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Toluene has a low octanol–water partition coefficient (log
Kow 2.69 at 25°C) (Mackay et al. 1992), indicating a low
fat solubility and consequently low bioaccumulation
potential (Environment Canada 2004).

his fact sheet provides Canadian soil quality
guidelines for toluene for the protection of
environmental and human health (Table 1). A
scientific supporting document is also available
(Environment Canada 2004).

Toluene, ethylbenzene, and the three xylene isomers (o-,
m-, and p-xylene) fall into the broad category of volatile
organic compounds that are monoaromatic hydrocarbons
composed of an alkyl-substituted benzene ring. These
compounds, collectively referred to as TEX, are often
studied together, with the addition of benzene, because
they are all present in gasoline and make up more than
60% of the water soluble fraction (Barbaro et al. 1992).

Background Information
Toluene (C6H5CH3; CAS 108-88-3) is a clear, colourless
liquid at room temperature with a sweet, pungent odour
(NIOSH 1973). It is a monocyclic aromatic compound
with one hydrogen on the benzene ring substituted by one
methyl group. Toluene is a volatile liquid with relatively
high vapour pressure (28.4 mm Hg at 25°C) and Henry’s
law constant (5.94 × 10-3 atm·m-3·mol-1) that is highly
flammable and explosive. The solubility of toluene in
freshwater is relatively low (347–707 mg·L-1 at 25°C),
but is high enough to be of environmental concern.

TEX are products or by-products of petroleum and coal
refining. Toluene and xylene are produced as an aromatic
mixture with benzene, primarily from catalytic reformate
in refineries and secondarily as by-products of olefin
manufacture during the cracking of hydrocarbons.

Table 1. Soil quality guidelines for toluene (mg·kg-1).*
Land use and soil texture
Agricultural
Coarse

Fine

Residential/
parkland
Coarse
Fine

Commercial
Coarse

Fine

Industrial
Coarse

Fine

Surface
Guidelinea

0.37

0.08

0.37

0.08

0.37

0.08

0.37

0.08

SQGHH

0.37

0.08

0.37

0.08

0.37

0.08

0.37

0.08

SQGE

75

110

75

110

250

330

250

330

Subsoil
Guidelinea

0.37

0.08

0.37

0.08

0.37

0.08

0.37

0.08

SQGHH

0.37

0.08

0.37

0.08

0.37

0.08

0.37

0.08

SQGE

150

220

150

220

500

660

500

660

Notes: SQGE = soil quality guideline for environmental health; SQGHH = soil quality guideline for human health.
*Free-phase formation, a circumstance deemed unacceptable by many jurisdictions, occurs when a substance exceeds its solubility limit in soil water.
The concentration at which this occurs is dependent on a number of factors, including soil texture, porosity, and aeration porosity. Under the
assumptions used for this guideline, at concentrations greater than 660 mg·kg-1 in coarse soil, or 680 mg·kg-1 in fine soil, formation of free-phase toluene
will likely occur. Contact jurisdiction for guidance.

aData are sufficient and adequate to calculate an SQGHH and an SQGE. Therefore the soil quality guideline is the lower of the two and represents a fully
integrated de novo guideline for this land use.
The guidelines in this fact sheet are for general guidance only. Site-specific conditions should be considered in the application of these
values. The values may be applied differently in various jurisdictions. Use of some values listed in Table 1 may not be permitted at the
generic level in some jurisdictions. For example, use of subsoil values may result in land use restrictions. The reader should consult the
appropriate jurisdiction before application of the values.
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Volatilization is a dominant process determining the fate
of TEX in the terrestrial environment (Parker and Jenkins
1986; Jin and O’Connor 1990; Anderson et al. 1991).
Volatilization depends on temperature, humidity,
sorption, and biodegradation processes in soils (Aurelius
and Brown 1987; Ashworth 1988). The relatively
high vapour pressures and Henry’s law constants
(>10-3 atm·m-3·mol-1) of TEX make them subject to rapid
volatilization from soils with half-lives ranging from 2.2
to 28 d (Howard 1990; Anderson et al. 1991).

Ethylbenzene is primarily produced by the alkylation of
benzene with ethylene.
TEX are widely used as solvents in paints, lacquers,
adhesives, inks, and cleaning and degreasing agents and
in the production of dyes, perfumes, plastics,
pharmaceuticals, and pesticides. TEX also make up a
significant fraction of crude petroleum. The typical
fractions of toluene in the gasolines used in Ontario are
6.7% in regular unleaded and 11.3% in premium
unleaded (OMEE 1993b).

Adsorption reduces the mobility of TEX in soils and
affects their biotransformation rate. Soil organic matter,
especially humic acids, strongly sorb TEX (El-Dib et al.
1978; Schwarzenbach and Westall 1981; Jury et al. 1987;
Jin and O’Connor 1990). TEX are also adsorbed on clay
minerals such as bentonite, illite, and kaolinite.
Adsorption in soil increases with increasing TEX
concentrations, with decreasing pH, and with decreasing
moisture content (El-Dib et al. 1978; Chiou et al. 1981;
English and Loehr 1991; Rutherford and Chiou 1992).
Sorption is low in light textured soils with low organic
matter (Garbarini and Lion 1986; English and Loehr
1991).

The introduction of TEX into the atmosphere is due
largely to incomplete combustion of petroleum fuels from
motor vehicles and volatilization of TEX-based solvents
and thinners. Other natural sources include volcanic
gases, forest fires, and vegetation (Isidorov et al. 1990).
TEX are released to soil and water mainly from leaking of
underground petroleum storage tanks and landfill sites,
accidents and spills during transportation, pesticide
applications, and discharges of industrial and municipal
wastes (Johnson et al. 1989; Lesage et al. 1990, 1991;
DGAIS 1992).
Concentrations of TEX in ambient air vary widely
depending on the source and the sampling season.
Toluene concentrations ranging from 1.1 µg·m-3 in rural
areas (Dann et al. 1989) to 2600 µg·m-3 near gas stations
in summer (PACE 1987, 1989) have been reported.

