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SYNOPSIS

Ethylene glycol (CAS No. 107-21-1) is a colourless, odourless, rdatively non-voldtile liquid. It hasa
low vapour pressure and is completely miscible in water.

Ethylene glycols (mono-, di- and tri-) are produced by three companies in Canada, which had a
total annua capacity of 850 kilotonnesin 1996. Ethylene glycal is used primarily as an antifreeze agent
but is aso used, for example, in the manufacture of polyethylene terephthalate, in natura gas processng
and as a component of paints. Natura levels of ethylene glycol are considered to be insgnificant rdlative
to amounts released from anthropogenic sources. The highest reported releases of ethylene glycal to the
environment are to land from aircraft deicing/anti-icing operations, with subsequent release to the
aguatic environment. Current management practices a the mgor arports in Canada have resulted in a
trend of decreased releasesin recent years. Other sources of releases to water include paper products
and sed indudtries. Releases to ar occur during ethylene glycol production, during naturd gas
processing and from paints and coatings manufacture. Ethylene glycol is aso injected underground as a
means of disposa from natura gas processing operations.

Once released into the environment, ethylene glycol partitions mainly into surface water or
groundwater. It does not bicaccumulate or persist in the environment, primarily due to biodegradation.
Hdf-livesin air, water, groundwater and soil are estimated to typicaly range from 0.35 to 3.5 days,
from 2 to 12 days, from 4 to 24 days, and from 2 to 12 days, respectively, but may exceed these
ranges, depending on the environmenta conditions. Ethylene glycol is not expected to deplete the ozone
layer, it has alow potentia to contribute to ground-level ozone formation, and its potential contribution
to climate change is negligible. Ethylene glycol has been found to biodegrade rapidly in the aquetic
environment and therefore has the potentia to induce depletion of the dissolved oxygen (DO) in
receiving waters.

Given that ethylene glycol tends to partition to the agquatic environment, with little transfer to il
or air expected, and because the mgority of ethylene glycol is released to the aquatic environment from
arcraft deicing and anti-icing, the potentid for effectsis greastest for aguatic organiams. In ng the
risk, congderation is given to the time and frequency of exposure. From the available studies, the
induction of effects on dgae and amphibiansis selected to represent the most sensitive measurement
endpoints for inducing potentia population-level impacts on aquatic organisms and is used as a basis for
generating the Estimated No-Effects Vaues (ENEVS). Indirect effects from oxygen depletion following
ethylene glycol release was dso examined using the Streeter-Phel ps oxygen sag model and probabilistic
andyss.

The direct comparison of current exposure concentrations predicted to occur in the aguatic
environment with the ENEV's suggests that adverse effects are unlikely when congderation is given to
the seasond nature of releases, ambient temperatures, metabolic rates and duration of exposure.
Examination of potentid indirect effects through oxygen depletion suggests alow potentid for DO levels
to drop below the Canadian water qudity guideline (9.5 mg/L) under very infrequent, maximd loading



conditions. Although, based on the present characterization, it is evident that harmful environmental
effects are unlikely to result from exposure to ethylene glycol in Canada, effects related to depletion of
DO levesin receiving waters are possble under conditions of maximum loading & some Canadian
arports. It istherefore recommended that current efforts to reduce releases of ethylene glycol during
arcraft deicing/anti-icing operations (e.g., glycol mitigation plans and glycol operationd management
plans) continue to be strengthened, with the am of reducing further the instances when ethylene glycol
concentrations in sormwaters exceed the CEPA effluent guideine of 100 mg tota glycol/L.

Monitoring data upon which to base estimates of exposure of the generd human population in
Canada to ethylene glycol were not identified. Population exposure estimates are, therefore, extremely
limited. Intakes in ar and soil in the vicinity of a point source were estimated based on moddled data,
and that in food was based on reported concentrationsin alimited range of foodstuffs from other
countries. Derma absorption was aso estimated for alimited range of products for which data on the
proportion of ethylene glycal in the product were identified.

Based on short-term and long-term studies conducted by the ora route in experimenta animals,
the kidney isthe principd target Site for effects of ethylene glycol. Consstently, degenerative non-
neoplastic changesin the kidney have been observed at lowest doses in arange of species. Based on an
extendve database, ethylene glycol induces dight reproductive effects and developmentd toxicity,
including teratogenicity, in rodents exposed by the ord route, athough at doses greater than those
associated with rend effects.

Therefore, a Tolerable Intake has been derived for this substance, based on a Benchmark Dose
caculated for non-neopladtic rend effects in animas and an uncertainty factor. However, owing to
limitations of available sudies, this Tolerable Intake is uncertain. Based on highly uncertain estimates,
exposure of some age groups in the vicinity of a point source or of adults through absorption from some
consumer products exceeds the Tolerable Intake. A Tolerable Intake isthe leve of intaketo whichitis
believed a person may be exposed daily over alifetime without deleterious effect. To reduce the
congderable uncertainty, in critica areas, research on exposure in the vicinity of point sources and
progression of rend lesonsin toxicity sudiesis consdered apriority. Characterization of the
digtribution and ranges of ethylene glycol in consumer productsin Canadais adso recommended.



1.0 INTRODUCTION

The Canadian Environmental Protection Act, 1999 (CEPA 1999) requires the federa
Minigters of the Environment and of Hedlth to prepare and publish a Priority Substances List (PSL) that
identifies substances, including chemicds, groups of chemicds, effluents and wadtes, that may be harmful
to the environment or congtitute a danger to human hedlth.

Basad on initid screening of readily accessible information, the rationde for including ethylene
glycal provided by the Ministers Expert Advisory Panel on the Second Priority Substances List
(Minigters Expert Advisory Pand, 1995) was as follows:

Large volumes of ethylene glycol are used in heat transfer fluids (including automotive
antifreeze), aircraft de-icers and in the manufacture of polyesters. Exposure to concentrations
that approach those inducing developmental effects in animals may occur through the use of
latex paint. The Panel noticed that risk management programs have already been implemented to
reduce risks to aquatic ecosystems from the use of de-icing fluids at federally operated airports.
An assessment is needed to address potential health concerns from exposure to ethylene glycol
in the environment.

The search srategies employed in the identification of data relevant to the characterization of
potentid effects on the environment (prior to October 1999) and human hedth (prior to January 2000)
are presented in Appendix A. Review articles were consulted where appropriate. However, dl origina
dudies that form the bass for this State of the Science Report have been criticaly evaluated by staff of
Environment Canada (entry and environmental exposure and effects) and Hedlth Canada (human
exposure and effects on human hedth).

Preparation of sections of this Report and Supporting Documentation relevant to the
environmenta part of this report (Environment Canada, 2000) was coordinated and led by M. Lewis of
Environment Canada, and an initia draft was prepared by D. Moore and S. Teed of The Cadmus
Group Inc. with direct input from the Guidelines and Standards Division of the Ecosystem Science
Directorate of Environment Canada. An Environmental Resource Group was established by
Environment Canada to assst in the preparation of the environmental characterization. Members were
selected based on their expertise and interest in the substance. The assistance and information provided
by the Environmenta Resource Group members who participated in the preparation and review of this
Report and environmenta Supporting Document are gratefully acknowledged. These individuds include:

M. Alaee, Environment Canada

Y. Bovet, Environment Canada

D. Bryant, CanTox

N. Bunce, University of Guelph

E. Carney, Dow Chemica Company
G. Grappolini, Petro Canada

L. Hame, Union Carbide Canada Inc.
R. Kent, Environment Canada



N. Lynch, Environment Canada
J. Prinsen, Environment Canada
K. Roberts, Chemica Manufacturers Association
A. Simpson, Transport Canada
N. Wedeman, Union Carbide Corporation, USA

Environmentd sections of this Report and the environmenta Supporting Document were dso
reviewed by K. Lloyd and P. Doyle from Environment Canada, as well as by externd reviewers.

C. Bertrand, U.S. Environmenta Protection Agency

S. Dobson, Indtitute of Terrestria Ecology, U.K.

J. Dorey, Ontario Ministry of Transportation

|. Hartwell, Maryland Department of Natural Resources

D. Mdetzki, Beratergremium fir Umwdtreevante Altstoffe (BUA), Germany
D. Rillard, ENSR Consulting and Engineering

The hedth-reated sections of this Report and Supporting Documentation (Health Canada,
2000) were prepared by the following staff of Health Canada:

R. Beauchamp
K. Byrne

R. Gomes
R.G. Liteplo
G. Long

M.E. Meek
M. Walker

Studiesrelating to derma absorption relevant to this Report were reviewed by R. Moody of the
Product Safety Bureau of Health Canada. Advice on interpretation of histopathologica lesions reported
in critica studies was provided by D. Walf, Nationa Hedlth and Environmenta Effects Research
Laboratory, U.S. Environmental Protection Agency, and R. Maronpot, U.S. Nationd Ingtitute of
Environmental Health Sciences and Nationa Toxicology Program. M. Wade, Environmental and
Occupationa Toxicology Divison of Hedlth Canada, contributed to the interpretation of data on
reproductive/developmental toxicity. Statistical support was provided by M. Waker of Hedth Canada.
Sections of the Supporting Documentation pertaining to human hedth were reviewed externdly by the
Ethylene Glycol Pand of the Chemica Manufacturers Association, primarily to address adequacy of
coverage. Members of the panel included W. Shellings, Union Carbide Corporation, W. Faber,
Eastman Kodak, R. Gingell, Shell Chemica Company, and S. Jasti, BASF Corporation.

Accuracy of reporting, adequacy of coverage and defengbility of conclusions with respect to
hazard characterization and exposure-response anayses were consdered at a pand meeting of the
following members, convened by Toxicology Excellence in Risk Assessment (TERA), on February 14,
2000, in Ottawa, Ontario, and during an additional teleconference, held March 29, 2000:



M.S. Abde-Rahman, University of Medicine and Dentistry of New Jersey
C. Abernathy, Office of Water, U.S. Environmenta Protection Agency
JP. Chrigtopher, Cdifornia Environmenta Protection Agency

J.C. Callins, Solutia, Inc.

JT. Colman, Syracuse Research Corporation

M. Mumtaz, Agency for Toxic Substances and Disease Registry

K.A. Poirier, TERA

JE. Whaan, U.S. Environmenta Protection Agency

R. Maronpot, U.S. Nationa Indtitute of Environmental Health Sciences and National Toxicology
Program, and E. Ohanian, Office of Water, U.S. Environmenta Protection Agency, provided advice on
adequacy of histopathologica reporting in one of the critical studies during the teleconference.

The hedlth-related sections of this Report were reviewed and approved by the Hedlth
Protection Branch Risk Management meeting of Hedlth Canada

The entire State of the Science Report was reviewed and gpproved by the Environment
CanadalHed th Canada CEPA Management Committee.

Thetext of the Report has been structured to address environmentd effectsinitialy, followed by
effects on human hedlth.



2.0 SUMMARY OF CRITICAL INFORMATION
2.1  Identity and physical/chemical properties

Ethylene glycol (CAS No. 107-21-1) belongs to the smplest group of organic chemicals of the chemical
family of glycols, which are characterized by two hydroxyl (OH) groups at adjacent postionsin a
hydrocarbon chain (see Figure 1).

Figure 1. Chemical structure of ethylene glycol

The physicd and chemica properties of ethylene glycol, so known as monoethylene glycol and
1,2-ethanediol, are presented in Table 1. Ethylene glycol isaclear, colourless, odourless, relaively non-
volatile, viscousliquid (Nidsen et al., 1993). It has a sweet taste and imparts awarming sensation to
the tongue when swallowed (Beadey and Buck, 1980). Ethylene glycol has ardatively low vapour
pressure (7-12 Paat 20°C) (Verschueren, 1983; Howard, 1990) and alow Henry’s law constant of
5.8 x 107°t0 6.0 x 1072 Pa-m’/mol (Hine and Mookerjee, 1975: Howard, 1990). It is completely
misciblein water (Enviro TIPS, 1985; Budavari et al., 1989). It is very hygroscopic and will absorb up
to 200% of itsweight in water a 100% relaive humidity (Budavari et al., 1989). The octanol/water
partition coefficient of ethylene glycol isvery low (i.e, log Koy =—1.36) (Verschueren, 1983; Budavari
et al., 1989; Howard, 1990).

2.2 Entry characterization
2.2.1 Production, importation and uses

Ethylene glycal is produced by three companies located in Albertas Dow Chemical Canada, located in
Fort Saskatchewan; Union Carbide of Canada, Prentiss; and Albertaand Orient Glycol, Prentiss. The
Alberta and Orient Glycol plant is the newest of the three and went into operation in September 1994.
Shell Canadaintends to build an ethylene oxide/glycol plant in Scotford, Alberta, in response to growing
worldwide demand (Camford Information Services, 1997). In 1996, the annua production capacity for
ethylene glycols (mono-, di- and triethylene glycols) from these plants was 250 kilotonnes from Dow,
300 kilotonnes from Union Carbide and 300 kilotonnes from Alberta and Orient Glycol (Camford
Information Services, 1997). This 850-kilotonne production capacity represented an increase from 524
kilotonnesin 1992. The production capacity of the new Shell plant is expected to be 400 kil otonnes per
year (Camford Information Services, 1997). The estimated production capacity for 1999 was 907
kilotonnes (Camford Information Services, 1997), with al increases attributable to increased production



by Dow Chemicd. The forecasted capacity following operation of the Shell Canada plant will be over
1200 kilotonnes. In 1996, approximately 810 kilotonnes of ethylene glycols (mono-, di- and tri-) were
exported from Canada. Import volumesin 1996 were estimated at 31.3 kilotonnes (Camford
Information Services, 1997).

In Canada, the mgority of ethylene glycol is used in antifreeze formulations (primexily for
automotive vehicle engines, but dso for arcraft deicing), at 66% (105 kilotonnes) of domestic
consumption (Camford Information Services, 1997). According to a survey of Canadian industry carried
out under authority of Section 16 of the Canadian Environmental Protection Act (CEPA), an
edimated 7.7 kilotonnes of ethylene glycol were used in 1996 for aircraft deicing/anti-icing (Environment
Canada, 1997b). The amount used for the production of the polyester, polyethylene terephthalate
(PETE), in 1996 was relatively small, at 25 kilotonnes (16% of domestic consumption). Natura gas
processing used 9.5 kilotonnes (6%) to assst in the remova of water and to prevent ice formation. The
remaining 19.5 kilotonnes (12%) was used in the production of solvents, including use as a component in
latex paint formulations to guard againg paint freezing and as an antifreeze liquid injected into hoses used
to pump liquid explosives (Camford Information Services, 1997). The survey of industry carried out
under the authority of Section 16 of CEPA for ethylene glycol reveded that in 1995 and 1996, 1.4
kilotonnes and 2.0 kilotonnes were used in the Canadian paints and coatings sector, respectively
(Environment Canada, 1997b).

Totd worldwide capacity for ethylene glycol is over 10 000 kilotonnes per year, with mgor
increases expected in 2000 and 2001 (Camford Information Services, 1997). Worldwide demand for
ethylene glycol stems from the production of fibre and PETE.

In lesser quantities, ethylene glycol may aso be used in asphat emulsion paints; as a coolant and
heet trandfer fluid; in low-pressure laminaes; in brake fluids; in glycol diacetate production; in low-
freezing dynamite; as a solvent mixture for cellulose esters and ether; and in cdlophane, cosmetics (up to
5%), lacquers, dkyd resins, printing inks, wood stains, leather dyeing, textile processing, humectants,
balpoint pen inks, detergents, solvents, polyurethane foam, medicinas, adhesives and other products
(ATSDR, 1993; Lewis, 1993). The quantities used in Canada for each of these productsis not known.

2.2.2 Sourcesand releases

2.2.2.1 Natura sources

Ethylene glycol wasidentified as one of the substances in the edible fungus Tricholoma matsutake (Ahn
and Lee, 1986) and has been identified as being a metabolite of the naturd plant growth regulator,

ethylene (Blomstrom and Beyer, 1980). The relative contribution of ethylene glycol from this or smilar
sources to levelsin the environment is not known, but is expected to be negligible.



2222 Anthropogenic sources
22221 Industrial point sources

According to the Nationa Pollutant Release Inventory (NPRI) database for 1995 and 1996, total
industriad releases of ethylene glycal to air, water, underground and land amounted to 4423 and 4167
tonnes for 1995 and 1996, respectively. In Table 2, releases are separated according to environmental
compartment.

Releasesto air

Of those releases to air, for 1995 and 1996, approximately 76% (420 and 374 tonnes, respectively)
can be attributed to the manufacture of ethylene glycol, with essentidly 100% of this quantity emanating
from asingle plant located in Alberta (NPRI, 1995, 1996). A detailed computer smulation of atypical
ethylene glycol production plant in Canada producing 270 kilotonnes per year estimated that, on
average, 37 tonnes of ethylene glycol would be released to the atmaosphere annudly if no emisson
controls were in operation. By contrast, an estimated 1.8 tonnes per year would be released to the
atmosphere if gppropriate emission controls were implemented (Shen and Minns, 1997). Fugitive
releases from equipment leeks are estimated to account for more than 99%, with process vents and
wadtewater operations contributing very little to ethylene glycol emissions (Shen and Minns, 1997).
These predictions are cong stent with the low rel eases reported by two of the three production plantsin
Alberta

Other sectors releasing to air include the natural gas sector at 55 tonnes per year (10.5%),
based on mass balance analysis, and the paints and coatingsindustries at 17 tonnes per year (3.5%), for
both 1995 and 1996 (NPRI, 1995, 1996). Environmental releases resulting from the use of products
from this sector (e.g., paints) are expected to be negligible.

Releases to water

According to NPRI, two industrid sectors are responsible for releasing the mgority (91%) of ethylene
glycol directly to the aguatic environment. Most releases to water were reported to be from the paper
products sector, releasing 37 tonnes (54%) and 44 tonnes (64%) in 1995 and 1996, respectively
(NPRI, 1995, 1996). Releases from the paper sector were estimates based on annua purchase
volumes, as the ethylene glycal is used primarily as acooling fluid in closed heet exchange systems.
There are some reported practices of applying ethylene glycoal directly to the wood chips that are stored
outside in the winter months prior to processing. Tota volumes released from this practice are not
known. All facilities reporting releases in 1996 aso indicated use of secondary treatment systems prior
to discharge to surface waters (Paper products sector, 1999).

The second most significant source of release to water was identified as the primary stedl
industry, with release quantities of 25 (37%) and 17 (25%) tonnes per year in 1995 and 1996,
respectively (NPRI, 1995, 1996).



It isimportant to note that dthough ethylene glycal is used in large volumes for arcraft
decing/anti-icing practices and these volumes are reportedly released to land , airport collection facilities
and drainage systems may divert substantial quantities to the aquatic environment (See next section).

Releasesto land

Releases to land account for the vast mgjority of total releases to the environment in Canada, and
approximately 95% of these releases originate from activities in the transportation sector — specificdly,
ar transport industries and aircraft servicing industries. Results of tests have indicated that 16% of the
glycol used to deice planes remains on the aircraft, 35% is blown behind the aircraft and about 50%
fdlsto the ground in the vicinity of the aircraft following gpplication (North/South Consultants Inc.,
1998; Simpson and Kent, 1999). Transport Canada (1996a) indicates that up to 50% of sprayed
glycols drain onto the gpron surface and subsequently enter drainage runoff or percolate into subsurface
soils. In 1995 and 1996, releases from these industries accounted for 3.1 kilotonnes per year,
representing more than 75% of the tota ethylene glycol released to dl environmental compartments
each year. It isimportant to note that athough al releases from this sector are reported to be to land,
ethylene glycol remainsin liquid form, and the deicing collection and drainage facilities may dlow large
volumes of the ethylene glycol to enter surface water sysems. Higtoricdly, the runoff from arcraft
deicing activities has resulted in the release of large quantities of glycols to the aquatic environment
(Trangport Canada, 1989a,b,c,d, 19964).

Deicing of arcraft isamandatory requirement under regulations provided under the federd
Aeronautics Act. In the interest of flight safety, these regulations stipulate that aircraft are not permitted
to take off with ice on their wings, therefore, arlines, which are responsible for the gpplication of the
deicing fluid, often spray large volumes of a heated ethylene glycol-based fluid on aircraft surfaces prior
to departure when conditions are conducive to ice formation on the critical surfaces of the aircraft
(Trangport Canada, 1997a,b, 19984). At airport facilities, the entry of ethylene glycol into the
environment has the potentid to be substantial under uncontrolled conditions. Ethylene glycol-based
fluid that fdlsto the ground and is not recovered can find its way into waterways draining airport
property viatwo pathways. meltwater from snow that is contaminated by ethylene glycol and the ssorm
drainage system (North/South Consultants Inc., 1998). Once the aircraft has reached sufficient speed,
ethylene glycol “shearoff” from arcraft surfaces may represent another pathway of ethylene glycol entry
into the environment (GTAA, 1998).

In 1992, awater quality review at severa arportsindicated the need to develop and implement
glycol operationa management plans (GOMPs) to mitigate the effects of arcraft deicing. Asaresult,
GOM Ps were subsequently developed by the air carriers and approved by Transport Canada, in
accordance with the CEPA Part IV glycol guiddines (Canada Gazette, 1994; Transport Canada,
1997c). Many Canadian airports now have improved means of capturing and/or treating spent aircraft
deicing fluids (e.g., through controlled drainage, vacuum collection, diversion to wastewater trestment,
etc.) (Transport Canada 1995, 1996a; ATAC, 1999). (For more information on management of
ethylene glycol at airports, see Appendix.) As of 1995, the 15 largest airportsin Canada had glycol



mitigation plans (GMPs) in place. In combination, these arports use over 90% of dl the deicing fluids
that are gpplied to aircraft in Canada (Kent et al., 1999).

Releases underground

The naturd gas indudtries located in Alberta are reported to dispose of the mgority of ethylene glycol
through on-ste underground injection; in 1995 and 1996, this amounted to 564 and 384 tonnes,
respectively (NPRI, 1995, 1996). In Alberta, underground injection of waste must receive prior
goprova from the Alberta Department of Environmenta Protection. Guiddines are available, and
certain physica requirements must be met to ensure that the waste substance remains underground and
that groundwater contamination is avoided. Inspections of the sites are carried out on an annud basis;
however, ethylene glycal is not usually measured (Huorence, 1998). As many of the abandoned natura
gaswellsare typicaly severa kilometres deep, groundwater contamination can be considered to be

negligible
22222 Other sources

Tota quantities and rates of release of ethylene glycol from use in automotive antifreeze in Canada are
not known. Release from this source to the environment can occur through improper disposal during
private servicing of motor vehicles and from spillage as aresult of vehicle, train or barge accidents
(Miller, 1979). An estimated 99 and 88 kilotonnes of ethylene glycol were purchased for useasa
component of automotive antifreeze in Canada in 1995 and 1996, respectively (Environment Canada,
1997b).

It is estimated that 25-50% of worldwide use of automobile antifreeze isimproperly disposed of
(Hudgens and Bustamante, 1993). Experience with highway trucking rigs indicates that they typicaly lose
10% of coolant volume every 19 000-29 000 km, equivaent to one drop per minute (Hudgens and
Bugtamante, 1993). A life cycle assessment examining the environmenta emissons of ethylene glycol
used in automobiles reveded that gpproximately 0.87 g of ethylene glycol are rdeased to the environment
for every litre of antifreeze solution (maximum of 50% ethylene glycol) used during manufacturing,
packaging and disposa of the antifreeze (Franklin Associates Ltd., 1994). About 200 g of ethylene
glycol areimproperly dumped or lost to the agquetic environment for every litre of antifreeze used. It is
estimated that gpproximately 39% of al antifreeze consumed islost to storm sewers (Franklin Associates
Ltd., 1994). Safety Kleen, one of the largest companiesin Canada responsible for collecting and
recycling used ethylene glycol-based automotive antifreeze, reported acquiring 94 and 88 kilotonnes of
used antifreeze, equivaent to 31 and 29 kilotonnes ethylene glycal, in 1995 and 1996, respectively
(Environment Canada, 1997b).

Franklin Associates Ltd. (1995) examined the environmental emissons from the life cycle of
ethylene glycol-based hegt transfer fluids applied to heeting, ventilation and ar conditioning (HVAC) and
to industrid stationary engine cooling systemsin the United States and estimated that 2.6, 2.05 and 2.83
g of ethylene glycol are released for every litre of heet trandfer fluid used for HVAC, gationary engine
cooling fluid and antifreeze, respectively.
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In the 20 years between 1974 and 1994, there were 115 environmenta spills of ethylene glycol
reported to the National Anadysis of Trendsin Emergency Systems (NATES) database (NATES, 1994).
As apercentage of the total spills to the environment, spills to land accounted for 78%, to fresh water,
22%, to air, 2.6%, to groundwater, 2.6%, to seawater, 0.9%, and to sewer systems, 2.6% (total
exceeds 100% because some spills involved more than one medium). Although little damage was
reported for these spills, some incidents were noted, including three cases of generad damage to
vegetation and five cases of other non-specified damage. Of dl the spills, 22% occurred during
transportation, 37% during chemical/petroleum sector operations, 9.6% at government facilities, 8.7%
from the mining and metallurgy sectors and 23.5% from other sources. The causes of the spillswere
reportedly equipment failure (29%), human error (26%) and other causes (44%). The average amount
released was 12.9 tonnes per spill, with a maximum of 382.2 tonnes. One reported railway
trangportation spill resulted in 223 201 L being logt into the North Thompson River in British Columbia
No measurements of ethylene glycol were reported. Surveys of the area by the Fisheries Department
reported no fish kills, and the spawning beds remained undisturbed (Christian and Moorehead, 1985).

2.3 Exposure char acterization
2.3.1 Environmental fate
2311 Air

Based on a measured photooxidation rate constant in air (Atkinson, 1986), the atmospheric hdf-life for
ethylene glycol is estimated to be between 0.35 and 3.5 days (Howard et al., 1991). Ethylene glycol
emitted into the atmosphere is subject to photochemical oxidative degradation via hydroxyl radica
reactions; because of its high water solubility, it is expected to be washed out of the atmosphere during
precipitation events. The estimated atmospheric (tropospheric) lifetime for ethylene glycol is 1.9 days
(Bunce, 1996).

2312 Water

Biodegradation is the predominant degradation pathway for ethylene glycol in water. Predicted haf-lives
inwater as adirect result of photooxidation-generated hydroxyl radicas are long relative to those of
other degradation processes and are estimated to be between 267 days and 64.6 years (Anbar and
Neta, 1967; Dorfman and Adams, 1973). Biodegradation occurs much more rapidly in the aguatic
environment, with haf-lives for surface water estimated to be typicaly between 2 and 12 days (Howard
et al., 1991). Abdelghani et al. (1990) determined that ethylene glycol will be sgnificantly degraded by
common soil or water microorganisms within the first 3 days of exposure. In a41-hour study conducted
by Gould et al. (1989), bacteriaisolated from an airport runoff lagoon and from soil samples adjacent
to taxiways were able to degrade ethylene glycol up to 100% and 44% at concentrations of 1750 and
7750 mg/L, respectively. It has been cautioned that where releases are Sgnificantly large, rapid
degradation can result in significant oxygen depletion, with subsequent detriment to the populations of
organismsin the receiving water bodies (Sills and Blakedee, 1992, CCME, 19974a).
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The rate of biodegradation depends on numerous factors, including ambient temperature, type
and number of microorganisms present, acclimation and the concentration of ethylene glycol in the water
body. Temperature is particularly important, as reported by Evans and David (1974), who studied the
aerobic degradation of ethylene glycol from grab river water samples at temperatures of 4, 8 and 20°C.
At 20°C, ethylene glycol was completely degraded in 3 daysin al river waters tested, and at 8°C,
degradation was complete within 14 days. Degradation at 4°C was substantidly dower, with
degradation of less than 20% after 14 daysin river samples with limited sugpended matter and a Sarting
concentration of 10 mg/L. Smilarly, following the protocol for conducting biological oxygen demand
(BOD) tests (APHA, 1994), using acclimated soil bacteria and ethylene glycol concentrations of 50
mg/L, biodegradation rate constants were determined to be 0.033, 0.06 and 0.167 per day at
temperatures of 4, 10 and 20°C, respectively (Williams, 1995). Corresponding biodegradation half-
livesare 21, 12 and 4 days, respectively, assuming afirst-order rate of reaction.

Examination of the effect of temperature on the growth of bacterid cultures on minima medium
containing ethylene glycol asthe only carbon source reveded that at temperatures of 4, 8 and 14°C, the
growth was 6.9, 7.4 and 9.2%, respectively, of that observed in bacteriaincubated at 25°C (Graves,
1995). Rate congtants for biodegradation of 100 mg ethylene glycol/L by non-acclimatized activated
dudge at 20°C were 0.026-0.035 per hour (Urano and Kato, 1986).

All avallable evidence indicates that ethylene glycol is readily biodegraded aerobicdly and
anaerobicaly (BUA, 1994; CMA, 1996). Aqueous anaerobic biodegradation half-livesfor ethylene
glycol have been estimated to fal between 8 and 48 days, based on extrapol ations from agueous aerobic
biodegradation data (Howard et al., 1991). Ethylene glycol degradation under anaerobic conditionsis
dependent on the species of bacteria and has resulted in the formation of ethanol, acetate and possibly
aceta dehyde and methane (Dwyer and Tiedje, 1983; Stewart et al., 1995).

At 1440 mg/L in groundwater, ethylene glycol was 94% degraded in 26 days following
modification of the groundwater environment through such measures as controlling pH and the
introduction of oxygen, nitrogen and phosphorus required to support enhanced bacterid growth
(Hahman et al., 1989). Estimates based on surface water degradation rates report groundwater
degradation half-lives to range between 4 and 24 days (Howard et al., 1991).

