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Foreword

We are pleased to present this Risk Assessment Report which is the result of in-depth work
carried out by experts in one Member State, working in co-operation with their counterparts in
the other Member States, the Commission Services, Industry and public interest groups.

The Risk Assessment was carried out in accordance with Council Regulation (EEC) 793/93! on
the evaluation and control of the risks of “existing” substances. “Existing” substances are
chemical substances in use within the European Community before September 1981 and listed in
the European Inventory of Existing Commercial Chemical Substances. Regulation 793/93
provides a systematic framework for the evaluation of the risks to human health and the
environment of these substances if they are produced or imported into the Community in
volumes above 10 tonnes per year.

There are four overall stages in the Regulation for reducing the risks: data collection, priority
setting, risk assessment and risk reduction. Data provided by Industry are used by Member States
and the Commission services to determine the priority of the substances which need to be
assessed. For each substance on a priority list, a Member State volunteers to act as “Rapporteur”,
undertaking the in-depth Risk Assessment and recommending a strategy to limit the risks of
exposure to the substance, if necessary.

The methods for carrying out an in-depth Risk Assessment at Community level are laid down in
Commission Regulation (EC) 1488/942, which is supported by a technical guidance document3.
Normally, the “Rapporteur” and individual companies producing, importing and/or using the
chemicals work closely together to develop a draft Risk Assessment Report, which is then
presented at a Meeting of Member State technical experts for endorsement. The Risk Assessment
Report is then peer-reviewed by the Scientific Committee on Toxicity, Ecotoxicity and the
Environment (CSTEE) which gives its opinion to the European Commission on the quality of the
risk assessment.

If a Risk Assessment Report concludes that measures to reduce the risks of exposure to the
substances are needed, beyond any measures which may already be in place, the next step in the
process is for the “Rapporteur” to develop a proposal for a strategy to limit those risks.

The Risk Assessment Report is also presented to the Organisation for Economic Co-operation
and Development as a contribution to the Chapter 19, Agenda 21 goals for evaluating chemicals,
agreed at the United Nations Conference on Environment and Development, held in Rio de
Janeiro in 1992.

This Risk Assessment improves our knowledge about the risks to human health and the
environment from exposure to chemicals. We hope you will agree that the results of this in-depth
study and intensive co-operation will make a worthwhile contribution to the Community
objective of reducing the overall risks from exposure to chemicals.

Barry Mc;%ney7 Catherine Day

Director-General Director-General
DG Joint Research Centre DG Environment

103 NoL 084, 05/04/199 p.0001 — 0075
20J.NoL 161, 29/06/1994 p. 0003 — 0011
3 Technical Guidance Document, Part I — V, ISBN 92-827-801 [1234]






0 OVERALL RESULTS OF THE RISK ASSESSMENT

CAS-No.: 108-88-3
EINECS-No.: 203-625-9
IUPAC name: Toluene

The present report assesses the risk associated with the production and use of the isolated
commercial product toluene CAS 108-88-3 and the production and use of products containing
the isolated commercial product toluene CAS 108-88-3. Gasoline and other crude oil products
contain non-isolated toluene as a part of a complex mixture. According to Council Regulation
(EEC) 793/93 non-isolated toluene is not a part of the present risk assessment. However, crude
estimates of exposure to toluene from gasoline has been included for illustrative purposes and for
evaluation of regional toluene concentrations.

Environment

Aquatic environment and sewage treatment plants

Conclusion (iii) There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

The conclusion applies in relation to releases from two production sites, one combined production
and processing site and one off site production site. A risk is also identified for a number of
downstream processing sites according to generic assessments for the following use categories:

« industry use as intermediate and as basic chemical,
« mineral oil and fuel formulation,

. formulation of polymers,

. formulation of paints,

« textile processing.

Atmosphere

Conclusion (iii) There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

The conclusion applies in the context of the Council Regulation (EEC) 793/93 of Existing
Substances to the contribution of the commercial product toluene to the formation of ozone and
other harmful substances i.e. smog formation. In the context of the consideration of which risk
reduction measures that would be the most appropriate, it is recommended that under the
relevant air quality Directives a specific in-depth evaluation is performed. Such an evaluation
should focus on the contribution of isolated as well as non-isolated toluene to the complex issue
of ozone and smog formation and the resulting impact on air quality.

Terrestrial compartment

Conclusion (iii) There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.
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The conclusion applies to release via sludge application to soil from one processing site and to a
range of downstream processing sites according to generic assessments for the following use
categories:

« industry use as intermediate and as basic chemical,
. mineral oil and fuel formulation,

. formulation of polymers,

« formulation of paints,

. textile processing.

Human health

Human health (toxicity)

Workers

Conclusion (iii) There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

This conclusion is reached because of:

. concerns for acute toxicity as a consequence of dermal exposure arising from spraying
painting or the use of adhesives,

. concerns for acute toxicity (headache, dizziness, feeling of intoxication, sleepiness and
impaired functional performance) as a consequence of inhalation exposure arising from
production and use as an intermediate, production of products containing the substance and
use of products containing the substance,

. concerns for eye irritation as a consequence of exposure arising from production of products
containing the substance and use of products containing the substance in the sectors of
manual cleaning, use of adhesives, printing and painting (mechanical coating),

. concerns for general systemic toxicity as a consequence of inhalation exposure arising from
production of products containing the substance and use of products containing the substance
in the sectors of manual cleaning, use of adhesives, printing and painting (mechanical
coating),

. concerns for general systemic toxicity as a consequence of dermal exposure arising from use
of products containing the substance in the sectors of manual cleaning, use of adhesives and
spray painting,

. concerns for general systemic toxicity as a consequence of the combined dermal and
inhalation exposure arising the use of products containing the substance in the sectors of
manual painting,

. concerns for specific organ toxicity (auditory system toxicity) as a consequence of inhalation
exposure arising from production of products containing the substance and use of products
containing the substance in the sectors of manual cleaning, use of adhesives, printing and
painting (mechanical coating),

. concerns for fertility and developmental effects and spontaneous abortions as a consequence
of inhalation exposure arising from production of products and use of toluene containing
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products in the sectors of manual cleaning, use of adhesives, printing and painting
(mechanical coating).

Risk reduction measures should therefore be considered that will ensure a reduction in the levels
of toluene found in the workplace during the production and use of toluene and during the
production and use of toluene containing products.

Consumers

Conclusion (iii) There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

This conclusion is reached because of:

. concerns for acute toxicity (headache, dizziness, feeling of intoxication, sleepiness and
impaired functional performance) and eye irritation as a consequence of inhalation exposure
or eye exposure to vapours arising from spray painting and carpet laying.

The conclusion is based on the estimated exposure during use of toluene containing glues and
paints. Risk reduction measures should therefore be considered that will ensure a reduction in the
levels of toluene found when using consumer products containing toluene.

and
Conclusion (i)  There is need for further information and/or testing.
This conclusion is reached because of:

. concerns for effects on reproduction as a consequence of inhalation exposure.
The information and/or test requirement is:

. information on the relationship between the observed effects on reproduction and the
duration of the exposure leading to these effects.

The need to actually obtain the information allowing the performance of the risk characterisation
for this endpoint, will be considered when the recommended risk reduction strategy is published
in the Official Journal.

Hence, any formal request for further information should be seen in the light of other possible risk
reduction measures for the consumer scenarios based on the concerns for acute toxicity by
inhalation and eye irritation identified for the Scenarios U2 (spray painting) and U4 (carpet laying).

Humans exposed via the environment

Conclusion (iii) There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

The conclusion applies in the context of the Council Regulation (EEC) 793/93 of Existing
Substances to the contribution of the commercial product toluene to the formation of ozone and
other harmful substances i.e. smog formation. Regarding which risk reduction measures would
be most appropriate, it is recommended that under the relevant air quality Directives a specific
in-depth evaluation be performed. Such an evaluation should focus on the contribution of
isolated as well as non-isolated toluene to the complex issue of ozone and smog formation and
the resulting impact on air quality.
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Human health (physico-chemical properties)

Conclusion (ii)  There is at present no need for further information and/or testing and for risk
reduction measures beyond those which are being applied already.

The risk assessment shows that risks are not expected. Risk reduction measures already being
applied are considered sufficient.
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1 GENERAL SUBSTANCE INFORMATION

<0.02% w/w
<0.02% w/w

(Merck Index, 1989)

1.1 IDENTIFICATION OF THE SUBSTANCE
CAS-No.: 108-88-3
EINECS-No.: 203-625-9
IUPAC name: Toluene
Synonyms: Methylbenzene, phenyl methane, toluol, methyl benzol, methacide
Molecular formula: C7; Hg
Molecular weight 92.15 g/mole
Structure:
1.2 PURITY/IMPURITIES, ADDITIVES
Purity: >99%
Impurity: benzene (CAS: 71-43-2)

xylene, mixed isomers (CAS: 1330-20-7)
Additives: No information
1.3 PHYSICO-CHEMICAL PROPERTIES
Physical state: liquid
Melting point: -95°C
Boiling point: 110.6°C at 1,013 hPa

Relative density:
Vapour pressure:
Surface tension:
Water solubility:
Octanol/water (Kow):

Flash point
Auto flammability

0.871 g/em” at 15°C
0.8669 g/cm” at 20°C
0.866 g/cm’ at 20°C
3,000 Pa at 20°C
3,800 Pa at 25°C
28.7 mmHg ~3,826 Pa
27.93 mN/m at 25°C
515 mg/l at 20°C
534.8 mg/l at 25°C
log Kow = 2.65

4°C (closed cup)
535°C

(Merck Index, 1989)
(IUCLID,1994)

(Lide, 1996)

(Merck Index, 1989)
(measured, [UCLID, 1994)
(Mackay et al., 1992)
(Weast, 1977)

(Lide, 1996)

(IUCLID, 1994)

(Hansch and Leo, 1979)
(measured, IUCLID, 1994)
(IUCLID, 1994)
(IUCLID, 1994)
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Air conversion factor: 1 ppmv = 3.83 mg/m’ at 20°C and 1,013 hPa

1 ppmv = 3.75 mg/m’ at 25°C and 1 atm (WHO, 1985)

1 mg/m’ = 0.266 ppm at 25°C and 1 atm (WHO, 1985)
Viscosity: >0.56 mPa s (>0.64- 10 m?/sec) at 25°C (Lide, 1996)

0.424 mPa s (0.49- 10 m?/sec) at 50°C (Lide, 1996)

Comments

Toluene is a volatile liquid that is highly flammable.

Vapour pressure

The vapour pressure at 20°C was studied by four laboratories during the OECD chemicals
testing programme. The results were 2,719, 2,870, 2,970 and 3,080 Pa. At 25°C, the same
laboratories measured 3,530, 3,720, 3,810 and 3,940 Pa (Klein et al., 1981). In performing
regression analysis on laboratory results, an equation was produced by BASF (1987) where the
vapour pressure of toluene was expressed as In p (bar) = 9.4709-3,145.05/(221.89 + t°C). The
calculated pressure at 20°C was 2,930 Pa and 3,806 Pa at 25°C.

The values of 3,000 Pa at 20°C and 3,800 Pa at 25°C presented by the manufacturers are used in
the risk assessment.

Water solubility

The experimental values are 514, 525, 535 mg/l (Bobra et al., 1983; Isnard and Lambert, 1989;
Sutton and Calder, 1975; Adema, 1991). The solubility at 25°C in fresh water was observed to be
535 mg/l and in seawater 380 mg/l (Sutton and Calder, 1975). Rossi and Thomas (1981) using GC
measured the solubility to be 507 mg/l in distilled water and 419 mg/I in seawater (3.5% salinity)
at 25°C. In distilled water at 25°C and measured by HPLC, the water solubility was observed to be
524 mg/l (Banerjee, 1984). According to Rippen (1992), the water solubility between 16 and 30°C
ranged from 420 mg/l to 735 mg/l and the mean value based on 21 literature values was
549+65 mg/l. This value is not used in the risk assessment because not all the values are validated.

