BA, Boswell JM.
1994. Retrospective cohort mortality study of workers with potential exposure to epichlorohydrin and allyl
chloride. Am J. Ind. Med. 25: 205-218 [cited in IARC 1999].

Oser BL, Morgareidge K, Cox GE, Carson S. 1975. Short-term toxicity of ethylene chlorohydrin (ECH) in
rats, dogs and monkeys. Food Cosmet. Toxicol. 13:313-315 [cited in IARC, 1976 & 1999].

Paika 1J, Beauchesne MT, Randall M, Schreck RR, Latt SA. 1981. In vivo SCE analysis of 20 coded
compounds. In: de Serres FJ, Ashby J (editors). Evaluation of short-term tests for carcinogens. Report of
the International Collaborative Program. Vol. 1, Progress in Mutation Research. Amsterdam: Elsevier. p.
673-681 [cited in IARC 1999].

[PCKOCWIN] Organic Carbon Partition Coefficient Program for Windows [Estimation Model]. 2000.
Version 1.66. Washington (DC): U.S. Environmental Protection Agency, Office of Pollution Prevention
and Toxics; Syracuse (NY): Syracuse Research Corporation. [accessed April 30, 2006]. Available from:
wWww.epa.gov/oppt/exposure/pubs/episuite.htm

Perocco P, Rocchi P, Ferrei AM, Capucci A. 1983. Toxic, DNA-damaging and mutagenic activity of
epichlorohydrin on human cells cultured in vitro. Tumori 69:191-194 [cited in IARC 1999].

Perry PE, Thomson EJ. 1981. Evaluation of the sister chromatid exchange method in mammal cells as a
screening system for carcinogens. In: de Serres FJ, Ashby J, editors. Evaluation of short-term tests for
carcinogens. Report of the International Collaborative Program. Vol. 1, Progress in Mutation Research.
Amsterdam: Elsevier. p. 560-569 [cited in IARC 1999].

Pham HQ, Marks MJ. 2004. Epoxy resins. Kirk-Othmer Encyclopedia of Chemical Technology, online
version. Available from: http://www.mrw.interscience.wiley.com/emrw/9780471238966/search/firstpage

[PhysProp] Interactive PhysProp Database [database on the Internet]. 2006. Syracuse (NY): Syracuse
Research Corporation. [cited March 2006] Available from: http://www.syrres.com/esc/physdemo.htm

Picciano, D. 1979. Cytogenic investigation of occupational exposure to epichlorohydrin. Mutat. Res. 66:
169-173 [cited in IARC, 1999].

Piringer O. 1980. Kinetics of the hydrolysis of epichlorohydrin in diluted aqueous solutions. Dsch
Lebensm- Rundsch 76: 11-13 (in German).

Plunkett ER. 1987. Handbook of Industrial Toxicology. Third edition. New York (NY): Chemical Pub. Co.
[PMRA] Pest Management Regulatory Agency. 2007. PMRA Product Label Database [database on the

internet]. [cited 21 December 2007]. Available from: http://pr-rp.pmra-
arla.gc.ca/portal/page? pageid=34,17551& dad=portal& schema=PORTAL.

30


http://www.atsdr.cdc.gov/HAC/PHA/HoltsvilleResidentialArea121205/HoltsvilleResidential
http://oasis-lmc.org/?section=software
http://www.epa.gov/oppt/exposure/pubs/episuite.htm
http://www.mrw.interscience.wiley.com/emrw/9780471238966/search/firstpage
http://www.syrres.com/esc/physdemo.htm

Screening Assessment CAS RN 106-89-8

Popp KH. 1985. Verfahren zur Bestimmung der biologischen Abbaubarkeit wasserloslicher chlorganischer
Verbindungen. GWF-Wasser/Abwasser. 162(6): 286-292. [Cited in: IUCLID Data Set. 2006. CAS No.
106-89-8: 1-chloro-2,3-epoxypropane. The Dow Chemical Company. Date of last update: 17.01.2006].

Probst GS, McMahon RE, Hill LE, Thompson CZ, Epp JK, Neal SB. 1981. Chemically-induced
unscheduled DNA synthesis in primary rat hepatocyte cultures: a comparison with bacterial mutagenicity
using 218 compounds. Environ Mutg 3:11-32 [cited in IARC 1999].

Prodi G, Arfellini G, Colacci A, Grilli S, Mazzullo M. 1986. Interaction of halo-compounds with nucleic
acids. Toxicol Pathol 14:438-44 [cited in IARC 1999].

Quast JF, Henck KW, McKenna MJ. 1979. A 90-day inhalation toxicity study of epichlorohydrin in
laboratory rodents. Toxicol Appl Pharmacol 48:A43 [cited in Cal/EPA 2001; IARC 1999; US EPA 1992].

Rebandel P. Rudzki E. 1990. Dermatitis caused by epichlorohydrin, oxprenolo hydrochloride and
proponolol hydrochloride (abstact). Contact derm. 23: 199 [cited in TARC 1999].

Renfro JC. 1967. Physical properties for Dow chlorinated hydrocarbons. [Report of the Dow Chemical
Company, Freeport, Texas. Citing Value obtained from: Marsden, C. and Mann, S. Solvents Guide, 2™ ed.,
Cleaver-Hume Press Ltd, London, 1963] [cited in: [UCLID Data Set. 2006. CAS No. 106-89-8: 1-chloro-
2,3-epoxypropane. The Dow Chemical Company. Date of last update: 17.01.2006].

Richold M, Jones E. 1981. Mutagenic activity of 42 coded compounds in the Salmonella/microsome assay.
In: de Serres FJ, Ashby J (editors). Evaluation of short-term tests for carcinogens. Report of the
International Collaborative Program. Vol. 1, Progress in Mutation Research. Amsterdam: Elsevier. p. 314-
22 [cited in IARC 1999].

Riddick JA, Bunger WB. 1970. Organic solvents: physical properties and methods of purification, 3" ed.
Wiley Interscience. New York (NY) (USA) [as referenced in DIPPR] [cited in: [UCLID Data Set. 2006.
CAS No. 106-89-8: 1-chloro-2,3-epoxypropane. The Dow Chemical Company. Date of last update:
17.01.2006].