Biodegradation of ethylene glycol using inoculum from groundweter generated rate congtants only
dightly lower than those found for soils, with a rate constant reported at 0.92 per day (t., = 0.75 days) at
25°C and a concentration of 111 mg/L (McGahey and Bouwer, 1992). It isimportant to note that
ethylene glycol concentration and temperature play important rolesin governing the overadl degradation
rate; in the above study, the temperature of the groundwater was considerably higher than that which
would be found under natura conditions in Canada.
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2.3.1.3 Soil and sediment

The haf-life of ethylene glycol in soil is estimated to be between 2 and 12 days, based on extrgpolations
from agueous aerobic biodegradation data (Howard et al., 1991). Although no data were identified for
sediment, amilar hdf-lives would be expected in aerobic sediments.

Soil microorganisms are known to biodegrade ethylene glycol. Klecka et al. (1993) collected
soil from the edge of active runways at airports that used ethylene glycol as adeicing agent. The soil
served as a seed for agrobic biodegradation studies, measuring both carbon dioxide production and
chemica loss. The authors measured the loss of ethylene glycol in runway soils to be 2027 mg/kg soil
per day at 8°C and 66-93 mg/kg soil per day at 25°C. Soil concentrations of ethylene glycol ranging
from 400 to 5000 mg/kg had no inhibitory effect and required no lag phase prior to the onset of
degradation.

The rate of biodegradation in smulated subsurface environments was examined by McGahey and
Bouwer (1992). Utilizing microorganisms naturaly found in soil, the firg-order rate congtants were found
to be between 1.00 and 2.90 per day, and haf-lives between 0.69 and 0.24 days, at an ethylene glycol
concentration of 100 mg/L and a 25°C. Lowering the temperature from 25°C to 10°C resulted in a
decrease in degradation rate by afactor of 2.44, but, in al cases, greater than 99% degradation occurred
in lessthan 7 days (McGahey and Bouwer, 1992). The concentration of ethylene glycol aso had aclear
effect on degradation. Increasing concentrations of ethylene glycol to 1000 and 10 000 mg/L lowered the
rate constant to 0.95 per day (t,, = 0.73 days) and 0.05 per day (t,, = 13.9 days), respectively.

Ethylene glycol has very low potentia for adsorption to soil particles and is thus prone to rapid
movement in soil (Hartwell et al., 1993). When releases to soilsare large, it is possible that ethylene
glycol may not degrade significantly prior to reaching groundwater. Whether ethylene glycol released to
soil will result in groundwater contamination is dependent on the degradation and soil permesgtion rate.
Examination of eight different soils indicated that the rate of permesbility of ethylene glycal is afunction of
its dielectric congtant. Rates of permeetion ranged between 2.31 crvhour in river bottom sand and 2.43
x 107 cmvhour in dfisol (49% day and 47% silt) (Schramm et al., 1986). In asimilar experiment,
Lakke (1984) found that movement of ethylene glycol followed closdy the movement of water in sandy
till soil (17% clay, 78% sand) and meltwater sand (2.6% clay, 90% sand).

2314 Environmentd partitioning

Based on aLevd |l fugacity-based environmenta equilibrium partitioning modd, using input vaues from
Mackay et al. (1995) (see Table 1), it is estimated that 99.9% of the ethylene glycol released into the
environment will partition into water during steady-state conditions. Output from a fugacity-based Leve
11 steady-state non-equilibrium partitioning modd indicated that environmenta releases of ethylene glycol
will have an overadl perastence of 3.2 days, with the mgority (96%) of this attributable to reaction, rather
than advection. If the aguatic environment is assumed to be the medium of discharge, the Levd 111
fugacity moded predicts that 99.97% will remain and react in the water, with 0.03% expected to partition
into the sediment porewater. Smilarly, a ChemCAN Leve 111 steady-state non-equilibrium fugacity
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modd depicting amixed wood plain region of adensdy populated area of southern Ontario (Mackay et
al., 1996) and using input parameters from Mackay et al. (1995) (see Table 1) also predicted overal
resdence time of 3.2 days, with reaction resdence time of 3.3 days, using total releasesto air (35
tonnes), water (52 tonnes) and soil (1216 tonnes) in Ontario from NPRI (1996).

The evaporation rate for ethylene glycol was estimated to be 2.97 x 10 mol/cr? per hour at 20
+ 0.1°C (Glckel et al., 1982). Itsreatively low Henry’ slaw congtant suggests that it will not evaporate
rapidly from ether soil or water. Ethylene glycol contains no hydrolysable groups and therefore will not
be hydrolysed in the environment and will not directly ater the pH of the water.

Based onits rdaivey short environmentd hdf-lives and its physcd and chemicd properties, it is
not expected that ethylene glycol will persst or accumulate in soil, sediment or biota.

2.3.2 Environmental concentrations
2.3.2.1 Ambient air

The largest emission of ethylene glycal to the atmosphere reported to the NPRI for 1996 was 374 tonnes
per year from ethylene glycol manufacturing plants in Alberta. Usng ChemCAN model v.4.0 and
attributing al of these releases to one plant, the predicted average background air concentration in the
prairie region of Albertafrom this emission would be 1.2 ng/nt. The maximum daily average grouncHeve
ethylene glycol concentrations predicted downwind from the ethylene glycol plant, responsible for
goproximatdy 99% of dl reeases from manufacturing, and usng Alberta Environment’s SEEC modd,
were estimated to exceed Alberta s 24-hour ambient guiddline of 380 pg/nT once per year a amaximum
distance of 400 m from the site boundary (Environment Canada, 1997b). Maximum daily average
ground-level concentrations were predicted to be 100, 50 and 25 pg/nt at distances of 1.8, 4.0 and 6.8
km, respectively, from the property boundary. The annual frequency of occurrence was not reported for
these concentrations but is expected to be low based on low frequency of exceedance of Alberta's
ambient guiddine.

Percy (1992) reported concentrations of ethylene glycol in air of 3.2 and 4.1 mg/inT at an
Ontario arport. In Louisiana, during bridge deicing operations, total airborne concentrations were
between <0.05 and 10.57 mg/nT; aerosol concentrations were lower (<0.05-0.33 mg/nt) (Abdeghani
et al., 1990). Proximity of measurements to source of release and the time period represented by
individual messurements are not known for either of these sudies.

2.3.2.2 Indoor ar

Data concerning the range and distribution of concentrations of ethylene glycol in non-workplace indoor
ar in Canadawere not identified. Smilarly, for the United States, no information about the indoor
sources and concentrations of ethylene glycol was identified (CARB, 1997). Concentrations below 0.5
ppm (i.e., 1270 pg/n?) cannot be detected by currently available sampling and analytical methods for
the determination of ethylene glycol in ambient, indoor and workplace air (ATSDR, 1997).

14



2.3.2.3 Drinking water

Data concerning concentrations of ethylene glycol in drinking water in Canada were not identified.
Similarly, no information was identified concerning the range and distribution of concentrations of
ethylene glycoal in drinking water in the United States (ASTDR, 1997) or esewhere. Andyticd methods
used for the determination of ethylene glycol in surface water and groundwater are generdly limited to
concentrations greater than 1-10 mg/L, as indicated below.

2.3.2.4 Surface water and groundwater

Data on concentrations of ethylene glycol in surface weater in Canada are limited to samples taken in the
vicinity of airports. Data on ambient levels are limited. Truro Creek, asmal tributary to the Assniboine
River, flowing through Winnipeg Internationa Airport property, was reported to have concentrations of
glycols measured in the spring of 1996 ranging from 2 to 660 mg/L (75% frequency of detection; n = 12)
(North/South Consultants Inc., 1998). Concentrations of ethylene glycol were below 10 mg/L (n=19) in
the spring of 1997. Thirty-nine samples were collected at this same location in the spring of 1998 (March
18 — June 3), with concentrations ranging from largely undetected (8% frequency of detection) to 83
mg/L (North/South Consultants Inc., 1998). Concentrations were not detectable approximately 2 km
downstream of this sampler.

Measurements of ethylene glycol in Etobicoke Creek, which receives sormwaeter effluent from
Lester B. Pearson International Airport in Toronto, were less than the detection limit (<25 mg/L) in
October 1996 and March 1997. The samples were taken from four stations, from property lineto 1 km
downgtream from the effluent outfall (Beak International Inc., 1997). Water temperatures were between
10 and 11°C, and dissolved oxygen (DO) levels were 11 mg/L for four downstream locationsin
October; amilarly, in March, temperatures were between 3 and 5°C, and DO levels were 12.7 mg/L
(Beak Internationd Inc., 1997).

Ethylene glycol concentrations have aso been routinely measured in Outer Cove Brook, which
runs through the property of the St. John's Internationa Airport in Newfoundland and is known to be the
habitat for avariety of fish. Seventeen measurements recorded in the 1997/98 season reveded
concentrations in the brook to fall between 5 mg/L (detection limit) and 80 mg/L, with amedian of 5
mg/L. Concentrations (n = 140) in the following season, 1998/99, ranged from 5 mg/L (detection limit)
to 170 mg/L, with amedian of 12 mg/L (Roach, 1999).

Higtoricdly, high levels of ethylene glycol have been reported in sormweter a a number of
arports in Canada (Trangport Canada, 1995, 1996a, 1989a,b,c,d). Tota glycol levelsin the effluents
from Canadian arports have been monitored for dmost 10 years and on aregular basis since 1994 as
part of GMPs and GOMPs in cooperation with Transport Canada, the Air Transport Association of
Canada (ATAC) and individud arport authorities. This has encouraged the initiation of remediation and
environmentally protective management activities (Transport Canada, 1995, 1996b, 1997a; ATAC,
1999).
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Table 3 presents asummary of recent ethylene glycol measurements for sormwater effluent from
32 of Canada s larger airports, which account for over 95% of the ethylene glycol used in Canada for
arcraft deicing (ATAC, 1999; Leroux, 1999). In order to ensure that data presented in the table reflect
concentrations reaching the natura environment, sampling stations located in the direct vicinity of deicing
operations or that monitor containment ponds have not been included. Emphasis has been placed on
sampling stations that are located at the arport property boundary or that monitor effluents leading
directly to a drainage ditch or watercourse near airport property. Only data from the two most recent
deicing seasons, 1997/98 and 1998/99, are presented. Both grab and composite samples are in this
summary, and dl individuad measurements were weighted equaly.

For individua airports over both the 1997/98 and 1998/99 seasons, mean concentrations of
ethylene glycol ranged from below the detection limit (1-10 mg/L) to 411 mg/L (Sudbury Airport,
1997/98). High mean vaues were also recorded for Prince George Airport (196 mg/L) in the 1998/99
season, aswell as Gander Internationa Airport in the 1998/99 season (95 mg/L). Median vaues are
much less than the means and ranged from below detection for the mgjority of airportsto 50 mg/L for the
Saint John New Brunswick Airport in the 1998/99 season; however, conddering the size of this
particular data set (n = 5), the Sgnificance of this gatidtic is questionable. Other arports having relaively
high median vaues are Sudbury (39 mg/L) in the 1997/98 season and Gander Internationa (25 mg/L) in
the 1998/99 season. While the vast mgority of arports have maxima under 400 mg/L, afew airports
recorded maxima over 3000 mg/L, such as Québec Jean Lesage Internationa Airport (4700 mg/L) in
March 1999 and Montrea Dorva (3700 mg/L) in January 1998, attributed to the “ice storm” of 1998.

Figure 2 illudtrates the digtribution of 3282 individud measurements of ethylene glycol sampled in
stormwater at airports across Canada over both the 1997/98 and 1998/99 deicing seasons. Key
percentilesin this distribution and the breskdown by season are summarized in Table 4. Generdly, mean
glycol concentrations measured over these 2 years were smilar, but substantially reduced from those of
the 1996/97 season. The higher concentrations of glycol in ssormwater in the 1996/97 season were
largely dueto rleases a Dorvd Internationa Airport. However, a $35 million glycol management
infrastructure was put in place in November 1997 (AXOR, 1999), effectively reducing glycol
exceedances in recent years. A few maximatend to be very high in relation to the entire data set of recent
years (e.g., 4700 mg/L measured at Québec Jean Lesage International Airport in March 1999). The
large drop in concentration of the 99th percentile (200 mg/L) from the maximum value of 4700 mg/L
illugtrates that such very large vaues are exceptiond. See Appendix for further information on
management of deicing/anti-icing fluids a& Canadian arports.
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Figure 2. Distribution of concentrations of ethylene glycol (mg/L) in stormwater of Canadian
airports over two deicing seasons (1997/98 and 1998/99)
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Concentration of Ethylene Glycol (mg/L)

Data on groundwater concentrations of ethylene glycol are very limited, but some measurements
have been taken a Cagary Internationd, Charlottetown, Montreal Internationa (Dorva and Mirabel)
and Ottawa Macdonald-Cartier Internationd airports. These data are summarized in Table 5. Some
exceptiondly eevated vaues greater than 10 000 mg/L have been reported at Cagary Internationa
Airport, with amaximum of 46 769 mg/L recorded in May 1997. However, this high vaue, along with
seven other vaues greater than 10 000 mg/L, are limited to samples taken from groundwater holes
located under the gpron where dmost al of the commercid arcraft activity takes place. Furthermore,
these samples were taken at a very shallow depth (generdly under 1 m) under deicing areas. Combined
with aday till soil composition and very dow migration, such high concentrations of ethylene glycol
would be expected. Contamination appears to be localized, as samples taken from other locations and
aprons on Cagary airport property generaly had non-detectable or low concentrations, with a mean of
4 mg/L and amaximum of 38 mg/L (as summarized in Table 5). Such results are in agreement with
1997/98 groundwater data from the Charlottetown and Montrea arports, which ranged from non-
detectable to a maximum of 42 mg/L (Aéroports de Montréal, 1999; Transport Canada, 1999d), with
over 84% of samples having glycol concentrations less than 10 mg/L.

Groundwater concentrations of ethylene glycol were measured severd years ago a Ottawa
Internationd Airport (Macdondd-Cartier), where susceptibility to groundwater contamination is high due
to permeable soils and the presence of an unconfined aquifer. Samples collected from wells located
adjacent to the runways between 1985 and 1986 were generally below the detection limit (5 mg/L);
however, one elevated level was measured in June 1986 at 415 mg/L, a a distance of approximately
600 m from termind. The only other samples with levels above the detection limit were dso collected on
the same date, a 14 and 20 mg/L in two other wells (Transport Canada, 1987). Ethylene glycol was also
present in groundwater samples taken in December 1985 and January 1986 at levels of 22 and 24 mg/L,
respectively (Trangport Canada, 1987). Using a computer mode! to estimate down-gradient
concentrations over 20 years of cyclic loading, it was demonstrated that concentrations in groundwater
can be expected to decrease, with the relative concentration of glycol varying from 0 to 0.3 times the
source concentrations. Long-term increasesin glycol concentrations were not measured at any of the
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monitoring stations at the Ottawa airport, and rapid degradation of the glycal in the groundwater seems
to occur.

Contamination of snow, particularly along arport runways, has received very limited
investigation. In some preliminary studies, the Greater Toronto Airport Authority measured the
concentration of glycolsin snow at three Sites a various distances from the runway where glycol was
expected to be found (GTAA, 1998). Sampling occurred after amgor winter sorm event, during
which atotal of 528 385 L of aircraft deicing fluids were sprayed on 786 aircraft. The concentration of
ethylene glycol in snow ranged from 98 to 521 mg/L.. In addition, one Site 750 m away from the edge of
the runway, sdected to represent the environmenta background concentration for glycol in snow in the
vicinity of the airport, had a concentration of 22 mg/L. In a groundwater assessment report by
Transport Canada, source concentrations of glycol in the snow adjacent to airport taxiways were
measured as high as 7300 mg/L (Trangport Canada, 1985). These prdiminary results indicate that
glycol “shearoff” from the aircraft during takeoff may represent an important pathway for glycol to reach
the environment (GTAA, 1998).

As noted above (see Section 2.2.2.2), the air transportation industry is not the only sector
responsble for releasing quantities of ethylene glycol to water. According to NPRI for 1995 and 1996,
ded indudtries are dso respongible for releases of ethylene glycol to the aguatic environment. Effluent
concentrations from a steel manufacturing operation, which was responsible for the highest releases from
this sector (11 tonnes, or 64% of the total volume released to water from the stedl industry in 1996;
NPRI, 1996), were estimated to be less than 1 mg/L before any natura biodegradation from their
treatment facilities (Sddanha, 1999). Concentrations in the wastewater from the second largest rel easer
from this sector are aso expected to be minimd, as dl wastewater from this facility undergoes at least
primary trestment. The third sted manufacturing facility was reported to release ethylene glycol in
wastewater discharge at concentrations below the detection limit (5 mg/L) for 1995 and 1996
(Environment Canada, 1997b). At the present time, ethylene glycol-based hydraulic fluid at this facility
has been replaced by a non-ethylene-glycol-based fluid (Bortnick, 1999).

Wastewater from an ethylene glycol production facility in June 1997 contained ethylene glycol at
<2 mg/L in an effluent stream flowing directly into an adjacent river (Environment Canada, 1997D).

2.3.2.5 Sadiment, soil and biota

Messurements of ethylene glycol in soilsin Canada are very limited, and measurementsin sediment or
biota are not available. NPRI (1995) reported that the largest releases by volume of ethylene glycol in
Canada were to land, but, as noted previoudy, most of these releases are from airport deicing/anti-icing
operations and are expected to enter loca surface water and groundwater. An analysis of soil surface
porewater samples collected in September 1998 from Sudbury Airport, at the location where ethylene
glycol-contaminated snow is piled, reveded al concentrations below the detection limit (4 mg/L)
(Transport Canada, 1998Db). In Louisiana, ethylene glycol was not detected in soil and sediments
(detection limit <1.0 mg/L) from samples collected below state bridgesimmediady following deicing
operaions (Abdeghani et al., 1990).
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Ethylene glycol was detected in 2 of 73 soil samples collected in 1994 around an ethylene glycol
manufacturing plant in Alberta. The concentrations in these two samples were 119 and 4290 mg/kg, and
thelimit of detection was 5 mg/kg (AEP, 1996).

2.3.2.6 Food

Data concerning concentrations of ethylene glycol in foods in Canada were not identified. Elsewhere,
the presence of ethylene glycol has been demondtrated in only avery smal number of food items. In
Italy, ethylene glycol was detected in dl 44 samples of wine andysed by gas chromatography—mass
gpectrometry. The average and maximum concentrations were 2.8 and 6.25 mg/L, respectively
(Gaetano and Matta, 1987). However, the source of ethylene glycol in winesis not known (Gaetano
and Matta, 1987; Kaiser and Rieder, 1987). In Japan, ethylene glycol was present in the headspace
volatiles of roasted sesame seeds, but quantitative data were not provided (Takel, 1988).

Foods that have been disinfected or preserved with ethylene oxide may contain resdua
ethylene glycal. In France, Bugquet and Manchon (1970) sampled 150 bread loaves preserved with
carbonic anhydride and ethylene oxide and packaged in air-tight plastic bags. The initid concentrations
of ethylene glycol ranged from not detected (detection limit not reported) to 92.2 ppm (mg/kg) but
quickly subsided. In Canada, ethylene oxide is not, nor hasiit ever been, permitted for use in bread
(Salminen, 2000). However, in Canada, there is a provison under the Food and Drugs Regulations for
the use of ethylene oxide to fumigate spices. Available data show that residues from such use, under
norma conditions, are negligible (Saminen, 2000). In France, Chaigneau and Muraz (1993) sampled
16 spices that had been disinfected using ethylene oxide. Concentrations of ethylene glycol were not
reported, and the authors indicated that resdud ethylene glycol was rapidly lost.

The potentid for ethylene glycol to migrate into beverages contained in PETE bottles and into
foods packaged in regenerated cellulose film (RCF) has been demongtrated, resulting from small
amounts of unreacted ethylene glycol in such products (Kashtock and Breder, 1980; Castle et al .,
1988; Kim et al., 1990). Kashtock and Breder (1980) measured the migration of ethylene glycol at
32°C from PETE bottles into 3% acetic acid (intended to smulate carbonated beverages). Time-
dependent increases in average concentrations were measured, resulting in a maximum concentration of
104 pg/L after 6 months storage at this elevated temperature.

RCF iswiddy used as afood packaging materia, since its permesbility, sedability and ease of
gpplication for twist wrapping are desirable for packing certain foods. In the United Kingdom, Castle et
al. (1988) measured the ethylene glycol content of several foodstuffs wrapped in RCF at random
intervals up to the end of their usud maximum shelf-lives. Four samples of boiled sweets contained
ethylene glycol a concentrations ranging from 14 to 34 mg/kg. Three of four samples of toffee
contained ethylene glycol, with a maximum concentration of 22 mg/kg. Two of four samples of Madeira
cake contained ethylene glycol, with a maximum concentration of 22 mg/kg. All four samples of fruit
cake contained ethylene glycoal, with a maximum concentration of 34 mg/kg. Ethylene glycol was not
detected in any of the Sx samples of mest pie, with alimit of detection of 10 mg/kg.
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2.3.2.7 Consumer products

Severd products used in the operation or maintenance of automobiles typicaly contain ethylene glycol.
Concentrations ranging up to 85% may have been present in older automotive brake fluids (U.S. EPA,
1986); however, the ethylene glycol content of current brake fluidsislessthan 0.1% (ATSDR, 1997).
Antifreeze solutions in automobile coolant sysems typicdly have an ethylene glycol content of 50%
(Franklin Associates Ltd., 1995). Windshield washer fluids intended for use during winter may contain
ethylene glycal at up to 14% by weight (Flick, 1986, 1989). The ethylene glycol content of automobile
wax and polish can range up to 3% by weight (U.S. EPA, 1986).

Ethylene glycol may aso be present in wax and polish intended for use in the home. Hick
(1986) reported concentrations ranging from 1.1% to 1.4% in four types of floor polish. Concentrations
ranging up to 3.5% may be present in floor wax and polishes, according to U.S. EPA (1986).

Ethylene glycol may be present as a dow-evaporating solvent and/or freeze-thaw stabilizer in
latex paints (U.S. EPA, 1986). Chang et al. (1997) estimated that latex paints comprised over 85% of
the interior coatings used in the United States in 1992 and reported concentrations of ethylene glycol
ranging from 23.3 to 25.8 mg/g (from 2.3% to 2.6% by weight) in four samples of medium-priced
paints. Eleven Canadian paint and coatings companies reported that their products may contain up to
5% of ethylene glycol by weight (Environment Canada, 1997Db).

Other consumer products that may contain ethylene glycol include tub and tile cleaners (3% by
weight) and cement seder (2.2% by weight) (Flick, 1986).

Ophthamic solutions (eye drops) that have been treated with ethylene oxide as a Serilant may
contain ethylene glycol and ethylene chlorohydrin as resdues. In the United States, Manius (1979)
detected ethylene glycoal in 4 of 15 samples of ophthalmic solution, with arange of 10-28 mg/L
(detection limit of 6 mg/L). However, in Canada, the use of ethylene oxide as a serilant of non-
prescription eye drops is not expected (Lapner, 2000).

The only cosmetic regigtered for use in Canada that lists ethylene glycol as an ingredient isa
solid stick foundation, distributed from Quebec. The concentration of this ingredient was not available
(Denman, 1999).

24  Effectscharacterization

2.4.1 Ecotoxicology

Thistoxicity section focuses exclusively on the effects of pure ethylene glycol, dthough it is understood
that ethylene glycol-contaminated fluids (e.g., formulated arcraft deicing fluid) released to the

environment often include other substances. It is adso understood that in the mgjority of cases, except for
afew gpecies of plants, deicing fluids have been found to be severd times more toxic than pure ethylene
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glycol done (Jank et al., 1973; Aéroports de Montréal and Analex Inc., 1994; Ward, 1994; Fisher et
al., 1995; Hartwell et al., 1995; Fillard, 1995; Cancillaet al., 1997; Union Carbide, 19973, 1999; Kent
et al., 1999; Pillard and Dufresne, 1999).

2.4.1.1 Direct effects
24.1.1.1 Microorganisms

Basad on limited data, terrestrid microorganisms appear to be less sengtive to ethylene glycol than
aquatic microorganisms. Terrestria microorganisms have demongtrated adverse effects at concentrations
ranging from 2000 to 200 000 mg/L. An average concentration causing a 50% reduction in growth
(1Csp) for heterotrophic soil microorganisms has been reported to be 114 300 mg/L (Khoury et al.,
1990). In the only identified study on the chronic toxicity of ethylene glycol to aguatic protozoa, Beak
Consultants Ltd. (1995a) reported a 24-hour ECs of 28 090 mg/L for growth inhibition in the ciliated
protozoan, Col pidium campylum.

24112 Pants

Adverse effects have been reported for both aguatic and terrestrial plants exposed to ethylene glycol.
The green dga, Selenastrum capricornutum, is identified as the most sengitive aguatic speciesto
ethylene glycol. The effect of ethylene glycol on the growth of thisagd species has been examined by
severd authors (Dill et al., 1982; Ward et al., 1992; Aéroports de Montréal and Anaex Inc., 1994,
Beak Conaultants Ltd., 1995b; Fillard and Dufresne, 1999). All of the tests followed essentidly the same
test method (U.S. EPA, 1978, 1989a,b) and measured the same cell growth endpoint. Where possible,

| C2ss were determined, using parametric and/or non-parametric andysis. The study by Aéroports de
Montréal and Anaex Inc. (1994) reported the lowest 1C s, ranging from 592 to 4479 mg/L from three
experimenta trids and derived usng non-parametric andys's, with a mean of 3268 mg/L. The highest
IC2s was 8825 mg/L. based on nomina concentrations using a non-parametric linear interpolation method
(Beak Consultants Ltd., 1995b). In the other studies, Dill et al. (1982) observed growth inhibition of
over 80% after 96 hours at the highest concentration (22 300 mg/L), which was reduced to 30%
inhibition after 7 days. This reduction in inhibition is supported by the work done by Ward et al. (1992),
who reported 48-, 72-, 96- and 336-hour (2-, 3-, 4- and 14-day) ECs, vauesfor population growth of
13 100, <6400, 7900 and 18 200 mg/L, respectively. There was no explanation for the increased ECs,
after 336 hours compared with the shorter exposures. In the same study, growth at 27 000 mg/L after
96 hours was 14% of the control and after 14 days had risen to 42% of the control vaue. The reduction
in inhibition was not due to a change in ethylene glycol concentrations over time, as the find measured
concentrations were 90% of the initid values.

For another alga pecies, Scenedesmus quadricauda, and a cyanobacterium, Microcystis
aeruginosa, an 8-day EC; (threshold inhibition) was >10 000 mg/L and 2000 mg/L, respectively, as
reported by Bringmann and Kuhn (1978). Ward and Boeri (1993) examined the effect of ethylene glycol
on the dga, Chilomonas paramecium, following a 48-hour (population growth) study, where the ECsg
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was 53 200 mg/L. Rillard and Dufresne (1999) determined the 96-hour 1C 4 and 1Cs, for frond growth
in duckweed, Lemna minor, to be 17 120 mg/L and 47 750 mg/L, respectively.

Data on effects of ethylene glycol on terrestrid plants are limited. Fillard and Dufresne (1999)
exposed lettuce (Lactuca sativa) and rye grass (Lolium perenne) seedlings to solutions of ethylene
glycol between 1200 and 150 000 mg/L and determined the 120-hour 1Cs for emergence, root length
and shoot length to be 21 750, 25 100 and 8960 mg/L for lettuce and 19 700, 3620 and 5100 mg/L for
rye grass, respectively. Smilarly, the 120-hour | Csps for the same measurement endpoints, respectively,
were 60 000, 34 030 and 26 530 mg/L for lettuce seedlings and 28 440, 22 450 and 11 730 mg/L for
rye grass seedlings (Fillard and Dufresne, 1999). In asimilar tet, radish (Raphanus sativa) and |ettuce
exposad to ethylene glycol in nutrient solutions had EC,ss for root eongation of 17 000 and 32 000
mg/L, respectively (Environment Canada, 1994). In this same study, seedling emergence in artificid ol
resulted in an EC,s of 5300 mg/kg soil (72 hours) and 9000 mg/kg soil (120 hours) for radish and
lettuce, respectively.

24.1.1.3 Invertebrates

Acute

The available data on freshwater toxicity indicate that aguetic invertebrates are dightly more sensitive to
ethylene glycol than fish (see Section 2.4.1.1.4). Aquatic invertebrate acute L Cs, vaues range from 10
000 mg/L for Ceriodaphnia dubia for a 48-hour exposure (Cowgill et al., 1985) (note: control group
lossin this study was greater than 10%) to 91 430 mg/L for crayfish, Procambarus sp., for a 96-hour
exposure (Abdelghani et al., 1990). A 48-hour ECs, (immobilization) of 50 450 mg/L. was reported for
Daphnia magna (Hermens et al., 1984). Pillard (1995) exposed C. dubia to ethylene glycol for 48
hours and reported an LCs of 34 440 mg/L and a No-Observed-Effect Concentration (NOEC) of 24
000 mg/L.

Only one study on the toxicity of ethylene glycol to terrestrid invertebrates was identified. The
earthworm, Eisenia foetida, was exposed to ethylene glycoal in an artificid soil. The 14-day LC,s was
reported as 20 000 mg/kg soil based on nomina concentrations (Environment Canada, 1994).