The measured values of 515 mg/l (20°C) and 535 mg/1 (25°C) are used in the risk assessment.

Octanol/water partition coefficient (Kow)

The log Kow ranged from 2.11 to 2.80, depending on temperature and pressure (Sloof and
Blokzijl, 1988). Estimated from structure analysis, the log Kow is 2.54 (EPIWIN, 1995). Log
Kow is experimentally found to be 2.63 (Isnard and Lambert, 1989), 2.65 (Doucette and Andren,
1988) and 2.69 (Hansch and Leo, 1979). Sangster (1989) recommended the value log Kow 2.73
(which is also the logPstar value recommended by Hansch and Leo (1985)). The geometric
average of the measured results from four laboratories was calculated to be 2.65 by Eadsforth
and Moser (1983), who also measured log Kow for toluene to be 2.65 and 2.77 by reverse
HPLC. Because more weight is given to results from direct than indirect methods, the measured
log Kow 2.65 is used in the risk assessment.
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Conclusion

The data on physico-chemical properties used in the risk assessment are then: vapour pressure
3,000 Pa, water solubility 515 mg/l and log Kow 2.65 at 20°C.

The EUSES estimations require the values at 25°C, i.e. vapour pressure 3,800 Pa and water
solubility 535 mg/1.

1.4 CLASSIFICATION

The classification and labelling of toluene has been agreed at technical level to be listed in
Annex I to Directive 67/548/EEC following the adoption of the 29" Adaptation to Technical
Progress, as follows:

Classification

F,R11 Highly flammable.

Repr.Cat.3; R63 Possible risk of harm to the unborn child.

Xn; R48/20-65 Harmful: danger of serious damage to health by prolonged
exposure through inhalation. May cause lung damage if
swallowed.

Xi; R38 Irritating to skin.

R67 Vapours may cause drosinessa and dizziness.

Labelling

F; Xn

R: 11-38-48/20-63-65-67
S: (2-)36/37-46/62

Environment: No classification.

R38 is justified because significant, persisting skin inflammation (score for erythema >2 at
72 hours and 7 days) has been observed in a skin irritation study in animals (Annex V B4 study),
and because toluene has a degreasing effect on human skin (see Section 4.1.2.3.1).

R48/20 is justified because toluene causes several types of serious toxic effects after inhalation.
Toluene-induced chronic impairment of auditory function has been demonstrated in a number of
animal studies. This has been substantiated by morphological evidence of cell loss in the rat
cochlea. Existing data suggest that humans are sensitive to this effect at exposure levels, which
may be encountered in the working environment.

Toluene causes irreversible changes, including neuron loss, in the central nervous system of
animals. In humans severe central nervous system effects including brain atrophy have been
found at very high exposure levels. Neuropsychological effects at working environment
exposure levels have been demonstrated.

Toluene causes an increase in the occurrence of non-malignant pituitary tumours in mice.

11
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R6S is justified on the basis of viscosity and surface tension. A viscosity value at 40°C has not
been found.

However, as a 25°C value of >0.56 mPa-s (>0.64-10° m?sec), and a 50°C value of
0.424 mPa-s (0.49-10° m?%sec) have been found (Lide, 1996), it can be assumed that toluene
would fulfil the criteria for R65 of viscosity below 7- 10 m%/sec at 40°C. The criteria for R65
state that substances with surface tension above 33 mN/m at 25°C not necessarily should be
classified, but since toluene has been reported to have a surface tension of 27.93 mN/m at 25°C
(Lide, 1996) no exemption is warranted.

R67 is justified since data from experimental exposure of human volunteers show that dizziness
and sleepiness are experienced at air levels substantially below the level of 20 mg/l/4h
mentioned in the criteria for R67 (for toluene this equals 5,300 ppm). In rats exposed to
20 mg/l/4h in the BASF (1980) study rocking gait and narcosis were observed.

Toluene was classified as Reproductive Category 3 (R63) for fertility at the Commission
Working Group Meeting on Classification and Labelling of Dangerous Substances. It will be
listed in Annex I to Directive 67/548/EEC following the adoption of the 29" Adaptation to
Technical Progress.

12



2 GENERAL INFORMATION ON EXPOSURE

2.1 INTRODUCTION

Toluene formation

The chemical substance toluene occurs naturally and natural sources are volcanoes and forest
fires (cf. Appendix A) and in low concentrations in crude oil. In the petroleum refinery process,
where gasoline is produced, this toluene will be present in low concentrations in straight-run
gasoline products.

The natural sources of toluene (the chemical substance) are small compared to the man-made
quantities produced by different petroleum conversion processes. These processes (catalytic
reforming, powerforming, catalytic cracking, hydrocracking, steam cracking etc.) are all important
processes in modern refineries to upgrade the yield of useful products from crude oil (e.g. to
produce high-octane gasoline from straight-run refinery streams or low boiling fuels from higher
boiling refinery streams). These conversion processes produce olefinic and aromatic rich streams
containing benzene, toluene and xylenes in varying concentrations. Most of the refinery/cracker
streams containing toluene are used as a base or blending feedstock to produce motor gasoline.

In order to produce the commercial product toluene, CAS No 108-88-3, a fraction of the above
toluene-rich streams is segregated, distilled and purified to produce the commercial toluene
product.

Commercial toluene is mainly (80%) used as an intermediate in the production of other
chemicals. Approximately 20% of commercial toluene is used as a solvent carrier in paints,
thinners, adhesives, inks and finally as a processing aid (“extraction solvent”) in the production
of pharmaceutical and other chemical products.

Toluene formation/emission

The chemical substance toluene is formed naturally and emitted when some organic material is
exposed to pyrolysis or combustion temperatures (e.g. forest fires, volcanoes, and smoke).

Toluene* will be released to the environment when substances containing toluene or preparations
thereof are produced, distributed and handled.

Motor gasoline when used in a combustion engine, will emit unburned or formed toluene. Diesel
engines will emit toluene when combusting diesel fuels.

The commercial product toluene will be released in varying quantities when:

. it is produced, distributed and handled,

. itisused as a chemical feed stock (intermediate),

. itisused, distributed and handled as such or as a preparation containing toluene as a solvent for:
- closed systems and open systems with vapour recovery (toluene is recovered),
- open systems without vapour recovery (toluene is mainly emitted to air).

4 Tt should be noted that the risk assessment covers the commercial product toluene with the CAS No 108-88-3
whereas other significant sources to toluene release are included for illustrative purposes, e.g. gasoline (cf.
Appendix A).

13
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Due to the physical-chemical properties of toluene, toluene preferentially partitions to the
atmosphere. The main sources of atmospheric toluene are vaporisation of gasoline, vehicle
exhaust emissions and solvent emissions.

The primary sources of emissions are (WHO, 1985):

« sources related to occurrence in fuels and creation in combustion processes: 65% (emissions
from motor vehicles and aircraft exhaust and losses during gasoline marketing activities,
spills and smoke),

« toluene production,

. processes in which toluene is used (32%),

« use of products in which toluene is a component.

The emission from motor vehicles during combustion may have changed considerable during the
last decade due to increase of the toluene content in gasoline as a consequence of phase-out of
lead and due to the introduction of catalytic exhaust purifiers.

2.2 PRODUCTION

As well as being a constituent of crude oil, toluene is a component of the condensate from
natural gas production. Toluene is synthesised together with many other substances in petroleum
refinery and chemical plant processes, primarily catalytic reforming, steam cracking, and
dealkylation. Toluene is also recovered during the production of coal-derived chemicals,
primarily from coke oven by-products. Part of the toluene so produced is separated from these
sources and purified for industrial use to make the commercial grade toluene. The remaining
refinery reformate streams are blended with other naphtha streams to make motor gasoline
(Exxon, personal communication, 15.11.1996).

Toluene is mainly produced by continuous processes in closed systems.

The major amount of toluene is obtained by distillation of refinery streams. This is a process that
does not involve any direct contact with water.

On basis of information provide by manufacturer task force (APA-TF, 1996), the total amount of
toluene produced by the stakeholders that provided information was 2,600 kTonnes for 1995.
This production volume does not include toluene in gasoline (i.e. non-isolated toluene).

The consumption of gasoline in the EU is approximately 120,000 kTonnes/year (CONCAWE,
1997). The content of toluene varies according to the intended final use, cf. Section 2.3.3.

The import of toluene was >48 kTonnes in 1995 (APA-TF, 1996). In an earlier communication,
manufacturers have presented data on import volumes of 90 to 140 kTonnes/year. According to
the realistic worst-case concept an import level of 150 kTonnes has been used in the risk
assessment.

14
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Table 2.1 EU production of commercial Toluene (information from manufacturers) in kTonnes/year

Toluene, kTonnes/year

Source APA CONCAWE Total
Production approx. 2,600

Imports of the same (worst scenario) is set at 150

Export

Toluene in gasoline from Refinery processes 14,000

Total toluene molecules produced 2,750 14,000 16,750

Blank = not available

Thus a yearly consumption in the EU of 2,750 kTonnes toluene is used in this risk assessment.

2.3

USE PATTERN

Toluene is a high-production volume substance and is extensively employed in a broad spectrum
of applications. Commercial toluene is used as a raw material in the production of benzene and a
host of other chemicals (e.g. benzoic acid, nitrotoluenes, tolyl diisocyanates, as well as dyes,
pharmaceuticals, food additives, plastics, etc.). The strong solvent powers of toluene make it a
preferred solvent in many applications including coatings, adhesives, inks, pharmaceuticals and
chemical processing (Fishbein, 1985). Toluene is present in many consumer products, including
household aerosols, paints, varnishes, adhesives, and glues. Thus, toluene is used in several
hundreds of products and in a large number of industrial branches.

Approximately half of the toluene production was processed at the production facilities where
production took place (APA, 1996).

Table 2.2 Examples of processing and end use of isolated toluene

Process End use

Dealkylation Benzene

Oxidation Benzoic acid phenol
terephthalic acid
phthalates
caprolactam

Nitration Nitrotoluene toluene diisocyanate,
trinitrotoluene (TNT)

Chlorination dyes, pharmaceuticals etc.

Sulfonation Toluene sulfonic acids

Alkylation Alkylated toluene intermediates
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Fractionating the use of toluene as a feedstock in the production of other chemical products,
Parpinelli Tecnon (1996) estimated the usage in Western Europe in 1994-1995 to average:

TDA (Toluene dealkylation (to benzene))

Phenol

Nitrotoluene / Caprolactam / Phthalates

TDI (Toluene diisocyanate)
Disproportionation (from toluene to Cg, Cg or Co)
Motor gasoline (as additive solvent)

Miscellaneous

Total as feedstock and miscellaneous

32%
7%
2%

11%

16%
3%

10%

81%

Used as solvent

19%

Total

100%

Based on the results of the Parpinelli Tecnon (1996) analysis (cf. above), 19% or approximately
400 kTonnes is used as a solvent. However, the European Industrial Toluene User Group (EITUG)
has provided information on the industry toluene consumption of approximately 60 kTonnes/year
(EITUG, 1998), later updated to approximately 180 kTonnes/year (EITUG, 1999) (cf. Table 2.3).

This discrepancy of toluene use as a solvent demonstrates the difficulties in estimating product
end-use when such customers purchase the product, not from the producer, but from customers
of the producer. APA informs that the majority of the toluene producers sell their product to
large consumers (for conversion) and to distributors (for resale) in large volumes (ships and
barges). Companies using toluene as a solvent use and store small volumes and normally
purchase from established distributors in smaller volumes (trucks and smaller).

Table 2.3 Consumption of toluene by industry  (EITUG 1998)
Industry Industry Tonneslyear KTonnes/year
Printing Ink making 1,600

Publication gravure 30,000

Packaging printing 5,000

Wall covering 1,000 38
Painting Building industry NA

Vehicle refinishing NA

Wood and furniture NA 90
Adhesives Adhesive manufacturing NA

Leather and footwear NA

Floor coverings NA

Wood and furniture NA 19
Rubber Rubber converting 30 30
Other uses Laboratories 1 1
Industry total 178
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Additional information has been obtained that toluene can also be used as processing aids (as
“extraction solvent”, not raw material) in the manufacture of caprolactam, pharmaceuticals and
other chemicals. From limited information, it is estimated that the demand per site is small
<300 t/y. As the actual number of users is not known, it is not possible to determine the total use
in this category but it could be in the range 50-150 kTonnes.

