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Disclaimer

Data relevantto the environmentalassessmentof styrenewere
presentedin a review of the literature preparedfor Environment
Canada under contract by Ecological Services for Planning Ltd.,
Guelph, Ontario. This review covered the literaturepublishedup
to June 1991. Additional information was subsequentlyidentified
by staff of Environment Canada during the preparation of this
SupportingDocumentationfrom more recentreview articles and from
searchesof two commercial databases(Pollution Abstracts and
Chemical Abstracts) conducted in February 1992. This is an
unedited document made available for public information. A
publishedAssessmentReport is availableunder the title "Canadian
EnvironmentalProtectionAct, Priority SubstancesList, Assessment
Report, Styrene" from:

Commercial ChemicalsBranch
Departmentof the Environment
14th Floor, Place Vincent
Massey

351 St. JosephBoulevard
Hull, Quebec
K1A OH3

EnvironmentalHealth Centre
Health Canada
Room 104
Tunney's Pasture
Ottawa, Ontario
K1A OL2

UneditedSupportingDocumentationpertainingto environmental
health aspectsof styrene is available from Health Canada at the
addresscited above.
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1.0 IDENTITY OF SUBSTANCE

Styrene is a monoaromatichydrocarbon (CAS Registry Number
100-42-5). Synonyms for styrene include: ethenylbenzene;
vinylbenzene; vinylbenzol; phenylethylene; styrolene; styrol;
styrole; cinnamene;cinnamenol; and cinnamol (Sax and Lewis 1989;
Bond 1989; CCOHS 1990).

Solid and liquid absorbantsmay be used to sample airborne
styrene. A cryogenicpreconcentrationtrap and a gas chromatograph
with flame ionization detectorand electroncapturedetectormay be
used for the analysisof styrene in air (detectionlimit = 0.05-0.1
pg/m') (T. Dann 1991, pers. corn.). Analysis can also be achieved
with visible, ultraviolet (detectionlimit 4.323 mg/m') or infrared
spectrophotometry(detection limit 86.5 mg/m') (Verschueren1983;
WHO 1983). Analysis of styrenein water samplesmay be carriedout
by means of batch purge-and-trap/capillary column gas
chromatography/massspectrometry(GC-MS), with a detectionlimit of
1.0 pg/L (Environment Canada 1988a). Environmental styrene
concentrationsmay be slightly understatedbecausestyrene may
polymerize during preconcentrationand analysis (R. Otson 1992,
pers. corn.).

Styrene and its metabolites have been measured in other
environmental media including plant and animal tissues, whole
blood, urine, exhaledair, water and soil. Gas chromatographyis
generally used for most media, but a direct spectrofluorometric
method is available for blood. The detection limit for GC-MS
analysis of styrene in whole blood and tissue homogenatesranged
from 2 to 200 ng/g (Colin et al. 1986).

2.0 PHYSICAL AND CHEMICAL PROPERTIES

The physicaland chemicalpropertiesof styreneare summarized
in Table 1. The molecular weight of styrene is 104.14 and the
chemicalstructureand molecular formula are presentedin Figure 1.
Styrene is soluble in alcohol, ethanol, ether, methanol, acetone
and benzene,but only slightly soluble in water. Unpure styrene
usually contains aldehydeswhich have a penetrating, sharp and
unpleasant smell. The human odour perception threshold is
0.036 mg/m in air and the non-perceptionthreshold is 0.02 mg/m'Verschueren1983).

Pure styrene will spontaneouslypolymerize slowly at room
temperatureto give a viscous solution and eventually a clear
glassy solid. Polymerizationoccurs rapidly at high temperatures
(200'C) to producepolystyrene (Chang and Tikkanen 1988). Styrene
also undergoesoxidation on exposureto natural light and air (WHO
1983). Most commercially available styrene contains a
polymerization inhibitor, such as 4-tertiary-butylcatechol.
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Figure 1: The chemical structure and molecular
formula for styrene (Hoskins 1984)

The flash point of styrene is 31'C, consequently it is a
flammable liquid with a hazchemcode of 3Y and UN No. 2055. Theautocatalytic polymerization of styrene which occurs in the
presenceof heat and light becomesself-sustainingabove 65'C and
thus makes it capableof exploding.
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Table 1: Physicaland

Molecular formula
Molecular weight
Physical State
Colour
Odour

Melting point
Boiling Point
Specific gravity
Vapour Density
Vapour pressure

Henry's Law Constant
Air saturation
concentration
Flash point
Autoignition temp.
Explosive range
Solubility in water

Partition coefficients

log K.

log K.,

ChemicalPropertiesof Styrene

CeH8 (1)

104.14 (1,2)
Liquid at 20'C (2)

Colourless (2)

If pure, sweetand pleasant;with aldehydes
unpleasant (2)
-30.6'C (3,4), -31'C (5), -33'C (6)

145.2 C (3,4), 146 C (4,5)
0.9045at 25/25'C (1,2), 0.9074at20/4'.6

(air = 1) (6)

667 Pa at 20'C (2), 600 Pa at 20'C (1)
1267 Pa at 30'C (2)

285 Pa.m .mol'7)
31 g/m't 20'C (2)
52 g/m't 30'C (2)
31.1'C (5); 30.6'C (4)
490'C (5)

1.1 to 6.1% by volume in air (1)

250 mg/L at 25'C to 400 mg/L at 40'C (8
280 mg/L at 15'C (2)
300 mg/L at 20'C (2)
320 mg/L at 25'C (6)
400 mg/L at 40'C (2)
4.38 water/air (1)
32.0 blood/air (1)
130 oil/blood (1)
4160 oil/air (1)

2.75 (9)
2.95 (9)
2.76 to 3.39 (10)

2.95 (11)
3.1 6 (11)

, sharp,

C (5)

K., = soil sorption 900 estimatedfrom K. (9) (ow = octanol/water
coefficient standardized partition coefficient)
to organic carbon 567 estimatedfrom aqueoussolubility (9)

Legend: 1 Bond 1989 7 Howard 1989
2 Verschueren 1983 8 Hefter 1985
3 Changand Tikkanen 1988 9 Alexander 1990
4 The Merck Index 1989 10 Sangster 1989
5 Sax and Lewis 1989 11 U.S. EPA 1984
6 Sax 1986



3.0 SOURCES AND RELEASES TO THE ENVIRONMENT

3.1 Natural Sources

Styrene occurs naturally in the sap of styraceoustrees, in
pyrolysis and cracking products of petroleum derivatives, and in
bituminous-coal and shale-oil tars (Royal Society of Chemistry
1989).

Sato et a1. (1988), investigatingthe sourceof a petroleum-
like off-flavour in seasonedherring roe, found that styrenewas
producedby the yeast, Torulopsiscandida (Saito) Lodder 1922. The
precursorof the styrenewas unknown. Styrenemay also be produced
naturally by the decarboxylationof certain organic acids by a
variety of microorganisms(Shirai and Hisatsuka1979a).

3.2 Production

Styrene is produced commercially by the catalytic
dehydrogenationof ethylbenzene(Figure 2). Pure ethylbenzeneis
heated to 520'C and mixed with superheatedsteam, resulting in a
mixture temperatureof 630'C. This mixture is fed into a reactor
containingthe catalyst,usually a metal oxide, on activatedcarbon
or aluminum oxide. As the gas mixture flows through the reactor
the ethylbenzeneis converted to styrene at an efficiency of 35-
40%. The styrene is then isolatedby distillation, treatedwith a
polymerization inhibitor (sulphur or tertiary-butyl catechol) and
stored at temperaturesbelow 20'C. By-products of production
include benzene, toluene and tar (Chang and Tikkanen 1988).

CeH, — CH,CH3 = CeH, — C = CH, + H,
catalyst

Figure 2: Styreneproductionfrom ethylbenzene

Styreneis also producedfrom the oxidation of ethylbenzeneto
ethylbenzenehydroperoxidethat reactswith propylene to form
phenylethanoland propyleneoxide. The alcohol, a-phenylethanol,
is then dehydratedto styrene (U.S. EPA 1984).

Styreneranked21st among the top 50 chemicalsproducedin the
United Statesin 1991, with a total productionof 4.1 X 10'onnes,
up from 3.6 X 10'onnesproduced in 1990 (Reisch 1992).



3.3 CanadianManufactureof Styrene

In Canada, the total annualproductioncapacityof styrene in
1988, 1989 and 1990 was 650, 740 and 812 kilotonnes, respectively
(Camford Information Services 1991a). The principal Canadian
manufacturersare Dow Chemical Canada,Novacor Chemicals (formerly
Polysar) and Shell Canada Chemical. The Canadian production
statisticsfor styreneare summarizedin Table 2.

Table 2: Annual ProductionCapacityof Styrenein Canada (kilotonnes)

Company
f
~~n

)
1976! 1982

f
1964

f
1885

)
1986

[
1987

(
1988

[
1989

!
1990

Oow ChemicalCanada Semis,Ont. 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0

NovecorChemicals Semis,Ont. 113.5
(formerly Polysar)

272.0 272.0 272.0 272.0 272.0 272.0 362.0 362.0

Shell CanadaChemical Scotford,Alta.

TOTAL CAPACfTY

150.0 300.0 300.0 308.0 308.0 308.0 380.0

163.5 342.0 492.0 642.0 642.0 650.0 650.0 740.0 812.0

!

Source: Camford Information Services1991a
CorpusInformation Services1989

3.4 CanadianImports of Styrene

In Canada, styrene is imported in relatively small quantities
from the United States. Import statisticsfor styreneare outlined
in Table 3.

Table 3: StyreneImports to Canadaby Country (kilotonnes)

Country 1976 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
United States 0.31 2.97 0.60 0.01 0.16 0.36 0.15 0.00 0.16 0.39 0.32

Source: Camford Information Services1 991e
CorpusInformation Services1989

3.5 Uses

Styrene is used primarily in the production of plastics,
styrene-butadienerubber, and resins including polystyreneresins,
acrylonitrile-butadiene-styrene(ABS) terpolymer resins, styrene-
acrylonitrile (SAN) copolymer resins, styrene-butadienecopolymer
resins and unsaturatedpolyester resins. The U.S. Food and Drug
Administrationpermits the use of styreneas a syntheticflavouring
substanceand adjuvant (IARC 1979).

More than half of the styrene produced is used for the
manufacturing of polystyrene products including styrofoam, a
styrenepolymer. The second single largest use of styrene is in
syntheticrubbersincluding styrene-butadienerubber (SBR). SBR is
most commonly used in automobile tires.