Chronic

In two recent chronic studies, the effects of ethylene glycol on reproduction and survivd of
Ceriodaphnia dubia have been examined (Beak Consultants Ltd., 1995a; Pillard, 1995). The duration
of both studies was 7 days, during which time three broods were produced. Beak Consultants Ltd.
(1995a) reported 7-day NOEC and L owest-Observed-Effect Concentration (LOEC) vauesto be 25
957 and 53 950 mg/L for survival and 3469 and 6716 mg/L for impaired reproduction, respectively.
The 7-day EC,s and ECs, values for impaired reproduction were 9226 and 16 315 mg/L, respectively
(Besk Consultants Ltd., 1995q). Pillard (1995) conducted a similar short-term chronic study using C.
dubia (test duration equd to the time required for three broods from 60% of control population) and
reported NOEC values of 8590 and 24 000 mg/L for reproduction and mortdity, respectively, as well

22



asan ECys of 12 310 mg/L for reduced reproduction. The effects of ethylene glycol on reproduction in
the rotifer, Brachionus calcifloris, were recently assessed by Beak Consultants Ltd. (1995¢). The 48-
hour NOEC, LOEC and ECs, values were 12 800, 23 600 and 26 461 mg/L, respectively.

24114 Fsh
Acute

In acute toxicity studies on fish, 96-hour LCs, vaues have ranged from 17 800 mg/L for rainbow trout
(Oncorhynchus mykiss) to >111 000 mg/L for bluegill sunfish (Lepomis macrochirus) (Mayer and
Ellerseck, 1986). Beak Consultants Ltd. (199538) conducted acute exposure studies with rainbow trout;
96-hour LCs, values were 22 810 and 24 591 mg/L for duplicate trials. Konemann (1981) reported a
168-hour LCs of 49 300 mg/L for the guppy (Poecilia reticulata). Ward et al. (1992) reported 24-,
48-, 72- and 96-hour L Csos ranging from 50 400 to 83 400 mg/L for fatheed minnows (Pimephal es
promelas) and from 50 800 to 65 100 mg/L for rainbow trout. Ward et al. (1992) also reported 24- to
96-hour L Csos for amarine fish, shegpshead minnow (Cyprinodon variegatus), ranging from 27 600 to
81 700 mg/L. Rillard (1995) exposed fathead minnows to ethylene glycol and reported 48- and 96-hour
LCsos of 81 950 and 72 860 mg/L, respectively. The 96-hour NOEC for mortality was 39 140 mg/L.
The histologicd effects of acute exposure of fathead minnows to ethylene glycol were reported by
Hartwell et al. (1995). Histological changes apparent after exposure to 70 mL/L (78 000 mg ethylene
glycol/L) included respiratory cell necrosis, intralamellar edema and disruption of the respiratory
epithdium.

Although the metabalic link between oxadate crysta formation and ethylene glycol isclear in
mammals (Carney, 1994; see adso Sections 2.4.1.1.6, 2.4.3.3 and 2.4.3.4), the link between oxalate
crysta formation and adverse effects on aquatic populationsis not as apparent. Hartwell et al. (1995)
exposed fathead minnows to concentrations of ethylene glycol-based deicing fluidsin use a Bdtimore
Washington Internationa Airport and examined surviving fish histologicaly. Acute exposure to ethylene
glycol-based deicing fluids resulted in a constant 48-hour, 96-hour and 7-day LCs of 9.82 mL ethylene
glycol/L (10 900 mg/L) (95% confidence interval = 8.30-11.63 mL/L). The main higtologica response
of fathead minnows exposed to high concentrations (70 mL/L [78 000 mg/L]) of glycol-based deicer
fluid was seen in the gills, where respiratory cell necros's, intrdamelar edema and disruption of the
respiratory epithelium occurred. Rend lesions occurred at lower concentrations, as acute tubular necrosis
and the appearance of oxdate crystas. After 24 hours of exposure to the deicing fluid, oxdate crystas
were observed only at 4875 mg ethylene glycol/L, although moderate lesions were observed at
concentrations between 4875 and 78 000 mg/L, and the severity was not concentration dependent.
Between 4 and 7 days, oxdate crystd formation was observed at al concentrations of ethylene glycol
between 1114 and 9740 mg/L, dthough, again, severity of lesions was not concentration dependent.
Similarly, Evans (1990) reported kidney damage in tessellated darters (Etheostoma ol mstedi) and
American eds (Anguilla rostrata) found in the creek adjacent to the airport 1 month after deicing had
stopped. In the same study, kidney lesions consstent with oxdate crysta damage were observed,
athough oxdate crystals were not observed. It isimportant to note that the results of the Hartwell et al.
(1995) and Evans (1990) studies are difficult to interpret due to the presence of the formulated product
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rather than ethylene glycol aone. In addition, Hartwell et al. (1995) did not establish a concentration—
reponse relationship, making interpretation of cause and effect difficult. Aswell, the effects were
essentidly histologica and may not result in Sgnificant population-leve effects.

Subchronic/chronic

The chronic toxicity datafor early life stages of both rainbow trout and fathead minnows suggest that
freshwater fish are affected by chronic or long-term ethylene glycol exposures. Beak Consultants Ltd.
(19953) exposed rainbow trout from the late sac fry stage to 5 days post-swim-up (12 days). The
NOECs for both growth and mortaity were reported to be 14 692 mg/L. The next highest exposure
concentration of 28 333 mg/L was reported as the LOEC for both growth and mortdlity; however, it
should be noted that this treatment resulted in 200% mortdity. Two 7-day chronic toxicity tests using
fathead minnows were recently completed (Beak Consultants Ltd., 1995g; Fillard, 1995). Both Beak
Conaultants Ltd. (1995a) and Rillard (1995) found growth to be a more sengtive indicator of chronic
toxicity than mortality. Beak Consultants Ltd. (1995a) reported fathead minnow 7-day NOEC, LOEC,
IC2s and 1Cs values for growth of 12 531, 24 569, 24 806 and 37 318 mg/L, respectively. When
mortality was used as the experimental endpoint, the 7-day NOEC, LOEC and LCs, values were 24
569, 51 886 and 47 332 mg/L. Note that the LOEC exceeds the L Csy, indicating that intra-trestment
variability was high and/or that treatments were gpplied at ingppropriate concentration intervas. Rillard
(1995) found a 7-day NOEC and EC s for the growth of fathead minnows to be 15 380 and 22 520
mg/L, while the 7-day NOEC for mortality was 32 000 mgy/L.

24115 Amphibians

The limited toxicity data on clawed toads (Xenopus laevis) suggest that the sengtivity of amphibiansto
ethylene glycol islikely smilar to or higher than that of freshwater fish. Besk Consultants Ltd. (1995q)
used an ASTM (1994) protocol to expose 3- to 4-week-old clawed toads to ethylene glycol and
reported 48-hour LCses of 19 350 and 15 667 mg/L in duplicatetrids.

24.1.1.6 Mammasand birds

Ethylene glycol imparts a sweet or semi-swest taste to fluids such as antifreeze, which encourages
animasto consume it (Amstrup et al., 1989). Ethylene glycol poisoning is common among domestic
animas and has been reported in cats, pigs, poultry, wildlife and calves (Kersting and Nielsen, 1965;
Ridddl et al., 1967; Black, 1983; Amstrup et al., 1989). Ethylene glycol is a dow-acting poison. Even
after amassive dose, an animd will be unaffected for 0.5-2 hours post-exposure (L akshmipaty and
Oehme, 1975; Oehme, 1983; Beadey, 1985; Grauer and Thrall, 1986). The toxicity of ethylene glycol
varies among species. Cats were reported to be the most susceptible to poisoning (Osweller et al.,
1985). The reported letha dose for catsisonly 1.5 mL/kg-bw (1650 mg/kg-bw) (Black, 1983),
whereas for dogsit is 4.2-6.6 mL/kg-bw (4620-6600 mg/kg-bw) (Beadey and Buck, 1980; Oehme,
1983; Grauer and Thrall, 1986). Osweller et al. (1985) reported aletha dose of 2—4 mL/kg-bw (2200—
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4400 mg/kg-bw) in cats, 4-5 mL/kg-bw (4400-5500 mg/kg-bw) in dogs and 7-8 mL/kg-bw (7700—
8800 mg/kg-bw) in poultry. Malard ducks (Anas platyrhynchos) exposed ordly to ethylene glycol
demonstrated adverse toxic effects (L owest-Observed-Effect Dose, or LOED) at 2.3 mL/kg-bw (2530
mg/kg-bw) (Stowe et al., 1981).

Symptoms of ethylene glycol poisoning in birds and mammals include generd weskness,
depression, vomiting and loss of muscular coordination. Ingestion of large doses may cause severe
depression, metabolic acidos's, coma, cardiopulmonary collapse and death. Formation of oxaate crystas
and lesons in kidneys due to ethylene glycol poisoning has been reported in swine, cattle, sheep, cats,
dogs and poultry (Ridddl et al., 1967; Osweller and Eness, 1972; Crowell et al., 1979; Beadey, 1985;
Osweller et al., 1985; Boermans et al., 1988).

Ren et al. (1996) reported that ethylene glycol has a week estrogenic effect on rainbow trout
(Oncorynchus mykiss); however, estrogen and androgen binding affinity of ethylene glycol andysed
through computer modeling was reported to negative for estrogen and androgen receptors (Mekenyan,
1999, unpublished) and. In addition, a sengtive biocassay examining the binding affinity for estrogen
receptors showed that ethylene glycol had no activity from 10® to 10* M (Prechtl, 1999, unpublished).

From these additional experiments, it is gpparent that any estrogen activity from the Ren et d., 1996
paper could be the result of contamination from the leaching of active chemicals from certain plagtic
materias or through atmospheric contamination by active chemicas (Soto A., pers. comm. 1999).

2412 Indirect effects

Asareault of biodegradation, the release of ethylene glycal into surface waters such as smdl rivers and
streams has the potentia to lower the DO level (see also Section 2.3.1.2). If the conditions for bacterial
growth are satisfactory and there is enough ethylene glycol, then the levels of oxygen could drop below
that which is necessary to maintain the productivity of the water body. Ethylene glycol has atheoretica
oxygen demand of 1.29 mg O,/mg, indicating that 2.5 mol of oxygen are required to break down each
mole of ethylene glycol. There have been some reported cases of a depletion of DO associated with the
release of ethylene glycol-based deicing and/or anti-icing fluids in water systems near airports (Schulz
and Comerton, 1974; Transport Canada, 1989a,b,c,d; Sills and Blakedee, 1992; Fisher et al., 1995),
and the association is recognized by the mgor ethylene glycol-based deicing fluid supplier (Union
Carbide, 1997a,b, 1999).

The BOD is atest used to measure the DO consumed by aquetic microbid life while assmilating
and oxidizing the organic matter present in the dark and usudly at 20°C for 5 days. It is a parameter that
is commonly measured for effluent discharge at Canadian airports and can be quite high as adirect result
of the presence of ethylene glycol (Transport Canada, 1989a,b,c,d; Union Carbide, 1997a,b, 1999). In
Canada, there exists a BODs (5 day) effluent guideline of 20 mg O,/L, which isavaluntary limit thet
appliesto al exigting or proposed |and-based federal establishments discharging to surface waters
(Environment Canada, 1976c). Use of this guiddine is intended to promote both a cons stent approach
towards the cleanup and prevention of water pollution and the use of the best available control
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technology in Canada (Environment Canada, 1976¢). The guiddineis based on technical limitations of
water treatment systems and so is not effects based (Haskill, 1999).

The relationship between BOD and ethylene glycol concentrationsin aircraft deicing fluids has
been examined on a number of occasions. Because the BOD of ssormwater from the Haifax
International Airport was observed to be quite high in 1989 and 1990 (Transport Canada, 1990), an
experiment was conducted to examine this relaionship. Transport Canada (1990) correlated the BOD
and ethylene glycol (EG) concentrations using linear regression analysis (n = 25, r* = 0.962) and derived
the following equation (Transport Canada, 1990):

|EGmyL] = (BOD" 249)- 39628

Similarly, Schulz and Comerton (1974), using regression andys's, determined that the relationship
between BOD and ethylene glycol (mg/L) in sormwaeter runoff was:

BOD + 50

[EGmL] = 085

Sills and Blakedee (1992) determined that ethylene glycol at 11 140 mg/L in sormwater runoff
equates to a BODs of 5000 mg O/L. It is gpparent that athough attempts to establish a mathematica
rel ationship between BOD and ethylene glycol are not dways congstent, the high oxygen demand from
ethylene glycal is evident. Any differences in the derived equations may be due to formulation deicing
fluid versus pure ethylene glycol, experimenta versusfidd conditions, or the time of sampling for ethylene
glycol versustime of sampling for BOD at any given location. It is evident from these andyses that the
theoretical oxygen demand from ethylene glycol may be a conservetive estimate of the actua BOD from
effluent releases.

Natural DO levesin Canadian waters have been observed to range from non-detectable to
above saturation (see o Section 3.1.2.2). Low oxygen levels may cause avariety of effects, including
lethal and sublethd effects (reduced growth, loss of equilibrium, reduced or increased opercular
movement, surface respiration, reduced activity and avoidance behaviour), in various aguatic organisms,
with younger fish being notably more sengtive than older fish (CCME, 1999). Sdmonids are among the
most senditive fish species (Davis, 1975; Barton and Taylor, 1996; Trueson, 1997; CCME, 1999).
Most salmonid embryos will hatch successfully a DO levels between 2 and 3 mg O./L to produce small
viable larvae, dthough exposure of fish embryos to levels of oxygen below 2.6 mg O./L resulted in
incidences of sgnificant abnormd development in some fish, including shortening of vertebra column, jaw
deformities, deformed tails and spines, abnormal nervous system and brain development, and other
physica deformities (CCME, 1999).

The short-term toxic effects (L CsoS) resulting from exposure of invertebratesto low DO are very
much species dependent and range from 4.3 mg O./L for Gammar us pulex (more sengtive) to 0.03 mg
O./L for Asdllus intermedius, at temperatures ranging from 10 to 20°C. In tests conducted at lower
temperatures (6.4°C), LCss ranged from 4.4 to 1.7 mg O,/L for Callibaetis montanus and
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Neothremma alicia, respectively (AEP, 1997). Nebeker (1972) reported that sengtivity to low DO
was directly correlated with temperature, as the 96-hour LCs, was 2.9 mg/lL a 21°C and 1.0 mg O/L
(lower sengitivity) a 10°C for the caddis fly, Hydropsyche betteni.

For chronic invertebrate studies (>7 days), the Lowest-Observed-Effect Levels (LOELS) ranged
from 2.2 mg O,/L for reproduction in Daphnia pulex to <0.2 mg O,/L for survivad in Gammarus
lacustris (AEP, 1997). There were few identified studies examining the effect of DO on the emergence
of adults from juvenile stages. Nebeker (1972) investigated this effect in a 30-day test at 18.5°C on
larvae of stoneflies, mayflies, caddis flies and midges and observed the grestest sengtivity in the mayflies,
with areported 30% decline in adult emergence for Leptophlebia nebulosa at 9.0 mg O./L, an 80%
decline at 6.0 mg O,/L and no emergence at lessthan 2.4 mg O,/L. Many of these invertebrate species
are important food for other organisms; for some species, the embryos and larvae can overwinter in the
sediment layers before emergence in the spring (Barton and Taylor, 1996; Weiss, 1996; Beak
Internationa Inc., 1997; The Kali Project, 1999).

The requirement of aguatic speciesfor DO under cold weather conditionsis less evident. Cold
water can absorb DO to a greater extent than warm water. At 101.3 kPa and 20°C, the saturation point
for DO inwater is9.08 mg O./L; a 5°C, it is 12.76 mg O./L (Tchobanoglous and Burton, 1990).
Lowell and Culp (1996) examined surviva and behaviour in the mayfly, Baetis tricaudata, at low
temperatures under different oxygen regimes and under concentrations of bleached kraft pulp mill effluent
and municipa sewage. The results indicated that low DO levelsin the stream have a greater negetive
impact on mayfly behaviour and surviva than the contaminantsin a 1% effluent. The 14-day experiment,
conducted at 4.5°C and low DO (5 mg/L), caused the mayflies to move to regions of higher current
veocity and significantly reduced their feeding rate and survivad. All effects were gpparently attributable
to low DO, since survivad was ggnificantly enhanced for mayflies exposed to the combination of a1%
effluent and high DO (Lowel and Culp, 1996).

2.4.2 Abiotic atmospheric effects

Wordt-case cd culations were made to determineif ethylene glycol has the potentia to contribute to the
depletion of stratospheric ozone, ground-level ozone formation or climate change (Bunce, 1996).

The Ozone Depletion Potentia (ODP) was calculated to be O (relative to the reference
compound CFC-11, which has an ODP of 1), as ethylene glycoal is not a halogenated compound. It
does not, therefore, contribute to the depletion of the stratospheric ozone layer.

The Globa Warming Potential (GWP) was calculated to be 1.9 x 107 (rdlative to the reference
compound CFC-11, which hasa GWP of 1), based on the following formula (Bunce, 1996):

GWP = (tethylene egcoI/ tCFC-ll) X (M CFC-:L:L/ M ethylene glycol) X (Sethylene egcoI/ SCFC-ll)

where:
tanylene giycol IS the lifetime of ethylene glycol (5.1 x 107 years),
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tcrc-11 isthe lifetime of CFC-11 (60 years),

Mcrc-11 ISthe molecular weight of CFC-11 (137.5 g/mal),

Methyiene glycol 1S the molecular weight of ethylene glycol (62.07 g/mol),

Sethylene giycol 1S the infrared absorption strength of ethylene glycol (2389/cnt per atmosphere,
default), and

Scre.11 istheinfrared absorption strength of CFC-11 (2389/cnt per atmosphere).

Based on the above, ethylene glycol does not contribute to climate change.

The Photochemica Ozone Crestion Potential (POCP) was estimated to be 41 (relative to the
vaue of an equal mass of the reference compound ethene, which has a POCP of 100), based on the
following formula (Bunce, 1996):

POCP = (kahylene egcoI/ kethene) X (M ahene/ M ethylene glycol) x 100

where:
Kethyiene giycol 1S the rate congtant for reaction of ethylene glycol with OH radicas (7.7 x 10 12
cnt/mol per second),
Kenene 1S the rate congtant for reaction of ethene with OH radicals (8.5 x 1072 cn/mol per second),
M ehene 1S the molecular weight of ethene (28 g/moal), and
Methyiene glycol 1S the molecular weight of ethylene glycol (62.07 g/mol).

This result, together with the fact that rates of emisson of ethylene glycol to the amaospherein
Canadaare low in rdation to rates for other chemicas known to be involved in ozone formation,
indicates that ethylene glycol does not contribute significantly to ground-level ozone crestion.

2.4.3 Experimental animalsand in vitro

Thetoxicity of ethylene glycol has been investigated most extensively following exposure viathe ora
route. Where identified, data concerning effects following inhaation and/or dermal exposure are dso
summarized in this section.

2.4.3.1 Acute toxicity

Ethylene glycol haslow acute toxicity viaord, inhdation or derma exposure. LDsps for the ora
adminigration of ethylene glycal in rats range from 4000 to 10 020 mg/kg-bw, while reported vauesin
guinea pigs and mice are 6610 mg/kg-bw and 5500-8350 mg/kg-bw, respectively. The minimum letha
ord doseinratsis 3.8 glkg-bw (Clark et al., 1979). Ora LDsps of 5500 and 1650 mg ethylene
glycol/kg-bw have aso been reported in dogs and cats, respectively. A derma LDs, of 10 600 mg/kg-
bw has been reported for rabbits. In rats and mice, the lethal concentration following inhaation
exposure has been reported to be >200 mg/n.
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Signs of acute ingestion of ethylene glycol are dose dependent and include centrd nervous
system depression, parayss, ataxia, respiratory arrest, tachycardia, tachypnea, comaand death (BUA,
1994). Based on numerous case studies of accidental acute ingestion of ethylene glycal in various animad
gpecies, metabolic acidosis has been consistently observed; morphologically, congestion and
hemorrhage in the lungs, hemorrhage in the somach, degeneration in the rend tubules, focd necrogsin
the liver and calcium oxadate in the kidneys and brain have been reported (DFG, 1991; BUA, 1994).

In identified toxicologica studies concerning the acute ord adminigration of ethylene glycoal in
experimental animals, only histopathology in selected organs (i.e.,, kidney, liver and heart), serum clinicdl
chemistry and urinary parameters have been assessed. In severd studies, microscopic changesin the
kidney and cacium oxaate crystas in the urine have been observed in dogs (both sexes) exposed by
acute perord adminigration to elther ethylene glycol or commercid antifreeze (containing 95% ethylene
glycol) (Riley et al., 1982; Grauer et al., 1984, 1987; Foit et al., 1985; Adams et al., 1989; Smith et
al., 1990). Histopathologica lesions observed in the kidney included mild tubular nephrosis, necrosis,
doughing of cdlls, vacuolation and deposition of oxdate crystas in the cortex and medulla. Microscopic
myocardia changes have aso been noted in rats following acute oral adminigration (by gavage) of
ethylene glycol (7.2 g/kg-bw), including mitochondrid sweling, myofibrillar edema and necross, and
enlargement of the smooth endoplasmic reticulum (Bielnik and Szram, 1992; Bidnik et al., 1992).
Acute ord exposure (by gavage or ingestion) of ethylene glycol or commercid antifreeze in dogs and
cats has resulted in ataxia, central nervous system depression, vomiting, polydipsia, metabolic acidosis,
dterations in hematological, serum chemistry and urinary parameters, and diminished rend excretory
function (Grauer et al., 1984; Thrall et al., 1984).

2.4.3.2 Irritation and sendtization

Studies were not identified concerning the potentia of ethylene glycoal to induce sengtization in
experimental animas. Based on the smdl number of derma studies identified (rabbits and guinea pigs
only), ethylene glycol induced only mild dermd irritation (Clark et al., 1979; Guillot et al., 1982;
Anderson et al., 1986). Studies in rabbits and humansindicate that acute or short-term ocular exposure
to ethylene glycoal (liquid or vapour) produces minima conjunctiva irritation without permanent corned
damage (McDondd et al., 1972; Clark et al., 1979; Guillot et al., 1982; Grant and Schuman, 1993).

2.4.3.3 Short-term and subchronic repeated dose toxicity

In a10-day study in which awide range of endpoints was examined in Sprague Dawley rats (n= 10
per sex per dose) administered drinking water containing 0.5-4.0% ethylene glycol (650-5300 mg/kg-
bw per day in males, 800-7300 mg/kg-bw per day in femdes), Sgnificant (p < 0.05) aterationsin
serum chemistry parameters were observed at al dosesin maesand at 2 1500 mg/kg-bw per day in
femaes (Robinson et al., 1990). Theincidence and severity of histopathologica lesonsin the kidney
(including dilation, degeneration, necross, inflammation, calcium oxaate crystas and proteinaceous
materid) were sgnificantly (p < 0.05) increased in maes a 2 2600 mg/kg-bw per day and in femaes at
7300 mg/kg-bw per day.
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In a4-week study in which Widar rats were administered (by gavage) 2000 mg ethylene
glycol/kg-bw per day, effectsin the kidney (including discoloration, tubulopathy, hyperplasia and
crystdline deposits), changesin urinary parameters (including cacium oxdate in urine) and increased
relative kidney weights (10-14%) were observed in both sexes (Schladt et al., 1998).

In sudiesin which groups (n = 5-10 per sex) of B6C3F; mice were administered (by gavage)
50, 100 or 250 mg ethylene glycol/kg-bw per day (in water) for 4 days, no clear treatment-related
effects on survivd, rdative organ weights, hematology or histopathology in maor organs (including the
liver, kidney, lung and bone marrow) were observed, compared with untrested controls. However,
expaosure produced effectsin the bone marrow, including depression of progenitor cells at al doses
(mdes, p < 0.01-0.05), hypocdlularity at 3 100 mg ethylene glycol/kg-bw per day (both sexes, p <
0.01-0.05) and erythropoiesis at 250 mg/kg-bw per day (males, p < 0.05) (Hong et al., 1988). As
indicated above, resulting effects on hematologica parameters were not observed; hence, the biologica
sgnificance of these effectsis unclear.

In alimited study in which macague monkeys were exposed to 0.25-10% (1-152 g/kg-bw)
ethylene glycol in drinking water for 6-157 days, dose-related rend effects (including necrosis and
cacium oxadate deposition in proxima tubules) were observed among maesingesting 3 17 g ethylene
glycol/kg-bw (Roberts and Setbold, 1969). No rend histopathology was observed among females
recaiving 3 19 g ethylene glycol/kg-bw.

In subchronic investigations conducted in rats and mice, in which awide range of endpoints
(survivd, body weight, hematology, clinica chemistry, organ weights, histopathology) have been
examined following ord exposure to ethylene glycal (either in the diet or in drinking water), microscopic
changes in the kidney have congstently been observed at lowest doses, with the severity of rend effects
generdly gppearing greater in maes than in femaes (Gaunt et al., 1974; Menick, 1984; Robinson et
al., 1990; NTP, 1993).

In a90-day study in which Sprague-Dawley rats ingested drinking water containing 0.25-2.0%
ethylene glycal (205-3130 mg/kg-bw per day in maes, 600-5750 mg/kg-bw per day in femaes),
dterations in hematologica parametersin femaes (p < 0.05) were observed at lowest doses (i.e., 600
mg/kg-bw per day) (Robinson et al., 1990); hematologicd effects have generaly not been observed in
other subchronic (or chronic) ora studiesin rats (Blood, 1965; Gaunt et al., 1974; Menick, 1984;
NTP, 1993). At higher ora dosesin this study, there were increased relative kidney weights (p < 0.05)
inmaesa 3 950 mg/kg-bw per day, decreased body weights (p < 0.05) in maes at 3130 mg/kg-bw
per day and dose-related histopathological changes (p < 0.05) in the kidney in maes (3 950 mg/kg-bw
per day) and femaes (2 3100 mg/kg-bw per day), compared with unexposed controls. Among mae
rats receiving 0, 205, 410, 950 or 3130 mg ethylene glycol/kg-bw per day, the incidence of specific
histologica changes within the kidney was 0/10, 0/10, 0/10, 5/10 and 8/9 (tubular dilation); 0/10, 0/10,
0/10, 5/10 and 9/9 (tubular degeneration); and 0/10, 0/10, 0/10, 3/10 and 8/9 (intratubular crystals),
respectively (Robinson et al., 1990).
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In awell-conducted study in which Fischer 344 rats (both sexes) were administered 165, 325,
640, 1300 or 2600 mg ethylene glycol/kg-bw per day in the diet for 13 weeks, sgnificant effects were
observed at 1300 mg/kg-bw per day and above, including reduced growth in males (p <0.01 or p <
0.05), increased kidney weight in both sexes (p < 0.01), rena histopathology (dilation, necrosis, fibrosis
and crysd depogition in rend tubules) in maes and dterationsin serum clinical chemigtry parametersin
males (p < 0.01 or p < 0.05), compared with untreated controls (Menick, 1984). At 2600 mg/kg-bw
per day, in males, mortality was increased and relative thymus weights decreased (p < 0.05), and in
femaes, microscopic changes in the kidney (infiltration of inflammatory cells, increased vacuolation and
enlarged nucle in rend tubules) were increased.

In an unpublished study by Gaunt et al. (1974), in which awide range of endpoints was
examined in Widar rats (n = 25 per sex per dose) administered ethylene glycoal in the diet (males: 35,
71, 180 or 715 mg/kg-bw per day; females. 38, 85, 185 or 1128 mg/kg-bw per day) for up to 16
weeks, satidicaly sgnificant specific microscopic changes in the kidney (i.e., dilation, degeneration,
protein casts, deposition of calcium oxdate crystas in nephrons) were observed at the highest dose.
Among mae rats receiving 0, 35, 71, 180 or 715 mg ethylene glycol/kg-bw per day for 16 weeks, the
incidence of specific histologica changes within the kidney was 0/15, 0/15, 0/15, 1/15 and 0/15
(individua nephrons with dilated tubules and protein casts), 0/15, 1/15, 1/15, 2/15 and 5/15 (p < 0.05)
(individua nephrons with degenerative changes), 0/15, 0/15, 0/15, 1/15 and 4/15 (p < 0.05) (individua
nephrons with degenerative changes and occasiona oxalate crystal), 0/15, 0/15, 0/15, 0/15 and 2/15
(severd nephrons with degenerative changes and frequent crystals) and 0/15, 0/15, 0/15, 0/15 and 4/15
(p < 0.05) (generdized tubular damage and heavy crydas), respectively. The overdl incidence of mae
rats with tubular damage in groups receiving 0, 35, 71, 180 or 715 mg ethylene glycol/kg-bw per day in
the diet for 16 weeks was 0/15, 1/15, 1/15, 4/15 (p < 0.05) and 15/15 (p < 0.001), respectively. With
one exception, severe tubular damage was observed in dl maerats having oxadate crystdsin the
kidney.

Histopathologica analyses of the kidneysin smal (n = 5) groups of animas exposed for 2 or 6
weeks reveded no datisticaly sgnificant increase in the incidence of specific histologica changes,
athough the overdl incidence of animaswith tubular damage was sgnificantly devated (p < 0.01) in the
high-dose group after 6 weeks exposure. The occurrence of inflammeation of the Harderian gland in the
exposed maes, “pneumonia changes’ in the lungs of maes and femades, and salivary adenitis was not
consdered related to exposure to ethylene glycol. An increased incidence of kidney damage (although
not satisticaly sgnificant) was observed among femaes receiving 1128 mg ethylene glycol/kg-bw per
day in the diet, with urinary imination of oxdic acid dso increased (p < 0.05) in femdes a this dosg,
compared with controls (Gaunt et al., 1974).

