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FOREWORD

Effective regulatory action for toxic chemicals requires an
understanding of the human and environmental risks associated with the
manufacture, use, and disposal of the chemical. Assessment of risk
requires a scientific judgment about the probability cf harm to the
environment resulting from known or potential environmental concentra-
tions. The risk assessment process integrates health effects data
(e.g., carcinogenicity, teratogenicity) with information on exposure.
The components of exposure include an evaluation of the sources of the
chemical, exposure pathways, ambient levels, and an identification of
exposed populations including humans and aquatic life.

This assessment was performed as part of a program to determine
the environmental risks associated with current use and disposal
patterns for 65 chemicals and classes of chemicals (expanded to 129
"priority pollutants"”) named in the 1977 Clean Water Act. It includes
an assessment of risk for humans and aquatic life and is intended to
serve as a technical basis for developing the most appropriate and
effective strategy for mitigating these risks.

This document is a contractors' final report. 7Tt has been
extensively reviewed by the individual contractors and by the EPA at
several stages of completion. Each chapter of the draft was reviewed
by members of the authoring contractor's senior technical staff (e.g.,
toxicologists, enrvironmental scientists) who had not previously been
directly involved in the work. These individuals were selected by
management to be the technical peers of the chapter authors. The
chapters were comprehensively checked for uniformity in quality and
content by the contractor's editorial team, which also was responsible
for the production of the final report. The contractor's senior
project management subsequently reviewed the firal report in its
entirety.

At EPA a senior staff member was responsible for guiding the
contractors, reviewing the manuscripts, and soliciting comments, where
appropriate, from related programs within EPA (e.g., Office of Toxic
Substances, Research and Development, Air Programs, Solid and
Hazardous Waste, etc.). A complete draft was summarized by the
assigned FPA staff member and reviewed for technical and policy
implications with the Office Director (formerly the Deputy Assistant
Administrator) of Water Regulations and Standards. Subsequent revi-
sions were included in the final report.

Michael W. Slimak, Chief
Exposure Assessment Section

Monitoring & Data Support Division (WH-553)
Office of Water Regulations and Standards
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1.0 TECHNICAL SUMMARY

The Monitoring and Data Support Division, Cf{ice cf Water Ragulations
and Standards of the U.S. Environmental Protection Agency is conducting
risk assessments for pollutants that may enter and traverse the environ-
ment thereby leading to exposure to humans and other biota. The program
is in response to Paragraph 12 of the NRDC Consent Decree. This report
is a risk assessment for toluene using available data and quantitative
models where possible to evaluate overall risk.

1.1 MATERIALS BALANCE

Toluene is a highly volatile, colorless, aromatic liquid extracted
primarily from petroleum and its products, and, to a lesser extent, from
coal and coal products. Only 11% of the total production in 1978
(31,816,000 kkg) was isolated as pure toluene. The remaining 89%
(27,400,000 kkg) is contained in gasoline, coal-derived light oils and
tar, and catalytic reformate. Production of toluene results in esti-
mated environmental releases of 4800 kkg, mostly to air.

Uses of toluene totaled 31,000,000 kkg; of this amount 927 was used
in gasoline and 1% of the total supply was used as a solvent (7% in
chemical synthesis). Toluene is used to svnthesize benzene, toluene
diisocyanate, and benzoic acid, among other organic chemicals. As a
solvent, it is used in paints, inks, adhesives, cleaning agents, etc.

Estimated environmental releases are primarily (99.7% of total re-
leases) to the air (1,100,000 kkg); 63% of which results from the dis-
tribution, vending and use of gasoline. Solvent use accounts for about
one-third (370,000 kkg) of air emissions; manufacturing uses are respon-
sible for about 0.1%. Estimated water discharges totaling 1200 kkg
(0.11% of total toluene releases) are mostly (897) due to spills of
gasoline, oil, and toluene to surface waters. The remaining water dis-
charges (118 kkg) originate from solvent uses, coal coking, POTW effluents,
and wood preserving. Estimated releases to land totaling 1300 kkg consti-
tute 0.12%7 of total environmental releases and are mainly (74%) a result
of production (petroluem refining and coking operatioms).

Inadvertent sources, such as spills during transport of toluene,
stationary fuel and coal refuse pile combustion, forest fires, etc.
contributed about 33,000 kkg to the environment; 96Z% of which was released
to the atmosphere.

1.2 ENVIRONMENTAL FATE

The dominant fate processes for toluene involve intermedia transfers
to the atmosphere, where it undergoes oxidative destruction by hydroxyl
radicals, a process with a half-l1ife of less than two days. Discharges
of toluene to land or water bodies will usually be followed by rapid
depletions in toluene levels, predominantly because of rapid volatiliza-
tion (half-1ife of 5 hours frcm water) and, to a much lesser degree,
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microbial degradation under certain favorable conditions. Within soils,
toluene may also be immobilized as a result of sorption onto organic
matter; the rate of volatilization from soil has not been reported.
Toluene moves rapidly through some soils, however, and has the potential
to reach groundwater and consequently enter drinking water supplies.

Toluene has been found in water, air, sediments, and foods. In
surveys made within the last five years, it has been detected in both
surface and groundwater drinking supplies. It has been detected in 11%
of the 236 surface supplies tested with a mean value of 0.15 pug/l. The
highest observed level was 19 ug/l. Groundwater data are less well
documented; however, in the U.S. EPA's Community Water Supply Study,
toluene was detected in only 2 of 305 supplies. The maximum observed
groundwater concentration was 100 pg/l in a well reported in STORET;
however, most observations were less than the detection limit (0.5 -

5 ug/l).

In ambient surface waters, 487 of the posirive values were less than
10 ug/l of toluene, with 14% of the samples above 100 ug/l. Toluene was
observed in samples from 14 of the 15 water basins in the continental
United States. Samples of industrial or other effluent discharges taken
in 11 of these basins (17 states) showed a similar distribution, with a
maximum of 4600 ug/l reportad.

Samples of toluene in foods are quite limited. It has been measured
in fish, nuts, potatoes and grape essence; however, the data are insuffi-
clent to indicate typical levels. It has been documented in cigarettes,
however, with a net yield of about 0.l mg/cigarette.

Atmospheric levels of toluene measured in urban areas averaged about
19 ug/m3 and ranged from trace to 283 ug/m°. Rural and remote areas, cn
the other hand, averaged about 1 ug/m” and ranged from '"trace" to 57 ug/m3.
It appears that the mobile sources of toluene are the dominant cause of
the observed air levels. However, some studies suggest that veolatilization
from gasoline is a significant source in addition to vehicle exhausts.

1.3 HUMAN HEALTH EFFECTS AND EXPOSURE

Toluene is a general, central nervous system (CNS) depressant, with
a low toxicity. 1Its acute CNS effects that occur at high levels of
exposure (often as a result of solvent abuse), include euphoria, ataxia,
loss of consciousness, vomiting, tachycardia, and lead to respiratory
paralysis and death if the exposure continues,

Other toxic effects include cardiotoxicity (presumably arrhythmia
development), and possible permanent CNS damage and reproductive toxi-
city. With the exception of cardiotoxicity, these latter effects are
difficult to ascribe to toluene exposure alone, because other organic
solvents are usually present during human exposure episodes. Animal
studies and some preliminary human studies suggest weak evidence of re-
oroductive toxicity. However, further research is requirad before the

1-2



nature of the toxicity, toxic levels, and possible threshold levels
can be identified.

The data base on the potential carcinogenicity of toluene is limited
and inadequate for quantitative estimations of human risks. Presently
available data indicate no toluene-induced carcinogenic or mutagenic
effects in experimental animals. The U.S. EPA (1980b) has also stated
that available oncogenic data are insufficient to evaluate the carcino-
genic potential of toluene.

Human exposure to toluene may occur through ingestion, inhalation,
and through the skin. Typical exposures (reported as per capita values)
encountered in drinking water are about 0.5-3 ug/day. Insufficient data
exist to assess toluene ingestion in foods. However, fish consumption
may result in the ingestion of 6.5 ug/day toluene. The estimated maximum
daily ingested amount 1is 38 ug for water and 224 ug for fish.

Inhalation levels are somewhat higher. An amount typical of urban
areas (150 million people potentially exposed, as of 1970) is 210 ug/dayv,
while rural areas (54 million people potentially exposed, as of 1970) are
usually an order of magnitude less =-- 11 ug/day. Noroccupaticnal exposure
at gasoline stations can contribute 10 ug to the daily intake of toluere.
Cigarette smoking (54 million smokers, as of 1978) appears to have the
highest exposure potential with an average smoker (30 cigarettes/day)
receiving a 1560 ug/day dose. Extreme inhaled doses are as high as
3170 ug/day for urban residents. Occupational exposure at the OSHA
standard may be as high as 3,600,000 ug/day.

Percutaneous exposure 1s possible as a result of the use of consumer
products. A 5-30 minute exposure for both hands in a 5% liquid toluene
solution could result in an estimated intake of 200-1000 uz/per use.
Assuming a use rate of once per week, the estimated average daily exposure
would be 23-140 ug. Occupationally-exposed individuals, similariy exposed
to pure liquid toluene might receive 3200 ug per use over the same time
period.

1.4 AQUATIC EFFECTS AND EXPOSURE

Aquatic organisms exposed to toluene may experience changes in gill
permeability and internal CO, poisoning. The majority of acute toxic
effects to fish and invertebrates occurs in the 10.0-100.0 mg/l range.

The most sensitive species tested is the striped bass (LCsg = 6.3 mg/l)
and the most resistant, the mosquito fish (LCsg > 1000 mg/l). Data on
environmental factors affecting the toxicity of toluene are not extensive;
however, neither temperature nor water hardness has been found to have a
significant effect. Based upon the limited toxicity data, no water
quality criteria for aquatic life has been set for toluene.
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Of the total amount of toluene discharged to the environmen®
annually in the United States, less than 1% is directly discharged to
water. Monitoring data indicate that the mean concentration of toluene
in ambient and effluent water in 16 major river basins is less than
10 ug/l; 48% of the positive values in ambient waters were below this
value. About 147 of the positive values exceeded 1.0 mg/l, which
indicates that some potential for risk to aquatic systems exists.

1.5 RISK CONSIDERATIONS

The data base on the potential carcinogenicity of toluene is limited
and inadequate for quantitative estimates of human risks. Presently,
available data indicate no toluene-induced carcinogenic or mutagenic
effects in experimental animals.

Toluene is widely dispersed in the human environment. However, the
face processes affecting the toluene released to the environment favor
atmospheric destruction. In order to estimate the margins of safety for
human populations at possible exposure levels, the lattér _were compared
with the threshold limit value (TLV) of 100 ppm (377 mg/m°). The TLV
was calculated to permit an absorption of 1.8 gr/day. Because this
intake level was lower than the several no-observed-effect levels
determined from animal experiments, it was used as a conservative basis
for estimating margins of safety.

Margins of safety were calculated by dividing the daily absorbed
dose at the TLV by the daily absorbed dose at the various aonoccupational
exposure levels. As described in Section 5.1, human effects are assumed
to depend on absorbed dose rate (e.g., mg/day) and not on exposure route.
The lowest margin of safety for typical nonoccupational exposure to tocluene
is 1200 for cigarette smoking. Ingestion of toluene in drinking water was
assoclated with margins of safety of at least 600,000, and more typically,
1,000,000. 1Inhalation of average levels of toluene in urban areas has a
safety margin of 9000 for average concentrations. Therefore, the risks
of adverse health effects resulting from exposure to toluene in water and
air at commonly found levels, and from extreme levels less frequently
observed are small.

Risks to aquatic bilota are considered low because less than ten
occurrences of toluene in ambient and effluent waters have been reported
at concentrations in the range of known acute or chronic effects for
aquatic organisms (1-10 mg/l). It is presumed that these levels result
from localized discharges; thus no long-term effects to individual spe-
cies, communities, or aquatic ecosystems are expected. Short-term
effects oa certain species may occur; however, these have not been
documented in the natural environment,

1-4



2.0 INTRODUCTION

The Office of Water Planning and Standards, Monitoring and Data
Support Division of the Environmental Protection Agency is conducting
a program to evaluate the exposure to and risk of 129 priority pollutants
in the nation's environment. The risks to be evaluated included potential
harm to human beings and deleterious effects on fish and other biota.
The goal of the task under which this report has been prepared is to
integrate information on cultural and environmental flows of specific
priority pollutants and estimate exposure of receptors to these sub-
stances. The results are intended to serve as a basis for developing
suitable regulatory strategy for reducing the risk, if such action is
indicated.

This document is an assessment of the exposures and risks associated
with toluene in the environment. It includes summaries of comprehensive
reviews of the production, use, distribution, fate, effects and exposure
to toluene and the integration of this material into an analysis of
risk.

Toluene is an aromatic, volatile, colorless liquid extracted primarily
from petroleum and to a less extent from coal. Use as well as derivation
of petroleum and petroleum products (i.e., gasoline and solvents) result
in environmental releases of toluene as it may be a contaminant. The
materials balance for toluene is described in Chapter 3.0.

The physical and chemical behavior of toluene is described in
Chapter 4.0. Its properties are documented in the first section, fol-
lowed by a compilation of monitoring data for all environmental media.

The results of media-specific fate and intermedia transfer model used

to predict concentration levels of toluene in the air and water within
close proximity to significant toluene sources and equilibrium concen-
trations resulting from free exchange of toluene between air, soil, water,
and sediments are presented next. A discussion of biodegradation of tol-
uene and a summary of critical fate pathways cornclude the chapter.

The most current research of effects upon human and nonhuman
receptors, a description of the duration of exposure and the populations
exposed to documented or predicted levels of toluene and a statement
of risk comprise the later chapters of this report.

Presently, there are two sets of federal criteria for toluene:
occupational air standards and water quality criteria. In water, a
424 mg/1 has been set to protect humans from the toxic properties of
toluene if only contaminated aquatic organisms are consumed. If both
contaminated water and aquatic organisms are in the diet, the human
health water quality criteria is 14.3 mg/l (U.S. EPA 1980).
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The Occupational Safety and Health Administration has established
standards for the regulation of toluene in the workplace. The time-
weightad average concentration for 8 hours shculd not exceed 754 mg/m
(200 ppm) (OSHA 1978).

Toluene concentrations in air were cgnverted from ppm to mg/m3 by
using the following relationship: 1 mg/m” = 3.77 ppm. This factor was
derived assuming 1 atm and 25°C, conditions, which were not absolute
for all atmospheric measurements. However, monitoring data are seldom
reported with the concurrent temperature and pressure; therefore, in
the absence of these data, the conversion factor was used unilaterally
for all values of toluene in air.
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3.0 MATERIALS BALANCE

3.1 INTRODUCTION

This chapter presents data on the production and use of toluene, as
well as data on the releases of toluene to the environment. A summary
flow diagram of the toluene materials balance is presented in Figure 3-1.
These data provide a framework for comstructing gross estimates of the
toluene distribution to and in the environment.

Direct production of toluene occurs by two routes, isolated and non-
isolated. Approximately 11%, or 3.4 x 106 kkg, of the total toluene
produced in 1978 was isolated from petroleum sources (catalytic reformate,
pyrolysis and gas and styrene manufacture) and coke ovens. In addition to
190,000 kkg contributed by imports, the remainder of the toluene input to
this 1978 materials balance (over 27 x 106 kkg) is acccunted for by non-
isolated sources: catalytic reformate, pyrolysis gasoline, and coal
derived. The gasoline pool consumed approximately 927 of the toluene
supply, mostly from nonisolated sources, plus back blending from isolated
sources. The remaining 8% of the toluene supply was counsumed ia chemical
synthesis and solvent uses.

The major mcde of toluene release is atmospheric emissions, which
reflect the low water solubility and high volatility of the compound
(see Figure 3-1). Air emissions from gasoline use comprised about 63%
(680 x 106 kkg) of all air emissions and released toluene, which had,
for the most part, never been isolated as such. The ngxt largest source
of emissions, solvent use, accounted for 34% (370 x 10° kkg) and the use
of toluene for chemical manufacturing accounted for only 0.07% (840 kkg).

Identified water discharges were primarily (89%) from toluene, oil
and gasoline spills to surface waters, considered in the report as an
inadvertent source. The remainder of the water discharges resulted from
solvent use, coal coking operations, POTW effluent discharge, and wood
preserving.

Transportation spills also contribute a significant percentage (19%)
of the estimated toluene releases to land. However, the major source of
land release of toluene (74% or 970 kkg) appears to be from production
(petroleun refining and coking operations). An additional 87 comes from
POTW sludge.

3.2 PRODUCTION OF TOLUENE

Toluene is produced from petroleum and coal, although it may not
necessarily be isolated from the resultant product. This section will
discuss toluene production from both these sources, the associated
environmental releases, and releases from inadvertent sources. Toluene
production from isolated and unisolated sources is presented in Table 3-1.
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dSee Appendix A Notes and Tables A-l, A-2 and A-3 for references

and calculations.

bB'lanks indicate data not available.

Csee Section 3.2.4, transportation spills.

dValues m3y not add due to rounding.
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Table 3-1. Toluene Production, 1978 (kkg/yr)
Source Quantity? Environmental Releases®
Air ‘Water Land POTW
[solated
Catalytic Reformate 3,110,000 310 neg 93
Pyrolysis Gasoline 324,000 290 neg 9.7
Styrene Manufacture 135,000 103 4.1
Coke Ovens 26,000 33 neg
Imports 192,000 (¢) (c)
Exports -364,000 (c) (c)
SUBTOTAL 3,400,000 740  neg 110
Nonisolated
Catalytic Reformate 27,100,000 2,700 neg 810
Pyrolysis Gasoline 197,060 180 neg 5.9
Coal Coking:
Nonpreocessed light oil 52,000 21 35 23 25
Nonrecovered light oil 22,000 2.9 15 9.8 11
Coal tar 22,000 8.9 15 9.8 11
SUBTOTAL 27,393,000 2,900 65 860 48
TOTAL 30,816,000 3,600 65 970 48
Sources: SRI, 1979 and USITC, 1979



3.2.1 Production of Isolated Toluene

Only 11% of the toluene produced is isolated as such. Although
crude oil contains low concentrations of toluene (1.3% by weight; Green
and Morrell, 1953), 1t is isolated onlv from catalytic reformate, pvroly-
sis gas and as a by-product of styrene manufacture. Less than 1% of the
total toluene produced is coal derived.

3.2.1.1 Catalvtic Reformate

Of all toluene produced (isolated and nonisolated) in 1978, about 10%
or 3.1 x 106 kkg was derived from catalytic reformate (SRI 1979, see Aopen-
dix A notes). Catalytic reformate is produced by catalytically dehvdro-
genating selected petroleum fractions to yield aromatic hydrocarboms.
Although the concentration of toluene in catalytic reformate ranges from
14 to 27%, this report will use a toluene content of 20% (SRI 1979) for
estimation purposes. The 1978 catalvric reforming capvacity for toluene
production was about 4.6 x 106 kkg (SRI 1979). The locatioms, capacities,
production, and emissions for plants that produce toluene directly from
petroleum feedstocks are listed in Table A-4 (Appendix 4A).

3.2.1.2 ?Pvrolvsis Gasoline

About 1% (324 x 103 kkg) of total 1978 toluene production was derived
from pvrolysis gasoline (SRI 1979, see Appendix A notes). Pyrolysis gas-
oline is a bv-product from the cracking of hydrocarbon faeds to form
olefins. The yield of toluene from pyrolysis gasoline is a function of
the feedstock and the severitv of cracking (see Table A-5, Appendix A).
Toluene production may vary from 1 to 145 kg/kkg ethylene (SRI 1979).

The estimated annual capacity for toluene production from pvrolysis gas-
oline is 447 x 103 kkg (SRI 1979). The locations, capacities, production,
and estimated environmental releases for the facilities are presented in
Table A-4 (Appendix A). Pyrolysis gasoline is either processed for
aromatics recovery or blended into gasoline, although some companies

sell the pyvrolysis gasoline.

3.2.1.3 Styrene Manufacture

About 0.47 (135 x 103 kkg) of all toluene produced in 1978 was pro-
duced as a by-product of styrene manufacture (SRI 1979, USIIC 1979, see
Appendix A notes). When ethylbenzene is dehydrogenated to produce styrene,
0.04-0.07 liter of toluene per kg styrene is produced as a by-product.

The locations, toluene production, styrene production capacities, and en-
vironnental releases for the plants are presented in Table A-6 (Appendix 4&).



3.2.1.4 Coal Sources

Toluene production from coal amounted to 0.08% (26 x 103 kkg) of the
total (USITC 1979). When coal is carbonized to produce coke, about 10.6
liters of light oil are produced per kkg coal carbonized. This light oil
may be isolated and processed to recover the toluene it contains (12-20%
by volume) (SRI 1979, U.S.' DOI 1976). If the light oil is not processed
for aromatics recovery, it may be burned as fuel, used as a solvent for
phenolics recovery, sold to tar distillers or petroleum refiners to be
added to gasoline or used for aromatics recovery. Approximately 30% (by
capacity) of the coke oven operators recover toluene from light oil,
even though 90% practice light oil recovery (EPA 1979b). The coke plants
that recover light oil are listed in Table A-7 (Appendix A).

3.2.1.5 Exports and Imports

Exports and imports of toluene (in 1978, were 384 x 103 kkg and 192 x
103 kkg, respectively (USITC 1979). Eavironmental releases from this
category are covered as spills under inadvertent sources (Section 3.2.4).

3.2.2 Nounisolated Toluene

Approximately 89% (27 x lO6 kkg) of the toluene produced in 1978
was not isolatad as such. Nonisolated toluene is derived from catalvtic
reformate, pyrolysis gas, and coal coking operaticms.

3.2.2.1. Catalvtic Reformate and Pvrolysis Gasoline

Approximately 27.1 x 106 kkg of toluene were contained in catalytic
reformate in 1978 (SRI 1979, USITC 1979, see Appendix A notes for calcu-
lations). Most of this is blended into gasoline to improve the octane
rating. Pyrolysis gasoline that is not processed for toluene recovery
may also be used for this purpose. An estimated 197 x 103 kkg of unre-
covered toluene was contained in pyrolysis gasoline in 1978 (SRI 1979).

3.2.2.2 Coke Ovens

Coke oven light oil is recovered by 907 of the coke oven operators.
This amounted to 612 x 106 liters, of which 238 x 106 liters were processed
to produce various chemicals. Assuming that the unprocessed oil has a
toluene content of 167 by volume, 52 x 10”7 kkg of toluene were contained
in this source (U.S. DOE 1979, SRI 1979). From the remaining 10%Z of the
coke oven plants that do not recover light oil, an estimated 22 x 103 kkg
of toluene were contained in the oil (see Appendix A notes).

Coke oven tar is another source of unisolated toluene. Although some
toluene is produced by distillation of the tar, it 1is also burned as fuel
or kept for other uses. The _estimated total amount of toluene contained
in coke oven tar was 22 x 103 kkg (see Appendix A notes).



3.2.3 Environmental Releases

Toluene releases may arise from process losses, fugitive emissions,
or storage losses from production; these data are presented in Table 3-1.
The emission factors used are presented in Table A-1 (Appendix A, EPA
1980d). Releases shown from each source are from production of both
isolated and nonisolated toluene (see Appendix A). Discharges to water
from petroleum refineries are assumed to be negligible, because toluene
was not detected in 10 of 11 samples and was present at levels below the
quantification limits (1-10 ug/l) in only one sample (EPA 1979g). Re-
leases calculated from coking operations are based upon the disposition
of effluents from coking operations (Table A-3) as well as the emission
factors presented in Table A-1 (EPA 1979h, EPA 1980d). Water recycled
to quenching operations is arbitrarily assumed to release its toluene
equally to land and air. Releases from inmports and exports are covered
in transportation spills (Section 3.2.4).

3.2.4 Inadvertent Sources

Because of the widespread and voluminous use of petrcleum- and
coal-derived oils, fuels and solvents that may contain toluene, it is
difficult to quantifv all the inadvertent sources of release to the
environment. A list of the major contributing sources is presented in
Table 3-2 and the derivations of the data are discussed ian Appendix A.
Yote that the majority of toluene releases are to the atmosphere. Com-
bustion, however, contributes over 807 of the atmospheric emissions of
toluene. Furthermore, about 357 of this figure is ccmprised of uncon-
trolled sources, such as forest, agricultural, and structural fires.

The inadvertent release of toluene from manufacturing processes
occurs primarily from three sources: feedstock contamination; byv-
product formation; presence in oils used in processing or in control of
waste emissions. The latter source is exemplified bv acrvlonitrile
manufacture, where oils are layered on waste ponds to control the release
of other volatile organic pollutants. Ethylene-propylene rubber and
terpolymer manufacture utilize extender oils, which can contain toluene,
to improve the viscosity of the elastomer (see Appendix B, Table B-1l).

The estimated 53-kkg of toluene released in sidestream smoke from
cigarettes is small in comparison to the other inadvertent sources.
However, this represents a widespread source, with a potential for high
exposure among the population subgroup that either smokes or is often
in contact with smokers.

3.3 USES OF TOLUENE

This section includes information on the consumption in the U.S. of
toluene and environmental releases from these uses. Toluene uses are
grouped into three main categories: gasoline, chemical synthesis, and
solvent. The following is a brief discussion of each, while eavironmental
releases from uses are summarized in Secticen 3.3.4. Table 3-3 is a summary
materials balance for the various use categories.
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Table 3-2. Inadvertent Sources of Toluene Releases to the Environment, 19782

Source Environmental Releases (kkg)
Air Water Land

Transportation Spills

0il 400 5.6
Gasoline 680 230
Toluene 2.2 11

Propylene Oxide - Chlorohydrin Process 36b

Polychloroprene 460b

Ethylene - Propylene Rubber Manufacture 90

Ethylene - Propylene Terpolymer Production 4,200b

Wood Preserving 6.3

Insulation Board Manufacture neg

Het - Process Hardboard Manufacture neg

Acrylonitrile Manufacture 59

Combustion of Coal Refuse Piles 4,400

Stationary Fuel Combustion 13,000

Forest Fires . 7,000

Agricultural Burning 1,000

Structural Fires <1,000

Cigarette Smoke 53

Other® QP L

TOTAL 31,000 1100 250

a . . .
See Appendix A for derivation of figures in this Table. All values are rounded to two significant figures.

Dsource: EPA, 1978b.

Cincludes releases from production of Maltathion, Dimethoate and Ronnel.



3.3.1 Gasoline

As mentioned in Section 3.2, most of the toluene used in gascline
is never isolated, but rather is a component of various refinery streams,
primarily catalytic reformate. Isolated toluene can also be back-blended
into the gasoline pool for improvement and adjustment of its antiknock
quality (octane number). A total of 28.5 x 106 kkg (92% of the total
U.S. toluene demand) was consumed for use in gascline in 1978, 26 x 106
kkg of which had not been recovered but instead blended directly as part
of a benzene-toluene-xylene (BTX) stream.

3.3.2 Chemical Synthesis

Use of toluene as raw material for various chemical manufacturing
processes utilized approximately 7% (2.2 x 106 kkg) of the total toluene
produced in 1978. The flow charts in Appendix D describe the major
synthetic pathwavs that utilize toluene as the basic building block.

3.3.2.1 Beanzene

' Benzene production via hydrodealkylation uses 1.7 x 106 kkg toluene
or 5.5% of total toluene production, and is the major use of toluene in
chemical synthesis. The producers, locations, capacities, toluene
consumption, and 2nvironmental releases relating to benzene production
from toluene are listed in Table 3-4.

Approximately 20-257 of the benzene supply is derived from dealky-
lation. The contribution of this source varies in response to benzene
demand and toluene demand for other uses (e.g., gasoline). The average
yield for benzene is about 94%, corresponding to 1.1 kkg toluene required
per kkg benzene produced (SRI 1979).

3.3.2.2 Manufacture of Toluene Diisocyanate

The manufacture of toluene diisocyanate (TDI) consumes 2 x 10° kkg
or 0.6% of the 1978 total toluene produced (SRI 1979). Toluene diiso-
cyanate is used in urethane polymers, primarily for flexible foams in
furniture cushions. The producers of toluene diisocyanate, their loca-
tions and plant capacities are presented in Table 3-5.