Styrene is also a component in floor waxes and polishes,
paints, adhesives, putty, metal cleaners, autobody fillers,
fibreglass boats and varnishes (Howard 1989). TEC-styrene (oc-
2,2,2-trichloroethyl styrene), also known as Dowco 221, was a
herbicide used for the selective control of annual grasses in
transplantedrice (De Datta et al. 1969)

3.6 Demand

In Canada,domesticand foreign polystyrenedemandis the main
driving force behind monomer production. Since 1976, total
domesticdemandand export salesof styrenehave increased47s and
6000', respectively. The fastestgrowing marketsare housingsfor
electric and computerequipment,packagingand the increaseduse of
plastics in cars. Demand pattern statistics for polystyreneare
outlined in Table 4.

Table4: CanadianDemandPatternfor Styreneikiiotonnes)

Polystyrene
ABS/SAN resins
Styrene-butadieneIatices

Styrene-butadienerubbers

Polyesterresins
Miscellaneous
Total domesticdemand
Export sales
Total disappearance
Source:Camford information

1876
~

1881

86.0 125.5
20.85 26.0
21.0 22.0
21.0 25.0

7.5 8.0
0.5 1.0

156.5 208.58
8.0 1 54.0

1 64.5 361.5
Services1991a

1886

143.0
24.0
27.0
18.0
10.5
1.0

223.5
326.5
550.0

~

1887

1 55.0
25.0
33.0
0.0

1 1.0
2.0

226.0
404.0
630.0

i
1888

1 62.0
26.0
35.0

5.0
1 3.0
3.0

244.0
476.0
720.0

1888

157.0
26.0
35.0

5.0
12.0
3.0

238.0
473.7
711.7

1880

148.0
28.6
34.0
5.0

12.0
3.0

230.6
487.7
718.3

In 1990, Canadianproduction/importationof styreneamounted
to 718.3 kilotonnes, of which 68: was exported. Of the remaining
230.6 kt, 644 was used in the manufactureof polystyrenes,14.7%
for styrene-butadienelatex preparations,12.4% for acrylonitrile-
butadiene-styreneresins,5.2: for unsaturatedpolyesterresinsand
2s. for styrene-butadienerubber (Camford Information Services
1991a).

A survey of the Canadianmarket predicted that in 1993, the
total production of styrene would exceed 756 kilotonnes, with
export sales approximately twice that of domestic sales (Corpus
Information Services1989).

3.7 Releases

Styrene enters the environment primarily via anthropogenic
emissionsand effluents associatedwith its productionand its use



in the manufactureof polymers, and also through accidentalspills
and leakage. It is a combustionproduct in exhaustsfrom spark-
ignition engines,oxy-acetyleneflames and cigarettesmoke, and is
also a component of gasesemitted by pyrolysis of brake linings
(Santodonatoet al. 1980) and emissions from waste incineration
(Junk and Ford 1980).

There are three styreneproductionplants in Canada. Two are
in Sarnia, Ontario, and one in Scotford, Alberta. In 1989/90 these
threeplantsemitted a total of 64 tonnesper year (t/y) of styrene
to the atmosphere(EnvironmentCanada1990a). Releasesof styrene
to water from these plants are small. One of the styrene
productionplants in Ontario dischargedabout 0.04 t/y of styrene
to water through its effluent, while styrenewas not detected in
the effluents of the other Ontario styreneplant (OME 1992a).

Thereare sevenpolystyreneproductionplants in Canada,three
in Ontario, three in Quebec and one in Alberta. Total production
of polystyrene in 1990 was around 170 kt (Camford Information
Services 1991b). Total styrene emissions from these plants are
estimatedat 272 t/y if the U.S. averageemission factor of 1.6 kg
per tonne of polystyreneresinsproduction is used (U.S. EPA 1990).

There are two ABS resin production plants in Canada, one in
Ontario and one in Quebec and one SB (Styrene-Butadiene)rubbers
and latices production plant in Ontario. ABS resins, SB rubbers
and SB laticesproduction in Canadaare estimatedto be 58 kt/y, 12
kt/y and 51 kt/y, respectively (Camford Information Services
1991a). If an averageemissionfactor of 1.8 kg per tonne of resin
production (U.S. EPA 1990) is used, total styrene emissions from
theseplants would be 217 t/y. Releasesof styrene to water from
these plants are small. The SB rubbers and latices plant
discharged0.2 t/y of styreneto water through its effluentswhile
styrenewas not detectedin the effluents of the Ontario ABS plant
(OME 1992a).

Unsaturatedpolyesterresins are copolymersof polyesterand
styrene (30-60%). They are usually reinforcedwith fibreglassand
are used in boat building/repairing or in the manufacturing of
vehicle parts/accessories.The Environmentand PlasticsInstitute
of Canadaestimatedthat the reinforcedplastics industry in Canada
emits about 1 kt/y of styrene from the use of about 12.2 kt/y of
resin. Plants using reinforced plastics are mainly located in
Ontario, Quebec, British Columbia and Nova Scotia.

Styrene emissions may also occur from plastic processing
(injection moulding and extrusion) plants. Emission factors for
plastic processingplants are 5 to 50 g per tonne of resin used
(U.S. EPA 1990). If an average value of 27 g is used, total
styreneemissionsfrom plastic processingplants would be around 8

t/y. Plastic processingplants are mainly located in Ontario and
Quebec.



Total estimatedstyrene emissions from industrial plants in
Canadaare thus:

Styreneproductionplants
PolystyreneProductionPlants
ABS Resins, SB Rubbersand

SB Latices Plants
UnsaturatedPolyesterPlants

(Boat Building/Repairingand
Vehicle Parts/Accessories)

Plastic ProcessingPlants
Total

64 t/y
272 t/y
217 t/y

1,000 t/y
8 t/y

1,561 t/y
Almost all of these releasesoccur as air emissions. It

should be noted that some of the above quantitiesof releasesare
estimated based on U.S. emission factors (EPA 1990). Actual
emissionsfrom the Canadianplants may be substantiallydifferent,
dependingupon the technologyused to control their air emissions.

Data from the Municipal and Industrial Strategyfor Abatement
(MISA) program of the Ontario Ministry of the Environment showed
12-month averageconcentrationsof styreneas high as 71.1 pg/L in
various effluents from organic chemicalplants from October 1989 to
September 1990 (OME 1992a). Average loadings from individual
plants rangedas high as 0.511 kg styrene/day.

In an Ontario Ministry of the Environment (OME 1988) pilot
monitoring study on "hazardous contaminants" from 37 municipal
water pollution control plants, styrenewas detectedin 9 of 274
samples of raw waste water at a maximum concentrationof 1,208
pg/L, 1 of 38 samples tested from primary effluents at a
concentrationof 15.0 pg/L, 1 of 224 samplesof secondaryeffluent
at a concentrationof 13.0 pg/L, and 1 of 51 samplesof raw sludge
at a concentrationof 6,011 pg/kg wet weight. Styrene was not
detectedin the effluents of the two lagoons, in the one tertiary
effluent, or in treated sludges from 34 plants included in the
study. The detection limit for styrene in this study was 40 pg/L
in raw sewage and 3 pg/L in effluents. The detection limit for
styrene in sludge was not stated.

Forty-four spills of styrene monomer, releasinga total of
approximately 186,000 kg of the substance, were reported from
acrossthe country in Environment Canada'sNATES databasebetween
1978 and 1990 (NATES 1992). Of these, by far the largest was a
releaseof about 80,000 kg at Sarnia, Ontario, in 1978. A total of
about 385 kg of styrenewere reportedspilled into the St. Clair
River in 1989, according to the Ontario government's Spills
ResponseProgram. In 1990, approximately 45 kg of styrene were
spilled into the river (OME 1991).



3.8 Disposal

In Canada, federal, provincial and local government
requirementsmust be reviewed prior to styrene disposal (CCOHS
1990). The Ontario Ministry of the Environment requires that
styrene-contaminatedwaste water be disposedof in a biological
treatmentfacility. Pure styrenewaste is seldomgeneratedduring
productionsince most is collectedand recycled in the production
process;however, if applicable, it must be disposedof by meansof
a hazardouswaste disposal facility (Burgess 1991).

4.0 ENVIRONMENTAL TRANSPORT~ TRANSFORMATION AND CONCENTRATIONS

4.1 Transportand TransformationProcesses

4.1.1 AtmosphericProcesses

The fate of styrene in the atmosphereis determinedby its
chemical and photochemicalreactivity and the prevailing physical
and chemical conditions in the atmosphere. Hydroxyl radicals are
major reactants and the predicted half-life for reaction with
styrene is about 3.6 hours (Atkinson et al. 1982). Although
hydroxyl radicalsare major reactants,the ozone concentrationsin
polluted air in cities may be sufficiently high for ozone to
destroy styrene more readily than hydroxyl radicals (Alexander
1990). The half-life of styrenedue to its reactionwith ozone is
about 9 hours (U.S. EPA 1984). In the atmosphere,the productsof
the styrene reaction with ozone are benzaldehyde,formaldehyde,
benzoic acid, and trace amounts of formic acid (Grosjean 1985).
Styrenewill also react slowly with singlet oxygen (Datta and Rao
1979) with a predictedhalf-life of 48 years.

Becausestyrene absorbs little light at the wavelengthsof
sunlight reaching the earth's surface, it is not likely to be
rapidly destroyedby direct photolysis. However, in the presence
of NO„ and natural sunlight, styrenedegradesrapidly. Yanagihara
et al. (1977) observed that 90& of the styrene present at aninitial concentrationof 2 ppm (8.65 mg/m') disappearedin 5 hours
when irradiatedwith 700 pw/cm'f light at wavelengthsbetween245
and 355 nm and in the presenceof 1 ppm NO„. In the presenceof
sunlight and NO, styrene is rapidly oxidized, with a conversionof
NO to NO, and the production of ozone and several oxidation
products, including benzoic acid, formaldehyde, benzaldehydeandits reactionproduct, peroxybenzoylnitrate (Grosjean1985). Korth
(1963) reported a disappearanceof 55% of the styrene from auto
exhaust in smog chambersin only 2 hours.

The physical removal of airbornestyreneby processessuch as
dry and wet depositionhas not beenstudiedbut it is thought to be
relatively minor. Because of the rapid rate of degradationof



styrenein the atmosphere,long-rangeatmospherictransportationis
unlikely and airborne styrene is not considered a significant
source of styrene for waters or soils distant from point source
emissions (Alexander 1990).

4.1.2 Abiotic Hydrolysis, Photolysisand Oxidation

Abiotic hydrolysis, photolysis and oxidation are not
consideredto be significant mechanismsof styrenedegradationin
the environment (Alexander 1990; Howard 1989; Santodonatoet al.
1980; Toole and Crosby 1988; U.S. EPA 1987a).