In the single identified ora subchronic study in mice, in which a wide range of endpoints was
examined in B6C3F; mice recelving 4006700 mg ethylene glycol/kg-bw per day in the diet for 13
weeks, treatment-related effects were limited to microscopic changes in the liver (hydine degeneration)
and kidney (minima to mild tubule dilaion, cytoplasmic vacuolaion and regenerative hyperplasa) in
maes a 3 3300 mg/kg-bw per day. There was no evidence of deposition of oxaate crystas in rend
tubules. Based on assessment of body and organ weights, clinica chemistry, hematology and urinary
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parameters, and gross pathology and histopathology in a wide range of organs, effects were not
observed in females exposed to up to 6700 mg ethylene glycol/kg-bw per day, compared with
untreated controls (Melnick, 1984; NTP, 1993).

Identified data on effects following inhaation are restricted to afew early, limited, short-term
gudies. No treatment-related effects on survival, behaviour, physical appearance, locomotor activity,
hematology, clinica chemistry parameters or hisopathology in selected organs (including lung, kidney
and liver) were observed in rats, guinea pigs, rabbits, dogs or monkeys exposed (whole body) to 10 or
57 mg ethylene glycol vapour/nt for 8 hours per day, 5 days per week, for 6 weeks (Coon et al.,
1970). In areview by Browning (1965), it was reported that no histopathologica changes were
observed in rats or mice exposed by “repested inhaation” to 157 ppm (400 mg/nT). Exposure of rats
to 197 ppm (500 mg/nt) for 28 hours over 5 days resulted in dight narcosis. However, any putative
intake of ethylene glycal resulting from the ingestion of this substance deposited on the fur during
grooming or viaderma absorption (i.e,, see Tyl et al., 1995a,b) was not assessed in these studies.

In subchronic inhalation studies, no clear treatment-related effects on histopathology in the smal
number of organs examined (including lung, liver and kidney), on hematology or on clinica chemigtry
parameters were observed in rats (n = 15), guinea pigs (n = 15), rabbits (n = 3), dogs (n = 2) and
monkeys (n = 3) exposed continuoudy to 12 mg ethylene glycol vapour/nt for 90 days, compared with
unexposed controls (Coon et al., 1970). Although mortdity was observed among rabbits (n = 1),
guineapigs (n = 3) and rats (n = 1) exposed in this study, none of the deceased animals was reported to
exhibit “any specific Sgns of toxicity” (Coon et al., 1970). Moderate to severeirritation of the eyes was
reported for the continuoudy exposed rabbits (i.e., erythema, edema, discharge) and rats (i.e., corned
opacity and gpparent blindnessin 2 of 15 animas); however, these effects were not observed in a
separate study involving exposure of these species to 57 mg ethylene glycol/nT, 8 hours per day, 5 days
per week, for 6 weeks (Coon et al., 1970). Any putative intake of ethylene glycol resulting from the
ingestion of this substance deposited on the fur during grooming or via dermd absorption (i.e,, see Tyl
et al., 1995a,b) was not assessed in these studies.

2.4.3.4 Chronic toxicity and carcinogenicity

In acarcinogenicity bioassay reported by DePass et al. (1986a), no tumours were observed in Fischer
344 rats (n = 130 per sex per dose) receiving 40, 200 or 1000 mg ethylene glycol/kg-bw per day in the
diet for up to 2 years, based on microscopic examination of an extensive range of organs (including
kidney, liver and bone marrow). At 3 200 mg/kg-bw per day, calcium oxaate crystas were observed in
the urine in both sexes. At 1000 mg/kg-bw per day, femaes had a (transent) increase in kidney weight
(p < 0.01) and mild fatty changesin the liver (p < 0.01)," while males had 100% mortdity by 15 months
(attributed to cacium oxaate nephross), reduced growth (p < 0.001), organ weight changes (liver and
kidney, p < 0.001 or p < 0.05), microscopic lesonsin the kidney (including dilation, proteinoss,

! Information presented in the text, although not in Table 6 of the published account of this study (DePasset al,
1986a), indicated that the incidence of fatty metamorphosisin the liver of female rats receiving 200 mg/kg-bw per day
was significantly increased, compared with the controls.
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glomerular shrinkage, hyperplasia, nephritis, p < 0.001) and dterationsin hematologicd, clinica
chemistry and urinary parameters (p < 0.001 to p < 0.05). Among male rats receiving 0, 40, 200 or
1000 mg ethylene glycol/kg-bw per day, the incidence of specific histological changes within the kidney
was 0/256, 0/129, 1/129 and 10/116 (p < 0.001) (tubular dilation), 5/256, 0/129, 3/129 and 72/116
(p < 0.001) (hydronephrosis), 0/256, 0/129, 0/129 and 95/116 (p < 0.001) (oxaate nephrosis) and
0/256, 0/129, 0/129 and 16/116 (p < 0.001) (calcium oxalate crystaluria), respectively. After 18
months on study, dl mae rats in the high-dose group ether had died or were sacrificed when moribund
(due to cacium oxaate nephrosis), which complicates both presentation and interpretation of the data
on the incidence of rend lesons among the high-dose mde rats in this study. Data on the overal (totd)
incidence of rena damage associated with exposure to ethylene glycol were not provided in the
published account of this study.

Higtologicd reporting for non-cancer lesions in the published report of this study was inadequate
dueto lack of application of consistent diagnostic criteriato assess the onset and progression of
treatment-related histopathological changes’. Terminology, for example, for intermediate and end stage
histological rend lesons was inconsistent and as a result, the incidence of early stage lesons was
inadequately reported and likely considerably underestimated. (Based on comparison with additiona
data provided by the study sponsor (Snellings, personad communication, 2000), the incidences of early
dtage lesions such as calcium oxdate crystaluria presented in the published paper represent the numbers
of animas from interim sacrifices in which lesons were observed (numerators) over the total number of
animals on test (denominators) Since they were not reported at later stages® (Table 14). More
appropriately, congstent terminology would have been applied across the study with an indication of
Severity over time. Moreover, after 18 months on study, dl mae ratsin the high-dose group had ether
died or were sacrificed when moribund (due to cacium oxaae nephross), which complicates both
presentation and interpretation of the data on the incidence of rend lesions amongst the high-dose male
ratsin this study and decreases the sengtivity of the bioassay for assessng carcinogenicity

In an early investigation in which smal groups of Sprague-Dawley rats (n = 16 per sex per
dose) were fed diets containing 0.1-4% ethylene glycol (50-2000 mg/kg-bw per day) for 2 years,
absolute organ weights were reduced for the liver (9-17%), lungs (24-34%) and kidneys (19-24%) in
males at dl doses (i.e,, 3 50 mg/kg-bw per day) (Blood, 1965). The reductionsin absolute kidney
weight reported in this study are inconsistent with observed increases in kidney weightsin severa more
recent studies conducted in rats by the same route of exposure (Menick, 1984; DePass et al., 1986a;
Robinson et al., 1990; Schladt et al., 1998). For the lungs and liver, the reductions in organ weight
were not dose related. Data on relative organ weights and statistical analyses were not provided in the
published account of this study. Rend histopathology (calcification and/or oxdate-containing caculi),
reduced growth and mortality were observed in both sexes at 3 250 mg/kg-bw per day, with effects

2 Based in part on information presented in Maronpot (2000a) and Ohanian (2000).

% Slides from the 6 and 12 month sacrifices were read by a different pathol ogist than those from the 18 and 24 month
sacrifices. (Maronpot, 2000b)
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consstently observed at lower doses in males than in females (Blood, 1965). No tumours were
observed in the limited number of tissues examined (including liver, kidney and lung).

Similarly, no increase in the incidence of tumours was presented in an early (limited) chronic
bioassay in which only surviva, growth and histopathology in sdlected organs were examined in smal
groups of mae (n = 6 per group) and femae (n = 4 per group) abino rats (strain not specified) fed diets
containing 1% or 2% ethylene glycol (500 or 1000 mg/kg-bw per day) for 2 years (Morriset al.,
1942). Exposure to 500 or 1000 mg ethylene glycol/kg-bw per day produced bladder stonesin maes
(athough not dose rdated), marked rend histopathology (including deposition of cacium oxdate,
glomerular arophy, tubular cagts, lymphocytic infiltration and fibrosis) in both sexes, and dight liver
damage (diffuse or centrilobular atrophy, bile duct proliferation and fatty degeneration) in both sexes,
compared with untreated controls.

In an extensve NTP (1993) bioassay, no tumours were observed in B6C3F; mice (n= 60 per
sex per dose) administered ethylene glycol in the diet (maes: 1500, 3000 or 6000 mg/kg-bw per day;
females: 3000, 6000 or 12 000 mg/kg-bw per day) for 103 weeks, based on microscopic examination
of awide range of organs (including bone marrow, kidney, liver and lung) a 15 months and 2 years.
Femaes had a treatment-related increase in arterid medid hyperplasain thelungs (p£ 0.050r p £
0.01) at dl levels of exposure and hyaine degeneration in the liver (p £ 0.01) at 12 000 mg/kg-bw per
day. At 3000 and 6000 mg/kg-bw per day, male mice had dose-related hepatocelular hyaine
degeneration (p £ 0.01) and transent kidney damage (nephropathy; p £ 0.05), compared with
untreated controls. No clear evidence of treatment-related effects on surviva, body weight or tissue
histopathol ogy was observed in CD-1 mice (n = 80 per sex per dose) given 40, 200 or 1000 mg
ethylene glycol/kg-bw per day in the diet for 2 years, based on microscopic examination of an extensive
range of organs (including kidney, lungs and liver) at 80 weeks and 2 years, while organ weights and
hematological and clinical chemistry parameters were not assessed (DePass et al., 1986a). However,
asindicated above in relation to the bioassay in rats reported by the same authors, histologica reporting
in this study was inadequate.

Inalimited early investigation reported by Blood et al. (1962), male (n = 2) and femade (n= 1)
rhesus monkeys receiving 80 or 200 mg ethylene glycol/kg-bw per day in the diet, respectivey, for 3
years had no overt Sgns of toxicity and no anormd cacium deposits or histopathologica changesin
the mgor tissues examined (including the urogenital system, liver and bone marrow). However, the
results of this sudy are limited by the smal number of animas used, the smal number of endpoints
examined and the absence of untreated controls.

In the only identified investigation conducted by the dermd route, no clear treatment-related
effects were observed in femae Swiss mice following dermad gpplication of ethylene glycol (unspecified
volume) twice weekly for 43 weeks (Berenblum and Haran, 1955). However, interpretation of the
results of this study is limited by the incomplete description of the protocol, the lack of untrested
contrals, the smal number of animals and the limited number of parameters examined (i.e., gross
examination of unspecified organs and microscopic examination of gross lesions only).



In two studies conducted by subcutaneous injection, no tumours were observed in Fischer 344
rats (Mason et al., 1971) or NMRI mice (Dunkeberg, 1987) following repeated administration of up
to 1000 mg ethylene glycol/kg-bw for 52 or 106 weeks, based on examination of sdected tissues
(indluding liver, lung and kin).

2.4.3.5 Genotoxicity

Inin vitro mutagenicity studies conducted in bacterid cdlls, results have been consstently negative
(Clark et al., 1979; Pfeffer and Dunkelberg, 1980; Zeiger et al., 1987; JETOC, 1996), with and
without S9 activation. Results have aso been negative for mutagenicity in mouse lymphoma L51784Y
cdls (with and without activation) (McGregor et al., 1991), with positive results observed in thistest
system in conjunction with cytotoxicity (Brown et al., 1980). Results have been negative for
chromosomd aberrations and sster chromatid exchange in cultured Chinese hamster ovary cdlls (with
and without activation) (NTP, 1993) and for DNA damage in rat hepatocytes (Storer et al., 1996) and
Escherichia coli (McCarrall et al., 1981; von der Hude et al., 1988).

Inin vivo genotoxicity studies, results have been negative for dominant lethal mutationsin F344
rats following adminigration in F, maes (from a multigeneration study) of up to 2000 mg ethylene
glycol/kg-bw per day for 155 days (DePass et al ., 1986b). Results have aso been negative for
chromosomad aberrations in bone marrow cells of male Swiss mice exposed (by intraperitoned
injection) to 638 mg ethylene glycol/kg-bw per day for 2 days (Conan et al., 1979). Therewasonly a
dight increase in the incidence of micronucle in the erythrocytes of Swiss mice administered 3 1250 mg
ethylene glycol/kg-bw by gavage (or by intraperitoned injection) (Conan et al., 1979). However, it
should be noted that the magnitude of the effect was small, was not dose related and was based on
pooled data for treated groups.

2.4.3.6 Reproductive and developmenta toxicity

In athree-generation reproduction study in which F344 rats (both sexes) received 40, 200 or 1000 mg
ethylene glycol/kg-bw per day in the diet, there were no treatment-related parental effects (based on
surviva, body weight, food consumption, appearance, behaviour and histopathology in mgor organs) or
reproductive or developmenta toxicity in offspring (based on fertility index, gestation index, gestation
surviva index, pup weight, appearance, behaviour and histopathology in mgor organs), compared with
untreated controls (DePass et al., 1986b).

In astudy in which awide range of endpoints was examined in F344 rats administered 40, 200
or 1000 mg ethylene glycol/kg-bw per day in the diet during days 6-15 of gestation, Statisticaly
ggnificant increases in developmentd effects were limited to that (p < 0.001) for poorly ossified and
unossfied vertebrd centrain the offsoring of dams exposed to 1000 mg ethylene glycol/kg-bw per day,
compared with controls (Maronpot et al., 1983). Exposure to ethylene glycol had no effect upon the
reproductive parameters examined (i.e., pregnancy rate, number of corpora lutea, number of litters, live
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and dead fetuses, total implantations, pre-implantation loss and resorptions); there was aso no evidence
of maternd toxicity.

In studies in which pregnant CD rats were administered (by gavage) 150, 500, 1000 or 2500
mg ethylene glycol/kg-bw per day on days 6-15 of gestation, significant (p < 0.05 or p < 0.01) dose-
related developmenta effects were observed at 1000 mg/kg-bw per day and above, including reduced
fetd body weight per litter, reduced skeetd ossification and maformations in the skeleton (missing
arches, missing and extraribs) (Neeper-Bradley et al., 1995). Exposure had no effect upon the
reproductive parameters examined (i.e., number of corporalutes, live and dead fetuses, and resorption
sites), compared with controls. Maternal toxicity was observed at 2500 mg/kg-bw per day, based on
an increase (10%, p < 0.001) in relative kidney weight, compared with controls.

Other ord studies conducted in rats (Price et al., 1985; Yin et al., 1986; Myerset al., 1988;
Marr et al., 1992) do not contribute additionally to the weight of evidence or dose—response for the
devel opmentd/reproductive toxicity of ethylene glycol, due to inclusion of few endpoints or the absence
of data on maternd toxicity (Yin et al., 1986) or conduct of the sudies at very high doses at which
there was clear evidence of maternal toxicity (>1250 mg/kg-bw per day by stomach tube) (Priceet al.,
1985; Marr et al., 1992).

In a continuous breeding study in which male and femae CD-1 mice received 410, 840 or
1640 mg ethylene glycol/kg-bw per day in drinking water, treatment-related developmenta effects (i.e.,
decreased F, female pup weight, p < 0.05) were observed at 3 840 mg/kg-bw per day (Lamb et al.,
1985; Morrissey et al., 1989). Only dight reproductive effects were observed at 1640 mg/kg-bw per
day, based on dight reductions in the number of F, litters per fertile pair (8%, p < 0.01) and number of
live F, pups per litter (6%, p < 0.05), compared with controls. Maformations were adso observed in F;
offsoring (including unusud facid festures and skeleta changesin the skull, sternebrag, ribs and
vertebrae) at 1640 mg/kg-bw per day, compared with controls, however, incidence rates were not
reported. No parental toxicity was observed following exposure to ethylene glycol, based on
examination of surviva, body weight gain, weater intake and overt Sgns of toxicity (Lamb et al., 1985;
Morrissey et al., 1989).

Following adminigtration (by gavage) in pregnant CD-1 mice of 750-3000 mg ethylene
glycol/kg-bw per day during days 6-15 of gestation, there was a dose-related reduction in average feta
body weights per litter (9-27%, p < 0.01) and marked dose-related increases in the incidence of
malformed live fetuses per litter (0.25% in the controls and 10-57% in treated groups, p < 0.01), litters
with maformed fetuses (4% in the controls and 67-96% in treated groups, p < 0.001), and skeleta
maformationsin the ribs, arches, centra and sternebrae (4% in controls and 63-96% in treated groups,
p <0.001) (Priceet al., 1985). Exposure had no effect on reproductive indices, including the number
of implantations, resorption sites, or live and dead fetuses, compared with untreated controls. Materna
toxicity was evident a 1500 mg/kg-bw per day and above, based on a significant decrease in materna
body weight gain during trestment (32%, p < 0.01) and absolute liver weight (9%, p < 0.01), compared
with controls.
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In studies in which pregnant CD-1 mice were administered (by gavage) 0, 50, 150, 500 or
1500 mg ethylene glycol/kg-bw per day on days 6-15 of gestation (Neeper-Bradley et al., 1995),
exposure to the highest dose produced a statisticaly significant (i.e., p < 0.01 or p < 0.05) increasein
the incidence of 25 of the 27 keletd maformations/variations examined, compared with unexposed
controls. At 1500 mg/kg-bw per day, an increased incidence of skeletd maformations (e.g., fused or
extra centra, arches and ribs, p < 0.01) and variations (e.g., reduced ossification in centra and
phaanges, enlargement of fontand and sagitta suture in the skull) and areduction in fetd body weight
per litter (p < 0.01) were observed. The adminigtration of 500 (and 1500) mg ethylene glycol/kg-bw
produced a gatigticaly sgnificant (p < 0.01) increase in the incidence of one skeletd change, the
occurrence of an extra 14th rib on the first lumbar arch. In mice administered 0, 50, 150, 500 or 1500
mg ethylene glycol/kg-bw per day, the incidence of this specific skeletd change (expressed ether asthe
occurrence in litter/totd litters examined or as the occurrence in fetus/total fetuses examined) was 4/19,
4/20, 6/24, 17/24 (p < 0.01) and 21/21 (p < 0.01), and 5/201, 11/223, 13/278, 75/266 and 128/235,
respectively. Exposure produced no trestment-rel ated effects on reproductive parameters (including the
number of corporalutes, viable implantation Stes, pre-implantation loss or sex ratio) or materna
toxicity.

In astudy in which only sdlected reproductive endpoints (including sperm counts and moatility,
histopathology and organ weights in the testes and epididymis, percentage of pregnant females, and
number of live and dead implantation Sites) were examined in CD-1 mice exposed (both sexes) by
gavage to 250-2500 mg ethylene glycol/kg-bw per day, significant treatment-related effects (p < 0.05)
were observed at the highest dose only and were limited to areduction in live implantations per femde
and an increase in dead implantations per female, compared with controls (Harris et al., 1992). No
sgnsof parenta toxicity were observed, based on examination of surviva, body weight, clinical sgns
and higopathology in sdlected organs (including liver and kidney).

In alimited reproductive toxicity sudy, in which only histopathology and organ weightsin the
testes and “vesicular and coagulating glands’ and hematologica parameters were examined in males of
an ungpecified strain of mice ordly exposed (presumably by gavage) to 500-4000 mg ethylene
glycol/kg-bw per day for 5 weeks, no treatment-related effects were observed, compared with
untreated controls (Nagano et al., 1973).

Other ora studies conducted in mice (Morrissey et al., 1989; Harris et al., 1992) do not
contribute additiondly to the weight of evidence of developmenta/reproductive toxicity of ethylene
glycol, due to the absence of data on materna toxicity or conduct of the studies at higher doses than
used in Smilar studies addressed herein.

A single study has been identified in which the developmenta and reproductive toxicities of
ethylene glycol have been examined in rabbits following ord exposure. Despite the presence of severe
maternd toxicity (mortality and degenerative changesin the kidney) a the highest dose level, there was
no evidence of developmentd or reproductive effects in fetuses derived from New Zedland white
rabbits administered (by gavage) 100-2000 mg ethylene glycol/kg-bw per day during days 6-19 of
gedtation (Tyl et al., 1993). Parameters examined included the number of corpora lutea, pre- and post-
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implantation loss, number of fetuses, fetal body weight per litter, litter sex ratio, or externd, viscerd or
skeetd variaions or maformations.

Identified inhaation studies conducted in CD rats and CD-1 mice, in which pregnant animas
were exposed (whole body) to up to 2090 mg ethylene glycol/nT for 6 hours per day on days 6-15 of
gedtation, provide some evidence of treatment-related developmentd effects, including skeleta
variaions (reduced ossfication, extraribs, dilated laterd ventricles, maaigned centra) and
maformations of the head (exencephaly), face (cleft palate, abnormal face and facid bones) and
skeleton (vertebra fusion, and fused, forked, missing and extraribs) (Tyl et al., 1995a,b). However, in
each of these sudies, there was likely consderable intake due to ingestion after grooming and/or
percutaneous absorption; it was estimated by the authors that rats and mice received at least 620
mg/kg-bw per day and 910-1400 mg/kg-bw per day, respectively, in this manner. Thus, these studies
do not dlow for aclear concluson concerning the role of inhaed ethylene glycol in the induction of
developmentd toxicity in these species. It is noteworthy that developmenta effects observed in these
sudies (likely due to ingestion of ethylene glycol) are smilar to those observed in ord developmentd
toxicity sudies (Lamb et al., 1985; Price et al., 1985; Morrissey et al., 1989; Neeper-Bradley et al.,
1995) in the same strains of rats and mice (i.e., CD and CD-1, respectively).

In a“nose-only” inhalation study, exposure of pregnant CD-1 mice to 360, 779 or 2505 mg
ethylene glycol/n for 6 hours per day on days 6-15 of gestation yielded increases in some skeletdl
variations (e.g., decreased ossfication in centra and sternebrae, unossified phalanges of the foreimb,
extra ribs, extra ossfication stein the skull)* and asatistically significant (p < 0.05) 8-fold increase in
the number of litters with animas exhibiting 2-12 fused ribs a the highest concentration (i.e., 2505
mg/nT), compared with controls (the control exposure atmosphere for both the nose-only and whole-
body groups was water aerosol) (Tyl et al., 1995b). Ethylene glycol had no effect upon the incidence of
externd or visceral maformations or reproductive parameters (including number of corpora lutes, tota
and viable implantations per litter, pre- and post-implantation loss and sex ratio), compared with
controls. Only minimal maternal toxicity was observed at 2505 mg/n, based on a dight increase (7%, p
< 0.05) in rdative kidney weight, without evidence of cellular injury. The results of this sudy support the
hypothesis that developmenta effects observed in whole-body inhdation studies are due principaly to
systemic exposure (viaingestion or dermd absorption), Snce limiting exposure from these systemic
routes prevented most of the effects observed in mice following whole-body inha ation exposure.

In the aingle derma study identified, in which pregnant CD-1 mice were exposed (by occluded
cutaneous application) to agueous solutions of 0, 12.5, 50 or 100% ethylene glycol (estimated doses of
0, 400, 1700 or 3500 mg/kg-bw per day) during days 6-15 of gestation, reported effects were limited
to materna toxicity (based on minimal-grade rend lesions and increased corrected gestationa body
weight change) and asignificant increase (p < 0.05) in two skeleta variations (i.e., poorly ossified skull
bone and unossified intermediate phalanges of the hindlimb) a 3500 mg/kg-bw per day (Tyl et al.,
1995c¢). However, the investigators were unclear asto whether these skeletd effects were treatment

* Statistical analysiswas not provided.
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related or incidental. Compared with untreated controls, derma exposure to ethylene glycol had no
effect upon the reproductive indices examined, including the number of corpora lutes, implantation and
resorption Sites, and live and dead fetuses.

2.4.3.7 Neurologicd effects and effects on the immune system

Although data are limited, results of identified toxicity sudies conducted (viaord, inhdation or dermd
routes) in rodents, rabbits and monkeys do not indicate that neurologica or immunologica effects are
critica endpoints for ethylene glycol. Neurologicd effects have not been observed at doses below those
that have induced rend toxicity (Penumarthy and Oehme, 1975; Clark et al., 1979; Grauer et al.,
1987), and consstent treatment-rel ated effects on immune system-related parameters have not been
observed in available repested-dose toxicity studiesin which severa species have been exposed to
ethylene glycal ether ordly or by inhaation.

Although the sgnificance of the development of histological changes in the kidney of rats
exposed over the long term to low levels of ethylene glycal is unclear, some data on the nature of early-
stage rend response have been reported. Using immunohistochemical techniques, de Water et al.
(1999) observed the recruitment of monocytes, macrophages and giant multinucleated macrophage-
derived cdlsto Stes of cacium oxaate crystd depodtion in the rend interdtitium of mae Widar rats
adminigtered drinking water containing high levels (i.e,, 8 g/litre) of ethylene glycol (and ammonium
chloride) for 7-9 days.

2.4.3.8 Toxicokinetics and mode of action

There is convincing evidence that the toxicologicd effects observed in [aboratory animals exposed to
ethylene glycol, as well as the adverse hedth effects in humans exposed acutely to this substance, are
due primarily to the actions of one or more of its metabolites, rather than to the parent compound per
se. In studies in which inhibitors of acohol dehydrogenase (the enzyme catalysing the firgt rate-limiting
gep in the metabolism of ethylene glycol) have been administered in both animals and humans, toxicity
has been minimized. In laboratory animds, the concurrent ingestion or infusion of ethanol, pyrazole or 4-
methylpyrazole prevents the rend toxicity and mortdity observed following exposure to ethylene glycol
(Grauer et al., 1987; U.S. EPA, 1987). In humans, typical therapies for acute ethylene glycol poisoning
have incdluded hemodidyss and the adminigration of ethanal (to inhibit ethylene glycol metabolism by
competition for acohol dehydrogenase activity) and sodium bicarbonate (to reduce metabolic acidosis)
(Jacobsen and McMartin, 1986; Grant and Schuman, 1993). More recent treatments for acute ethylene
glycol poisoning in humans have involved the adminigtration of 4-methylpyrazole (Brent et al., 1999), a
potent inhibitor of the human dcohol dehydrogenase enzyme (Dawidek-Pietryka et al., 1998).
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Basad upon the available information, toxicologica effects resulting from exposure to ethylene
glycol may involve one or a combination of the following: development of an increased osmoldl gap,”
development of metabolic acidosis,” the formation of cacium oxaate crystas’ and their deposition in
various tissues and/or possible direct toxic effects produced by one or more of its metabolites. This
discussion focuses on the mode of induction of criticd effects— i.e., those on the kidneys of
experimenta animds (rats) and humans and developmentd effects.

A mode of action involving the formation and deposition of cacium oxdate crysas as requisite
gepsin theinduction of rend effectsin animas and humansis congstent with available metabolic and
histopathologica data. For example, species differences in sengitivity to rend effects are consstent with
the limited available data on the comparative proportions of ethylene glycol excreted as oxaic acid,
these being greater in rats than in mice (7-8% versus not detected at 24 hours; Frantz et al., 1996a,b).
Based on limited information, values for monkeys are intermediate, i.e., between those for rats and mice
(0.3% at 48 hours, McChesney et al., 1971), and those for humans are within the range of values
reported for rats (Reif, 1950).

Indeed, cacium oxalae crystals are consdered to be important etiologica agentsin the
development of the rend failure in humans acutdly poisoned by the ingestion of ethylene glycol
(Jacobsen and McMartin, 1986; Wiley, 1999). In addition, in dmost al cases where examined,
extensve rend damage in experimenta animals has been observed only where such crystas are present
(Gaunt et al., 1974; Mdnick, 1984). Also, in dl cases where examined, ethylene glycol-associated
renal damage has been observed only at doses greater than those at which there were increasesin
urinary excretion of oxaate or cacium oxaate crystas (Gaunt et al., 1974; DePass et al., 19864).
However, while most evidence implicates oxaate in the induction of rena damage, on the basis of
currently available information, the possible role of less frequently observed hippuric acid crystas and
direct cytotoxicity of other metabolites such as glycoaddehyde, glycolic acid and glyoxylic acid cannot be
precluded (Parry and Wallach, 1974; Marshall, 1982).

Sex-rdated variaionsin sengtivity to the rend effects of ethylene glycol may be a function of
both toxicokinetic and toxicodynamic differences. Although there have been variationsin the proportion
of metabolites excreted as oxdic acid in mae versus femade rats in repeated-dose studies, proportions
have been smilar following sngle adminigration. In Sprague-Dawley rats administered (ordly via
gavage) a single dose of 1000 mg [**C]ethylene glycol/kg-bw, similar amounts of the administered

® Intheinitial stages following systemic exposure to ethylene glycol, the concentration of ethylene glycol in
extracellular fluids increases, leading to increased osmolality, hyperosmolality and an increased osmolal gap.

® The accumulation of acidic products (e.g., glycolic acid, oxalic acid and lactic acid) due to the metabolism of
ethylene glycol resultsin metabolic acidosis, astate that is characterized by an actual or relative decrease of alkali in
body fluidsin relation to acid content. The major determinant of acidosisis the degree of glycolic acid accumulation
in the blood.

” Although only aminor metabolite, oxalic acid is of toxicological significance since it chelates with calcium ions,
resulting in the precipitation of (insoluble) calcium oxalate monohydrate in tissues (notably, in the kidney and brain).
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radioactivity (i.e., 7-8%) were diminated in the urine as [**Cloxaic acid in the males and females
(Frantz et al., 1996ab). Smilar amounts of radioactivity have been measured in the kidneys of mae
and female rats administered single doses of [*C]ethylene glycol (Frantz et al., 1996a,b). In two
gudiesin which Sprague-Dawley rats were provided drinking water containing 0.5% ethylene glycol for
28 days, the dimination of oxalic acid (expressed as either mg or UM per 24 hours) in the urine was
approximately 2.6- and 4.3-fold higher in maesthan in femaes (Lee et al., 1992, 1996).% In astudy in
which male and female Widtar rats received smilar doses (i.e., from 35 to 180 mg/kg-bw per day) of
ethylene glycol from the diet over a 14- to 16-week period, dightly lower (i.e., 1.3- to 2.8-fold) levels
of oxalic acid were excreted in the urine of femaes than in that of males (Gaunt et al., 1974).