Riesser GH. 1979. Chlorohydrins. In: Kirk-Othmer Encyclopedia of Chemical Technology. 3" Ed. Wiley
Interscience, New York (NY) [cited in: [UCLID Data Set. 2006. CAS No. 106-89-8: 1-chloro-2,3-
epoxypropane. The Dow Chemical Company. Date of last update: 17.01.2006].

[RIVM] Rijksinstituut voor Volksgezondheid en Milieu. 2006. Consumer Exposure (ConsExpo) Model
[Internet]. Version 4.1. The Netherlands: The National Institute for Public Health and the Environment
(Rijksinstituut voor Volksgezondheid en Milieu). Available from:
http://www.rivm.nl/en/healthanddisease/productsafety/ConsExpo.jsp#tcm:13-42840

[RIVM] Rijksinstituut voor Volksgezondheid en Milieu. 2007. Do-It-Y ourself Products Fact Sheet
To assess the risks for the consumer. RIVM report 320104007/2007. Available from:
http://www.rivm.nl/bibliotheek/rapporten/320104007.pdf

Rosenkranz HS, Leifer Z. 1980. Determining the DNA modifying activity of chemicals using DNA-
polymerase-deficient E. coli. In: de Serres FJ, Hollender A (editors). Chemical mutagens. Volume 6. New
York (NY): Plenum press. p. 109-47. [cited in IARC 1999].

Rossi, A.M., L. Migliore, D. Lascialfari, I. Sbrana, N. Loprieno, M. Tortoreto, F. Bidoli and C. Pantarotto.
1983a. Genotoxicity, metabolism and blood kinetics of epichlorohydrin in mice. Mutat. Res. 118: 213-26
[cited in IARC, 1999].

Rossi AM, Migliore L, Loprieno N, Romano M, Salmona M. 1983b. Evaluation of epichlorohydrin

genotoxicity. Microsomal epoxide hydrolase-dependent deactivation of ECH mutagenicity in
Schizosaccharomyces pombe in vitro. Mutat Res 109:41-52 [cited in IARC 1999].

31


http://www.rivm.nl/en/healthanddisease/productsafety/ConsExpo.jsp#tcm:13-42840

Screening Assessment CAS RN 106-89-8

Rossi AM, Migliore L, Barale R, Loprieno N. 1983c¢. In vivi and in vitro mutagenicity studies of a possible
carcinogen, trichloroethylene, and its two stabilizers, epichlorohydrin and 1,2-epoxybutane. Teratog.
Carcinog. Mutag. 3: 75-87. [cited in [ARC 1999].

Rowland I, Severn B. 1981. Mutageniciy of carcinogens and noncarcinogens in the Salmonella/ microsome
test. In: de Serres FJ, Ashby J, editors. Evaluation of short-term tests for carcinogens. Report of the
International Collaborative Program. Vol. 1, Progress in Mutation Research. Amsterdam: Elsevier. p. 323-
32[cited in IARC 1999].

Rowley RL, Wilding WV, Oscarson JL, Yang Y, Zundel NA, Daubert TE, Danner RP. 2004. DIPPR® data
compilation of pure chemicals properties, Design Institute for Physical Properties, AIChE, New York (NY)
[cited in: TUCLID Data Set. 2006. CAS No. 106-89-8: 1-chloro-2,3-epoxypropane. The Dow Chemical
Company. Date of last update: 17.01.2006].

Santodonato J, Lande SS, Howard PH, Orzel D, Bogyo D. 1980. Investigation of selected potential
environmental contaminants : Epichlorohydrin and epibromohydrin. Office of Toxic Substances, U.S.
Environmental Protection Agency, Washington, D.C. 20460 [cited in: [UCLID Data Set. 2006. CAS No.
106-89-8: 1-chloro-2,3-epoxypropane. The Dow Chemical Company. Date of last update: 17.01.2006].

Salamone MF, Heddle JA, Katz M. 1981. Mutagenic activity of 41 compounds in the in vivo micronucleus
assay. In: de Serres FJ, Ashby J (editors). Evaluation of short-term tests for carcinogens. Report of the
International Collaborative Program. Vol. 1, Progress in Mutation Research. Amsterdam: Elsevier. p. 686-
97 [cited in IARC 1999].

Sasaki M, Sugumura K, Yoshida MA, Abe S. 1980. Cytogenic effects of 60 chemicals on cultured human
and Chinese hamster cells. Kromosome II 20:574-84 [cited in IARC 1999].

Schultz C. 1964. Liver fat and chronic asthmatic bronchitis after inhalation of a coloured solvent
(epichlorohydrin). Dtsch. Med. Wschr. 89:1342-1344 (in German) [cited in IARC 1999].

Sharp DC, Parry JM. 1981a. Use of repair-deficient strains of yeast to assay the activity of 40 coded
compounds. In: de Serres FJ, Ashby J, editors. Evaluation of short-term tests for carcinogens. Report of the
International Collaborative Program. Vol. 1, Progress in Mutation Research. Amsterdam: Elsevier. p. 502-
16 [cited in IARC 1999].

Sharp DC, Parry JM. 1981b. Induction of mitotic gene conversion by 41 coded compounds using the yeast
culture JDI. In: de Serres FJ, Ashby J, editors. Evaluation of short-term tests for carcinogens. Report of the
International Collaborative Program. Vol. 1, Progress in Mutation Research. Amsterdam: Elsevier. p. 491-
501 [cited in IARC 1999].

Simmon VF. 1978. Structural correlations of carcinogenic and mutagenic alkyl halides. In: Asher IM,
Zervos C (editors). Structural Correlates of Carcinogenesis and Mutagenesis. Washington (DC): United
States Food and Drug Administration. p. 163-71 [cited in [ARC 1999].

Simmon VF, Shepard GF. 1981. Mutagenic activity of 42 coded compounds in the Salmonella/microsome
assay. In: de Serres FJ, Ashby J (editors). Evaluation of short-term tests for carcinogens. Report of the
International Collaborative Program. Vol. 1, Progress in Mutation Research. Amsterdam: Elsevier. p. 333 -
342 [cited in IARC 1999].