4.1.3 Volatilization
Volatilization may be the dominant transport and

transformationprocessfor styrenein water (Howard 1989). Styrene
volatilized rapidly from samples of distilled and lake water in
open flasks, with 50% losses in 6 to 7 and 1 to 3 hours,
respectively,at initial concentrationsof 4 mg/L (Fu and Alexander
1992). Styrene is rapidly lost from surface waters by
volatilization and the half-life typically varies with
environmentalconditions. The half-life reported for waters in a
turbulent lake is from 1 to 6 hours (at a depth of 1 metre) to 60
hours (at a depth of 10 metres) (U.S. EPA 1987a, 1987b). The half-
life of styrene from a river 1 metre deep with a current speedof
1 m/sec and wind velocity of 3 m/sec is about 3 hours (Howard
1989). Zoetemanet al. (1980) estimatedthe overall half-life of
styrene in a river in the Netherlandsto be about 14 hours. Based
on an EXAMS modelingwith input parametersas given by Lewis et aj.
(1983) in U.S. EPA (1984), the half-life was estimatedto be 3 days
in a pond and 13 days in an oligotrophic lake (U.S. EPA 1984).
Half-life values are likely to be longer for groundwater and
stagnantdeepwater where volatilization does not occur (Alexander
1990; Zoetemanet al. 1980).

The half-life for the volatilization of styrene at the soil
surfacehas been estimatedto be approximately1 minute; however,
the rate of volatilization becomes slower with increasingdepth
(U.S. EPA 1987a). Volatilization of styrene proceededat about
twice the rate of mineralization (by microbial action) in the upper
1.5 cm of soil (Fu and Alexander 1992).

4.1.4 Sorption
Although the major route of dissipation of styrene may be

volatilization, adsorptionto particulatematterand sedimentsdoes
occur.

Although the styrene concentration in the suspended and
exposedbottom sediment in natural waters is expectedto be higher
than in the water column, the amount of styrene in bottom and
suspendedsediments is not likely to exceed 10~ of that in most
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surfacewater (U.S. EPA 1987a). Becauseof the relatively small
amountof styreneadsorbedto suspendedor bottom sediment,removal
of the chemical from surfacewater by adsorptionis not considered
significant (U.S. EPA 1987a).

Persistenceand movement of styrene in soil is determinedto
a large extent by the organic content of the soil, the amount of
soil moisture and the cation exchange capacity of the soils.
Relative mobility of styrene in soil is estimated by the soil
sorption constantwhich has been normalized for organic content.
The K~~ for styrene is 900 when derived from the K« and 567 when
derived from aqueous solubility (Table 1). These values place
styrene in the classof chemicalshaving low mobility (Swann et al.
1983). Robertset al. (1980) observedrelatively strongadsorption
of styrene in a sand aquifer, with a breakthrough time
approximately80 times longer for styrene than for a nonadsorbing
tracer.
4.1.5 Biotransformation

The biodegradability of styrene has been demonstrated in
experimentswith biofilms on glass beads, which have shown that
styrene concentrationscan be reduced from 7.6 pg/L to less than
0.05 pg/L in 20 minutes, after acclimation (Bouwer and McCarty
1984). The microbial populations associatedwith the biofilms
required0, and no appreciabledegradationoccurredunder anaerobic
conditions: only 84 degradedin an anaerobicbiofilm column in 2

days. Churchman and Grbic-Galic (1987) observed that methane-
producingbacteriawere capableof anaerobicallydegradingstyrene
to CO, plus organic compounds. Styrenewas completely biodegraded
under anaerobic conditions within 8 months (Grbic-Galic et al.
1990) .

Microbial degradationof styrenein naturalsurfacewatershas
not been extensively investigated;however, Bridie et al. (1979)
reported42% degradationof styrenein 5 days, with BOD (biological
oxygen demand) as the endpoint in water inoculatedwith unadapted
sewagemicrobes. Eighty percentdegradationof styreneoccurredin
5 days when the microbial inoculum contained preconditioned
organisms. Price et al. (1974) reported65~ degradationof styrene
in domesticwaste water with a microbial inoculum.

The slow vertical movement of styrene in soils favours
biodegradationby microbial organisms. Neither biodegradation
(Wilson et a1. 1983) nor mineralization (Sielicki et al. 1978) of
styreneoccurred in sterilized soils'owever,biodegradationwas
observed in non-sterile soils containing an abundance of
microorganisms,suggestingbiodegradationis of major importance
(Alexander 1990). Styrene is converted to CO, (mineralized) in
aerobicsoils by organismsthat use styreneas a carbon source for
growth. Sielicki et al. (1978) reported that 95 and 87~ of "C-
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styrene in soil at a concentrationof 2 g/kg was convertedto CO,
in 16 weeks in a landfill soil and a sandy loam soil, respectively.
About 75% was converted to CO, in 16 weeks in these soils with
initial levels of styrene at 5.0 g/kg. Styrene in a soil-
groundwatersystemwith an initial concentrationof 70 mg/L was not
detectableafter 25 hours incubation at 20'C (Kuhlmeier 1988). A
tanker spill of 4900 gallons of styrene monomer into permeable
soils resulted in groundwatercontamination. Site remediationof
contaminatedsoil and groundwaterusing preconditionedmicrobial
populationsreducedthe styreneconcentrationfrom as high as 500
mg/L to less than 0.05 mg/L in 14 weeks (Kuhlmeier 1988). However,
styrene that leaked into soil surroundingburied drums persisted
for up to 2 years (Howard 1989) and eventually contaminated
groundwater (Robertset al. 1980).

The rate of styrenedegradationin groundwateris much slower
than in surfacewater, with a half-life estimatedat 6 weeks to 7.5
months (Wilson et al. 1983). Batterman and Werner (1984)
demonstratedthat styreneat 1 ~ 47 mg/L in a sandy aquifer declined
to 0.019 mg/L as a result of microbial degradationin laboratory
tests.

The concentrationof styrenein soil and water appearsto have
a significant affect on its persistence. Fu and Alexander (1992)
showed that mineralization of styrene in soil decreasedwith
increasingconcentrations.After 30 days, 62% was mineralizedwith
an initial concentration of 20 pg/kg, while only 16: was
mineralized with an initial concentrationof 1000 mg/kg. The
situation was reversedin lake water samples,with mineralization
of about 224 after 28 days at 100 pg/L, but only about 10~ in the
same time period at a concentrationof 2.5 pg/L. The authors
suggestedthat a thresholdmay exist at still lower concentrations
at which styrenemay not supportmicrobial growth and may therefore
persist in lake water (Fu and Alexander 1992).

Hartmanset al. (1990) isolated14 strainsof aerobicbacteria
and 2 strainsof fungi from various soil and water samplesby using
styrene as the sole source of carbon and energy. Examination of
styrene degradation in one of the bacteria strains showed that
styrene was first converted to styrene oxide, which was
subsequentlyisomerizedto phenylacetaldehydeand then oxidized to
phenylaceticacid. Furthermetabolismof phenylaceticacid was not
studied. Other studies have shown that styrene is aerobically
converted by microbes to 2-phenylethanol, phenylacetic acid
(Sielicki et al. 1978; Shirai and Hisatsuka 1979b), 2-
hydroxyphenylaceticacid (Baggi et al. 1983), 1,2-dihydroxy-3-
ethenyl-3-cyclohexane(Bestettiet al. 1989), styreneoxide (Hou et
al. 1983) and styrene oligomers (Sielicki et al. 1978). Most of
these aerobic transformation products are non-persistent.
Anaerobic transformation products of styrene include 2-
phenylethanol, phenylacetaldehyde,phenylacetic acid, benzoate,
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phenol, ethylbenzene,toluene, and ethyl- and methylcyclohexane
(Churchmanand Grbic-Galic 1987) and many of these transformation
products are relatively persistent under anaerobic conditions
(Alexander 1990).

4.1.6 Bioaccumulation

Aquatic organisms may take up a chemical in aquatic
environmentsdirectly throughgills and integument,or ingest it in
water or in food. If the chemical is not degradedand/or excreted,
it can accumulatein the organism. The extentof accumulationfrom
water only is expressedas a bioconcentrationfactor (BCF), which
is the concentrationof a chemical in the whole body or one or more
tissues of the organism divided by the average exposure
concentrationin the test at apparentequilibrium. Based on an
octanol/waterpartition coefficient (log K = 3.16), the predicted
bioconcentrationfactor (BCF) of styrene is less than 100 for
aquatic biota (U.S. EPA 1984). Therefore, it is unlikely that
styrenewill bioconcentratein freshwaterbiota (U.S. EPA 1984);
however, there is little empirical data, and no data were found in
the literatureon the contributionof dietary sourcesof styreneto
the bioaccumulationof styrene in aquatic organisms.

4.2 EnvironmentalConcentrationand Trends

4.2.1 Air

Styrenehas been detectedin ambient air in a wide variety of
locations in North America, Europe and Asia (Table 5). The highest
concentrationswere reported in styrenemanufacturingplants (WHO
1983).

Table 5: MeasuredConcentrationsof Styrenein Air

Matrix

Air

Air

Air

Air

~

Location/Yr

Canadianurban
centres

Canadianurban
centres,1990
Vancouver,B.C.

Edmonton,Alberta

~

Concentration

Ave. 0.6 y/m3

Max. 29.68

yg/m'ean

valuesrangefrom
0. 1 7-6.47
yg/m'n=98)
Non-detectable- 13.0
yg/m3

~

Reference

Environment
Canada
1991a
Dann 1992

Dann 1991

Alberta
Environment
Ministry cited
in SENES
1989
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Table 5: MeasuredConcentrationsof Styrenein Air

Matrix

Air

Air

Air

Air

Air

Air

Air

Air

Air

Air

Air

)
Location/Yr

Workplaceair,
Saskatchewan

Ontario
communities
ThunderBay, Ont.,
Oct. - Dec. 1990
Sault Ste. Marie,
Ont., Oct. - Dec.
1990
Dorset,Ont.

Walpole Island, Ont.

Walpole Island,
Ont., Jan. - Sept.
1988
Walpole Island,
Ont., Sept. 1988-
Oct. 1989
Windsor, Ont.,
July — Nov. 1987

Windsor, Ont., July
1987 - Sept. 1988
Windsor, Ont.,
Sept. 1988 - Oct.
1989

~

Concentration
I

43,000- 2,800,000

yg/m'0.1

- 13.0

yg/m'0.1

- 0.8 yg/m'.2

- 0.4

pg/m'0.1

- 0.5

yg/m'ean

valuesrangefrom
0.09-0.5 yg/m'n= 5 5)

Non-detectable- 0.7
yg/m', Ave. 0.09

yg/m'on-detectable

- 3.2
yg/m', ave. 1.5

yg/m'.87
- 13.0pg/m', ave.