According to APA, it is difficult to obtain an accurate estimate for the use of toluene as a
solvent. Toluene is used in many solvent applications and there are no mechanisms in place to
add up the quantities used. Not only is toluene used as a solvent in the rotogravure industry, in
paints, varnishes and adhesives, it is also used in pesticides, wood preservatives and as a
processing aid among others. The APA estimate of how much toluene that is used as a solvent
(Parpinelli, 1996) is based on interviews of major producers/users and from published statistics.
From the latest Parpinelli Technon study issued in 1998, a toluene solvent demand of
439 kTonnes is estimated. It is noted that the estimate should not be viewed as a statistically
correct demand, but is instead an indication of the magnitude or range of demand. From another
industry estimate (private communication to APA), a solvent demand of 382 kTonnes is
estimated. The average value of the two sources would be 410 kTonnes based on 1998 data.

Table 2.4 Different estimates on the demand of toluene for use as a solvent

Country Parpinelli Industry Range
UK 70 74 128 75-125
Ireland 4

Germany 87

Austria 4 103 69 70-100
Switzerland 12

Italy 72 60 60 - 70
France 63 48 50 - 60
Spain 57 40 40 - 55
Netherlands 24 10 10-25
Belgium 13 12 10-15
Portugal 19 10 10-20
Greece 9 - 10
Nordic Countries 5 5 5
Sweden 2

Denmark 1

Norway 1

Finland 1

Total 439 382 380 - 440
Average 410

") Private communication to APA

Toluene is used in the gravure printing process as a production aid for the printing of products
such as magazines, leaflets, advertising brochures and catalogues.
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In Denmark, the Danish Product Register (August 1998) data on toluene registered approximately
2,855 products containing 6,964 tonnes toluene. The distribution of the content is presented
below and may be considered as a typical example of the distribution in products in the Nordic
countries. The use of organic solvents like toluene has been reduced in the Nordic countries in
certain use categories of products such as paints and lacquers during the last decades. The
decreasing use of toluene in some types of products is reflected in the Product Register information
which also shows that the total registered volume of toluene in products in the Danish market has
decreased from approximately 19,000 t in 1995 to the present level of approximately 7,000 t
(1998).

The Danish products types covering more than 50 functions/uses include solvents, adhesives and
binding agents, paints, lacquers and varnishes, and intermediates. The industry groups were:
chemical industry, manufacture of metal articles, textile and clothing industry, reprographic
industry, wood and furniture industry, and construction industry distributed in 28 trades.

Table 2.5 Danish Product Register 1998 (tonnes and percentage differentiated in concentrations in preparations/products)

Use category 0-1% | 1-5% | 5-10% | 10-20% | 20-50% | 50-80% |80-100% | Total | %
Solvents <1 <1 6 42 274 1,971 2,242 | 4536 | 65
Paints, lacquers and varnishes 28 16 65 156 336 133 3 737 11
Reprographic agents <1 <1 698 698 10
Cleaning agents <1 <1 <1 <1 59 292 10 362 5
Intermediates 633 9
Adhesives, glues 1 26 2 27 77 8 <1 141 2
Process regulators <1 <1 <1 6 53 43 <1 104 1
Surface treatment <1 6 <1 2 47 <1 56 1
Corrosion inhibitors <1 3 2 2 37 45 1
Total 32 51 79 204 1,478 2,866 2,254 | 6,964 | 100

Note: Deviations in totals may be caused by the reporting method (less than 3 companies not specified due to confidentiality)

Table 2.6 Swedish Product register 1994

Use/function Tonnes %
Intermediates 12,000 - 17,000 66%
Diluents (paints etc.) 3,800 - 3,850 15%
Solvents 2,200 9%
Printing inks 1,000 — 1,200 5%
Paint and varnishes 640 - 720 3%
Binders, adhesives, glues 330-370 1%
Others 1%
Total 19,600 — 25,600 100%

Note: Approximately 1,000 products whereof 240 were consumer products
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The differences in the distribution of toluene in various use categories of products in the Danish
and Swedish product registers can be explained by the differences in the reporting requirements,
use categorisation methodology and the structure of the industry between the two countries.

23.1 Information on use pattern according to the TGD and the literature

Toluene is used in the industry in closed systems, and with wide dispersive use. The main
categories according to the TGD (1996) categorisation would then be:

Main category: Continuous production, isolated intermediates (1b)
Production: Type: used in closed system
Industrial category: Chemical industry: basic chemical

Chemical industry: chemicals used in synthesis
Mineral oil and fuel industry

Polymer industry

Pulp, paper and board industry

Paints lacquers and varnishes industry

Textile industry

Agricultural industry

Electrical/electronic industry
Personal/domestic industry

Use category Intermediate
Solvent
Adhesives, binding agent
processing: wide dispersive use

Table 2.7 Industrial and use categories  (IUCLID, 1994)

Industrial category IC no. Use category UC no.
Chemical industry: basic chemical 2 Solvents 48
Chemical industry: used in synthesis 3 Intermediates 33
Mineral oil and fuel industry 9 Additives in fuel, motor oil etc 28
Pulp, paper and board industry 12 Solvent 48
(printing process) Coating 48

Adhesives, binding agents 48
Textile processing industry 13 Coating 48
Paints, lacquers and varnishes industry 14 Solvents 48

Literature references on the sources of toluene

The principal source of toluene is catalytic reforming of refinery streams. This source accounts
for ca. 87% of the total toluene produced. An additional 9% is separated from pyrolysis gasoline
produced in steam crackers during the manufacture of ethylene and propylene. Other sources are
an additional 2% recovered as by-product from styrene manufacture and 1-2% entering the
market from separation from coal-tars (Kirk-Othmer, 1983).
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Of the commercial toluene, the major part (80%) is used in chemical productions as an
intermediate to other substances; e.g. toluene diisocyanate is the basic raw material for
production of flexible polyurethane foams (Kirk-Othmer, 1983). Back-formation of toluene from
some of its end-products may be possible.

The emissions to the environment were estimated by WHO (1985) to be the results of:

« use in fuels (exhaust emissions, evaporative losses and emissions due to marketing and
distribution) 65%,

. use as solvent, release as a result of evaporation 34%,

 refining and production 2%,

« the emission to the environment also comes from other manufacturing processes, by product
formation (and cigarette smoking).

Three studies estimating sources of toluene released in the UK gave similar proportions:

o use in fuel 48-74%
« use as a solvent 25-52%
« refining and production <2%

Nielsen and Howe (1991) in: IUCLID (Shell, 1994).

23.2 Information on use pattern from main manufacturers

More recent information has been provided by the main manufacturers which is based on the result
of a survey covering 1995 performed by CEFIC Aromatic Producers Association (APA, 1996):

Table 2.8 Production and processing of toluene

Production in refinery streams 14,000 kTonneslyr (Estimate total motor gasoline
at 1.40-108 tonnes/yr-~10% toluene (CONCAWE, 1997)
Production, isolated toluene: 2,600 kTonnes/yr (APA, 1996)
Import; <150 kTonnes/yr (>48 Kt, APA, 1996)
Processing at production 534 kTonnes/yr (APA, 1996)
Processing by APA members 1,253 kTonnes/yr ")
Formulation at production 2 kTonnes/yr 2

) The data from individual manufacturers do not all list production figures and some are indicted as processors only. These are omitted
from the total of APA reporters who produce and process on the same site. A major portion of the onsite processing is as intermediates.
2 Only one responder who reported production volume also reported a formulation volume but no industrial category was reported.

According to APA (1997) the production, processing and use were distributed in industrial
categories according to Table 2.9.
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Table 2.9 Volumes of toluene used in various processes inthe EU  (APA, 1997; APA et al., 1999)

Industrial Category kTonnes/year | ICno." Use Category UCno." %
Chemical industry: Chemicals used in 534.0 3 On-site intermediate 33 20.2
synthesis 1,411.0 Off-site intermediate 33 79.8
Chemical industry: Basic Chemical 200.0 2 Solvent 48

Chemical industry: Basic Chemical 150.0 2 Extraction agent 34

Mineral oil and fuel industry 160.9 9 Solvent 48

Polymers industry 1134 11 Process regulator, dry 33

Agricultural Industry 8.1 1 Intermediate 33
Personal/domestic industry 8.1 5 Solvent 48
Electrical/electronic industry 0.2 4 Solvent 48

Textile processing industry 0.1 13 Coating 0

Other 15.2 15 Other 0

Paint, lacquer and varnish industry 90.0 14 Solvent 48

Printing: *

Ink making 1.6 14 Solvent 48

Publication gravure 30.0 12 Solvent 48

Packaging printing 5.0 12 Solvent 48

Wall covering 1.0 12 Solvent 48

Adhesives 19.0 12 Solvent 48

Total 2,747.6

*  The printing industry subgroups could not be allocated to one specific IC and are therefore divided between the IC 14: Paint, lacquers
and varnishes and I1C12: Pulp paper and board industry
' For explanation, see Table 2.7

With no specific knowledge of its uses, it is assumed that toluene is used as a solvent in the
electronic and personal/domestic industries (either directly or in preparation such as adhesives).
In the mineral oil and fuel industry, toluene is used in additives or as a solvent in additives in
motor oil, gear oil, hydraulic fluid etc. Toluene is also used as a solvent in oil base paints.
Specific emission scenarios exist for IC nos. 3, 5, 13 and 14 and appended to the Technical
Guidance Document (TGD) in Section IV, Chapter 7. However, because of insufficient
information on the release scenarios, the release estimations have been performed according to
the general IC/UC categories in the TGD, Chapter 3, and Appendix A in the risk assessment
report.

APA has performed a detailed study based on information from 31 sites: 19 sites were producing
isolated toluene, 6 sites produced and performed on-site processing of toluene and 6 toluene
processing sites. These sites will be considered separately in Section 3 and denoted “upstream”
production and processing scenarios.
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Table 2.10 Site-specific information

No. of sites Production volume, kTonnes Processing volume, kTonnes
Production 19 2,080
Production + processing on site 6 509 494
Processing 6 21
Total 31 2,589 515
2.3.3 Fuel component

The presence of toluene in fuel is not strictly a part of the risk assessment of the commercial
product toluene but is used for illustrative purposes (cf. Appendix A for details).

The blending of unleaded gasoline has resulted in the incorporation of higher concentrations of
reformates which are rich in aromatic hydrocarbons, including toluene.

The average composition of marketed gasolines has been studied in 48 German gasolines during
1992-1994. The range of toluene concentrations varied from 2.7% to 21.0% by weight with an
average of 11.4% by weight (DGMK, 1994).

Table 2.11 Content of toluene in automotive gasolines

Fuel type Country Year Range, % Average % Reference

Regular The Netherlands 1977/78 ca.5 Rippen (1992)
Germany 1986 3.0t 11.8 6.1

Regular unleaded Germany 1986 5.3t0 14.9 9.3

Premium (Super) The Netherlands 1977178 ca.8
Germany 1986 8.5t0 14.7 12.5

Premium unleaded Germany 1986 4710173 9.2

48 Gasolines Germany 1992-1994 2.7t021.0 11.4 DGMK (1994)

The annual consumption of motor gasoline in the EU for the years 1990-1994 has been about
120 million tonnes (IEA, 1995). Based on the German average, the total amount of toluene in
gasoline consumed each year in the EU corresponds to approximately 13.7 million tonnes.

234 Summary on use of toluene

Toluene is a component of crude oil and is produced by different petroleum distillation
conversion processes. [solated toluene is used in industry as a chemical intermediate and as a
solvent.