In TDI manufacture, toluene is nitrated to dinitrotoluene, which is
catalytically reduced to toluene diamine (see Appendix D). Toluene
diamine is then phosgenated to the final TDI product. Approximately
0.7 kkg toluene is consumed per kkg TDI produced (SRI 1979).



Table 3-3. Toluene Materials Balance: Uses, 1978 (kkg/yr)a

gnvironmental Releasas

Use Input® Air® Water Land
Gasoline g

Non-Recovered 27,000,000 } e

3ack 8lended 1.500,000° 680,000 neg neg
Solvent Uses

Paint and Coatings Solvent 260,000 260,009 neg? neg?

Adhesives, [nks, Pharmacsu- h h i

ticals, Others 130,000 110,000 20

Chemical Synthesis

Benzene 1,700,000 360 9

Toluene Ciisocyanate 200,000 260

Benzoic Acid 66,000 99

8enzyl Chloride 36,000 36

Xylene Dispropaortionation 99,000 20

Vinyl Toluene 25,000 25 bneg

p=-Cresol 6,600 13

Toluene Sulfonates 5,500 4.1

Yenzaldehyge 3,400 13

Trichlorotoluene 5,400

Toluenesulfonyl Chloride 6,390 9.1 J

Para-t-gutyl-genzaic Acid 2,300

ther 2,000
Total 31,000,200 1,050,900 30 neg

a1 values rounded to two significant figures; blank spaces fndicate data not available.
PSource: sRI, 1079,

“Source: EPA, 1920d.

‘99: from catalytic reformate.

®Includes 19,000 kkg from marketing; 18,000 kkg evaporative loss during use; 640,000 kkg
from auto exhaust. See Appendix A for derivations.

fPrimarﬂy from styrene manufacture and pyrolysis gasoline.

9211 s assumed released to the atmosphere (EPA, 1980d).

"15: fs assumed used as fuel, with the remainder emitted during use (EPA, 1580d). We
assume that 6,100 kkg/yr emftted from solvent evaporated during degreasing (EPA, 1978b)
is included in this emission total.

! See Table 2-7 for breakdown by industry.
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Table 3-4.

Toluene Consunption and Environmental Releases: Benzene Production, 1978 (kkg/yr)a

Environmental Releases

Conipany Location Benzene Toluene Airt Water Land
Capacity Used
Anerican Petrofina Port Arthur, TX 77,000 59,000 12
Big Spring, TX 130,000 100,000 20
Ashland 0i} Catlettsburg, KY 120,000 91,000 18
Coastal States Corpus Christi, TX 200,000 160,000 32
Commonweal th Penuelas, PR 380,000 300,000 60
Crovn Pasadena, TX 77,000 59,000 12
Dow Freeport, 1X 84,000 65,000 13
Gulf Alliance, LA 160,000 120,000 24
Philadelphia, PA 67,000 52,000 10
Monsanto Alvin, TX 130,000 100,000 20
Phillips Guayama, PR 270,000 210,000 42
Quintana-iowell Corpus Christi, X 250,000 200,000 40
Shell Odessa, TX 23,000 18,000 3.6
Sun Corpus Christi, TX 67,000 52,000 10
Toledo, Oll 210,000 160),000 32
Tulsa, OK ___50,000 39,000 7.8
Total 2,300,000 1.800,000 360

A1) values rounded to two significant figures; blank spaces indicate data not available.

hSRI. 1979. TJoluene use based on 1.23 kkg toluene required per kkg benzene produced; data exclude toluene disproportionation.
Mants are assumed to operate at 62-63% of capacity.

Ctmission factor and breakdown: see Appendix A, Table A-l.



3.3.2.3 Other Chemical Intermediate Uses

The remaining major uses of isolated toluene in chemical synthesis
(see Table 3-3) include the manufacture of xylenes by disproportionation
(99,000 kkg), benzoic acid (66,000 kkg), benzyl chloride (36,000 kkg),
vinyl toluene (25,000 kkg), benzaldehyde (8400 kkg) and p-Cresol (6600
kkg). Each of these uses accounts for less than 17 of the total
toluene supply. Xylenes have well-known uses in the gasoline pool and
as solvents. Benzoic acid is used as a chemical intermediate, chiefly
in the manufacture of phenol. Most of the benzyl chloride produced is
used to manufacture PVC flooring plasticizers or benzyl alcohol. Vinyl
toluene is used in resin manufacture. Benzaldehyde is utilized in the
manufacture of perfumes, dyes, flavorings, and pharmaceuticals; and
p-Cresol is used primarily to manufacture 2,6-di-tert-butyl-p-cresol (BHT).

The producers, capacities, locations, toluene consumption, and
estimated environmental releases for these chemical manufacturing uses
are presented in Table 3-6. In addition, Appendix D details the various
reaction pathways for each, as well as for some of the minor chemical
end products, including: toluene sulfonyl chloride (raw material for
saccharin); toluene sulfonates (used as a surface active agent in
powder detergents, heavy-duty liquids); trichlorotoluene or benzotri-
chloride (organic synthesis, dye intermediate); para-t-butyl-benzoic
acid (resin manufacture intermediate); dodecyltoluene (precursor in
germicide manufacture); and nitrotoluenes (dye intermediates). The last
military facility to produce trinitrotoluene (TINT) closed down in 1977,

3.3.3 Solvent Uses

Approximately 10% (390,000 kkg) of the isolated toluene supply was
utilized as solvents in 1978 (SRI 1979; see Table 3-3). This total is
divided between paint and coating carrier solvents (260,000 kkg) and
formulation or cleaning solvents in the adhesives, ink, pharmaceutical
and other industries (130,000 kkg). The wide scope of toluene applica-
tions as a formulation solvent can be seen in the list of commercial
products containing toluene, presented in Appendix B (see Table B-2).
The volatile nature of toluene facilitates its use as a fast-drying
cleaning (e.g., cold cleaning degreasing) or carrier (e.g., paints,
inks, leather finishing) solvent. The pharmaceutical industry uses
toluene as a raw material in production processes, and as an anthelmin-
thic agent against roundworms and hookworms, primarily in domestic dogs
(Krinsky 1980).
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Table 3-5. Toluene Releases from Toluene Diisocyanate Producers, 1978 (kkg/yr)?

Environmental Releases

Company Location Tle Toluene® Alr Water Land®
Capacity Use
Allied Chemical Moundsville, WV 36,000 20,000 26
BASF Wyandotte Geismar, LA 45,000 25,000 32 1
Dow Chemical Freeport, TX 45,000 25,000 32
DuPont Deepwater, NJ 32,000 17,000 22
Mobay Chem. Corp. Baytown, TX 59,000 32,000 41
New Martinsville, WV 45,000 25,000 32 F  neg
0lin Corp. Ashtabula, Ol 14,000 7,300 9.3
Lake Charles, LA 45,000 25,000 32
Rubicon Chems. Inc. Geismar, LA 18,000 10,000 13
Union Carbidef S. Charleston, WV 25,000 13,000 17
Total 360,000 200,000 260 .

A1) values rounded to two significant figures; blank spaces indicate data not available.
bSource: SRI, 1979.

Cpased on 0.7 unit of toluene consumed per unit of 1D] produced, and TDI produced at 79% of capacity (SRI, 1979);: usage
distributed per capacity.

d[mlssion factor and breakdown: see Appendix A, Table A-5.

€Less than one kkg. Based on 558 kkg centrifuge residue per plant, prohably no more than 100 ppm toluene, by analogy
to dichlorobenzene (EPA, 1977c.d; Lewis, 1975).

fUnion Carbide Corp. permanently shut down this plant in December, 1978. Thus, the production profile for TDI and toluene
consumption shown do not reflect today's market.
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Table 3-6.

Toluene Consunption and Environmental Releases fromn other Toluene Chemical Intermediate Users, 1978 (kkg)®

Environnental Releases

Company Lacation Production Toluene Airc Water Land
Capacity lised
Benzy] Chloride Producers
Munsanto Bridgeport, NY 36,000 16,000 16
Sauget, IL 36,000 16,000 16
Stauffer Edison, NJ 5,400 2,700 2.7
uor, Inc. E. Rutherford, NJ 1,400 450 1.0
Tota) 79,000 35,000 36
Benzoic Acid Producers
Kalama Kalama, WA 63,000 33,000 50
Mounsanto St. Louis, MO 4,500 2,300 3.%
Velsicol Beaumont, X 23,000 12,000 18
Chattanoofa, TN 27,000 14,000 21
Pfizer Terre Haute, 1IN 2,700 1,400 2.1
Tenneco Garfield, NJ 6,800 3,200 4.4
Total 130,000 £6,000 99
Xylene Disproportionation Producers
ARCO Houston, TX 89,000 48,000 9.6
Sun Marcus llook, PA 92,000 50,000 _10
Total 181,000 98,000 20
Vinyl Toluene Producer
Dow Chem. Corp. Midland, M1 27,000 25,000 25
p-Cresol Producer
Sherwin Hilliams Chicago, IL 6,600 13
Benzaldechyde Producers
Kalama Kalama, WA 1,680 2.5
€ddystone, PA 1,680 2.5
Stauffer Edison, NJ 1,680 2.5
Tenneco Garfield, NJ 1,680 2.5
uop E. Rutherford, N 1,680 2.5
Tolal 8,400 13

Source: [PA, 1980d.

aMI values rounded., blank spaces indicate data not available.

hSee Appendix A,

Table 3-6 for derivation of consumplion.

Csee Appendix A, Table A-) for emission tactors and hreakiovun.



3.3.4 Environmental Reieases

The environmental releases of toluene resulting from its use are
sunmarized in Table 3-3. The toluene release factors and other infor-
mation necessary to derive these tctals are presented in the Appendix A
notes (as cited in Table 3-3) and Tables 3-4, 3-5, and 3-6, which list
environmental releases from specific chemical producers (i.e., benzene,
TDI, and other chemicals, respectively). Table 3-7 summarizes flow data
and toluene loading to water from various industries and Table 3-8 is a
regional breakdown of toluene emissions during gasoline marketing.
Appendix C contains two tables listing industrial wastewaters in which
toluene has been detected, and the frequency of occurrence. Finally,
Appendix D diagramatically presents the location of environmental re-
lease points from the chemical synthesis uses of toluene.

Two aspects of toluene environmental releases during use ara most
striking: the large contribution to air emissions from gasoline and
solvent use and the low levels of release to water and land, although
data are limited. The 680,000 kkg of toluene released from gasolire
use is the sum of 19,000 kkg from marketing losses (see Table 3-8),
18,000 kkg evaporative emissions during use and 640,000 kkg from auto-
mobile exhaust. These emissions are based on information presented in
Appendix A (Section 3, Table 3-3). The total amount of toluene used ia
paints and coatings is assumed completely volatilized duriang application.
Approximately 157 of the toluene marketed for use in adhesives, inks,
pharmaceuticals, and others is estimated to be used as fuel, with the
remainder emitted (EPA 1980d). For purposes of this materials balaace,
it is assumed that the 6100 kkg toluene emitted from degreasing opera-
tions (EPA 1978b) are included in this 110,000 kkg total.

The dearth of quantitative water and land release data is at leas:
partially a function of the fact that toluene is a volatile compound.
The available information, however, indicates that toluene is present
in a number of industrial wastewater streams (see Appendix C, Tables C-1
and C-2), although the total annual loading is probably low (ses Table
3-7; Appendix C, Tables C-1 and C-2). Similarly, the only information
on land releases of toluene, from TDI manufacture, shows a negligible
amount of toluene disposed to land in centrifuge residue (see Table 3-3,
footnote "e'").

3.4 MUNICIPAL DISPOSAL OF TOLUfNE

This section deals with the ultimate disposition of toluere dis-
charged to municipal waste facilities. The latter include publicly
owned treatment works (POTWs) and urban refuse landfills or incinerators.
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Table 3-7. Wastewater Loadiny

of Toluene: Various Industries

Industry Wastewater Hastewater Percent Mass Loadi ng‘l

Concentration (uy/1) Flow Occurrence (kky/yr)
(10%1/day)

Ink Formulating” 1.600° 0.092 8 0.038

Textile Products? 14¢ 2,000 a6 3.8

Gum and Wood Chemicals® 2.,000° o.n? 78 0.052

Paint Formulating” 990¢ 2.8 87 0.72

Leather Tanning' 76° 200 25 1.2

Pharmaceuticald 515 250 62 24

TOTAL 30%

3ased on a 300 day operating year.
DAl1 data from EPA, 1979a.

cum.rea ted wastewater.
d

©freated Effluent.

A1) data from EPA, 1979b, except percent occurence (EPA, 1980a).

fMI data from EPA, 1979c, except percent occurrence (EPA, 1980a).

Ys5ee Appendix A for derivation, based on production and flows in various industry subcategories.

Y11 data from EPA, 1979d.

JaA1 data from EPA, 1980b.

k

Values do not add due to rounding.

Al) data from EPA, 1979e, except percent occurrence (CPA, 1980a).



Table 3-8. Toluene Emissions from Gasoline Marketing

Number Toluene

. of a Emission%
Region Sites {kka/yr)
New England 11,105 920
Middle Atlantic 28,383 2,300
East North Central 42,270 3,500
West North Central 23,304 1,200
South Atlantic 37,286 3,100
East South Central 16,313 1,400
West South Central 28,336 2,300
Mountain 12,815 1,100
Pacific 26,647 2,200
Total 226,459 19,900°

Source: EPA, 1980d.
aTotal number of service stations.

b

Baseq on 0.004735 kg hydrocarbon lost from gasoline marketing (bulk and service
stat1ons)/kg_gaso1ine consumed; it is assumed toluene is 1.26 wt% of the hydro-
carbon emission (CARB, 1975; EPA, 1975a).

Cvalues do not add due to rounding.
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3.4.1 POTIWS

Iaput of toluene to POTWs largely depends on variations in indus-
trial discharges feeding the POTWs and the types of industrv in a parti-
cular municipality. A recent EPA (1980e) study of selected urban POTY
facilities with secondary treatment and varying feed conditions pro-
duced a materials balance of toluene shown in Table 3-9,.

An overall materials balance, presented in Table 3-10, can be cou-
structed using a total POTW flow of approximately 1011 1/day (EPA 1978c)
and median values of 30.5 pg/l (influent) and 1 ug/l (effluent) for
toluene (see Table 3-9). It is assumed, for purposes of these calcu-
lations, that influent and effluent flow rates are equal, i.e., that
water loss from sludge removal and evaporation are small compared to
influent flows. Using these assumptions, 37 kkg toluene were discharged
to water frem POTWs in 1978, while there was an input of 1100 kkg (see
Table 3-10).

Toluene discharged in sludge can be estimated from the toluene
concentration in sludge and quantity of dry sludge produced annually,
6.0 x 10° kkg (EPA 19791). Assuming the median toluene concentration
of POTW wet sludge to be 833 ug/l, (see Table 3-9), and that wet sludge
is 95% water by weight, approximately 100 kkg of toluene are dischargea
in sludge. As ocean dumping of sludge is mandated to cease by 1981
and assuming that more stringent air quality standards curb incinerator
use (EPA 19791i), the 100 kkg of toluene contained in sludge are assumed
discharged to land.

The toluene released to the atmosphere may be estimated from POTW
data on influent versus effluent and sludge loadings, given the following
assumptions: (1) toluene recvcled within the activated sludge process
will eventually be "wasted"; (2) the toluene biologically degraded is
negligible; and (3) toluene is lost to the atmosphere by mechanical
scripping, or aeration (note: volatilization is the primary environ-
mental transport mode for toluene). Thus, an estimated 960 kkg of
toluene is released to the atmosphere from POTWs.

3.4.2 Urban Refuse

The three options for handling urban refuse are energy recovery
(primarily by incineration), material recovery, and disposal through
incineration or landfills. Urban refuse can be divided into two major
components: a combustible fraction (paper, carboard, plastics, fabrics,
etc.) and a noncombustible fraction (ferrous and nonferrous metals,
glass, ceramics, etc.). There are no data, however, concerning
toluene emissions from municipal incineration, but toluene is probably
destroyed with over 99.9% efficiency (MacDonald et al. 1977). In formu-
lated products using toluene as a solvent, it is probably sometimes dis-
posed of directly as municipal waste, Although no data were available
on the total loading of toluene to landfills, it has been detected in
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Table 3-9. Toluene Distribution in POTWs and Sludge, Selected Urban Sites®

Average Flow Concentrations (ug/1)

Plant (10671/day) Influent Effluent Sludge
1 340 28 4 NAd
2 , 30 5 3 336
3 42 15 1 54
4 320 36 0 984
5 83 37 0 199
6 27 191 20 423
7 190 15 1 1615
8 87 229 288 7635
9 200 - 8 ) 0 1100

10 87 . 12 <1 3000
11 160 50 2 5C3
12 150 _ 23 7 14652
13 64 10 <1 9500
14 53 13 1 26800
15 27 4 1 927
16 550 33 1 418
17 57 72 2 833
18 240 34 <1 31
19 260 60 3 32 .
20 450 22 <1 53
Median Values 30.5 1 833

Source: EPA, 1980e.

aPercentage of flow contributed by industrial sources ranges from <1 to 35%.
ompcsite grab samples, taken once every four hours, for 24 hours.

CIncluded primary and secondary sludge; grab sample.

dNot available
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Table 3-10. Toluene Materials Balance: Municipal POTWs and Refuse (kkg/yr)

Source Input Air Land Water
POTW? 1100° 960¢ 1009 3P
Urban

Incineration unknown unknown unknown unknown
Landfill unknown 800° unknown

3publicly Owned Treatment Works.

bFigures calculated from EPA data (see Table 3-9): based on 1011 1/day total POTW flow and
median values for influent (30.5 ug/1) and effluent (1 py/1) toluene concentrations.

CMathematical difference between Input and Land and Water values.

dBased on a mediag value for wet sludge loading of toluene, 833 ug/1; wet sludge is 95% water by
weight; 6.0 x 10° kkg dry sludge produced annually (EPA, 1979i; see Table 3-9).

€ased on 0.8 x 106 kkg/yr total hydrocarbons released from solid waste (EPA, 1979b); 0.1%
toluene (SCQAMD, 1979).



air samples at a few sites (EPA 1980a). It is possible to estimate the
amount of toluene released to the atmosphere, based on 0.8 x 106 kkg/vr
total hydrocarbons released from solid waste (EPA 1977b). Assuming that
toluene comprises 0.1% of total hydrocarbons (SCQAMD 1979), a total
release of 800 kkg toluene/yr is estimated (see Table 3-10).
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4.0 FATE AND DISTRIBUTION OF TOLUENE IN THE ENVIRONMENT

4.1 INTRODUCTICN

The following section describes the pathways of toluene into the
environment. The toluene releases from all known sources to the three
phvsical media (air, soil and water) are traced through the environment
to the human and blotic receptors. First, data on the physical, chemical,
and biological characteristics of toluene are reviewed. The pathways and
processes that result in transfer of toluene from one medium to another
are analyzed. One method of doing this is a simple "partitioning” model,
supplemented by consideration of the relative rates of the transfer pro-
cesses. The next step is to evaluate major fate processes, such as
chemical transformation, that may cccur in the media of interest in which
toluene is most likely to reside. The processes considered include chem-
ical transiormation and biodegradation within the media of interest.

The loading rates, intermedia transfer processes, and intramedia
transformation/degradation processes are then used to estimate probable
ranges of concentration of toluene in the environmental media. This is
done by calculations involving "single compartment'’ models and bv the
U.S. EPA's EXAMS (Exposure Analysis Modeling System) model. The final
step is to summarize the critical pathways, ranges of concentrations of
the pollutant in environmental media, and compare these with the available
monitoring data.

For toluene, the results of the materials balance analysis indicate
the estimated environmental releases are predominantly to the air (997 or
1,100,000 kkg), the remaining 0.27% is discharged to water or disposed of
on land.

The fate of toluene released to all three environmental media--air,
soll, water--is considered in the fate analysis in this section.

4.2 PHYSICAL, CHEMICAL, AND BIOLOGICAL CHARACTERISTICS OF TOLUENE

Toluene is an organic chemical whose physical and chemical charac-
teristics have been relatively well documented. Table 4-]1 summarizes the
physico-chemical data that are directly relevant to the partitioning and
movement of toluene in the environment, and additional basic information
on properties of the bulk chemical that may be useful in evaluating fate
in particular situations (e.g., spills).

Toluene is moderately volatile as evidenced by the equilibrium
vapor pressure of 29 Torr at 25°C. However, the water solubility
(535 mg/l) indicates that aqueous media are also important. The low
values of the partition coefficients and bioconcentraticn factor ia
Table 4-1 suggest that toluene is less likely to accunmulate in soil,
sediment, or biotic environmental compartments that in air or water.
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TABLE 4-1.

PHYSICAL-CHEMICAL PROPERTIESOF TOLUENE
RELATED TO ENVIRONMENTAL DISTRIBUTION

Propertv Value Reference
Molecular Formula C,tig
CH

Molecular Structure

3

®©

Molecular Weight 92.13 g Weast (1975)
Melting Point, °C =95 Weast (1975)
Boiling Point, °C 110.6 Weast (1975)

Density, g/ml

0.8669 at 20°C

Weast (1975)

Water Solubility, mg/l 470 at 16°C Verschueren (1977)
515 at 20°C Verschueren (1977)
535 at 25°C Callahan et al. (1979)
Vapor Pressure, Torr 22 at 20° Verschueren (1977)
29 at 25°C Callahan at al. (1979)
37 at 30°C Sax (1979)
40 at 31.8°C Verschueren (1977)
Saturation Vapor 110 at 20°C Verschuerea (1977)
Concentration, g/m3 184 at 30°C Verschueren (1977)
Octanol: Water
Partition Coefficient 490 Callahan et al. (1979)

Organic Carbon

SRI (1980)

Partition Coefficient (K,.) 339 at 25°C

Bioconcentration Factor (Kp) 102 at 25°C SRI (1980



The toluene ring can be attacked by highly reactive species, such
as hydroxyl radical or ozone, which may be present in the environment.
Reaction with hydroxyl radical is an important environmental fate
process.

Biological degradation of toluene can be accomplished by both
individual species and mixed microbial populations isolated from various
environmental media. Bilodegradation is indicated as a possibly impor-
tant intramedia fate process for both soil and water systems. Proper
conditions to support these processes must hold, however.

4,3 LEVELS MONITORED IN THE ENVIRONMENT

Monitoring data for concentrations of toluene in the environment
have been collected and analyzed for air and water; data relating to
concentrations in soil and biota are not as readily available. Lit-
erature reviews and the STORET Water Quality Information System were
the main sources of monitoring data for toluene. This section describes
specific monitoring data for toluene concentrations in various media.

4.3.1 Water Concentrations

This section presents monitoring data of toluene concentratioms
in drinking and well waters, and ambient and effluent waters.

4.3.1.1 Drinking and Well Waters

In several U.S. EPA surveys of the nation's drinking water, toluene
has been detected in both raw and finished drinking supplies. Table 4-2
lists mean values and ranges of toluene concentrations in surface sup-
plies.

Data collected in ten U.S. cities showed that toluene was detected
in six of the ten supplies. Only two of the six cities where toluene was
detected had levels above the detection limit; these concentrations were
0.1 ug/l (Cincinnati, OH); 0.7 ug/l (Philadelphia, PA). The remaining
four, Tucson, AZ; Lawrence, MA; Grandforks, ND; and Terrebonne Parish, LA
showed a wide distribution of toluene across the country (U.S. EPA 1975)
(Table 4-2).

The National Organic Monitoring Survey (NOMS) was conducted in
three phases. During Phase I, however, toluene was not measured. Data
collected in Phases II and III do show concentrations of toluene in 1
of 111 and in 3 of 11 finished-water supplies, respectively. No quanti-
tative value of toluene was given for Phase II, and of the 3 finished
water samples in Phase III, only two actual concentrations were given:
0.5 and 19 u/1 (U.S. EPA 1978).



TABLE 4-2.

Location
or
Study

Cincinnati, OH
Philadelphia, PA
Tucson, AZ

Lawrence, MA

Grand Forks, ND
Terrebonne Parish, LA

Waterford, NY
Niagara Falls, NY

New Orleans, LA
finished water
deionized, filtered

NOMS Data

Phase II
Phase IIiI
City A
Citv B
City C
Cities D-K

CWSS Data

3 surface supplies
97 surface supplies

Tuscaloosa, AL
Washington, DC
Miami, FL

Ottumwa, IA
Evansville, IN
Kansas City, KS
Johnson County, KS
New Orleans, LA

TOLUENE CONCENTRATIONS IN SURFACE SUP?LIES

OF DRINKING WATER

Range or
Mean Observation

(ug/D) (ug/1)

Detected in 1/111 supplies

D
0.5

2.5 <0.5-6.1

Refarence

. EPA (1975)
. EPA (1975)
. EPA (1975)
. EPA (1975)
. EPA (1975)
. EPA (1975)

Kim and Stone (1979)
Kim- and Stone (1979)

Dowty et al. (1975)

U.S. EPA (1978)

Brass (1981)
Brass (1981)

Bertsch et al. (1975)
Scheiman et al. (1974)
Coleman et al. (1976)
Coleman et al. (1976)
Kleopfer (1976)
Kleopfer (1976)
Kleopfer (1976)

Keith et al. (1976)



TABLE 4-2.

Location
or
Study

Kirkwood, MO
Jefferson City, MO
Cineinnati, OH
Cincinnati, OH
Philadelphia, PA
Philadelphia, PA
Houston, TX
Seattle, WA

TOLUENE CONCENTRATIONS IN SURFACE SUPPLIES

OF DRINKING WATER (Continued)

Mean

(ug/1)

Range or
Observation

(ug/1)

ND
D
0.1

oo

0.7

oo

Reference

Kleopfer (1976)
Kleopfer (1976)
Coleman et al. (1976)
Kopfler et al. (1975)

Suffett and Radziul (1975)

Coleman et al. (1976)
Bertsch et al. (1975)
Coleman et al. (1979)

e Mean value for surface supplies for data> D = 1.3 g/l
assumes D = 0.1 ug/l, and using mean where given.

e Mean value of all data = 0.15
assumes D = 0.1 ug/l and XD = 0,

o Mean value of all data = 0,24

(n=236)

(n=236)

assumes D = 0.1 pg/l and ND = 0,1 ug/l

(n=27),

Notes:

D = Detected but not quantified.

ND = Not detected.
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The Community Water Supply Survey (CWSS) conducted by the U.S. EPA
tasted 452 water utilitiles, representing 106 surface and 330 ground-
water supplies. There is concem over the possibility of false nega-
tives and underestimated concentrations due to a 1-2 year delay in
analysis. This is especially possible in the case of toluene, a
volatile, low molecular weight aromatic. Toluene was detected in 3
out of 100 surface water supplies with a median concentration of 0.853
and a mean of 2.5 ug/l for positive values. It was detected in 2 out

of 307 groundwater supplies with measured concentrations of < 0.5 and
0.62 ug/1.

Dowty and coworkers (1975) examined the drinking water sources in
the New Orleans area for the occurrence and origin of aromatic and
halogenated aliphatic hydrocarbons. Three drinking water sources were
examined: (1) a New Orleans municipal water treatment facility before,
during, and after processing; (2) a commercial source of bottled arte-
sian water; and (3) a commercial source of deionized charcoal-filtered
finished water (Table 4-2). Relative concentrations at the treatment
facility were computed from gas chromatographic data. They show
toluene levels at 0.67 ug/l in the Mississippi River water at the faci-
lity influent, 0.57 ug/l in the clarifier effluent stage of treataent,
and 1.51 ug/l in the finished water. The higher relative percent of
toluene in finished water appeared after the chlorination procedure.
Concentrations of 6.11 ug/l were found in the commercially bottled
artesian water and 3.00 pg/l in the commercial deionized charcoal-
filtered water.

In 1978, the New York State Department of Health and the United
States Geological Survey examined 39 wells for 112 organic chemical
contaminants in groundwater supplies (Table 4-3). Toluene was one of
the 10 most commonly found organic chemicals detected in 33 (or 85%) of
the wells testad. The maximum level of toluene detected was 10 ug/l
(Kim and Stone 1979). Yo other data were provided.

The Kim and Stone (1979) study also included data from an organic
contamination reconnaissance of 30 aquifers and found toluene in sam-
ples from 25. Concentration values for the individual contaminants
were not given; however, the sum of the concentrations of organic
contaminants was never >222 ug/l in 8 samples, and a mean of 0.22 ug/l.