A variety of soil microorganisms are able to utilize TEX
as a source of carbon, and degrade them to CO2 and
water. Pseudomonas species are the main degrading
bacteria in soils, but other species such as Arthrobacter
have also been reported to degrade TEX (Utkin et al.
1992). Degradation half-lives usually range from 5 to
10 d and are typically <20 d (Grbić-Galić and Vogel
1987; Chiang et al. 1989; Evans et al. 1991a, 1991b;
Haag et al. 1991; Mackay et al. 1992). Degradation may
occur in aerobic or anaerobic conditions. In aerobic
conditions, the oxygen supply in soil is the major
controlling factor (Barker et al. 1989; Chiang et al. 1989;
Allen 1991). The availability of nutrients, especially
nitrogen, also affects the degradation rate. This rate is
higher in upper soil horizons and in unsaturated zones
due to greater oxygen supply (Kampbell et al. 1987;
Miller et al. 1990; Haag et al. 1991; Edwards et al. 1992).
Anaerobic degradation is much slower and may be
increased by adding nitrates and sulphates to the soil
(Evans et al. 1991a, 1991b; Hutchins 1991; Beller et al.
1992; Edwards et al. 1992).

In water, the reported toluene concentrations vary from
0.1 µg·L-1 (NAQUADAT 1992) to 0.5 µg·L-1 in the Great
Lakes (Otson 1987). Lesage et al. (1990) reported
3900 µg·L-1 of toluene in a shallow aquifer near a
chemical waste disposal site at Elmira, Ontario.
Data on concentrations of toluene in soils and sediments
are scarce for the Canadian environment. The Ontario
Ministry of Environment and Energy has reported that the
98th percentiles of toluene concentrations in rural and old
urban parkland soils not impacted by a local point source
of pollution are 1.3 and 0.92 µg·kg-1, respectively (OMEE
1993a).

Environmental Fate and Behaviour in Soil

TEX are moderately soluble in water and may move with
percolating waters, either in solution or sorbed to
dissolved organic matter. In organic soils, TEX leaching
is highest in low organic matter and light texture
situations, whereas in mineral soils, it depends on the type
of clay and the soil moisture content. Sorption and
biodegradation processes reduce TEX mobility in soils.

The major processes that determine the behaviour of TEX
in the terrestrial environment are volatilization, sorption,
biodegradation, and leaching. TEX do not have
hydrolyzable groups and therefore hydrolysis is not an
important transformation pathway. Likewise, TEX are not
degraded directly by photolysis (Howard 1990; Mackay
et al. 1992). In the atmosphere, however, TEX are
degraded with a half-life of 3 h to 1 d by reacting with
photochemically produced hydroxyl radicals.
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In an attempt to establish phytotoxic levels of toluene in
soil, Environment Canada conducted seedling emergence
tests for both radishes (Raphanus sativa) and lettuce
(Lactuca sativa) in 1995. The lowest concentrations at
which adverse effects occurred were 7 and 9 mg
toluene·kg-1 soil, resulting in a 25% reduction in seedling
emergence for radishes and lettuce, respectively.
Although these results were used for deriving provisional
soil quality guidelines in 1997, the data were suspect due
to problems associated with the recovery of toluene from
soil and the volatility of the compound (Environment
Canada 1995).

Bioconcentration
Herman et al. (1991) examined the relationship between
Kow, bioconcentration, and toxicity of TEX in algae
(Selenastrum capricornutum). A strong positive linear
relationship was reported between bioconcentration and
Kow (r2 = 0.98) and between bioconcentration and toxicity
(EC50 for growth reduction) (r2 = 0.99). The sorption rate
of these aromatic hydrocarbons by algae was initially
rapid and then relatively constant. The 12-h BCF for
toluene, expressed as logarithms to the base 10, was 1.99.
The 8-d EC50 was 9.4 mg·L-1 for toluene (Herman et al.
1991).

Using advanced techniques for determining the toxicity of
highly volatile compounds, new plant toxicity tests were
conducted by ESG International in 2002.
Tests
conducted with early northern wheatgrass (Agropyron
dasystachyum) and alfalfa (Medicago sativa) examined
the effects of toluene on shoot and root length and dry
and wet biomass after 14 days of exposure in both coarse
and fine soils. In coarse soils, the most sensitive endpoint
for alfalfa was reduction of shoot dry mass, with an IC25
value of 234 mg·kg-1, and for northern wheatgrass the
most sensitive endpoint was an IC25 of 55 mg·kg-1 for
reduction of root dry mass (ESG 2002). The results for
fine soils reported by ESG (2002) were recalculated by
Komex (2002) to take into account volatile losses that
occur between spiking the sample and introducing the
plants 2 hours later. (Similar calculations had already
been made by ESG for the data from the coarse soils.)
Therefore, the most sensitive estimated effect
concentrations in fine soils for alfalfa and northern
wheatgrass were an IC25 of 120 mg·kg-1 for reduction of
shoot dry mass, and an IC25 of 112 mg·kg-1 for reduction
of root wet mass, respectively (Komex 2002).

Although TEX may accumulate in algae (Howard 1990),
the relatively low log Kow (< 4.0) of TEX indicates that
the bioconcentration potential is generally low (WHO
1985; Nielsen and Howe 1991).

Behaviour and Effects in Biota
Soil Microbial Processes
Anderson et al. (1991) reported that 100 mg·kg-1 soil dw
of toluene was not toxic to soil microorganisms. Walton
et al. (1989) observed depressed soil microbial activity, as
measured by CO2 production, at 1000 mg toluene·kg-1 soil
dw. However, the effect disappeared 6 d after application,
suggesting low potential for long-term impacts.
Vonk et al. (1986) measured short-term oxygen
consumption and nitrification in two soils (loam and
humic sand) treated with toluene. The NOEC values for
respiration and nitrification were 300–1000 and
<20 mg·kg-1 soil ww, respectively, and did not differ with
the soil type. Slooff and Blokzijl (1988) reported that the
NOEC for toluene on soil microbial respiration and
ammonification ranged from 100 to 1300 mg·kg-1, while
for nitrification, the NOEC was <26 mg·kg-1.