Sina JF, Bean CL, Dysart GR, Taylor VI, Bradley MO. 1983. Evaluation of the alkaline elution/rat
hepatocyte assay as a predictor of carcinogenic/mutagenic potential. Mutat Res 113:357-91 [cited in IARC
1999].

Skopek TR, Andon BM, Kaden DA, Thilly WG. 1981. Mutagenic activity of 42 coded compounds using 8-
azaguanine resistance as a genetic marker in s. typhimurium. In: de Serres FJ, Ashby J (editors). Evaluation

32



Screening Assessment CAS RN 106-89-8

of short-term tests for carcinogens. Report of the International Collaborative Program. Vol. 1, Progress in
Mutation Research. Amsterdam: Elsevier. p. 371-5 [cited in IARC 1999]

Smyth HF, Carpenter CP. 1948. Further experience with the range finding test in the industrial toxicology
laboratory. J. Ind. Hyg. Toxicol., 30:63-68.

Society of the Plastics Industry. 1994. Epichlorohydrin: A safety and handling guide [cited in: [UCLID
Data Set. 2006. CAS No. 106-89-8: 1-chloro-2,3-epoxypropane. The Dow Chemical Company. Date of last
update: 17.01.2006].

Solvay S.A. 1993. [MSDS] Material Safety Data Sheet No. 74 [cited in: [IUCLID Data Set. 2006. CAS No.
106-89-8: 1-chloro-2,3-epoxypropane. The Dow Chemical Company. Date of last update: 17.01.2006].

Solvay Interox. 2000. Epichlorohydrin Properties [cited in: [UCLID Data Set. 2006. CAS No. 106-89-8: 1-
chloro-2,3-epoxypropane. The Dow Chemical Company. Date of last update: 17.01.2006].

33



Screening Assessment CAS RN 106-89-8

[Solvay]. 2002. Applications of Epichlorohydrin [Internet]. Brussels (BE): Solvay Chemicals; [cited 2007
Dec 05]. Available from:
http://www.solvaychlorinatedorganics.com/docroot/chlo_org/static_files/attachments/applications_epichlor
ohydrin.pdf

[Solvay]. 2007a. Epichlorohydrin [Internet]. [place unknown]: Solvay Chemicals US; [updated 2007 Dec
07; cited 2007 Dec 21]. Available from:
http://www.solvaychemicals.us/services/resourcelibrary/epichlorohydrin/0,,36378-2-0,00.htm

[Solvay] 2007b. EPICEROL] EPICEROL®: An innovative environmental breakthrough in
Epichlorohydrin production. [Internet]. [place unknown]: Solvay Chemicals; [updated 2007 March 3; cited
2007 Dec 05]. Available from: http://www.solvaychemicals.com/info/0,0,1000574- EN,00.html

Sram RJ, Cerna M, Kucerova M. 1976. The genetic risk of epichlorohydrin as related to the occupational
exposure. Biol Zbl 95:451-62 [cited in JARC 1999].

Sram, R.J., Z. Zudova and N.P. Kuleshov. 1980. Cytogenetic analysis of peripheral lymphocytes in workers
occupationally exposed to epichlorohydrin. Mutat. Res. 70: 115-120 [cited in IARC, 1999].

Stolzenerg SJ, Hine CH. 1979. Mutagenicity of halogenated and oxygenated three carbon compounds. J
Toxicol Environ Health 5:1149-58. [cited in IARC, 1999].

Stoner GD, Conran PB, Greisiger EA, Stober J, Morgan M, Pereira MA. 1986. Comparison of two routes
of chemical administration on the lung adenoma response in strain A/J mice. Toxicol. Appl. Pharmocol. 82:
19-31 [cited in IARC, 1999].

Tamplin WS, Spengler HT, Bell EC. 1966. Epichlorohydrin: physical properties. [Report of Research and
Development Department, Union Carbide Corporation] [cited in: [IUCLID Data Set. 2006. CAS No. 106-
89-8: 1-chloro-2,3-epoxypropane. The Dow Chemical Company. Date of last update: 17.01.2006].

[TaPL3] Long Range Transport and Persistence Level III model [Internet]. 2000. Version 2.10.
Peterborough (ON): Trent University, Canadian Environmental Modelling Centre. [cited 2007]. Available
from: http://www .trentu.ca/academic/aminss/envmodel/models/TaPL3.html

Topham JC. 1980. Do induced sperm-head abnormalities in mice specifically identify mammalian
mutagens rather than carcinogens? Mutat Res 74:379-87 [cited in IARC 1999].

Toth GP, Zenick H, Smith MK. 1989. Effects of epichlorohydrin on male and female reproduction in Long-
Evans rats. Fundam. appl. Toxico. 13:16-25 [cited in ITARC 1999].

Tsai SP, Gilstrap EL, Ross CE. 1996. Mortality study of employees with potential exposure to
epichlorohydrin: a 10 year update. Occup Environ Med 53:299-304 [cited in IARC 1999].

Tsuchimoto T, Matter BE. 1981. Activity of coded compounds in the micronucleus test. In: de Serres FJ,
Ashby J (editors). Evaluation of short-term tests for carcinogens. Report of the International Collaborative
Program. Vol. 1, Progress in Mutation Research. Amsterdam: Elsevier. p. 705-11 [cited in IARC 1999].

Tweats DJ. 1981. Activity of 42 coded compounds in a differential killing test using Escherichia coli
strains WP2, WP67 (UvrA polA), and CM871 (uvrA lexA recA). In: de Serres FJ, Ashby J (editors).
Evaluation of short-term tests for carcinogens. Report of the International Collaborative Program. Vol. 1,
Progress in Mutation Research. Amsterdam: Elsevier. p. 705-11 [cited in IARC 1999].

Ullmann's Encyclopedia of Industrial Chemistry. 1986. 5™ edition. Vol. A, p.539-540 [cited in: [UCLID

Data Set. 2006. CAS No. 106-89-8: 1-chloro-2,3-epoxypropane. The Dow Chemical Company. Date of last
update: 17.01.2006].