In mae Sprague-Dawley rats administered drinking water containing 0.5% ethylene glycal for
28 days, the occurrence of kidney stones (as well as the excretion of oxalic acid in the urine) was
reduced in castrated males, compared with controls (Lee et al., 1992, 1996). The effects of castration
upon kidney stone formation (and excretion of oxalic acid) were reversed by the administration of
exogenous testosterone to the castrated animas (Lee et al., 1996). Based upon the results of a study
using an ethylene glycol/vitamin D induced urolithiasis model in oophorectomized Widar femderrats,
Iguchi et al. (1999) suggested that the sex-related differences in the occurrence of kidney stonesin rats
administered ethylene glycol may be attributed to the femae sex hormone-induced suppression of
urinary oxalate excretion and suppression of osteopontin® expression in the kidney.

Based on the limited identified data including those on acute doses that induce rend toxicity in
humans, the comparative proportions of tota metabolites excreted as the putatively toxic entity (i.e,
oxdic acid) in humans and rats (Ref, 1950; Frantz et al., 1996a,b) and the specific activity of reevant
enzymes in hepatic extracts of rats versus humans, it is expected that the sengtivity of humansto rend
effectsisamilar to or greater than that of rats. Available data indicate that humans may be more
sengtive than rodents to the acute toxicity of ethylene glycol, with available information on reported
minimum lethal doses being consstent with an approximately 10-fold greater sengtivity in humans
compared with rodents. The specific activity of alcohol dehydrogenase (the first rate-limiting step in the
metabolism of ethylene glycol, consdered essentid in producing the toxicological effects associated with
exposure to this substance) has been dightly higher in hepatic extracts obtained from humans, compared
with rats (Zorzano and Herrera, 1990).

Lessisknown about the potentia mode of induction of developmentd effects, including therole
of putatively toxic metabolites, although research conducted to date has focused on glycolic acid
(Carney, 1994; Carney et al., 1999). This focus has related to both the metabolic acidos's induced by
the increased accumulation of this substance in the blood aswell as possible toxicologica effects of the

 However, in one of these studies (Lee et al, 1992), the reported intake of drinking water was slightly lower in the
females (18.3 £ 7.2 mL/day) than in the males (25.1 + 9.3 mL/day).

° A glycoprotein that is part of the calcium oxalate crystal matrix, considered to promote the formation of kidney
stones (Iguchi et al, 1999).
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substance itsdlf. On the basis of current data, however, the likely lessimportant role of other metabolites
in the induction of developmenta effects cannot be excluded.

Evidence implicating arole for glycolic acid as the principa teratogenic agent has been derived
fromin vitro studies of rat embryo cultures, in which developmentd changes (e.g., craniofecid
dysmorphogenesis), consistent with some effects noted in vivo, were observed at concentrations of
glycalic acid (i.e,, 12.5 mM) less than those for ethylene glycal (i.e., 50 mM) having no effect (Carney,
1996). Smilarly, in in vivo studies, developmenta effects have been observed in rats administered
glycalic acid a doses |ess than those for ethylene glycol inducing smilar effects (Munley and Hurrt,
1996; Carney et al., 1999).

In sudiesin rats, areduction in the metabolic acidosis typicaly associated with oral exposure to
ethylene glycol ameliorated, but did not completely diminate, teratogenic effects (Khera, 1991; Carney
et al., 1999). Mog variations and maformations induced by 2500 mg ethylene glycol/kg-bw
administered on days 6-15 of gestation were smilar to those observed among fetuses from dams
recelving an equivaent “teratogenic dose” of ether glycalic acid (presence of metabolic acidoss) or
sodium glycolate (absence of metabolic acidoss). However, increased incidence of severa externa
maformations (e.g., meningoencephaocele, exencephay, omphaocele, cleft lip, cleft paate) among the
offgpring of ethylene glycol-exposed pregnant rats could not be explained on this basis (Carney et al .,
1999).

It has aso been suggested that the somewhat disproportionate increase (6.4 for a 3-fold
increase in dose) in concentrations of glycolic acid in the blood of pregnant rats administered between
150 and 500 mg ethylene glycol/kg-bw may be important in the induction of developmenta effectsin
this species (Pottenger et al., 1998), dthough this does not pardld well the doses at which
developmenta effects begin to be observed in rats.

The greater sengtivity of mice, compared with rats, to the teratogenic effects associated with
exposure to ethylene glycol (Neeper-Bradley et al., 1995) has aso been postulated to be attributable
to the saturation of the metabolism of glycolic acid (to glyoxylic acid) at reportedly lower dosesin mice
than in rats. However, data presented in the accounts of three relevant studies (Frantz et al., 1996b,c;
Pottenger et al., 1998) are inadequate as abasis for consderation of this hypothesis dueto the
extremely limited information that permits comparison of the proportion of the tota dose excreted as
glycolic acid a similar time points for a range of comparable dosesin the two species.

2.4.4 Humans

There are numerous case reports concerning the accidenta or deliberate ingestion of this compound in
humans, dthough available data from these studies are generaly inadequate as abasis for quantitation of
intake associated with observed effects. Published vaues for the minimum lethd ord dose in humans
have ranged from approximately 0.4 g/kg-bw (RTECS, 1999) to 1.3 g/kg-bw (ATSDR, 1997).%°

 The minimum lethal oral dosein ratsis 3.8 g/kg-bw (Clark et al, 1979).

42



Systemic sgns of toxicity following ingestion generdly progressin three ages, commencing with effects
on the centra nervous system (intoxication, lethargy, seizures and coma) and metabolic disturbances
(acidosis, hyperkdemia, hypocalcemia), progressing to effects on the heart and lungs (tachycardia,
hypertension, degenerative changes) and findly rend toxicity (deposition of calcium oxdate, hematuria,
necrogs, rend failure) (Kahn and Brotchner, 1950; Freidman et al., 1962; Parry and Wallach, 1974,
Sew et al., 1975; Gordon and Hunter, 1982; Cheng et al., 1987; Denning et al., 1988; Spillane et al.,
1991). In addition to the immediate central nervous system effects, neurological effects (including facid
parayss, durred speech, loss of motor skills and impaired vision) have been observed up to severd
weeks following ingestion, suggestive of cranid nerve damage (Ahmed, 1971; Parry and Wallach,

1974; Mallyaet al., 1986; Spillane et al., 1991; Huhn and Rosenberg, 1995). Ethylene glycol may aso
produce alocd irritant effect on the gut and cause pain and bleeding secondary to gastric erosion
(Gordon and Hunter, 1982; Spillane et al., 1991). The type and severity of toxicologica effects
observed following ingestion vary with the amount of ethylene glycol consumed, the interval between
ingestion and treatment, and whether there has been concurrent ingestion of ethanol (Robinson and
McCoy, 1989).

Information concerning adverse effects following inhdation of ethylene glycal islimited to
observationd datain a single case report (Hodgman et al., 1997) and the results of one laboratory
sudy in which arange of endpoints (physica examinations, psychologicd testing, and andyss of
hematological, serum dlinical chemistry and urinary parameters) was examined in 20 male volunteers
exposed (whole body) to ethylene glycol aerosol (Willset al., 1974). In the latter study, no Sgnificant
adverse effects were observed among individuals exposed (to up to 67 mg/nt) continuoudly for periods
up to 30 days, dthough some individuas experienced throat irritation, headache and back pain.
Following a gradud increase in the exposure concentration, nasal and/or throat irritation were noted in
al test subjects at 140 mg/nT and above, while concentrations above 200 mg ethylene glycol/n??
produced severeirritation and could not be tolerated (Wills et al., 1974).

Ethylene glycol isamild ocular irritant in humans. In derma patch tests, results have been
condstently negetive in hedlthy volunteers (Meneghini et al., 1971; Hindson and Ratcliffe, 1975;
Seidenari et al., 1990), while dermd irritation has been noted in individuas with derma sengtivity,
including eczema patients (Hannuksela et al., 1975) and occupationaly exposed workers with a history
of dermatitis (Hindson and Ratcliffe, 1975; Dawson, 1976).

Identified epidemiologica studies are restricted to two investigations, the results of which are
consdered inadequate to assess the carcinogenicity of ethylene glycol in humans. In a cross-sectiond
survey, there was no evidence of effects on kidney function (based on urinary concentrations of abumin,
b-N-acetyl-glucosaminidase, b-2-microglobulin and retinol-binding protein) in asmal group of arcraft
workers (some of whom wore protective breathing equipment) exposed to ethylene glycol vapour or
mist during deicing operations (Gérin et al., 1997). In the single case—-control study identified (Bond et
al., 1985), there was no association between presumptive inhaation exposure to ethylene glycol (and
other chemicals) and rend cancer in chemica production workers. Quantitative data on exposure to
ethylene glycol were not presented.
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3.0 RIsk CHARACTERIZATION

3.1 Environment
3.1.1 General Considerations

Ethylene glycol isused in large volumes in Canada. From available environmentd rdease information, it is
the trangportation sector, specificdly air trangportation, that is responsible for the greatest volume of
releases of ethylene glycol to the environment and thus has the greatest potentia to cause adverse
impacts on biota. Releases are attributable to aircraft deicing/anti-icing activities, which occur under cold
weether conditions. Through monitoring of airport sormwater effluent, evidence of high levels of ethylene
glycol reaching the aquatic environment has been obtained. This hasled to recognition and identification
of problem areas and encouraged the initiation of remediation efforts and environmentally protective
management activities, primarily through Glycol Operationd Management Plans (GOMPs) and Glycol
Mitigation Plans (GMPs), coordinated through Transport Canada and involving ATAC airport authorities
and air carriers. The CEPA Part IV effluent voluntary guiddine of 100 mg tota glycol/L (Canada
Gazette, 1994) isthe current target for glycol management at these airports and should be protective
againg direct toxicity and indirect toxicity (oxygen depletion) (See Appendix C for current gpproachesto
glycol management at Canadian airports) Despite the mitigation efforts and control measures currently in
place a nationa and many regiona arports, exceedances of the 100 mg/L guiddine have been occurring.
Concentrations of ethylene glycol in effluent streams as high as 4700 mg/L (Jean Lesage Internationd
Airport, March 1999) have been recently measured in the vicinity of airport property lines. These and
other concentrations are high enough to cause some concern on aloca scde.

Based onits high water solubility (miscible), relatively low vapour pressure (7 Paat 20°C) and
low Henry's law constant (5.8 x 107 to 6.0 x 10°° Pant/moal), ethylene glycol is unlikely to transfer to
ar or sediment after release to the aguatic environment. Aswadll, release scenarios indicate that the
environmenta medium associated with the highest potentia for exposure iswater. Limited data exist for
amospheric and soil concentrations and no data are available for sediment concentrations, athough, due
to its high water solubility, accumulation of ethylene glycol in soil and sediment is not expected. Studies of
soil permeability indicate that there could be a potentia for groundwater contamination as a result of
release to this medium; however, environmentally relevant groundweter concentrations measured in the
vicinity of arcraft deicing operations indicate that recent maximum levels are below levels that may cause
adverse effects on biota. Although thereis potentid for higher groundwater concentrations, the available
data indicate that exposure from this source is of less environmenta significance than direct releasesto
surface water. Therefore, direct exposure through the aquatic environment will be the focus of this risk
characterization.

Asindicated above, the most Sgnificant potential source of environmenta exposure to ethylene

glycol isthe release from aircraft deicing/anti-icing operations. Deicing/anti-icing can occur for more than
half the year at Canadian airports. Releases are Ste specific and depend on local climatic conditions,
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which can influence effluent and stream flow volume, as well as degradation rates. Deicing activities
occur a airports beginning as early as September and can end as late as June, dthough heaviest use
tends to occur from December to April (Transport Canada, 1995, 1996a,b, 19973, 1998a; GTAA,
1997, 1998, 1999). During mid-winter — i.e., December, January and February — typica river water
temperatures are near 0°C across Canada (EMR, 1970; Environment Canada, 1974, 1976a,b) but will
vary with water depth. The temperature of 4°C may be more typicd of surface water temperatures
found in Canada during the months of March, April, October and November, but temperatures can
range from near 0°C in early March and November to 12°C in late April and early October (EMR,
1970; Environment Canada, 1974, 1976a,b). It is recognized that the rate of biodegradation of ethylene
glycol, and hence the rate a which DO leves decline in the presence of ethylene glycal, isinversdy
proportiond to temperature (Evans and David, 1974; Kleckaet al., 1993). It follows that degradation
would be lower during mid-winter and higher in the fall and spring. Therefore, in thisandyss, a
temperature of 4°C is assumed to represent median deicing season temperatures for Canada.

Because of the seasona nature of exposure, consideration must be given to the impact that
cooler fall, winter and spring seasons have on ethylene glycol-exposed organisms. During these cooler
times of the year in Canada, metabolism, growth and development are reduced. In generd, for aguatic
ectothermic invertebrates and vertebrates, such asinsects, fish and amphibians, metabolic rates are
governed by ambient water temperatures. During fall, winter and spring, water temperatures will be near
0°C, resulting in alow metaboalic rate and therefore alower oxygen requirement for these species
(Jorgensen and Johnson, 1989; Davison, 1991; Boutilier et al., 1997; Tattersdl and Boutilier, 1997,
Morgan and Hinojosa, 1999). With the productivity of the receiving waters declining at these low
temperatures and approaching zero as the temperature nears the freezing point (Gordon et al., 1982),
some caution iswarranted in extrgpolaing laboratory results to the natura receiving environment. Toxic
effects observed at 20°C may not be observed at temperatures near 0°C.

In reaching a concluson on the environmentd risk characterization of ethylene glycal,
condderation is given to the environmenta conditions at the time of release, the concentrations of
ethylene glycol in ambient waters and the frequency of release, in addition to the potential impacts on
aquatic life— in particular, impacts on environmenta populations. Attention is focused on the direct
effects on the most sengitive aguatic species and the indirect effects as aresult of biodegradation of
ethylene glycol and consequent decline of DO levels.

3.1.2 Environmental risk characterization

3.1.2.1 Aquatic biota— direct effects

Based on the most recent available data from dl airports for the 1997/98 and 1998/99 seasons, the
levels of ethylene glycol in effluent streams are below 200 mg/L 99% of the time and below 72 mg/L
95% of the time from over 3282 measurements (see Table 4), with the reported maximum of 4700 mg/L

measured in the spring of 1999. Although peek use of glycol tends to occur during mid-winter (GTAA,
1999), volumes released can dso be high in spring due to an increase in freezing precipitation events,
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snowmdt or pring runoff. In addition, the period in goring is Sgnificant in terms of potentid exposure of
breeding species of aquatic vertebrates and invertebrates. The concentrations of ethylene glycol in
effluent streams, measured during March and April from dl of the airports, for the most recent 1998/99
season were below 90 mg/L 99% of the time; however, a digtribution of maximum concentrations at
individud arports for these months provides a higher range of vaues (see Table 7).

Naturd dilution of effluentswill be occurring in the receiving waters and must be considered in
caculaing the risk to aguatic organisms. The leve of dilution will vary with each locetion; therefore, a
generic and conservative dilution factor of 10 is applied (see Appendix for detailed rationale). The
effluent concentrations are assumed to be reduced by 1 order of magnitude — i.e., the isolated maximum
effluent concentration of 4700 mg/L becomes 470 mg/L in the recelving waters.

In terms of exposure duration, it isimportant to note that dthough daily measurements of ethylene
glycol from sormwater effluents are limited, available dataindicate that pesk concentrations will typicaly
be maintained for a period of 1 or 2 days and subsequently decline to much lower levels (GTAA, 1997,
1998, 1999). Nonetheless, some daily measurements in the past have indicated that higher
concentrations can occur for severa consecutive days (Aéroports de Montréa, 1997). It will be
assumed that under wordgt-case conditions, high levels of ethylene glycol will be found in the effluent for a
period of severd days.

31211 Algee

The green dga, Selenastrum capricor nutum, was identified as the most sengtive aguatic species to
ethylene glycol exposure and was used as the basis for the Canadian Council of Minigters of the
Environment (CCME) water qudity guiddine of 192 mg/L for the protection of aquetic life (CCME,
1997a). As noted above (see Section 2.4.1.1.2), five toxicity tests used the same freshwater algal
species, measured cell growth as the toxicity endpoint (Dill et al., 1982; Ward et al., 1992; Aéroports
de Montréa and Andex Inc., 1994; Beak Consultants Ltd., 1995b; Fillard and Dufresne, 1999) and
followed essentialy the same test method (U.S. EPA, 1978, 1989a,b). The lowest IC,s was that
reported by Aéroports de Montréal and Anaex Inc. (1994) at 592 mg/L from one of three experimental
trids caculated using a non-parametric linear interpolation statistical model (Norberg-King, 1993), as
advised in the test protocol and consistent with the other available studies. For risk characterization, it is
gppropriate to consder the mean of the three trids, resulting in an 1C,5 of 3268 mg/L. Based on these
results, the caculated 1 C,ss are found to range from 3268 to 8825 mg/L. High coefficients of variation
and deviations from the test standard protocol — i.e., number of cells/mL, temperature and photoperiod,
and expression of test endpoints (Greene Environmenta Services, 2000) — make it impossble to
average dl of the results. As such, only the two studies of Pillard and Dufresne (1999) and Besk
Consultants Ltd. (1995b) can be averaged, to provide amean estimated |C,s of 7082 mg/L. Although
the study by Aéroports de Montréa and Andex Inc. (1994), which provided the lowest IC s of 3268
mg/L (mean of three experimentd trids), cannot be included in the overal mean, it adds to the weight of

" The CCME water quality guideline of 192 mg/L was based on the LOEC of 1923 mg/L from two of three experimental
trials of equal variance from the Aéroports de Montréal and Analex Inc. (1994) study.
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evidence in support of agd sengtivity to ethylene glycol exposure. In this sudy, the dgae were kept in
the dark for aperiod of 8 hours per day; dthough this would have interrupted the growth, the outcome
may be considered to reflect effects expected under more natura conditions. Therefore, the ICos of 3268
mg/L (Aéroports de Montréal and Andex Inc., 1994) is chosen to represent the LOEL.

It isimportant to note that the three recent studies discussed above (Aéroports de Montréa and
Andex Inc., 1994; Beak Consultants Ltd., 1995b; Fillard and Dufresne, 1999) terminated the andlyss
after 96 hours; however, the sudies by Dill et al. (1982) and Ward et al. (1992) alowed the tests to run
for aperiod of 14 days. These longer studies reported a decrease in the inhibition of growth of S,
capricornutum after the 96-hour period and at arate inversaly proportiond to that of the initial onset of
inhibition. Dill et al. (1982) reported thisfor dl of the treatment concentrations, and, athough the initia
cdll concentration was an order of magnitude lower in the sudy by Ward et al. (1992), asmilar
observation was made. It gppears that ethylene glycal is primarily inhibiting dgd growth during the initid
exponentia phase occurring within the first 96 hours. By the time 7 days had passed in the Dill et al.
(1982) study, dgd growth (for controls and adl concentrations) had reached aleve plateau where the
number of cel§mL remained essentially congtant at >1.0 x 10° cdlgmL. Such a“recovery” may indicate
that, over time, adverse effects on dgd populations may be minimd. However, it is not clear if this
phenomenon is attributable to S. capricornutum only or if it would be observed for adl agae and other
aquatic plant species. Evidence suggests that it may be afunction of the organism rather than the
chemicd, as amilar observations have been made after exposing S. capricornutum to other substances,
including epichlorohydrin and, to a certain extent, phenol and 4-chlorophenal (Dill et al., 1982), as well
as diethylene glycol (Ward et al., 1992); other substances, however, including diethanolamine (Dill et al.,
1982) and propylene glycol (Ward et al., 1992), did not induce such aresponse. Because of this
uncertainty, the observed inhibitory effectson S. capricornutum during exponentid phases of growth will
be congdered to reflect potentid and significant inhibition of growth of other algd species.

Itisdso dgnificant thet for dl of the avalable S. capricor nutum growth inhibition Sudies, the
tests were conducted at atemperature of approximately 25°C. Given that the primary route of exposure
to the environment results from arcraft deicing operations, it would be more appropriate to consider the
effects under temperatures more relevant to deicing conditions. Aéroports de Montréa and Analex Inc.
(1994) attempted to determine the impact of ethylene glycol on growth of S, capricornutum at
temperatures of 10 and 4°C but were unable to observe any significant growth at these temperatures,
and therefore no toxic effects were measurable. This observation suggests that under coal fdl, winter and
spring temperatures (<10°C) in receiving waters across Canada, the rate of growth for this species
would be minimd. Thisis supported by the standard practice of storing S. capricor nutum laboratory
cultures at 4°C for extended periods of time— e.g., 6 months or more (U.S. EPA, 1978, 1989a,b). For
many temperate algd species, optimum growth conditions occur above 15°C (Reynolds et al., 1975;
Leeet al., 1985; Smbes GonHaves et al., 1988; Trainor, 1992; Dehui et al, 1998). Other species of
algee are adapted to lower temperatures, such as Chorella vulgaris, Synura sphagnicola and species
of diatoms that can have measurable growth at temperatures near 5°C (Wetzel, 1975; Hedley, 1983;
Maxwell et al., 1994). However, for dl adgae and other aguatic plants, the rates of growth are
significantly reduced at these lower temperatures. Typicdly, the rate of growth/photosynthes's decreases
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by afactor of 2.0 for every 10°C drop in temperature (Qo = 2.0), but the decrease can be much greater
as the water temperature approaches 0°C (Davison, 1991).

For thisrisk characterization, it is assumed that alga species present in receiving waters near
Canadian arports will at least be as sendtive as S, capricornutum at warmer temperatures. Therefore,
using the IC,s of 3268 mg/L from the most conservative agae test results (Aéroports de Montréal and
Andex Inc., 1994) as the Criticd Toxicity Vdue (CTV) and gpplying an gpplication factor of 5 to
account for interspecies variability and laboratory to field extrgpolation, the Estimated No Effect Vaue
(ENEV) of 654 mg/L is obtained. In deriving risk quotients, the Estimate Exposure Vaue (EEV) is
divided by the ENEV (EEV/ENEV), and these are presented in Table 8 for various exposure scenarios.

31212  Amphibians

Asindicated above, spring months can coincide with high levels of ethylene glycol exposure, aswell as
significant and possbly sengtive eventsin the life cycle of other freshweter organisms— eg.,
invertebrate and amphibian hatching, larval development, breeding, etc. Although data are limited,
amphibians gppear to be among the more sengtive aquatic animas to ethylene glycol exposure. The only
available sudy that examined the effect of ethylene glycol on amphibians was an acute study on Xenopus
laevis, anon-native species of clawed frog. The arithmetic mean 48-hour L Cs, was determined to be 17
509 mg/L from two tests (Beak Consultants Ltd., 19954). This endpoint falsin the lower range of the
acute effects measured for fish species. The 24- to 96-hour LCs,s from 10 studies on fish ranged from
17 800 to 83 400 mg/L.. From the available subchronic (7- to 14-day) toxicity tests on fish, LOECs and
ECss ranged from 22 520 to 28 333 mg/L for growth. Assuming that the acute to subchronic ratios for
fish are smilar to those for amphibians, the highest ratio being 3.7, a conservative estimate of the
concentration inducing a subchronic effect on amphibians would be 4732 mg/L (17 509 + 3.7). Using
4732 mg/L asaCTV and applying an gpplication factor of 10 to account for the fact that the amphibian
study used a non-native species and for uncertainty in laboratory to field extrapolation, the subchronic
ENEV becomes 473 mg/L.

Again, for amphibians, consderation must be given to the influence of cold temperatures, which
coincide with significant releases of ethylene glycol. During Canadian winters, temperatures drop near or
below freezing, and native amphibians typicaly will enter into a Sate of dormancy (Bradford, 1984;
Tattersdl and Boutilier, 1997; Boutilier et al., 1997). During such a sate, especidly during prolonged
periods (severa months), the basa metabolism will decrease to 10 or 20% of the normd resting
metabolic rate (Boutilier et al., 1997), with the Qo ranging between 2.6 and 6.6 for the common frog
(Rana temporaria) at temperatures between 5.5 and 1.5°C, respectively (Tattersall and Boutilier,
1997). It follows that where metabolic rates are reduced, toxicity may aso be reduced. For example, the
toxicity of cadmium was found to be reduced with a decrease in temperature in young tadpoles (Ferrari
et al., 1993). In agmilar manner, the toxicity of ethylene glycol to native amphibians may dso be
reduced at these cooler temperatures.

As temperatures warm up in the spring, many Canadian amphibian species will emerge from
dormancy (onset of increased metabolic rate) and will often immediately initiate breeding from early April
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through May and June, depending on location. The earliest reported date when the firgt cals of spring
peepers (Hyla crucifer) were heard was on March 26, 1998, in centra Ontario (an earlier than normal
date, attributable to the effects of El Nifio) (Bishop and Shirose, 1999). In northern Ontario, first calls of
the spring peeper have been heard between April 2 and May 2 between 1993 and 1998 (Bishop and
Shirose, 1999). Amphibians that emerge in early spring have the potentia to be affected by exposure to
sgnificant concentrations of ethylene glycol rleased from airports at thistime of year. Because the effects
of exposure of amphibiansto ethylene glycol under cold temperatures are not available, the conservative
ENEV of 473 mg/L for amphibians is compared with the EEV. Various exposure levels (EEVS) are
provided in Table 9 for comparison and are used in deriving risk quotients (EEV/ENEV).

31213 Concluding discussion

Consarvative risk quotients are dl less than 1.0; however, the conservative risk quotients using the
highest reported maximum in the past 2 years are very close to 1.0 (0.99) for amphibians and 0.71 for
adgee. A moreredigtic characterization of the potentid for adverse population-level effectsis consdered
to be much lower. When estimating the potentia environmenta risk to a population, the frequency of
exposure must be consdered. The frequency of these high levelsis very low, as only asingle effluent
concentration from 3282 samples was found to be essentialy equivaent to the caculated ENEV for
amphibians. In addition, the 99th-percentile concentration from al data from the 1997—1999 seasonsis
200 mg/L, which results in an estimated exposure concentration of 20 mg/L, giving a quotient for
amphibians 25 times less than 1.0. In addition, under most circumstances, it can be expected that
maximum concentrations in releases from airports will not last for more than 1 or 2 days, therefore, one
can expect actua high concentrations experienced by aguatic organisms to be of shorter duration than
assumed by |aboratory tests. Moreover, as discussed above, the ambient temperature can have a
significant impact on the physologica rates of activity for dgae and other aguatic ectothermic organisms,
which will likely lower the toxicity. Furthermore, under current management practices, the concentrations
of ethylene glycol being released are expected to continue to decline or be maintained a minimd levels at
the 26 mgjor airports under the National Airports System (NAS) in Canada (Aaders, 1999), which
handle an estimated 95% of the passenger and cargo volume (Transport Canada, 1999a) and use & least
95% of the ethylene glycol (Leroux, 1999).

3.1.2.2 Aquatic biota— indirect effects

Ethylene glycal is generdly rapidly biodegraded in aguatic ecosystems (Sills and Blakedee, 1992).
Biodegradation by a variety of acclimated microorganisms under aerobic or anaerobic conditionsis likely
the primary remova process for glycols in surface waters. Under some conditions, the biodegradation of
glycol can be sufficiently rapid that DO will be depleted in recelving waters (Sls and Blakedee, 1992),
possibly leading to adverse effects on aguetic biota. How quickly biodegradation occurs depends upon a
number of factors, including ambient temperature, nutrient levels and the microbid populationsin the
recelving waters.

In Canada, the CCME has released guiddiinesfor DO levelsin water bodies that protect
sengtive life stages of warm-water and cold-water aquatic life (CCME, 1999). These Canadian water
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quality guidelines are based in part on those derived by the B.C. Ministry of Environment, Lands and
Parks (Truelson, 1997) and Alberta Environmenta Protection (AEP, 1997). British Columbia has
edtablished an indantaneous minimum criterion of 9 mg/L for early sediment-dwelling life sages of
aquatic organisms and a 30-day mean of 11 mg/L for the same species (Truelson, 1997). In Alberta, DO
guidelines for surface water are set at 8.3 mg/L for a 7-day mean from mid-May to the end of June to
protect the emergence of mayfly species and 9.5 mg/L for early life stages in the sediment. These and
other invertebrate species are important food for other organisms, and juvenile forms will overwinter in
the sediment layers before emergence in the spring in many smal Canadian rivers and streams (Barton
and Taylor, 1996; AEP, 1997; Beak Internationd Inc., 1997; House of Hiking and Fishing, 1999). The
Alberta government’s 1-day minimum to be met a al timesisset a 5 mg/L (AEP, 1997). The Canadian
water quality guidelines have been derived for DO for the protection of freshwater aguatic life and can be
seenin Table 10 (CCME, 1999).

The DO requirements of fish vary with season, hedth and life stage. The DO cold-water
guideline applies to waters that support cold-water fish species, including salmonids, smdlts, pikes,
sculpins, walleye and smalmouth bass. Where no such fish species are present, the warm-water
guidelines gpply (CCREM, 1987). For many streams and water systems that receive ssormwater effluent
from airport facilities, there may be no natura cold-water fish species, dthough these species are
recognized to exist in every province or territory in Canada (DFO, 1995). In the case where the natura
background concentration is less than 110% of the guideine vaue for early life stages of cold-water fish
(e.0., <10.45 mg/L ), the minimum acceptable concentration becomes 90% of the natura upstream
concentration of DO (CCME, 1999).