Eighty-seven percent of the observations recorded in STORET (U.S.
EPA 1980) for toluene in well water, which may be used for human con-
sumption, are less than the commonly-used detection limit of 5 ug/l.
Only 3 of the 143 observations recorded exceeded a concentration of
25 ug/1l; these ranged from 42 to 100 ug/l.



TABLE 4-3.

Location

New Orleans
bottled artesian

New York State
33 wells
6 wells
25 aquifers
5 aquifers

STORET Wells

CWsS
Supply A
Supply B
305 Supplies

Notes:
ND = Not Detected

TOLUENE CONCENTRATIONS IN GROUNDWATER

SUPPLIES OF DRINKING WATER

Range or Observation
(ug/1)

6.11

Maximum = 10
ND
Toluene Data not Separated
ND

Maximimr= 100

<0.5
0.62

Reference

Dowty et al. (1975)

Kim and Stone (1979)
Kim and Stone (1979)
Kim and Stone (1979)
Kim and Stone (1979)

STORET (1980)
STORET (1980)

Brass (1981)
Brass (1981)
Brass (1981)



Obviously, the type of treatment affects the concentration of
toluene in finished drinking water. Usiag closed-loop stripping anai-
ysis (CLSA), Coleman et al. (1976) evaluated the effect of granular
activated carbon (GAC) on the removal of organic contaminants from
drinking water. The documented results for twenty-five components of
the CLSA for GAC influents and effluents ou the initial startup,
toluene was detected at 29 ng/l in the influent and at 18 ng/l ia the
effluent, when approximately one million gallons of water passed
through the filter. After one month, with the same filter in place,
sampling indicated the presence of toluene in the influent at 10 ng/l
and in the effluent at 5 ng/l.

4.3.1.2 Ambient and Effluent Waters

The STORET system appears to be the primary data base for infor-
mation regarding toluene in ambient and effluent waters. Table 4-4
exhibits a percentage distribution of all ambient and effluent concen-
trations of toluene for the major river basins and the United States.

Ambient Waters

The STORET (U.S. EPA 1980) monitoring data on ambient waters re-
flect sampling activities in 32 states, with results that show extremely
low concentrations. Of the 453 ambient concentrations recorded, 86 or
197 are unremarked values; of these, 487 is no higher than 10 ug/l (78%
is no higher than 50 ug/l, and 86% no higher than 100 pg/l). Remarked
values (detection limits) range from 0 to 1000 ug/l and unremarked values
ranged from 0 to 3900 ug/l. A detection limit of 0 is remarked as ma-
terial analyzed for but not detected. The most frequently used detec—
tion limits are 5 and 10 ug/l. Table 4-5 exhibits unremarked (above
the detection limit) monitoring data on toluene concentrations in 17
states.

Shelton and Hites (1978) identified nearly 100 compounds from
Delaware River water samples taken in 1976 and 1977. The particular
segment of river sampled is located amidst a heavily-industrialized
area (chemical manufacturing plants) and is a direct source of drinking
water for several cities in the Philadelphia metropolitan area. Toluene
was detected in the vapor stripping analysis of the October water sam-
pPles; quantification was not possible, however. Toluene was not detected
in water samples collected during the winter and summer seasomns.

Effluent Waters

STORET monitoring data for toluene in effluent waters reflect
sampling activities in 24 states. Of 510 recorded concentratioms, the
majority of effluent concentrations recorded are remarked, 60%; the
most frequently used detection limits are 0.01, 1 and 5 ug/l.



TABLE 4-4. PERCENTAGE DISTRTBUTION OF AMBIENT AND EFFLUENT TOLUENE CONCENTRATIONS
FOR MAJOR RIVER BASTNS AND THE UNLTED STATES?

Concentration (ug/l)

Amb fentP Effluent®
Number of Percentage of Observations Number of Percentage of Obscrvations
Major River Basin Observations =10 10.1-100 100.1-1000 >1000 Obscervations <10 10.1-100 100.1-1000 >1000

Northeast 1 100 103 84 9 4 3
North Atlantic 14 100 48 88 6 6
Southcast 110 93 4 4 100 87 10 3
Tennessee River 16 81 6 6 6 28 96 4
Olhio River 54 98 2 70 84 11 3 1
l.uke Frle 2 100
Upper Mississippi 18 67 22 11 64 69 30 2
l.ake Michigan 30 20 77 3 6 100
Migsouri River 34 44 53 3 16 100
lower Mlsslssippl 8 88 13
Colorado River 3 100 1 LOO
Western Gulf 15 100 1 100
Pacifie Northwest 80 99 1 45 91 7 2
California S 100
Great Basin 1 100
Puerto Rico 1 100
Unlabe!l led 1 100
UNITED STATES 393 . 83 14 3 482 85 11 3 1

Source: STORET data (U.S. EPA 1980).

“Mis compilation includes both remarked and mmremarked values. Remarked values are generally below
the detection limit. ‘fhe detectlon limit fs included in the distribution. Some observations are
omltted during aggregation LE station labeling Information is Incomplete (e.g., no entry of latltude/
longitude for monitoring station).

b
407 amblent stations reporting.

©229 effluent stations reporting.



TABLE 4-5, RANGES OF UNREMARKED VALUES OF AMBIENT TOLUENE CON-
CENTRATIONS FROM MONITORING DATA IN SEVENTEEN STATES

Mumber of
State Observations Range of Unremarked Values
(ug/1)

Alabama 3 42 - 3900
California 12 0.1~-1
Florida 1 13
Illinois 7 1 -5
Indiana 1 2
Iowa 5 14 - 390
Kansas 3 28 - 46
Kentucky 1 285
Minnesota 2 1
Missouri 21 3 -150
Nebraska ) 14 - 120
New Jersey 2 2 15
North Carolina 10 1 - 374
Pennsylvania 1 2
South Carolina 4 8§ =490
Tennessee 1 2
Washington _56 0.0 - 24

Overall 86 0.0 - 3900

Source: STORET data (U.S. EPA 1980).
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Jungclaus and coworkers (1978) analyzed wastewater, receiving
water, and sediments from a specialty chemicals manufacturing plant
for organic compounds. Wastewater and receiving water samples were
gathered from November 1975 to September 1976; sediment samples were
gathered from January 1976 to September 1976. Toluene was identified
in receiving waters through vapor stripping experiments only and could
not be quantified. In the industrial wastewaters, toluene concentra-
tions ranged from 13 to 20 pug/l, based on direct aqueous injectionm.
Toluene was not detected in sediment samples.

In 1979, Feiler conducted a pilot study of two publicly owned
treatment works (POTWs) to characterize the impact of toxic pollutants
on POTW operations. Plant A handled more industrial wastewater than
Plant B, which reflected a lower incidence of organic pollutants than
the former. Toluene was detected in each of the 41 influent samples
analyzed at Plant A, and was detected in 95% of the 40 final effluent
samples analyzed. At Plant B, toluene was detected in 32, or 76%, of
the 42 influent samples and in 71% of the 41 final effluent samples.
Samples from the influent point of Plant A showed a maximum toluene
concentration of 440 ug/l and median of 13 ug/l. At the influent point
of Plant B, the maximum toluene concentration was 37 ug/l and the
median was 10 ug/l.

A survey of two municipal wastewater treatment plants for toxic
substances was conducted in the state of Ohio at Muddy Creek and at
Dayton (U.S. EPA 1977). The plant at Muddy Creek treated primarily
domestic wastewater; and the plant at Dayton combined industrial-
domestic influent. At the Muddy Creek plant, toluene concentrations
were measurable in 3 of the 15 influent samples taken. Levels ranged
from 1 to 5 ug/l. Toluene concentrations, measurable in 21% of the 14
final effluent samples, were 1 ug/l. At the more industrial treatment
plant of Dayton, toluene concentrations, measurable in 13 of the 15
influent samples, showed a range of 8-150 ug/l. In the final effluent,
toluene concentrations, measurable in 36% of the final effluent samples,
ranged from 1 to 10 ug/l.

As with ambient sampling data, 17 states show unremarked data from
monitoring of toluene (Table 4-6). The range of unremarked value was
observed to be ND to 4600 ug/l. Table 4-4 exhibits a percentage dis-
tribution of all effluent concentrations of toluene by major river
basin in the United States.

In 1977, Versar, Inc. calculated the gross annual discharges of
toluene to the nation's waters for 1976. The monitoring data obtained
from the U.S. EPA's Effluent Guidelines Division are preseated in
Table 4-7. The concentrations of toluene in these effluents ranged
from 11 to 100,000 ug/l, although 9 of the 12 (75%) effluents repor:ted
were <40 ug/l.
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TABLE 4-6. RANGES OF UNREMARKED VALUES OF EFFLUENT TOLUENE
CONCENTRATIONS FROM MONITORING DATA IN SEVENTEEN

STATES
Number of
State Observations Range of Unremarked Values
(ug/1)

Alabama 1l 18
Connecticut 14 0.8 - 3300
Florida 1 580
Georgia 26 1 - 140
Idaho 1l 242
Illinois 7 o -2
Kansas 5 2 - 1050
Kentucky 3 1 - 4600
Maine 2 1 .-39
Missouri 62 1 - 200
New Jersey 16 0.1 - 209
Yew York 25 0.2 - 1040
North Carolina 1 8
Ohio 26 1 =101
Oregon 4 3 =15
Virginia 3 3.5 - 46
Washington _8 0 =20

Overall 205 0 - 4600

Source: STORET data (U.S. EPA 1980).
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TABLE 4-7.
EFFLUENTS

Industrv

Wood Preserving
Wood Furniture Finishing

Steam Electric Generating Statien
Cooling Cyvcle Effluents
Ash Pond Effluens
Treatment Plant Effluents

TOTAL

Petroleum Refining
Coal Mining
Organic Chemical Mfg.
Textiles

Woven Fabric Dye Finish

Wool Dye Finish

Knit Fabric Dye Finish
Nonferrous Metals

Primary Aluminum
Secondary Copper

8versar Inc. (1977).

CONCENTRATIONS OF TOLUENE IN INDUSTRIAL

Number of
Plants in
Mean Concentration® 1976
(ng/l)
1620 30
100,000 4000
405
58
35.5
22
115.5
35 b
11 5673
_c _b
13 187
12,5 28
19.2 69
32 31
34.6 12

bCalculated on the amount of product handled.

“Data given as total waste amount per industry sector, not as effluent

concentrations.
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Analysis of toluene during wastewater treatment was periormed by
Feiler (1980), while Levins et al. (1980) considered, in detail, toluene
levels in wastewaters from various source-types for 4 citfes. The
Feiler study included data for 20 cities on toluene concentratiomns in
influents, primary and secondary process effluents and sludges, and in
digested and combined sludges. These data are summarized in Table 4-8.

The data of Levins et al. (1980) indicate that wastewater toluene
levels may be equally high from both commercial and industrial sources
and these levels are 1-2 orders of magnitude above those found in re-
sidential wastewaters. The combined influent levels from both studies
cover the same range. Effluent levels tended to be below 1 ug/l while
sludge concentrations were in the 10-27,000 ug/l range.

4,3.1.3 Rainwater and Qther Precipitation

None of the available literature reported the level of toluene
in rainwater, snow, or sleet.

4.,3.2 Conceuntrations in Sedimeat

STORET data (U.S. EPA 1980) record less than 100 cbservations of
toluene concentrations in sadiment. Of these observations, 91% had
toluene concentrations < 10 ug/kg dry weight; 77 of the observations
were >500 ug/kg. The recorded concentrations reflect conditions for
nine states in the South and West: Texas, Louisiana, Califcraia,
Oregon, Washington, Idaho, New Mexico, Nevada, and Alabama. The
higher councentrations were observed in the vicinity of an industrial
area of San Francisco.

4.3.3 Concentrations in Foods

4.3.3.1 Fish Tissue

Sampling data for toluene in fish tissue are quite limited. At
present, only six states have fish tissue data maintained in the
STORET system. These states are: Oregon, Texas, Louisiana, Idaho,
Washington, Alaska, and California. Of the 59 observations, the
maximum concentration of toluene in fish tissue is 35 mg/kg wet weight
and the average concentration is 1 mg/kg. Ninety-five percent of the
samples are <l mg/kg.

4.3.3.2 Other Foods

Toluene has been identified but not quantified in several nuts:
roasted filberts (Kinlin et al. 1972), and peanuts and macadamia nuts
(Crain and Tang 1975, Walradt « et al. 1971). Stevens et al. (1967)
found toluene in grape essence " and Nursten and Sheen (1974) detected
toluene in cooked potatoes.
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TABLE 4-8.

AND SLUDGES FROM POTWs

Studv Mean Values

Range of Means
for Each Citv

Four-city Study

Influents

Residential 2.6

Commerical 11.0

Industrial 52.3

Combined 25.6

Tap Water 0.3
Twenty=citv Studv
Combined Influents 44.4
Effluents 3.052
Primary Sludges 1906
Secondary Sludges 2566
Combined Sludges 3815
Digested Sludges 1230
Percent Removal 90

4-15

ND-11.9
1.1-27.6
5.4-123.8
1.9-60.2

ND-l . 0

4-229
ND-288
40-8810

3-14,652
54-26,857

124-2524

40-100

CONCENTRATIONS OF TOLUENE IN WASTEWATERS

Reference

Levins
Levins
Levins
Levins

Levins

Feiler
Feiler
Feiler
Feiler
Feiler
Feiler
Feiler

et

et

1t

ec

et

et

al. (1980)
al. (1980)
al. (1980)
al. (1980)

al. (1980)

(1980)
(1980)
(1980)
(1980)
(1980)
(1980)
(1980)

®Mean calculated assuming ND=0 and excluding the one effluent value that
exceeded the influent, also the only value in the hundreds

of ug/l range.



4.3.4 Concentrations in the Atmosphere

Atmospheric toluene can occur as the result of contributions from
stationary sources (refineries, chemical plants, solvent users, and
gasoline marketing and distribution facilities), mobile sources
(vehicles), and localized sources (tobacco smoke). Vegetation has
been known to emit hydrocarbons, especially terpenes, but it is a
negligible source of toluene.

4.3.4.1 Contributions from Stationary and Mobile Sources

Toluene concentrations in the atmosphere of urban areas (including
areas with high chemical production), and rural and remote areas from
various studies beginning as early as 1963 are summarized in Table 4-9.
The urban areas with high chemical production had average toluemne con-
centrations ranging from 0.19 to 59.52 ug/m’. Because of the concern
about motor vehicle emissions, Los Angeles is the most studied urban
area. Data on this city show toluene concentrations decresasing since
the 1963-65_period when Leonard et al. (1976) recorded concentrations
at 226 ug/m3. In 1979, Singh et al. recorded an average toluene con-
centration of 45 ug/m3 in this city. This average concentration is
comparable with that of other urban areas. Similar concentrations of
toluene were recorded for both urban areas and areas with high chemical
production~-33 ug/m3 in Phoenix, AZ, and 34 ug/m3 in Denver, CO. Atmos-
pheri7 toluene concentrations in rural and remote areas are generally
<1 ug/m3.

Sexton and Westburg (1980) monitored ambient air near an automobile
painting plant at Jamesville, WI, to investigate the effect of paint-
ing emissions on ambient ozone levels. From an individual hydro-
carbon identification analysis during fumigation by painting emissions,
the atmogpheric toluene concentration within 1 mile of the plant was
601 ug/m”. At three sampling stations (800 feet above the ground)
downwind of che automotive plant, toluene concegcracions were measured
at 75.5 ug/m3 4 miles from the plant, 84.5 ug/m’ at 7 miles, 64.5 ug/m3
at 9 miles, and 55.5 ug/m at 11 miles. These concentrations range
from 10 So 15 times higher than the background toluenme concentration of
5.5 ug/m” approximately 1 mile northeast of the automotive plant.

Toluene was the most abundant aromatic hydrocarbon, constituting
35-40% of the total concentration of aromatics, when Lonneman et al.
(1968) conducted gas chromatographic analyses in Los Angeles in n 1966
to relate aromatic hydrocarbon levels to atmospheric photochemical
reactivity. A total of 136 samples was collected in downtown los An-
geles, Pasadena, Lennox, and West Los Angeles. The average concentration
of toluene was 0.14 mg/m” and the maximum was 0.49 mg/m3. The averagn
and maximum concentrations of the total aromatics were 0.41 mg/m and
1.26 mg/m3, respectively.
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TABLE 4-9.

TOLUENE CONCENTRATIONS IN THE ATMOSPHERE OF

URBAN, RURAL AND REMOTE AREAS

Conceatrations (ug/m3)

Location Average

URBAN AREAS

With High Chemical
Production

South Charles, WV

Birmingham, AL
Baton Rouge, LA
Houston, TX
Magma, LT
Upland, CA

El Paso, TX

El Dorado, AK
Elizabeth, NJ

Average

Other Urban Areas

Phoenix, AZ
Oakland, Ca
Los Angeles, CA
Denver, CO
Houston, TX

St. Louis, MO
Riverside, CA

Los Angeles, CA
(1963-65)

Los Angeles, CA (1971)
Los Angeles, CA (1973)

Los Angeles, CA -

Downtown (1967)

Los Angeles, CA -

Suburb (1967)
Denver, CO
Lake Charles, LA

Albany, NY
Trov, XY

Riverside, CA

Mean for all Urban aAreas
(including data from

1977 on)

0.19
7.51
0.61
5.86
1.30
27.69
18.58
28.27

59.52

17

33.05
11.91
44.89
23.52
38.94

5.73
21.87

225.97

191.50
84.26

113
52.8

34.47

2.3

0.15
0.80
0.11
0.80
0.88
2.99
0.19
9.58
7.20

37
22

283.42 (max)

Range

- 0,27
17.96

0.88
11.22

1.65
56.53
71.85
52.20
149.60

148.34
64.88

204,45
92.74

247.5
24.32
75,66

- 189

- 87

a

34,47-68,94

4~17

Reference

Pellizzari

(1979)

Pellizzari (1979)
Pellizzari (1979)
Pellizzari (1979)
Pellizzari (1979)
Pellizzari (1979)
Pellizzari (1979)
Pellizzari (1979)
Pellizzari (1979)

Singh et al. (1979
Singh et al. (1979)
Singh et al. (1979)
Singh et al. (1980)
Singh et al. (1980)
Singh et al. (1980)
Singh et al. (1980)

Leonard et al. (1976)

Leonard et al. (1976)
Leonard et al. (1976)

Altshuller et al. (1971)

Altshuller et al. (1971)

Russel (1977)
Harden et al.

Altwicker et al. (1977)
Altwicker et al. (1977)

Stephens (1973)
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TABLE 4-9. TOLUENE CONCENTRATTIONS IN TIUE ATMOSPHERE OF
URBAN, RURAL AND REMOTE AREAS (Continued)

Concentrations (|u;/m3)
Location Average Range Reference

RURAL AND REMOTE AREAS

Grand Canyon, AZ Trace Trace Pellizzari (1979)
Camel's Hump, VT 3.71 a Robinson et al. (1973)
llell's Canyon, ID 1.13 a Robinson et al. (1973)
Moscow Mt., ID 0.75 a Robinson et al. (1973)
loint Reyes, CA 0.75 a Robinson et al. (1973)
Brethway-Gunderson 0.38 a Robinson et al. (1973)
Hill, WA
Remote Air Masses® a 0.2-57.45 Robinson et al. (1973)
Cabriel Mts., CA ND Stephens (1973)

Mean for Rural Areas® 1.0

3Information not supplied.

bl‘rop:l.cal, polar, and equatorial air masses, Including pacific coast, and
pacific and Atlantic inland masses.

CAssumed ND=0, Trace=0.1 ug/m3 and excluded remote alr wmasses.



Pilar and Graydon (1973) observed concentration variations related
to automobile traffic by sampling simultaneously several locations in
the urban Toronto area. The overall average concentration of toluepe
was calculated as 115 ug/m3, the maximum concentration was 720 ug/m” in
Toronto, Canada. The times of maximum toluene concentration in down-
town Toronto were similar to those found in Chicago and Los Angeles
around 7:00 a.m., 3:00 p.m., and 9:00 p.m. In Toronto's Centre Island,
where only official vehicles are allowed, concentrations of toluene
were consistently lower. The air concentration ratio averaged to 2.6
for toluene when site data from the island and downtown Toronto were
compared. One notable result of the Pilar and Graydon (1973) study
was that the ratio of benzene to toluene was less in the atmosphere than
in motor vehicle exhausts. The authors suggested that "the relatively
high toluene:benzene ratio in gasoline vapor points to the possibility
of direct evaporation of gasoline as a source."

In 1961, Altshuller and Bellar (1963), demonstrated that rapid
repetitive analysis of small volume samples taken from polliuted atmos-
pheres are possible with gas chromatographs containing flame ionization
detectors. Experiments in the downtown Los Angeles area showed that
only a small fraction of the hydrocarbons present in the atmosthere are
highly reactive in producing gmog manifestations. Toluene concentraticns
.ranged from 0.10 to 0.23 mg/m°>, with an average concentration of 0.17 mg/m3.

In a later study, Altscnuller et al. (1971) showed that atmospheri
concentrations of toluene (along with other hydrocarbons) are largely
associated with motor vehicle emissions. Variations in racios through-
out the dav were considered consistent with the difference in rates of
reactions of these individual hydrocarbons. This study compared a
suburb of Los Angeles with the downtown area and determined extrapolated
peaks of about 77 and 180 ug/m3 in the diurnal curves, resaectivelv
The nighttime levels in the suburb were between 45 3nd 50 ;g/m , wnile
in the downtown area, :hey were about 75 to 85 ug/m”. The overall aver-
age values were 113 ug/m for downtown and 52.8 ug/m3 for the suburban
area. The levels exceeded by 10% of the values were 189 and 86.7 ug/m3
for the downtown area and the suburban area, respectively.

4.3.4.2 Contributions bv Vegetation

Volatile hydrocarbons are sometimes emitted by vegetation in sig-
nificant amounts; the alkyl benzenes are often minor constituents of
such emissions. Toluene, however, is emitted predominantly by a
tropical tree, the tolu, from which it gets its name, and therefore
significant amounts are not produced in the United States (NRC 1980).
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4.3.4.3 Contributions from Cigarettes

Measurexments by several researchers cited in NRC (1980) indicated
that the alkyl benzenes included in cigarette smoke occurred only in the
smoke as combusion products, and were not found in the tobacco itself.
The range of observations of the net yield of toluene from one cigarette
was 46-164 pg (Johnstone et al. 1962, Grob 1963). The NRC calculated
that if 0.1 mg toluene is the nst yield from one cigarette that the smoke
would contain about 11,300 pg/m’_ and that "smoke filled rooms" could
contain between 230 to 2300 ug/m3. These values are considerably

higher than levels measured in urban areas as shown in Table 4-9.

4.4 [ENVIRONMENTAL FATE MODELING AND ANALYSIS

4.4.1 EXAMS Modeling

The U.S. EPA's Exposure Analysis Modeling Svstem (EXAMS) prograz is
one approach to the integration of various intermedia transfer and in-
tramedium transformation processes. The EXAMS model considers physical
constants and reaction rate data for the chemical and the characteristics
of various aquatic environments.

The environmental fate of toluene was modelad using four EXAMS
scenarios: 'clean" river, turbid river, oligotrophlc lake, and a
eutrophic lake. Toluene loading rates were selected as inputs to EXAMS,
The highest was 1.0 kg/hr based on a maximum effluent level measured for
toiuene at a POTW. The second rate, 0.023 kg/hr, was representative of
median toluene concentrations for 20 POIWs. The third loading rate, 0.04
kg/hr, is based on discharges from 627 of the pharmaceutical plants using
toluene. Fate in all the scenarios were considered for all the rates.
(The results will scale directly with the loading rate until/unless the
water solubility is exceeded or some other environmental compartment
saturates.) The fundamental difference between the river and lake
scenarios is that the former are flowing systems so that downstream
transport/dispersal appears as a major fate process. The turbid river
has a fivefold higher level of suspended sediment than the "clean" river.

The eutrophic lake differs from the oligotrophic lake in cthat it
has much higher (three orders of magnitude) bacterial populations, a
higher organic carbon content of the sediment, as well as somewhat
higher levels of suspended sediment.

The summary of results from running the EXAMS model is presented in
Table 4-10. In the river systems, downstream export appears as the
dominant fate process, carrying away >99% of the load. Volatilization
is a less significant transport process, accounting for a loss of <1%
of the load within the a354-minute residence time of the river "slice".
In the oligotrophic lake system, the relative importaance of export and
volatilization is reversed; volatilization accounts for 90%Z of the
removal and export for approximately 10%. In the eutrophic lake system,
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volatilization is also more important than export (95% versus 0.2% of
load). In this lake, however, EXAMS indicates that biodegradation may
account for up to V57 of the losses. In the river, removal will be
determined primarily by physical processes, with waterborne export and
volatilization the dominant removal processes. For these four scenarios,
chemical transformation plays only a minor role (0. 02-0 11%) in the mass
balance of the lake and pond systems only.

For each of the four ecosystems, the EXAMS-calculated partitioning
between water and sediments estimated that >947% of the toluene would
be in the water column and <6% in the bottom sediments.

The water column concentrations predicted by EXAMS are <l ug/l for
all scenarios and discharge rates, with the exception of the pharmaceu-
tical discharge to oligotrophic lake scenario, which resulted in con-
centrations of up to 5 ug/l.

For both river scenarios used in the EXAMS model, the current
velocity is 0.93 m/sec, the depth of the water column is 3 meters, the
width and length of the river segment are 10Q agd 3000 meters, respec-
tively, and the water flow rate is 2.41 x 10’ m”/day. 1In both turbid
and clean rivers, over 997 of the toluene in the original flux into
the river segment analyzed is passed onto the next segment, and <12
volatilizes or is biodegraded. The physical representation of an EXAMS
river allows the use of an exponential decay function to solve for the
number of river segments through which the toluene load must flow until
some percentage (i.e., 99%) of the load either leaves the water compart-
ment by biodegradation or volatilization.

The calculation is:
(mass flux % to next river segment)® = 0.01

where n is the number of segments necessary to obtain a 99%-reduction
in the initial loading of toluene to the river. Solving:

n log (0.952)
n

log 0.01
93.62

Because each EXAMS river segment is 3000 meters long, this distance
18 about 280,000 meters (170 miles); with a water velocity of 0.93 m/sec,
about 3.5 days are necessary for this 99%-reduction to occur given the
dimensions used for the EXAMS river. Similar calculations show that a
reduction of 50% of the initial load occurs in 13 hours over a river
stretch of about 42,000 meters (26 miles).



TABLE 4-10. RESULTS OF EXAMS MODELING OF THE ENVIRONMENTAL
FATE OF TOLUENE DISCHARGE SCENARIOS

Rivers® Lakes
Clean Turbid Oligotrophic Eutrophic

Compartment Percent in compartment in Steady State
Bottom Sediments 1.82 5.23 6.08 2.24
Water Column 98.18 94.77 93.92 97.76

Fate Process Percent removed by fate process at Steady State
Waterborne Export 99.46 99.86 10.04 0.19
Volatilized 0.18 0.05 89.57 94.97
Biodegraded 0.36 0.09 0.31 4,81
Chemically Transformed 0 0 0.08 0.02

1.

2,

3.

Water Column Concentrations (ug/1l) for Discharge Scenarics

POTW--maximum observed effluent concentration of 288 ug/l. At flow of 87 x
100 1/day (23 MGD) the loading rate is 1 kg/hr.b

0.12 0.03

POTW--median observed effluent concentration for 20 POTW of 1 ug/l. At high
flow of 530 x 106 1/day (150 MGD) the loading rate is 0.023 kg/hr.

0.003 0.0007

Pharmaceuticals Industry--load of 24 kkg/hr for 250 plants. Based on 62%
occurence in effluents, 250 of 400 plants had a loading rate of 0.04 kg/hr.©

0.005 0.001 4.6 0.86

3-jver volume flow rate = 300 m3/sec.
bSee Table 3-1 in Materials Balance for data.

€gee Table 3-5 in Materials Balance for data, also personal communication,
Acurex (1980).
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4.4.2 Intermedia Transfers

4.4,2.1 From Air Medium to Surface Waters or land

Based on the materials balance analysis, air is the dominant
receiving medium for toluene emissions. Furthermore, the vapor pressure
of toluene is sufficiently high (see Table 4~1) so tnat this chemical
will have a strong tendency to remain in the atmosphere as a vapor.