34


http://www.solvaychlorinatedorganics.com/docroot/chlo_org/static_files/attachments/applications_epichlorohydrin.pdf
http://www.solvaychlorinatedorganics.com/docroot/chlo_org/static_files/attachments/applications_epichlorohydrin.pdf
http://www.solvaychemicals.us/services/resourcelibrary/epichlorohydrin/0,,36378-2-0,00.htm
http://www.solvaychemicals.com/info/0,0,1000574-_EN,00.html
http://www.trentu.ca/academic/aminss/envmodel/models/TaPL3.html

Screening Assessment CAS RN 106-89-8

[US EPA]. Locating and Estimating Air Emissions from Sources of Epichlorohydrin [Internet]. 1985.
Research Triangle Park (NC): US EPA Office of Air and Radiation, Office of Air Quality Planning and
Standards. 54 p. Report No. EPA-450/4-84-007j:[updated 1985 September; cited 2007 October 17].
Available from: http://www.epa.gov/ttn/chief/le/epichlor.pdf

[US EPA] US Environmental Protection Agency. 1994. Epichlorohydrin (CASRN 106-89-8). Washington
(DC): US Environmental Protection Agency, Integrated Risk Information System (IRIS). Available at:
http://www.epa.gov/iris/subst/0050.htm

[US EPA] 1999 National-scale air toxics assessment [Internet]. 1999. [place unknown]: US Environmental
Protection Agency; [last updated 6 Nov 2007; cited 2008 Feb 26]. Available from:
http://www.epa.gov/ttn/atw/natal 999/index.html

[US EPA] Drinking Water Contaminants [Internet]. 2007. [place unknown]: US Environmental Protection
Agency; [cited 2007 Dec 21]. Available from: http://www.epa.gov/safewater/contaminants/index.html

Van Duuren BL, Goldschmidt BM, Katz C, Seidmann I, Paul JS. 1974. Carcinogenic activity of alkylating
agents. J Nat Cancer Inst 53:695-700 [cited in IARC 1976].

Van Joost T. 1988. Occupational sensitization to epichlorohydrin and epoxy resin. Contact Derm. 19: 278-
280 [cited in IARC, 1999].

Van Sittert NJ, De Jong G. 1985. Biomoitoring of exposure to potential mutagens and carcinogens in
industrial populations. Fd. Chem. Tox. 23: 23-31

Vashishat RK, Vasudeva M, Kakar SN. 1980. Induction of mitotic crossing over, mitotic gene conversion
and reverse mutation by epichlorohydrin in Sccharomyces cerevisiae. Indian J exp Biol 18:1337-1338
[cited in IARC 1999].

Venable JR, McClimans CD, Flake RE, Dimick BS. 1980. A fertility study of male employees engaged in
the manufacture of glycerine. J. occup. Med. 22: 87-91 [cited in IARC, 1999].

Versar Inc. 1986. Standard scenarios for estimating exposure to chemical substances during use of
consumer products. Volume II. Available from: United States Environmental Protection Agency (US

EPA); Contract No. 68-02-3968.

Verschueren K. 1983. Handbook of Environmental Data on Organic Chemicals. Second Edition. New York
(NY): Van Nostrand Reinhold Co.

Vogel E, Lee W R, Schalet A, Wurgler F. 1981. Mutagenicity of selected chemicals in Drosophila in
comparative chemical genesis. Environ Sci Res 24:175-256 [cited in [ARC 1999].

von der Hude W, Scheutwinkel M, Gramlich U, Fibler B, Basler A. 1987. Genotoxicity of three-carbon
compounds evaluated in the SCE test in vitro. Environ Mutag 9:401-410 [cited in IARC 1999].

von der Hude W, Carstensen S, Obe G. 1991. Structure-activity relationship of epoxides: induction of sister
chromatid exchanges in Chinese hamster V79 cells. Mutat Res 249:55-70 [cited in IARC 1999].

Voogd CE, van der Stel JJ, Jacobs JJ. 1981. The mutagenic action of aliphatic epoxides. Mutat Res
89(4):269-82 [cited in IARC 1999]

Wade D. R., S. C. Airy and J. E. Sinsheimer. 1978. Mutagenicity of aliphatic epoxides. Mutat Res 58:217-
23.

Weil CS, Condra N, Haun C, Striegel JA. 1963. Experimental carcinogenicity and acute toxicity of
representative epoxides. Amer Industr Hyg Ass J 24: 305-25 [cited in IARC 1976].

35


http://www.epa.gov/ttn/chief/le/epichlor.pdf
http://www.epa.gov/iris/subst/0050.htm
http://www.epa.gov/safewater/contaminants/index.html

Screening Assessment CAS RN 106-89-8

Wellens H. 1982. Comparison of the sensitivity of Brachydanio rerio and Leuciscus idus by testing the fish
toxicity of chemicals and wastewaters. Z.Wasser-Abwasser-Forsch. 51(2):49-52. [German] [English
abstract].

Wester PW, van der Heijden CA, Bisschop A, van Esch GJ. 1985. Carcinogenicity study with
epichlorohydrin (CEP) by gavage in rats. Toxicology 36: 325-39 [cited in [ARC 1999; WHO 2003, 2004].

White AD. 1980. In vitro induction of SCE in human lymphocytes by epichlorohydrin with and without
metabolic activation. Mutat Res 78:171-176 [cited in IARC 1999].

[WHO] World Health Organisation. 1987. IPCS International Programme on Chemical Safety, Health and
Safety Guide No. 8, Epichlorohydrin Health and Safety Guide. ISBN 92 4 154333 7. ISSN 0259-7268.
[From the United Nations Environment Programme, International Labour Organisation, World Health
Organisation] [cited in: [TUCLID Data Set. 2006. CAS No. 106-89-8: 1-chloro-2,3-epoxypropane. The Dow
Chemical Company. Date of last update: 17.01.2006].

[WHO] World Health Organization. 2003. Epichlorohydrin in drinking-water. Background document for
development of WHO guidelines for drinking-water quality. WHO/SDE/WSH/03.04/94. World Health
Organization, Geneva. http://www.who.int/water_sanitation health/dwg/chemicals/epichlorohydrin.pdf.