Terrestrial Invertebrates
The lowest reported toluene concentration resulting in
adverse effects to soil invertebrates comes from
Environment Canada (1995). The earthworm (Eisenia
foetida) suffered 25% mortality at 44 mg toluene·kg-1 soil.
Although this study was used for deriving provisional soil
quality guidelines in 1997, the same problems associated
with the phytotoxicity tests were encountered
(Environment Canada 1995).

Terrestrial Plants
Toluene can enter the plant through the stomata and
cuticle and thus damage the plasma membrane. Plant
chlorosis and growth inhibition were induced at levels
>6 mg·L-1 of air, 500 mg·L-1 of aqueous medium, and
1000 mg·kg1 soil ww (Slooff and Blokzijl 1988).

Toluene caused 100% mortality at a concentration of
2000 mg·kg-1 bw per day and a reduced growth rate at
<50 mg·kg-1 bw per day in 2 to 6-week exposures of E.
foetida (Hartenstein 1982). Neuhauser et al. (1985)
exposed E. foetida to toluene on filter paper and reported
48-h LC50 values of 75 µg·cm-2. Slooff and Blokzijl
(1988) reported a NOEC value of 15–50 mg toluene·kg-1
soil dw for E. foetida.

Currier (1951) exposed tomato, carrot and barley
seedlings to 12 mg·L-1 of toluene for 30–120 min at 25°C.
Inhibition of root formation was found to be 0–75,
50–100, and 0–25% for tomatoes, carrots, and barley,
respectively. Hung et al. (1992) reported erratic responses
in seed mortality, germination, and seedling vigour when
seeds of corn were soaked in toluene for up to 8 h.
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al. 1987).

Vonk et al. (1986) exposed E. foetida to toluene in
artificial soil. The 14-d and 28-d LC50s for mortality were
reported as 100–180 mg·kg-1 soil ww. The 28-d NOEC
for mortality was also reported in the same range. The
28-d NOEC for the worms’ appearance and for cocoon
production were reported at 10–32 and 32–100 mg
toluene·kg-1 soil, respectively. The change in appearance
was believed to be related to the ability of toluene to
dissolve fat and damage cell membranes.

In most studies on humans, adverse effects of toluene on
various neurological function have not been observed
following exposure to 375 mg·m-3 or less for single periods
of 20 min to 3.5 h or repeated exposures of 3–7 h for
periods up to 3 d (Health Canada 1996a). Decrease in
neurological function, increase in neurological symptoms,
and irritation of the respiratory tract following exposure of
16 volunteers to 375 mg·m-3 6 h per day for 4 d have been
reported (Andersen et al. 1983). These effects are reversible
on cessation of exposure. Adverse effects on visual
vigilance have also been reported (Dick et al. 1984).

Studies commissioned by the CCME in 2001, and using
advanced techniques for dealing with volatile compounds,
examined the toxicity of toluene to the collembolan
(Onychiurus folsomi) and the earthworm (Eisenia andrei).
The LC25 for collembolans was 521 mg·kg-1 in coarse soil
(ESG 2002) and 406 mg·kg-1 in fine soil (Komex 2002).
A 14-day LC25 could not be calculated for earthworms in
either coarse or fine soils. In coarse soils, the NOEC and
LOEC for adverse effects in earthworms were 80 and 172
mg·kg-1, respectively (ESG 2002). In fine soils, the
NOEC and LOEC for adverse effects in earthworms were
172 and 368 mg·kg-1, respectively (Komex 2002).

The acute toxicity of toluene to rats is relatively low. The
oral LD50 has been reported to be 2.6–7.5 g·kg-1 bw
(Government of Canada 1992). In a 14-week study in
mice, Huff (1990) reported the value of 375 mg·m-3 as the
lowest concentration of toluene having an effect on male
and female mice when administered by inhalation (7.5
and 12% decreases in weight, respectively). Results of
studies on chronic toxicity and carcinogenicity of toluene
are not consistent (Health Canada 1996a). Some results
indicated histopathological effects of the olfactory
epithelium or decreased body and brain weights. Toluene
is not considered mutagenic in mammalian or microbial
systems (Government of Canada 1992). Results of in
vitro and in vivo studies indicated that toluene is not
genotoxic (Health Canada 1996a). Toluene does not
appear to be teratogenic in mice, rats, or rabbits, based on
the limited data (Health Canada 1996a). Fetotoxic effects
due to continuous inhalation exposure of toluene at 133–
2000 ppm (7500 mg·m-3) have been reported (Donald et
al. 1991). Neurotoxic effects of toluene have resulted
only following exposure to levels greater than those
reported here.

Livestock and Wildlife
Studies specifically on the toxicological effects of toluene
to livestock and wildlife are currently lacking. Studies on
experimental animals are covered in the next section.

Human and Experimental Animal Health
Effects
The uptake of TEX in animals may occur via many
routes, including oral, inhalation, subcutaneous, and
dermal (percutaneous) absorption. Skowronski et al.
(1989) found percutaneous absorption of toluene to be a
major route of exposure in male rats. For the general
population, the most significant route of exposure is
inhalation from air, particularly from indoor air, with
estimated intakes ranging from 10.7 to 16.7 µg·kg-1 bw
per day. (Health Canada 1996a). Cigarette smoke is by far
the greatest source of exposure to toluene for smokers,
the total daily intake being up to about 60 µg·kg-1 bw per
day for adults. Individuals living near hazardous waste
sites or contaminated sites where gasoline and oil spills
have occurred may be exposed to elevated concentrations
of toluene. Toluene is rapidly and efficiently absorbed
through the lungs and more slowly and less efficiently
through the gastrointestinal tract (Health Canada 1996a).
Toluene is distributed to the highly vascularized, lipidrich tissues, such as the brain, kidney, and liver, but
accumulates principally in adipose tissue (Sato 1988).
The metabolization of toluene produces benzoic acid,
which is subsequently conjugated with glycine to form
hippuric acid and excreted in the urine (Ogata et al.
1970). The cytochrome P450 mixed function oxidase has
been inhibited in the lungs of rats by toluene (Pyykkö et