Dry deposition is not a plausible removal process for atmospheric
toluene vapors because the vapor pressure of toluene is too high to
attach to aerosols (Jungclaus 1978).

Toluene residing in the air is not transported to the surface by
dry deposition or by precipitation. Atmospheric oxidation of toluene
removes 50% of the compound in less than 2 days (see Section 4.4.3.1).
Because of this rapid removal rate, toluene will most likely not remain
in the atmosphere long enough to be removed by air to surface transfer
mechanisms.

4.4,2.2 Water

Water to Air

Volatilization is an important process in the depletion of toliuene
from water. A model was used to determine the volatilization half-life
of toluene in water (a l-meter deep stream with a velocizy of 1 m/sec).
The half-1life was 5 hours corresponding to a distance of 18 kilometers
downstream from the discharge. To remove 90X of the discharged toluene
requires 15 hours and a distance of over 50 kilometers. These calcu-
lations are described in Appeadix E.

Water to Sediment

As shown by the EXAMS model, some toluene partitions to the sedi-
ment compartment (2~6%). The log octanol-water partition coefficient
(2.69) shows that toluene has some affinity to bind to the sediment.
However, the extent to which toluene 1s transferred depends on the
sorption capability of the particular sediment, which, in turn, depends
on the organic carbon content and other characteristics.

4.4.2,3 Soil

Soil to Air

Wilson et al. (1980) conducted laboratory experiments on the vola-
tilization of toluene from soil. These experiments indicated that, in

a sandy soil system, on the order of 40-60% of toluene applied to the
surface will volatilize.



Volatilization characteristics from soil surfaces low in adsorbing
materials are expected to be similar. 1In the case of municipal sludges,
volatilization may be significantly retarded because of the sorption
propensity of toluene for this highlv organic material.

No volatilization rate measurements for soill to air wers found in
the literature. However, using the Dow method described by Thomas
(1981) a half-life for volatilizacion from soil of about 9 seconds was
estimated. This half-1ife applies only to toluene applied to the
surface, and suggests that volatilization will be rapid in such a
situation. Volatilization of toluene mixed with the soil is highly
dependent on the soil type, but the half-life would probably be slower
than 5 hours which was calculated for volatilization from water in a
river system.

Soil to Water

The amount of toluene that will be available to migrate from the
soil medium to water will be determined by (1) extent of biodegradation,
(2) organic content of the soil and (3) flushing action of either run-
off water or groundwater recnarge. Laboratory tests by Wilson et al.
(1980) showed that in sandy soil (low organic content) and without bio-
degradation, toluene leached easily. This indicates that in certain
soils, toluene may reach the groundwater, where it is unlikely to degrade.

4.4,3 Intramedia Fate Processes

4.4.3.1 Alr

As shown in the materials balance section ¢f this report, known
environmental realeases of toluene, in 1978, were approximately 107 x
103 kkg. Of this amount, it was estimated that 99.7% was released
directly into the atmcsphere. The atmosphere is the major receiving
media for toluene emissions; therefore, the chemical reactions that
deplete toluene from the atmosphere have great importance in the
overall environmental fate of toluene.

Oxidation

Several free radicals combine with compounds to promote the break-
down and eventual removal of these compounds from the atmosphere.
Hydroxyl radicals (OH), atomic oxygen (0), peroxy radical (ROz, where R
is an alkyl or acyl group) and ozone (04) are most likely to combine
with toluene. According to Hendry (1973) the reaction of OH™ is the
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most important reaction involving the free radicals in the removal oI
toluene from the atmosphere. This conclusion is based on two factors:
(1) the rate of reaction of the free radical with toluene, and (2) the
atmospheric concentration of the free radical in question. Note that
the OH™ concentration is a function of the temperature and chemical
composition of the atmosphere (especially with regard to other pollutants)
and, most strongly, the solar intensity. During the evening hours, the
OH~ concentration decreases sharply, slowing down the atmospheric re-
moval of toluene processes (NRC 1980). However, during daylight hours,
the concentration of OH™ is at its peak. Estimates of toluene break-
down because of OH™ atctack will be based on daylight concentrations
obtained from experimental data.

Photochemistry

The addition of the hydroxyl radical to the aromatic ring or the
abstraction of the hydrogen from the methyl side chain (Figure 4-1)
can lead to the reaction of OH with toluene. Several studies have
investigated the relative importance of these two reactions and have
found a greater likelihood of the addition process cccurring than the
abstraction process.

Davis and coworkers (1979) measured the reaction rate constant of
toluene at 298°K in a toluene helium gas mixture while varving the
pressure of the helium gas. They observed that the reaction rate
constant varied with pressure such that the rate constant increased
by a factor of two as the pressure increased from 3 to 100 torr.
According to the authors, only the addition reaction would show a .
pressure dependency. It was concluded that at least 50%Z of the total
reaction resulted from the addition of OH™ to the ring. Because the
carbon hydrogen bond is weak, the hydrogen can readily be abstracted by
the OH radical. Nevertheless this latter mechanism was assessed as
less important.

In another study, Kenley et al. (1973) examined the relative im-
portance of the two mechanisms by direct measurement of the products.
They assessed the rates of atmospheric reaction and proposed that it
would yield 85% cresol isomers and 15% benzaldehyde; thus, thev demon-
strated that the addition wmechanism is likely to be of greater signif-
icance. 1In addition to benzaldehyde and cresol, Kenley et al. (1978)
identified nitrotoluene as a product of the OH™ toluene reactions with
yields <1%Z of the total. However, Hoshino et al. (1978) pointed out
that the quantity of m-nitrotoluene is directly proportional to the
initial concentration of NO2.
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Finally, O'Brien and coworkers (1979) studied the products of the
OH radical attack under simulated atmospheric conditions. They also
found that the reaction yields cresol and benzaldehyde, although the
actual percentages were smaller than those reported by Kenley et al.
(1978). Hoshino and coworkers (1978) also found that cresol and
benzaldehyde were the major products, with vields at a ratio of
roughly 2:1.

Recently, it has been shown that toluene oxidation can lead to
the production of peroxyacetylnitrate (PAN) and peroxybenzovlnitrate
(PBzN) (Altshuller et al. 1971, Heuss and Glasson 1968, Spicer and
Jones 1977, Dimitriades and Wesson 1972). PAN is either produced by
the fragmentation of the aromatic ring immediately following the reaction
of OH  and toluene or by the secondary reactions involving products of
the OH™ toluene reaction. The photo-oxidation of benzaldehyde, which
was demonstrated earlier as a prominent by-product of the reaction of
OH radicals with toluene, forms PBzN.

The rate of toluene removal as the result of the toluene reaction
with the free radicals PAN and PBzN is summarized in Table 4-~11. The
concentration of the hydroxyl concentration is based on experimental
data at solar intensities that vary according to latitude and season.
Table 4-11 demonstrates that the rate of removal as a result of OH
radical attack exceeds the rate of removal by the remaining free
radicals by a factor of 102 - 107.

To determine the half-life of toluene in the atmosphere, the pro-
duct of the rate constant must be added to the average radical concen-
tration over all the free radicals so that the total rate constant
as a result of oxidation, K, ., is:

Rox = Kog [OH] + Ky [0] + Koz [03] + Kgg, [RO;]

= 1,5 % 10"5 sec™l,

Based on this rate, the half-life of toluene in the atmosphere
as a result of oxidation is 13 hours. This value was determined using
an average value for the concentration of OH radicals. Depending upon
the actual OH concentration, the half-life of toluene may range from 1l
to 52 hours. Therefore, two days is a reasonable upper limit value for
the half-life of toluene in the atmosphere,
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TABLE 4-11. RATE OF ATMOSPHERIC OXIDATION OF TOLUENE BP
FREE RADICALS®

Estimated Average Rate of Toluene
Daylight Concentration Rate Constant Removal
Radical (molecules/cm3) (cm3/molecule-sec) (sec~1)
b
Hydroxyl 0.75 x 106 - 0.37 x 107 6.4 x 10-12 2.4 x 1073
Radical 4.8 x 1076
Atomic 0.75 x 107 7.4 x 10-12 5.6 x 10~7
Oxygen
Ozone 0.75 x 1010 3.4 x 10722 2.6 x 10-12
Peroxy 0.25 x 108 1.7 x 10722 4.3 x 10713
Radicals

aAdapted from NRC 1980,
bCrutzen and Fishman (1977).
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Direct Photolvsis

Photolytic reduction of toluene is not a direct cause of toluene
removal because toluene does not adsorb light wavelenghts >286 nm.
However, a charge-transfar complex between toluene and molecular
oxygen will permit radiation adsorption to light wavelengths of at
least 350 nm. Wei and Adelman (1969) note that the photolysis of
this complex results in the observed oxidation products of benzyl
alcohol and benzaldehyde. Additional evidence of photolytic interven-
tion in oxidation has not been cited, nor has substantial evidence
been found concerning other possible mechanisms of toluene photolvsis.
This suggests that photolysis is not an important process in the
removal of toluene from the atmosphere.

Dispersion

The toluene emission sources referred to in the section on materials
balance indicate that many chemical plants using or synthesizing toluene
emit 15-25 kkg/yr and that 50 kkg/yr is a representative maximum toluene
release, while 20 kkg is a good figure for the average plant. Downwind
air concentrations of plants releasing these amounts were calculated
using a Gaussian plume dispersion model (Appendix F). The results are
based on the assumption that the stack was elevated, and that no
chemical degradation occurred simultaneously in the plume.

Ground level concentrations based on the Gaussian plume dispersion
model are shown in Table 4-12 for various downwind distances from the
sources. These concentrations are respresentative; weather, emission
rate fluctuations, and location within the dispersing plume wiil cause
actual levels to vary. Concentrations are generally <0.1 ug/m” at
distances >500 meters frcm the source. For the plant releasing an

average amount of toluene (20 kkg/yr), at 100 meters, the concentration
is 0.5 ug/m . At 100neters the larger source could generate a concen-
tration of 1.2 ug/m . These levels are an order of magnitude less than
the mean concentration found for urban air in Section 4.3.4.

4.4.3,2 Water
Oxidation

The reaction of toluene in water with OH radicals formed from the
irradiation of hydrogen peroxide has been shown to produce benzaldehyde,
benzyl alcohol, and cresol isomers (Jefcoate et al. 1969). These are
the same products formed by atmospheric oxidation. Molecular oxygen
may also oxidize liquid toluene, however, the presence of water will
inhibit this oxidation (Stephens and Roduta 1935). Thus, molecular
oxygen can be eliminated as a possible mode of toluene removal from
the agueous environment. No rates for this process have been found;
therefore, this process is not assumed significant.
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TABLE 4-12. TOLUENE CONCENTRATIONS IN AIR DOWNWIND DISTANCES
OF CHEMICAL PLANTS USING TOLUENE

Ground Level Concentration in Air (ag/md)

Distance (metars)

Emission Rate 100 500 1000 1500 5000 10,000

20 kkg/yr

Q= 6.34 x 107 kg/sec 480 60 20 10 1.5 0.5

50 kkg/yr

Q=1.6 x 1073 kg/sec 1200 150 50 25 4 1
-h2

Ground Level Concentration = —o___ exp 3
T OyJzUy 20y~
. w, = wind speed = 5 m/sec
Neutral Atmospheric Stability Class D
Non-buoyant Source, 10 meters high

See text and Appendix F for details concerning the estimation
methods.
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Hvdrolvsis

Although there is not direct data on toluene hydrolysis, some
autnors have concluded that this is not a significant fate process.
"The covalent bond of a substituent attachad to an aromatic ring is
usually resistant to hydrolysis because of the high negative charge-
density of the aromatic nucleus" (Callahan et al. 1979).

Chlorination

During wastewater treatment with chlorine, some compounds will
react with chlorine to form toxic or persistent compounds. With tol-
uene, this is not the case. In laboratory tests conducted by the
Chemical Manufacturers Association for the U.S. EPA (1972), 10 mg/l of
toluene was combined with 5, 10, and 20 mg/l of chlorine in a 500 ml
sample. The mixture was rotated at 80 rpm, 25°C. Samples examined
after 0.5, 1.0, 2.0, and 24.0 hours revealed, in all cases, that the
quantity of chlorine absorbed by toluene was <4% of the chlorine dosage.
Carlson and Caple (1975) also carried out reaction measurements, demon-
strating that chlorine did not bind with toluene. When a 9.5 x 10-4
solution of toluene was mixed with a 7 x 10-%M solution of chlorine
at 25°C for 20 minutes, 11% of the chlorine was absorbed at pH3,
while only 2.87% was absorbed under neutral conditions.

4.6.3.3 Soil

Sorption

The octanol:water partition coefiicient (Kq,.=490) and the organic
carbon partition coefficient (K°c+?339) for toluene indicate that it
has some affinity to bind with organic components ir the soil. Because
of variations in the organic content of soils, however, generalizations
cannot be made concerning the sorption of toluene in soils. 1In addition,
the concentration of toluene in POTW sludge indicates that adsorption
could be significant in soils with high organic content (Personal com-
munication, Moss, U.S. EPA 1980).

Biodegradation

Biodegradation of toluene in soil can be an important process.
Claus and Walker (1964) have measured the degradation half-life of
toluene of 20-60 minutes in soil inhabited by certain bacterial species,
which proved capable of utilizing toluene as a sole carbon source. The
authors suggest that the biodegradation route of toluene is:

Toluene + 3 Methylcatechol - acetic acid, pyruvic acid, ether
fractions
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Wilson (1980) indicated that from 20 to 60%Z of toluene eluted through
a 140-centimeter of sandy soil biodegraded. The process is probably
highly sensitive to the soil type; therefore, for a particular soil
system, it may be an important removal process of toluene. However,
Chambers and coworkers (1963) found that although "toluene was oxidized
to a limited extent . . . that in general they (benzene derivatives)
were resistant to degradation" by phenol-adapted bacteria. Therefore,
environmental conditions must be conducive to biodegradation of toluene
in the soil by the appropriate bacterial populations.

Chemical Transformations

Chemical transformations in soil as a result of oxidation, hydro-
lysis, or other chemical (nonbiological) processes are not indicatad.

4'4. 3'4 Biota

Little definitive data are available on the fate of toluene in
aquatic organisms, however, some qualitative observations have been
made. Toluene was absorbed rapidly from water into the Pacific herring
(Clupea harengus pallasi) with maximum levels rzached in 24 hours. In
their gallbladders, which contaired the highest residues (34 mg/kg),
toluene reached a concentration 340 times greater than that measured
in the water (0.1 mg/l) (Korn et al. 1977). All detectable toluene
was depurated in several days after transfer to fresh water.

Eels (Anguilla japonica) reared in seawater containing crude oil
accumulated toluene to a concentration ratio (eel:freshwater) of 13:2.
The half-1life of toluene was 1.4 days after transfer to clean seawater
(NRC 1980). Toluene was tekan up (3-10 pg/l) through the gill tissues
of the mussel Mytilus edulis; it was subsequently transierred to the
mantle, adductor muscle, and the guts. No evidence of metabolism was
demonstrated. When transferred to fresh seawater, the mussels depurated
most of the toluene from their tissues (Buikema and Hendricks 1980).

A comparative study was conducted of toluene bioconcentration in
various organs of freshwater crayfish (0. rusticus) and bluegill sunfish
(Lepomis macrochirus). All tissues in both species accumulated toluene
to at least a factor of 2, with the greatest tissue concentration factor,
~140, seen in the hepatopancreas of the crayfish. This organ contains
large amounts of lipids. Because toluene is lipid-soluble, the hapato-
pancreas is the most likely organ to accumulate toluene concentrations.
Figures 4-2 and 4-3 illustrate the significant differences in both
the rate and degree of bioaccumulation (here given as the tissue con-
centration factor) of toluene in these two species. The author hypo-
thesized that bluegills are able to metabolize toluene and store the
metabolites, whereas crayfish are not; this may, in part, account for
the observation that bluegills were ten times more sensitive than cray-
fish to toluene (Berry 1977).
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In another study (Berry and Fisher 1979) mosquito larvae that had
taken up l4c.1abeled toluene were fed to bluegill sunfish (Lepomis
macrochirus). Toluene did concentrate in the stomach and intestine;
however, most of the toluene was contained within the digestive tract
and did not accumulate in other vital organs. One conclusion of this
study was that bioaccumulation of chemicals within aquatic food chains
is insignificant when compared with accumulation directly from water.

No measured steady state bioconcentration factor (BCF) is available
for toluene; however, based on the octanol:water partition coefficient,
it has been estimated to be 70 (U.S. EPA 1979). A BCF of 120 (25°C)
has been reported by SRI (1980). Thus, because of the low bioconcen-
tration potential, rapid depuration, and the ability of fish to metab-
olize toluene, it is unlikely that bioconcentration and biomagnification
of toluene through food chains will be a significant problem in aquatic
systems.

4.5 SUMMARY

This chapter has described the environmental fate of toluene from
the perspective of the three major environmental compartments. The
processes that may transfer toluene from one to the other have been
analyzed for their significance and reaction rates. The processes that
have the potential to alter chemically or degrade toluene within a given
compartment have been similarly considered.

The major fate processes, both inter- and intra-medium, are shown
in Figure 4-4 and summarized below.

4.5.1 Intermedium Transfer Processes
4.5.1.1 Air

e Rainout to Water and Land. A reaction limited by the short
residence time of toluene in the atmosphere.

Conclusion. Negligible overall importance.
4.5,1.2 Water

e Volatilization to Air. Occurs quite quickly; controlled
by diffusion within water bodies; however, this usually
is not limiting.

Conclusion. A major pathway.

e Adsorption to Sediments. Occurs on a limited basis; highly
dependent on soil type, i.e., organic content, relative
concentrations, etc.

Conclusion. Limited overall importance.
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4.5.1.3 Soil

e Volatilization to Air. Occurs quite quickly; controlled
by soil type and conditioms.

Conclusion. A major pathway.
e Solution iﬁto Water. Soil toluene may dissolve in soil

water as determined by its solubility and the amount of
water present,

Conclusion. Possibly significant.

e Runoff to Water. Surficial toluene would be preferentially
volatilized. Any toluene bound to surface particles could
be carried off physically, and some would be carried in
solution.

Conclusion. Possibly significant.

4.,5.2 Intramedium Fate Processes

4.5.2.1 Air

¢ Oxidation by Hydroxvl Radicals. A fast reaction, determined
by concentrations of OH,.

Conclusion. Dominant fate process -- responsible for
destruction of most environmental toluene.

.. — ——mn

4,5.2,2 Water

e Degradation bv Microbial Species. Requires the presence
of appropriate species,

Conclusion. Important in some habitats, but not universally
important.

4.5.2.3 Soil
e Bilodegradation. Requires the presence of appropriate species.

Conclusion. Important in some soil situations, but not
universally important.
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4.5.3 Critical Pathwavs for Specific Sources of Tcluene

The critical pathwavs for the known releases of toluene to the
environment are shown ia Figure 4-3. These pathways are called
"critical" because they define the processes that reduce the total
environmental load of toluene.

The three critical pathways are: 1) atmospheric sources + oxida-
tive destruction, 2) aquatic sources -+ volatilization -+ oxidative de-
struction, and 3) land sources <+ volatilization = oxidative destruction.

Of the total estimated releases of 1,090,000 kkg in 1978, a maximum
of 99.87 may follow the shortest (i.e., no intermedia transfer) pathway--
#1; 0.001% may follow #2, and 0.0012% may follow #3. Part of these
releases will remain in each compartment as ambient or background levels
until either biodegradation or entrance to a critical pathway occurs.
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5.0 HUMAN EFFECTS AND EXPOSURE

5.1 HUMAN EFFECTS

5.1.1 Pharmacokinetics

5.,1.1.1 Absorotion

Toluene has volatile and highly lipid-soluble, chemical character-
istics that permit absorption by all exposure routes: inhalation,
dermal, and oral. The concentration of toluene and the permeability
of toluene of the intervening membranes determine the rate at which
toluene is absorbed.

Absorption of toluene bv inhalation is the most important exposure
route in the cccupational setting, because toluene is a commonly used
and highlv volatile solvent. Several groups of investigatcrs have
studied the pulmonary uptake of toluene and observed that the uptake
was rapid and markedly increased during exercise. Veulemans and
Masschelein (1978a) have made the most detailed and accurate measure-
ments of respiratory uptake. They found that the respiratory uptake
rate of toluene was directly proportional to ainute volume and concen-
tration. The range of experimental minute volumes varied from a rest
rate of 7 1/min to >50 1/min under a heavv work load. The concentrations
varied from 190 to 750 ng/m3. The retention factor for toluene was 477%.
The retention factor is defined as the fraction (or percent) of the
inhaled solvent that is absorbed from the inspired air. The total
respiratory uptake of toluene into the body is estimated bv the following
equation:

uptake (mg) = concentration (mg/m3) x minute volume (m3/min) x
retention factor (0.47) x time (minutes).

Dermal absorption of toluene vapor is slow compared with inhalation

at the same air concentration. Riihimaki and Pfaffli (1978) studied
the absorption of toluene across the bodv surface of human volunteers at
a concentration of 2260 mg/m3. The subjects were exposed for 3.5 hours
and their faces were covered with an inhalation mask under slight posi-
tive pressure to prevent inhalation uptake. They were clothed only in

ightweight pajamas and socks. These researchers calculated total
uptake as V26 milligrams, based on a 167% recovery of absorbed dose in
the expired air. It is estimated that the same total uptake in 3.5
hours via inhalation would occur at an air concentration of only 38
mg/m3. (This estimate assumes a respiratory rate of 7 1l/min at rest

and a respiratory retention factor of &7% for toluene.) In their
experiments on the percutaneocus absorption of xylene vapor, Riimimaki
and Pfaffli showed that dermal uptake is proportional to air concen-



tration. Based on thése data and the similarities between xvlene and
toluene, the approximate average skin permeability of the human body
to toluene is calculated to be 0.002 m3/(m2 x hr).l

Dermal absorption of liquid (neat) toluene is much faster than that
of vapor, because of the nigher concentration and a defatting action ecn
skin that would significantly increase the permeability. Sato and
Nakajima (1978) conducted exveriments on human volunteers in which
each individual soaked one hand in neat toluene for 30 minutes. Blood
levels after the 1/2-hour exposure reached approximately 25% of the
blood levels measured after 1/2-hour inhalation exposure at 376 mg/m3.
It can be shown that blood level is approximately directly proportional
to uptake rate, when that rate is constant. If it is assumed that the skin
absorption rate was constant (an oversimplification, but useful for an
approximation), it is estimated that the uptake rate via the skin of the
hand was ~20 mg/hr.2 The surface area of the hand is 27 of the body
surface area of 1.8 ol or 0.036 m¢ (Diem and Lentner 1971); therefore;
an estimate of absorption rate through skin of liquid toluene is 550
ng/m? hr.

Oral absorption can be expected to approach 100%Z. The absorption
rate depends on gastric contents and gastric emptying. Pvvkko and co-
workers (1977) found peak blood levels of radioactivity at 2 hours
following gastric intubation to rats of l4C toluene mixed with peanut
oil. Oral exposure differs from both dermal and inhalation exposure
because of the "first-pass effect". Intestinally absorbed toluene
passes through the hepatic-portal circulation before entering the gen-
eral circulation. Because the liver is a principal organ of the
metabolism of toluene, blood levels of unchanged toluene would be
somewhat lower than following intravenous injection or inhalation
absorption of an equivalent dose. The influence of the first-pass
effect on the response of the organism to toluene has not been deter-
mined. This detail is not considered critical at this time, because
oral absorption of toluene normally constitutes a relatively small
proportion of total exposure. For purposes of this report, it is
assumed that the absorption route has no significant influence on
effect, and that effect depends only on the rate or the total amount
absorbed.

1

uptake = %égﬂﬁ; = permeability x 2260 mg/m3 x 1.8 mz, 26 mg/3.5 hr

where 2260 mg/m3 was the exposure concentration and 1.8 m3 is the
appropriate body surface area.

2 3 3
3764mg/m % .47 x 0.45 m3/hr = 20 mg/hr, where 376 2 [u was the air

concentration for equivalent blood levels via inhalaticn, .47 was the
respiratory ratention factor; and 0.45 m3/hr, the respiratory rate at
resc L]



5.1.1.2 Distribution

In discussing the distribution in the body of a lipid-soluble,
water-inscluble compound, it is appropriate to wview the body as a
aulticompartmental svstem. Although each organ may be considered a
compartment, it is more usual to treat tne body as containing 2-4
compartments, with eacn compartment macde up of organs and tissues
naving similar pharmacoxinetic characteristics. For toluene, a 3-
compartment model has generally been adequate to characterize the
pharmacokinetics. The first compartment is generally considered to be
composed of the vascular space and highly perfused organs, such as the
heart, kidneys, liver, intestines, endocrine glands, and brain., This
compartment is called the central compartment, because it is the one
from which the other compartments, called peripheral compartments,
receive drugs and chemicals and from which the chemicals are eliminated
from the body. The second compartment is composed of tissues and organs
with moderate blood perfusion, such as muscle and skin. The third
compartment, especially important in the case of lipid-soluble organics,
is composed of slowlv perfused tissues, such as fat. TFat differs from meost
other tissues in having a much higher tissue/blood partition coefficient
for organic solvents; i.e., it can accumulate toluene to a greater exteat
than might be expected on the basis of volume alone,

A useful index of the time it takes for the various tiusses (or
compartments) to reach equilibrium with the central compartment (i.e.,
the blood, because it can be assumed that rapid mixing occurs within
the central compartment) is the saturation half-life, ts/2. The
saturation half-life depends directly on volume of the compartment
(V1) and the tissue/blood partition coefficient (}X); and inversely on
the blood flow (Q) for the compartment as follows:

ts/y = (A « Vp/Q) x 0.693.

Rough estimates of saturation half-lives for several tissues and
the three composite compartments are presented in Table 5-1. C(Clearly,
the distribution to the brain and the central compartment is very rapid.
It is so rapid that often it is difficult to delineate this compartment
in pharmacokinetic analysis. The third compartment equilibrates so
slowly that it does not reach saturation equilibrium with the blood
during continuous exposure, such as an 8-hour occupational exposure.

For this reason, a tendency for '"baseline" blood levels to build up
over continuous day-to-day exposure could occur as a result of this
third compartment being similarly slow.

Usually, blood levels cannot be used to quantitate absorption
unless exposure conditions in terms of both concentraticn and time
are known. During inhalation exposure, blood levels rise very rapidly
to a "quasi'-steady state, reflecting rapid absorption and slow
metabolism and distribution to other tissues. When exposure is term-
inated, blood levels fall rapidlv at first, reflecting continued dis-



TABLE 5-1. ESTIMATES OF THE SATURATION HALF-LIFE
OF TOLUEMNE BETWEEN BLOGD AND TISSUE

A vr/Q ts/2
Toluene Toluene

Compartment 1 2 1.5 2
Liver 2.6 2.5 4.5
Kidney 1.5 .24 0.2
Brain 3.0 1.3 2.7

Compartment 2 1.2 17 13

(resting)

Compartment 3 ﬁOO 47 o 3200
Fat il3 50 3900
Marrow 35 25 850

NOTE

Tissue/blood partition coefficients obtained from data of
Sato et al. (1974)

Vp/Q = Volume of tissue/blood flow (mi/ml/min) from Papper and
Kitz (1963).
ts/p = Saturation half-life=0.693 x V1/Q x A (minutes).



tribution to the rest of the body as well as metabolism and elimination.
After the initial rapid decline, slower phases of decline are noted,
because elimination 1is rate limited by the transfer of the chemical
from the peripheral compartments into the central compartment.

Sato and ccworkers (1974) studied and compared the pharmacokinetics
of benzene and toluene in human volunteers. The decline in blood levels
after a 2-hour exposure to either benzene (at 80 mg/m3) or toluene (at
377 mg/m3) was followed for 5 hours. The equations that describe the
decline in blood levels are sums of three exponentials as follows:

benzene
5 = 0.0593e~0-418t | g 0gee0-0238t o.ozs7e'°'°°3"7t;
toluene

y = 0.355e=0°353% 4 .352¢70-0197€ | g 12g™0-00339¢,

where t is time in minutes and v is blood concentration in mg/l.