[WHO] World Health Organization. 2004. Guidelines for drinking-water quality. 3 ed. Vol. 1:
recommendations. World Health Organization, Geneva.
http://whqlibdoc.who.int/publications/2004/9241546387.pdf.

[WSKOWWIN] Water Solubility for Organic Compounds Program for Microsoft Windows [Estimation
Model]. 2000. Version 1.41 Washington (DC): US Environmental Protection Agency, Office of Pollution
Prevention and Toxics; Syracuse (NY): Syracuse Research Corporation. Available from:
wWww.epa.gov/oppt/exposure/pubs/episuite.htm

Wurgler FE, Graf U. 1981. Mutagenic activity of 10 coded compounds in the Drosophila sex-linked
recessive lethal assay. In: de Serres FJ, Ashby J, editors. Evaluation of short-term tests for carcinogens.
Report of the International Collaborative Program. Vol. 1, Progress in Mutation Research. Amsterdam:
Elsevier. p. 666-672 [cited in IARC 1999].

Yalkowsky SH, Dannenfelser RM. 1992. Aquasol database of aqueous solubility. Version 5. College of
Pharmacy, University of Arizona. Tucson (AZ).

Zimmermann FK, Scheel 1. 1981. Induction of mitotic gene conversion in strain D7 of Sccharomyces
cerevisiae by 42 coded chemicals. In: de Serres FJ, Ashby J, editors. Evaluation of short-term tests for
carcinogens. Report of the International Collaborative Program. Vol. 1, Progress in Mutation Research.
Amsterdam: Elsevier. p. 199-209 [cited in IARC 1999].

36


http://www.who.int/water_sanitation_health/dwq/chemicals/epichlorohydrin.pdf
http://www.epa.gov/oppt/exposure/pubs/episuite.htm

Screening Assessment CAS RN 106-89-8

Appendices
Appendix 1

Upper-bounding estimates of exposure to epichlorohydrin from food contact
applications (as per email from the Food Packaging and Incidental Additives
Section, Health Products and Food Branch, Health Canada, dated Feb. 27, 2008,
unreferenced)

Based on data submitted to Health Canada, residual concentrations of epichlorohydrin in
paper products treated with wet-strength resins range from 0.0342 to 0.0775 ppm.

Assuming the paper has a density of 150 g/m? the concentration of epichlorohydrin is
equal to 11.625 pg/m? (0.0775 ppm x 150 g/m?) or 0.00726 pg/in®. This value was
normalized using the packaging ratio of 5 g of food in contact with 1 in” (5 g/in?),
resulting in a final value of 0.001 45 ng epichlorohydrin per gram of paper.

It was also assumed that there is 100% migration of epichlorohydrin from the paper
product into food, that 30% of all foods eaten are packaged in paper, and that 20% of
paper packaging will contain residual epichlorohydrin.

Based on the data received from the Health Products and Food Branch, above, and body
weight and food intake assumptions from the Existing Substances Assessment Program
(Health Canada 1998), estimated intake was calculated as follows:

Estimated intake = [total intake of food (g) x percent of food packaged in paper x percent
of paper containing epichlorohydrin x epichlorohydrin residual level (pg/g)] / body
weight

As infants (0-6 months of age) do not typically consume food packaged in paper
products, they are not included in the estimates of exposure calculated below.

Table 1. Estimated intake of epicholorohydrin from food

Age group Total food Body weight (kg)? Estimated intake
intake (g)* (ng/kg-bw per day)

0.5-4 yrs 1312.5 15.5 7.4

5-11 yrs 1607.3 31 4.5

12-19 yrs 1752.7 59.4 2.6

20-59 yrs 2005.2 70.9 2.5

60+ yrs 1647.6 72 2

? Health Canada 1998
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Appendix 2
Upper-bounding estimates of exposure to epichlorohydrin from consumer products
Consumer Assumptions Estimated
product exposure
scenarios
Two- Inhalation Mean event
component - Used ConsExpo model version 4.1, exposure to vapour: evaporation | concentration =
epoxy from an increasing area as mode of release (RIVM 2006) 0.000 945 mg/m’
adhesive — - Assume saturation conditions (i.e., select “limit air concentration to
gluing the vapour pressure of pure substance” check box)
handle of a - Based on a reported weight fraction of 0.1 for epoxy resins in epoxy
coffee mug' adhesives (Emerson and Cuming 2004) and assuming 0.1% residual

epichlorohydrin monomer in epoxy resins (Evercoat 2005)

- Assume amount of product used is 0.5 g/event to cover a surface area

of 2 cm’, and an application duration of 5 minutes

- Assume a room volume of 20 m’, exposure duration of 240 minutes,

a ventilation rate of 0.6 times/hr, a mass transfer rate based on

Langmuir’s method and a molecular weight matrix of 3000 g/mol

(RIVM 2007)
Two- Inhalation Mean event
component - Used ConsExpo model version 4.1, exposure to vapour: evaporation | concentration =
epoxy from an increasing area as mode of release (RIVM 2006) 0.0372 mg/m’
adhesive — - Assume saturation conditions (i.e., select “limit air concentration to

gluing a large
vase'

vapour pressure of pure substance” check box)

- Based on a reported weight fraction of 0.1 for epoxy resins in epoxy
adhesives (Emerson and Cuming 2004) and assuming 0.1% residual
epichlorohydrin monomer in epoxy resins (Evercoat 2005)

- Assume amount of product used is 20 g/event to cover a surface area
of 500 cm?, an application duration of 30 minutes

- Assume a room volume of 20 m®, exposure duration of 240 minutes,
a ventilation rate of 0.6 times/hr, a mass transfer rate based on
Langmuir’s method and a molecular weight matrix of 3000 g/mol
(RIVM 2007)

Dermal

- Used ConsExpo model version 4.1, direct dermal contact with
product: instant application as mode of release (RIVM 2006)

- Based on a reported weight fraction of 0.1 for epoxy resins in epoxy
adhesives (Emerson and Cuming 2004) and assuming 0.1% residual
epichlorohydrin monomer in epoxy resins (Evercoat 2005)

- Assume the exposed area of skin is 43 cm’, and an applied amount of
0.1 grams of product (RIVM 2007)

- Assume exposed adult weighs 70.9 kg (Health Canada 1998)