As an intermediate in the chemical industry, toluene is used as a raw material in the organic
synthesis of other chemicals e.g. benzaldehyde, benzene, benzoic acid, benzyl chloride, phenol,
toluene diisocyanate, xylene and other derivatives used as dye intermediates, resin modifiers and
germicides. Toluene is also used in the synthesis of explosives (TNT), vinyl toluene, cresols and
flavouring agents.
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Toluene is used as a solvent for paints, lacquers, gums, resins in the extraction of various
substances from plants. According to the main manufacturers approximately 20% of isolated
toluene sold as solvent is used in paints, inks, thinners, coatings, adhesives, degreasers and other
formulated products requiring a solvent carrier.

Because of the vast amount of products in which toluene is used either as intermediate or as
solvent (the main uses), toluene could be allocated to most industrial categories.
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3 ENVIRONMENT

3.1 ENVIRONMENTAL EXPOSURE

The environmental exposure assessments considered combine the relevant exposure scenarios
for the substance and apply recommended assessment methods for deriving PEC at a local and
regional scale according to information from the main manufacturers and/or the TGD.

3.1.1 Environmental releases

Emissions are expected from toluene production, from catalytic reformats, pyrolysis gases, and
as a by-product from styrene production and from its use as a chemical intermediate in industry.

Emission takes place from its use as a solvent and thinner for paints, lacquers, etc. in industry
and from downstream users including private use.

Releases to the environment also take place from toluene from the use of gasoline; for example
emissions from motor vehicle exhaust, gasoline storage tanks, filling stations, petroleum spills, etc.

Natural sources of toluene emissions such as vulcanos and forest fires exist.

The risk assessment is primarily dealing with the releases from the production and processing of
isolated toluene. Release from products containing toluene (e.g. gasoline) is therefore kept
separated and only included/commented on for illustrative purposes in the following sections. It
should be noted that monitoring data include both releases from isolated toluene production and
use as well as from the use of products containing toluene and toluene produced by other actions
(e.g. combustion). Emissions from other sources than production and use of the commercial
isolated toluene are covered in Appendix A.

Toluene may be released into the environment during its production, processing (i.e.
manufacturing of other chemical substances), formulation (i.e. mixing into other substances) and
use. The atmospheric compartment is estimated to be the primary recipient based on the high
vapour pressure. However, also release to surface water sand soil may occur. Toluene is
furthermore released into the atmosphere principally from the volatilisation of petroleum fuels
and toluene-based solvents and thinners and from motor vehicle exhaust. Emissions to aquatic
environment and soil may occur during storage, transport and disposal of fuels and oils.

Toluene is used and emitted in large quantities. Because toluene is a volatile organic compound,
the emissions mainly take place into the air and the emissions to soil and water partly leads to re-
emission to the air. As a result most of the toluene is found in the air compartment.

Emission to air is dominated by road-traffic, which is the main source according to Sloof and
Blokzijl (1988) and industry. Emissions are also caused by (other) combustion processes,
laboratories and smoking. This risk assessment report, however, mainly concentrates on releases
from the production, processing, formulation and use of isolated toluene.
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3.1.1.1 Release estimates

The release estimates are based on the assumption that 2,600 kTonnes of toluene are isolated and
that 150 kTonnes are imported per year in the EU.

Release from production and combined production and processing

Information from toluene production and processing sites has been gathered by the main
manufacturers who have collected responses by means of a questionnaire from the involved
industrial sites. The environmental exposure assessments were based on site-specific data when
available, and TGD default values when such data were unavailable. The results covering sites of
production, combined production and processing on the same site and a few processing sites are
presented in Table 3.1 and in detail with comments in Appendix B.

The data on production, and combined production and processing sites seem to cover an
acceptable number of sites to be used as an alternative to generic scenarios according to the TGD
covering “upstream” release and exposure.

In general, the environmental exposure estimation method employed by the main manufacturers
is slightly different from the standard procedures of the TGD.

1. Data override default TGD emission factors and parameters (e.g. STP flow), if available.

2. The analysis is conservative in that the default values to water for a “wet” process are used
regardless of whether or not the respondent characterised their manufacturing process as
“wet” or “dry”. These employed release factors are 0.003 for production and 0.007 for
processing.

3. The default emission factor to air used (0.01) corresponds to main category lc regardless of
whether or not the response was a continuous process in a closed system.

4. The removal in the STP used was 94.21% (94.57% calculated by EUSES).

5. The production volume, emission factor, STP removal, and dilution were used to calculate
local water concentration unless overridden by measured values in effluent or the local
environment?.

> Different degree of information and variable statistics were used, cf. Appendix B
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Table 3.1 Data for production, production and on-site processing and processing sites in kTonnes, use categories, release
fractions and emissions

Site  |Production| Processed | Formulated | Soldfor |MC|IC |UC| Release Release [Emission to| Emission
processing/ fraction fraction air to water
formulation to air to water (kg/day) (kg/day)

elsewhere

Production

P11 2 0 0 2 1c| 3|33 0.01 0.003 41.1 12.3

P2 81 0 0 81 1c| 3|33 0.01 0.000824 2,227.4 8.8

P3 180 0 0 180 1c| 3 |33 0.01 0.00002 4,931.5 9.9

P4 13 0 0 13 1c | 3 | 33| 0.000088 0.003 3.1 106.8

P5 37 0 0 37 1c| 3|33 0.01 0.003 1,005.5 301.6

P6 103 0 0 103 1c| 3 [33| 7.28-10% | 3.14-10% 2.1 8.8

P7 75 0 0 75 1c| 3|33 02 0.003 0 0.4

P8 100 0 0 100 1c| 3|33 0.01 0.003 2,739.7 821.9

P9 240 0 0 240 1c| 3 | 33| 0.0002 0.003 131.5 1,972.6

P10 8 0 0 8 1c| 3 | 33| 0.00023 0.003 5.1 66.3

P11 66 0 0 66 1c| 3 |33 0.01 0.003 25.0 542.5

P12 17 0 0 17 1c| 3|33 0.01 0.003 43.8 35.2

P13 170 0 0 170 1c| 3|33 0.01 0.003 4,657.5 0.0

P14 25 0 0 25 1c| 3|33 0.01 0.003 679.5 203.8

P15 55 0 0 55 1c| 3 | 33| 1.11-10% 0.003 0.2 4521

P16 25 0 0 25 1c| 3 133| 4-107 0.003 0.0 205.5

P17 41 0 0 41 1c| 3 [33| 1.22-10% 0.003 0.1 337.0

P18 43 0 0 43 1c| 3 | 33| 1.16-10% 0.003 0.1 353.4

P19 700 0 0 700 1| 3 33| 0.0035 0.003 6,712.3 5,753.4

Production + processing

PP1 9 3 6 0 1| 3 (33| 0.0012 0.003 27.9 69.9

PP2 49 158 2 0 1| 3 33| 1.09-10% 0.003 1.5 402.7

PP3 206 206 0 0 1b | 3 | 33| 0.000149 | 4.85-10% 84.1 2.7

PP4 35 0 18 18 1c| 3|33 0.01 0.003 958.9 287.7

PP5 194 123 0 71 1| 3 [33] 1.55-107 0.003 0.1 1,594.5

PP7 16 4 0 12 1|3 ]33 0.001 0.003 10.7 32.1

Processing

Pc1 0 1 0 0 313133 0.025 0.003 68.5 8.2

Pc2 0 0.2 0 0 313133 0.025 0.007 154 4.3

Pc3 0 33 0 0 313133 0.025 0.007 2,260.3 632.9

Pc4 0 20 0 0 313 (33| 0.000125 0.007 6.8 0.4

Pc5 0 0.5 0 0 1| 3 (33| 0.0017 0.003 2.1 3.7

Pc6 0 0.2 0 0 1| 3 [33] 0.00001 0.003 0.0 1.3

Total 2,588 549 25 2,181 26,642 14,233

" Production stopped in 1998
3 According to manufacturer

26



CHAPTER 3. ENVIRONMENT

Summary statistics for “upstream” production and processing

Production sites

For production sites, 19 sites were identified covering the production of 2,080 kTonnes of
toluene. The emissions to air vary from 0 to almost 7,000 kg/day and the emission to water
varies from 0 to 5,700 kg/day. It is noted that the high values were based on the use of TGD
default values. For details refer to the tables in Appendix B.

Production and processing sites

For sites where production and processing take place on the same site, 6 sites were identified
covering 509 kTonnes of toluene production, processing of 494 kTonnes of toluene and
formulation of 25 kTonnes.

The emissions to air vary from 0.08 to almost 1,000 kg/day and the emission to water varies
from 3 to 1,600 kg/day. It is noted that the highest values were based on the use of TGD default
values. For details refer to the tables in Appendix B.

Processing sites

Of processing sites, 6 sites are included in the main manufacturer study. The 6 sites cover the
processing of approximately 21 kTonnes of toluene. It is noted that the highest values were
based on the use of TGD default values. For details refer to the tables in Appendix B.

Thus, the site-specific information covers the production of 2,080 + 509 = 2,589 kTonnes
toluene and processing of 494 + 55 = 549 kTonnes toluene.

Release estimations from processing and other downstream uses

For “downstream” uses site-specific information obtained by the main manufacturers was too
scarce to be used as an alternative to default environmental release and exposure assessments
according to the TGD. Therefore, downstream uses have been separated into industrial
categories and use categories according to information from main manufacturers and releases
estimated according to the TGD by EUSES ver.1.0 (cf. Table 3.2, scenarios 1 to 10).

The release estimations are mainly based on the scenarios presented in Section 2.2, Table 2.9
with minor changes. For instance ink making is included in the paint scenario, resulting in
91.6 kT toluene allocated to IC 14. Adhesives and the remaining volume in the printing category
have been allocated to IC 12 (pulp, paper and board industry). The mineral oil and fuel industry,
IC 9, has been increased slightly based on revised data from the main manufacturers.

A total processing volume of 2,235 kTonnes of toluene is covered by the scenarios 1 tol 0 in
Table 3.2. Adding this to the 549 kT accounted for by the data a total of 2,784 kTonnes is included
in the risk assessment. The difference between production and processing of 195 kTonnes is
assumed covering import.
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The release scenarios used in the downstream risk assessment include formulation, processing
and private use.

1. Chemical industry: Chemicals used in synthesis (IC 3). Use category: intermediate (UC 33).
Processing of toluene and use as an off-site intermediate (i.e. processed elsewhere).

2. Chemical industry: Basic chemical (IC 2). Formulation and processing, toluene used as a
solvent (UC 48).

3. Mineral oil and fuel industry (IC 9). Formulation: Toluene used in additives or as a solvent in
additives (UC 48). The fraction of toluene in formulation is set at 10%. Processing of
lubricants and fuels is equivalent to the private use in motor vehicles.

4. Polymers industry (IC 11). Use as intermediate (UC 33), e.g. in the production of rubber.
Toluene used as process regulator in dry processes (without water). However, a few
manufacturers use wet processes, which is therefore included as worst case. The fraction of
toluene in formulation is set at 10%.

5. Paint, lacquer and varnishes industry (IC 14): Toluene used as solvent (UC 48) e.g. in the
formulation of oil based paint and varnishes.

6. Chemical industry: basic chemical (IC 2): The use of toluene as an extraction agent (UC 38)
is included in the processing as solvent since the same release fractions are used in the TGD.

7. Personal/domestic industry (IC 5). Toluene used as solvent (UC 48). Toluene is assumed
released from private use of toluene as a solvent either directly or in preparations such as
adhesives, cosmetics, additives in detergents, etc.

8. Pulp, paper and board industry (IC12). Toluene is used as a solvent (UC 48) in colorants,
adhesives etc.

9. Textile processing industry (IC 4). Toluene is assumed used as a solvent (UC 48).

10. Other (IC15/0). The category includes minor industrial uses of toluene (electric industry,
public domain, etc.).

The release from formulation and processing of toluene at sites, which is not accounted for in the
site-specific scenarios performed by industry (APA) has been estimated by EUSES. The volumes
have been allocated according to information provided by industry and have been revised after a
review of the original data submitted.