These model equations, together with other data, indicate that
benzene and toluene are absorbed and distributed into the bodv
in a similar manner. The exponents of the equations are s<milar to
a striking degree. Also, the coefficients of the toluene equation
are about 4-6 times higher than the respective coefficients in the
benzene equation, which is a result of the toluene exposurz cencen-
tration being %.7 times the benzene exposure concentration.

In an important respect, the equations are probably misleading for
both toluene and benzene, because they suggest no appreciable accumu-
lation of either solvent from day to day. Konietzko et al. (1980)
and theoretical considerations indicate that accumulation can occur
on a dailyv basis. Xonietzko monitored exposure concentrations and
blood concentration levels of toluene at the beginning and end of each
8-hour work day over a 2-week period in workers occupationally exposed
to toluene. These data are reported in Table 5-2. An apparent upward
trend in the toluene blood concentration values occurs each morning
before exposure over the 5-day work week. The lowest levels were
measured on Monday mornings. The half-life of the terminal phase of
elimination would have to be on the order of 2000 minutes (30 hours)
for baseline blood levels to build up as they did in the exposed workers.
This half-life is comparable with the theoretical saturation half-life
for fat given in Table 5-1. The terminal phase half-life calculated
from the equations of Sato et al. (1974) are on the order of 200 minutes.
This finding of Sato and coworkers is understandable because the exposure
was only for 2 hours in their experiments and the blood concentration
data were only determined for 5 hours after the exposure. These time
periods are too brief to delineate a very slow elimination phase.



TABLE 5-2.

TOLUENE CONCENTRATIONS IN ATR AND BLOOD

Monday Tuesday Wednesday Thursday IFriday
First Week: Toluene in air (ppm) 225 233 209 212 203
(95-303) (153-383) (107-341) (92-314) (124-309)
Toluene in blood 0.12 - - - 0.51 -—-- 0.77
- before exposure (ug/ml) (0.09-0.24) (0,28-0,82) (0.29-1.67)
- after exposure 3.63 - - - 6.69 - = - 6.70
(2.3-4.75) - (4.21-10.36) (3.39-10.67)
Second Week: Toluene in air (ppmw) 285 304 309 232 191
(145-473) (190-521) (213-413) (125-451) (105-432)
Toluene in blood 0.27 - - - 1.00 - - - 1.21
=~ bhefore exposure (ig/ml) (0.07-0.57) (0.35-1.51) (0.44-2.99)
— after exposure 11.60 - - = 10.29 - - - 5.85

(6.99-17.10)

(3.24-20.31)

(1.94-9,78)

Range in parentheses and means for eight subjects.

Source:

Konietzko et al. (1980).



In summary, toluene is absorbed into the bodv regardless of the
route; the major difference among routes is the rate of absorption.
Once toluene is in the blood, it is distributed widelv to all tissues;
the relative perfusion of the tissue by blood determines the relative
rate of uptake into each tissue. Accumulation in fat 1s slow because
of low perfusion; hcwever, the potential uptzke is high because of
the 1lipid solubility of toluene.

To a first approximation, acute effects depend on blood concentration
regardless of the route. Absorbed doses via dermal, oral, and inhalation
routes are approximated as follows:

dose (dermal/liquid) = 550 mg/mzlhr x exposed surface area (m2) x
time (hour);

dose (dermal/vapor) = 0.002 m3/(m2 x hr) x exzposed surface area
(m2) x time (hour) x concentration (mg/m3):

dose (oral) = amount ingested;

dose (inhalation) = 0.47 x inhalation rate x time x concentration,
= 0.56 x hours x conceatration (mg/m3)3.

5.1.1.3 Metabolism and Elimination

The metabolism of toluene in humans is outlined in Figure 5-i.
Except for differences in the proportion of toluene eliminated by the
various pathwavs, the metabolism in animals is essentially the same.
The major routes of toluene elimination in humans are metabolism to
hippuric acid, and exhalation of unchanged toluene. These two routes
account for about 80 and 16%, respectively (Veulemans and Masschelein
1978a, 1979).

The initial oxidation of toluene to benzyl alcohol occurs by mixed
function oxidase system, wnich is associated with the microsomal
fraction from tissue homogenates. Phenobarbital can induce this
enzvme svstem (Ikeda and Ohtsuji 1971). More importantly, a number
of substrates can competitively innibit it. TIkeda (1974) reported
reciprocal metabolic inhibition of toluene and trichloroethvlene in rats
at high dose levels (430 mg/kg toluene, 730 mg/kg trichloroethylene).
Ikeda et al. (1972) reported in vivo suppression of benzene and styrene
oxidation by coadministration of toluene in rats, which could be partially
reversed by pretreatment of rats with phenobarbital.

Sato and Nakajima (1979) studied the dose-dependent interaction
between benzene and toluene in rats and in human subjects. In rats,
they found slight to no competitive inhibition between toluene and
benzene at doses <115 mg/kg for each compound. At 460 mg/kg for both

3The figure 0.56 assumes 1.2 m3/hr inhalation rate during moderate
phvsical activity.



Figure 5-1 Metabolism of Toluene in Humans

Expired Air

CH OH COOH COVhCHZCOOH
0=0-0-0-0

benzyl benzaldehyde benzoic hippuric
alcohol acid acid

~———> o-cresol
9 —— > m-cresol
~—————> p-cresol

arene oxides

glutathione conjugate ——>  benzyl mercapturic acid
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toluene and benzene, significant competitive inhibition occurred. Tolu-
ene inhibited benzene metabolism more readily than vice versa. In their
studies on human subjects, these authors found no metabolic interac*ion
between benzene at 25 ppm (80 mg/m3) and toluene at 100 ppm (376 mg/m3).

Riithimaki (1979) found that the appsrent rate-limiting step in the
metabolism and excretion of toluene to hippuric acid was the conjugation
of benzoic acid with glycine, which had a maximum rate of ~190 umol/min
(017 mg/min). Riihimaki (1979) estimates that saturation of glycine
conjugation would not occur in an average 70 kg, well-nogrished male
until air concentrations approached 780 ppm ( 2900 mg/m®) under light
work conditions. Under moderately heavy work conditions, uptake would
be increased so that saturation would be obtained at lower air concen-
trations (e.g., 1000 mg/m3 at an uptake A3 times higher than during
light work). Riihimaki (1979) points out, however, that the availability
of glycine may be less in older persoms, undernourished individuals, and
individuals taking drugs that compete for its availability. Under
competitive conditions, it may be the drug that will accumulate rather
than toluene.

Urinarv excretion of hippuric acid has been correlated with toluene
exposure by a number of researchers (Ogata et al. 1970, Sato and Nakajima
1979, Angerer 1979, Riihimaki and Pfaffli 1978, W W11c20K and Bieniek 1978,
Lehnert et al. 1978) however, it is apparent from these studies that
the usefulness of urinary excretion data is limited. The major difficulty
is obtaining a complete urine specimen, both during exposure and for up
to 12 hours after the end of exposure. Moreover, hippuric acid is a normal
constituent of urine, and its excretion can be quite variable. Veulemans
and Masschelein (1979) conducted a strictly controlled experiment by
prescribing the exclusion of alcohol and coffee for 16-20 hours before
the beginning of their experiments. They reported baseline hippuric
acid excretion averaging 0.5 g/day. Angerer (1979) reported that in
28 unexposed subjects, hippuric acid concentration averaged 0.96 g/l
with a standard deviation of 0.94 g/l. If hippuric acid excretion were
to be used as an index of exposure, certain approximations and standard-
ization procedures would have to be used (Ogata et al. 1970) and it
would appear that the precision would still depend on the completeness
of the urinary collection as well as the maintenance of a standard
technique calibrated against known exposure and excretion.

Minor routes of toluene metabolism in humans result in the excretion
of o-, p-, and m-cresol and presumably (although not identified) benzyl
mercapturic acid in the urine. Angerer (1979) identified o-cresol in
the urine of printing workers_exposed to an average air concentration
of toluene of 23 ppm (87 mg/m3). This metabolite was not considered
a normal constituent of urine. Urine levels of combined m- and p-cresol
in exposed workers were slightly, but not significantly, greater than
levels from unexposed workers.



Woiwode and coworkers (1979) identified o-, m-, and p-cresol in
the urine of workers exposed to 280 ppm (1050 mg/m3). Urine was col-
lected during the work shnift, Expressed as a percent of total urinary
metabolytes, having subtracted control levels, hippuric acid constituted
98% of the total; p-cresol, 2%; O=-cresol, 0.2%; and m-cresol 9.08%.
Yo o- or m- cresol was identified in the urine of unexpcsed workers.
Pfaffli and coworkers (1979) in a study on exposed and unexposed
printing workers, found a correlation (r = 0.8) between air concen-
trations of toluene (0.3-4.5 mg/m3) and o-cresol excretion in urine
(urine sample at end of workshift).

Findings in animal experiments indicate that similar metabolic
processes occur. Bakke and Scheline (1970) dosed rats at 100 mg/kg
and identified o~ and p-cresols in urine ranging from 0.04 - 0.11% and
0.4 to 1.0% of dose for o- and p-cresols, respectively. They could
not cdetect m-cresol. The sensitivity of their methods was not discussed.
Van Doorn and coworkers (1980) identified the urinary metabolite, benzyl
mercapturic acid in experiment on rats, which were dosed intraperitoneally
with 368 mg/kg toluene in arachis oil (peanut o0il). The benzyvl mercap-
turic acid excretion represented between 0.4 and 0.7% of the dose.

Of interest and possible concern is the fact that all the minor
metabolytes, the cresols, and mercapturic acids result from the oxidation
of the aromatic ring by a mixed function oxygenase svstem, which is
processed to occur via reactive intermediates variouslv called arene
oxides or aromatic epoxides. They may rearrange spontaneously to form
phenols (methyl phenol in the case of toluene) or react with other
cellular constituents. In the case of mercapturic acid formation, the
intermediate is thought to react with glutathione via enzyme systems
called glutathione S~transferases (Goldstein 1974).

A discussion concerning the rslative carcinogenic potency of aro-
matic hydrocarbons, particularly the polycylics, in relationship to the
metabolism via the arene oxide intermediates is highly complex and is
inappropriate at this time, because no evidence exists that toluene is
carcinogenic. Although metabolism appears to be important, both in the
activation of carcinogenic aromatic hydrocarbons and in the activation
of an active parent and intermediate compounds, evidence of the forma-
tion of arene oxides 1is not evidence of carcinogenicity. In the case
of toluene, a small proportion of the dose is handled in this manner.
Research will no dcubt continue to explore the possible role of arene
oxides in toxicity and carcinogenicity. No definitive conclusions with
regard to toluene are forthcoming at this time.

5.1.2 Acute Effects

Toluene is a general central nervous system (CNS) depressant, This
property, associated with its low toxicity and high volatility, has caused
toluene to become a preferred solvent of abuse (see further discussion
below)., Inhalation exposure can progressively lead through stages of
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CNS depression resembling, for the most part, the stages of anesthesia:
Stage I -- light-headedness, euphoria, drunkenness, ataxia, slurrad
speech; Stage II -- loss of consciousness, delirium, excitement, involun-
tarv activity such as thrashing about, incontinence of urine and feces,
voniting, hypertension and tachycardia; Stage III -- anesthesia with
regular autonomic-controlled breathing, loss of most reflexes, muscles
flaccid; Stage IV -- respiratory paralysis and death.

The extent of CNS depression depends on the concentration and dura-
tion of exposure. Glue-sniffing and solvent abuse is intended by the
user to attain the euphoriant effects that can be achieved by several
deep breaths at near air-saturation concentrations of toluene (saturation
concentrations 100,000 - 200,000 mg/m3 between 20-30 °C). At lower
concentrations (estimated 40,000 - 120,000 mg/m3), men have been
rapidly overcome and fallen unconscious in occupational settings. Re-
covery is rapid if the person is removed from exposure; however, death
from respiratory failure may occur accideatly in solvent abusers or in
occupational circumstances when the victims fail to or are unable to
remove themselves from the exposure (U.S. EPA 1980a).

Death may also occur from a sudden cardiovascular collapse, even
in the early stages of anesthesia. It is believed that these deaths
result from cardiac arrhythmias, which are induced by a combination of
hvpoxia, physical stress, and sensitization by toluene of cardiac muscle
to catecholamines (Bass 1970, Tavlor and Harris 1970, U.S. EPA 1980a).

Upon acute exposure, toluene appears to have limited toxicity poten-
tial, other than CNS depression and predispcsition of subjects to cardiac
arrhythmias. Iavestigations in cases of accidental exposures to very
high doses of toluene in humans and experimental studies in animals have
failed to reveal any significant pathologic changes in blood chemistries
or organ histopathology (U.S. EPA 1980a).

5.1.3 Chronic Effects

5.1.3.1 Myelotoxicitv

Human epidemiological or animal experimental data have not clearly
indicated the mvelotoxicity of toluene. In epidemiological studies
showing a possible effect from toluene exposure, coexposure to benzene
and other toxic chemicals cannot usually be ruled out as contributing
causes. Results in animal studies are quite contradictory. Possible
differences in species susceptibility and the likely contamination
of toluene with benzene, in particular, are two major confcunding
variables.

Greenburg and coworkers (1942) compared 61 painters exposed prim-
arily to toluene (95% between 100-800 ppm or 380-3000 mg/m3, median
exposure conceatration 750 mg/m3) with a control group for clinical
manifestations of toxicitv., The exposed group had an increased inci-
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dence of liver enlargement, macrocytosis (increased volume of RBC),
decreased erythrocyte counts, and lvmphocytosis. Exposura was not
associated with leukopenia. Table 3-3 gives an analysis of the paiats.
It is likely that these paints contained some benzene because it &

a common impurity in certain grades of toluene. Banfer (1961) reported
that toluene derived from coal tar may be contaminated with benzene by

as much as 15% and that toluene containing oaly traces of benzene (up to
0.3%) had been available since about 1955.

Powars (1965) reported on six cases of aplastic anemia associated
with glue-sniffing. Glue was claimed to contain toluene or acetone
(depending on the brand) according to the glue manufacturer. One case
had a 3-year history of glue-sniffing. The other cases were complicatad
by the presence of sicklecell disease, although aplastic anemia was
stated to be rare with this disease. Powars concluded that glue sniffing
precipitated the onset of aplastic anemia. The estimated concentrations
of toluene of inhaled vapors during glue-sniffing are on the order of
12,000-24,000 mg/m3.

Forni and coworkers (1971) did not find a significantly increased
incidence of chromosome aberrations in peripheral blood lymphocytes in
toluene-exposed workers compared with matched controls. The exposure
concentrations were on the order of 750 mg/m3; mean and median duraticn
were 10 years; and the range was 3-15 years. In contrast, workers
exposed to both benzene and toluene had a significantly higher incidence
of stable and unstable chromosome aberrations in peripneral blocd. The
benzene exposure concentrations were not precisely known although they
were estimated to be in excess of 1500 mg/m3 during a recent epidemic of
benzene poisoning. Median duration of benzene exposure was 3 years. The
co-exposure to toluene were on the order of 750 mg/m3 with median dura-
tion of 14 years. Table 3-4 presents the incidence of unstable (Cu)
and stable (Cs) chromosome aberrations in the exposed groups and matched
controls.

Capellini and Alessio (1971) reported on clinical findings of 17
workers exposed to toluene (mean concentration 125 ppm or 470 mg/m3,
range 80-160 ppm or 300-600 mg/m3) for several years duration. Accom-
panied by regular medical supervision, no untoward changes were noted in
hemoglobin, red and white cell counts, platelet counts, and certain liver
function tests, compared with a control group not exposed to toluene,

Friborska (1973) reported altered cytochemical measures from lauko-
cytes and lymphocytes of toluene-exposed workers. Acid phosphatase
activity was significantly increased in lymphocytes, alkaline phosphatase
activity in leukocvtes, and lactic acid dehydrogenase activity in leuko-
cytes from exposed workers compared with controls. The meaning of these
cytochemical changes 1is unclear.

Studies of the myelotoxicity of toluene in animals are inconclusive.
A summary of findings in several studies is listed in Table 5-5 for
studies with negative findings and Table 5-6 for studies with adverse
effects reported. None of the positive studies was available in trans-
lation.
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TABLZ 5-3. ANALYSIS OF PAINT USED BY PAINTERS?

Percentage
Spray Pzinters in Mixture
Primer (757 of paint used):
Zinc chromate 10.8
Magnesium silicate 0.7
Svathetic resin 12.8
Driers (lead and cobalt compounds) 0.3
Xylene 5.8
Toluene 69.6
100.0
Lacquer 1 (15% of paint used):
Volatile Portion:
Ethyl alcohol 7.0
Ethyl acetate 18.0
Butyl alcohol 7.0
Butyl acetate - 15.0
Petroluem naphtha 3.0
Toluene 50.0
100.0
Nonvolatile:
Nitrocellulose, synthetic resin, titanium oxide,
ferrocvanide blue, iron oxide, carbon black, zinc
oxide, etc. Yo lead compounds
Lacquer 2 (10% of paint used):
Volatile Portion:
Toluene 25.0
Xvlene 33.0
Petroleum naphtha 42.0
100.0

Nonvolatile:
Resin, titanium oxide, zinc oxide, ultramarine blue,
ferrocyanide blue, iron oxide, diatomaceous earth,
amorphous silica, carbon black



TABLE 5-3. ANALYSIS OF PAINT USED BY PAINTERS (Continued)

Brush Painters

Dope:
Volatile Portion:
Ethyl acetate 16
Ethyl alcohol 3
Butyl acetate 16
Butyl alcohol 5
Petroleum naphtha 13
Toluene 44

Nonvolatile:
Nitrocellulose, glycol sebaeate, aluminum, cadmium
sulfide, barium sulfate

Brush Wash:
Acetone 22.5
Ethyl alcchol 22,5
Toluene 55.0

0

100.

aDip painters used a primer only of the same composition as given
for spray painters.

Source: Greenburg et al. (1942).
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TABLE 5-4. FREQUENCY OF CHROMOSOME ABERRATIONS IN
PERIPHERAL LYMPHOCYTES

Frequencv (%)

Cu Cs
Toluene 0.8 p>.05 0.08 p>.05
Controls 0.67 0.09
Benzene and Toluene 1.7 p<.01 0.26 p>.05
Controls 0.61 0.00

Source: Forni et al. (1971).



‘TABLE 5-5.

Species (N)a

Rat
)

Rat
(6)

Rat
(30)

-)

Rat (15)
Culnea plig (15)
hog (2)

Monkay (3)

Rat (25)
bog (4)

ONumber per dose level.

(~) = Unspcecified.

ANIMAL STUDTES OF MYELOTOXICITY OF TOLUENE (Negative Studies)

Route/Dosage

Oral/118, 354,
590 mg/kg,
5 d/uk, 24 weeks

Inhalation/

750, 3760

7500 mg/m3

8 he/d, 32 weeks

Inhalation/0, 133,
370, 1130, 3760

6 hr/d, 5 d/wk,

13 weeks

Inhalation/0,
113,370,1130

6 hr/d, 5 d/wk,
18 months

Inhalation/4095
mg/m3, 8 hr/d,
5 d/wk, 6 weeks,

389 mg/m3 cont inuous

for 90 days

lnhalation/

0, 950, 1900,
3900 mg/m3 6 hx/
day x 13 vecks

Findings

Cell counts of marrow and
circulating blood revealed
no adverse effects.

No alterations in peripheral
blood counts,

No treatment effects: body
welght gain, food consumption
hematology, clinical chemistry,
urinalysis, hlstopathology.
Significantly lower liver
welghts in test animals except
at the highest dose.

No treatment ¢ffects as in
Rhudy et al. (1978). Final
results unpublished.

No signiflicant changes

relat ilve to control groups:
growth rate, leukocyte counts,
hemoglobin and hemocrit.

No significant hematological
or clinical-chemistry changes
attributed to treatment,

References

Wolf et al. (1956)

‘akeuchi (1969)

Rhudy et al. (1978)

Gibson (1979)

Jenkins et al. (1970)

" Carpenter et al. (1976)
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TABLE 5-6.

Species (N)a

Mice
(-)

Number per dose level.

(-) = Unspecified.

Route /Nosage

Inhalation/6 d/wk,
4, 38, 380, 3800
mg/m

420 mg/m3,
4 hr/d, 4 months

Injection (route

unspecified),
lg/kg/d, 12 days

Dermal/
10g/kg bu/d

lg/kg bw/d

ANIMAL STUDIES OF MYELOTOXICITY (Positive Studies)

Findings

Leukocytosis at all dose
levels, decreasc in erythro-
cytes at 380 and 3800, thrombo-
cytopenia at 38, 380, 3800,
slight hypoplastic change in
bone marrow of group at the
highest dose.

leukocytosis and chromosome
damage In bone marrow.

Chromosome damaged
Treatment cells (%)

Toluene 11.5
Benzene 57.2
Control 3.9

Impalred leukopolesis as
evidenced by an increase in the
number of plasmle and lymphoid
reticular cells in marrow.

No effect.

References

Horiguchl ¢t al. (1976)

Dobrokhotov and Enlkecev
(1977)

Lyapkalo (1973)

Yushkevich and Malysheva
(1975)



The U.S. EPA (1980a) concluded that the studies summarized in Table
5-6 (positive mvelotoxic effects) should be interpreted with caution.
Although thevy cannot be entirelv dismissed, questions of toluene
purity and details of experimental conditions and protocols, and the
difficulty in interpreting translations exist. Still, a substantial
number of studies in animals and humans has found no evidence of
toluene~induced myelotoxicitv,

5.1.3.2 Central Nervous Svstem Toxicity

Several case reports have associated permanent CNS damage with
glue-sniffing and solvent abuse. Because toluene was found to be a
common solvent in glues, it has been suspected as an eticlogical agent.
Howvever, N-nexane is also a common glue solvent and has been associated
with certain neuropathies in the industrial setting (Towfighi 2t al. 1976).
Moreover, it is not uncommon for persons who sniff the vapors of glue to
have abused other solvents, such as gasoline, and to have experimented
with a varietv of drugs of abuse. Thus, some reports conclude that
toluene is not the causative agent.

Towfighi et al. (1976), Goto et al. (1974), Shirabe et al. (1974)
and Suzuki et al. (1974) support the latter opinion. These reports have
attributed che neuropathies to d-hexane. The case histories revealed
that MN-hexane was present in the glues preferred by the patients. The
symptoms are described as a sensory polyneuropathy and sensorimotor
polyneuropathy. Towfighi et al. (1976) describe a patient who, for 5
years, had been sniffing glue containing toluene and other mixed petro-
luem distillates but not N-hexane. He had remained in good health but
then began using glue containing N-hexane. Over the aext 2 months, he
noted a gradual onset of pain, tingling and weakness in the left leg and
then in the right leg. One year after discontinuing glue sniffing, he
still displayed a neurological deficit in the lower extremities.

Grabski (1961), Knox and Nelscn (1966), Xelly (1975), Boor and
Hurtig (1977), and Keane (1978) attribute neuropathies, in certain cases
of chronic glue-sniffing or solvent abuse, to toluene. KXnox and Nelson
(1966) reported a case of a person who used toluene purchased from a
local paint store. Analysis of the toluene paint thinner was not given.
After two years of virtually continuous abuse, he noted progressive
tremulousness and unsteadiness. He continued to inhale vapors of the
toluene thinner for at least another 5 vears. Hospital admission,
because of injudicious substitution of carbon tetrachloride for toluene,
provided an opportunity for extensive neurological tests. These re-
vealed neuropathy, such as tremor, unsteady gait, and emotional explo-
siveness. Pneumoencephalograms revealed tissue loss from the cerebrun.
In another case, Kelly (1975) recorded data on a female patient who had
used particular brands of spray paints, most of which contained toluene.

"Other ingredients of the spray paints were not listed. The neurological
tests after 6 years of abuse were similar to the previous case. Five
months after discontinuing paint sniffing, the patient was improved al-
though she still exhibited an abnormal taundem gait.
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Other central-nervous-system effects have been associated with sol-
vent zbuse; and it has been tentatively concluded that toluene is one of
the responsible agents. Such effects include emotional cr psyvchiatric
problems (Weisenberger 1977, Knox and Nelson 1966, Tarsh 1979) and one
report of optic neuropacthy (Keane 1978). Sprav-painters exposed to
toluene and other organics have been found to have modest neurological
deficits both functional and emotional (U.S. £PA 1980a). 1In all these
cases, a distinct attribution of the cause to toluene is not possible,
because concommitant exposure to other solvents and the contribution
of pre-existing problems have not or cannot be assessed.

The chronic CNS effects from solvent abuse cccur at very high
exposure concentrations. Actual blood levels of toluene attained during
glue-sniffing or toluene abuse have not been reported. Knox and Nelson
(1966) estimated blood levels of 25 mg/l. Based on the relationship
between uptake and blood levels reported by Veulemans and Masschelein
(1978b), such blood levels would require air concentrations of 12,000-
24,000 mg/m3, depending on breathing rates. According to the several
reports on glue-sniffing or solvent abuse, nhign inhalation levels are
attained by dousing a rag with paint thinner or toluene and placing
it over the mouth and nose and taking multiple deep breaths. Alterna-
tively, glue is applied to the inside of a bag, the bag placed over the
mouth and nose, the person rebreathing the bag contents until the desired
effects are attained. Clearly, these exposure levels are extremely high.

Animal studies have not appreciably clarified the neurotoxic
potential of toluene. Only one study has attemptad to examine the sub-
chronic effects of toluene on learning and memory. Although acute CNS
effects have been extensively studied, these only indicate temporary
effects. Of greater concern is the potential for permanent damage as
a result of chronic exposure.

Ikeda and Miyake (1978) studied the effects on memorv and learning
in rats of exposure to toluene (4000 ppm or 15,000 mg/m3, 2 nr/day for
60 days). Before the 60-day exposure, rats were taught both a continuous
reinforcement (CRF) schedule and a fixed-ratio schedule (FR3g). In the
CRF schedule, every response (e.g., bar press) was rewarded (e.g., food),
while in the FR3Q, only a response every 30 seconds was rewarded. Rats
who master the FR3g schedule learn only to press a bar a few times every
30 seconds. The FR3Q schedule is considered a more difficult schedule
to learn. Rats that learned both the CRF and FR3jg schedule were divided
into two groups, toluene-exposed and control. During the exposure period,
CRF and FR.n were monitored. No difference occurred in the CRF between
exposed and control rats; however, the FR30 response became extinct in
the exposed rats by day 40. Spontaneous activity and emotionality,
which was measured 4 days after the end of the 60-day exposure peried,
were not significantly affected by the toluene exposure.

Seven days after the end of the exposure, a DRL l2-second schedule
was used to further distinguish exposed and control rats. In this test,



only single responses everv 12 seconds were rewarded. If an inter-
response interval was less than 12 seconds, a timer was reset to require
the rat to wait an additional 12 seconds. This schedule is more diffi-
cult to learn than the FR3Q schedule. Ikeda and Mivake (1978) concluded
that impairment in learning the DRL l2-saecond and extinction of the FRjg
schedule was not because of perceptual or motor difficulty, based on a
sinilar performance in the CRF and activity measures. Rather, the
deterioration of more complex behavior and learning patterns were
attributed to a diffuse CNS impairment from toluene exposure.

5.1.3.3 Other Chronic Toxic Effacts

Several long-term animal studies have not indicated that toluene
has appreciable residual toxic effects (Wolf et al. 1956, Takeuchi 1969,
Gibson 1979). Takeuchi (1969) did report a relative decrease in the
weight of the adrenal gland in rats exposed to 750, 3750, and 7500 mg/m3,
8 hr/day, every day for 32 weeks. The histopathologv of the adrenal
glands revealed a thickening of the zona glomerulosa and a thinning of
the zonae faciculata and reticularius. Takeuchi (1969) suggested this
was a secondarv hypofunction of the adrenal cortex because of suppression
of ACTH secretion. He also reported hyperplasia of the white spleen
marrow in the toluene-expcsed groups.

5.1.3.4 Carcinogenicity

There are no reports of a carcinogenic response to toluene. 1In
skin-painting experiments, toluene is often usad as a vehicle and a
ccntrol.

The U.S. EPA (1980b) remarked that the data base on the carcino-
genicity of toluene is extremely limited and is insufficient for
evaluating the carcinogenic potential of toluene.