Although most species of fish, amphibians and invertebrates will overwinter in amore mature
date, some can or will overwinter in the more juvenile stages, including the mountain whitefish
(Prosopiumwilliamsoni), bull trout (Salvelinus confluentus) and burbot (Lota lota) (Chambers and
Mill, 1996), some invertebrates (Markarian, 1980), including the common mayfly, Baetis tricaudata
(Lowell and Culp, 1996), and some amphibians, including the green frog (Rana clamitans) and the
spotted frog (R. pretiosa) (Industry Canada, 1999). The juvenile species tend to be more senstive to the
effects from exposure to ethylene glycol (CCME, 1999) and may be exposed during winter deicing
operations. As noted above, the metabolic rate and thus the norma consumptive demands of ectothermic
aquatic biota such as fish, amphibians and invertebrates are lessened at cooler temperatures. For
example, the oxygen consumption for goldfish (Carassius auratus) exposed to water at 5°C was 17.5-
fold lower than at 25°C (Fry and Hart, 1948).

In order to predict the impact of ethylene glycol on the DO leve of ambient waters following
arcraft deicing operations, the Streeter-Phel ps oxygen sag model has been used. The Streeter-Phelps
oxygen sag modd was initialy developed to predict water quaity downstream of wastewater discharges
(Streeter and Phelps, 1925). The model assumes that the discharge has a constant flow, constant BOD,
rapid and complete latera mixing of the discharge in receiving water, and that effects of photosynthesis
and benthic processes are negligible. The gpplication of the Streeter-Phel ps model for estimating the
effects from ethylene glycol discharge from aircraft deicing operations does not completely conform with
the assumptions under which the model was derived; however, it is congdered adequate for the following
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reasons. It is recognized that dl discharges will not be congtant in flow or compostion, and typicaly
discharge concentrations will peak in the first day or two of release, followed by subsequent decline
(GTAA, 1997, 1998, 1999). However, for the purposes of the model, concentrations are considered
stable enough to dlow the modd to estimate the DO levels with reasonable accuracy (Parker, 1999b).
Also, deicing and anti-icing fluids are applied periodicdly during fdl, winter and goring monthsin
conjunction with cold-wegather precipitation events, which can continue for severd days. Applied
ethylene glycol may be entrained in runoff water from the precipitation event or may be incorporated in
the nearby snow, followed by subsequent release during spring melt (Cors et al., 1999). Surface water
discharge under these conditions can last for a period of days, long enough for adequate application of
the mode. The more typica variation in concentration with time will cause some longitudind diffuson and
mixing in the recalving water; therefore, it is expected that the maximum in-stream concentrations
associated with agiven deicing event will be somewhat reduced during downstream transport (Cors et
al., 1999). Therefore, by assuming that the maximum in-stream concentration is not reduced during
downstream transport (except by degradation), the model will tend to overestimate the actua oxygen
deficit (Parker, 1999b).

The Streeter-Phelps modd aso assumesthat the discharge israpidly mixed laterdly in the stream
and hence represents the stream as a one-dimensiond system. This assumption will be vaid in streams
that are fast moving and have substantia turbulence. In dow-moving streams, the assumption of rapid
lateral mixing may not be gppropriate, and aloca mixing zone, with devated BOD concentrations and
increased oxygen deficits, may be present. Given that ethylene glycol discharges will occur during runoff
or precipitation events, which tend to correspond to increased stream flows, it islikely that most of the
streams of concern could be consdered as having sufficient laterd mixing to minimize the impact of
increased localized concentrations (Parker, 1999b).

Below is the Streeter-Phelps model (Streeter and Phelps, 1925):

— leO - kit - Kot - kot
D= —[el-e2 + De"
k- ki ——
Initial oxygen deficit
Oxygen deficit as a result of loading.  from saturation.

where:

D = DO ddficit (from saturation) (mg/L),

t = travel time in stream from discharge location to point of interest (days),
k, = rate constant for BOD decay (day ™),

k, = re-aeration rate constant (day™),

Lo =initid BOD immediately downstream of the discharge (mg/L), and

Do = DO deficit immediately upstream of the discharge (mg/L).

The modd can determine the critica timet downstream a which point the DO isa aminimum

and the rate of re-aeration equals the rate of oxygen consumption. It will be assumed that downstream
trangport will continue for aperiod of 3 days, since most streams or creeks will receive water from
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another tributary or flow into alarger system within aperiod of 3 days (Corg et al., 1999; Parker,
1999b), and hence the oxygen leve of the water will likely increase and the concentration of ethylene
glycol will be reduced.

Only one rdiable study was available for which the decay rate constant (k;) was determined
under winter-relevant conditions. The k; of 0.033 day™ was determined following standard test protocol
a an ethylene glycol concentration of 50 mg/L and using ample acclimated soil bacteria a atemperature
of 4°C (Williams, 1995). Propylene glycal rate constants dso fdl inthe samerange—i.e, a 12°C
between 0.06 and 0.17 day™ at propylene glycol concentrations of 1000 and 100 mg/L, respectively.
Similarly, the rate constants for propylene glycol at 4°C were 0.05 and 0.07 day™ at concentrations of
1000 and 100 mg/L, respectively (Camp Dresser and McKee, 1997). These vaues increase confidence
in the rate congtant, which is critica to the caculations. It isimportant to note that both low nutrient
availahility and limited acclimated bacteria populations may reduce the rate a which the ethylene glycol is
degraded in the ambient environment. Therefore, in some streams, the Streeter-Phel ps modd may
overpredict oxygen deficits due to limited availability of nutrients or acclimated biomass.

Naturd levels of DO in Canadian surface waters can and do vary considerably with location,
atmospheric and hydrogtatic pressures, water depth, turbulence and velocity, temperature, sdinity,
groundwater recharge, ice cover, photosynthetic activity, respiration, biodegradation and characteristics
of the watershed (Wetzel, 1975). Generdly, variations in oxygen levels are not the result of point source
discharges (CCME, 1999). Data on DO levelsin rivers across Canada are limited. The NAQUADAT
1985 database indicates that DO leves in surface waters (some of which are likely influenced by
anthropogenic sources) range from non-detectable to 18.4 mg/L (n= 12 076) (CCREM, 1987; CCME,
1999). In asurvey of upstream concentrations in Truro Creek, outside Winnipeg Internationa Airport,
concentrations ranged between 2.3 and 12.1 mg/L, with means of 8.4 and 7.6 mg/L, from April to June
in 1997 and 1998, respectively (North/South Consultants Inc., 1998). Upstream and downstream of
Toronto's Lester B. Pearson airport, concentrations ranged from 11 to 12.7 mg O,/L during October
1996 and March 1997, with the highest levels reported in March (Beak Internationd Inc., 1997). Ina
survey of ice-covered Canadian rivers under the Northern River Basins Study, carried out by
Environment Canada and Alberta Environmental Protection, concentrations ranged from 0.96 to 14.1 mg
O./L (mean =9.16 mg/L, n = 381) (Chambers and Mill, 1996; Chambers et al., 1996, 1997). One
seasond factor that can influence the level of DO is the ambient temperature, because cold water has a
higher absorptive capacity for oxygen than warm water. At 101.3 kPa and 20°C, the saturation point for
DO inwater is9.08 mg O./L, whereas at 4°C it is 13.1 mg O,/L (Tchobanoglous and Burton, 1990).

Although theinitid DO levd in surface waters can vary to agreat degree and empirica data are
limited, for thisanalyssit is assumed that under cold winter conditions, the initid DO leve has reached
about 95% of saturation (i.e., 12.4 mg/L). This assumption is considered to be justified, sSince devated
ethylene glycol discharges are most likely during rainfdl and snowmdt events, and hence the recaiving
waters should have devated flows. Thiswill create conditions that favour re-aeration and hence eevated
initid DO concentrations (Parker, 1999b).
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Under naturd winter conditions, the restriction of oxygen exchange due to ice cover can cause
significant depletion of DO (CCME, 1999). Notably, under conditions of ice cover, which will occur in
recelving waters near airports, decomposition of the organic matter in the stream over the winter can lead
to agradua declinein the DO leve. Input of ethylene glycol into ice-covered receiving waters adds to
the BOD and can further deplete the DO level of the stream. A gradud decline in the DO level under ice
was observed in the high-volume Athabasca River system, where inputs of high BOD from pulp and
paper and municipa effluent caused a decline of DO from 12 to 7.2 mg/L over adistance of 450 km
(Chamberset al., 1996).

For characterization of risk from indirect effects, the input parameters applied to the Streeter-
Phelps mode include the assumption of complete ice cover and therefore no re-aeration, a dilution
factor of 10, an initid DO concentration of 12.4 mg/L. and concentrations of ethylene glycol in
sormwater (maximums and percentiles) released from 32 airports during the 1997/98 and 1998/99
seasons. Oxygen deficit quotients are provided in Table 11,

From the quotients presented in Table 11, it is gpparent that depletion of oxygen below the
CCME guiddine of 9.5 mg/L is not expected to occur at releases of 200 mg/L and at the CEPA Part
IV guiddine of 100 mg/L; however, the potentid for significant oxygen depletion appears to exist when
the andys's assumes the worst-case maximum levels. Results of a separate probabilistic modd ling study
that used maximum loadings from individua airport facilities during the 1997/98 or 1998/99 season and
assumed complete ice cover predicted DO levels beow the CCME DO guideline to occur about 17%
of the time under worst-case conditions (Parker, 19994). It isimportant to recognize that loadings of
ethylene glycol a these high levels are rare (see Figure 2 and Table 4) and that consideration must be
given to the fact that these predictions are based on many conservative assumptions— i.e., no re-
aeration, ingantaneous mixing, use of one-time maximum effluent concentrations, DO requirements of
aquatic organisms are not reduced in winter, travel time in the receiving waters before being re-aerated
inthe stream is set at 3 days, dilution is assumed to be afactor of 10, etc. In addition, the guideline
vaue of 9.5 mg/L is specificaly applicable to cold-water fish species, which may not be present in the
receiving waters during the time of deicing. Application of the warm-water guideine would substantialy
reduce the levels of adverse effects from adeclinein DO. Also, the degradation rate constant used in all
of the scenariosis based on a5-day BOD test using acclimated soil bacteriain anutrient medium at 4°
C. It can therefore be expected that degradation would likely occur a alower rate in the natural
environment where nutrients and biota may not be as abundant and biota may not be as acclimated to
ethylene glycol. Moreover, the theoretical oxygen demand of 1.29 mg O,/mg ethylene glycal is
assumed, which may tend to overestimate the actual amounts of DO consumed, as empirical datawould
suggest that lower levels of consumption are more likely (see Section 2.4.1.2) and biodegradation
sudiesindicate that the BOD may be 69-81% of the theoretica oxygen demand (Urano and Kato,
1986).
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3.1.2.3 Uncertainty and recommendations
3.1.2.3.1 Direct effects

There are numerous sources of uncertainty in thisrisk characterization. In particular, thereis anotable
lack of measurements of ethylene glycol in the ambient environment. However, alarge data set of
measurements of ethylene glycol in effluent concentrations from Canadian airports provides avery good
indication of quantities being released. Because the conditions of the recelving waters can be highly
variable across Canada, some conservative assumptions, including use of a dilution factor of 10, have
been gpplied. By doing this, it is expected that an adequate estimate of the concentrations of ethylene
glycol in the receiving waters can be obtained.

The use of deicers and anti-icers at airports across Canada will vary from year to year and from
region to region, depending on climatic factors, however, it isimportant to note that data from severa
years from a sampling of the mgor airportsin Canada have been considered in this characterization and
are assumed to capture a variety of weather conditions, including the 1998 ice storm in eastern Ontario
and western Quebec. It is aso apparent that the development and implementation of GMPs &t the
arportswill aso vary markedly from arport to airport; however, the 32 airports for which data were
available use the vast mgjority (>95%) of ethylene glycol across Canada. Available evidence suggests
that as adirect result of control efforts by Transport Canada, ATAC, locd arports and airlines and the
implementation of GMPs and GOMPs at the mgor airports in Canada, the levels of ethylene glycol being
released to the ambient environment have been declining over the past years.

Another area of uncertainty isin the reported formation of oxdate crystasin the kidneys of fish
chronically exposed to ethylene glycol-based deicing fluid (Evans, 1990; Hartwell et al., 1993, 1995).
Hartwell et al. (1993) suggested that the chronic effects of deicing operations using ethylene glycol-
based deicers may be long-lasting and could result in permanent debilitation. Although the presence of
oxdate crystdsin the kidneys and the other effectsin the Hartwell et d. (1995) study are said to occur
as aresult of exposure to aircraft deicing fluid, it is acknowledged that they are very likely the direct result
of the presence of large quantities of ethylene glycoal in the effluent. The metabolic relaionship between
oxaate crystas and ethylene glycol is clear (Carney, 1994), and the results were consstent with those
observed in the kidney of mammals (see Sections 2.4.1.1.6, 2.4.3.3 and 2.4.3.4); however, the results of
the Hartwel| et al. (1993, 1995) and Evans (1990) studies are difficult to interpret due to the presence of
the formulated product rather than ethylene glycol done. In addition, the Hartwell et al. (1995) study did
not establish a dose-response relaionship, making interpretation of cause and effect difficult, and the
effects were essentidly histological, making it difficult to extrapolate to adverse population-level effects.

Another area of uncertainty involves the fact that fish increasse their respiretion rate in order to
compensate for low DO (an indirect effect), a response that can mean greater exposure to potentialy
harmful substances as flow rate across gill tissue increases. In addition, aircraft deicing/anti-icing fluids are
composed of numerous ingredients, including surfactants, rust inhibitors, thickeners, etc. These
components of the formulation, as well as other chemicas that may be present in the effluent, such as
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petroleum products, may be more toxic than the ethylene glycol and may make the organisms more
susceptible to adverse effects from exposure to ethylene glycol. These other substances present in the
effluent stream can aso contribute to increased direct toxicity and/or to areduction in available oxygen in
the water body through additiona biodegradation. Although these factors were not directly addressed in
this characterization, the potentia for combined effects of this nature can, to some extent, be captured by
dividing the lowest measurement endpoint concentrations (CTV) by an application factor.

3.1.2.3.2 Indirect effects

The assumptions of the Streeter-Phelps oxygen sag model may not be perfectly applicable to the
intermittent-rel ease scenario from arcraft deicing operations, and its application is recognized to be
better suited to a Ste-specific model, where effluents are continuous and the receiving waters are well
characterized (e.g., temperature, DO content, organic carbon content), as was the intent of the authors
(Streeter and Phelps, 1925). However, most assumptions regarding model input parameters used in this
andysis were consarvative, and naturd conditions may not result in the induction of adverse effects. It is
aso understood that many receiving water bodies will not have “ upstream” DO levesthat are above the
CCME water qudity guideline of 9.5 mg/L. Many reported levels of DO are, in fact, below the target
guiddine; therefore, any input of ethylene glycal to receiving watersin this state will further reduce the
leve of oxygen beow criticd levels. Thismay be epecidly significant under ice-covered conditions,
where opportunity for re-aeration may be negligible. It is gpparent, however, that many of the receiving
waters around airports are not home to cold-water fish species; as aresult, the warm-water guideline
(6.0 mg/L) would be applicable. Under asimilar analysis as provided above, using the warm-water
guiddine, the likelihood of adverse impacts would be subgtantidly reduced.

Based on the present andyses, it would seem  that harmful environmenta effects are unlikely to
result from exposure to ethylene glycol in Canada. However, effects related to depletion of DO levesin
receiving waters may be possible near some Canadian airports avery smdl percentage of the time under
conditions of maximum loading. It is therefore recommended that current efforts to reduce releases of
ethylene glycol during aircraft deicing/anti-icing operations continue to be strengthened, with the am of
reducing further the instances when ethylene glycol concentrations in ssormwaters exceed the CEPA Part
IV guiddine of 100 mg tota glycol/L.

3.2 Environment upon which life depends
Since the estimated aimospheric (tropospheric) lifetime for ethylene glycol is too short for transport to the

sratosphere and as ethylene glycol contains no chlorine atoms, ethylene glycol does not contribute to the
depletion of the ozone layer. Its POCP islow, and its GWP is negligible.
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3.3  Human health
3.3.1 Estimated population exposure

Data on levels of ethylene glycol in environmental mediain Canadato serve as abasis for development
of estimates of population exposure were identified only for areas near indudtria point sourcesin
Alberta. These data are limited to afew predicted concentrationsin ambient air a ground level and to
measured concentrations in soil. No data were identified concerning the presence or concentrations of
ethylene glycal in drinking water in Canada or e sawhere.

Very meaningful determinigtic estimates of average exposure for the generd population are
precluded due to the limitations of the available data. Worst-case intakes have been estimated for
populations near industrid point sources of ethylene glycoal, dthough the limitations of the available data,
which serve as the basis for these upper-bound estimates, must be bornein mind in their interpretation.
Onthisbags, intake is estimated to range from 22 to 88 pug/kg-bw per day, as summarized in Table 12.

Dataon levels of ethylene glycol in food are limited to results of two earlier sudies of migration
from RCF and PETE bottles in other countries and to reported concentrationsin Italian wines. Worst-
case intakes from ingestion of foods assumed to be contaminated with ethylene glycol through contact
with food packaging materials have been estimated for the generd population. On thisbasis, intake is
estimated to range from less than 2.5 to 41.0 pg/kg-bw per day, as summarized in Table 13. Migration
to food from RCF accounts for most of the estimated intakes.

Based on available data, the generd population may be exposed periodicdly to ethylene glycol
through the use of severd consumer products, including for example, automobile antifreeze, wax, polish
and windshield washer solution, floor wax and polish, tub and tile cleaner and latex paint. Estimation of
exposure from such products is incomplete, due to the lack of adequate data on the proportions which
include ethylene glycol as an ingredient and on the concentrations in the various products available.
Although automobile coolant (i.e., antifreeze) and winter windshield washer fluid are expected to contain
the highest concentrations of ethylene glycol, human exposure to these products is expected to be
infrequent and of short duration for asmal number of individuds and negligible for the mgority of the
generd population. Also, while some inhaation exposure is expected during use of the products
mentioned above, intakes by inhdation were not estimated, since the physica-chemica properties of
ethylene glycol limit its rate of evaporation from liquid products and the application of these products do
not generdly involve formation of aerosols.

Intakes by derma absorption have been estimated for adults using these consumer products
(Hedlth Canada, 2000). Generic estimates of the maximum concentrations of ethylene glycoal in these
products are assumed, as data from anayses of specific products in Canada are not available for this
purpose. Based on the worst-case assumptions of 100% derma absorption of ethylene glycol from thin
films of liquid products containing the maximum expected concentrations of ethylene glycal, in
standardized scenarios using estimates of frequencies of use and areas of exposed skin, the upper-
bounding estimates of daily intakes by adults range from 0.09 to 236 ug/kg-bw per day for the four
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product types for which generic estimates of ethylene glycol content are available. Thisinformation is
summarized in Table 6.

The highest estimates of dally intake by adults due to derma absorption of ethylene glycol from
consumer products result from the standardized scenarios involving the use of tub and tile cleaner.
Although mid-point estimates of event frequencies are assumed (i.e., 156 and 48 events per year), these
frequencies are consderably higher than the conservative estimates of event frequencies assumed in the
scenarios involving the three other consumer product typesin Table 6. Therefore, daily intakes are
higher for the tub and tile cleaner, even though higher concentrations of ethylene glycol may be present
in the other product types.

It should be noted that these values represent worst-case estimates. Estimated daily intakes by
dermal absorption of ethylene glycol from use of these consumer products are severd orders of
magnitude less when based on |ess conservative assumptions. These include the assumptions that dermal
absorption is proportiond to the concentration of ethylene glycal in the products and that steady-Sate
penetration occurs for periods equivaent to the average durations of product uses in the standardized
scenarios (Hedth Canada, 2000). However, available data on permesability through human skin are
inadequate as a basis for confident estimation of exposure, and, as aresult, these estimates are not
presented here. Thisis dueto lack of evidence of adequate viahility of the skin in the most
comprehensive investigation conducted to deate, i.e., that by Sun et al. (1995), which may have been
compromised due to use of samples of full thickness and lack of identified data on uptake from product
formulations (Moody, 1999; Health Canada, 2000).

A proportion of the population is also exposed to ethylene glycol as passengers during deicing
operations for arcraft. While the pattern of exposure of individuas in the population is expected to be
highly variable, depending upon frequency of arline travel during the winter season, identified data are
inadequate to quantitatively estimate intake from this source.

3.3.2 Hazard characterization

Thereis convincing evidence that the toxicity of ethylene glycol is mediated principdly through
metabolites. Available data indicate also that the likely pathways involved in the metabolism of ethylene
glycol are quditatively smilar in humans and other mammalian species, potentid quantitetive differences
have not been well studied.

3.3.2.1 Carcinogenicity

Identified data in humans are inadequate as a basis for assessment of the weight of evidence for
causdity of the potentid carcinogenicity of ethylene glycol, being limited to the results of asingle case—
control study of chemica production workers, in which there was no association between presumptive
exposure to ethylene glycol and rena cancer (Bond et al., 1985). Ethylene glycol has not been
carcinogenic in a 2-year bioassay in rats for which senstivity was somewhat compromised at the top
dose in maes due to high mortdity (DePass et al., 19864) or in a comprehensive bioassay in mice
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(NTP, 1993) exposed in the diet, nor in early (more limited) dietary sudiesin rats (Morriset al., 1942;
Blood, 1965) or monkeys (Blood et al., 1962). In the limited number of identified in vitro and in vivo
sudies, ethylene glycol has not been genctoxic.

3.3.2.2 Non-neoplastic effects

Ethylene glycol haslow acute toxicity in experimental animads following ord, inhdation, or dermd
exposure. Based upon comparison of published vaues for the minimum lethal dose in humans [ranging
from approximately 0.4 g/kg bw (RTECS, 1999) to 1.3 g/kg bw (ATSDR, 1997)] and rats [3.8 g/kg
bw (Clark et d., 1979)], humans may be more sengitive to the lethd effects of acute ethylene glycol
poisoning than experimenta animdls, though due to limitations of quantification of exposure in poisoning
cases, these conclusions should be cautioudy interpreted.

In both humans and animdss, ethylene glycol has induced only minima dermd irritation. Nasal
and/or throat irritation were reported in asmal number of subjects inhding ethylene glycol, while higher
concentrations produced severeirritation (Wills et al., 1974). In experimenta animals, ethylene glycol
induces only minima conjunctivd irritation, without permanent cornedl damage. Data on the potentia of
ethylene glycal to induce senstization have not been identified.

Though there was no evidence of effects on rend function in asmall group of aircraft workers
(some of whom wore protective bresthing equipment) exposed in a cross-sectiona survey to ethylene
glycol vapour or mist during de-icing operations (Gerin et d., 1997), available data from acute
poisoning cases (humans) and repeated dose toxicity studies (experimenta animals) indicate that the
kidney isacriticd organ for the toxicity of ethylene glycal in both humans and experimentd animals.
Datain humans are inadequate for quantitation of doses which result in rend effects (deposition of
cacium oxdate, haematuria, necross, rend failure). However, in experimenta animas, though aso
observed in femde rats, and maes and femaes of other species in short-term, subchronic, and chronic
ord studies, the mae rat has been most sengtive in the development of degenerative changesin the
kidney associated with ethylene glycol (cacium oxdate crystaluria and cacium oxdate nephross).
Avallable data are congstent with the metabolism of ethylene glycol to oxalic acid and the subsequent
formation and depogition of cacium oxdate crystals being important requisite steps in the induction of
these rend lesions, though, a potentid role of other metabolites cannot be completely excluded. In ther
mogt severe form, these lesons are incompatible with life (and respongble for most of the deathsin

human poisonings by ethylene glycoal).

In rodents, mild liver damage (including fatty degeneration, hyaine degeneration, bile duct
proliferation, diffuse or centrilobular atrophy) has aso been observed at doses higher than those
associated with the induction of effectsin the kidney of mae ratsin longer-term studies.

Effects of ethylene glycol on other systems (including the blood, lung and heart) have not been
congstently observed at lowest doses.
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Based on arather extendve database, ethylene glycol induces developmenta effectsin rats and
mice by al routes of exposure, dthough at doses greater than those associated with rend effectsin mae
rats. Indeed, ethylene glycal isteratogenic, inducing primarily skeleta variations and maformations,
sometimes at doses |ess than those that are maternally toxic, with mice being more sengtive than rets.
Although most research has focused on the possible role of glycolic acid and/or associated metabolic
acidosisin the induction of developmenta effects by ethylene glycol, a possible role for other
metabolites and/or ethylene glycal itself cannot be excluded on the basis of available data.

The reproductive toxicity of ethylene glycol has been extensvely investigated in adequate studies
in mice and rats. In repeated-dose toxicity studies, there has been no evidence of adverse impact on
reproductive organs, in specidized studies, including a three-generation study in rats and continuous-
breeding protocolsin mice, evidence of reproductive effects has been restricted to mice (but not rats or
rabbits) exposed to doses consderably greater than those associated with developmentd effectsin this
species or rend effectsinrats.

Avallable data are inadequate to assess potentia adverse neurologica or immunologica effects
asociated with long-term expaosure to ethylene glycol, dthough neurobehaviourd and neurologica
disorders have been reported in cases of acute ethylene glycol poisoning in humans. In the limited
number of investigations identified to date, neurologica effects have not been observed at doses below
those that have induced rend toxicity. Consstent treatment-related effects on immune system-related
parameters have not been observed in available repeated-dose toxicity studies, in which severd species
have been exposed to ethylene glycoal ether ordly or by inhaation.

3.3.3 Exposure—response analysis

Data on exposure-reponse in humans are limited. They include acute poisoning cases in which
exposure has not been well quantified. A short-term study in which arange of endpoints (physica
examinations, psychologica testing and analyses of hematological, serum clinical chemistry and urinary
parameters) has been examined in asmal number of human volunteers exposed by whole-body
inhaation continuoudy for periods up to 30 days has aso been conducted (Wills et al., 1974).
Although inadequate as a basis for characterization of exposure—response, available datain humans are
a leest somewhat hepful as abasisfor crudely characterizing potentid relative sengtivity of
experimentd animals and humans. Exposure-response has therefore been characterized primarily on the
basis of resultsin gudies in experimenta animas, but including comparison of relative sengtivity with
humans where permitted by available data

It is histopathologica effects on the kidney that have typically been observed a lowest dosesin
laboratory animals exposed to ethylene glycal in repested-dose toxicity studiesin rats, mice and
monkeys. Based on subchronic and chronic studies by the ord route in rats and mice (Gaunt et al.,
1974; Melnick, 1984; DePass et al., 1986a; Robinson et al., 1990; NTP, 1993), male rats have been
the most sengitive sex and species, with data being cons stent with the deposition of cacium oxdate
crystas within the rend tissue being arequisite step.
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Developmentd effects (i.e.,, skeleta changes and, at higher doses, maformationsin the absence
of materna toxicity) have also been observed at lowest doses in mice (No-Observed-Effect Level
[NOEL] = 150 mg/kg-bw per day**; No-Observed-Adverse-Effect Level [NOAEL] = 500 mg/kg-bw
per day™) and rats (NOAEL = 500 mg/kg-bw per day) administered ethylene glycol oraly during
gestation (Neeper-Bradley et al., 1995). Effect levelsfor dight reproductive effects and developmenta
toxicity in mice in continuous-breeding studies in which ethylene glycol was adminigtered in drinking
water were higher (keletd maformations and dight reproductive effects at 1640 mg/kg-bw per day)
(Lamb et al., 1985; Morrissey et al., 1989).

Emphasisin the following sectionsis on characterization of exposure—response for the endpoint
observed at lowest doses in [aboratory animas— i.e,, rend effects. Developmental effects, which
generaly occur at somewhat higher concentrations, are also addressed.

3.3.3.1 Ora exposure

The most informative data set for characterization of exposure—+esponse for rend lesonsin the most
sensitive sex and species (i.e,, maerats) isthat from the sudy of Gaunt et al. (1974). Inthis
investigation, there were four dose levels of 35, 71, 180 or 715 mg/kg-bw per day, including two at
which there was a Sgnificant increase of ethylene glycol-related tubular damage. Compared with other
relevant studies (Menick, 1984; DePass et al., 1986a; Robinson et al., 1990), the protocol of this
investigation included larger numbers of dosesin the lower dose range in the vicinity of reported no-
effect leves (i.e., 200 mg/kg-bw per day) and optimum dose spacing (2- to 3-fold compared with 5-
fold in longer-term studies). Incidences of both individual lesons and total animals with tubular damege
were a so reported.

While in the investigation by Gaunt et d. (1974), group sizes were rdaively smal (n=15) and
exposures less than long term (16 weeks), data from the most recent chronic bioassay in larger groups
of animals (Depass et d., 1986a) are not consdered adequate as a basis for characterization of dose-
response for savera reasons. Histological reporting of non-cancer lesonsin this study was inadequate
dueto lack of application of consistent diagnostic criteriato assess the onset and progression of
treatment-related changes. Moreover, in this chronic bioassay in which there were three dose levels,
after 18 months on study, adl malesin the high dose group had ether died or were sacrificed when
moribund. Also, the incidence of lesions was dmost 100% in the top dose group (1000 mg/kg bw/day)
and minima at the intermediate dose (200 mg/kg bw/day) .