3.9
pg/m'.09

- 12.8yg/m', ave.
2.3

yg/m'.13

- 1.8 yg/m', ave. 0.5

pg/m'eference

Saskatchewan
HRLE 1989,
cited in
SENES 1989
OME 1992b

OME 1992b

OME 1992b

OME 1992b
Dann 1991

Environment
Canada1989

Environment
Canada
1990b
Environment
Canada
1988b
Environment
Canada1989
Environment
Canada
1990b

Air

Air

Air

Air

Windsor, Ont.,
Apr. - Nov. 1989
Windsor, Ont.,
Feb. — Dec. 1990

(0.1 - 2.0

pg/m'0.1

- 1.6

yg/m'amilton,

Ont., May (0.1 - 0.4yg/m'
Nov. 1989

Hamilton, Ont., Jan. (0.1 - 0.7 yg/m'
Dec. 1990

OME 1992c

OME 1992d

OME 1992c

OME 1992d

Air Toronto, Ont. (0.19 - 14.0yg/m', ave.
2.31 yg/m'ENES1985,

cited in
SENES 1989

14



Matrix

Air

Air

Air

Air

OME 1992cToronto, Ont.,
Apr. - Oct. 1989
Toronto, Ont.,
Feb.-Dec. 1990
Ottawa,Ont.

OME 1992d

Dann 1991

(0.1 - 0.7

pg/m'ean

= 0.03yg/m'n

=35)

Table 5: MeasuredConcentrationsof Styrenein Air

)
Location/Yr

~

Concentration
~

Reference

Toronto, Ont. meanvaluesrangefrom Dann 1991
0.09-1.06pg/m'n

= 146)
(0.1 - 2.3yg/m'ir

Workplaceair,
Ontario

Non-detectable- 433,000yg/rr)'cresConsulting
ServicesLtd.
1981,cited in
SENES 1989

Air

Air

Air

Air

Air

Air

Air

Air

Air

Montreal, P.Q.

Halifax, N.S.

Urban centres

meanvaluesrangefrom
0.35-0.59 yg/m'n

= 79)
mean = 0.20yg/m'n

=27)
6 ppb (0.026mg/m')

USA Ave. 0.9

pg/m'ural/suburban

areas,USA
ns 0.28 - 0.34yg/m'edia

Industrial areas,
USA

Max. 25

pg/m'azardous

waste Max. 65pg/m'ites,

USA

Tunnel, USA Max. 6.6

yg/m'rban

areas,USA 0.63 - 21.0

yg/rn'ann

1991

Dann 1991

Alexander
1990
Brodzinski and
Singh, cited in
SENES 1989
2 References
cited in
ATSDR 1990
6 References
cited in
ATSDR 1990
3 References
cited in
ATSDR 1990
2 References
cited in
ATSDR 1990
Hamptonet
a/. 1983,
cited in
ATSDR 1990
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Matrix

Air

Air

Air

Air

Air

Air

Air

Air

Air

Air

Air

0.021 mg/m'outhernCalifornia,
1965
Los Angeles,
California
3 New Jerseycities
1981-1982
New Jerseycities

0.1-5.5 ppb
(4.32-238x 10'g/m')
0.7-0.24ppb
(30-10 x 10 rng/m')
Medians0.38 - 0.66

yg/m'rosjean

and
Fung 1984
Harkov et al.
1984
Wallaceet al.
1987b
Cohenet al.
1989,cited in
SENES 1989
Wallaceet al.
1987b
Bos et al.
1977
IARC 1979

Ave. 0.9yg/m'utdoors, Kanawha
Valley, West
Virginia

Greensboro,North
Carolina
Delft, The
Netherlands
Delft, The
Netherlands

Median 0.1

yg/m've.

(0.433yg/m', Max.
3.031

yg/m'.4

yg/m',
2.9

yg/m'aximum

NRStreetsof
Leningrad,USSR

Japaneseurban
area

IARC 1979

WHO 19830.0008

yg/m'able

5: MeasuredConcentrationsof Styrenein Air

~

Location/Yr
~

Concentration
~

Reference

California cities 4.3 - 65yg/m'eliganet al.
1965,cited in
SENES 1989
WHO 1983

Air

Air

Air

Air

Air

Air

Nagoya,Japan
homes(2125)

Indoor air, USA

Homes,Kanawha
Valley, West
Virginia

Non-smokers'omes,

USA

Smokers'omes,
USA

0.84

yg/m'ean

1.41 ppb (0.0061
mglrn')
median0.31 ppb (0.00134
mglm')
Max. 6,500

yg/m'.28

- 3.34

yg/m'eometric

means 0.5 - 1.7
yg/m3

Geometricmeans0.4 - 3.4

yg/m'ARC

1979
Shahand
Singh 1988

3 References
cited in
ATSDR 1990
Cohenet al.
1989,cited in
SENES 1989
Wallaceet al.
1987a
Wallaceet al.
1987a
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Matrix

Air

21-210mg/m'anufacturingarea
for polystyrene
Manufacturingarea
for styrene-
butadienerubber
Near reinforced
plastic processors,
USA

Air

WHO 198342-840mg/m'ir

McKay et a/.
1982

WHO 1983

0.29 - 2,934yg/m'ir

NRVehicle
emissions

0.76'/0 of total
hydrocarbonsof
conventionalengines
2.67'/0 of total
hydrocarbonsof rotary
engines
18-48yg/cigarette

WHO 1983Vehicle NR
emissions

WHO 1983Cigarette NR
smoke

Table 5: MeasuredConcentrationsof Styrenein Air

(
Location/Yr

)
Concentration

~

Reference

Workplaceair, USA Max. 4.5 x 10'yg/m' References
cited in
ATSDR 1990
WHO 1983

Levels of styrene in air are elevated during pollution
episodes and are generally higher in winter than in summer
(Alexander 1990). The air in highway tunnels may be rich in
styrenefrom gas combustionand styrenelevels may also be elevated
aroundhazardouswaste sites, with averagelevels reportedbetween
0.11 and 1.53 ppb (0.476-6.61pg/m') and as high as 15.5 ppb (67.0
pg/m') (Alexander1990). Sanitarylandfills receivingmunicipal and
nonhazardousindustrial wasteshad mean styreneconcentrationsin
air of 0.23 to 0.41 ppb (1-1.77 pg/m') and maximum values of 1.52
ppb (6.57 pg/m3) (Alexander 1990). A survey of air in residences
showed average and median concentrationsof 1.41 and 0.31 ppb
(6.10-1.34 pg/m'), respectively (Shah and Singh 1988).

Styrene concentrations in the atmosphereat Canadian air
monitoring stations in 18 mostly urban centres from 1988 to 1990
averaged 0.59 pg/m (n=586), with styrene concentrations in
individual samples ranging from non-detectable (detection
limit=0.05-0.1 pg/m') to 34.2 pg/m'atVancouver, B.C.) (Dann 1990,
pers. corn.). The only non-urbansite monitoredwas Walpole Island,
Ontario, which had a mean concentrationof airbornestyreneof 0.09
pg/m'romJanuaryto October 1988 and 0.5 pg/m from February 1989
to January 1990, with concentrationsin individual samplesup to
3.2 pg/m'. Atmospheric styrene concentrationsreported by the
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Ontario government Volatile Organic Compound Sampling Network
ranged from &0.1 to 13.0 pg/m'n 1991, with the highest
concentrationreported from Mississauga. Styrene concentrations
from a non-urbansite nearDorset rangedfrom &0.1 to 0.5 pg/m'OME
1992b). Other studiesof the air quality of major Canadianurban
studies (Environment Canada 1988b, 1989, 1990b; SENES 1985) cite
styreneconcentrationsranging from 0.09 pg/m'Windsor, Ontario)
to 14.0 pg/m'Toronto, Ontario).
4.2.2 Freshwater

4.2.2.1 SurfaceWater

Styrene is infrequently detected in surface waters, with
contamination usually being traced to a direct input (eg.
industrial effluent) (Table 6). Only a few samples from 23 Great
Lakes siteshad very low levels of styrene,e.g. close to detection
(CPHA 1986).

Table 6: MeasuredConcentrationsof Styrenein Water

Raw
water
Raw
water
Raw
water
Raw
water
Raw
water
Water

Niagaraareawater
treatmentplants
Various Ontario
municipalities
Various Ontario
municipalities,Winter

Various Ontario
municipalities,Spring
Various Ontario
municipalities,Summer
St. Clair R., Ont.

Matnx
I

Location/yr

Raw Alberta
water
Water NiagaraR. at Fort Erie

~

Co centration

& 1.0 yg/L

Max. 0.2 yg/L

Non-detectable- 0.3 yg/L

Ave. &0.1 - 0.5 yg/L, Max.
) 1.0, &10.0 yg/L
&0.1 - 1.3 yg/L

0.1 - 1.7 yg/L

&0.1 - 0.3 yg/L

&0.1 - 1.1 yg/L

I
Reference

Halina 1992

OME 1982,cited in SENES
1989
OME 1983,cited in SENES
1989
Otson 1987

Otson 1992

Otson 1992

Otson 1992

EnvironmentCanada/OME
1986

Intake
water

Treated
water

Treated
water

Treated
water

Treated
water

Treated
water

Ontario organic chemical
manufacturingplants
Niagaraareawater
treatmentplants
Various Ontario
municipalities
Various Ontario
municipalities,Winter

Various Ontario
municipalities,Spring
Various Ontario
municipalities,Summer

Max. 12-mo. ave. 1.1 yg/L OME 1992a

Ave. 0.1 - 0.5 yg/L

& 0.1 - 1.3 yg/L

&0.1 - 1.1 yg/L

&0.1 - 0.5 yg/L

Otson 1987

Otson 1992

Otson 1992

Otson 1992

Non-detectable- 0.2 yg/L OME 1983,cited in SENES
1989
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Table 6: MeasuredConcentrationsof Styrenein Water

Matnx
I

Location/Yr

Soil
leachate

Industrial site, Level,
Quebec

(
Concentrabon

& 3.35yg/i

Surface
water

Industrial site, iaval,
Quebec

&10.0 yg/L

Water
Water

Cincinnati watersupply
British estuaries

Water Rhine River

0.024yg/L
Max. 1.7 yg/L
0.01-0.1yg/L

Ground
water

Netherlands Max. 10.0yg/L

Water ScheldtRiver, Netherlands 1 yg/L

[
Reference

MENVIQ, cited in SENES
1989
MENVIQ, cited in SENES
1989
Colemanet a/. 1984
Law et al. 1991

Pagga1987
Zoetemanet a/. 1980
NAP 1980,cited in U.S EPA
1985
Zoetemanet a/. 1981

Water DelawareRiver

Water KanawhaRiver, West
Virginia

Water lowe well water
Water TennesseeRiver

Detectedbut not
quantifiable
1.0 yg/L
4.2 yg/L
1 yg/L

Sheldonand Hites 1978

Kelley 1985
Goodley and Gordon 1976
IARC 1979

A survey of surfacewaters in Canada in 1988 had no reported
concentrationsof styrene above 1 /Lg/L, which was the detection
limit for the method of analysis (NAQUADAT 1991). The surface
water samples were collected from the Athabasca, McLeod, Peace,
Smokey, Notikewin, Wabasca and Boyer rivers. A survey of 76
municipal and drinking water supplies in Atlantic Canada in 1988
revealedno styreneconcentrationsabove 0.2 /Lg/L (NAQUADAT 1991).
Various other studies of Canadian and Great Lakes water quality
(Environment Canada/OME 1986; OME 1982, 1983, 1992a; Otson 1987,
1992) have cited styreneconcentrations,rangingup to 1 ~ 7 //g/L (in
raw water at Cornwall, Ontario) (Otson 1992). Surfacewater from
an industrial site at Laval, Quebec, had a concentrationof &10.0
pg styrene/L, while soil leachate from the site contained &3.35
//g/L (MENVIQ).