The use of toluene as extraction solvent presented by APA et al. (1999) could not be allocated to
a TGD defined IC. It was therefore decided in the risk assessment report to allocate this use as a
separate scenario (scenario 6). The result that is presented in Table 3.2 is used in the risk
assessment estimations.
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Table 3.2 Release scenarios in relation to current industrial toluene formulation and processing according to the TGD

scenarios
Scenario Life stage |[Category [IC |UC |MC |Ktiyr Release |Release |Fract. |dlyr |Region |Local
to fraction |Local release |release
source kg/d kg/d
1: Industry Processing |Interme- |3 |33 |1c [1387.7 |Air 0.001 0.15 300 (380 69
(intermediate) diate Water |0.007 2,660 486
2: Industry Formulation | Solvent 2 48 |3 2004 Air 0.025 1.0 300 {1,370 1,670
(basic) Water [0.003 165 200
Processing Air 0.65 0.25 300 | 34,700 10,500
Water |0.25 13,300 4,060
3: Mineral Formulation | Solvent 9 48 |3 185.2 Air 0.025 0.7 300 {1,270 1,080
oil and fuel |(10%) Water |0.003 152 130
Private use Air 0.4 0.002 365 19,700 394
Water  {0.0005 25 0.05
4: Polymers | Formulation |Process (11 (33 [1c |1134 |Air 0.02 0.4 300 |311 151
(10%) reg., Water |0.003 93 454
Processing | wet 3 Air 0.05 0.05 300 {1,530 93.3
Water  {0.003 31 1.87
5: Paint, etc. |Formulation | Solvent 14 148 [1c |91.6 Air 0.01 0.7 300 | 251 214
(50%) Water  {0.003 75 64.1
Private use Air 0.95 2E-5 365 123,500 0
Water  {0.04 991 0.024
6: Industry Formulation |Extraction |2 48 |3 150.0 Air 0.025 0.4 300 {1,030 500
(basic) agent Water [0.003 123 60
Processing Air 0.65 0.15 300 (26,000 4,740
Water [0.25 9,990 1,820
7:Personal / |Formulation |Solvent |5 (48 (4 (8.1 Air 0.025 1 300 |56 67.8
domestic Water [0.003 7 8.1
Private use Air 0.15 0.002 |365 325 0
Water (0.4 866 1.7
8: Pulp, paper | Formulation | Solvent 12 |48 |3 55.0 Air 0.025 0.4 300 | 377 183
and board Water |0.003 45 22
Processing Air 0.65 0.333 | 300 |9,520 3,860
Water  {0.001 15 5.9
9: Textile Processing [Solvent (13 |48 |3 [0.2 Air 0.15 0.4 38 |8 30
Water |0.75 39 150
10: Other Processing | Other 15 |0 3 43.6 Air 0.1 0.6 262 11,200 999
Water |0.001 12 10
Total Air 121,528 24,197
Water 28,589 7,065
2,235.1 150,117 {31,262
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It is noted that a large fraction (1/3) of the total environmental release is from private use of
toluene. Furthermore it is noted that the release to air is approx. 80% of the total environmental
release.

Based on the above scenarios, EUSES estimates the total continental and regional emissions:

Continental Regional
Total emission to air 1,090 t/d 122 t/d
Total emission to wastewater 180 t/d 20 t/d
Total emission to surface water 77 t/d 8.6 t/d
Total emission to industrial soil 2.4 t/d 0.3 t/d

Contribution of release of toluene from motor vehicles to total release of toluene

A rough estimation of the amount of toluene consumed by use of gasoline in the EU yields
around 13.7 million tonnes (cf. Section 2.3.3).

The toluene emission at a realistic content of 8.6% (86 g/1) in the fuel was measured in an ECE
15 standard test. The result was an emission of 350 mg toluene/m’ in the exhaust gasses, which
was approximately equal to 370 mg toluene/km. The amount of toluene expelled unburned with
exhaust gasses was measured to be 3.3% of the toluene in gasoline (Hisénen et al., 1981). A more
recent estimate based on air monitoring at a road site in Copenhagen and taking into account actual
traffic composition gives an estimate of 410 mg toluene/km (Christensen et al., 1999).

Assuming that these results are representative for the emission of toluene from motor vehicles
engines, rough estimations of this source of toluene emission can be performed (cf.
Appendix A). Regardless of whether the toluene emission rate per km or the amount toluene in
exhaust gasses is used, these calculations indicate that the total emission in the EU approximates
a level of around 500 kTonnes/year corresponding to around 50 kTonnes/year per region, i.e. a
level of around the current level of toluene released to the air from the current production and
processing of isolated toluene.

In a recent Dutch survey concerning environmental toluene emission sources which also includes
emission from power plants, this survey concludes, however, that only around a third of the
toluene environmental emission is caused by traffic (cf. Appendix A).

Another estimate on the total release of toluene from the use in gasoline is from The FOREMOVE
model (Appendix A). The FOREMOVE model provides estimates of past annual toluene
emissions for 12 EU countries (excluding Finland, Austria and Sweden) and also predicts future
emissions on the basis of the regulatory constraints arising from Auto Oil I programme (DGXI,
1996). The figures for 2000/2005 project the effectiveness of control measures to reduce future
toluene emissions from transport sources. These data are summarised below:

Table 3.3 Yearly estimates of toluene (kT/year) for 12 EU countries from car exhaust ~ (DGXI, 1996)
1990 1995 2000 2005
Gasoline exhaust 838 733 508 262
Diesel exhaust 4 4 4 3
Total 842 737 512 265

1995: 737 KT, cf. Table 3.4
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The gasoline exhaust emissions include a contribution of about 10% due to evaporative losses
from gasoline in vehicles. It is apparent from the above data that the contribution of toluene from
diesel exhausts is not very significant.

The main manufacturers have estimated the emission to air including the release from use and
from handling and use of gasoline. The results presented below illustrate that the release of
toluene from handling and use of gasoline is about 3 times higher than the release from
production and processing of isolated toluene.

Table 3.4 Emissions to air  (APA, personal communication, 2000)

Emission to air from: Toluene, kTons/year
Exhaust pipe - gasoline cars " 660

Exhaust pipe - diesel cars ") 4

Handling of gasoline " 73

Commercial toluene used as a feedstock (80%)?) 1

Commercial toluene used as solvent in paint, adhesives, printing etc. 3 178

Commercial toluene used as a processing aid (part of 50-150 kTons) 4 50

Total toluene emitted 239 737 976

) EU information for 1995 (CONCAWE, 1997).

2 11 KT for emissions from toluene used as feedstock (to be reformated), is calculated as 80% of 2,800 kT = 2,240 kT. In the
CONCAWE-report, it is stated that the gasoline exhaust emissions include a contribution of about 10% due to evaporative losses
from gasoline in vehicles. Total gasoline emissions for 1995 are estimated to 733 KT. If 10% represents gasoline handling, this is
73 KT. Gasoline use in Europe is estimated at 14,000 kT. The calculation 73 - 2,240/14,000 yields 11.68 kT. This is rounded to 11 kT
because gasoline handling involves much more open handling than toluene for feedstock. This number is certainly also an
overestimate.

9 178 KT for paint etc., is estimated in the following way: in the updated table from industry (EITUG), ca. 178 kT is estimated as the
consumption. Because this is a use where toluene evaporates from paint, lacquers, vamishes and adhesives etc., the evaporation
fraction is set to 100% to air. In rotogravure, toluene is recovered/collected in carbon filters and regenerated resulting in some toluene
is released to water and some is incinerated but most is evaporated (at least the fraction in paint etc.).

49 The 50 kTonnes toluene emitted from uses as processing aid is a “guesstimate”, which is based on the assumption that 100 to
150 kT is used and part of the toluene is incinerated.

In conclusion the rough estimate of environmental emission of toluene from motor vehicles vary
somewhat but two independent estimates indicate that this emission source may be about one to
three times the emission from the industrial production, formulation and use of the commercial
product toluene.

For illustration of the additional contribution to regional and continental concentrations from
emission of toluene from the use of gasoline regional and continental concentrations have been
estimated by addition of 737 kTonnes (Table 3.4) to the EUSES estimate on regional and
continental emissions arising from the production and use of the commercial product toluene.

31




EU RISK ASSESSMENT — TOLUENE FINAL REPORT, 2003

3.1.2 Environmental fate
3.1.21 Degradation
3.1.2.1.1 Abiotic degradation
Hydrolysis

No experimental data are available on hydrolysis. Toluene is not expected to hydrolyse under
normal environmental conditions (Howard, 1990).

Photolysis

Direct photolysis is not expected to be essential because toluene adsorption maximum is below
290 nm. In a test where toluene was adsorbed on silica gel and irradiated with light at
wavelengths >290 nm for 17 hours, 8.4% of applied amount was degraded (Freitag et al., 1985).
The direct photolytical degradation of toluene is estimated to be negligible.

Photooxidation

Indirect photolysis by photochemical oxidative degradation was observed in air. The rate
constant k = 6- 107" cm*/molecules/sec) equivalent to a half-life of 1.3 day (OECD draft method,
IUCLID) was measured using OH sensitiser. A half-life of 30 days was measured using Os as
sensitiser (IUCLID).

In a field study in California and Arizona, air samples during a two-week period included
toluene. The rate constant with hydroxyl radicals (OH): 6-10"2 cm’/molecules/sec. The
estimated residence time was 1.9 days, calculated assuming an average daily (24 hour)
abundance of OH radicals of 1-10° molecules/cm’. The daily loss rate calculated for 12 hours
was 40.9% (Singh et al., 1981).

The most important atmospheric removal process for toluene is by reaction with the OH radical.
The OH radical reactions proceed by two routes, H-atom abstraction from the C-H bonds in the
methyl group or in the benzene ring and OH radical addition to the aromatic ring. For toluene the
hydroxyl radical reaction leads to the initial formation of benzyl and hydroxycyclohexadienyl
radicals or alkyl-substituted homologues (Atkinson, 1990):

O
CH, CH, 02 OH
+ OH — + H,O —
\ CH,

OH
4 OH

OH

OH CH,
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The reactions result in the formation of o-, m- and p-cresol, o-, m- and p-nitrotoluene,
benzylnitrate, glyoxal etc. The introduction of two oxygen atoms finally leads to the splitting of
the aromatic ring.

The monocyclic aromatic hydrocarbons react slowly with O3 and NO; radicals and atmospheric
removal of toluene by these reactions is also of importance, especially at high concentrations.
The occurrence of the pesticide DNOC (4,6-dinitro-o-cresol) in rain and groundwater long time
after the substance was banned in Denmark may be caused by toluene transformation.

Table 3.5 summarises the indirect photodegradation data.

Table 3.5 Photooxidation rate constants

Sensitiser Rate constant Half-life Method Reference
cm3/molisec days

OH 5.997- 1012 1.3 Measured, OECD (draft 1990) | Palm and Zetsch (1992)

OH 6.31- 1012 1.8 Measured, OECD (1992) Palm and Zetsch (1992)

OH 6.0- 1012 1.9 Measured Singh et al. (1981)

OH 5.226- 1012 20 Estimated AOPWIN (1995)

0s 1.5-10-19 30 Measured Palm and Zetsch (1992)

In Palm and Zetsch (1992), the concentration of the OH sensitiser was 1- 10° molecules/cm’ and
the concentration of O; was 1-10° molecules/cm’.

The photooxidation was calculated by the model Atmospheric Oxidation Program for Windows
ver. 1.75 (AOPWIN, 1995) for comparison. The model is based on structure analysis. The
estimated half-life of 2.047 days was based on the OH-radical concentration
1.5- 10° molecules/cm’ and a 12-hour daylight period.

Troposheric ozone formation

The formation of troposheric ozone involves complicated chemical reactions between NOx and
VOC driven by the solar radiation. The time scale of ozone production is such that ozone
concentrations may build up over several days under suitable weather conditions, and that this
pollutant and its precursors can be transported over considerable distances (European
Commission, DGXI, 1998).