Available epidemiological data are inadequate to assess
the carcinogenicity and clastogenicity of toluene in
humans. Toluene was not found to be carcinogenic
following inhalation in rats and mice in a well-conducted
bioassay (Huff 1990) and in rats in a less sensitive
bioassay (CIIT 1980). The weight of evidence indicates
that toluene is not genotoxic in mammalian or microbial
systems. Toluene has therefore been classified in Group
IV-C, probably not carcinogenic to man (Government of
Canada 1992), according to the classification scheme
developed for use in the derivation of the guidelines for
drinking water quality (Health and Welfare Canada
1989). The oral tolerable daily intake (TDI) was
determined as 0.22 mg·kg-1 bw per day (Health Canada
1996b). This TDI is based on a study by Huff (1990) that
reported a NOEL of 312 mg·kg-1 bw per day for increases
in relative liver and kidney weight of male rats exposed
for 13 weeks by gavage. The tolerable concentration
(TC) by inhalation was determined as 3.8 mg·m-3 (Health
4
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toluene into livestock fodder is not expected to be
significant, a guideline was calculated only for the
livestock soil ingestion (and not food ingestion) pathway.

Canada 1996b). This is based on a clinical study by
Andersen et al. (1983) that reported an increase in
neurological symptoms and irritation of the respiratory
tract in human volunteers exposed to 375 mg·m-3 for 6
hours per day over four days. No adverse effects were
observed in the volunteers at 150 mg·m-3.

Check values for groundwater have been calculated to
determine toluene soil concentrations that will be
protective of freshwater aquatic life and livestock
associated with groundwater discharge to surface water.
These groundwater check values are not applied in the
determination of the SQGEs, but should be applied on a
site-specific basis (Table 2). An off-site migration check
was not calculated for toluene with the rationale that,
given the volatility and biodegradability of toluene, it is
unlikely that significant amounts would remain after wind
or water transport of soil.

Guideline Derivation
Canadian soil quality guidelines are derived for different
land uses following the process outlined in CCME
(1996a) using different receptors and exposure scenarios
assumed for each land use (Table 1). Various
modifications to the 1996 protocol that were used in the
Canada-wide Standard for Petroleum Hydrocarbons in
Soil (CCME 2000) were also applied in the development
of these guidelines, including the derivation of guidelines
for different soil textures (coarse and fine) and depths
(surface soil and subsoil). As defined in the Canada-wide
Standard for Petroleum Hydrocarbons, fine-grained soils
are those which contain greater than 50% by mass
particles less than 75 µm mean diameter (D50 < 75 µm).
Coarse-grained soils are those which contain greater than
50% by mass particles greater than 75 µm mean diameter
(D50 > 75 µm). Surface soil refers to the unconsolidated
mineral material on the immediate surface of the earth
that serves as a natural medium for terrestrial plant
growth, and can extend as deep as 1.5 m. Subsoil is
defined as the unconsolidated regolith material above the
water table not subject to soil forming processes; this
nominally includes vadose zone materials below 1.5 m
depth. Detailed derivations of soil quality guidelines for
toluene are provided in Environment Canada (2004).

Soil Quality Guidelines for Human Health
Human health soil quality guidelines (SQGHHs) for
threshold contaminants are usually derived using a TDI
(Health Canada) for the most sensitive receptor
designated for a land use. Ingestion and dermal contact
guidelines were calculated for all surface soils, but these
two pathways were considered not applicable in subsoils,
unless the ground is disturbed. Indoor vapour inhalation
check values were calculated for both surface soils and
subsoils. A groundwater check value was calculated to
determine toluene soil concentrations that will be
protective of drinking water.
The SQGHH is the lowest of the various human health
guidelines and check values, and in the case of toluene,
the SQGHH for all land uses and soil types is based on the
groundwater (drinking water) check (Table 2).

Soil Quality Guidelines for Environmental Health

Soil Quality Guidelines for Toluene

Environmental soil quality guidelines (SQGEs) are based
on soil contact using data from toxicity studies on plants
and invertebrates. In the case of agricultural land, soil and
food ingestion toxicity data for mammalian and avian
species are included. To provide a broader scope of
protection, a nutrient and energy cycling check is
calculated where data permit. For industrial land use, an
off-site migration check is also calculated where
appropriate.

The soil quality guidelines are intended to be protective
of both environmental and human health and are taken as
the lower of the SQGHH and the SQGE. Where sufficient
and adequate data exist for both, the interim soil quality
criteria (CCME 1991) can be superseded.
In the case of toluene, the soil quality guidelines are
calculated as the SQGHH for all land uses and soil types.
Because there are sufficient data to derive an SQGHH and
an SQGE for each land use, the soil quality guidelines
represent fully integrated de novo guidelines. The interim
soil quality criteria for toluene (CCME 1991), and the soil
quality guidelines for toluene derived in 1997, are
superseded.

In the case of toluene, there are sufficient data to derive a
guideline value for soil contact with plants and
invertebrates (Table 2). A nutrient and energy cycling
check value was not calculated due to a lack of data. The
available dataset was also not sufficient to meet the
requirements of the CCME (1996) protocol for
calculating the soil and food ingestion guideline;
however, the process used to determine tolerable daily
intakes for humans was adapted to calculate daily
threshold doses for livestock. As bioconcentration of

CCME (1996b) provides guidance on potential
modifications to the final recommended soil quality
guideline when setting site-specific objectives.
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Table 2a. Soil quality guidelines and check values for toluene (mg⋅kg ) in surface soil.