4.2.2.2 Ground Water

One study (Lesageet al. 1990) was identified in the available
literature documenting the concentrationsof styrene in Canadian
groundwater. Three groundwatermonitoring wells vere sampled at
the Uniroyal Chemical Company in Elmira, Ontario. Styrene was
detected at a concentrationof 0.07 mg/L in one of two wells
situatedbesideexisting and former wasteholding lagoons, but was
not detected(detection limit not reported) in the secondwell or
in the third well located inside a former disposal lagoon (Lesage
et al. 1990).
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Styrene concentrationsin groundwater from the Netherlands
ranged up to 10.0 pg/L (Zoetemanet aj. 1981).

4.2.2.3 Waste Water

Table 7: MeasuredConcentrationsof Styrenein Effluents

Industrial
Effluent

Industrial
Effluent

Industrial
Effluent

Industrial
Effluent

Industrial
Effluent

Industrial
Effluent

Industrial
Effluent
Effluent

Raw
Sewage

Final
Effluent

i
Location/Yr

Alberta

Sarnia,Ontario

Synthetic rubber
company
Petrochemical
company
Latex plant
Chemical plant
Textile plant/Kentucky
Chemical plant

Coal gasification plant

NR INot Reported)
SouthernOntario cities
wastewaterpollution
control plants
SouthernOntario cities
wastewaterpollution
control plants

&1.0 - 970
yg/L

2.6 yg/L

Environment
Canada/OME1986
Keith 1974

0.031 yg/L Keith 1974

NR
NR
NR

Max. 970
yg/L

Max. 83 yg/L

&10 yg/L
43.0 - 6,010

yg/kg ww

Shackelfordand Keith
1976

King and Sherbin 1986,
cited in ATSDR 1990
Pellizzari et al. 1979,
cited in ATSDR 1990
Perry et al. 1979
OME 1988, cited in
SENES 1989

13.0 - 15.0
yg/L

OME 1988. cited in
SENES 1989

i
Concentration

i
Reference

& 1.0 yg/L Halina 1992

A study of the St. Clair River in 1981 involved a survey of
industrial effluents for organic compounds. Styrenewas measured
in the effluents of severalpetrochemicalplants at concentrations
ranging on average from 0.05-2100 pg/L with most of the values
reported between 0.05 and 0.1 pg/L (Bonner and Meresz 1981).
However, styreneconcentrationswere measuredas high as 200 mg/L
in a single grab sample from one plant effluent. The frequencyof
occurrenceof styrene in effluents of the St. Clair River system
was 14 out of 88 samplesand 8 out of 31 sites (Bonner and Meresz
1981). More recent data from the Ontario organic chemistry
manufacturing industry revealed that twelve-month mean styrene
concentrationsin effluents, from October 1989 to September1990,
ranged from 0.3 pg/L to 71.1 pg/L with average loading values of
0.022 to 0.511 kg/d. The styreneconcentrationin the intake water
did not exceed1.1 pg/L (OME 1992a).
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Styrene has been detected, but not quantified, in various
American chemical, textile and latex effluents in various locations
in Kentucky, Tennesseeand other U.S. states(Shackelfordand Keith
1976) (Table 7). Keith (1974) reportedstyreneconcentrationsof
0.031 mg/L in a Los Angeles oil refinery waste water effluent
discharging approximately 0.5 kilograms of styrene daily.
Concentrationsof 2.6 pg/L were detected in the effluent from a
synthetic rubber company. Perry et al. (1979) reported styrene
concentrationsof &10 pg/L in an unidentified effluent.
4.2.2.4 Sediments

Little informationwas found concerningstyreneconcentrations
in sediments. Samoiloff et al. (1983) detected styrene in
sediments retrieved from Tobin Lake, Saskatchewan; however,
concentrationswere not quantified. Styreneconcentrationsof 4.2
pg/kg were also reported in sediment samples from the lower
TennesseeRiver in the United States (Goodley and Gordon 1976).

4.2.2.5 Biota

Styrene was detectedbut not quantified in the tissues of
several speciesof fish (Emerald Shiner, Notropis atherinoi des;
Black Crappie, Pomoxis ni gromaculatus; Bluegill, Lepomis
macrochirus; Pumpkinseed, Lepomis gi bbosus; and Walleye,
Sti zostedionvi treum) from the St. Clair River. Whole body styrene
concentrationsbetween15 and 100 pg/kg were measuredin tissuesof
"Splake", Salvelinusfontinalis X S. namaycush,and Walleye caught
in the St. Clair River near Stag Island (Bonner and Meresz 1981).
Edible shellfish from Atlantic Canadacontained&10.0 pg styrene/kg
(Zenon 1989).

No data on levels of styrene in plants, birds or wild mammals
were identified in the literature from Canadaor elsewhere.

4.2.3 Marine Water

No information concerning styrene concentrationsin marine
surfacewaters, sedimentsor biota were identified.
4.2.4 Soils

Styrene may enter soil environments as accidental spills,
leakage from buried drums, or as a component in leachate from
industrial landfill sites.
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OME (1980) reported concentrationsof styrene as high as 29
pg/kg at a depth of 45 cm in soil adjacent to the tracks at the
site of a train derailment in Mississauga, Ontario. The
concentrationin the upper 15 cm of the soil was &0.05 to 9 pg/kg.
A soil sample 100 m north of the tracks contained &0.05 to 17
pg/kg. In a study to determine background levels of organic
chemicals in soil in the region, styreneconcentrationswere found
to range from &0.05 to 0.2 pg/kg at Port Credit, Ontario, and to be
&0.05 pg/kg in the Oakville/Burlington, Ontario, area (Golder
Associates1987). Soil from an industrial site at Laval, Quebec,
contained&91 pg/kg (MENVIQ).

5.0 POPULATION EXPOSURES

5.1 Exposuresof Wildlife Populations

Based on the concentrationsof styrene reported for fish in
the St. Clair River, a potential exposure scenario for a fish-
eatingmammal such as the mink (Mustela vison) was estimated. Data
for this scenario however are sparse and were measuredover a
decade ago. Mink are opportunistic carnivores with aquatic
organismscomprisingup to 100% of the diet. Basedon the exposure
scenariopresentedin Table 8, total daily intake of styrene by
mink in the St. Clair River area is estimated to be 18 pg/kg-
bw/day. This scenario representsa worst-case exposure since
concentrationsin air and water are the highestvalues recordedand
the levels for fish were for trophic level 4 fish (thus
overestimatingoral exposureas mink typically ingest trophic level
3 fish). It is also assumedthat current levels in fish and water
are equivalentor less than thosemeasuredin the early 1980s. No
data are available to confirm this latter assumption.
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Table 8. Estimatedworst-casetotal daily intake of styrene
for a 1 kg adult mink in the St. Clair River area.

MEDIUM CONCENTRATION RATE OF DAILY INTAKE
CONSUMPTION

Air

Water

Fish

TOTAL

3.2

pg/m3'.6

pg/Lb

100

pg/kg'.55
m'/day

0.1 L/day

0.16 kg/day

1.8 pg/kg-
bw/day

-0.2 pg/kg-
bw/day

16 pg/kg-
bw/day

18 pg/kg-
bw/day

'he highest non-urbanconcentrationsof styrene in air were
detectedat Walpole Island, Ontario (in the Lake St. Clair
area) from January1988 to October 1989 (Environment Canada
1991a).

Based on a concentrationin fish of 100 pg/kg, and a maximum
bioconcentrationfactor of 64 (using the equationof Veith et
al. (1979) and a log K,„ Of 2.95), the concentrationin water
would be 1.6 pg/L, which is similar to the maximum
concentrationof styrene found in surfacewater measuredin
the St. Lawrence River near Cornwall in 1983 (Otson 1987;
1992).

Styrenewas found in trophic level 4 fish from the St. Clair
River (near Stag Island) at a maximum whole body concentration
of 100 pg/kg-ww (Bonner and Meresz 1981).

d Rate of consumptiondata for air from Stahl (1967), for water
from Calder and Braun (1983), and for fish from Nagy (1987),
with the additional assumptionthat fish comprise 75% of the
mink diet.

6.0 TOXICOKINETICS AND METABOLISM

Pharmacokinetic studies have shown that absorption,
distribution, metabolismand excretion of styrene is similar for
all mammals examined with some species-specificdifferences.
Styrene is metabolizedrapidly following all standardroutes of
administration. Most of the styrene is excreted via urinary
metabolites(85-90%), a small percentis excretedin the faeces (2-
3%) and some is exhaled (12%) as CO2 (Danishefskyand Willhite 1954;
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Withey and Collins 1979). The major metabolitesare mandelic acid
and phenylglyoxylic acid (Figure 3) (Bond 1989; Ohtsuji and Ikeda
1971). Residues of styrene can be found in most soft tissues
immediately following exposure(Shugaevand Yaroslavl 1969; Withey
and Collins 1979; Carlsson1981), but distributionstudiesindicate
that adiposetissuecan have the highestconcentrations(Lof et al.
1983, 1984). However, no information was found regarding the
mobilization of styrene from adipose tissue. The half-life of
styreneis generally less than 4 hours and eliminationkinetics are
dose-dependentand biphasic (Withey and Collins 1979).

styrene~ styrene~ styrene~ mandelicacid~ phenylglyoxylic acid
oxide glycol

benzyl ~ benzoic~ hippuric
alcohol acid acid

Figure 3: Proposedmetabolicpathwayof styrenein the rat (Ohtsuji
and Ikeda 1971)

Styrene in mammalian systems may also be metabolized to
styrene-7,8-oxide (phenyl-oxirane) which is then hydrated to
styrene glycol (1-phenol-1,2-ethanediol) or conjugated with
glutathione (Nordqvist et a1. 1985).