The relation between the ozone precursors in terms of VOC and thus toluene and ozone formation
is complicated and depends on the speciation and concentrations of VOC, NOX, solar radiation and
OH-radicals. The modelling of ozone formation from individual VOCs is difficult partly because
the basic chemistry i.e. formation of breakdown products and their reactions is still under debate
(Henrik Skov, personal communication). Within Europe very different environmental conditions
prevail i.e. NOx / VOC ratio and solar radiation but also different meteorological conditions (wind
speed etc.) meaning that a concentration of a VOC may lead to very different ozone
concentrations.

For example the European Commission DGXI (1998) used a simplified EMEP model
calculations and showed how a change in the VOC concentration may affect the ozone formation
to a small extent in some parts of Europe (NOx limited region), while in other parts of Europe a
change in the VOC concentration will lead to a considerable change in the ozone formation (high

33




EU RISK ASSESSMENT — TOLUENE FINAL REPORT, 2003

NOx regions). Thus there is no simple relationship between the VOC and NOx concentrations
and the resulting troposheric ozone creation. The ozone concentrations may at some places of
Europe even be higher at the same VOC concentration and at lower NOx concentrations than may
be the case at other places. Likewise the time trends of the troposheric ozone concentration for
Europe in general cannot be forecasted by predicting the future concentrations of VOC and NOx.

Nevertheless, the member countries in UNECE have agreed to use a Photochemical Ozone
Creation Potential (POCP) factor system where the individual VOC’s potential to create ozone is
given as a relative equivalence factor expressed as g ethylene/g VOC (gas) (Haushild and
Wensel, 1998). Two sets of factors exist corresponding to a low and high NOx situation.

The POCP of toluene is 0.47 g C,H4/g toluene gas (4-day) (Andersson-Skold et al., 1992).
Haushild and Wensel (1998) give POCP equivalence factors of 0.5 g C,H4/g toluene gas in a low
NOx situation and 0.6 g C,Ha4/g toluene gas in a high NOx situation based on the same study.

To evaluate the relative importance of toluene for the creation of troposheric ozone using the
POCP factor system the VOC composition within the region of concern has to be known. For a
simple evaluation of the relative importance of the isolated commercial product toluene for the
creation of ozone, the VOC composition from industrial sources as well as the VOC composition
from other sources e.g. traffic emissions has to be known. For a more in-depth evaluation also
the solar radiation and the NOx concentrations have to be taken into account. These will of
course vary very much in Europe, between regions and between individual sites within the
region, as will also the VOC composition which depends on composition of the regional / local
industrial sector and the traffic. For example ““ the VOC/NOx emission ratio in Milan (as also in
Paris) is twice as high as for other cities.” (Moussiopoulos et al., 1998).

An attempt to evaluate the relative contribution of non-isolated toluene (traffic emissions) to the
ozone creation potential has been performed in Section 3.1.4.3.

Conclusion on atmospheric half-life

The conclusion is that photochemical oxidative degradation/transformation is assessed to be an
important degradation pathway in air and that the half-life is estimated to be approximately
2 days according to the realistic worst-case concept. This value is used in the risk assessment.

3.1.2.1.2 Biotic degradation

Biodegradation

Several microorganisms that are able to degrade toluene have been isolated (Gibson and
Subramanian, 1984) and the degradative pathway is reasonably well established. Several bacteria
are known to use toluene as growth media (Gibson and Subramanian, 1984).

Even though toluene was readily biodegradable by microorganisms at high concentrations it
appears that toluene may persist in natural waters at low concentrations. When the concentration
falls below a threshold value, the metabolism of toluene can be too low to provide the cells with
energy at a rate needed for the maintenance of their metabolism. A 10-day study to determine the
minimum concentration of toluene needed for a bacterium population to use toluene as a carbon
source was performed using a bacterium strain isolated from forest soil the mineralisation of
radioactive toluene was determined by trapping '*CO,. Concentrations of toluene below 31 pg/l
were mineralised at low rates (1 to 16% during 8 days) by unadapted microorganisms. However,
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in the presence of other carbon sources, 0.9 pg/l toluene could be mineralised to below the
detection limit (2 ng/l) during 8 days. At 100 pg/l sufficient toluene was available to increase the
metabolic activity of the bacteria (Roch and Alexander, 1997).

The factors affecting the ability of a bacterial species to degrade toluene in concentrations of 8.5
to 217 mg/g sorbed to granular activated carbon (GAC), in an aqueous solution of mineral salts
were investigated by Roch and Védy (1999). After 144 days the amounts of toluene remaining
on one type of GAC ranged from 7.5 to 9.5 mg/g, and the aqueous concentrations of toluene
ranged from 2 to 7 pg/l. Neither bacterial death nor an inhibition by accumulating by-products
could explain why the remaining toluene had not been degraded. However, at these low
concentrations of toluene, and probably because of cell starvation, bacteria were observed to be
more than 100-times less efficient to degrade toluene than at high concentrations (Roch and
Védy, 1999).

The aerobic degradation of toluene may be inhibited in the presence of other organic chemicals.
In a 16-day incubation study by Dyreborg et al. (1996) it was observed that the presence of
thiophene, pyrrole, methylpyrrole and benzofuran reduced the degradation of toluene from 100%
to 10% after 4 days. The medium was groundwater from a creosote-contaminated aquifer and
toluene was added at 3 mg/l. The inhibition is stated to be caused probably by competitive
inhibition (Dyreborg et al., 1996).

These studies illustrate some of the general problems by using degradation data from
experimental standard tests with high concentrations of the test substance under laboratory
conditions for estimating degradation half-lives under environmentally realistic concentrations
and conditions. It seems thus that for toluene there is evidence for a significant slower
degradation at environmentally realistic concentrations (ng/l range) due to sorption and the
normal naturally occurring metabolic state of degrading bacteria. Inhibition of degradation
caused by presence of other substances may also occur. Because of this evidence, the normal
procedure for estimation of the half-lives for degradation of toluene at low concentration (pg/1
range) in surface water, sediment and in soil should be performed in a more conservative way
than by the standard estimation procedure of the TGD. It seems, however, reasonable to use the
standard procedure of the TGD for estimation of the half-life of toluene in STP, where the
conditions for degradation are much more favourable and the concentration generally would be
much higher (i.e. mg/l range) than in the environment (except for contaminated sites which are
not specifically dealt with in this risk assessment report).

Degradation in the sewage treatment plant (STP)

Toluene is degradable in several standard biodegradability tests using sewage sludge inoculums.
Degradation is observed in several die away tests using seawater or estuarine water (Price et al.,
1974; Bridie et al., 1979). The degradation rate is faster when adapted microorganisms/test
systems are used.
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Table 3.6 Results of biodegradation

Detection Result | Day | Method Conc. Toluene Inoculum Ref.
BOD 53% 5 APHA 219 (1971) 10 mg/l aerobic, domestic Price et al. (1974)
62% 10 sewage, non-adapted
70% 15
80% 20
BOD 73% 5 APHA 219 (1971) 10 mg/l aerobic, domestic Price et al. (1974)
74% 10 sewage, adapted
80% 15
86% 20
BOD 69% 5 APHA 219 (1971) 1.5 mgll aerobic, predominantly | Bridie et al. (1974)
COoD 81% 5 ASTM D 1252-67 domestic sewage,
non-adapted

The adsorption in activated sludge from a municipal sewage treatment plant was measured during
aerobic degradation at low concentration (0.05 mg/l) after 5 days of incubation. The accumulation
factor (concentration in sludge/concentration in water) was 1900. The biodegradation after 5 days
was 26.3% of applied amount based on CO, development (Freitag et al., 1985).

Based on this, toluene may be considered ready biodegradable respecting the 10-day time
window and according to the TGD the first order rate constant for biodegradation in STP (kgstp)
is set at 1 -h™ corresponding to a half-life of 0.0289 days.

Degradation in surface water

The removal in seawater was examined in mesocosmos studies including the volatilisation. The
tanks were 5.5 m high and 1.8 m in diameter and contained 13 m® seawater. The dissipation of an
initial concentration of 3.6 pg/l toluene was studied at the temperature intervals 3 to 7°C, 8 to
16°C and 20 to 22°C. The concentrations were measured during 1-2 months. A mixture of
volatile organic compounds was used. The half-lives were found to be 13, 16 and 1.5 days,
respectively (Wakeham et al., 1983). The dissipation was observed to be temperature dependent
with higher volatilisation and degradation at higher temperatures. Besides the dissipation was
observed to be dependent of the water depth and the turbidity.

The study does not present information detailed enough to estimate the degradation rates in surface
water and therefore, the estimates employing the TGD for ready biodegradability were used as a
starting point taking the above indications for slower degradation under environmental conditions
including low concentration into account. Employing the test results for ready biodegradability and
the recommended estimates based on the TGD (1996), but applying a factor of 2 for slower
degradation at environmental conditions (cf. above) the first order rate constant for biodegradation
in surface water, kbiowger is estimated to 2.37- 102 d”', corresponding to a half-life of 30 days.

This result is used in the estimations of the regional environmental concentrations of toluene.

Degradation in soil

Biodegradation half-lives varying from 83 to 92 days in various soil systems under different
experimental conditions are cited in Sloof and Blokzijl (1988), without further details.

The biodegradation of toluene in soil microcosms (50 g soil dw, 50 ml water) was observed to be
proportional to the initial toluene concentrations and the degradation rates reached a maximum at
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200 mg/kg. No degradation occurred above this concentration presumably due to the toxicity of
the hydrocarbon to the soil microorganisms. The degradation half-lives were 3 and 2 days at
5 mg toluene/kg soil and 12 and 9 days at 200 mg toluene/kg soil at 14% and 100% moisture
content, respectively (Davis and Madsen, 1996). They also report a degradation half-life of
31 hours and 172 hours in two different soil types at a concentration of 0.5 mg/kg. This study
employed high concentrations of toluene, which may not be regarded of relevance for the
degradation half-lives in soil in general except at contaminated sites.

Thus there is limited information available for interpretation of the first mentioned study but a
large variation in the reported degradation half-lives in soil from 2 to 93 days. Taking the above-
mentioned scientific studies on the dependency of the degradation kinetics on adsorption,
metabolic state of microorganisms and concentration of the test substance into account, a
conservatively derived half-life for aerobic degradation in soil based on experimental results of
90 days, are used in the regional and local estimations of soil concentrations.

Anaerobic degradation / degradation in sediment

Anaerobic degradation has been studied in an anaerobic microcosm employing aquifer material
from the vicinity of a gasoline spill. Toluene (6 mg/kg) mineralisation. was observed in
anaerobic microcosm prepared from gasoline-contaminated aquifer material. 34-49% of the
added '*C-toluene was removed during two weeks and of the removed toluene 77% was
transformed into CO, (Haag et al.,, 1991). Thus toluene seems to be quickly anaerobicly
degraded by adapted microorganisms when toluene occurs at high concentrations, No
information is however available on the anaerobic degradability at environmentally realistic
conditions and with non-adapted microorganisms. Thus the anaerobic degradability is by default
set to zero for anaerobic sediment layers and the degradability half-life in sediments are
according to the TGD set to one tenth of the half-life in soil, i.e. 900 days.

3.1.2.2 Distribution

The relatively high vapour pressure indicates that the atmospheric compartment is the primary
recipient.

Volatilisation/Evaporation

Soil

In a laboratory experiment toluene was applied on the surface of a sandy soil system with an
organic carbon content of 0.067%. It was observed that 38-66% of 0.2-0.9 mg/l of toluene
evaporated during 45 days (cf. below “mobility”’). The evaporation half-life of toluene added to
sandy soil was experimentally found to be 4.9 hours (Wilson et al., 1981). After addition onto
two soils with and without sludge, toluene was completely evaporated in 10 days and maximum
0.5% was degraded (Jin and O'Connor, 1990 cited in Rippen (1992)).