Land use

SURFACE SOIL

Residential/
parkland

Agricultural

Guideline

Commercial

Industrial

Coarse Fine

Coarse Fine

Coarse Fine

Coarse Fine

0.37a

0.08a

0.37a

0.08a

0.37a

0.08a

0.37a

0.08a

0.37b
22 000

0.08b
22 000

0.37b
22 000

0.08b
22 000

0.37b
82 000

0.08b
82 000

0.37b
NA

0.08b
NA

Human health guidelines/check values
SQGHH
Soil ingestion guideline
Soil dermal contact guideline

220 000 220 000

Soil inhalation guideline

NC

NC

220 000 220 000 790 000 790 000 NA
NC

NC

NC

NC

NC

NA
NC

Inhalation of indoor air check (basement)

200

2 600

200

2 600

—

—

—

—

Inhalation of indoor air check (slab-on-grade)

120

2 700

120

2 700

1 400

13 000

1 400

13 000

Off-site migration check

—

—

—

—

—

—

Groundwater check (drinking water)

0.37

0.08

0.37

0.08

0.37

0.08

NCc
0.37

NCc
0.08

Produce, meat, and milk check

NCd

NCd

NCd

NCd

—

—

—

—

75e
75

110e
110

75f
75

110f
110

250f
250

330f
330

250f
250

330f
330

1 400

1 400

—

—

—

—

—

—

NC
—

NC
—

NC
—

NC
—

NC
—

NC

NC

Off-site migration check

NC
—

NCc

Groundwater check (livestock)

1 800h

NCi

—

—

—

—

—

NCc
—

Groundwater check (aquatic life)

0.10j

NCi

0.10j

NCi

0.10j

NCi

0.10j

NCi

Environmental health guidelines/check values
SQGE
Soil contact guideline
Soil and food ingestion guideline
Nutrient and energy cycling check

g

Interim soil quality criterion (CCME 1991)

0.1

3

30

30

-1

Notes: NA = calculated guideline >1 000 000 mg·kg ; NC = not calculated; ND = not determined; SQGE = soil quality guideline for environmental
health; SQGHH = soil quality guideline for human health. The dash indicates a guideline/check value that is not part of the exposure scenario for this land
use and therefore is not calculated.

aData are sufficient and adequate to calculate an SQGHH and an SQGE. Therefore the soil quality guideline is the lower of the two and represents a fully

integrated de novo guideline for this land use. The corresponding interim soil quality criterion (CCME 1991) is superseded by the soil quality
guideline.
bThe SQGHH is the lowest of the human health guidelines and check values.
cGiven the volatility and biodegradability of toluene, it is unlikely that significant amounts would remain after wind or water transport of soil, and so
this pathway was not evaluated.
dThis check is intended to protect against chemicals that may bioconcentrate in human food. Toluene is not expected to exhibit this behaviour, and so
this pathway was not evaluated.
eThe SQGE for agricultural land uses is based on the lower of the soil contact guideline and the soil and food ingestion guideline.
fThe SQGE is based on the soil contact guideline.
gData are insufficient/inadequate to calculate the nutrient and energy cycling check for this land use.
hThis environmental groundwater check value is provisional because it is not based on the existing Canadian Water Quality Guideline for the protection
of livestock watering for toluene. For details on the derivation, see the scientific supporting document (Environment Canada 2004). This check value
is not used in determining the national soil quality guideline, but is provided as a reference for site-specific application.
iThe environmental groundwater check value has not been determined because calculations show that in 100 years groundwater migration through fine
soils will be less than 10 metres. For site-specific calculations where the protection of potable groundwater pathway is active, a hydraulic conductivity
of 32 m·y-1 should be assumed, if adequate measured data are not available.
jThis environmental groundwater check value is not used in determining the national soil quality guideline, but is provided as a reference for sitespecific application.
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Table 2b. Soil quality guidelines and check values for toluene (mg⋅kg-1) in subsoil.
Land use

Coarse

Fine

Residential/
parkland
Coarse Fine

Coarse Fine

Coarse Fine

0.37a

0.08a

0.37a

0.08a

0.37a

0.08a

0.37a

0.08a

0.37b

0.37b
NC

0.08b
NC

0.37b
NC

0.08b
NC

0.37b
NC

0.08b
NC

NC

NC

NC

SUBSOIL

Agricultural

Guideline

Commercial

Industrial

Human health guidelines/check values

Soil ingestion guideline
Soil dermal contact guideline

NC

0.08b
NC

NC

NC

NC

NC

NC

Soil inhalation guideline

NC

NC

NC

NC

NC

NC

NC

NC

Inhalation of indoor air check (basement)

200

2 600

200

2 600

—

—

—

—

Inhalation of indoor air check (slab-on-grade)

140

2 800

140

2 800

1 500

13 000

1 500

13 000

—

—

NCc

—

SQGHH

Off-site migration check

—

—

—

—

Groundwater check (drinking water)

0.37

0.08

0.37

0.08

0.37

0.08

0.37

0.08

Produce, meat, and milk check

NCd

NCd

NCd

NCd

—

—

—

—

150e
150

220e
220

150f
150

220f
220

500f
500

660f
660

500f
500

660f
660

NC

NC

—

—

—

—

—

—

NC
—

NC
—

NC
—

NC
—

NC
—

NC

NC

Off-site migration check

NC
—

Groundwater check (livestock)

1 800h

NCi

—

—

—

—

NCc
—

NCc
—

Groundwater check (aquatic life)

0.10j

NCi

0.10j

NCi

0.10j

NCi

0.10j

NCi

Environmental health guidelines/check values
SQGE
Soil contact guideline
Soil and food ingestion guideline
g

Nutrient and energy cycling check

Interim soil quality criterion (CCME 1991)

0.1

3

30

30

Notes: NC = not calculated; ND = not determined; SQGE = soil quality guideline for environmental health; SQGHH = soil quality guideline for human
health. The dash indicates a guideline/check value that is not part of the exposure scenario for this land use and therefore is not calculated.