- Assume 100% uptake

Acute dose per
event =
0.000 141 mg/kg

! Possible exposure to teenagers (12—19 years old), adults (20—59 years old) and seniors (60+). Scenario
was completed using adults.
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Appendix 3:

Summary of health effects information for epichlorohydrin

Endpoint

Lowest effect levels/Results

Acute toxicity

Lowest oral LDs, (mouse) = 240 mg/kg-bw/day (Lawrence et al. 1972)
(Additional studies: Freuder and Leake 1941; Weil et al. 1963; Henck et al. 1980)

Lowest inhalation LCs (rat) = 360 ppm (1361 mg/m°) for 6-hr exposure) (Laskin
et al. 1980)
(Additional studies: Freuder and Leake 1941; Dietz et al. 1985)

Lowest dermal LDs, (rabbit) = 515 mg/kg-bw (Keeler 1976)
(Additional studies: Freuder and Leake 1941; Smyth and Carpenter 1948; Weil et
al. 1963; Lawrence et al. 1972)

Short-term repeated
dose toxicity

Lowest oral LO(A)EL (rat) = 3 mg/kg-bw/day for 10 days, based on significant
increase in forestomach lesions (0.01>p>0.001) (Daniel et al. 1996)

Subchronic toxicity

Lowest oral (gavage) LO(A)EL (m/f rats) = 5 mg/kg-bw/day for 90 days, based
on forestomach lesions (0.01>p>0.001) (Daniel et al. 1996)
(Additional studies: Oser et al. 1975)

Lowest inhalation LO(A)EC (male rats) = 2 mg/m’ (Intake = 0.63 mg/kg-bw/day)
for 24 hrs/day for 98 days, based on significantly increased leukocyte count
(Fomin 1966)

(Additional studies: Quast et al. 1979)

Lowest intraperitoneal LO(A)EL (rats)= 22 mg/kg-bw for 12 weeks, based on a
significant reduction in the proportion of lymphocytes (p<0.05) (Lawrence et al.
1972)

Chronic toxicity/
carcinogenicity

Neoplastic effects
Oral (drinking water) bioassay in rats:

Male rats were exposed by drinking water to 0, 375, 750 and 1500 mg/L (ppm)
(54, 107 or 214 mg/kg-bw/day) for 81 weeks. Forestomach hyperplasia (0%,
78%, 90%, 100%), papilloma (0%, 0%, 10%, 58%) and carcinomas (0%, 0%,
10%, 17%) were observed. Data were not statistically analyzed (Konishi et al.
1980; Kawabata 1981).

Oral (gavage) bioassay in rats:

Male/female rats were exposed by oral gavage.to 0, 2 and 10 mg/kg-bw/day for
5 times/week, 104 weeks. Dose-dependent increase in the incidence of
forestomach hyperplasia, papilloma and carcinoma were observed in both sexes.
Carcinoma in male rats: 0/50, 6/49, 35/49 and in female rats: 0/50, 2/44 and
24/39 (Wester et al. 1985).

Inhalation carcinogenicity bioassay in rats:
Male rats were exposed by whole-body inhalation to 0, 10, 30 ppm (0, 38 or

113 mg/m’) for 6 hrs/day, 5 days/week, for lifetime, and another group to 0 or
100 ppm (0 or 385 mg/m’) for 6 hrs/day for 30 days followed by lifetime
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observation. No neoplastic changes were observed for 10 ppm, while one nasal
papilloma and one squamous-cell carcinoma of the nasal cavity were observed
for 30 ppm after 402 and 752 days, respectively. In the 100-ppm group, 15
squamous cell carcinomas and 2 papillomas were observed after 330 and 933
days following exposure. One bronchial papilloma was observed at 583 days
after exposure. Four pituitary adenomas and one squamous-cell carcinoma of the
forestomach were also reported. Data were not statistically analyzed (Laskin et
al. 1980).

Dermal carcinogenicity bioassay in mice:

No tumors found when female mice were exposed by skin application, 2 mg for
3 times/week for 580 days (Van Duuren et al. 1974)

Epichlorohydrin was found to be an active initiator of skin tumours in 30 female
mice exposed by single dermal application of 2 mg of epichlorohydrin in 0.1 mL
acetone and, 2 weeks later, by dermal applications of phorbol myristate acetate

3 times/week for 385 days. Skin papillomas and carcinomas were seen in 9 and 1
of the treated mice respectively, compared with 3 papillomas in 30 control
animals treated with phorbol myristate acetate alone (Van Duuren et al. 1974).

Other exposure routes:

Female mice exposed by subcutaneous injections of 0 or 1 mg epichlorohydrin
once a week for 580 days. Malignant tumors, local sarcomas: 1/50, 6/50.
Adenocarcinomas: 0/50, 1/50 (Van Duuren et al. 1974)

Female mice exposed by intraperitoneal injections of 0 or 1 mg once a week for
580 days. Lung papillomas: 10/50, 11/30. Local carcinomas: 1/50, 0/30 (Van
Duuren et al. 1974)

Non-cancer effects:

The LO(A)EL for non-cancer effects in rats by oral (drinking water) exposure =
375 mg/L (ppm) (54 mg/kg-bw/day) when male rats were exposed to 0, 375, 750
and 1500 mg/L (ppm) (0, 54, 107 or 214 mg/kg-bw/day) for 81 weeks, based on
forestomach hyperplasia (Konishi et al. 1980).

The LO(A)EL for non-cancer effects in rats by oral (gavage) exposure =
2 mg/kg-bw/day when male/female rats were exposed to 0, 2 and

10 mg/kg-bw/day for 5 times/week, 104 weeks, based on forestomach
hyperplasia (Wester et al. 1985).