12 Based upon a statistically significant increase in the incidence of 1 of 27 skeletal malformations/variations (i.e.,
extra 14thrib on first lumbar arch) at the next highest dose of 500 mg/kg-bw per day.

'3 Based upon a statistically significant increasein the incidence of 25 of 27 skeletal malformations/variations at the
next highest dose of 1500 mg/kg-bw per day.

¥ Based in part on information presented in Maronpot (2000a) and Ohanian (2000).
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A Tolerable Intake for ethylene glycol, based on the development of histopathologica changes
in the kidney of male rats, has been derived based on a Benchmark Doseys (i.e., the dose estimated to
cause a 5% increase in incidence over the background response rate; BMDos), divided by an
uncertainty factor. The BMDgs was caculated by fird fitting the following modd to the dose—response
data (Howe, 1995):

P(d)=q,+(1-q,)] 1- € qd- .- ad" ]

whered is dose, k isthe number of dose groupsin the study, P(d) isthe probability of the anima
developing the effect at dosed and g, > 0, i = 1,...,k are parameters to be estimated.

The models werefit to the incidence data usng THRESH (Howe, 1995), and the BMDgss were
caculated asthe dose D for extrarisk that satisfies

P(D) —P(0) = 0.05
1-P(0)

A chi-sguare lack of fit test was performed for each of the modd fits. The degrees of freedom
for thistest are equa to k minusthe number of g’ s whose estimates are non-zero. A p-vaue less than
0.05 indicates a sgnificant lack of fit. For none of the models was there sgnificant lack of fit.

The BMDgss, associated lower 95% confidence limits (95% LCLs) as well asinformation on
goodness of fit for histopathologica changes in the kidneys of mae rats ingesting diets containing
ethylene glycol for 16 weeks (Gaunt et al., 1974) are presented in Table 15. The BMDgss range from
84 mg/kg-bw per day (95% LCL = 45 mg/kg-bw per day) to 550 mg/kg-bw per day (95% LCL =
180 mg/kg-bw per day) for individua lesions (Figure 3). Based on totd animals with tubular damage,
the respective BMDgs and 95% L CL are 49 mg/kg-bw per day and 22 mg/kg-bw per day (Figure 4).
Based on these values, a Tolerable Intake has been derived as follows:

Tolerable Intake = 49 mg/kg-bw per day
1000

0.05 mg/kg-bw per day
where:
49 mg/kg-bw per day isthe BMDgs caculated based upon total animals with tubular damagein the

kidney™ in the study (16 weeks) in which dose-response was best characterized (Gaunt et al.,
1974).

!> Considered the most appropriate indicator of ethylene glycol-associated renal damage (Wolf, 2000).
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1000 is the uncertainty factor (x10 for interspecies variation, x10 for intraspecies variation, x10 to
account for less than chronic exposure).  Available data are inadequate to further address
toxicokinetic and toxicodynamic aspects of components of uncertainty with data-derived values.
Though the putatively toxic metabolite in induction of rend lesionsin rats and humansislikely oxdic
acid, therole of other metabolites cannot be completely excluded; moreover there are no
comparative kinetic or dynamic datain rats and humans to serve as abass for reliable quantitative
scaing. Limited identified relevant datainclude that on doses which induce acute toxicity in humans
(often not well documented) and rats, the exceedingly limited data (particularly for humans) on
comparative proportions of total metabolites excreted as the putatively toxic entity (i.e., oxdic acid)
in humans and rats (Reif, 1950; Frantz et d., 1996a,b) and the specific activity of relevant enzymes
in hepatic extracts of rats versus humans. Based on this limited information, it is expected thet the
sengtivity of humansto rend effectsis smilar to or greater than that of rats; indeed; data for acute
poisonings are condstent with the magnitude of this greater sensitivity of humans being in the range
of 10 fold, though the limitations of characterization of exposure in human poisoning cases need to
be recognized. The specific activity of dcohol dehydrogenase (the first rate limiting step in the
metabolism of ethylene glycol (considered essentia in producing the toxicologica effects associated
with exposure to this substance), has been dightly higher in hepatic extracts obtained from humans,
compared to rats (Zorzano and Herrera, 1990). The additional factor of 10 to account for less than
chronic exposure is necessitated, due to lack of reliable available data to serve as abasisfor
quantitation of dose-response following long term exposure, likely progression of the effects with
continued exposure and decrease in rena function with age.
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Figure 3. BM Dgss based on variousrenal lesionsin malerats
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Figure 4. BM Dgss based on total animals with tubular damage

For comparison for the sake primarily of completeness, dthough far less preferred due to
poorer characterization of dose-response in the range of interest, BMDyss for rend lesions for which
there was increasing incidence with dose have aso been cdculated (see Table 16) for the only other
relevant subchronic study (Robinson et al., 1990).

Tolerable Intakes developed on the basis of histopathological changes within the kidneys of
male rats receiving ethylene glycol are expected to be protective for potential developmentd effects.
Owing to the lack of reported information on litter-specific developmenta effects observed at the lowest
dosesin mice (Neeper-Bradley et al., 1995), a Tolerable Intake for this endpoint has been devel oped
on the basis of an effect level rather than a Benchmark Dose.*® Calculation of a Tolerable Intake based
upon the NOAEL for developmentd effectsin mice (i.e., 500 mg/kg-bw per day) divided by an
uncertainty factor of 100 (%10 for interspecies variation, x10 for intraspecies variation) resultsin avaue
of 5 mg/kg-bw per day. Parentheticdly, derivation of a Tolerable Intake based upon divison of a
putative NOEL (150 mg/kg-bw per day) in this study (i.e., asignificant increase in the incidence of only
1 of 27 skeletd maformations/variations — the occurrence of an extra 14th rib on the first lumbar arch
— at the next highest dose of 500 mg/kg-bw per day) by an uncertainty factor of 100 (x10 for

'8 For comparison with the effect level, the BM Dys for the devel opmental effect that occurred at lowest dosein this
study was approximately 140-245 mg/kg-bw per day; confidencein thisvalueislow, though, due to lack of litter-
specific data.



interspecies variation, x10 for intraspecies variation) would yield avaue of 1.5 mg/kg-bw per day. This
is more than an order of magnitude higher than that based on the development of histopathologica
changes within the kidneys of mae rats exposed for 16 weeks (Gaunt et al., 1974).

3.3.3.2 Inhdation

Data available on tissue- or organ-specific toxicities associated with the inhdation of ethylene glycol
following repesated exposure are limited to one short-term (intermittent) and one subchronic (continuous)
sudy in which alimited range of endpoints was examined in rats, guinea pigs, rabbits, dogs and
monkeys exposed (whole body) to ethylene glycol vapour (Coon et al., 1970). In these investigations,
reported adverse effects were not observed consistently, and results are considered inadequate as a
bassfor characterization of exposure—+response for critical effects. Information from laboratory studies
in humans limited to examination of arange of endpoints following relaively short-term exposures of a
small number of volunteersis aso consdered inadequate as a basis for characterization of exposure—
response (Wills et al., 1974).

Developmentd effects have been observed in rats and mice exposed viainhaation to ethylene
glycol; however, interpretation is complicated somewhat by the possibility of sgnificant additiond intake
viaingestion from grooming and/or percutaneous absorption in studies conducted using whole-body
exposure (Tyl et al., 1995a,b). However, the incidence of developmenta effects was increased over
that of awater aerosol-exposed control group at the highest concentration (2505 mg/nT) in an
investigation in which CD-1 mice were exposed nose-only for 6 hours per day on days 6 through 15 of
gedation (Tyl et al., 1995b). Based on examination of pelage washes in satellite groups, it was
confirmed that deposition on the fur in surviving animals exposed at this concentration was considerably
lessthan that in animds exposed viawhole-body inhdation (Tyl et al., 1995b). The estimated intake
(assuming 60% absorption; Marshal and Cheng, 1983) of ethylene glycol, derived (Hedth Canada,
1994) on the basis of a putative NOAEL of 779 mg/nt from this study — approximately 156 mg/kg-
bw per day'” — iswithin the range reported for no-effect levels associated with the occurrence of
developmenta changes in mice administered the substance orally by gavage (Neeper-Bradley et al .,
1995) or the induction of histopathologica changes in the kidneys of mae rats receiving the substance in
the diet (Gaunt et al., 1974).

3.3.3.3 Dermd exposure

Repeated-dose toxicity studiesin which the effects of ethylene glycol have been examined following
direct dermd application in experimenta species are insufficient to provide ameaningful basis for
characterization of exposure—+esponse. Indeed, they are limited to a single (poorly documented) chronic
study in mice, in which anayses were redtricted to gross examination of an unspecified range of organs
and microscopic examination of gross lesons (Berenblum and Haran, 1955). In one developmentd
toxicity study, no effects upon feta devel opment were observed among pregnant CD-1 mice receiving a

'" Based on theoretical maximum estimated intake through ingestion at the top dose, estimated intake at the NOAEL
would be no greater than that viainhal ation.
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derma application (covered) of a 50% aqueous solution of ethylene glycol for 6 hours per day on days
6 through 15 of gestation (NOAEL = 1700 mg/kg-bw per day) (Tyl et al., 1995¢). In this study, no
effects on reproductive indices were observed following derma exposure to up to 3500 mg ethylene
glycol/kg-bw per day (Tyl et al., 1995¢). Based on available data, therefore, the Tolerable Intake
developed for the induction of histopathologica changes in the kidneys of mae rats receiving the
substance in the diet (Gaunt et al., 1974) islikely protective for effects of ethylene glycol administered
viathe dermd route.

3.3.4 Uncertainties and recommendations

Based on very limited data, estimated totd daily intakes of ethylene glycol from various media (i.e,
ambient air, soil, food and consumer products) for different age groups in the vicinity of a point source
or from consumer products for adults approach or exceed the Tolerable Intake.

For severd age groups, estimated intake in air and soil in the vicinity of point sources dightly
exceeds the Tolerable Intake. Estimated totd daily intake is grestest for adults (the longest proportion of
the lifespan) due to inclusion of upper-bounding estimates from consumer products for this subgroup of
the population. Indeed, the Single most important source of expasure to ethylene glycol for adultsisvia
dermal exposure from consumer products. Based on estimated intake from polish/wax and tub and tile
cleaner, the maximum estimated total daily intake of ethylene glycol in consumer productsis 248.3
pg/kg-bw per day (i.e., 0.25 mg/kg-bw per day). However, it should be noted that this maximum
reasonable worgt-case estimate of totd daily intake is based on assumptions of maximum concentrations
of ethylene glycal in these products, 100% derma absorption and standardized use scenarios, since the
limitations of available data preclude further refinement with sufficient confidence. When based on the
assumption that derma absorption is proportiond to the concentration of ethylene glycol in the product
and that steady-state penetration occurs for periods equivaent to the average duration of product usein
the standardized scenario, estimated daily intakes of ethylene glycol from the use of these products are
severd orders of magnitude lower. However, available data on permesbility through human skin from
product formulations are inadequate as a basis for confident estimation of exposure.

Confidence in the characterization of exposure of the generd population in Canada to ethylene
glycal islow owing principdly to the lack of current representative monitoring detafor air, drinking
water, food and consumer products.

Limitations of the available data precluded development of estimates of the average daily intakes
of ethylene glycol by the general population in Canada. Indeed, available data are inadequate even to
indicate with confidence which environmenta medium is the grestest source of exposure for the genera
population.

Confidence in the estimates of intake of ethylene glycol in ambient air by a subpopulation

exposed due to its proximity to a source of discharge to the atmosphereis low, since these estimates are
based on a predicted maximum daily average concentration at a fixed distance from the source and not
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on measured concentrations. The frequency with which the predicted concentration in ambient air can
occur is not reported, and there is no information concerning proximity to resdences. Nevertheless,
there is a moderate degree of certainty that the average daily intake by inhdation for the generd
population is much lower, since very few industrial point sources of discharge to the atmosphere are
present in Canada and since the physica-chemica properties of ethylene glycol indicate atendency to
remain in water or soil if discharged to these media

Thereisahigh degree of certainty that the estimates of intake from ingestion of soil by a
population exposed due to its proximity to a source of discharge to the atmosphere are upper bounding.
Edtimated intakes were based on the maximum reported concentration in soil, which was more than 30
times greater than the next highest vdue (i.e., 119 mg/kg versus 4290 mg/kg). Levels of ethylene glycol
were |ess than the detection limit (5 mg/kg) in the remaining 97% of soil samples collected near the
manufacturing plant.

Confidence in the estimates of intake by ingestion of foodsis low, sSnce the few available data
are from earlier sudiesin other countries. Thereis ahigh degree of uncertainty regarding the extent of
migration of ethylene glycol from RCF and PETE bottles currently used in Canada. Although ethylene
glycol was present in dl Italian wines sampled by Gagtano and Matta (1987), at a maximum
concentration of 6.25 mg/L, the source of the ethylene glycol was not identified, and no other data
concerning its presence in wine or other beverages were identified. Consderable additiona uncertainty
in the estimates of intake by ingestion of food arises from the assumption that the vast mgority of foods
consumed in Canada contain no ethylene glycol.

Thereisahigh degree of uncertainty concerning exposure to ethylene glycol during use of
various consumer products, related primarily to lack of information on the ranges and distributions of
concentrations in any currently available consumer products in Canada. Indeed, the estimates presented
herein may not be representative of the range of exposures of the generd population to ethylene glycol
in consumer products in Canada. For the few product classes considered, there is a reasonable degree
of certainty that the estimates of intake by dermal absorption are upper bounding, since they are based
on severd consarvative assumptions, including the maximum expected concentrations of ethylene glycol
in these products and the assumption of complete dermd absorption. However, potentia additiona
exposure through inhdation during use of these products has not been estimated.

The overal degree of confidence in the population exposure estimates is, therefore, low, owing
principally to the lack of current representative monitoring data for ar, drinking water, food and
consumer products.

Avallable data are dso inadequate to serve as a basis for quantitative estimation of exposure of
passengers on arcraft to ethylene glycol during delcing operations.

Additiond investigation of absorption through human skin from product formulations in assays

where there has been attention to maintenance and characterization of viability would likely reduce
uncertainty in the estimates of exposure for products.
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The degree of confidence in the database on toxicity that serves asthe basis for development of
the Tolerable Intake for ethylene glycol is moderate. Although clinica and epidemiologica data are
inadequate to serve as abasis for characterization of exposure-response for critical effects, available
datain humans are & least sufficient for crudely characterizing potential sengtivity relative to
experimenta species. However, additiona characterization of the metabolic profile of ethylene glycol in
humans through determination of metabolitesin blood and urine would provide additiona relevant
informetion.

Thereis reasonable confidence that ethylene glycal is unlikely to be carcinogenic to humans,
based on negative results in two species (mice and rats) and lack of genotoxicity in alimited number of
identified in vitro and in vivo assays. This concluson must be qudified to some extent, though, due to
limitations of dose sdection in the bioassay in rats, which reduced its sengtivity.

Thereisamoderatdy high degree of confidence that the criticd effect of ethylene glycol relevant
to long term exposure in the generd environment is rend effects. Thisis based on their being observed
at lowest concentrations in short-term and subchronic studies for which histopathologica reporting was
adequate in ardatively robust dataset in experimenta animas and the observation of rend effects
(including failure) in acute poisoning cases in humans. Confidence that the Tolerable Intake developed
on the basis of rend effectsis protective for other adverse effects of ethylene glycol such as
teratogenicity is moderate. Indeed, should more extensve information become available to serve asthe
basis for estimation of exposure through consumer products, averaging timein relaion to relevant
endpoints needs to be consdered additiondly. Currently, estimates of intake in products, for example,
have been averaged over ayear, whereas for developmental/reproductive effects, peak exposures
during product use may be a more appropriate bass for comparison.

The lack of data on progresson of the rend lesions following chronic exposure in the most
sengtive anima mode examined to date is aso a source of congderable uncertainty. This has been
addressad in the development of the Tl through application of an additiond factor to account for less
than chronic exposure. The potentid impact of variations in diet on relative sengtivity to ethylene glycol
asociated rend lesions (i.e, cacium oxdate crystdluria and nephrosis) in the various drains of rats
examined is dso unknown. While the occurrence of  “pneumonia changes’ in the lungs and sdivary
adenitis are unlikely to impact on the toxicity of ethylene glycal in the critical sudy utilized as the bass
of the Tl, the occurrence of infection, afunction primarily of the date of conduct of the study, is noted.

It should aso be noted that while exposure-response for ethylene glycol induced rend lesons
was best characterized in the 16 week study of Gaunt et a. (1974) which congtituted the basis for the
benchmark doses for the Tolerable Intake, the group sizes were small. However, the lower 95%
confidence limit was only gpproximately 2 fold less than the central estimate of the benchmark dose
(The latter was utilized in the calculation of the Tolerable Intake).

Rereading by a panel of pathologists of the dides in the Depass et d. (1986) study for which
histopathologicd reporting of rend lesonsis currently inadequate, may be desrable (if thisis possble)
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to provide additiona quantitative data on dose-response for ethylene glycol-related lesonsin another
drain of rat. However, conduct of achronic sudy in the strain examined in Gaunt et d. (1974) would
more meaningfully reduce uncertainty.

With respect to human hedlth, characterization of the ranges and distributions of concentrations
of ethylene glycoal in currently available consumer productsin Canada and better characterization of
exposure-response for rend effectsin gppropriate anima moddsin long term studies are clear priorities.
It is dso recommended that there be additiona investigation of the magnitude of exposure of
populaionsin the vicinity of indugtrid point sources.
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APPENDIX A: SEARCH STRATEGIESEMPLOYED FOR
IDENTIFICATION OF RELEVANT DATA

Environmental characterization

Data rdevant to the characterization of ethylene glycol were identified from existing review documents,
published reference texts and on-line searches conducted between January and May 1996 of the
following databases: Aquaine (1990-1996), ASFA (Aquatic Sciences and Fisheries Abgtracts,
Cambridge Scientific Abstracts; 1996), BIOSIS (Biosciences Information Services, 1990-1996), CAB
(Commonwedth Agriculture Bureaux; 1990-1996), CESARS (Chemicd Evauation Search and
Retrieval System, Ontario Minigiry of the Environment and Michigan Department of Natural Resources,
1996), Chemica Abstracts (Chemicd Abstracts Service, Columbus, Ohio; 1990-1996), CHRIS
(Chemical Hazard Release Information System; 1964-1985), Current Contents (Indtitute for Scientific
Information; 1990-1992, 1996), ELIAS (Environmenta Library Integrated Automated System,
Environment Canada library; January 1996), Enviroline (R.R. Bowker Publishing Co.; November 1995
—May 1996), Environmenta Abstracts (1975 — February 1996), Environmental Bibliography
(Environmenta Studies Indtitute, International Academy a Santa Barbara; 1990-1996), GEOREF
(Geo Reference Information System, American Geologicd Indtitute; 1990-1996), HSDB (Hazardous
Substances Data Bank, U.S. Nationa Library of Medicing; 1990-1996), Life Sciences (Cambridge
Scientific Abstracts; 1990-1996), NTIS (Nationa Technica Information Service, U.S. Department of
Commerce; 1990-1996), Pollution Abstracts (Cambridge Scientific Abgtracts, U.S. Nationd Library
of Medicine; 1990-1996), POLTOX (Cambridge Scientific Abstracts, U.S. Nationd Library of
Medicine; 1990-1995), RTECS (Registry of Toxic Effects of Chemica Substances, U.S. Nationd
Indtitute for Occupationa Safety and Hedlth; 1996), Toxline (U.S. Nationa Library of Medicine; 1990—
1996), TRI93 (Toxic Chemica Reease Inventory, U.S. Environmenta Protection Agency, Office of
Toxic Substances; 1993), USEPA-ASTER (Assessment Tools for the Evduation of Risk, U.S.
Environmental Protection Agency; up to December 21, 1994), WASTEINFO (Waste Management
Information Bureau of the American Energy Agency; 1973 — September 1995) and Water Resources
Abstracts (U.S. Geologica Survey, U.S. Department of the Interior; 1990-1996). A survey of
Canadian industry was carried out under authority of Section 16 of CEPA (Environment Canada,
1997b). Companies were required to supply information on uses, releases, environmental
concentrations, effects or other data on ethylene glycol available to them if they met the trigger quantity
of 1000 kg ethylene glycol per year. Reved Alert was used to maintain an ongoing record of the current
scientific literature pertaining to the potentia environmenta effects of ethylene glycol. Data obtained after
October 1999 were not considered in this characterization.

Health characterization
Data relevant to the characterization of the potentid risks of ethylene glycol to human hedth were

identified through evauation of exigting review documents of the Environmenta Criteria Assessment
Office of the U.S. Environmental Protection Agency (U.S. EPA, 1987), the Agency for Toxic
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Substances and Disease Regigiry of the U.S. Department of Health and Human Services (ATSDR,
1997) and the German Chemical Society (BUA, 1994), as well as reviews prepared under contract by
BIBRA Internationa (1996, 1998). A survey of Canadian industries was conducted under Section 16
of CEPA, in which companies were required to supply information concerning the use, release,
environmentd levels and toxicologica effects of ethylene glycol. To identify additiond relevant exposure
and toxicologica data, literature searches on ethylene glycol were conducted using the Strategy of
searching by its name or CAS regisiry number in the following databases: Canadian Research Index,
CCRIS (Chemica Carcinogenesis Research Information System, U.S. National Cancer Indtitute),
EMICBACK (backfile of Environmenta Mutagen Information Center database, Oak Ridge Nationd
Laboratory), ETICBACK (backfile of Environmenta Teratology Information Center database, U.S.
Environmenta Protection Agency and U.S. Nationd Ingtitute of Environmental Health Sciences),
GENE-TOX (Genetic Toxicology, U.S. Environmenta Protection Agency), HSDB, IRIS (Integrated
Risk Information System, U.S. Environmenta Protection Agency) and RTECS. Its name, registry
number and major synonyms were searched in the CAB International, CISTIMON, Elias, EMBASE
(1989-1999), Enviraline, Environmenta Bibliography, Food Science and Technology Absiracts,
Toxline (1980-1999), Medline (1985-1999), Microlog and Pollution Abstracts databases. Only
relevant data acquired prior to January 2000 were considered in the determination of the effects of
ethylene glycol on human hedlth.
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APPENDIX B: JUSTIFICATION FOR GENERIC DILUTION FACTORS
Introduction

Ethylene glycol is reeased to recelving water in various amounts. Whether or not any given scenario
results in adverse effects on aguatic organisms depends upon a number of factors. Some of the key
factors that determine whether a given release of ethylene glycol will be harmful to aguatic organisms are
the following:

the concentration of ethylene glycal in thefind effluent (i.e., end-of-pipe),
the dilution of the find effluent by the receiving water,

the exposure concentration of ethylene glycal in the recelving water, and
the length of time the organisms are exposed to ethylene glycal.

Effluents released to different types of water bodies undergo dilution to various degrees. In the
absence of monitoring data downstream of discharge points, dilution of effluentsis one ement thet is
used for estimating amore redistic EEV. A generic and consarvative dilution factor is used with
supporting evidence presented below.

Dilution of effluents

Mixing of the effluent occursin rivers, estuaries, lakes and sea to various degrees. Generdly, rivers
themselves are turbulent enough to dlow for rgpid mixing and dilution of the effluent. In smdl turbulent
dreams, complete mixing is likely to occur upon entry, provided the stream volume and flow are greater
than the volume of effluent being discharged. In larger streams, the effluent may form a plume, and
complete mixing may be reached only over along distance.

When effluents are released to sdt water, the effluents are usudly of alower dendty and float as
adiscrete layer on top of the sdt water, where progressive mixing follows. In st water, mixing results
from diffuson and tidal currents.

Following an effluent release to alake, there are additiona physicd factors to consider. Smal,
shdlow lakes are subject to mixing due to wind-induced current; consequently, vertical dratification
does not generdly occur, except during late summer months. Even in adeeper, thermdly dratified lake,
effluents are likely to creste athermd turbulence and thus alow for some vertical mixing. Unlike
dreams, the water in lakes is more sationary, and, as aresult, effluent may remain for asgnificant
period of time. Therefore, impact near the discharge points could be higher if dispersion and mixing do
not occur or are limited. A dowly moving lowland river can closdly resemble alake.
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Dilution factors

Environment Canada recognizes that the dilution available for a given effluent discharged to any of the
above water bodiesis site and time specific. Dilution factors are known to vary by orders of magnitude
(Holman, 1981; Rapaport, 1988). However, a generic and conservative dilution factor isused asa
screening toal in the characterization of ethylene glycol for dl types of water bodies at dl Stes.

The dilution factor used in this characterization is 10. A dilution of 1:10 means that the
concentration of ethylene glycol in the effluent is diluted 10 times upon entering the recelving water
body. Presented below are lines of evidence supporting that value.

Holman (1981) estimated the stream dilution factor (DF) (river flow/totd effluent discharge rate)
for municipd wastewater treetment plants (MWTPs) discharging into 161 mgor river basinsin the
United States. Based on mean stream flow conditions, the median stream dilution factor was 100, and
91% of the MWTP effluents discharged to surface water were diluted more than 10-fold. The author
recommended that a DF of 10 be used for estimating conservative surface water concentrations for
comparison with concentrations that cause adverse effectsin aguatic systems.

In astudy involving 11 675 MWTPsin the United States, Rapaport (1988) determined that
greater than 95% of the MWTPS' discharge effluents were diluted more than 10-fold once released to
dreams. The dilution factors ((stream flow + plant flow)/plant flow) were calculated for mean river flow
conditions.

Dilution factors are used in local exposure assessments for surface waters by many countries,
including Germany, Finland, France, Japan, the Netherlands and the United Kingdom (OECD
Secretariat, 1996). The dilution factors range from 10 to 1000 for river, lake, bay/estuary and ocean.

The European Centre for Ecotoxicology and Toxicology of Chemicas for the chemica industry
uses ageneric dilution factor of 10 initsloca exposure models (ECETOC, 1994). Recently, the
European Union has adopted a default dilution factor of 10 in itsloca exposure models for sewage from
municipa trestment plants. Thisvaueis aso used as a default dilution for other types of substances
(EC, 1996).

In many Canadian provinces and U.S. gates, point source effluent discharge objectives are
caculated for the protection of aguetic life. These are derived by using a combination of methods, such
as mixing zones, dilution factors and ca culating the maximum quantity that can be discharged to awater
body in agiven period of time (B.C. Department of Lands, Forests and Water Resources, 1971;
Dayton and Knight Ltd., 1993; OMEE, 1994; MEF, 1996). Dilution factors are calculated using low-
flow conditions for the receiving rivers and streams. Low-flow conditionsinclude 7Q2, 30Q 5, 7Q10
and 7Q20 (e.g., 7Q20 isthe minimum 7-day average flow with arecurrence period of 20 years). For
example, in Quebec, British Columbia, Y ukon, Alberta, Northwest Territories and New Brunswick,
minimum dilution factors of 100, 20, 20, 10, 10 and 8, respectively, are gpplied when deriving Site-
specific effluent discharge objectives for rivers and streams (B.C. Department of Lands, Forests and
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Water Resources, 1971; Environment Canada, 1990; Dayton and Knight Ltd., 1993; MEF, 1996). In
Ontario, initid mixing must have a minimum “near fidd” dilution ratio of 20:1 for the Greet Lakes
(OMEE, 1994).

Based on the above information, a dilution factor of 10 is consgdered sufficiently consarvative to
be used for estimating amore redigtic EEV for dl types of receiving water bodies. Thus, the EEV is
obtained by dividing the fina effluent end-of-pipe concentration of ethylene glycol by afactor of 10.
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APPENDIX C: MANAGEMENT OF ETHYLENE GLYCOL AT
CANADIAN AIRPORTS

Transport Canada has been the principa agency responsible for air trangport in Canada and was
respongble for initiating some monitoring of Sormwater a internationa arports between 1970 and
1990. Monitoring during this period was infrequent, but, by 1990, dl internationd airportsin Canada
had established stormwater monitoring programs (Transport Canada, 1995). Coinciding with the 1994
promulgation of a voluntary end-of-pipe discharge limit for glycol of 100 mg/L under CEPA, Transport
Canada established anationd program to sample and andyse airport effluent for glycols. Shortly
theresfter, the Department of National Defence developed asimilar program (Government of Canada,
1998).

At the present time in Canada, there are 726 certified airports, which range from large
internationa airports to grass strips for landing smal aircraft (Trangport Canada, 1999a). The Canadian
ar trangportation system is currently undergoing amaor commercidization process initiated by the
federd government. These changes could have an impact on future glycol management and monitoring.
On July 13, 1994, the Nationd Airports Policy (NAP) announced the transfer plansfor 137 federdly
owned airports, including 26 airports under NAS, 71 regiond/loca airports, 31 small airportsand 9
Arctic airports. Remote airports, which provide the only rdiable year-round transportation link to
isolated communities, will continue to be supported by the federd government (Transport Canada,
19994). The 26 NAS airports (see Figure 5), which account for 94% of passenger and cargo trafficin
Canada, include airportsin provincid and territoria capitals, aswell as any airport that handles at least
200 000 passengers per year (Transport Canada, 19998). Under NAP, the federal government retains
ownership of the 26 NAS airports and will lease them to Canadian Airport Authorities. These loca
operators are respongble for financia and operational management, while the federal government acts
aslandlord. For the regiona and locd airports, which serve scheduled passenger traffic, ownership is
being offered to provincid and local governments, airport commissions, private businesses or other
interests. Federal subsidies to these airports ceased March 31, 2000, unless exemptions were granted
for specia circumstances (Transport Canada, 1999a). The transfers of all NAS and other airports were
to be completed by the end of fiscal year 1999/2000 (Transport Canada, 1999a).
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Figureb5. Location of major airportsunder the National Airports Sysem (NAS) in Canada
(Trangport Canada, 1999b)

Asinthe pag, there will be no legidative requirement to continue GMPs and GOMPs. The plans
provide a management control mechanism to ensure compliance with the CEPA guiddine and the
required actions to be taken when the guideline is not met. Exceedances of the guiddine will be taken into
account in the development of the plans for the following years (Smpson and Kent, 1999). ATAC plans
to continue this exercise to maintain acceptable release levels of ethylene glycol and protect the locd
natural environment (Adders, 1999). The plans identify the means of collecting, handling, storing,
trangporting and disposing of glycol-based fluids for each arport and dso designate the areasin which
deicing can take place and whether glycol recovery vehicles are required by the air carriers. Aircraft
decing isthe ar carriers responsbility in terms of quantity, type and cost of containment, cleanup,
storage and disposdl. Airports and air carriers can manage glycols through a variety of ways, such asthe
use of vacuum trucksto collect the fluid on the gpron, which can then be shipped off for recycling or
treetment, and/or having underground piping and holding tanks to collect fluid immediately below the
planes. Collected fluid may be diverted to sanitary sewer systems, storm sewer systems or tanker truck
fill gations (MCIAA, 1997).