aData are sufficient and adequate to calculate an SQGHH and an SQGE. Therefore the soil quality guideline is the lower of the two and represents a fully

integrated de novo guideline for this land use, derived in accordance with the soil protocol (CCME 1996a). The corresponding interim soil quality
criterion (CCME 1991) is superseded by the soil quality guideline.
bThe SQGHH is the lowest of the human health guidelines and check values.
cGiven the volatility and biodegradability of toluene, it is unlikely that significant amounts would remain after wind or water transport of soil, and so
this pathway was not evaluated.
dThis check is intended to protect against chemicals that may bioconcentrate in human food. Toluene is not expected to exhibit this behaviour, and so
this pathway was not evaluated.
eThe SQGE for agricultural land uses is based on the lower of the soil contact guideline and the soil and food ingestion guideline.
fThe SQGE is based on the soil contact guideline.
gData are insufficient/inadequate to calculate the nutrient and energy cycling check for this land use.
hThis environmental groundwater check value is provisional because it is not based on the existing Canadian Water Quality Guideline for the protection
of livestock watering for toluene. For details on the derivation, see the scientific supporting document (Environment Canada 2004). This check value
is not used in determining the national soil quality guideline, but is provided as a reference for site-specific application.
iThe environmental groundwater check value has not been determined because calculations show that in 100 years groundwater migration through fine
soils will be less than 10 metres. For site-specific calculations where the protection of potable groundwater pathway is active, a hydraulic conductivity
of 32 m·y-1 should be assumed, if adequate measured data are not available.
jThis environmental groundwater check value is not used in determining the national soil quality guideline, but is provided as a reference for sitespecific application.

7

TOLUENE

Canadian Soil Quality Guidelines for the
Protection of Environmental and Human Health

References

DGAIS (Dangerous Goods Accident Information System). 1992.
Toluene accidents 1988–1991. Transport Canada, Transport of
Dangerous Goods Directorate, Ottawa.
Donald, J.M., K. Hooper, and C. Hopenhayn-Rich. 1991.
Reproductive and developmental toxicity of toluene. Environ.
Health Perspect. 94:237–244.
Edwards, E.A., L.E. Wills, M. Reinhard, and D. Grbić-Galić. 1992.
Anaerobic degradation of toluene and xylene by aquifer
microoganisms under sulfate-reducing conditions. Appl. Environ.
Microbiol. 58(3):794–800.
El-Dib, M.A., A.S. Moursy, and M.I. Badawy. 1978. Role of
adsorbents in the removal of soluable aromatic hydrocarbons from
drinking water. Water Res. 12:1113–1137.
English, C.W., and R.C. Loehr. 1991. Degradation of organic vapours
in unsaturated soils. J. Hazard. Mater. 28:55–63.
Environment Canada. 1995. Toxicity testing of National
Contaminated Sites Remediation Program priority substances for
the development of soil quality guidelines for contaminated sites.
Environmental Conservation Service, Evaluation and Interpretation
Branch, Guidelines Division, Ottawa. Unpub.
———. 2004. Canadian soil quality guidelines for toluene,
ethylbenzene and xylene (TEX): Scientific Supporting document.
National Guidelines and Standards Office, Environmental Quality
Branch, Environment Canada, Ottawa.
ESG International Inc. 2002. Quantification of the exposure
concentrations and toxicity of BTEX compounds in soil. Report
prepared for the Soil Quality Guidelines Task Group, Canadian
Council of Ministers of the Environment. Report #G1603 – June
2002.
Evans, P.J., D.T. Mang, and L.Y. Young. 1991a. Degradation of
toluene and m-xylene and transformation of o-xylene by
denitrifying enrichment cultures. Appl. Environ. Microbiol.
57(2):450–454.
Evans, P.J., D.T. Mang, K.S. Kim, and L.Y. Young. 1991b. Anaerobic
degradation of toluene by a denitrifying bacterium. Appl. Environ.
Microbiol. 57(4):1139–1145.
Garbarini, D.R., and L.W. Lion. 1986. Influence of the nature of soil
organics on the sorption of toluene and trichloroethyelene. Environ.
Sci. Technol. 20(12):1263–1269.
Government of Canada. 1992. Toluene. Canadian Environmental
Protection Act Priority Substances List Assessment Report.
Environment Canada and Health Canada, Ottawa.
Grbić-Galić, D., and T.M. Vogel. 1987. Transformation of toluene and
benzene by mixed methanogenic cultures. Appl. Environ.
Microbiol. 53:254–260.
Haag, F., M. Reinhard, and P.L. McCarty. 1991. Degradation of
toluene and p-xylene in anaerobic microcosms: Evidence for sulfate
as a terminal electron acceptor. Environ. Toxicol. Chem. 10:1379–
1389.
Hartenstein, R. 1982. Effect of aromatic compounds, humic acids and
lignins on growth of the earthworm Eisenia foetida. Soil Biol.
Biochem. 14:595–599.
Health and Welfare Canada. 1989. Guidelines for Canadian drinking
water quality: Supporting documentation. Bureau of Chemical
Hazards, Ottawa.
Health Canada. 1996a. Canadian soil quality guidelines for toluene:
Human health effects. Environmental Health Directorate, Air and
Waste Section, Ottawa. Draft.
———. 1996b. Health-based tolerable daily intakes/concentrations
and tumorigenic doses/concentrations for priority substances.
Environmental Health Directorate, Health Protection Branch,
Ottawa. 96-EHD-194
Herman, D.C., C.I. Mayfield, and W.E. Inniss. 1991. The relationship
between toxicity and bioconcentration of volatile aromatic
hydrocarbons by the alga Selenastrum capriconnutum.
Chemosphere 22(7):665–676.
Howard, P.H. (ed.) 1990. Handbook of environmental fate and exposure
data for organic chemicals. Lewis Publishers, Inc., Chelsea, MI.