Frei and Kingsley (1968) reported data that suggest toluene may
be a weak promotor of 7, 12-dimethyl benz (a) anthracene (DMBA) induced
mouse skin tumors. It was comparable in potency to mireral oil and 10%
oil of sweet orange in mineral oil, and significantly less potent than
turpentine, Tween-60 and 57 croton oil in mineral oil.

5.1.3.5 Reproductive Toxicity

There have been no reports of teratogenic effects in humans asso-
ciated with exposure to toluene.

Syrovadko (1977) reported a higher incidence of menstrual disorders
in a group of women occupationallv-exposed to toluene and other solvents
through the use of varnishes. Babies born of these women were stated
to experience more frequent fetal aspayxia, to be more often under-
weight, and not to nurse as well as "normal" infants. Matsushita et al.

5-20



(1975) reported that dvsmenorrhea was a frequent complaint of female
shoemakers occupationally-exposed to 60 and 100 ppm (225 to 376 mg/m3)
toluene,

Several groups of investigators have examined the teratogenic and
fetotoxic effects of toluene in experimental animals. Recently, Nawrot
and Staples (1979) reported that toluene was teratogenic in CD-1 mice.
Toluene was administered by gavage at 0.5 or 1.0 ml/kg/day during days
6-15 of gestation. At the 1.0 ml/kg dose, there was a statistically
significant increased incidence of cleft palate, which these investi-
gators said did not appear to be merely a result of a general retarda-
tion in growth rate. This explanation is difficult to accept, in view
of their reporting significantly increased embryonic lethality and
reductions in fetal weights at both dose levels and a reduction in
maternal weight gain at the 1.0 ml/kg level. 1In contrast, benzene
did not significantly increase the incidence of malformations at 0.3,
0.5 or 1 ml/kg/day, although benzene increased embryvonic lethality
and maternal mortality, and decreased fetal weights at all three dose
levels (Nawrot and Staples 1979).

Other investigators have not found toluene to be teratogenic. 1In
a detailed investigation of teratcgenicity, Hudak and Ungwvarv (1978)
exposed by inhelation pregnant CFY rats to toluene, xylene or benzene,
and pregnant CFLP mice to toluene. None of the solvents proved to be
teratogenic, although an increase in skeletal anomalies (extra ribs,
fused starnabrae) was observed with all 3 solvents. Benzene at 100
mg/m3 and toluene at 1500 mg/m3 caused a significant decrease in fetal
weights. At the highest exposure levels for toluene (1500 mg/m3), there
was 100 maternal mortalitv in mice and 20% in rats. At the next highest
exposure levels (500 mg/uf3 for mice, 1000 mg/m3 for rats), there was no
maternal mortality. The exposure levels and other details of the experi-
mental results are presented in Tables 5-7 and 5-8.

The actual exposure levels in this study by Hudak and Ungvarv (19738)
are considered high, estimatad to be equivalent to ~360 mg/kg/day (which
is 0,100 liters/min x 60 min/hr x 24 hr/day = 1000 1/m3 x 0.5 retention
x 1500 mg/m3 = 0.3 kg) at the 1500 mg/m3 exposure level for rats and
280 mg/kg/day at the 500 mg/m3 exposure level for mice.

Roche and Hine (1968) concluded that neither benzene nor toluene
was teratogenic to the rat fetus or to the chick embrvo (details of
exposure and results are not cited).

5.1.4 Additional Health Effects

Although the case reports summarized in Section 5.1.3.2 do not
clearly indicate overt toxicological manifestations to toluene as a
result of solvent abuse, they do suggest a tendency toward habituationm,
which may have contributed to deterioration of mental health. A direct
or synergistic effect of toluene in producing neurological deficits is
debatable. However, these effects, if caused by toluene, would only
result from long-term, high-level inhalation exposure.
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TABLE 5-7

LAYOUY OF THE EXPERIMENT AND SUMMARIZED DATA OF TIIE EXPERIMENTAL GROUPS OF BENZENE, TOLUENE AND XYLENE TREATED

PREGNANT ANIMALS

Experimental groups No. of pregnunt Matornnl®  No. of fetuses l"el‘l Mean Mean Mean Welight
fimals/i P waolght litter fetal placontal  retanled
Specles Time ol inhalation  Substances ——— e e guln Live Hesorbed Dead (%) slee welight welght feluses
and doscs Examined Diled %) (("]) {8) (%)
Rats Untreated control - 28 - 82.46¢ 316 10 1 3.7 11.26¢ J.82¢ 0obLIt 29
- —~~ 1.23 TS 0b4 0.02 0 005
D—14 Days of Alz 26 b 408 862 348 16 - 412 13,382  3.762 0 4Tt 6.9
pregnancy 204 0.60 0.02 0.004
24 h/day Beneene 19 - 22,642 226 12 4 6.60 11,80t 3.38¢ 0.471 34.0¢
1000 mgfin® 6.08¢¢ 0.89 0.020¢ 0,006
Tolucne 19 2 41,76t 213 18 - 1.9 11212 3.762 0 161 173
1600 mghin® 2.43 054 003 0 006
Xylene 20 - 44 202 288 18 1 6.30 14.30¢ 3.756¢ 0 6122 580
1000 aug/in? 201 0.57 0.02 0.003
1-~21 Days ot Als 10 - 46.58¢ nm [} - 6.712 11,30t 3.8t 0.63¢ 72
pregnancy .34 0.69 003 0 006
8 hj/day Toluene 10 - 44 07t 133 3 hd 2.2 13.30% J.412 0.62t% 160
1000 ing/in® 237 0.66 0.03 0.006
1—8 Days of Toluene ] 8 4403t 1.3 8 -_ 6.04 10.8061 3.312 0.631 46.0¢
pregasucy 24 hiday 1500 sug/m? 3.60 1.30 0.08°* 0,013
Mileo 6—13 Days of Alr 14 - - 124 6 | 6.10 9.00s 1.072 - 4.6
pregnancy 0.74 001
24 hjday Toluene - 16 - - - -~ - - - - -
1500 ing/n? i ,
Toluene 11 Vo= - 1z 10" - 8.20 10.18¢ 096t — 27.4¢
500 mg/m® PN 1.06  0.0]¢°

; In pex cent of starting body welght.
In per cont of total finplaniates,

€ Per cent of Hving fetuses welghing leas than 3.3 g (ruts) or 0 0 ¢ (aice).

t S.E;0¢ P C0.0] (I-test);: T P < 0.05, (Mann Whitney U Lual).

Source: Nudidk and Ungvary (1978)
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TABLE 5-8

DATA OF TIIE FETUSES OF HENZENE, TOLUENE AN XYLENE TREATED PREGNANT ANIMALS

Experlmental groups

Rats Mice
Untecated Als Nenzeno Toluens Xylene Alr Tol Tot Alr Toluene
control inhalatlon  inhalstion inhalation inhalation Inhalation inhalation Inhststion inbalation fuhalation
O—t1d4days 9-—-14days 6—-14days 0O—14days 1—2] days 1—21days 1—8days 6—13deys 6—-13days
24 hjday 24 hjday 34 hiday 24 h/day 8 h/day 8 hdey 24 hjday 24hjday 24 hjday
No. uf litters examined | 28 24 19 19 20 10 10 9 14 11
No. of live fetuses 318 348 226 213 286 11 133 06 124 112
Extcrnal mallormatlons
Agnathia - —_ - - 2 - - - - -
Brachbnelia - - - - - - - - 1 -
Missing tail -— -— -— 2 -— -— Ll — -— -_—
No. uf fetuses dissecled 166 179 119 110 146 54 a4 49 (1] (1]
Internsl malformations
Anophthalinia - 1 - - - - bl - -
Hydrocephalus - -_ - - - -_ - 4 - .-
Thymus hypopl. - - 1 - - - - -— -— -_
Hvdronephorosis -] 18 [ 4 26 1 (1] 4 1 3
No. of Allzarin-stained feluses 143 169 108 102 143 567 89 42 80 04
Sheletal retardation signs® - 1t 24t [ 17 - "t 1 ] 1
Skeletal anomahies
Fused sterncbrse 1 2 13¢ " at - - - - -
Extra dbs 2 — a 22} ¢ ot - - - -— -—
Shelctal malfonnations
Flssura sternl - - - - 1 - - - - -
Agnathia - - - - 2 - ol - - -
Missing vertebrae — - - 2 - -— - - -— -
Brathimelia - - - - - - - - b | -

% [acluding poorly ossifled steruchrae, hipartite vertebra centra and shoitened 1 Jih ribs.

10 <005, 1 P <0.00 (Mann Whitney U test).

Source: Huddk and Ungvary (1978)



Of possible concern are the feto-toxic affects, especially,
reduced fetal weight gain and increased rasorptions, which are esti-
mated to occur at absorbed dose levels of 360 mg/kg/day in rats and
280 ng/kg/day in mice (Hudak and Ungvary 1978). At a lower exposure
level -- approximate absorbed dose 240 nz/kg/day in the rat -- fetotoxic
effects were nct statistically significantly increased comparad with
unexposed control animals. This study may be relevant in view of
Syrovadko's (1977) report of more frequent fetal asphyxia and under-
weight babies in women occupationally-exposed to toluene although
other unidentified solvents may be involved, Further implications
of these results are discussed below.

5.1.5 Estimation of Human Risk

The limited human and animal data cited above do suggest a potential
fetotoxicity of toluene at high exposure levels. The potential should
be more carefully investigated in epidemological studies of occupational
exposures of pregnant wcmen to toluene,

A no-effect human daily dose is calculated,'assuming that 1000 mg/
a3 1{s a no-effect level in rats (Hudak and Ungvarv 1978) and that an
effective dose in a 65-kilogram human female is from 1/2 to 1/6 the mg/kg
dose in the rat. The factor 1/2 is derived from data of Sato and Nakajima
(1979), which indicates that clearance from the body is about twice as
fast in rats as in humans. The more conservative factor is derived from
the direct relationship between body surface area and metabolic rate
(MR) . Because surface area is proportional to body weight (bw) to the
2/3 power; i.e.:

2/3
MR _ (bw) _ 1/3,
bw o bw o W

it follows that:

MR [rat]/0.3 kg _ _65 1/3 X6
MR [human]/65 kg 0.3 *

) An exposure level of 1000 mg/m3 in a rat is estimated to be 240
mg/kg/day;

1000 mg/m3 x 0.100 1/minx 0.5 x 60 min/hr x 24 hr/day
1000 1/m9 x 0.3 kg

= 240 mg/kg/day.

The human no-effect level is reduced by 1/2 to 1/6 to adjust for
metabolic rate differences so that 120-40 mg/kg/day or 7800-2600 mg/dav/
body weight is the estimated no-effect dose level. _These doses would be
absorbed at air exposure levels of 1600 to 540 mg/m3 in an 8-hour day.

An uncertainty factor of 100 is indicated based on guidelines cited

by the U.S. EPA (1979), which places acceptable daily ingestion (ADI)
at 78 to 26 mg/day. The guidelines state that an uncertainty factor
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of 100 is to be used when chronic human data are not available, when
valid results in long-term feeding studies in one or more species are
available, and when no indication of carcinogenicity exists. Based
on the very low acute toxicity of toluene, its rapid metabolism to
non-toxic metabolites, and a presumption of a non-specific or general
CNS depression following inhalation exposures at the levels emploved
in the reproductive study of Hudak and Ungvary (1978), an ADI of 78
to 26 mg/day is considereé very conservative.

5.2 HUMAN EXPOSURE

5.2.1 Introduction

Monitoring data on toluene in the environment indicate a wide range
of toluene levels in the natural environment and in food. The fate
analyses also support the conclusion that toluene may occur in all en-
vironmental media. As discussed in the human effects section, it has
been determined that toluene can be absorbed by all three routes of
exposure-—-ingestion, inhalation, and dermal contact. The potential
absorption of toluene by these three routes has been considered in the
following analysis to estimate total daily absorbed dose.

Toluene concentrations in various media were estimated on a con-
servative basis in order to avoid underestimating the actual exposure
that could occur. These data were combined with data on rates of air,
water, and food intake and/or duration of exposure to estimate the
amounts absorbed through each exposure route. Ideally, the absorption
of toluene would be analyzed with respect to subpopulation factors such
as age, weight, sex, breathing rates, food and water consumption,
commuting and working patterns, etc. For toluene, such detailed data
are not available and the variability and scarcity of the monitoring
data do not justify such a detalled analysis. 1Instead, in the analysis
below, total daily absorption of toluene has been approximated for two
broad population groups, based on their location with respect to major
toluene sources of emission.

Occupational exposure to toluene has been evaluated for each expo-
sure route (where appropriate) for a comparison with general population
exposure groups.

5.2.2 Exposure through Drinking Water and Food

Ingested toluene is presumed to be 1007 absorbed. Humans may be
exposed to toluene through ingestion of contaminated drinking water,
either from surface or from ground water. The monitoring data on
toluene in ground water are insufficient either to indicate typical
levels or to document a range of concentrations. In addition, because
the populations exposed to contaminated ground water sources are
dispersed and unpredictable, it is not possible to ascribe very precise
numbers to these populations. However, the available data summarized
in Tables 4-2 and 4-3 suggest that most water supplies, whether of
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ground or surface origin, have levels of toluene below the deteczion
limit. Moreover, the U.S. EPA's Office of Drinking Water reports that
approxinately 100 million people (about one-half the U.S. population)
receive surface waters in their homes. Thus, the remainder, who are
usually people living in communities with less than 60,000 people, ars
receiving ground water either from public or private wells. Although
over 12 million private wells exist in the United States, the Office
of Drinking Water did comnsider that working people oftem consume more
water at their workplace than at home. Thus, regardless of the kind
of water supplied to their homes, most people are probably consuming
both ground and surface waters on the average (Coniglio, U.S. EPA,
Personal communication, 1980).

To estimate the exposure to toluene from drinking water supplies,
based on data given in Table 4-2, three approximations were utilized
to indicate the range of possible exposures. The first iavolved taking
the mean value of the observed concentrations at or above the detection
limit. This mean, 1.3 ug/l, is thought to be representative of the
upper tail of the toluene concentration distribution. The second
approximation utilized all existing sampling data for surface water
supplies. A value of 0 was assigned to those reported as ND (not
detectad) and 0.1 ug/l to ali reported as D--detected but not quanti-
fied. This analysis yields a mean of 0.15 ug/l. The third approxima-
tion assumes the worst case and all NDs were counted as 0.1 ug/l. This
third mean value was 0.24 ug/l, which is not markedly different from
the second value. The latter mean was usad as a conservative estimate
of typical exposure to toluene through drinking water. At an average
water consumption of 2 liters per day, the estimated absorption of
toluene is typically about 0.5 ug/dav but may average >3 ug/day for
some segments of the population. These results are given in Table 5-9.

Toluene may be ingested with foods. However, except for some data
on levels in fish tissues, no data are available on toluene levels in
foods. Per capita consumption of fish is taken from Stephan (1980) as
6.5 g/day. At an estimated mean concentration in fish tissue of 1 mg/kg
(see Section 4.3.3.1), approximately 6.5 ug/day of toluene may be in-
gested from fish alone. v

5.2.3 Exposure through Inhalation

Sources of direct releases of toluene to the atmosphere include
the plants that isolate toluene, the industrial plants using toluene,
vehicular traffic, and gasoline distribution facilities. The emission
sources of concern are primarily automobiles (630 kkg/yr) and solvents
(370 kkg/yr, including paint, coating, adhesives, printing, pharmaceu-
ticals etc.).
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The duration of exposure will vary with individual lifestvles,
location, local meterology, traffic volume and patterns, proximity
to user sites, and operating schedules at user sites. The labor force
in the vicinity of a source may be exposed 8 hr/day, while residences
in the area of a source may be exposed up to 24 hr/day. In the latter
case, emissions mav be reduced or eliminated at the close of the working
day as a function of plant operation schedules. That is, pollutant
concentrations, wnich depend on the dispersion of emissions, will vary
over time in any given location.

As an estimate of the absorption of toluene via inhalation, a
standard adult respiratory rate of 22 4 m /day has been used (1.2 m 3/
hour for 16 hours per day and 0.4 m 3/hour 8 hours a day while asleep).
About 507 of the toluene inhaled is retained and absorbed into the
blood (see 5.1.1.1). Therefore, absorgtion is approximated bv computing
22.4 m3/d x 0.5 x concentration (ug/a3)

The monitoring data, given in Table 4-9, do not indicate that
appreciably higher toluene levels may be found near either manufacture
or use sites than may be found within other urban areas. In fact, the
cities sampied by Pellizari (1979), which represent high chemical pro-
duction areas, have a similar average concentration to all the cities

shown in Table 4-9 (17 versus 19 ug/m>). In addition, Anderson and
coworkers (1980) per‘ormed dispersion modeling that indicated maxizum
levels of <25 mg/m for exposure to specific point sources. The dis-
persion analyses for large (50 kkg/vr) sources and for a gore typicallv
sized (20 kkg/yr) source yielded levels of 30 and 13 pg/m” for a 20-meter
stack at a distance of 1000 meters. These results agree with the state-
ment of Suta (1980): "...concentrations of 0.001 to 0.2 ppb (0.004-0.75
ug/m”) near production plants are small compared to normal urban back—
ground concentrations, which may average more than 10 ppb (37.7 ug/m 3y

in some locaticns."

The average urban air concentration—of oluene from the available
monitoring data (Table 4- 9) is abo(§;19 ug/m which 1is calculated to
give an average jfk' dose/;f 210 ug. e average rural/remote air

f

concentration is 4.0 ug/m or an average daily absorption by inhala-
tion of about 11 g‘“’These values are listed in Table 5-9.

The study of Anderson gg_gl. (1980) is specifically an inhalation
exposure analysis for toluene, based on atmospheric dispersion modeling
for specific point, general point, and area sources. Their model util-
ized a standard population distribution to associate populations with
specific concentration levels. They estimate that about 700,000 people
are exposed to 56 specific (industrial) point sources of toluene at
levels from 0.1 to 25 ug/m3. The materials balance (see Section 3.0)
has actually identified 53 additional plants in all the manufacturing
categories. Thus, if the assumptions of Anderson et al. (1980) regarding
pooulaticn distribution are valid, thev may have underestimated the size
of this subpopulation by one-half.
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TABLE 5-9.

Exposure
Route/Scenario

INGESTION
Water

- All surface supply
data

- High end of distri-
bution of surface
water supplies

rood

- Fish tissues

INEALATIONY

Urban areas

Remote areas

Use of gasoline
stations

Occupational:at
OSHA standard

Cigarette

PERCUTANEOQUS

- Occupational—-
2 hands unprotected

- Consumer Products

ESTIMATED HUMAN EXPOSURE TO TOLUENE BY ALL ROUTES

Amount Con-
Concentration? sured or In- Dailv Absorpticn
Tvnical Range haled Dailv Tvpical Ranga
(ug/day)
(ng/1) (1)®
0.24 ND=19 2 0.5 ?2-38
1.3 0.1-19 2 3 7-38
(mg/kg) (kg)©
1.0 ND-35 0.0065 6.5 7-224
e’y (m3)®
('19 0.15-283 22.4 210 1.7-3,170
ND-3.8 22.4 11 =43
860 100-5400  0.024 m3/ 10 1-65
.02 hrs.
754,000 - 9.6f 3,600,000 -
(ug/cigaretta) (packs)
100 1.56 1,560
(mg/hr) (hrs)
N~ 40 0.08-0.5 - 3,200-20,000
ug/use
2.0 0.08-0.5 23-140

3pata from Section 4.3, Monitoring Levels in the Environment.

Phata from ICRZ (1975).

®pata from Stephan (1980).

d

fInhaled amount for 8 hours at 1.2 m3/hr.
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Similarly, these authors identified a subpopulation of 2.3 million
exposed to levels between 0.1 and 100 ug/m from general point sources
and a third group of 192 million, which may include members of the
first two groups, exposed to area sources at levels from 5-100 ug/m~.

No data were available on toluene concentrations in the immediate
vicinity of gasoline marketing pumps and stations. However, evaporative
emissions from gasoline contain about 1.37%7 toluene (see page A-4) and
about 1.27 benzene (Arthur D. Little, Inc. 1981). Using the ratio of
toluene to benzene in gasoline evaporate (approximately 1), and the
monitoring data for benzene at gasoline service stations, an estimate
for toluene levels in the same situation can be made. Battelle (1979)
reports an average level for benzene of 860 ug/m in customer areas;
Hartle and Young (1976) report a range of 100-5400 ug/m . Therefore,
an estimated average toluene level of 860 ug/m and a range of 100-5400
ug/m was assumed. It has been assumed that the average driver spends
10 minutes once a week at the gas station for an average daily exposure
of 0.02 hours. The estimated daily absorption of toluene from use of
gasoline stations then is 10 ug and may range from 1 ug to 63 ug.

Occupational exposures to toluene by inhalation are analyzed at the
OSHA standard. The standard established by 0SHA is 854 mg/m (200 ppm)
as a time-weightad—-average for the 8-hour work day (OSHA 1978). NIOSH
(1973) estimated that about 4.8 million workers were exposed to toluene.
At this concentration, a worker can absorb about 1,800,000 ug/dav or
1.8 grams.

It has also been determined that cigarette smoking adds to the
amount of toluene inhaled and also increases levels in the surrounding
air. According to NRC (1980), the average toluene exposure is 0.1 mg/
cigarette. Based on data from the 1979 report from the U.S. Surgeon
General, the "average" smoker (1.56 packs/day, Richmond 1981) would
be exposed to 3.1 mg/day although absorption is 1560 ug/day. The U.S.
Surgeon General also reported a total of 54 million smokers in the
United States in 1978 for all age groups. In addition,-Young (1978)
has stated that "unknowing inhalation” in the home can occur from the
use of paint strippers, carburetor cleaners, denatured alcohol, rubber
cement, and arts and crafts supplies. These sources have not been
documented, and exposures are assumed to be infrequent as well as dilute.

5.2.4 Percutaneous Exvosure

5.2.4.1 Occupational Exposure

In a study of absorption of toluene through the skin, Sata and
Nakajima (1978) immersed one hand of 5 male subjects in pure toluene
for 30 minutes and monitored blood levels of toluene. The pezk concen-
tration of 18 ug/l was observed within 10 minutes after exposure ceased
and decreased over the next few hours. It was calculated in the pre-
vious section that the absorption rate through the skin of one hand
was ~20 mg/hour for pure toluene.
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Although the OSHA (1973) standards require all workers handling
toluene directly to wear gloves, it is conceivable that, in the work-
place and in research laboratories, short-term exposure would take
place across the bare skin of both hands. Using the calculated absorp-
tion rate and exposure durations, ranging from 5-30 minutes per use,
the absorption of toluene across the skin is estimated to be between
3.2 and 20 mg/use, for unprotected hands. Sato and Nakajima (1978)
concluded their paper with the following "...toluene would rarely be
absorbed through the human skin in toxic quantities during normal
industrial use."

5.2.4.2 Consumer Products

The majority of solvents, paint removers, paints and other sub-
stances used in the home would contain only small amounts of toluere
as a component or contaminant. Assuming a scenario similar to the
occupational scenario described above, which involved a 5% toluene so-
iution and a 5-30 minute exposure duration, the exposure is:

20 mg/hr x 2 (hands) x 0.05 x (0.08-0.5) hr = 0.21 mg/use.

For the purposes of this report, a use rate of once per week was
assumed, resulting in an estimated average daily exposure 23-140 ug.

5.2.5 Total Exposure Scenarios and Conclusions

The results of the exposure estimates summarized in Table 5-9 have
been used to derive two comprehensive, total exposure scenarios for all
routes (Table 5-10). These scenarios are not meant to define actual
exposures for a specific individual but to typify likely levels in
probable situations for the identifiable subpopulations.

Scenario A considers exposures to about 150,000,000 people living
in urban areas (747% of the 1980 census population) who drink oredom-
inantly surface waters (110 million people drink surface water, usually
supplied to urban areas with more than 60,000 people), breathe urban
ailr, and consume 6.5 g fish per day. This subpopulation also uses
products containing toluene for about 1/2 hr/week. The total typical
daily dose is about 370 ug. If the individual smokes cigarettes, the
daily dose is about 1800 ug.

Scenario B considers that population living in the rural or remote
areas of the country, numbering in 1970 about 54,000,000 people (or 26%
of the 1970 census). This subpopulation is supplied nearly 1007 with
ground water for drinking purposes; however, in the absence of sufficient
monitoring data, the surface water value was used. For the purposes of
example, it is assumed that this subpopulation uses products containing
toluene for about 5 minutes per week. If the contamination of wells is
considered, from the disposal of wastes, it 1s possible that this may
be a problem in the more densely populated areas that are near the
sources rather than in rural areas. Total typical daily exposure fcr
this scenario is 51 ug or 1600 ug if smoking is involved.

5-30



To provide a contrast with these two ambient exposure scenarics,
potential industrial exposures of employees producing and utilizing
toluene were calculated. If exposure occurs at the occupational stan-
dard, the emplovee can add 3500 mg/dav to baseline (fcod and water and
nonoccupational inhalation) exposure. If percutaneous exposure also
occurs, an additlonal exposure up to 20 z=g/use is possible.

5.2.6 Summary

In conclusion, the two nonoccupational, ambient exposure scenarios
had total exposures of about 51-370 ug/day, excluding smoking. The
addition of smoking increased exposure by a factor of 8 to 60. Compared
with the potential occupational exposure, typical exposure to toluene
is three to four orders of magnitude less.
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TABLE 5-10. TOTAL

Route

Z of 1970 population

Ingestion

Water
Food

Inhalation

Baseline
Gas Station Use
Cigarettesd

Percutaneous

Consumer products

Total-excluding cigarattes

Total-including cigarettesa

HUMAN EXPOSURE SCENARIOS FOR TOLUENE

Exposure bv Scenario

A
74
(ug/day)

[« W)
vt U

210
19
1,560

140

370
1,900

3
26

(ug/day)

N O
[V V]

11
10
1,560

23

51
1,600

aCigarette smoking involved 54 million individuals in 1978.
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6.0 BIOTIC EFFECTS AND EXPOSURE

6.1. BIOTIC EFFECIS

6.1.1 Iatroduction

This section provides information on the exposure levels of toluene
that cause mortality or disrupt pnysiologic functions and processes
in aquatic organisms. Fairly extensive data exist for both marine
and freshwater organisms, including fish, invertebrates, plankton,
- algae, and microorganisms. Toxicity data for these organisms are
presented in tables in this chapter.

Toluene is one of the major ccmponents of the water-scluble fraction
of petroleum. Under test conditions, it reacts as a highlv volatile
compound with a half-life of approximately 30.6 minutes (Buikema and
Hendricks 19280). The half-life in river water has been calculated t»>
be 4.9 hours (see Chapter 4.0). This difference indicates that vclaci-
zation is substantially more rapid under laboratory conditions, so that
the concentrations derived in toxicitv tasts may only approximate what
might actually occur in the natural environment. Thus, static, un-
measured toxicity tests overestimate the toxicitv, due to lesses of
toluene due to volatization from the test water.

Further, use of laboratory data to predict in situ eifects is com-
plicated by variations between laboratoryv and actual eavironmental condi-~
tions. These may include environmental factors affecting bioavailability
of toluene in actual aquatic svstems, such as adsorption to sediments
and suspended particulate matter.

6.1.2 Mechanisms of Toxiecitw

Investigation of several alkyl benzeres, including toluene, suggests
that toxicity might result from soiubilization of fats from the gill
membranes of fish, with consequent increases in permeability and uptake
of ions from the hypertonic environment (National Research Council 1980).
The exact mechanisms of toxicity are not fully understood; however,
based on changes in the blood chemistry of young coho salmon, Morrow
and coworkers.(1975) suggested that narcosis was a result of changes
in gill permeability causing ionic imbalance and internal CO2 poisoning.
These effects result in the loss of equilibrium and weakened muscle
movenent. These observations were made for several crude oil compon-
ents, including toluene.

Toluene acts, as do other aromatic hydrocarbons, as a neurotoxin.
At high concentrations, fish sequentially go through phases of restless-
ness, "coughing" or backflushing of water over the gills, increased
irritability, loss of equilibrium, paralysis, and death (Morrow et al.
1975) . 1In addition, heart rate decreased and neart best became irregular



in fish fry exposed to toluene. Tcluene was found to have teratogenic
eflects on Japanese medaka fry. The concentrations that caused devel-
opmental deformities ranged from 31 to 165 mg/l (Buikema and Hendricks
1980), which is higher than many of the LC3q's for adult freshwater fish.