7.0 EFFECTS ON THE ECOSYSTEM

7.1 Aquatic Toxicity
A number of studies have been conductedon the toxicity of

styreneto aquaticorganisms (Tables 9 to 15). However, the value
of most of these studies is greatly diminished becausethey used
static, open systems with results based on nominal, unmeasured
exposureconcentrations. These conditions are conducive to rapid
volatilization of styrene from water, therefore initial styrene
concentrationswould not be maintainedover the exposureperiod.
For example, Fu and Alexander (1992) showed that the concentration
of styrene in distilled and lake water declined through
volatilization by about 95%, from 4 mg/L to about 0.2 mg/L, after
24 hours in flasks open to the air. Lindstrom and Lindstrom (1980)
demonstrated that styrene declined from initial measured
concentrationsof 46 mg/L to 12.5 mg/L, and from 23 mg/L to 3.3
mg/L, in 2 hours. In view of these data, it is imperative that
toxicity tests with styrene be performed in such a manner that
volatilization of styrene is minimized and exposureconcentrations
are maintained.
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7.1.1 FreshwaterOrganisms

7.1.1.1 Acute Toxicity
The lowest concentration of styrene reported to cause an

adverseeffect in microorganismswas 5.4 mg/L (a 5-minute EC» for
reduction of light emitted) for the luminescentmarine bacterium,
Photobacteriumphosphoreum, in the Microtox Test (Qureshi et al.
1982).

Acute toxicity data were identified for one crustacean
species,Daphniamagna (Table 9). The lowest reported48-h LC» for
this specieswas 23 mg/L, based on nominal (unmeasured) styrene
concentrations(LeBlanc 1980).

Table 9: Acute Toxicity of Styreneto FreshwaterInvertebrates

Species

Daphnis
magna(water
flea)

Life Stage

s 24h

Chem(ca(
Form

styrene 7.4-9.4 22 2 1

mean
= 8.0

) 60'k
sstur;

173213
(as CaCos)

ASU

Test Conditions

Temp Hardness
pH ( C)

~

Or Img/L)
~

(mg/L) Code

Exposure
Duration

(h)

24

Response
Img/L)

27

Effect
Critedon

LC50

Reference

LeBlsnc
1 980

D. magna s 24h styrene 7.4-9.4 22 x 1

mean
= 8.0

6.5-9.1 173x13
(ss CaCo1)

ASU 48 23 LC50 LeBlanc
1980

D. magna s 24h styrene 7.4-9.4 22 i 1 6.5-9.1
mean
= 8.0

173'3
(as CaCoe)

ASU 48 ( 6.8 NOEC LeBlanc
1980

D. magna 24 h styrene
(dechlorinated
tap wateras

dilution water)

7.6-7.7 20-22 0,
saturated

70 ASU 24 255 LC50 Bringmann
and Kiihn

1977

D. magna 24 h styrene
(dechlorinsted
tsp water ss

dilution water)

7.6-7.7 20-22 0,
saturated

70 ASU 24 300 LC100 Bringmann
snd Kuhn

1977

D. magna 24 h styrene
(dechlorinated
tapvl'ster es

dilution water)

7.6-7.7 20-22 Or
saturated

70 ASU 24 130 LCO Bringmann
and Kuhn

1977

D. magna

D. magna

s24 h

NR

styrene
(dechlorinated
Toronto tap

wateres
dilution water)

styrene

7.8-8. 1

8.0

15 X 1.
0

20

NR (but
non-

aerated)

NA

NR

NA

ASU

ASU

48 (2-16h
light, Bh

dark
cycles)

24

59

105

LC50

ECO

Qureehier
a/. 1982

Bringmann
and Kuhn

1982

D. magna

D. magna

NR

NR

styrene 8.0 20 NA

styrene 8 0 20 NA

NA ASU 24

NA ASU 24

182

300

EC50

EC100

Bringmann
and Kuhn

1982

Bringmann
and Kuhn

1982
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Table 9: Acute Toxicity of Styreneto FreshwaterInvertebrates

Test Conditions Exposure

Species Life Stage
Chemical

Form
Temp l Hardness Duration Response Effect

pH ( C)
[

Os (mg/L)
~

(mg/L)
[

Code (h) (mg/L) Criterion Reference

Legend: A

S
M

U

NA
NR

acute
static
measured
unmeasured
not available
not recorded

NOEC
ECO
EC50
EC100
LCO
LC50
LC100

no observedeffectconcentration
Effect Concentration0')(
Effect Concentration50%
Effect Concentration100%
Lethal Concentration0'k
Lethal Concentration50'r(
Lethal Concentration1 00%

Acute toxicity data were identified for seven species of
freshwaterfish: fatheadminnows (Pimephalespromelas), bluegills
(Lepomis macrochirus), goldfish (Carassius auratus), guppies
(Poecili a reti culata), rainbow trout (Oncorhynchusmyki ss), Lake
Emerald shiner (Notropis atherinoides acutus), and the European
species,golden orfe (Leuciscusidus) (Table 10) .

The lowest reported acute toxicity value identified for
styrene in freshwater fish was a 24-h LC» value of 2.5 mg/L for
rainbow trout (Qureshiet al. 1982). Acute toxicity values for the
other fish species ranged from 25 mg styrene/L (24-h LC») for
goldfish (Jensen1978) to 74.83 mg styrene/L (24-, 48- and 96-h
LC») for the guppy (Pickering and Henderson 1966). Once again,
these values were based upon initial, nominal styrene
concentrations.

Table 10: AcuteToxicity of Styreneto FreshwaterFish

Species

Pimephe/es
promo/as
(fathead
minnow)

Life Stage

3.8-6.4
cm

1-2g

Chemical
Form

styrene(soft
dilution water)

TestConditions

Temp Or Hardness
pH ('C) (mg/L) (mg/L)

75 25 78 20 ASU 24 56.73

Exposure
Duration Response

Code (h) (mg/L)
Effect

Criterion

LC50

Reference

Pickering
and

Henderson
1966

P. promelas 3.8-6.4
cm

I -29

styrene
(soft dilution

water)

75 25 78 20 ASU 48 53 58 LC50 Pickering
and

Henderson
1966

P, promelas

P. promelas

3.8-6.4
cm

1 -2g

3.8-6.4
crn

1-2g

styrene
(soft dilution

water)

styrene(hard
dilution water)

75 25 78 20

8.2 25 7.8 360

ASU

ASU

96

24

46.41

62.81

LC50

LC50

Pickering
and

Henderson
1966

Pickering
and

Henderson
1966

P. promelas 3.8-6.4
cm

1 -2g

styrene
(hard dilution

water)

8.2 25 7.8 360 ASU 48 62.81 LC50 Pickering
and

Henderson
1966
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Table 10: AcuteToxicity of Styreneto FreshwaterFish

Species

P. prome/as

Life Stage

3.8-6.4
cm

1 2 9

Chemical
Form

styrene
(hard dilution

water}

Test Conditions

Hardness
(mg/L)

360

Temp Os
pH ( C) (mg/L)

8. 2 25 7.8

Exposure
Duration

Code (h)

ASU 96

Response
Img/L)

59.30

Effect
Criterion

LC50

Reference

Pickering
and

Henderson
1966

P. prome/as juvenile
4-8wk.
1.1-3.1

cm

styrene
(Lake Superior
dilution water)

&5.9 18-22 & 4.0 NR ASU 1 100 LC50 Matteson
et a/. 1976

P. prome/ss

P. prome/as

4-8wk.
1.1-3.1

cm

4-8wk.
1.1-3.1

cm

styrene
(Lake Superior
dilution water)

styrene
(Lake Superior
dilution water)

&5.9 18-22 & 4.0

&5.9 18-22 & 4.0

NR

NR

ASU

ASU

24

48

32

32

LC50 Matteson
et a/. 1976

LC50 Mstteson
et a/. 1976

P. prome/as

P. prome/as

P. prome/as

4-8wk.
1. 1-3. 1

cm

4-8wk.
1.1-3.1

cm

4-8wk.
1.1-3.1

cm

styrene
(Lake Superior
dilution water)

styrene
(Lake Superior
dilution water)

styrene
(Acetone
addedto

dilution water)

&5.9 18-22 & 4.0

&5.9 18-22 & 4.0

&5.9 18-22 & 4.0

NR

NR

NR

ASU

ASU

ASU

72

96

32

32

40

LC50

LC50

LC50

Matteson
et a/. 1976

Matteson
et a/. 1976

Matteson
et a/. 1976

P. prome/ss

P. promeias

P. prome/as

P. promeias

4-8wk.
1.1-3.1

cm

4-8wk.
1.1-3.1

cm

4 - 8 wk.
1.1-3.1

cm

4-8wk.
1.1-3.1

cm

styrene
(Acetone
addedto

dilution water)

styrene
(Acetone
addedto

dilution water)

styrene
(Acetone
addedto

dilution water)

styrene
(Acetone
addedto

dilution water)

&5.9 18-22 & 4.0

&5.9 18-22 & 4.0

&5.9 18-22 & 4.0

&5.9 18-22 & 4.0

NR

NR

NR

NR

ASU

ASU

ASU

ASU

24

48

72

96

30

29

29

29

LC50 Mstteson
et s/. 1976

LC50 Matteson
et a/. 1976

LC50 Matteson
et a/. 1976

LC50 Matteson
et a/. 1976

Notropis
stherinoides
scutus(Lake
Emerald
Shiner)

NA styrene NA NA NA NA NA 31 LC50 Dow
Chemical
1989, as
cited in

Alexander
1990

Notropis
atherinoides
scutus(Lake
Emerald
Shiner)

NA styrene NA NA NA NA NA "safe"
concentration

Dow
Chemical
1989, as
cited in

Alexander
1990
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Table 10: Acute Toxicity of Styreneto FreshwaterFish

Species Life Stage
Chemical

Form

Test Conditions

Temp Os Hardness
pH ( C) (mg/L) (mg/L)

Exposure
Duration Response

Code (h) (mg/L)
Effect

Criterion Reference

Lepomis
macrcchirus
(bluegill)

3.8-6.4
cm

1 -29

styrene
(soft dilution

water)