Based on these studies and the physico-chemical properties of toluene it is expected that
evaporation may constitute an important removal mechanism in the top centimetres of soil.

Surface water

The volatilisation from water has been studied in several studies. The volatilisation half-life in a
water tank at about 5 m water depth ranged 1.5-16 days (cf. above) (Wakeham et al., 1983). In a
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laboratory study by Potera (1975) the volatilisation rate was 907 g/m*/day and the observed half-
life was 16.5 hours (range 13-17 hours). The tank size was 20-40 cm and 25 cm deep, contained
about 19 1 of water and the temperature was 20°C. These studies confirm that the volatilisation is
dependent of the water depth.

The Henry's Law Constant can be estimated by using the measured vapour pressure 3,000 Pa and
the water solubility 515 mg/l. Henry’s Law Constant is then estimated to be 537 Pa m*/mole at
20°C. This value indicates that volatilisation of toluene from surface water may be expected.

The rate of volatilisation of toluene from water to atmosphere is estimated by Mackay and
Wolkoff (1973). They calculated the half-life based on a water volatilisation rate of
2,740 g/m*/day from one cubic meter of water with 1 m” surface area to be 30.6 min.

Mobility in soil

Mobility was studied in a soil column study on a sandy soil in a 5 cm i.d. and 140 cm high
column. The soil contained 92% sand, 2.1% clay, 0.067% organic carbon and pH was 6.4. The
soil column received 14 cm water per day over 45 days with the measured concentrations 0.9 and
0.2 mg/l. When 0.9 mg/l was applied 38% of the applied toluene was volatilised, 2% was
leached and 60% was degraded or not accounted for. When 0.2 mg/l was applied 66% was
volatilised, 13% was found in the leachate and 21% was degraded or not accounted for,
indicating that a higher degradation may take place at the 0.9 mg/l (Wilson et al., 1981).

Piwoni et al. (1986) constructed a microcosm to study the behaviour of organic pollutants during
rapid infiltration of municipal wastewater into soil. The soil was a fine sandy soil from
Oklahoma, USA, (92% sand, 6% silt, 2% clay and 0.087% organic carbon). The microcosm
received 4.4 cm of water and equal amounts of wastewater each day. The soil columns were
15 cm internal diameter and 150 cm long. The wastewater was collected fresh daily. The
microcosm was amended 31.4 mg toluene/l. A small proportion, 20% =18 of added toluene
volatilised and 9% was recovered in the microcosm effluent. 71% was not accounted for and
may be either degraded or adsorbed. The result was comparable to measured values from
publicly owned STPs.

The mobility in soil, based on Koc, indicates that toluene may be estimated as relatively mobile.
Koc was experimentally found to range from 37 to 160 in three silt soils (37, 46 and 160
(Nathwani and Phillips, 1977)) indicating high to moderate mobility.

The adsorption coefficient Koc estimated from log Kow 2.65 according to the TGD (1996):
log Koc = 0.81 log Kow + 0.1 = 2.24) would result in a Koc of 176.4. A QSAR estimation
performed by a first-order molecular connectivity index estimated a Koc of 268 (PCKOC in
EPIWIN; Meylan and Howard, 1994). The results are evidence supporting the conclusion that
toluene may be considered to be a potential leacher, which may reach groundwater. The
adsorption coefficient Koc of 177 is used in the risk assessment.

The distribution in the environment, based on the EQC model (developed by Di Guardo
according to Mackay et al., 1996) using the relevant physico-chemical data from this report at
20°C results in the distribution: 99.0% in air, 0.90% in water, 0.08% in soil, 0.002% in sediment,
0.0002% in suspended sediment, and 0.00002% in fish. Another Mackay Level I model
calculation performed by Shell according to Mackay and Paterson (1981) (IUCLID, 1995) is
included for comparison in the table below.

The distribution to the environment according to a EQC model level III has been estimated when
emissions are distributed according to the TGD Scenario IC 2 (Table A 3.2 in the TDG, 1996).
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The results are shown in Table 3.7.

Table 3.7 Distribution in the environment, Mackay Level | and Il

Mackay Level I ref.: Input data Mackay distribution
Water- Log Kow | Vapour H Air Water | Sediment| Soil
Solubility Pressure | Pa m3mol
Mackay level I. luclid 1995 99.47 0.49 0.02 0.02
Mackay level I. EQC 1.01 1997 515 2.65 3,000 537 99.00 0.90 0.002 0.08
Mackay level lll. EQC 1.01 1997 * 515 2.65 3,000 537 35.8 63.3 0.254 0.683

* Emissions as for IC2; 65% to air, 25% to water and 1% to soil

Conclusion

Toluene is readily degraded in sewage water, and is degraded by a variety of soil
microorganisms, especially when the microorganisms are adapted to toluene. At low
environmental concentrations the degradation rate is significantly reduced. The half-life in STP
was estimated to be 0.0289 days (1 h™), in surface water 30 days and in soil 90 days.

Toluene seems to be aerobically and anaerobically biodegradable at high concentrations and
when exposed to adapted microorganisms, however, under aerobic and oligotrophic conditions,
the substance seems not to be biodegradable if the concentration is low (0.05 mg/l level). The
latter kinds of more detailed information regarding biodegradability are not easily employed by
following the risk assessment methodology according to the TGD and are therefore not
considered in this risk assessment. Because no information was available regarding anaerobic
degradation at environmental concentrations and conditions, degradation in anaerobic sediment
has been set to a half-life of 900 days according to the TGD.

The atmospheric compartment is the main recipient of toluene. In air, toluene is exposed to
indirect photolysis by photochemical oxidative degradation with a half-life of 2 days. The fate of
the degradation products has not been assessed in the risk assessment report.

Several studies confirm that the volatilisation of toluene may be substantial from water surfaces
and from top soils. The adsorption potential seems low and may indicate a leaching potential.
The leaching potential is confirmed by groundwater monitoring results (cf. Section 3.1.2.1).
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3.1.2.3 Bioaccumulation
The log Kow is <3 indicating limited bioconcentration in aquatic organisms.

A number of bioaccumulation studies with aquatic organisms are available. The BCF value of 90
observed in the fresh water fish Golden Ide (Leuciscus idus melanotus), was the largest value
found in fish studies and is used as a worst case in the risk assessment.

Table 3.8 Bioconcentration factors (BCF)

Organism Exposure Exposure BCF Reference

conc. mg/l days
Fish:
Anguilla japonica (eel) 0.13 10 days 13 Ogata and Miyake (1978)
Leuciscus idus melanotus (ide) 0.05 3 days 90 Freitag et al. (1985)
Clupea harengus (herring) 0.09 2 days 8 Korn et al. (1977)
Molluscs:
Mytilus edulis (Mussel) 0.05-4 8 hours 4.2 Geyer et al. (1982)
Tapes semidecursata (Clam) 1.2 2-8 days 1.7 Nunes and Benville (1979)
Algae:
Chlorella fusca 0.05 24 hours 380 Freitag et al. (1985)

The BCF (fish) employing the QSAR equation recommended in the TGD (1996) (log BCF =
0.85 log Kow - 0.7) is 36 indicating that the chosen experimental BCF may be regarded as a
worst-case value.

Elimination of toluene from fish appears to be relatively rapid. The available information
indicates the half-lives to be <2 days in two fish species: eel and herring (Ogata and Miyake,
1978; Korn et al., 1977). The low bioaccumulation potential in fish and molluscs and the rapid
elimination rate indicate that toluene is unlikely to bioconcentrate in the aquatic food chain.

3.13 Aquatic compartment
3.1.3.1 Measured exposure data
3.1.3.1.1 Concentrations measured in STP

Toluene concentrations in industrial wastewaters were reported to range from 0.010 to 20 mg/l
(WHO, 1985). Measured concentrations of toluene in wastewater influents and effluents have
mainly been found in older literature references and may not be representative of current
concentrations but they are mentioned in Table 3.9 to give a general idea of the anticipated
levels.
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Table 3.9 Concentrations measured in wastewater

Location No. or Range average Reference
No./pos. (Mgl

DK, 3 STPs, weekly mixtures 1992 Griittner and Jacobsen (1994)
Avedgre, municipal STP inflluent 4 0.7-7.3 3.7 g/l
Skeevinge, municipal STP influent 3 1.3-2.6 8.7 ugll
Marselisborg, municipal STP influent 3 4.9-9.0 6.6 pg/l
Denmark, 2 STPs 1997-1998 Aarhus (1998)
Viby 3/3 0.31-0.82 0.63 pg/l
Seholt 3/3 0.75-5.3 2.85 g/l
Germany (“tankstelle”) 1983-1984 7 3.1-450 pgll Rippen (1992)
USA, Industrial effluent (TNT-prod) 1981 200 pgl Rippen (1992)
Industrial effluent, 1985 1,498/295 median 5.1 g/l Staples et al. (1985)
Municipal STP, Los Angeles 1980-1981 5 210 ug/l Gossett et al. (1983)
Cincinnati, 3 STPs, influent 1982 26/2 <0.20-83 pgll Dunovant et al. (1986)
USA Rippen (1992)
Municipal STP, effluent <1982 1,100 pg/l -
City STP, effl. to Niagarariver ~ 1978-1981 20 0.14 pgll -
USA, municipal effluent <1986 1 48 ugll Marchand et al.
" 1985 40 max.1,600 320 pgll Piwoni et al. (1986)
" max.12,900 290 pg/l "
Calumet, Chicago, 1986 influent 85 ugll

effluent 6.2 pgll
Chicago 1985 influent 22 ugll

effluent <0.4 pgll
USA Piwoni et al. (1986)
40 Publicly owned STPs influent max.1,519 33.6u9/l
Moccasin Bend STP, TN influent max.188.8 38.0ug/l

3.1.3.1.2 Recent data on toluene in wastewater

In the APA (1996) study on toluene emissions covering 26 production sites, the STP influent
concentrations were measured at 6 sites and ranged <0.01 to 6 mg/l with the mean 2.25 mg/l, the
median 1.22 mg/l and the 90 percentile 5.6 mg/l. The STP effluent at 9 production sites ranged
0.01 to 0.05 mg/l with the mean 0.02 mg/l, median 0.01 mg/l and the 90%-ile 0.05 mg/l. At
11 processing sites, the STP influent concentration was measured at one site to 0.06 mg/l and the
STP effluent at 5 sites ranged 0.01 to 0.42 mg/l with the mean 0.096 mg/l, median 0.01 mg/I and
the 90 percentile 0.262 mg/l. Monitoring results from the receiving aquatic environment was
below the detection limit which varied (0.005, 0.01 and 0.02 mg/1).

Releases of toluene in the Rhéne-Alpes region in France

The effluents of 114 industrial sites were monitored in 1993 for several chemical substances. A
single 24-hour mixing sample was taken at each site. Toluene was detected in 27 of the
monitored effluents. The results are summarised in Table 3.10.
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Table 3.10 Monitoring results from Rhone-Alpes in France

Industrial activity Conc. in effluent (pg/l) Daily release (g/d) Dilution factor Ciocal (ng/l) "
Chemical industry 1,575 3.8 106 0.0002
Chemical industry 7,000 7 2.2-106 0.0032
Metal working 8 0.02 7,400 0.001
Metal working 12 1.5 2,400 0.005
Paint manufacturing 67 359* 500 0.0718
Paint manufacturing 3,766 045* 2-108 2.25-107
Paint manufacturing 3,546 278" 2.2-106 1.26-10°%
Paper-factory 120 660 50 24
Petrochemical industry 24,589 9,811 50 491.8
Petrochemical industry 147 25,946 1.5 98
Petrochemical industry 106 760 3,400 0.031
Petrochemical industry 17 1,653 1,700 0.069
Petrochemical industry 538 266 * 50,000 0.00532
Petrochemical industry 8,860 4,040 * 54,000 0.0748
Petrochemical industry 2,750 1,383 48,900 0.056
Petrochemical industry 762 2,771 6,770 0.113
Petrochemical industry 205 4,140 1,200 0.171
Petrochemical industry 28 1,728 * 400 4.32
Petrochemical industry 394 6,000 * 1,600 3.75
Petrochemical industry 16 221 315 0.051
Plastics and plastic fibres 359 9.87* 850 0.0116
Plastics and plastic fibres 26 0.38 440 0.059
Plastics and plastic fibres 118 1.2 4-108 0.00003
Solvent recycling 235 787" 225,000 3.50-10%
Surface treatment 19 2.3 120,000 0.0002
Tanning 12 49 30,500 0.0004
Textile dying 22 34 100 0.22

* Release into sewer; not clear whether further treatment or not.