Reproductive toxicity

Lowest oral LO(A)EL (rat, male) = 15 mg/kg-bw/day for 7 days based on
impaired fertility. Fertility restored after about 7 days without treatment (Hahn
1970)

(Additional studies: Cooper et al. 1974; Sram et al. 1976; Cassidy et al. 1983;
Toth et al. 1989)

Lowest inhalation (whole-body) LO(A)EC (rat, male) = 25 ppm (94.5 mg/m’ or
intake of 29.7 mg/kg-bw/day) for 6 hrs/day for 10 weeks based on reduced
number of implantation sites observed in females bred to exposed males (John et
al. 1983a)

Developmental
toxicity

Lowest oral (gavage) LO(A)EL(mice) = 120 mg/kg-bw/day, exposure during
days 615 of gestation based on a significant reduction of fetal weight (Marks et
al. 1982)
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No developmental toxicity or teratogenicity was observed in rats or rabbits in
inhalation exposure to 0, 2.5 or 25 ppm (0, 9.4 or 94.5 mg/m’) for 7 hours/day, on
gestation days 6—15 for rats and 618 for rabbits (John et al. 1983b)

Genotoxicity and related endpoints-in vitro

Endpoint

Results and references

Genetic mutation

Species, strain

Result

Metabolic
activation

Reference

Escherichia coli polA

Positive

+/-

Tweats 1981

Rosenkranz and Leifer
1980

Bacillus subtilis rec
strains

Negative

Elmore et al. 1976

Laumbach et al. 1977,
Kada et al. 1980

Salmonella typhimurium
Forward mutation

Positive

Skopek et al. 1981

Salmonella typhimurium
TA 100, reverse mutation

Positive

Elmore et al. 1976;
Sram et al. 1976;
Laumbach et al. 1977,
Anderson et al. 1978,;
Bridges 1978;
Simmon 1978;

Wade et al. 1978,;
Bartsch et al. 1979,
1983;

Hemminki and Falck
1979;

Connor et al. 1980

Imamura et al. 1983

+/-

Stolzenberg and Hine
1979;

Eder et al. 1980;
Martire et al. 1981;
Nagao and Takahashi
1981;

Richold and Jones 1981;
Hughes at al. 1987

Salmonella typhimurium
TA 102, reverse mutation

Positive

+/-

Hughes et al. 1987

Salmonella typhimurium
TA 1535, reverse
mutation

Positive

+/-

Anderson et al. 1978,;
Stolzenberg and Hine
1979;

Rowland and Severn
1981;

Simmon and Shephard
1981;

De Flora et al. 1984

Biles et al. 1978;
Bridges 1978;

Wade et al. 1978,;
Richard and Jones 1981;
Bartsch et al. 1983

Negative

Richard and Jones 1981
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Salmonella typhimurium Positive - Richard and Jones 1981
TA 1537, reverse -
mutation Negative *
Salmonella typhimurium Positive - Richard and Jones 1981
TA 15.3& Ieverse Negative | + Stolzenberg and Hine
mutation 1979
Salmonella typhimurium Positive +/- Stolzenberg and Hine
TA 98, reverse mutation 1979
Salmonella typhimurium Positive - Sram et al. 1976
G46, reverse mutation
Escherichia coli WP2 Positive - Hemminki and Falck
uvrA, reverse mutation 1979;
Hemminki et al. 1980
Positive +/- Gatehouse 1981;
Matsushima et al. 1981
Escherichia coli WP2, Positive +/- Matsushima et al. 1981
reverse mutation
Escherichia coli WP2, Positive +/- Matsushima et al. 1981
uvrA/pkM101, reverse
mutation
Escherichia coli Positive +/- Mohn et al. 1981
3431M31, uvrB, reverse
mutation
Klebsiella pneumoniae, Positive - Voogd et al. 1981;
forward mutation Knaap et al. 1982
Negative + Voogd et al. 1981
Neurospora crassa, Positive + Kolmark and Giles 1955
reverse mutation
Saccharamyces cerevisiae | Positive +/- Sharp and Parry 1981a
rad strains, differential
toxicity
Saccharamyces cerevisiae | Positive - Zimmermann and Scheel
D7, gene conversion 1981;
Vashishat et al. 1980
Saccharamyces cerevisiae | Positive - Vashishat et al. 1980
D7, homozygosis
Saccharamyces cerevisiae | Negative | - Kassinova et al. 1981
‘race XII,” homozygosis Positive +
Saccharamyces cerevisiae | Positive - Mehta and von Borstel
XV 185-14C, reverse 1981
mutation
Schizosaccharomyces Positive +/- Migliore et al. 1982
pombe, forward mutation
Schizosaccharomyces Positive +/- Rossi et al. 1983b
pombe, forward mutation R
+ Loprieno 1981
Negative - Loprieno 1981
Schizosaccharomyces Positive - Heslot 1962
pombe, reverse mutation
Arabidopsis species, Positive - Acedo and Rédei 1982
mutation
Negative | - Waurgler and Graf 1981
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Unscheduled DNA Negative | - Probst et al. 1981
synthesis, rat primary
hepatocytes

Gene mutation, Chinese Positive - Amacher and Zelljadt
hamster ovary cells 1984

Gene mutation, Chinese Negative - Nishi et al. 1984
hamster lung V79 cells,
hprt locus

Gene mutation, mouse Positive +/- Jotz and Mitchell 1981
lymphoma L5178Y cells,
tk locus

Gene mutation, mouse Positive - Knaap et al. 1982
lymphoma L5178Y cells,
hprt locus

Gene mutation, mouse Positive - Amacher and Dunn 1985
lymphoma L5178Y cells,
ouabain resistance

Gene mutation, human Negative | +/- Gupta and Goldstein
HSC172 lung fibroblasts, 1981
diphtheria toxin resistance

Gene mutation, human Positive - Perocco et al. 1983
epithelial-type EUE cells,
diphtheria toxin resistance

Sister chromatid
exchange

Positive

Chinese hamster ovary cells (+/-S9) (Evans and Mitchell 1981;
Natarajan and van Kesteren-van Leeuwen 1981)

Chinese hamster ovary cells (-S9) (Perry and Thomson 1981)
Chinese hamster lung V79 cells (+/-S9) (von der Hude et al. 1987)
Chinese hamster lung V79 cells (-S9) (Nishi et al. 1984; von der Hude et al.
1991)

Human lymphocytes (+/-S9) (White 1980)

Human lymphocytes (-S9) (Carbone et al. 1981; Norppa et al. 1981)
Negative

Chinese hamster ovary cells (+S9) (Perry and Thomson 1981)