7.5 25 7.8 20 ASU 24 25.05 LC50 Pickering
and

Henderson
1966

L.

macrochirus

L.

macrcchirus

Garassius
auratus
(goldfish)

C. auratus

C. auratus

3.8-6.4
cm

1-2g

3.8-6.4
cm

1-2g

3.8-6.4
c irl

1-2g

3.8-6.4
cm

1-2g

3.8-6.4
cm

1 -29

styrene
(soft dilution

water)

styrene
(soft dilution

we'ter)

styrene
(soft dilution

water)

styrene
(soft dilution

water)

styrene
(soft dilution

water)

75 25 78

75 25 7.8

75 25 78

7.5 25 7.8

7.5 25 7.8 20

20

20

20

20

ASU

ASU

ASU

ASU

ASU

48

96

24

48

96

25.05

25.05

64.74

64.74

64.74

LC50

LC50

LC50

LC50

LC50

Pickering
snd

Henderson
1 966

Pickering
and

Henderson
1966

Pickering
and

Henderson
1966

Pickering
and

Henderson
1966

Pickering
and

Henderson
1966

C. auratus 6.2%0.7
cm

3.3x 1.0 9

styrene
Amsterdam
(tap water

dilution water)

7.0 2021. ) 4.0
0 wrth

contin-
Vous

aeration

NR ASM 24 26 LC50 Bridib et al.
1979

C. auratus NR styrene NR NR NR NR A SU 24 25 LC50 Jensen
1978

Pceci/ia
reticulate
(guppy)

P. reticulate

P. reticulate

Oncorhynchus
mykiss
(rainbow
trout)

1.9-2.5
cm

0.1-0.2g
6 Months

1.9-2.5
cm

0.1-0.2g
6 Months

1.9-2.5
cm

0.1-0.29
6 Months

0.5-3.0g
(yoy)

styrene(soft
dilution water)

styrene
(soft dilution

Water)

styrene
(soft dilution

water)

styrene
(dechlorinated
Toronto tap

wa'terss
dilution water)

7.5 25

7.5 25

7.5 25

7.8-8.1 15E1.
0

7.8

7.8

7.8

NR

20

20

20

135

ASU

ASU

ASU

ASU

24

48

96

24

74.83

74.83

74.83

2.5

LC50

LC50

LC50

LC50

Pickering
and

Henderson
1966

Pickering
and

Henderson
1966

Pickering
and

Henderson
1966

Qureshiet
a/. 1982

Leuciscus
idus
(goldenorfe)

NR styrene NR NR NR NR SU NR LCO Juhnkeand
Ludemann

1978

L. idus NR styrene NR NR NR NR SU NR 17 LC50 Juhnkeand
Ludemann

1978
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Table 10: Acute Toxicity of Styreneto FreshwaterFish

Species Life Stage
Chemical

Form

Test Conditions

Temp Or Hardness
pH I C) lmg/L) (mg/L)

Exposure
Durst)on Response Effect

Code (h) Img/L) Criterion Reference

L. idus NR styrene NR NR NR NR SU NR 18 LC100 Juhnkeand
Ludemann

1978

L. idea

L. idus

L. idus

NR

NR

NR

styrene NR NR NR NR SU NR

styrene NR NR NR NR SU NR

styrene NR NR NR NR SU NR

45

66

90

LCO

LC50

LC100

Juhnkeand
Ludemann

1978

Juhnkesnd
Ludemann

1978

Juhnkeand
Ludemann

1978

Legend: A

S
M

U

NA
NR

acute
static
measured
unmeasured
not available
not recorded

LC100
LCSO
LCO

yoy

Lethal Concentration1 00%
Lethal Concentration60%
Lethal Concentration0%
young of the year

No datawere found in the literatureregardingthe toxicity of
styrene to amphibiansor to freshwaterplantlife.
7.1.1.2 Chronic Toxicity

Chronic toxicity data were available for one species of
bacteria, Pseudomonasputida, and one species of protozoan,
Entosiphon sulcatum (Bringmann and Kuhn 1980). The toxicity
threshold (TT) values were 72 mg styrene/L for P. putida (effects
basedon turbidity of the bacterialsolution at the end of the 16-
hour exposure period) and &256 mg styrene/L for E. sulcatum
(effectsbasedon the number of organismsmeasuredby an electronic
particle counter at the end of the 72-hour exposure period).
Styreneconcentrationswere not measured.
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Table 11: ChronicToxicity of Styreneto FreshwaterMicroorganisms

ChemicalLife
Species Stage Form

Test Conditions

Temp 0, Hardness
pH ('C) (mg/L) (mg/L)

Exposure
Duration Response Effect

Code (h) (mg/L) Criterion Reference

Entosiphon
su/cetum
(flagellate
auglenoid)

Legend: C
S

initial
culture
turbity

reported

chronic
static

styrene NR 25 NR NR

NR not recorded
U unmeasured

CSU 72 & 256 inhibition
of growth

Bringrnann
and Kuhn

1980

Chronic toxicity data were available for one speciesof green
algae (Chlorophyceae), Scenedesmusguadricauda, one species of
blue-greenalgae (Cyanophyceae),Microcystis aeruginosa,and for
one cryptomonad species (Cryptophyceae),Chilomonas paramecium
(Table 11). The lowest toxicity thresholdwas 67 mg styrene/L for
M. aeruginosa(Bringmann and Kuhn 1978, as cited in AQUIRE 1991).
Eight-day cell multiplication inhibition tests were used to
determinethe toxicity threshold, defined as the concentrationof
styrenewhich results in the onset of inhibition of growth. Algal
cell multiplication was determinedturbidimetrically and exposure
concentrationswere nominal.

Table 12: Chronic Toxicity of Styreneto FreshwaterPlants

Species Ufe Stage heenricrd F&mn

Test Conditions

Hardness
pH ( C)

!
Or (mg/L)

!
(mg/L) Code

Exposure
Duration

(h)
Response

(mg/L)
Effect

Criterion Reference

S. quadricauda &n&t&al

culture
turbidity
reported

styrene NR 27 NR NR CSU 7d & 200 inhibition of
growth

Bringmann
snd Kuhn

1980

S. quadr/cauda

Microcysris
aeruginosa

Chi/omonas
paramecium

NR

NR

NR

styrene NR 27 NR

styrene NR 27 NR

styrene 8.9 20 NR

NR CSU

NR CSU

NR CSU

8&i

8d

48

& 200

67

& 100

inhibition of
growth

inhibition of
growth

inhibition of
growth

Bringmsnn
snd Kuhn
1978, as
cited in

AQUIRE 1991

Bringmsnn
snd Kuhn
1978, as
cited in

AQUIRE 1991

Bringmsnn
er a/.
1980

!

Legend: C chronic NR not recorded
S static U unmeasured

No chronic toxicity data were identified for freshwater
macroinvertebratesor vertebrates.
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Marine Organisms

7.1.2.1 Acute Toxicity
Acute toxicity datawere identified for four speciesof marine

invertebrates, Artemia salina (brine shrimp) and Pontoporeia
affi ni s (marine amphipod) (Table 13) and Paracentrotusli vi dus and
Psammechinus mi crotuberculatus (Table 14) .

Lindstrom and Lindstrom (1980) exposed Pontoporeiaaffinis
(marine amphipod), for 10 d of a 40-d experimental period, to
nominal sublethalconcentrationsof styreneranging from 2.3 to 69
mg/L, to determine effects on nocturnal swimming behaviour.
Exposure concentrationsof styrene were difficult to determine
because of the rapid diminution of the concentrationsdue to
volatilization. In one test, the initial nominal concentrationwas
23 mg/L and the measuredconcentration2 hours later was 3.3 mg/L.
A second test with an initial concentrationof 46 mg/L had only
12.5 mg/L of styrene in solution after 2 hours. The following
results are expressedas nominal concentrations;however, the
actual exposure concentrationsdeclined rapidly over the 10-d
exposureperiod. Styrene, at initial concentrationsof 2 ' to 23
mg/L, immediately stimulatedswimming activity, however, 35 and 46
mg/L resulted in an immediate cessationof swimming activity that
lasted for 2 to 3 days after which activity increasedto 2 to 3
times the normal level for severaldays and eventually returnedto
normal within the experimentalperiod. Styrene concentrationsat
the time normal activity was achieved for 23, 35 and 46 mg/Linitial concentrationswere 0.4, 0.6 and 1.0 mg/L respectively.
Mortality was measuredat the end of the recoveryperiod (40-45 d)
and the LC,O estimatewas between 46 and 69 mg/L. There was no
mortality at 2.3 mg/L, 31~ mortality at 46.0 mg/L and 1004
mortality at 69.0 mg/L. Those organisms exposed to 69 mg/L of
styrene died within a few hours. The exposure concentrations
declined about one order of magnitude within 24 hours and vere
substantiallyless for the duration of the exposureperiod.

In a series of tests with two species of sea urchin,
Psammechinusmi crotuberculatusand Paracentrotuslivi dus, embryos,
eggs or sperm were exposed to varying concentrationsof styrene
(Paganoet al. 1978). To enhancesolubility, styreneand control
solutionswere preparedwith absoluteethanol. When embryos were
exposed to 55.1 mg/L, subsequentdifferentiation of the embryos
were entirely abnormal. Embryos of eggs or sperm pretreatedfor 5
minutes with 10.4 mg/L styrene were 100% and 30~ abnormal
respectively by the time they reached the pluteus stage of
development(approximately45 hoursafter fertilization). Protocol
and results in this paper are vague, particularly for embryo
exposure. Test conditions, control mortality, and exposure
durationwere not reportedand the effect criteria vere not clearly
definedbut appearedto be fertilization and embryonicdevelopment.
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However, this paperdoesgive an indication of the vulnerability of
developingaquatic creaturesto the mutageniceffects of styrene.
These results are comparablewith observationsof several known
mutagens/carcinogensin the same test system.