Allen, R.M. 1991. Fate and transport of dissolved monoaromatic
hydrocarbons during study infiltration through unsaturated soil.
Ph.D. thesis, University of Waterloo, Waterloo, ON.
Andersen, I., G.R. Lundqvist, L. Molhave, O.F. Pedersen, D.F.
Procter, M. Vaeth, and D.P. Wyon. 1983. Human response to
controlled levels of toluene in six-hour exposures. Scand. J. Work
Environ. Health 9:405–418.
Anderson, T.A., J.J. Beauchamp, and B.T. Walton. 1991. Organic
chemicals in the environment: Fate of volatile and semivolatile
organic chemicals in soils — Abiotic versus biotic losses. J.
Environ. Qual. 20:420–424.
Ashworth, R.A. 1988. Air–water partition coefficients of organics in
dilute aqueous solutions. J. Hazard. Mater. 18:25–36.
Aurelius, M.W., and K.W. Brown. 1987. Fate of spilled xylene as
influenced by soil moisture content. Water Air Soil Pollut. 36:23–
31.Barbaro, J.R., J.F. Barker, L.A. Lemon, and C.I. Mayfield. 1992.
Biotransformation of BTEX under anaerobic, denitrifying
conditions Field and laboratory observations. J. Contam. Hydrol.
11:245–272.
Barker, J.F., E.A. Sudicky, C.I. Mayfield, and R.W. Gillham. 1989.
Petroleum hydrocarbon contamination of groundwater: Natural fate
and in situ remediation, a summary report. PACE Report No. 89-5.
Petroleum Association for Conservation of the Canadian
Environment, Ottawa.
Beller, H.R., D. Grbić-Galić, and M. Reinhard. 1992. Microbial
degradation of toluene under sulfate-reducing conditions and the
influence of iron on the process. Appl. Environ. Microbiol.
58(3)786–793.
CCME (Canadian Council of Ministers of the Environment). 1991.
Interim Canadian environmental quality criteria for contaminated
sites. CCME, Winnipeg.
———. 1996a. A protocol for the derivation of environmental and
human health soil quality guidelines. CCME, Winnipeg. [A
summary of the protocol appears in Canadian environmental
quality guidelines, Chapter 7, Canadian Council of Ministers of the
Environment, 1999, Winnipeg.]
———. 1996b. Guidance manual for developing site-specific soil
quality remediation objectives for contaminated sites in Canada.
CCME, Winnipeg. [Reprinted in Canadian environmental quality
guidelines, Chapter 7, Canadian Council of Ministers of the
Environment, 1999, Winnipeg.]
———. 2000. Canada-Wide Standards for petroleum hydrocarbons
(PHC) in soil: Scientific rationale, supporting technical document.
Canadian Council of Ministers of the Environment, Winnipeg.
Chiang, C.Y., J.P. Salanitro, E.Y. Chai, J.D. Colthart, and C.L. Klien.
1989. Aerobic biodegradation of bezene, toluene, and xylene in a
sandy aquifer: Data analysis and computer modelling. Ground
Water 27:823–834.
Chiou, C.T., L.J. Peters, and V.H. Freed. 1981. Soil–water equilibria
for nonionic organic compounds. Science 213(7):683–684.
CIIT (Chemical Industry Institute of Toxicology). 1980. Final report:
A twenty-four month inhalation toxicology study in Fischer-344
rats exposed to atmoshperic toluene. CIIT Docket No. 2200,
CIIT/IBT Labs, Inc., Research Triangle Park, NC.
Currier, H.B. 1951. Herbicidal properties of benzene and certain
methyl derivatives. Hilgardia 20:383–406.
Dann, T., D. Wang, and A. Etlinger. 1989. Volatile organic
compounds in Canadian ambient air: A new emphasis. PMD 89-26.
Environment Canada, Conservation and Protection, Pollution
Measurement Division.
Dick, R.B., J.V. Setzer, R. Wait, M.B. Hayden, B.J. Taylor, B. Tolos,
and V. Putz-Anderson. 1984. Effects of acute exposure of toluene
and methylethylketone on psychomotor performance. Int. Arch.
Occup. Environ. Health. 54:91–109.

8

Canadian Soil Quality Guidelines for the
Protection of Environmental and Human Health

TOLUENE

Huff, J. 1990. Technical report on the toxicology and carcinogenesis
studies of toluene (CAS No.108-88-3) in F33/N rats and B6C3F1
mice (inhalation studies). NTP TR371, NIH publication No. 902826. National Toxicology Program, U.S. Department of Health
and Human Services, Public Health Service, National Institutes of
Health, Research Triangle Park, North Carolina.
Hung, P.E., V.A. Fritz, and L. Waters, Jr. 1992. Infusion of shrunken2 sweet corn seed with organic solvents: Effects on germination
and vigour. Hort. Sci. 27(5):467–470.
Hutchins, S.R. 1991. Optimizing BTEX biodegration under
denitrifying conditions. Environ. Toxicol. Chem. 10:1437–1448.
Isodorov, V.A., I.G. Zenkevich, and B.V. Ioffe 1990. Volatile organic
compounds in solfataric gases. J. Atmos. Chem. 10:292–313.
Jin, Y., and G.A. O’Connor. 1990. Behaviour of toluene added to
sludge-amended soil. J. Environ. Qual. 19:573–579.
Johnson, R.L., J.A. Cherry, and J.F. Pankow. 1989. Diffusive
contaminant transport in natural clay: A field example and
implications for clay-lined waste disposal site. Environ. Sci.
Technol. 23:340–349.
Jury, W., A.M. Winer, W.F. Spencer, and D.D. Foch. 1987. Transport
and transformation of organic chemicals in the soil–air–water
ecosystem. In: Reviews of environmental contamination and
toxicology, vol. 99, G.W. Ware, ed. Springer-Verlag, London.
Kampbell, D.H., J.T. Wilson, H.W. Read, and T.T. Stocksdale. 1987.
Removal of volatile aliphatic hydrocarbons in a soil bioreactor.
J. Air Pollut. Control Assoc. 37:1236–1240.
Komex. 2002. Derivation of revised benzene, toluene, ethylbenzene,
and xylenes soil guidelines. Prepared by Komex International Inc.
for the Soil Quality Guidelines Task Group of the Canadian
Council of Ministers of the Environment.
Lesage, S., J.K. Ritch, and E.J. Treciokas. 1990. Characterization of
ground water contaminants at Elmira, Ontario, by thermal
desorption, solvent extraction Gc-MS and HPLC. Water Pollut.
Res. J. Can. 25:275–292.
Lesage, S., R.E. Jackson, M.W. Priddle, P. Beck, and K.G. Raven
1991. Investigation of possible contamination of shallow ground
water by deeply injected liquid industrial wastes. Ground Water
Monit. Rev. (Summer 1991).
Mackay, D., W.Y Shiu, and K.C. Ma. 1992. Illustrated handbook of
physical–chemical properties and environmental fate for organic
chemicals. Vol. I, Monoaromatic hydrocarbons. Lewis Publishers,
London.
Miller, R.N., R.E. Hinchee, C.M. Vogel, R.R. Duppont, and
D.C. Downey. 1990. A field scale investigation of enhanced
petroleum hydrocarbon degradation in the vadose-zone at Tyndall
AFB, Florida. In Proceedings: Petroleum hydrocarbons and organic
chemicals in groundwater: Prevention, detection and restoration,
NWWA/API, Houston, Texas, October 31– November 2.
NAQUADAT (National Water Quality Data Bank). 1992.
Environment Canada, Inland Waters Directorate, Water Quality
Branch, Ottawa.
Neuhauser, E.F., R.C. Loehr, M. R. Malecki, D.L. Milligan, and
P.R. Durkin. 1985. The toxicity of selected organic chemicals to the
earthworm Eisinia fetida. J. Environ. Qual. 14(3):383–388.
Nielson, I.R., and P.D. Howe. 1991. Environmental hazard
assessment: Toluene. Department of the Environment, Directorate
for Air, Climate and Toxic Substances, Toxic Substances Division,
Garston, Watford, UK.