Chromosomal
aberrations

Positive

Chinese hamster ovary cells (-S9) (Sasaki et al. 1980; Asita 1989)

Chinese hamster ovary cells (+/-S9) (Natarajan and van Kesteren-van Leeuwen
1981)

Chinese hamster lung fibroblasts (-S9) (Ishidate et al. 1981)

Human lymphocytes (-S9) (Kugerova and Polivkova 1976; Sram et al. 1976;
Norppa et al. 1981)

Negative

Rat epithelial-like liver cells (-S9) (Dean and Hodson-Walker 1979)

DNA binding

Positive
Calf thymus DNA (covalent binding ) (-S9) (Hemminki 1979)

Gene conversion

Positive

Saccharamyces cerevisiae JD1 (-S9) (Sharp and Parry 1981b)
Negative

Saccharamyces cerevisiae D4 (+/-S9) (Jagannath et al. 1981)

DNA single-strand
breaks

Positive
Rat hepatocytes (-S9) (Sina et al. 1983)
Mouse lymphoma L5178Y cells (-S9) (Garberg et al. 1988)
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Genotoxicity and related endpoints-in vivo

Endpoint Results and references

Sister chromatid Positive

exchange CBA/]J mouse bone marrow (-S9) (Paika et al. 1981)
Human lymphocytes from healthy male non-smokers and smokers (Bukvic et al.
2000)

Chromosomal Positive

aberrations ICR mouse bone marrow (-S9) (Sram et al. 1976)
Negative

CD-1 mouse bone marrow (Rossi et al. 1983a)
Human lymphocytes from healthy male non-smokers and smokers (Bukvic et al.
2000)

Host-mediated assay

Positive

Salmonella typhimurium TA60, G46 in ICR mouse peritoneal fluid (-S9) (Sram
etal. 1976)

Negative

Schizosaccharomyces pombe, in CD1 and C57BL x CD1 mice (-S9) (Rossi et al.
1983c¢)

Escherichia coli K12 in NMRI mice (-S9) (Hellmér and Bolcsfoldi 1992)

Micronucleus test

Negative

ICR mice (-S9) (Kirkhart 1981)

B6C3F; mice (-S9) (Salamone et al. 1981)

CD-1 mice (-S9) (Tsuchimoto and Matter 1981)

ddY mice (-S9) (Asita et al. 1992)

Human lymphocytes from healthy male non-smokers and smokers (Bukvic et al.
2000)

Dominant lethal test

Negative 5
ICR mice (-S9) (Sram et al. 1976)
ICR/Ha Swiss mice (-S9) (Epstein et al. 1972)

Sex-linked recessive
lethal mutation

Positive

Drosophila melanogaster (-S9) (Vogel et al. 1981; Knaap et al. 1982)
Negative

Drosophila melanogaster (-S9) (Wurgler and Graf 1981)

DNA binding

Positive
BALB/c mouse and Wistar rat liver, lung, kidney and stomach (-S9) (Prodi et al.
1986)

Sperm morphology

Positive

Wistar rats (-S9) (Cassidy et al. 1983)
Negative

CBAx BALB/c mouse (-S9) (Topham 1980)

Human studies

Acute toxicity

Lowest inhalation LO(A)EL (human)= 0.3 mg/m’, based on changes in the
electroencephalogram pattern (Fomin 1966)

Chronic toxicity/
carcinogenicity

US EPA 1994; IARC 1999; NTP 2005; ESIS 2007 examined a number of cohort
studies and a case-control study and concluded that the data were insufficient to
conclude the carcinogenicity of epichlorohydrin to humans (Bond et al. 1986;
Delzell et al. 1989; Barbone et al. 1992, 1994; Tsai et al. 1996; Olsen et al. 1994).

Lowest inhalation LO(A)EC for non-cancer effects = 0.064 + 0.05 ppm (0.24 +
0.2 mg/m’ or intake of 0.08 + 0.07 mg/kg-bw/day), 167 workers in resin
manufacturing plant, estimated average duration of exposure = 7.9 + 3.8 years,
based on significantly increased small airway abnormalities (p=0.005). These
cohorts had been simultaneously exposed to dimethyl formamide in varying
concentrations (Luo et al. 2003). Further observations on the same cohort
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indicate that there may be sensitive human subpopulations for pulmonary
function abnormality based on examination of human polymorphisms for
glutathione S-transferase gene (Luo et al. 2004).

Genotoxicity and
related endpoints

Four studies involving occupational exposure to various concentrations of
epichlorohydrin have reported chromosomal aberrations in lymphocytes
(Kucerova et al. 1977; Picciano, 1979; Sram et al. 1980).

In a cohort study, a significantly increased sister chromatid exchange frequency
(p<0.05) was observed in male workers (N=85) exposed to 1.1-3.9 ppm

(4-15 mg/m®) of epichlorohydrin. These cohorts had been simultaneously
exposed to dimethyl formamide in varying concentrations (Cheng et al. 1999).

In a cytogenetic monitoring study, workers occupationally exposed to various
concentrations of epichlorohydrin did not show biologically significant
differences in the frequencies of chromosomal aberrations compared to control
groups. The study authors concluded that the frequency of chromosomal
aberrations is not sufficiently sensitive for routine monitoring of cytogenetic
effects in workers exposed to low levels of genotoxic compounds (De Jong et al.
1988)

No significant differences in the frequency of gaps and combined breaks and
exchange-type aberrations were observed in workers occupationally exposed to
various concentrations of epichlorohydrin for over 6 years (Van Sitter and De
Jong 1985).

Reproductive toxicity

No significant effect on fertility was observed in two cohort studies of male
workers occupationally exposed to epichlorohydrin (Venable et al. 1980; Milby
and Whorton 1980; Milby et al. 1981)

Sensitization and
irritation

Case reports are available reporting contact dermatitis (van Joost 1988) and eye
and throat irritation (Schultz 1964)

(Additional studies: Hine and Rowe 1963; Rebandel and Rudzki 1990)

LDs, = median lethal dose

LCs5, = median lethal concentration

LO(A)EL = lowest-observed-(adverse)-effect level
LO(A)EC = lowest-observed-(adverse)-effect concentration
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