Table 13: Acute Toxicity of Styreneto Marine Invertebrates

Species
Chemical

Life Stage Form

Test Conditions

Tamp Os Salinity
pH ( C) Img/L) (%o)

Exposure
Duration

Code (h)
Response

(mg/L)
Effec

Criterion Reference

Artemis salina
(brine shrimp)

nauplii styrene NR 24 NR NR ASU 48 52 LC50 Price at a/.
1974

A. salina

Pontoporaia
affinis
(amphipod)

Pontoporaia
affinis
(amphipod)

nauplii styrene NR 24 NR NR ASU 24

6-10 mm styrene NR 4 & 8 5-6 SM NR

B-10 mm styrene NR 4 & 8 5-6 SM NR

88

2.3

48

LC50

0
mortality

31 )6

mortality

Price et al.
1974

Lindstrom
and

Lind st rom

1980

Lindstrom
and

Lindstrom
1980

Pontoporeia
affinis
(amphipod)

6-10 mm styrene NR 4 &8 5-6 SM NR 69 100')(
mortality

Lindstrom
and

Lindstrom
1980

Legend: A Acute
M measured
NR not recordedin study

LC50 Lethal Concentration50%
S Static
U Unmeasured
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Table 14: Acute Toxicity of Styreneto Marine Echinodermata

Species Ufe Stage pH

Test C nditions

Temp 0, Hardness
( C) (mg/L) (mg/L)

Exposure
Duration

Code (h)

Response
(mg/L)

Effect
Criterion Reference

Peammsclrin us
mlcrorubsrcu/atus

(sesurchinl

embryo styrene NR NR NR NR SU NR 55.1 toxicant
affect on

sperm end
egg before
fertilization

Paganoer s/.
1978

Psmcanrrorus
lirndus (ses
urchin)

embryo styrene NR NR NR NR SU NR 55.1 toxicant
effect on

sperm snd
egg before
fertilization

Paganoer a/.
1978

Legend: S Static
U Unmeasured

NR not recorded in study

Acute toxicity data were available for one speciesof marine
fish, Cyprinidon vari egatus (Table 15) . Heitmuller et al . (1981)
exposed sheepsheadminnows (Cyprinodon variegatus) to varying
concentrationsof analytical-gradestyrenewith a minimum purity of
80:. The 24-, 48-, 72- and 96-h LC5() values were all 9.1 mg/L. A
NOEC value of 5.1 mg/L was also reported. Nominal test
concentrationswere used.
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Table 15: Acute Toxicity of Styreneto Marine Fish

Species
Life

8'tege ChemicalForm

TestConditions

Temp Salinity
pH ( C) Os (mg/L) (%o)

Exposure
Duration Response Effect

Code (h) (mg/L) Criterion Reference

Cyprinidon
variegetus
(sheepshead
minnow)

C. veriegatus

8-15 styrene(filtered
mm naturalseawateras

14-28 dilution HsO)
d

8-15 styrene(filtered
mm naturalseawateras

14-28 dilution HsO)
d

NR 25-31 NR (but 1.0-3.1 ASU 24 9.1 LC50 Heitmuller
no et e/.
aeration) 1981

NR 25-31 NR (but 1.0-3.1 ASU 48 9.1 LC50 Heitmuller
no er e/.
aeration) 1981

C. veriegatus 8-15
mm

14-28
d

styrene(filtered
naturalseawateras
dilution H,O)

NR 25-31 NR (but 1.0-3.1 ASU 72
no
aeration)

9.1 LC50 Heitmuller
et e/.
1981

C. veriegarus

C. veriegar us

8-15 styrene(filtered
mm natural seawateras

14-28 dilution H,O)
d

8-15 styrene(filtered
mm naturalseawateras

14-28 dilution H,O)
d

NR 25-31 NR (but 1.0-3.1 ASU 96
no
aeration)

NR 25-31 NR (but 1.0-3.1 SU NR

no
aeration)

9.1 LC50 Heitmuller
et a/.
1981

5.1 NOEC Heitmuller
et e/.
1981

Legend: A Acute LC50 Lethal Concentration50'k
U Unmeasured S Static
NR not recordedin study NOEC no observedeffect concentration

7.1.2.2 Chronic Toxicity
No data were found in the literature regarding the chronic

toxicity of styreneto any marine organisms.

7.2 TerrestrialToxicity
The toxicity of styreneto mammalsand birds has beenassessed

in a number of reviews (U.S. EPA 1984, 1985; Santodonatoet al.
1980; NIOSH 1981; Barlow and Sullivan 1982) and more recently by
Bond (1989); however, there is a paucity of data regarding the
toxicity of styrene to terrestrial invertebrates and
microorganisms. The toxicity of styrene to laboratorymammals is
presentedin Supporting Documentationpreparedby Health Canada,
and is available from Health Canada at the addresscited at the
beginning of this document. The toxicity of styrene to birds has
been summarizedin Table 16.
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Table 16:
Species Type of Test

I
Dose Toxicity Criteria

Toxicity of Styrene to Birds
!

Effect Concentration! Reference

Chickenembryos teratogenic 0.5-5.0ymol/egg styrene
injection into air spaceof
fertilized eggson d 4 of
incubation
0.5-2.5ymol/egg styrene
oxide into air spaceof
fertilized eggs

14-d LD50 with 15%
malformations

14-d LD50 with 7%
malformations

40 ymol/egg

\.5 ymoi/egg

Vainio er al.
1977

Vainio er al.
1977

No data regardingthe acutetoxicity of styreneto terrestrial
plants, terrestrial invertebrate organisms, amphibians (frogs,
newts and salamanders),reptiles (snakes and turtles), birds or
mammalianwildlife were identified in the literature.

No chronic toxicity data for birds exposed to styrene were
found, however, one chronic developmental study was reviewed.
Styrene and styrene oxide were injected into the airspace of
fertilized chicken eggsat various times during a 14-day incubation
period (Vainio et al. 1977). Early stagesof embryonicdevelopment
were most susceptibleand the 14-d LD»s for injection on day 4 were
40 pmol/egg (4 mg/egg) and 1.5 jttmol/egg (0.18 mg/egg) for styrene
and styreneoxide, respectively(Table 16). Nalformationsoccurred
in 0-20% of the exposed embryos exposed to both compounds and
included no eyes, shortenedupperbill, one eye and stuntedgrowth.

No data concerning the chronic toxicity of styrene to
terrestrial invertebrate organisms, amphibians, reptiles or
mammalianwildlife were found in the literature.

The only phytotoxicity data found in the literature involved
the in vivo exposure of growing root tip cells of Allium cepa
(onion) to styrene or styrene oxide to examine the cytogenic
effects. Growing root tip cells of Allium cepa were exposed to
styrene or tritiated styrene oxide at concentrationsas low as
0.01% v/v (450,000 pg/L). The observed aberrations included
chromosomalbreakages,a strong c-mitotic effect and an inhibition
of the mitotic spindle (prolonged and/or disordered anaphase)
(Linnainmaa et al. 1978). In addition to these aberrations,
styrene oxide caused a significant increase in the number of
micronuclei and nuclear bridges. Autoradiography suggeststhat
styrene oxide binds irreversibly to cytoplasmic and nuclear
macromolecules(Linnainmaaet al. 1978). No NOEC value for plants
exposedto styrenewas found in the literature.
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8.0 CRITERIA'UIDELINES AND STANDARDS

Styrene is included in the group of substances termed
"Volatile Organic Compounds" (VOCs). Currently, there are
initiatives by the federal and provincial governmentsdirectedat
limiting the releaseof VOCs from industrial and other sourcesas
the means of controlling ground-levelozone (CCME 1990).

In Canada, federal, provincial and local government
requirementsmust be reviewed prior to styrene disposal (CCOHS
1990). The Ontario Ministry of the Environment requires that
styrene-contaminatedwaste water be disposed of via biological
treatment facility. Pure styrene waste must be disposedof by
means of a hazardouswaste facility, but it is seldom generated
during production since most is collected and recycled in the
productionprocess (Burgess 1991).

The Canadian Council of Ministers of the Environment
(Environment Canada 1991b) has set interim assessmentcriteria of
0.1 pg styrene/gdry weight and 0.5 yg styrene/L, representingthe
concentrationsin soil and water above which investigativeaction
should be considered. Environment Canada (1991b) has also
establisheda use-dependentset of Federal interim remediation
criteria for soil. Criteria for agricultural, residential/parkland
and commercial/industrialsoils are 0.1, 5.0 and 50 pg styrene/g
dry weight, respectively. The agricultural criterion is
specifically intendedto protectcrops and livestock; the other two
are directed at preservinghuman health. Styrene water quality
guidelines for five use classes of water are currently being
developedby Environment Canada (S. Walker 1991, pers. corn.).

British Columbia has proposedclean-up criteria of 0.1, 5.0
and 50 pg styrene/g soil (Environment Canada 1991b). A soil
concentrationof 50 pg/g representssignificantsoil contamination,
while the other two levels representconcentrationsthat require
investigationor possibleremediation,dependingupon the land use.
A groundwatercriteria of 0.5 pg/L has been proposedby British
Columbia as a concentrationbelow which the water is considered
uncontaminated (Environment Canada 1991b), while higher
concentrationswould warrant investigation. British Columbia has
no provincial guidelines or interim guidelines for styrene in
surface water; however there is a site specific styrene water
quality objective of 0.05 mg/L (maximum) for the protection of
aquatic life in the Port Moody Arm of Burrard Inlet, B.C. (L.
Pommen 1991, pers. corn. ) .

Alberta Environment has proposed a soil criteria of 0.1 pg
styrene/g (Environment Canada 1991b).

Manitoba has no styreneguidelinesor tentativeguidelinesfor
surfacewaters (D. Brown 1991, pers. corn.).

36



The province of Ontario has completed a preliminary hazard
assessmentof styrenebut this document is not yet available (R.
MacFarlane 1991, pers. corn.). Ontario Provincial Water Quality
Guideline developmentdocumentsfor styreneand octachlorostyrene
are currently in draft form. The interim water quality guideline
recommendedfor the protectionof freshwaterlife is 0.004 mg/L for
styrene; however data were insufficient to derive a value for
octachlorostyrene(Bazinet and McGillivray 1990; G. Rutherford
1991, pers. corn.).

The Quebec environment ministry has recommended soil
guidelinessimilar to thoseproposedby British Columbia, e.g. 0.1,
5.0 and 50 pg styrene/g, and has also recommendedgroundwater
guidelinesof 0.5, 40.0 and 120.0 pg styrene/L (EnvironmentCanada
1991b). These three figures representthe approximatedetection
limit, site investigation level, and remedial action level,
respectively. Quebechas two provisional guidelines for the short
and long-term protectionof freshwateraquatic life (I. Guay 1991,
pers. corn.). The acute and chronic toxicity criteria are 1.2 mg/L
and 0.05 mg/L, respectively. These provisional criteria were
derived from the acute (48-h) LC,~ value of 23 mg/L for Daphnia
magna (LeBlanc 1980).

Effluent guidelinesare currently being developedby the U.S.
EPA for 129 organic pollutantsbut styrene is not on this list (W.
Forsht 1991, pers. corn.). Styrene has been placed on a list of
chemicalsrequiring ambient water quality criteria developmentby
the U.S. EPA, however, no review has commencedat this time (K.
Potts 1991, pers. corn.).
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