6.1.3 Freshwatar Organisms

Seven fish species have been tested for acute toxicity to toluene.
The LC5p's ranged from 12.7 and 24.0 mg/l for bluegill up to 1180 mg/1
for the mosquito fish (Gambusia affinis). Various authors derived the
Lcso's in Table 6-1 using different methods. However, the majority
reported LCsq's <60 mg/l.

Pickering and Henderson (1966) conducted tests on four freshwater
fish species, under static conditions, in soft water (20 mg/l CaCO3) at
pH 7.5. The results of similar tests conducted in hard water (300 mg/l
CaCO3) showed that hardness had little effect on toxicity. 1In the
static tests, most of the toxic effects apparently occurred during the
first 24 hours, because 96~hour Lcso's were similar to those measured
at 24 hoyrs. Actual concentrations during the test period were not
measured. Because it was assumed that much of the toluene volatilized
during testing, the LCgy values reported are probably high. Studies
with goldfish (Carassius auratus) support this conclusion as well. In
these tests, considerably lower 96-hour LC5gp values were found for
toluene in a flow-through bioassay with measured concentraticns of the
test compound (Brenniman et al. 1976).

The only freshwater invertabrate data available were for Daphnia
magna. The LC5y value for this species (313 mg/l), suggests that more
it may be more resistant than the fish species tested. No chronic data
were available for freshwater bilota of any species.

6.1.4 Marine Organisms

Few studies have been conducted with saltwater fish. Benville and
Korn (1977) found toluene to be lethal to striped bass (Morone saxatilis)
at 7.3 mg/l (Table 6-2). Sheepshead minnows (Cyprinodon variegatus) had
a 96-hour LCg5q of 277-485 mg/l (U.S. EPA 1978), which demonstrates con-
siderably more resistance than shown by other species on which data are
available. Gambusia, a hardy freshwater species, also demonstrates a
similar resistance pattern, although it was tested in turbid water. An
embryo larval test of sheepshead minnows indicated a chronic value of
5 mg/l, which caused adverse effects on hatching and survival (U.S.
EPA 1978) (Table 6-3).

Acute toxicity tests have been conducted on several invertebrates,
including four shrimp species, a copepod, and the crab Cancer magister.




TABLE 6-1. ACUTE TOXICITY OF TOLUENE TO FRESHWATER FISH

Bioassav
Svecies Method?2
Goldfish FT
Carassius auratus
Goldfish S
Carassius auratus
Fathead minnow ]
Pimephales promelas
Fathead minnow S
Pimephales promelas
Guppy S
Poecilia reticulatus
Bluegill S
Lepomis macrochirus
Bluegill S
Lepomis macrochirus
Mosquito Fish S
Cambusia affinis
Lebistes reticulatus S

Pink Salmon
Oncorhvnchus gorbuscha

Note:
S= Static, FT= flow-through

aTested in turbit water.

LCs0
(=g7D)

22.8
57.7
34.3
42.3

59.3

12,7
1180.02

60.9
2.09P

Reference

Brenniman et al. (1976)

Pickering and Henderson

Pickering and Henderscn

Pickering and Henderson

Pickering and Henderson

Pickering and Kenderson

U.S. EPA (1978)

Walien et al. (1957)"

Pickering anc Henderson

Korn et al. (1977)

(1966)

(1966)

(1966)

(19656)

(19€6)

(1966)

This value derived in tests on (examining) the interaction between temperatura

and toluene toxicity.



TABLE 6-2. ACUTE TOXICITY OF
Snecies Tine
(hrs)

Coho Salmon
Orcorhvnchus kisutch 96
Striped Bass
Morone saxatilis 96
Sheepshead Minnow
Cvorinodon variegatus 96

TABLE 6-3. CHRONIC TOXICITY
Organism Test
Sheepshead Minnow Embryo-
Cvorinodon variegatus larval

Source: U.S. EPA (1978)

TOLUENE TO MARINE FISH

LCs0 Reference

(mg/1)
10.0-50.0 Morrow et al. (1975)

6.3 Benville and Xorn (1977)
>277.0-
<485.0 U.S. EPA (1978)

OF TOLUENE TO MARINE FISH

Limits Chronic Value
(mg/1) (mg/1)
208-6-7 2.1



Values for these organims ranged from 3.7 =g/l for the Bay shrimp,
Crago franciscorum, to 170.0 mg/l for Cancer magister. Most of the
invertebrate toxicity values ranged from 10 to 75 mg/l (Table 6-4).
All of these councentrations were derived from static toxicityv tests.

6.1.5 Phytctoxicitv

Photosynthetic organisms, such as algae and marine phvtoplankton,
are important primary producers in freshwater and marine ecosystems.
Several studies have been conducted to determine the effects of toluene
on these organisms., It is believed that the effects of toluene on
plant cells are biophysical rather than biochemical, and the effects
include disrupting cell membrane structure and changing internal
morphology of the cells, as in the case of fish gill tissue (National
Research Council 1980). Table 6-5 presents toxicity data on fresh-
water plants. Toxicity data for marine plants are presented in Table
6~6. Inhibitory effects (growth reduction, pnotcsvnthesis) in six
species occurred in the range of 8.0-100 mg/l. No effects on one

species tested (Skeletonemz costatus) were observed at concentrations
up to 433 mg/l.

6.1.6 Factors Affecting the Toxicitv of Toluene

Few empirical data exist on the environmental factors that may
affect the toxicity of toluene to biota. However, based on studies with
benzene, some generalizations can be made. Because of the high volatility
of toluene, any factor that affects its persistence in water wilil uiti-
mately influence its toxicitv., Studies of temperature interactions
and benzene toxicitvy indicate that at lower test temperatures, organisms
were more tolerant (Potera 1975). The effects of temperatura on foluene
toxicity were studied for two coldwater marine species, pink salmen and
shrimp (Eualus spp). These data are Znconclusive (Table 6-7) as toxicity
increased with increasing temperature in shrimp, and little temperature
difference among toxicity levels at different temperatures was noted
in salmon (Korn et al. 1977).

Other factors found to influence benzene toxicity and potentially
that of toluene, include size and life stage of the organism, salinity,
and synergistic effects of other compounds (Buikema and Hendricks 1980).
Water hardness has been found to have little effect on toxicity in
studies with freshwater fish (Pickering and Henderson 1966).

6.1.7 Summarv

According to the literature reviewed, the lowest concentration at
which effects of toluene have been observed in aquatic organisms is 3.7
mg/l, the LC5q for the marine shrimp, Crago franciscorum. Invertebrates
tended to be more sensitive than other fish and algal species tested,
with the exception of striped bass, Morone saxatilis, which was affected
by a relacively low (LC50, 5.3 mg/l) concentration of toluene. The most
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TABLE 6-4.

Scecies

Copepod
Nitocra spinipes

Mysid Shrimp
Mvsidonsis bahia

Bay Shrimp
Crago franciscorum

Grass Shrimp
Palaemonetes pugio

Grass Shrimp (Adult)
Palaemonetes pugio

Grass Shrimp (Larva)
Palaemcnetes ougilo

Brine Shrizp
Artemia salina

Crab
Cancer magister

ACUTE TOXICITY OF TOLUENE TO

MARINE INVERTEBRATES (STATIC TESTS)

Time

(hrs)

24

96

96

96

24

48
96

EC5g or LC3p

(mg/1)

24.2-74.2

56.3

17.2-38.1

25.8-30.6

3

N ~)

3.

7

9.5

3

w O
oo

Potera (1975)

U.S. EPA (1978)

Benville and Kora (1977)

Tatem (1975)

Potera (1975)

Potera (1975)

Price et al. (1974)

Caldwell (1976)



TABLE 6-5. EFFECTS OF TOLULENE ON FRESUWATER PLANTS

Organism Effccts Concentration Reference
mg/1
Alga EC509 24-hour 245.0 Kauss and Hutchinson (1975)
Chlorella vulgaris cell numbers
Alga 96-hour ECsq for >433.0 U.S. EPA (1978)
Selenastrum chlorophyll a
capricornutum production
Alga 96-hour ECsqg for >433,0 U.S. EPA (1978)
Selenastrum cell mumbers

capr Lcornutum




TABLE 6-6. EFFECTS OF TOLUENLE ON MARINE PLANTS

Orpanism Lffects Concentrat ion Reference
mg/1

Kelp Photosynthesis 10.0 Anonymous (1964)
Macrocystis pyrifera
Alga Growth 100.0 Dunstan et al. (1975)
Amphidinium carteri
Alga Photosynthesis 34.0 Potera (1975)
Chlorella sp. respiration
Alga Ihotosynthesls 85.0 Potera (1975)
Chlorella sp. respiration
Alga Growth 100.0 bunstan et al. (1975)
Cricosphacra carterae
Alga Crowth 100.0 Dunstan et al. (1975)
Dunaliella tertiolecta
Alga GrowLh 8.0 Dunstan et al. (197%)
Skeletonema costatum
Alga 96-hour EC5q0 for >433.0 u.s. EPA (1978)
Skeletonema costatum chlorophyll a

productlon
Alga 96-lhour ECsq for >433.0 U.S. EPA (1978)
Skeletonema costatum reduction in cell

numbersy



TABLE 6-7. INTERACTION OF TEMPERATURE AND TOLUENE
ON MARINE INVERTEBRATE

96-hour TLy (mg/1)

Species 4°c 8°c 12°C
Oncorhynchus gorbuscha 6.41 7.63 8.09
Eualus spp. 21.4 20.2 14,7

Source: Korn et al. (1977).



sensitive freshwater fish species testad was the bluegill (LCg5q, 12.7
mg/l). The levels of acute toxic effects to fish ranged from 6.3 to
60.9 mg/l.

Acute effects for invertebrates ranged from 3.7 (bay shrimp) to
170.0 2g/l (crab Cancer magister, %8~nour LCsg). Most of the inver-
tebrate acute concentrations were from 10 to 80 mg/l. Algae, both
freshwater and marine, were quite resistant to toluene, as no acute
effects (reduction in cell numbers and chlorophyll a production) were
observed at <245.0 mg/l, although effects on growth were observed at
concentrations as low as 8 mg/l. The only chronic study available was
on the sheepshead minnow, which had a reported chronic value of 2.2 mg/l.

The U.S. EPA (1980a) has not set water quality criteria for toluene
to protect aquatic life. They have concluded that acute toxicity to
freshwater aquatic life may occur at concentrations as low as 17.5 mg/l.
Acute and chronic toxicity to saltwater aquatic life may occur at con-
centrations as low as 6.3 and 5 mg/l, respectively. In all cases, it
was concluded that toxicity would occur at lower concentrations if more
sensitive species were tested.

Tn summary, however it is useful to show conceatration ranges for
whicn certain effects are seen in the laboratory. However, these ranges
are not rigidlv defined and may overlap as a result of differznces among
life stages, species, test methodologies, and environmental variables.
Test ranges iaclude:

e 1.0-10.0 mg/1 Threshold of toxic effects of toluene to
aquatic biota, including acuta effects on
striped bass and effects on photosvnthesis
or growth in two species of marine algze.
Chronic effects on shespshead ainnow in
this range.

e 10.1-100.0 mg/1 Majority of acute toxicity values to marine
and freshwater fish and invertebrates occcur
in this range. Concentrations on this
range affected growth, photosynthesis, and
respiration in two marine algae species.

e 100.1-1000.0 =g/l Acutely toxic concentrations in this range
to two species each of marine and freshwater
algae, the adult sheepshead minnow and the
crab Cancer magister.

e >100.1 mg/l Acutely toxic to the freshwater mosquito

fish (tested in turbid water).
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6.2 EXPOSURE OF AQUATIC BIOTA TO TOLUENE

6.2.1 Introduction

Toluene has been detected in wastewater effluents, in seawater
after controlied oil spills, in rainwater, and in sediment and fisn
tissue from aquatic systems throughout the United States. In water,
its solubility is 534.8 mg/l in freshwater and 379.3 mg/l in seawater.
However, toluene volatilizes from surface water to the atmosphere
guite readily.

This analysis discusses probable levels of toluene to which aquatic
biota may be exposed and compares these levels with conceatrations known

to have acute or chronic toxic effects.

6.2.2 Exvosure Routes

The available data suggest that the primary mechanism of toluene
toxicity in fish is direct uptake from solution in water, which causes
damage to gill tissue and results in increasing all permeability and CO,
poisoning (Morrow et al. 1975, Buikema and Hendricks 198Cb). No infor-
mation was found regarding ingestion of toluene by aquatic biota, or
the biocavailability of toluene adsorbed to the sediments.

6.2.3 Monitoring Data

The monitoring data for toluene are not extensive; ther=fore, it
is difficult to present a comprehensive description of toluene exposure
levels in aquatic systems. Based on the available data, however, it
appears that where toluene has been detected it was almost alwavs found
in low (ug/l) concentrations. The STORET system recorded approximately
450 observations of toluene in the ambient water of 17 states. Of these,
86 (197) were unremarked values (above the detection limit) (U.S. EPA
1980b). The range of unremarked values was from 0.0 to 3900 ug/l, with
867 of these (74) <100 ug/l. Effluent data from STORET indicated 205
(40%) unremarked observations, a total of 510 values reported in 24
states. The range of these values was from 0.0 to 4600 ug/l. Approx-
imately 19 effluent observations were > 100 ug/l.

0f the 100 reported observations of toluene levels in sediment,
only 7 were > 500 ug/kg. The higher concentrations were found in the
vicinity of an industrial area in San Francisco. The percentaze dis-
tributions of ambient and effluent data, both remarked and unremarked,
are shown in Table 4-4. Unremarked data (U.S. EPA 1980b) are summarized
below:
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Unremarked Values of Toluene Concentrations from STORET Data

Observations Concentrations Ranges
Sample Source (No.) (mg/1)
Ambient Water 86 0.0 - 3900 ug/l

(12 values > 100 ug/l)

Effluent Water 205 0.0 - 4600

6.2.4 Modeling Data

Data from EXAMS indicate that nearly all toluene at steadv state
in each of the five aquatic systems remains in the water column rather
than partitioning into the sediments. In the rivers, volatilization
and biodegradation account for losses, although transport downstream
is the major loss mechanism for the short river segment examined. 1In
the lakes, > 90% of the chemical is lost to the atmosphere. Predictions
of water column ccucentrations for all other aquatic systems are in the
low ug/l range.

6.2.5 Conclusions

The monitcoring data indicate that where toluene has been detected
ia aquatic environments, the concentrations are generally low. This
holds true for discharge concentrations as well. EXAMS data predict
that, in general, toluene would not persist in the water column where
it would be available to biota. EXAMS does not predict substantcial
deposition of toluene to the sediments, and the available monitoring
data do not indicate high sediment concentrations. There does not
appear to be an overlap between observed or predicted levels of toluena
in water or sediment (low ug/l range) and concentrations that have been
found to be acutely or chronically toxic to aquatic organisms (1.0 to
10.0 mg/l, threshold of acute toxic effects). Therefore, neither eco-
system damage or toxie effects in individual aquatic species are
expected to take place in freshwater situations.

In seawater, especially in estuarine waters, combined, low-level
exposure of fishes to toluene from oil spills is a cause for concern.
The effects from this type exposure are not as immediately evident as
those from the catastrophic, short-lived events, e.g., tanker spills.
In the long run, hcwever, they may place marine subpopulations at
greater risk.
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Although toluene is less soluble in seawater than benzene, it may
be more toxic and may show greater accumulation and longer persistance
(Korn et al. 1977). Accumulated toluene will cause a greater demand of
erergy for metabolization, detoxification, and depuration; thus, it may
cause long-term physiological damage (Anonvmous 1977).

The long-term importance of fish survival throughout chronic exposure
cannot be underestimated. The ubiquitous nature of oil spills, small
and large, in estuarine waters and the rapid uptake and accumulation of

toluene following even brief exposures render this an area of potential
risk and one for further research.
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7.0 RISK CONSIDERATIONS

7.1 HUMAN RISKS

Toluene is widely dispersed in the human environment, primarily as
a result of gasoline-based source emissions. However, the fate processes
affecting the toluene released to the environment favor atmospheric
destruction.

The data base on the potential carcinogenicity of toluene is
limited and inadequate for quantitative estimations of human risks.
Presently available data indicate no toluene-induced carcinogenic
or mutagenic effects in experimental animals. The U.S. EPA (1980a)
has also stated that available oncogenic data are insufficient to
evaluate the carcinogenic potential of toluene.

For comparative purposes, the relative margins of safety asscciatad
with various human exposures to toluene were calculated by comparing no-
observed~effect levels in experimental animals (adjusted for a slower
rate of metabolism in humans) with typical nonoccupational exposure
levels. It was presumed that effect does not depend on route, but rather
on absorption rate (e.g., mg/day). The U.S. EPA (198%a) based the water
quality criteria on the study of Wolf et al. (1956), which indicated a
maximum no-effect level of 590 mg/kg 5 davs/wk for 193 davs in a chronic
toxicitv test in rats. Assuming that humans have a slower metabolism of
1/2 to 1/6 the rate in rats (see Section 5.1.5), a no-effect level for a
70-kilogram man is estimated as:

590 mg/kg/davy x 5/7 x (1/2 or 1/6) x 70 kg = 5 - 15 gn/dav

A somewhat lower range for a no-effect level was calculated in
Section 5.1.5, which indicated that 2.6-7.8 gm/day may be a no-effect
level for reproductive toxicity in pregnant women based on studies in
rats (Hudak and Ungvary 1978). Syrovadko (1977) and Matsushita (1975)
conducted studies on occupationally-exposed women (see Section 5.1.3.5).
These studies could imply that even lower levels of toluene exposure may
have toxic effects on the fetus or reproductive processes in women;
however, these investigators did not assess co-exposure to other solvents
and toxicants, which confounds the evaluation of their findings.

The NIOSH criteria document has listed 100 ppm (377 mg/m3) as the
threshold limit value (air) for toluene (RTECS 1980). This allows a
worker to absorb ~1.8 gm/8-~hr work day, which is somewhat lower than the
no-eifect dose range for human reproductive toxicity calculated above.
Exposure at greater than 100 ppm has been observed to cause acute CNS
symptoms -- fatigue, weakness, confusion, and paresthesia.
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To compute margins of safety for typical exposure levels observed
for the general population, a no-effect level of 1.8 gm/day absorbed
dose has been assumed. Margins of safety are given in Table 7-1 and
range, for typical nonoccupational exposures, from 1200 for cigarstte
smoking to greater than 1,000,000 for typical absorption of toluene
through drinking water. In conclusion, ingestion from all sources con-
stitutes a very small risk in comparison to inhalatlion absorptiom.
Percutaneous absorption through the use of paints and paint removers
could constitute a greater risk than ingestion exposure; however, in
terms of total population exposed and actual exposure conditions, the
percutaneous absorption estimated in Table 7-1 is regarded as approxi-
mate and probably higher than typically occurs.

The margin of safety for people living in urban areas (Scenario A4,
approximately 747 of the U.S. population) is ~5000 vs ~40,000 for people
living in rural and remote areas (Scenario B, approximately 26% of the
U.S. population). The addition of cigarette smoking is calculated co
reduce the overall margin of safety for both urban and rural dwellers
to about 1000.

7.2 AQUATIC ORGANISM RISKS

Concentrations of toluene documented to have adverse effacts on
aquatic species have been observed on rare occasions (less than ten
observations reported in STORET) in ambient and effluent waters. Pre-
sumably, these concentrations result from localized discharges of toluene.
Because toluene is transported rapidly from water to air via volatiliza-
tion, however, these concentrations will be short-lived in the water
column. Thus, it is not expected that toluene poses a significant risk
to aquatic biota on a species or community level., An event, such as an
0il spill, mayv result in a localized, short-term high exposure to lavels
of toluene. However, tne risk associated with this exposure cannot bde
quantified at this time.
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TABLE 7-1.

Exposure
Route/Scenaric

Ingescion
Waser
= All surface supplies

- High end of discribution
of surface supplies

foods

- Fish cigsues

nanalazion
= Urban areas
= Ramote areas
- Use 0f gasoline statilons

= QCceuoationalt ac 0SEA
staadard

= Cizarez:te

Parsuszaneous

- Occupactional-=> hands
uaproteccad

- Consurer szoducss

Tszal Sx=csure Scenarios

ESTIMATE

Exposure
Concentracion
Tvoical Range

(ug/1)
0.24 ND-19
1.3 0.1-19

i9 0.15-283
1 ND-2.8

869 100-5400

754,000 -

(:2/cizazezze)
100

(o /hr)

40

- Scenario A -—— Ucban environment

(~74% of U.S. population)

= Scenario 3 == Rural exvironment

(~256% of ©.5. population)

L

Data from Table 5-9.

SMargin of safety based on the absorbed dose at TLY of 100 ppa (377 ag/a

VARG

Absorbed
Dose (u:{davzb

Tyonical Range

5 ?-38

3.0 ?-38

6.5 ?=32:
210 1.7=-3170

11 =43

10 1-65

3,500,000 -

1260
3200 3200-29,000
23-140 -
370(1900)d
51(1600)

Data from Sectiom 5.3, lfonicoriag Levels ia the Envirenzent.
&

3)

S OF SAFZIY FOR ZXPOSURE IO TOLUZNE

Margin of Saferv®

Troical Range
2x10® sx10°-7
6220° 5x10°-1
3x167 3600-?
9900 6000-10°
2x10° ax10%2
2x10° 3x19%-2x106
1200

500 90-500
10%-103
. ¢
5000(900)
4x10% (1009)

for an 8-hour day divided by the absorbed dose from typical source(s) of exposure.

dNuzbets in parentcheses inciude exposure from cigarecte smoking.
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Apperdix A

Secsion 3.2.1 Calculation of Isclated Tciuene Production and Capacity

1. Cacalytic Reformate and Pvrolvsis Gasoline

Toluene production from petroleum products was reportes to be 4,010 x 103 kkg by
a projection for 1978 (SR, 1979). This was divided between catalytic reformate
(3,632 x 103 kkg) and pyrolysis gasoline (378 x ] 3 kkg). However, 1978 toluene
production from petroleum sources was 3,433 x 10° kkg (USITC, 1679). Production
from petroleum sources was apportioned beiween cataivtic reformate and pyrclysis
gasoline, on the basis of the preliminary distributions, to be 3,109 x 10° kks and
328 x 103 kkg, resgectively.

2. Styrene Manyfacture

Approximately 0.0551 (0.08 - 0.072 ) toluene are produced per k¢ of styrene
produced (SR, 1979). 1978 styrene production was 3,260 x 103 kkg from a capacity
of 3,830 x 103 kkg (USITC, §979; SR1, 1979). However, this included production fram
the Oxirane plant (450 x 109 kkc capacity) which does not produce styrene by dehv-
érogenation of ethylbenzene. Assuming that production from this plant was at the
same capacity factor (835%) as the rest of the industrv, ana that 0.0551 of toluene
are produced per kg of siyrene, 1978 toluene production from styrene was 138 x 1061
or 135 x 103 kk3, rounded to the nearsst £,000 kkg.

Section 3.2.2 Nonisolated Toluene

1. Catalytic Reformate

The U.S. catalytic reforming capacity in 1979 was 6.03 x 1081iter of feed per
stream day (011 & Gas Journal, 1979). Assuming 340 stream days/year, an averale
yield of 8545 of .charge capacity Sased cn straight-run nadhtha, and a toluene content
of 20% by volume in the rgformate, 30.2 x 106 kkg werz produced in 197§ (SXI, 1579).
Subtracting the 3.11 x 10° kko recovered from catalytic reformate from this yields
27.1 x 106 kkg not isolated from the reformate.

2. Coal Derived

Coke oven 1ight oil from which products were not derived amounted to 374 x 106 Tiser
(POE, 1979). Assuming a toluene content of 1€% by volume (12%-20% range), 52 x 103
kkg were not isolated from this source. :

For those coke oven plants which don’t recover 1ight oil, toluene production fs
estimated to be 22 x 109 kkg from the following:

64.7 x 106 kkg of coal consumed for coke production.

11.9 liters 1ight oil/kkg coal carbonized (2.85 gal/ton).

16% toluene in light ofl,

612 x 1061 1light oil recovered (DOZ, 1979; EPA, 1579 SRI, 1§578).

Nonrecovered toluene from coal tar is calculated to be 22 x 103 kkg based on
the following: 2.05 x 109 liters of coal tar produced, toluene content of 0.9%
by weight, specific gravity of 1.2 for coal tar (USTIC, 1979; 0'Brochta and
Woolbridge, 1945; Rhoges, 1954).
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Appendix A

Sectien 3.2.3 Environmental Releases form Toluene Production

Air emissions were calculated from the emissions factors in Table A-1
and total production frcm each source, assuming that the same emissions
factors may be applied to toluene produced as BTX or otherwise not isolated
(see Table A-2).

Releases from coking operations producing nonisolated toluene were
derived from the information presented in Table A-3, total coke production
of 44 x 106 kkg and the follcwing distribution of wastewater: direct dis-
charge 33%, POTW - 25%, quenching - 40%, deep well injection - 2% (DOE,
1679; EPA, 1979h). Toluene in wastewatar sent to quenching operations is
sent to a sump and then recycled to quenching operations where one tnird
is evaporated during each pass. Toluene releases from quenching are ar-
bitrarily assumed to be evenly distributed between land and air.

Until more analysis is done, toluene from petroleum refinery waste-
water is assumed to be negligible for the reasons stated in text. Land
releasas from refineries and toluene isolation from coke ovens were de-
rived by analogy to tenzene, using (1) toluene production from each source,
(2) a solid waste generation Tactor of 0.003 and (3) an estimate of 1%
toluene in the solid waste (EPA, 1980f). Due to the nature of the data
(i.e., assumptions, engineering judgement, estimates), distribution on
a per plant basis is not realistic and therefore not presented.
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Appendix A

Sectien 3.2.4 (Table 3-2)

1.

Transportation Spills
a. Ofl:

Water figure based on 3.6 x 1071 of various ofls - crude (36%), diesel (18%),

fuel [42%), waste (2%), lube {0.3%), other (1.7%) spilled in navigable waters

in 1978 (U.S. Coast Guard, 1930). Toluene {s estimated to have a 5-6 hr half-
1ife in oil spill solution (Mackay and Lefnoren, 1975).

Land figure based on 5.1 x 1051 crucde 01! spilled in 1973 by common carrier
(23%), private carrier (22%), rail (6%) and "other” (49%) (U.S. Dept. of
Transogrtation. 1980). Average ofl density = 0.85, toluene content: 1.3% (byv
weight).

b. Gasoline:

Water - 1.1 x 1071 spilled: aviatfon/automobile gasoiine (98%) and natura:
(Casinghead) Gasoline (2%) (U.S. Coast Guard, 198().

Land - 3.7 x 1051 spilled: common car=ier (33%), private carrier (47%), rail
(0.83%) "other" (<0.01%) (U.S. Dept. of Transportation, 1980). Gasoline densicy:
0.73, toluene conten:: 8.5% (by weight).

c. Toluene:
Water - 2,500 1 spilled in navigable waters in 1978 (U.S. Coast Guard, 1580).
Land - 12,3001 spilled: common carrier (34%), private carrier (2), rail
(4%) (U.S. Dept. of Transportation, 1980). Toluene density: 0.86€9.
thylene - Propylene Rubber Manufacture

ir emissions based on 1978 oroduction of ethylene-propylene rubber (incluaing oil
content of oil-extended elastomers) of 1.3 x 105 kkg (USITC, 1979). Emissicn
factor: 0.5 kg toluene/kkg product {EPA, 19773). It is estimatad that 1G% of the
total proauction is accounted for by the extensicen oils, which can contain toluene
(SRi, 1979). See Aspendix 8 for a list of various extension oils.

Wood Preserving

Water discharge based on a flow weighted mean of 35 kg toluene released/year/
plant practicing steaming operations and 180 plants which have steaming operaticns
(EPA, 1979f). Raw wastewater figure.

Insulation Board Manufacture

Water discharge based on: 50u9/1 toluene in raw wastewater; 16 plants, producing
a total of 3.3 x 108 m2 insulation board 13 mm thick; board density = 0.33 kka/m3;
and 9.2 x 103/1 kkg production average flcw per plant {EPA, 1979f). Total dis-
charge: 650 kg toluene.