NIOSH (National Institute for Occupational Safety and Health). 1973.
Occupational exposure to toluene: Criteria for a recommended
standard. NIOSH 73-11023. U.S. Department of Health, Education,
and Welfare, Public Health Service [Cincinnati, OH.]
Ogata, M., K. Tomokuni, and Y. Takatsuka. 1970. Urinary excretion
of hippuric acid and m- or p-methylhippuric acid in the urine of
persons exposed to vapours of toluene and m- or p-xylene as a test
of exposure. Br. J. Ind. Med. 27: 43–50.
OMEE (Ontario Ministry of Environment and Energy). 1993a. Ontario
typical range of chemical parameters in soils, vegetation, moss bags
and snow. Version 1.0a. PIBS 2792. Standards and Development
Branch, Phytotoxicity Section, Toronto.
———. 1993b. Interim guidelines for the assessment and management
of petroleum-contaminated sites in Ontario. Hazardous
Contaminants Branch, Toronto.
Otson, R. 1987. Purgeable organics in Great Lakes raw and treated
water. Int. J. Environ. Anal. Chem. 31:41–53.
PACE (Petroleum Association for Conservation of the Canadian
Environment). 1987. A study of exposure to motor gasoline
hydrocarbon vapours at service stations. (Phase II summer study.)
PACE Report No. 87-5. Ottawa.
———. 1989. A study of xposure to motor gasoline hydrocarbon
vapours at service stations. (Phase III winter study.) PACE Report
No. 89-3. Ottawa.Parker, L.V., and T.F. Jenkins. 1986. Removal of
trace-level organics by slow-rate land treatment. Water Res.
20:1417–1426.
Pyykkö, K., S. Paavilainen, T. Metsä-Ketelä, and K. Laustiola 1987.
The increasing and decreasing effects of aromatic hydrocarbon
solvents on pulmonary and hepatic cytochrome P-450 in the rat.
Pharmacol. Toxicol. 60:288–293.
Rutherford, D.W., and C.T. Chiou. 1992. Effect of water saturation in
soil organic matter on the partition of organic compounds. Environ.
Sci. Technol. 26(5):965–970.
Sato, A. 1988. Toxicokinetics of benzene, toluene and xylenes. IARC
Sci. Publ. 85:47–64.
Schwarzenbach, R.P., and J. Westall. 1981. Transport of nonpolar
organic compounds from surface water to groundwater: Laboratory
sorption studies. Environ. Sci. Technol. 15:1360–1366.
Skowronski , G.A., R.M. Turkall, and M.S. Abdel-Rahman. 1989.
Effects of soil on percutaneous absorption of toluene in male rats. J.
Toxicol. Environ. Health 26:373–384.
Slooff, W., and P.J. Blokzijl. 1988. Integrated criteria document:
Toluene. Report No. 758473010. National Institute of Public
Health and Environmental Protection, Bilthoven, Netherlands.
Utkin, I.B., L.N. Matveeva, and I.S. Rogozhin. 1992. Degredation of
benzene, toluene and o-xylene by a Pseudomonas sp. Y13 culture.
Trans. from Prikladnaya Biokhimiya i Mikrobiologiya 28(3):368–
370. Russian Academy of Sciences. Plenum Publishing, Moscow.
Vonk, J.M., D.M.M. Adema, and D. Barug. 1986. Comparison of the
effects of several chemicals on microorganisms, higher plants and
earthworms. In: Contaminated soils, J.W. Assink and W.J. van den
Brink, Martinus Nijhoff Publishers, eds. Dordrecht, Netherlands..
Walton, B.R., T.A. Anderson, M.S. Hendricks, and S.A. Talmage. 1989.
Physicochemical properties as predators organic chemical effects on
soil microbial respiration. Environ. Toxicol. Chem. 8:53–63.
WHO (World Health Organization). 1985. Toluene. Environmental
Health Criteria 52. Geneva.

9

TOLUENE

Canadian Soil Quality Guidelines for the
Protection of Environmental and Human Health

This fact sheet was originally published in the working document entitled “Recommended Canadian Soil
Quality Guidelines” (Canadian Council of Ministers of the Environment, March 1997, Winnipeg). A
revised and edited version was presented in “Canadian Environmental Quality Guidelines” (CCME 1999).
In 2002-03, new guidelines were developed for toluene, and the fact sheet was revised again.
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