Transport Canada determines which airports require GMPs and which require GOMPs. Each
identified airport must have a plan, which then must be gpproved by the airport genera manager.
Trangport Canada will require a deicing/anti-icing licence if the plan requirements are not met (Trangport
Canada, 1999c¢). The GMPs and GOMPs are updated on an annual basis and, together with the regular
monitoring of sormwater effluent during the deicing season, are designed with the objective that al
arports currently operated by Transport Canada are compliant with the CEPA guiddines (Transport
Canada, 1997¢). The 26 NAS airports will remain on federd lands and therefore will still be subject to
the CEPA Part IV glycol discharge guideline and the requirements under the Fisheries Act. Under
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CEPA Pat 1V, atotd glycol discharge limit of 100 mg/L prior to release into recelving waters has been
established for the protection of the environment and is used when designing and implementing the
management of aircraft anti-icing and deicing activities (Canada Gazette, 1994). In addition, the
Canadian water quality guiddine for ethylene glycol has been prepared by the Task Force on Water
Qudity Guiddinesfor the CCME and st at aleve of 192 mg/L for the protection of freshwater aguetic
life. A reated 5-day BOD effluent qudity and wastewater treatment guideline was set a 20 mg/L for
sormwater samples at federad establishmentsin 1976 (Environment Canada, 1976a). The above
guidelines are not regulated vaues, however, the effects of ethylene glycol release can be measured
againgt Sections 35 and 36 of the Fisheries Act, which ded with the destruction of fish passageways,
dteration of fish habitat and deposition of substances deleteriousto fish. Violations of these sections of
the Act can result in pendties and fines when enforced.

Although mogt arports report releases of “total glycol,” by far the vast mgority of glycol used in
Canadafor arcraft anti-icing/deicing is ethylene glycol (Leroux, 1999). Propylene glycol, the other glycol
used for this purpose in Canada, is reported to be used only minimally at Hamilton Airport, Moncton
Airport, Vancouver Internationa Airport and Winnipeg Internationa Airport and by Federd Expressair
carriers (MacCalum, 1998; Moncton Airport, 1999; Thaler, 1999).
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Table 1. Chemical and physical properties of ethylene glycol

Property Parameter Reference Fugacity model input
parameters (Mackay et
al., 1995)
Molecular formula CHsO,
Molecular weight 62.07 62.07
(g/mol)
CASregistry number | 107-21-1
Common synonyms glycaol, glycol acohal,
ethylene alcohal, ethylene
dihydrate, monoethylene
glycol, 1,2-dihydroxyethane,
1,2-ethanediol
Physical state (25°C) | colourlessliquid
Melting point (°C) -13 Budavari et al, 1989; -13
Howard, 1990
-115 Weast, 1982-1983; |PCS,
1993; HSDB, 1999
Boailing point (°C) 197.6 Budavari et al, 1989;
Howard, 1990; IPCS, 1993,
HSDB, 1999
Density (g/mL) at 20° | 1.1135 Budavari et al, 1989
C 11 IPCS, 1993
1.1088 HSDB, 1999
11130 Verschueren, 1983
Vapour pressure (Pa) | 6.7 (20°C) Verschueren, 1983 12
7(20°C) IPCS, 1993
12.27 (5°C) Howard, 1990
117 (25°C) HSDB, 1999
Henry’slaw constant | 6.08x 10 Howard, 1990 75x% 107 (calcul ated
(Pa:nt/mol) 5.81 x 10°® (cal cul ated) Hine and Mookerjee, 1975 based on fictitious water
2.37 x 10 (cal cul ated) Hine and Mookerjee, 1975 | solubility of 1.0 x 10°)
6.0 x 10°° (experimental) Hine and Mookerjee, 1975
Log Kow -1.36 Howard, 1990 -1.36
-1.93 Verschueren, 1983
—2.02 Iwase et al, 1985
Solubility in water miscible Budavari et al, 1989; 1.0 x 10" mg/L
IPCS, 1993
Conversion factor multiply by 1.11 g¢/mL to
convert pL/L to mg/L
Half-life— air 0.35-3.5days Howard et al, 1991 55 hours
0.24-2.4 hours Darnall et al, 1976
Haf-life — water 2-12 days (aerobic) Howard et al, 1991 55 hours
8-48 days (anaerobic) Howard et al, 1991
Half-life— 4-24 days Howard et al, 1991
groundwater
Half-life — soil 2-12 days Howard et al, 1991 55 hours
Half-life— sediment | — — 170 hours
Half-life— - — 55 hours
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Property Parameter Reference Fugacity model input
parameters (Mackay et
al., 1995)
suspended sediment
Half-life—fish 1-1.5 days Abdelghani et al, 1990 24 hours
Half-life— aerosol — — 24 hours

Table 2. Estimate of quantities of ethylene glycol released, by compartment (NPRI, 1995,

1996)

Compartment Amount released (tonnes)
1995 1996

Air 537 504

Water 68 69

Land 3254 3210

Underground injection 564 384

Total releases 4423 4167

Table 3. Concentrations of ethylene glycol sampled at selected monitoring stations of
Canadian airportsfor the 1997/98 and 1998/99 deicing seasons

Airport Sampling Number Detection M edian® Mean? | Maximum? Reference
dates of limit* (mg/L) (mg/L) (mg/L)
within samples (mg/L)
deicing
season
Baie Comeau 30 Mar 98 2 - - 5 5 Transport
Canada, 1999d
Calgary 15 Oct 97 — 9 2 <DL 14 112 Richmond,
International 27 May 98 1999
26 Oct 98 — 7 2 <DL <DL <DL CAA, 1999
27 May 99
Charlottetown | 23 Oct 97 — 2 5 <DL <DL <DL Transport
1 May 98 Canada, 1998a
15 Feb 99 1 5 - - <DL Transport
Canada, 1999d
Chevery 4 May 98 — 3 2 - <DL <DL Transport
6 May 98 Canada, 1998a
Edmonton 7 Apr 98 1 10 - - <DL ERAA, 1999
International
29 Sep 98 — 4 10 <DL 23 60 ERAA, 1999
23 Oct 98
Fredericton 14 Jan 98 — 5 4.5 5 6 10 Transport
25 Mar 98 Canada, 1998a
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Airport Sampling Number Detection M edian? Mean® | Maximum? Reference
dates of limit (mg/L) (mg/L) (mg/L)
within samples (mg/L)
deicing
season
13 Jan 99 — 4 5 <DL <DL <DL Transport
19 Jan 99 Canada, 1999d
Gander 29 Apr 98 4 5 <DL 25 84 Transport
International Canada, 1998a
17 Dec 98 — 12 5 25 95 820 Transport
28 Apr 99 Canada, 1999d
Halifax 17 Nov 97 — 62 5 6 17 190 HAA, 1999
I nternational 21 Apr 98
16 Oct 98 — 48 5 6 13 e Transport
14 Apr 99 Canada, 1999d
llesdela 22 Nov 98 — 8 2 <DL 3 5 Transport
Madeleine 13 Apr 99 Canada, 1999d
Kelowna 7 Oct 98 — 96 5 <DL 11 180 Transport
22 Apr 99 Canada, 1999d
London 28 Oct 97 — 35 4 <DL <DL <DL Transport
26 May 98 Canada, 1998a
Mont-Joli 12 Apr 99 — 6 2 <DL <DL <DL Transport
15 Apr 99 Canada, 1999d
Montreal 13 Nov 97— 71 1 13 92 3700 Aéroports de
International 25 May 98 Montréal, 1998
Dorval
4 Oct 98 — 52 1 16 24 182 Aéroports de
31 May 99 Montréal, 1999
Montreal 17 Dec 97 — 120 5 <DL 39 635 Aéroports de
International 12 May 98 Montréal, 1998
Mirabel
21 Dec 98 — 88 6 13 17 106 Aéroports de
3 May 99 Montréal, 1999
North Bay 27 Oct 97 — 58 4 <DL 9 190 Transport
27 May 98 Canada, 1998a
Ottawa 27 Oct 97 — 79 2 <DL 12 222 MCIAA, 1998
Macdonald- 13 Mar 98
Cartier
International
26 Oct 98— 142 2 <DL 24 226 MCIAA, 1999
8 Apr 99
Prince George 8 Apr 98 1 71 - - 71 Transport
Canada, 1998a
18 Nov 98 — 24 5 <DL 196 2220 Transport
4 May 99 Canada, 1999d
Québec Jean 21 Oct 97 — 48 1 11 9 80 Transport
Lesage 31 Mar 98 Canada, 1998a
International
20 Nov 98 — 110 2 4 74 4700 Transport
19 Apr 99 Canada, 1999d
Regina 29 Oct 97 — 5 5 <DL <DL <DL Transport
24 Mar 98 Canada, 1998a
6 Oct 98 — 30 5 <DL <DL <DL RAA, 1999
26 Apr 99
Sault Ste. 27 Oct 97 — 45 4 <DL <DL 7 Transport
Marie 20 May 98 Canada, 1998a
St. John’s 18 Dec 97 — 17 5 <DL 15 80 Transport
Newfoundland 28 Apr 98 Canada, 1998a
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Airport Sampling Number Detection M edian? Mean® | Maximum? Reference
dates of limit (mg/L) (mg/L) (mg/L)
within samples (mg/L)
deicing
season
15 Jan 99 — 140 5 12 28 170 Transport
10 May 99 Canada, 1999d
Saint John 30 Dec 97— 5 5 10 43 105 SJAA, 1998
New 10 Mar 98
Brunswick
27 Nov 98 — 5 5 50 48 80 SJAA, 1999
12 Mar 99
Sept-lles 11 Mar 99 — 5 2 2 6 20 Transport
3 May 99 Canada, 1999d
Sudbury 29 Oct 97 — 6 2 39 411 2320 Transport
4 Mar 98 Canada, 1998a
Terrace 19 Feb 99 — 28 5 <DL <DL 17 Transport
29 Mar 99 Canada, 1999d
Thunder Bay 15 Oct 97 — 24 1 <DL 2 31 TBIAA, 1998
22 Apr 98
6 Oct 98 — 22 1 <DL <DL <DL TBIAA, 1999
28 Apr 99
Timmins 30 Mar 98 — 9 5 <DL 73 413 Transport
28 May 98 Canada, 1998a
30 Mar 99 — 6 4 <DL 46 245 Transport
11 May 99 Canada, 1999d
Toronto 10Oct 97 — 517 2 4 25 348 GTAA, 1998
Lester B. 30 Apr 98
Pearson
International
6 Oct 98 — 472 4 <DL 14 200 GTAA, 1999
30 Apr 99
Va d Or 3 Apr 98— 10 2 <DL 3 10 Transport
15 Apr 98 Canada, 1998a
2 Dec 98 — 3 2 - <DL <DL Transport
13 Apr 99 Canada, 1999d
Vancouver 29 Oct 97 — 201 3 <DL 4 84 VIAA, 1998
International 1 Apr 98
28 Oct 98 — 242 3 <DL 5 120 VIAA, 1999
28 Apr 99
Windsor 5 Nov 97 — 41 5 <DL <DL 7 Transport
19 Apr 98 Canada, 1998a
2 Nov 98 — 47 5 <DL <DL 7 Transport
19 May 99 Canada, 1999d
Winnipeg 2 Oct 97 — 180 2and 10 10 11 110 North/South
International 26 May 98 Consultants
Inc., 1998
8 Apr 99 — 60 2 and 10 10 12 70 North/South
31 May 99 Consultants
Inc., 1999

1
2

“X" was assumed. Median values were not calculated for data sets having fewer than four samples.

Note: For many airports, “total glycol” values have been reported; however, none of the airports listed above used other glycols during
the two deicing seasons indicated (Winnipeg and Vancouver International Airports are the only exceptions, but data were reported in

terms of ethylene glycol).
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Detection limit (DL) equivalent to minimum values in all cases (except Gander 1998/99 season: minimum equivalent to 6 mg/L).
For calculation of summary statistics, a concentration equal to the limit of detection was assumed for samples in which glycols
were not detected. Where detection limits were not indicated and concentrations were recorded as “<X,” a detection limit equal to




Table 4. Summary statistics of concentrations of ethylene glycol in stormwater of Canadian

airports
Deicing Number Summary statistics and per centiles of distribution of measured
season i concentrations (mg/L)
samples
Mean Median 75th 90th 95th 99th Maximum
1996/97 1395 108 5 A 255 541 1780 6900
1997/98 1606 22 4 10 38 80 256 3700
1998/99 1676 23 5 12 45 65 180 4700
1997-99 3282 23 5 10 42 72 200 4700
(only)
combined
Table 5. Concentration of ethylene glycol in groundwater sampled at Canadian airports'
Airport Sampling | Number | Detection Median Mean Maximum | Reference
dates of limit (mg/L) (mg/L) (mg/L)
samples (mg/L)

Calgary 4 Oct 96 — 17 2 <DL 4 38 Calgary Airport

I nternational 28 Jul 99 Authority, 1998

Charlottetown | 23 Oct 96 — 7 5 <DL <DL <DL Transport Canada,

1 May 98 1997d, 1998c

Montreal 13 Nov 97 — 20 0.5 1.3 8 42 Aéroports de

International 25 May 98 Montréal, 1998

—Dorval

Montreal 28 Nov 97 — 5 6 <DL <DL 39 Aéroports de

International 6 Jul 99 Montréal, 1999

—Mrabel

Ottawa Dec 85 — ? 5 <DL <DL 415 Transport Canada,

Macdonald- Dec 86 1987

Cartier

International

! For many airports, “total glycol” values have been reported; however, none of the airports listed used other glycols. All samples

taken in the immediate vicinity of deicing operations and at shallow depth were excluded. Detection limit (DL) equivalent to minimum

valuesin all cases.
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Table 6. Deterministic estimates of upper-bounding daily intakes for adults by dermal
absorption from consumer products!

Consumer Maximum Event description Event Exposed Egtimated maximum
product concentration of frequency skin average daily intakée’
ethylene glycol in (per year) area (my/kg-bw per day)
product (cm?)?
Latex paint 5% roller application to 14 220 7.2

(Environment wallsand ceiling of an
Canada, 1997b) | average-sized roonf

Floor 35% manual application of 4 400 46
polish/wax (U.S.EPA, 1986) | undiluted product to
an average-sized floor
with arag or sponge’

Auto 0.03% manual application to 6’ 400 0.09
polish/wax (U.S. EPA, 1986) | an automobilewith a
sponge-like foam pad®

Tub andtile % manual application to 156" 400 180.8
cleaner (Flick, 1986) bathroom sink and
bathtub®

manual application to 48" 400 55.6
tiled wall in bathroom
or elsewhere®

total estimated intake from tub and tile cleaner 236.4

These estimates are based on Standard scenarios for estimating exposure to chemical substances during use of consumer
productgU.S. EPA, 1986). It is assumed that thin films of liquid products form on the exposed skin surface and
that compl ete dermal absorption of ethylene glycol present in the thin films occurs.

2 Estimates of areas of exposed skin arefrom U.S. EPA (1986). An areaof 220 cn is approximately 10% of the
surface area of the face, hands and forearms. An area of 400 cn is approximately the combined area of the palms
and outstretched fingers of two adult hands.

Reasonabl e worst-case daily intakes are based on the assumption of complete dermal absorption of ethylene
glycol present in thin films contacting the skin. Minimum average daily intakes based on penetration rates that
are proportional to the ethylene glycol content of the products are several orders of magnitude less for each of
these products (Health Canada, 2000).

Assuming a resulting film thickness on the hands of 0.0098 cm (U.S. EPA, 1986).

Assuming a resulting film thickness on the hands of 0.0021 cm (U.S. EPA, 1986).

Assuming a resulting film thickness on the hands of 0.0032 cm (U.S. EPA, 1986).

U.S. EPA (1986) indicatesthat 7 events per year is the 95th percentile number of rooms painted of the 20% of
respondents painting during the survey year. This value pertains to the year in which the activity is performed. If
it isassumed that each room is painted every 5 years (U.S. EPA, 1986), the event frequency is 7 per year.

It is not indicated whether thisis a mid-point or upper-percentile estimate of event frequency (U.S. EPA, 1986).
Thisisaconservative estimate, based on the assumption that 5.4% of the U.S. population used automotive wax
6 or moretimes per year (U.S. EPA, 1986).

Based on average event frequencies from U.S. EPA (1997).
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Table 7. Summary statistics of maximum stormwater effluent concentrations of ethylene
glycol measured at individual airportsfor months of March and April from 1996 to 1999

Deicing Number of | Summary statistics and per centiles of distribution of measured
season airports concentrations (mg/L)
Mean Highest 50th 95th 99th
maximum | maximum
1997/98 24 131 1360 42 404 1142
1998/99 23 332 4700 50 1627 4058
1997-1999 47 229 4700 43 1076 3357
Table 8. Direct toxicity risk quotientsfor exposure of algae to ethylene glycol
Effluent Descriptor EEV in Quotient®
concentration receiving
(mg/L) water (mg/L)
4700 highest maximum — 1997-1999 seasons 470 0.72
(Table4)
1076 95th percentile — spring maxima 1997— 108 0.17
1999 (Table 7)
200 99th percentile — dl data, 1997-1999 20 0.03
(Table 4)
100 CEPA Pat IV guideline 10 0.02

! Quotient is derived by dividing the EEV by the ENEV (654 mg/L).
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Table 9. Direct toxicity risk quotientsfor exposure of amphibiansto ethylene glycol

Effluent Descriptor EEV in Quotient®
concentration receiving water
(mglL) (mglL)
4700 highest maximum — 1997-1999 seasons 470 0.99
(Table 4)
1076 95th percentile — spring maxima 1997— 108 0.23
1999 (Table 7)
200 99th percentile— dl data, 1997-1999 20 0.04
(Table4)
100 CEPA Part IV guideline 10 0.02

! Quotient is derived by dividing the EEV by the ENEV (473 mg/L).

Table 10. Canadian water quality guidelinesfor dissolved oxygen (CCME, 1999)

Guiddinevalue (mg/L)
Freshwater ecosystem Early life stages Other life stages
Warm-water fish 6.0 55
Cold-water fish 9.5 6.5
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Table 11. Indirect toxicity risk quotientsfor exposur e of aquatic biota to ethylene glycol

Effluent Descriptor EEV in Oxygen Quotient?
concentration receiving deficit!
(mg/L) water (mg/L)
(mglL)
4700 highest maximum — 1997-1999 470 57.9 16.1
seasons (Table 4)
1076 95th percentile — soring maxima 108 13.8 3.8
1997-1999 (Table 7)
200 99th percentile— dl data, 1997— 20 3.1 0.86
1999 (Table 4)
100 CEPA Pat IV guiddine 10 1.9 0.53

! Oxygen deficit is the application of the Streeter and Phel ps (1925) oxygen sag model to provide the number of mg
O,/L below the saturation point of 13.1 mg O,/L and resulting from the assumed EEV in the receiving water.

% The quotient represents the ratio between the cal culated oxygen deficit and the minimal oxygen deficit of 3.6 mg/L
needed to meet the cold-water CCME freshwater guideline of 9.5 mg/L, assuming awater temperature of 4°C.

Table 12. Deter ministic estimates of wor st-case daily intakes of ethylene glycol for a highly
exposed population in theimmediate vicinity of an industrial point source

Route of exposure I ntakes of ethylene glycol for various age groupsin the exposed population
(my/kg-bw per day)
0-6 7 months—4 511 1219 20-59 60+
months' years® years® years® years® years®

Inhalation’ 28 60 47 27 23 20
I ngestion of soil® 17 28 9 2 2 2

Total daily intake 45 88 56 29 25 22

Assumed to weigh 7.5 kg, to breathe 2.1 m® of air per day and to ingest 30 mg of soil per day (EHD, 1998).
Assumed to weigh 15.5 kg, to breathe 9.3 m® of air per day and to ingest 100 mg of soil per day (EHD, 1998).
Assumed to weigh 31.0 kg, to breathe 14.5 m® of air per day and to ingest 65 mg of soil per day (EHD, 1998).
Assumed to weigh 59.4 kg, to breathe 15.8 m® of air per day and to ingest 30 mg of soil per day (EHD, 1998).
Assumed to weigh 70.9 kg, to breathe 16.2 m® of air per day and to ingest 30 mg of soil per day (EHD, 1998).
Assumed to weigh 72.0 kg, to breathe 14.3 m® of air per day and to ingest 30 mg of soil per day.(EHD, 1998).
Based on the maximum daily average concentration (100 ng/m®) predicted in ambient air at ground level at a
distance of 1.8 km from the facility perimeter of an industrial point source of discharge to the atmosphere
(Environment Canada, 1997b). The same concentration is assumed for indoor air.

Based on the maximum reported concentration (4290 mg/kg) in soil near an industrial point source of discharge
(AEP, 1996).
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Table 13. Deter ministic estimates of reasonable wor st-case daily intakes of ethylene glycol
from ingestion of foods

Food item I ntakes of ethylene glycol for various age groupsin the general population
(mgy/kg-bw per day)
0-6 7 months—4 5-11 12-19 20-59 60+
months' years® years® years’ years® years®

Cake' 0.3 194 278 236 10.7 79
Pie, other® 10 24 33 18 17 16
Candy, other’ 11 118 9.2 59 25 17
Soft drinks™ <01 0.7 06 04 02 0.1
Wine' - <0.1 0.1 0.2 16 10
Total daily intake™ <25 <344 410 319 16.7 12.3
! Assumed to weigh 7.5 kg and to consume food items at average daily ratesindicated in EHD (1998).
2 Assumed to weigh 15.5 kg and to consume food items at average daily ratesindicated in EHD (1998).
¥ Assumed to weigh 31.0 kg and to consume food items at average daily ratesindicated in EHD (1998).
*  Assumed to weigh 59.4 kg and to consume food items at average daily ratesindicated in EHD (1998).
®  Assumed to weigh 70.9 kg and to consume food items at average daily ratesindicated in EHD (1998).
& Assumed to weigh 72.0 kg and to consume food items at average daily ratesindicated in EHD (1998).
7

mg/kg in fruit cakein the U.K. (Castle et al, 1988).
Assumed to contain ethylene glycol due to contact with RCF. Based on the limit of detection (10 mg/kg) for
analysis of meat piesin the U.K. (Castle et al, 1988).

mg/kg in boiled sweetsin the U.K. (Castle et al, 1988).

Assumed to contain ethylene glycol due to migration from PETE bottles. Based on a maximum reported
concentration of 0.104 mg/L in 3% acetic acid (used to simulate carbonated beverages) following storage for 6
months at 32°C (Kashtock and Breder, 1980).

10

11

1987).
It is assumed that there are no daily intakes of ethylene glycol from the remaining 176 food items for which daily
rates of consumption are available in EHD (1988), since no data are avail able concerning concentrations of
ethylene glycol in these food items.

12

117

Assumed to contain ethylene glycol due to contact with RCF. Based on a maximum reported concentration of 34

Assumed to contain ethylene glycol due to contact with RCF. Based on a maximum reported concentration of 34

Based on the maximum reported concentration (6.25 mg/L) of ethylene glycol inwinein Italy (Gaetano and Matta,



Table 14. Incidence of renal lesionsin male rats administered ethylene glycol for 2 years®

Dose of ethylene glycol (mg/kg-bw per day)

0 (A) 0(B) | 40 200 | 1000
Incidence of calcium oxalate crystalluriain malerats
Incidence at 6-month interim sacrifice 0/10 0/10 0/10 0/10 6/10
(Sndllings, 2000)
Incidence at 12-month interim sacrifice 0/10 0/10 0/10 0/10 10/10
(Sndlings, 2000)
Overall incidence reported in DePass et al. 0/128 0/128 0129 | 0/129 16/116
(1986a) (p < 0.001)
Incidence of tubular hyperplasain malerats
Incidence at 6-month interim sacrifice /10 3/10 2/10 2/10 10/10
(Sndlings, 2000)
Incidence at 12-month interim sacrifice 9/10 8/10 8/10 8/10 0/10
(Sndllings, 2000)
Overall incidence reported in DePass et al. 10/128 11/128 10/129 | 10/129 10/116
(19864)
Incidence of tubular dilation in malerats
Incidence at 6-month interim sacrifice 0/10 0/10 0/10 1/10 10/10
(Sndllings, 2000)
Overal incidence reported in DePass et al. 0/128 0/128 0/129 1/129 10/116
(1986a) (p < 0.001)
Incidence of peritubular nephritisin malerats
Incidence a 6-month interim sacrifice 0/10 0/10 0/10 0/10 6/10
(Sndllings, 2000)
Incidence at 12-month interim sacrifice 2/10 4/10 4/10 7/10 0/10
(Sndlings, 2000)
Overall incidence reported in DePass et al. 2/128 4/128 4129 | 7/129 6/116
(19864)
Incidence of oxalate nephrosisin malerats
Incidence in animals dead or sacrificed when 0/19 0/18 0/19 0/16 95/96
moribund (Snellings, 2000)
Overdl incidence reported in DePass et al. 0/128 0/128 0/129 0/129 95/116
(19869) (p < 0.001)
Incidence of hydronephrosisin malerats

Incidence (unilateral) at 6-month interim 0/10 0/10 0/10 0/10 /10
sacrifice (Sndlings, 2000)
Incidence at 24-month sacrifice 1/69 170 o/70 o7 no data
(Sndllings, 2000)
Incidence in animals dead or sacrificed when 0/19 3/18 0/19 3/16 71/96
moribund (Snellings, 2000)
Overdl incidence reported in DePass et al. 1/128 4/128 0/129 3/129 72/116
(19869) (p < 0.001)

Incidence of glomerulonephrosisin malerats
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Incidence at 18-month sacrifice (Snellings, 20/20 19/20 20/20 20/20 no data
2000)

Incidence at 24-month sacrifice (Snellings, 69/69 70/70 70/70 7373 no data
2000)

Incidence in animals dead or sacrificed when 17/19 17/18 13/19 14/16 5/96
moribund (Snellings, 2000)

Overdl incidence reported in DePass et al. 106/128 106/128 | 103/129 | 107/12 5116
(19864) 9

! Theincidence of ethylene-glycol induced renal lesions has been verified from the pathol ogy reports on individual

animas (Brantom, 2000b).

Table 15. Benchmark Doses (BM Dgss) for effects on the kidney in malerats' (Gaunt et al ., 1974)

Renal histopathology BMDs 95% p- Chi- Degree of
(mg/kg- | LCLon | value | square polynomial
bw per BMDgs
day) (mg/kg-
bw per
day)
Incidence of individual nephrons with 83.8 45.1 0.86 0.74 4
degenerative changes: 0/15, 1/15, 1/15, 2/15 and
5/15 (p < 0.05)
Incidence of individual nephrons with 217.6 75.4 0.75 0.59 4
degenerative changes and occasional oxalate
crystal: 0/15, 0/15, 0/15, 1/15 and 4/15 (p < 0.05)
Incidence of several nephrons with 553.9 180.1 0.99 0 4
degenerative changes and frequent crystals:
0/15, 0/15, 0/15, 0/15 and 2/15
Incidence of generalized tubular damage and 465.5 158.1 0.99 0.02 4
heavy crystals: 0/15, 0/15, 0/15, 0/15 and 4/15 (p
<0.05)
Total animals with tubular damage: 0/15, 1/15, 48.6 215 0.62 0.94 4
1/15, 4/15 (p < 0.05) and 15/15 (p < 0.01)

! Male Wistar rats were administered ethylene glycol in the diet for 16 weeks at doses of 0, 35, 71, 180 or 715 mg/kg-

bw per day (Gaunt et al, 1974).
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Table 16. Additional analyses of Benchmark Dosesfor renal effectsin rats'

0/10, 3/10 and 8/9

Renal histopathology BMDgs 95% p- Chi- df Degr ee of
(mg/kg- LCLon | value | square polynomial
bw per BMDs
day) (mg/kg-
bw per
day)
Incidence of tubular dilation: 0/10, 0/10, 0/10, 316.4 855 012 425 2 4
5/10 and 8/9
Incidence of tubular degeneration: 0/10, 0/10, 501.9 214.9 0.96 0.26 3 4
0/10, 5/10 and 9/9
Incidence of intratubular crystals: 0/10, 0/10, 453.7 145 0.75 12 3 4

! Male Sprague-Dawley rats were administered ethylene glycol in drinking water for 90 days at doses of 0, 205, 410,

950 or 3130 mg/kg-bw per day (Robinson et al, 1990).

% Incidences for the two (0 dose) control groups (A and B) were combined.
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