Hardboard Manufacture

Water discharge based on average raw wastewater concentratiqn of 39.g/1 toluene;
average oer plant flow of 18 x 103 1/kkg produced; 1.5 x 10° kkg/yr production
(EPA, 1979f). Total discharge: 1 kkg.
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Appendix A

Seczion 3.2.4 (Table 3-2 conciuded)

6. Acrylonitrile Manufacture
Air emissicn based on a total production of 7.9 x 1° kkg in 1978 (USITC, 1979) and
emission factor of 0.074 kg toluene/kkg sroduct (EPA, 1977).

7. Combustion of Coal Refuse Piles
Air emissions derived from total hydrocarbon emissions/yr from this source of
3.4 x 104 kkg, and an average of 13% toluene in emissions (EPA, 1978a}.

8. Stationary Fuel Combustion, Forest Fires, Agricultural Burning, Structural Fires
Only total hydrocarbon emissions for each catecoryv were available (EP4, 1S77bh).
The precent which is toluene is estimated here to be an craer cf magnitude less
than for coal refuse piles (134; EPA, 1978a) and an order of magnitude more tran for
landfills (0.1% ; SCAQMD, 1979). Therefore, these tctals represent 1% of the totai
hydrocaroon emissions from each category.

9 (Cigaretie Smoke
S8ased gn an average of 83.9 *oluene emisad/cigarette smoked {N~S, 1530), ana
6 x 101l cigaretes smoked/yr (Dent. of Agriculture, 1579).

Section 3 (Table 3-1)
1. Gasaline

Air emission figure is a ccmbinaticn of avaperative lcsses from use, evaporative
losses from marketing, and exnaust emissions.

Tne following factors are used:

- 7.4 x 108 bb1/day gasoline consumption (D11 and Gas Journal, 1973)
- 42 gal/bbl gasoline.

- 14.7 miles/gal average mileage (EPA, 1975a).

- 0.83 g/mile hydrocarbon evaporative loss during gasolfne use in automobiles
(EPA, 1975b), toluene is 1.26% of total hydrocarbon emission (CAR3, 1975).

- 3.2 g/mile hydrocarbons in exhaust (EPA, 1975b), 12% of which is toluene
(EPA, 1977b).

- 0.004735 kq hydrocarbon lost/kg gasoline during marketing (EPA, 1975a), 1.26%
toluene (CARB, 1975).

- Densfity of gasoline: 0.73 kg/1
- 3.7851 = | gal.
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Section 3.2 Chemical Synthesis (Table 3-6)

1.

Appendix A

Toluene Consumption Per Catecory Based On:

Benzyl Chloride

Benzoic Acid

Xylene Disproporticnation

p-Cresol

Benzaldehyde

Vinyl Toluene

0.8 unit toluene consumed/unit
product
plants operating at 55% capacity

0.84 toluene/product
62% of capacity

1.09 toluene/product (benzene
+ xylenes)

49.5% of capacity

1.06-1.13 toluene/product

2.2 toluene/product
unknown = of capacity

1.1 toluene/product
3% of capacity



Appendix A

Section 3.4 Environmentzal Releases (Table 3-7)

1. Gum and Wood Products

Wastewater flow based onl) a total flow of 82,000 1/kkg product for all 6 subcats-
gories of the industry: Essential Qils; Rosin Derivatives; Sulfate Turpentine;
Gum Rosin and Turpentine; Wood Rosin, Turpentine and Pine 0i1; and Tall 0il Recsin,
Pitch and Fatty Acids (EPA, 1979c) and 2) Production for 1978 of: Gum - 3 x103
kkg, Turpent1ne - 82 x 103 kkg, Wood Rosin - 1G8 x 10J kkg, Tall 0i1 - 199 x 103
kkg (SRI, 1979), for a total of 397 x 103 kkg.
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Tab]e A"l .

Cmission Factors

Source Emission Factor kg lost/kqg Produced (Used)
Process Storage fugitive Total
Toluene Production - Catalytic Reformate 0.00002 0.00006 0.00002 0.00010
Toluene Production - Pyrolysis Gasoline 0.00015 0.00060 0.00015 0.00090
Toluene Production - Coal Derived 0.00050 0.00060 0.00015 0.00125
Toluene Production - Styrene By-product 0.00001 0.00060 0.00015 0.00076
Benzoic Acid Production 0.00100 0.00040 - 0.00010 0.00150
Benzyl Chloride Production 0.00055 0.00030 0.00015 0.00100
Vinyl Toluene Production 0.00055 0.00030 0.00015 0.00100
Benzene Production 0.00005 0.00019 0.00005 0.00020
Xylene Disproportionation 0.00005 0.00010 0.00005 0.00020'
fToluene diisocyanate Production 0.00077 0.00032 0.00019 0.00128
p-Cresol Production 0.00120 0.00050 0.00030 0.00200
Benzaldehyde Production 0.00090 0.00040 0.00020 0.00150

Source: EPA, 1980d.



Table A-2 Air tmissions, Calculations From Toluene Production

Source Total Production Emissions Factor Emissions (kkg)
(kkg - 1979) (kg lost/kg precducaa)
Catalytic Reformate 30,206,000 0.00010 3,020
Pyrolysis Gasoline 521,000 0.00090 470
Styrene Manufacture 135,000 0.00076 103
Coal Derived 122,000 0.00125 153
3,750

Scurce: EPA, 1980d, Appendix A, Notes from Section 3.2.2 and 3.2.3

Table A-3 Average EFfluents from Coke Oven Operations

Stream liters produced/ toluene concentration (mg/1)
kg coke
Waste Ammonia Liquor .16 3.1
Final Cocler Blow Down .13 17
Benzol Plant Wastes .20 8.€

Source: EPA - 1979h.
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Table A-4. Toluere Macerials Balance: Production [solated from Pesrsleun Refining, 1978 (kkg/yr)d

Environmenta! Raleases

Cempany, Plant Location Feedstocx° O=aduction Capacity Production atr® Wazer® Lane
Ameraca Fess Corp.
St. Croix, Virgin Islands R 460,000 310,300 31
American Petrofina, Inc.
Big Spring, TX [ 164,000 110,000 11
American Petrofina Co. of
Texas/Union 011 Ce. of
California (joint venture)
Beaunont TX CR 125,060 84,000 8.4 )
Ashland 011, Inc.
Catlettsburg, KY (] 99,000 €7,000 6.7
North Tonawanda, NY CR 39,000 26,000 2.6
Atlantic Ricnfiela Co.
Channelview, TX PS5 105,000 76,000 68
Mouszon, TX (<} 125,000 84,000 2.4
Wilmington, CA CR 49,000 32,000 3.3
The Charter Co.
Houstan, TX (o] 39,000 26,300 2.5
Coastal States Gas Corp.
Corpus Christy, TX {R 56,000 38,9¢C8 3.8
Ccrmonwealith 011 Refining
Co., Inc.
Penuelas, PR CR 395,000 265,2C0 2?7
]
Crown Central Pezroleum PS 49,000 36,300 2
Corp.
Pasadena, TX R 46,000 31,00 3.t
The Dow Chemical Co.
Freeporz, X PG 13,000 9,200 8
Exxon Caorp.
Baytown, X CR 411,000 277,35 28
Getey 011 Co.
Delaware City, Dt CR 0 ] 0
El Doraao, KS CR 2C,000 13,009 1.3
Gulf 0it1 Corp.
Allfance, LA (R 194,000 130,390 13
Philadeipniz, PR CR 92,000 62.000 6.2
Port Arthuyr, TX R 49,090 33,000 3.3
PG 66,000 43,300 83
Kerr-McGee Csrp.
Corpus Christs, TX (<} 148,000 100,900 10
Marazhon 011 Co.
Texas City, TX CR 72,000 49,000 4.3
Mob11 Qil Coro.
Beaumons, TX CR 280,000 189,000 19
PG 16,000 15,000 2
Monsanto Co.
Alvan (Chocolate
Bayon), TX CR 33,000 22,200 2.2
] 132,000 96,000 3€
Pennzoil Co.
Shreveport, LA (] of
Phillips Petroleum Cc.
Sweeney, TX CR 33,000 22,000 2.2
Guayama, PR CR 335,000 226,000 23
Quintara - Howell
Corpus Christi, TX («] 56,000 38,000 .3.8
Shell Chemical Co.
Deer Park, TX CR 197,000 133,000 13
Sun Company, Inc.
Corpus Christt, X CR 138,000 93,900 8.3
Marcus Hook, PA CR 151,000 162,000 10
Toledo, QH R 247,000 166,000 16.6
Tulsa, OK tR 66,000 44,900 4.4
Venneco, Inc.
Chaimetze, LA CR 115,000 78,300 7.8
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Table A-4. (Concluded)

Eavironmensa? leteasas

Camoany, Plant Lacazion Feess:ackb Srgduction Capacity Jrsduction arrt '.la:erd Land
Texaca, inc. B
For: Archur, TX (] 92,000 62,300 5.2
westo1lie, N (%] 132,GC0 89,000 8.3
Union Cargide Coro.
Tafz, LA PG 66,000 48,200 a3
Unfon 011 Company of
California
Ltemont, IL CR 56,000 38,000 3.8
Unfon Pacific Corp.
Corous Chrisei, TX (R 99,900 67,000 6.7 n
Totals 3,400,030 600 gee

85ee Appendix A notes for production caleulations.

oa & Catalytic Refcrmate, PG = Pyrolysis Gasoline.

Ses Aopendix A notes, Tables A-1, A-2 and A-3 for emission calculations.

dAssuned negligitle since it was not detected above detection Timit for {0/1l1 refineries (EPA, 1575g).
®.380 z30acity = 85,500 kkg, 1981 capacity = 112,300 ikg.

f1080 casacisy = 72,500 wxe. -
Falues do nct a2d due ta raunding.

n
Cata a9t sudstantiased to the point that per plant estimates can be made (see Aopendix A notes for Seccicn 3.2.3}.
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Table A-5. Toluene Yields from Various Pyrolysis Feeds®

Nid-crude Cg-Ca Gas ofl, distilled
Ethane Propane n-Butane naphtha Raffinate Atmospheric Yacuun
Toluene, kg/kkg 1-2 9-1/ 21-22 99-140 41.5 112-138 142-145

Ethylene

Source: SRI, 1979.

aCthylene plant of an annual production of 450,000 metric tons; ethane recycled to extinction.
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Table A-6. Tolusne Materials Balance: Production from Styrene Manufact.re, 1378 (kkg)a

gtnvironmentai Seveas -
Company, Plant Locaticn Styrene Capacity Toluene Produced Air Yacer La

American Hoechst Corp.

daton Rouge, LA 400,000 16,000 12
Atlantic Richfield Co.

Beaver Valley, PA 100,000 4,000 3
Cos-itar, Inc.

Carville, LA 590,000 24,000 28
oow Chemicai Co.

rreecort, TX 660,000 26,9200 29

Migland, Ml 149,000 5,600 4
E1 Paso NasJral Gas Ce.

Qdessa, X 68,000 2,792 2
Guif 011 Corp.

Donaldsville, LA 270,000 11,000 ]
Monsanto

Texas City, X 680,009 27,000 21
Stancard 011 Co.
(Inciana)

Texas City, TX 389,000 15,000 2
Sun Company Inc.

Corpus Cnristi, TX 36,000 1,400 1
United States Stael

douston, TX 54,000 2,290 _2 -
Totais 3 400,000 135,000 120 4

35ee Appendix A Notes for calculations. Totals may not add due to rounding; blanks fndica*e data not availab.e..

bThe data is not substantiated to the point that per plant estimates can be made (see Appendix A Notes for
Section 3.2.3).

Scurce: SRI, 1979.
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Table A-7.

Coke Oven Plants which Recover Cruce Light 0ils

Teluene
Company Lecation Recoverya
Alabama B.P. b Tarrant, AL
Keystone Coke Swedeland, PA
Alifeé Chem. Ashland, KY
Armco Middletown, OH X
Armco Hamilton, CH
Ashland 0i1 Catiettsburg, KY X
Ashland 011 North Tonawanda, NY X
Bethlehem Steel 8ethlehem, PA X
Bethlehem Steel Sparrows Pt., MD X
Sethlehem Steel Lackawanna, NY
Eethlehem SteelC Johnstown, FA
Cral Puebla, CO X
Crucible Midland, PA
Cyclops Portsmouth, OK
Donner Hanna Buffalo, NY
Erie C&C Fairport Harb., CH
rord Motor Dearhorn, Ml
Inlandd E. Chicagco, IN
Interlake Chicago, IL
Interlake Toleao, CH X
Ironton Coke Ironton, OH
J&l Aliquipca, PA X
JaL Pittsburgn, PA
JUR N. 8¢rmingham, AL
Kaiser Fontana, CA
Koppers Bessemer, AL
Lone Star Lone Star, 7X b4
Nationai¢ River Rouge, M
National Granite City, IL
National Weirton, WV
Republic Youngstown, OH b
Republic Warren, OH
Republic Massilon, OH
Republict Cleveland, OH X
Republic Chicago, IL
Republic Gadsden, AL
Reputlie Biminghan, AL
Shenango Heville Is., PA
Tonawanda Coke Buffalo, NY
United States Steel Clairton, PA X
United States Steel Fairless Hills, PA
United States Steel Lorain, OH
United States Steel Gary, NN
United States Steel Geneva, UT X

United States Steel
Wheeling-Pgh.
Wheeling-Pgh.

WSC

YS&T

YS&T

Nationale

Source: EPA 197%h; SRI 1979,

Fairfield, AL
Monsessen, PA
Follansbee, WV
Chicago, IL
Campbell, OH
€. Chicago, IL
growns !s., WV

‘30: of coke oven plant production caoacity.

bPlant is operated by a subsidfary of Alabama Sy-products Corp.
Ciwo coke plants on this site.

dThree coke plants on this site

©Two coke plants on noncontiguous sites.
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Table B-1. General rermulations Containing Toluene

Product

Toluene Content (%)

China Cement, Solvent Type

Contact Rubber Cement

Microfilm Cement, Cotton base

Model Cement

Plastic Cement, Polystyrene

Shoe Cements

Tire Repair, Tubeless Bonding Compounds
Paint Brush Cleaners

Stain, Spot, Lipstick, Rust Removers
Nail Polish

De-Icers, Fuel System Antifreeze
Fabric Dyes

indelible inks

Marking Inks

Stencii inks

Solvents and Thinners

20-30

solvents may contain toluene
27-30

(may contain) 20-25

24

“aromatic hydrocarbon solvents"
>80

benzene (+ toluene, xylene) 25-90
may contain toluene

35

30

<60

solvents may contain toluene
80-50
40-60

may contain toluene

Source: Gleason et al., 1969
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Table B-2. Ethylene - Propylene Rubber Extender Qils which May Contain Toluene

0il Manufacturer
Sundex 53 Sun 0i1 Co.
Sundex 96 Sun Cil Co.
Dutrex 7 Shell Development

Circosol 2XA
Califlux GP
Sovaloid N
Sovaloid 0
Phillips 9002
Necten 45

Circle Light 011
Neville Heavy 0il

Bardol B

Sun 0i1 Co.

Goiden Bear 0i1 Co.
Socony Vacuum

Socony Vacuum

Phillips Petroleum Co.
Penola, Inc.

Sun Qil Co.

Neville Co.

Barrett

Source: General Tire and Rubber Co., 1955

-
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Table C-1. Frequency of Toluene Detection in Industrial Wastewaters

Industry Frequency ( # found/# samples)
Soap and Detercents 1/20
Adhesives and Sealants 2/11
Leather Tanning 19/81
Textile Products 56/121
Gum and Wood Products 14/18
Pulp and Paper 4/98
Timber 53/285
Printing and Publishing 50/109
Paint and Ink 48/%4
Pesticides 23/147
Pharmaceuticals 38/95
Organics and Plastic 306/723
Rubber 15/67
Coal Mining 33/249
Ore Mining 6/72
Steam Electric Power Plants 32/84
Petroleum Refining 18/76
Iron and Steel 43/431
Foundries 2/54
Electroplating 5/18
Nonferrous Metals 21/173
Coil Coating 2/12



Table C-1. (Concluded)

Industry Frequency ( # found/ it samples)
Photographic 9/2%
Inorganic Chemical 10/107
Electrical 1/35
Auto and Other Laundries 9/56
Phosphates 1/33
Plastics Procassing 1/1
Porcelain/Enameling 2/19
Landfill 3/7
Mechanical Products 23/35
POTWS 11740

Source: EPA, 1980a.
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Table C-2. Industrial Liquid Streams In which Toluene has been Detected

Cured Leather Goods Finishing
Steel Pipe and Tube Manufacture
Iron Sintering

Open Hearth Furnaces

Steel Industry:
Vacuum Degassing
Hot Forming
Blast Furnace
Alkaline Coating
dot Coating

Cold Rolling
Electric Furnace
Basic Oxygen Furnace

Coal:
Mining
Physical and Mechanical Cleaning

Industrial and Commercial Laundries

Foundry Casting:
Primary Ferrous Industry
Aluminum

Textiles:
Blended Fabric Finishing
Polyester Fabric Finishing

Rubber Manufacture:
Polymerization Processing for Other Synthetic Rubber

Ore Mining and Milling:
Titanium
Silver
Lead-Zinc
Ferro-Alloys

Source: EPA, 1980c.
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APPENDIX E

E.1 ESTIMATION OF VOLATILIZATIOM FROM WATER

Volatilization from water can be estimated using procadures des-
cribed in the literature. The mathematical modeling of volatilization
involves interphase exchange coefficients that depend on the chemical
and physical properties of the chemical in question, the presence of
other pollutants, and the physical properties of the water body and
atmosphere above it. Basic factors controlling volatilization are solu-
bility, molecular weight, and the vapor pressure of the chemical and
the nature of the air-water interface through which the chemical must
pass.

Volatilization estimates can be based on available laboratoryv and
environmental data. Because of the lack of data for most chemicals,
however, estimates of wolatilization rates from surface waters on the
basis of mathematical data and laboratory measurements are aecessarilv
of unknown precision. Still, comparisons of experimental results with
theoretical predictions indicate that these predictive techniques
generallv agree with actual processes within a factor of two or three
in most cases. .

The methods described below have been used to estimate volatil-
f{zation from natural surface water. The EXAMS Model has been used
to investigate behavior in natural surface water bodies, however, this
aethod was not used as input to EXAMS. An input parameter similar
to the reaeration coefficients described below is used in EXAMS to
estimate volatilization; this value was obtained elsewhere.

Minimum data required to estimate volatilization are:

e Chemical properties-~-vapor pressure, aqueous solubility,
molecular weight; and

e Environmental characteristics--wind speed, current speed,
depth of water body.

With these data, the volatilization rate of a chemical can be
estimated using the following procedure:

(1) Find or estimate the Henry's Law constant H from:
H = P/S atm-m3/mole

where P = vapor pressure, atm
S = aqueous solubility, mole/m3.

When calculating H as a ratio of vapor pressure to solubility, it is
essential £5 have these data about the same temperaturz and appiicable



to the same physical state of the compound. Data for pure compounds
should be used because vapor pressure and sciubilities cf mixtures may

be suspect.

- -7 3 ia . . .
(2) If H«<3=x10 ata-m /mole, velatilization can be considered
unimportant as an intermedia transfer mechanism and no {urther cal-
culations are necessary.

(3) If8g>3x 10-7 atm-m3/mole, the chemical can be considered
volatile. The nondimensional Henry's law constnat H' should be
determined from:

o
~o

H' = H/RT (

where R = gas constant, 8.2 x JLO-J atm—m3/mole K

-~
i

temperature, K.
-
At 20°C (293°K), RT is 2.4 x 10™> atm-m>/mole.

(4) The liquid phase exchange coefiicient k, must be estimated. This
coefficient results from a method that analvzes the volatilization
nrocess on the basis of a two-laver film., one water and one air, which
separates the bulk of the water body from tne bulk of the air (Liss
and Slater 1974).

For a low molecular weight compouad, ! < 65,

k, = 20 VG4 cm/hr (3)
where M = molecular weigit of the chemical.
1€ M > 65, Southworth (197%) has developed equations to estimate

k, If the average wind speed is < 1.9 m/sec,
’ « 0.969

o of curr_ ). J3Z (4)
2 0.673 M
Z
where V = water currert velocity, m/sec
curr
Z = depth of water body, m.

If wind speed is gre36c56§han 1.9 m/sec ard less than about 3 m/sec,

2 » -
. ___(chrr ) 2 20-5-6 (\wind 1.9)
M

“ ,0-673 \ I em/ur (3)

where V windspeed, m/scec.,

wind



Above 5 m/sec, liquid phase cxchange coefficients are difficult to pre-
dict and may range up to 70 ca/hr.

Values estimated by cauation (4) mav difler from those estimated
by equation (3) due to the different methods of analvsis on whicn the
equations are based.

(5) The gas phase exchange coefficient must be estimated. This too
is based on the two-film analysis. For a compound of M < A5 (lLiss
and Slater 1974), .

kg = 3000 WV18/M em/hr (6)
If M > 65 (Southworth 1979),
¥ = 1137.5 (v + v )y \18/M em/hr . (7)
o wind curr

(6) The Henry's law constant and gas and liquid phase exchange co-
efficients are used to compute the overall liquid phase mass transfer
coefficient, KL (Liss and Slater 1974), which is an indicator of the
volatilization 'rate:

¢

(4/RT)k Ky 'k k,
.. - s = 4 .y
!\L (H/R'I)kg‘kn H'kg'i'k; Cm/hr . (9[

(7) The volatilization rate constant kv is

= .

(8) Assuming a firet order volatilization process, tiwe concentration
in the stream in the absence of continuing inputs at the location at
whicn volatilization occurs, is

c(t) = coe-kvt (10)

pollutant concentration in the water column at time t

where c(t)

c initial pollutant concentration in the water colunn.

o

(9) The half-life in the water column for the pollutant volatilizing
at a first order rate is

- 0.69 2
1/2 KL
Another method is available for computing k_for highly volatile
chemicals with H > 10~ atm-m3/mole. This Xethod is based on reaeration
rate coefficients (Smith and Bomberger 1979, Smith ot al. 1979,
Tsivoglou 19267). The following data are required:

T hr. (11)

to
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e Ratio of reaeration rate of chemical to that of warer; and

¢ Reaeration rate of oxvgen or water hod.es in the eavironment
or streamflow parameters (velocity, scream bed slope, depth).

If the oxvgen reaeraticn rate is xnown for a given watar bodv or type
of water body, the volatilization rate constant for the pollutant can
be estimated from (Smith and Bomherger 1979):

¢ _,.¢,.0 0
(k) env (kv/kv)lab (kv)env (12)

c o . .
where kv = first order vola:illzatlin rate constant fcr the
particular chemical (hr %)

o . r -1
kv = reaeration rate constant for oxygen (hr ™)

env = designates values applicable to environmental
situations

lab = designates laboratory measured values

This equation applies particularly to rivers. For lakes and ponds,
the following equation mav be more accurate:

c c,o 1.5 o
= : 7/ 1
(kv)env (kv’kv) lab (kv)env. (11
Trpical values of ) are given in the literature ard reported by
Smith er al. (1979):V €M
Water Bodv (k?) he~l
_ e v anv,
Pond 0.0046-0.0N94
River 0.008, 0.04-0.39
Lake 0.04-0.013

The values for ponds and lakes are speculative and depend on depth.

Mackav _and Yuen (1979) present the equations listed below, which
o, .
correlate k, with river flow veloecity, depth, and slope:

. . W9 . -1 .,
Tsivoglcu-Wallace: <, 638 ch:rb hz (1%)
2 -
Parkhursz-Pomeroy: k: = 1.08 (1 +0.17 F')(chr_s)o'0375 ic l (15)
" - - : . _-l . .
Churehill ec al.: k) = 0.00102v::5%3 773.085 ;=0.823 az © (ig)

E-4



If no slope data are availablae:

.0 U -1.35 -1 .-
Isaacs=-Gundy: 2 = 0.225V A hr (17)
v curs
-1.33 . _-1
Langbeia-durum: “3 = 0,241 ¥ 2=1.33 ar (13)
where V = river flow velocity (m/s)
curr
s = river bed slope = a drop/m run (nondimensional)
A = river depth (m)
F = Froude number = V /sZ, dimensionless
curr
, , 2
g = acceleration of gravity = 9.8 a/s".

Because none of the foregzoing is clearly superior to the others,
the best approach is probably tec use all equations that ara applicable
and then average the results. For a river 2 m deep flowing at 1 n/sec,
the reaeration rate is estimated as 0.042/hr. (k“/kc) is knowm for

. 4 J - v vilab
scme chemicals (see Table E-1).

- c o .
i a (kv/kv)lab value is not known, one for a similarl: hiuh wvoiatility
chemical should be a reasonable substitute.

» - 'c I3 [} (.

In principle, &k, is the same as (KL/Z); however, hucause k, has the
depth and other water body characteristics embedded wittin it as a result
of using (kg)env, no adjustment is required for incliuding it in the
first order volatilization equaticn.
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TASLE E-1, MZASURED REAZRATION COEFTICIENT RATIOS FOR
HIGH-VOLATILITY COMPOUNDS

H

Compound (atm-m’ Measurad

mole ) kﬁ/ks
Chloroform 3.8x10-3 {;é ; ??}
1,1-Dichloroethane  5.8x10°3 .71 =.i1
Oxygen 7.2x10°? 1.0
Benzo {b] thiophene 2.7x10"* 38 =.C8
Dibenzothiopnene 44x10°* .14
Benzene 5.5xi0"° §7=.02
Carbon dioxide .89 = .03
Carbon tetrachloride 2.3x10°% 832 .07
Dicyclooentadiene S5d £ .02
Ethylene 8.6 87 =.02
Krygcton .82 = .08
Propane 72=2.01
Raden .70 = .C8
Tetrachloroethylene 38.2x10°? .52 £ .08
Trichloroethylene 1x10~* 57 =.15

Sonrce:  Smith cr al. (1979)

m
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APPENDIX F

ESTIMATION OF AIR CONCEMNTRATIONS OF TCLUENE USING GAUSSIAN PLUME
DISZERSION

Turner (1969) provides a Gaussian plume dispersion modelling
technique, for the estimation of air concentrations downwind of an
emissicn source. Groundlavel concentration at the center of a plume
having the compound concentration distributed normally about the
center is given by:

Cc(x,0,0) = —o exp =h?
¥ T Oy Oz Uy 25 2

b

wherea c(x,0,0) = conceatraticn of toluene at varving x coordinates and
ar zero v and z coordinates (mg/m3),

Q = emission rate (ng/s),

cy = standard deviation in the crosswind direction of the
plume concentration distribution (see Figure F-1),
z = standard deviation in the vertical direction of the
plume concentration distribution (see Figure F-2),
u, = wind speed (m/s)

h

height of source (=)

In all cases, u,; = 5 m/s, the atmospheric scability class is
neutral (D), and the heat of the source is negligible. (A scurce
warmer than the surrcunding air would lead to plume rise as a result
of bouvancy.)

Toluene concentrations in air of various distances downwind were
estimated using this equation ifor two source heights (h) and two source
strengths (Q). The results are given in Section 4.4.3.1.

No chemical degradation processes were included in these estima-
tions.



5000

1000

500

100

00

o,! (meters)

10

w

1.0

A A a2 b

~

|~

/

VAN

/

v v vy

L 2 24

| B L4 ¥ T § §© v v ¥
0.1 0.5 1 5 10 50 100
* Distance Downwind (xm)
FIGURE F-1, VERTICAL DISPERSION COEFFICENT AS A FUNCTION

OF DOWNWIND DISTANCE FROM THE SOURCE



10,000

U W WY

5000

Fu W Y

1000

500

100

1 (meters
ayt (meters)

N
AN
N\

\

10

N

S

p |
4 L4 P— Ty g v Pp—— 4 v v

0.1 0.5 1 5 10 50 190

Distance Downwind (km)

FIGURE F-2. HORIZONTAL DISPERSION COEFFICIENT AS A FUNCTION OF
DOWNWIND DISTANCE FROM THE SOURCE

F-3



REFERENCE

Turner, D.3. Workbook on atmospheric dispersion estimetes. No. 99-AP-
26, Washiagton, DC: U.S. Public Health Service, 1969.