Daily release (g/d) = Conc. in effluent (ug/l) - flow of discharge

ref: INERIS (1994) “Inventaire des micropolluants dans les entreprises de la région Rhéne-Alpes”.
) Calculated on the basis of information in reference.

Releases of toluene in the Poitou-Charentes region in France

The effluents of 27 industrial sites were monitored in 1996-1997 for several chemical
substances. A single 24-hour mixing sample was taken at each site. Toluene was detected in 1 of
the monitored effluents. The results are summarised in Table 3.11.
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Table 3.11 Toluene in effluents in the Poitou-Charentes region in France

Industrial activity Conc. in effluent Daily release Flow of receiving river Ciocal Water
(ug/l) (g/d) (m3/s) (mgll)
Chemical industry 9,800 1,323 * 135 0.114

*

Release into sewer; not clear whether further treatment or not

Daily release (g/d) = Conc. in effluent (ug/l) - flow of discharge

ref: DRIRE Poitou-Charentes (1998) « Inventaire des rejets de micropolluants dans 27 établissements de la région
Poitou-Charentes»

Releases of toluene in the Franche-Comté region in France

The effluents of 46 industrial sites were monitored in 1994-1995 for several chemical
substances. A single 24-hour mixing sample was taken at each site. Toluene was detected in 1 of
the monitored effluents. The results are summarised in Table 3.12.

Table 3.12 Toluene in the Franche-Comté region in France

Industrial activity Conc. in effluent (ug/l) Daily release (g/d)

Treatment of industrial effluents 124 9.3*

*

Release into sewer; not clear whether further treatment or not
Daily release (g/d) = Conc. in effluent (ug/l) - flow of discharge
ref: DRIRE Franche-Comté (1996) “Inventaire des rejets de substances toxiques dans les eaux’.

Releases of toluene in the Picardie region in France

The effluents of industrial sites were monitored for several chemical substances. A single
24-hour mixing sample was taken at each site. The results are summarised in Table 3.13.

Table 3.13 Toluene in the Picardie region in France

Industrial activity Conc. in effluent (pg/l)

date: 23/07/97
date: 10/11/94

date: 29/11/96
date: 29/11/95

( )

( )

( )

( )

(date: 09/07/91) 17.52

(date: 09/12/94) 0.72
Chemical industry 29 (date: 01/04/98) 6.26

( )

( )

( )

( )

( )

( )

Daily release (g/d)

0.66
0.11

8.16
9.94

Caoutchouc industry

Caoutchouc industry 1.26
1.8

Chemical industry 31

Chemical industry 18

11 date: 04/11/94 1.95

date: 06/02/98 0.35
date: 24/09/96 0.32
date: 04/10/95 1.53
date: 01/12/94 0.74

date: 29/02/96 0.26

Chemical industry 2
15
18
0.33

Chemical industry 15

Table 3.13 continued overleaf
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Table 3.13 continued Toluene in the Picardie region in France

Industrial activity

Conc. in effluent (ug/l)

Daily release (g/d)

Chemical industry 6 (date: 22/11/94) 29.67
Chemical industry 169 (date: 19/02/98) 113.91
11 (date: 12/03/97) 6.81
80 (date: 20/02/96) 44.24
250 (date: 17/10/95) 1285
Chemical industry 305.5  (date: 15/11/94) 23.22
Chemical industry 2 (date: 29/04/97) 0.02
15 (date: 07/02/96) 0.03
42 (date: 31/10/91) 6.01
Chemical industry 35 (date: 18/02/97) 0.08
Farm-produce industry 12 (date: 09/10/97) 5.81
Farm-produce industry 5.5 (date: 17/10/96) 14.34
Farm-produce industry 1 (date: 18/06/97) 0.01
Farm-produce industry 1 (date: 10/10/96) 1.53
Farm-produce industry 1.4 (date: 20/12/94) 8.14
Farm-produce industry 1.3 (date: 10/04/96) 11.48
3 (date: 13/08/91) 24.92
Glass bottle fabrics 27 (date: 18/05/95) 26.73
Mechanic construction 4 (date: 22/10/96) 0.12
Mechanic construction 2 (date: 09/07/91) 0.15
Mechanic construction 14 date: 06/12/94) 0.56
Mechanic construction 30 (date: 28/11/95) 7.2
Mechanic construction 1 (date: 11/12/96) 0.03
Metal industry 2 (date: 17/11/94) 1.63
Metal industry 3.2 (date: 08/12/94) 2.08
Paint manufacturing 9 (date: 08/11/94) 0.14
Paint manufacturing 45 (date: 05/12/95) 0.1
Paint manufacturing 15 (date: 03/03/98) 0.15
43 (date: 14/12/94) 2.8
Paint manufacturing 35 (date: 24/02/98) 0.17
13 (date: 25/03/97) 047
140 (date: 04/07/96) 28
1300 (date: 10/12/94) 33.8
Paint manufacturing 45 (date: 26/03/98). 0.85
3 (date: 16/11/94) 6.93
Paint manufacturing 44 (date: 15/12/94) 0.97
Paper-factory 35 (date: 19/02/97) 6.76
25 (date: 27/02/96) 5.61

Table 3.13 continued overleaf
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Table 3.13 continued Toluene in the Picardie region in France

Industrial activity Conc. in effluent (pg/l) Daily release (g/d)
Surface treatment 1 (date: 18/11/96) 0.12
Surface treatment 3.5 (date: 24/07/96) 0.07
Surface treatment 1.5 (date: 04/12/96) 0.01
Surface treatment 0.75 (date: 29/11/94) 2.25
Surface treatment 13 (date: 15/05/91) 2.04
Textile dying 3.8 (date: 11/10/94) 3.1
Textile dying 14 (date: 07/12/94) 0.42
Textile dying 22 (date: 04/10/94) 1.1
Ttextile dying 25 (date: 26/02/97) 2.95
Textile dying 43 (date: 08/12/94) 412
Textile dying 24 (date: 08/12/94) 1.69
Textile dying 4 (date: 23/10/91) 1.37
Textile dying 15 (date: 06/05/97) 3.51
Transport of industrial liquids 32 (date: 25/03/97) 1.22
23 (date: 19/10/94) 4.44

Daily release (g/d) = Conc. in effluent (ug/l) - flow of discharge
ref: DRIRE Picardie (1998) “Les micropolluants en Picardie”

Table 3.14 shows the estimated PECs based on the French monitoring data shown in
Tables 3.11-3.13 employing the default dilution factor of 10.

Table 3.14 Summary statistics of local PECs (ug/l) in France estimated from site-specific monitoring data using a default
dilutionfactor of 10

Industry Mean Min Max Median 90th %ile Number of sites
Chemical industry 5.23 0.0002 30.55 0.60 0.16 13
Farm-produce industry 0.40 0.1 1.20 0.22 0.88 6
Mechanic construction 1.02 0.1 3.00 0.40 2.36 5
Metal industry/working 0.13 0.001 0.32 0.10 0.28 4
Paint manufacturing 97.19 0.43 376.60 4.40 359.00 9
Petrochemical industry 131.00 0.031 886.0 1.49 4524 12
Surface treatment 0.33 0.0002 1.30 0.13 0.83 6
Textile dying 0.27 0.14 0.43 0.24 0.41 9
Miscellaneous 6.76 0.00 35.90 0.37 37.65 12
All categories 34.32 0.00003 886.00 0.37 37.65 76

When combining the monitoring data on which dilution factors are available (Table 3.10) with
those where only the effluent concentrations are available (Tables 3.11-3.13) the summary
statistics are:
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Table 3.15 Summary statistics of local PECs (ug/l) in France estimated from site-specific monitoring data combining data with
dilution factors and the default dilution factor of 10

Industry Mean Min Max Median 90th %ile Number of sites
Chemical industry 5.23 0.0002 30.55 0.60 0.16 13
Farm-produce industry 0.40 0.1 1.20 0.22 0.88 6
Mechanic construction 1.02 0.1 3.00 0.40 2.36 5
Metal industry/working 0.13 0.001 0.32 0.10 0.28 4
Paint manufacturing 15.22 0.0018 130.00 0.45 29.52 9
Petrochemical industry 49.2 0.0108 491.8 0.09 88.2 12
Surface treatment 0.33 0.0002 1.30 0.13 0.83 6
Textile dying 0.27 0.14 0.43 0.24 0.41 9
Miscellaneous 1.84 0.00 12.40 0.24 3.70 12
All categories 10.92396 0.00003 491.80 0.24 3.70 76

In the French studies the concentration of toluene in the STP effluents varied from 1 to
25,000 pg/l. The estimated concentrations in the receiving waters based on the mentioned
dilution factors varied between <<0.01 to 490 based on dilution factors or up 886 ug/l based on
default dilution factor of 10 (PNEC,qu. 74 pg/l cf. Section 3.2.1.2).

In general the number of sites within each industrial category are too few to be regarded as
representative for an EU risk assessment. However, the evaluation of these monitoring data
indicate that locally high PECs may be found especially close to petrochemical industry and
paint manufacturers.

3.1.3.1.3 Surface waters

Recent data

UK

In an UK monitoring data survey, the concentrations of toluene were measured at 22 sites in the
Northumbria area. The sites appear to have been selected for their proximity to discharges that
were anticipated to contain toluene. High values were reported at three sites: Site A adjacent to
tank storage terminals, Site B adjacent to a components factory, and Site C a coastal site near the
river mouth. For sites A and B, measurements were taken upstream and downstream of the main
discharge sites. The most frequent measurements were taken twice a month over a three-year
period (1993-1996); others were recorded less frequently or over shorter periods. The detection
limit was 0.1 pg/l after 1995 and 0.3 pg/l before 1995. The range and average are presented in
Table 3.16. In calculating the average, the detection limit has been assumed for individual
measurements where toluene was not detected (UK Environment Agency, 1997).

46



CHAPTER 3. ENVIRONMENT

Table 3.16 Toluene in UK surface water near relevant discharge zones

Site location Date Samples, | Samples Toluene concentration (pg/l)
No. >D.L. Min. Max. Average
Tyne river, ~3 km upstream site A 01/02/93-25/01/95 5 2 <0.1 4.61 1.26
Tyne river, ~2 km upstream site A 25/01/95 1 0 <0.1 <0.1 <0.1
Tyne river, adjacent to site A 14/02/93-07/03/96 25 25 9.2 22,365 4,499
Tyne river, 3 km downstream site A 01/02/93-21/09/95 6 3 <0.1 4.69 1.1
Wear river, ~1 km upstream site B 26/01/93-07/03/96 23 7 <0.1 1.31 0.43
Wear river, Adjacent to site B 11/01/93-30/11/95 37 37 843.6 20,675 9,279
Wear, 200 m downstream site B 30/11/93-03/10/95 9 1 <0.1 50.46 57
Coastal, near mouth of Wear, site C 19/01/93-27/02/96 13 13 1,400 303,000 31,082

For information of sites cf. text

In an unpublished paper regarding the proposed COMMPS Procedure of the Water Framework
Directive by DETR/Water Quality Div, Dept. of the Environment, Transport and the Regions
(1998) some overview information and an analysis are presented of various statistical methods
for providing summary information of concentrations in UK surface waters of 5 selected
substances, including toluene. The data from 21 out of 228 stations with at least 5 data values
and at least two measurements above the detection limit (DL) are analysed with eight different
statistical methods. The results can be summarised to: the arithmetic mean, geometric mean and
90 percentiles may vary more than one order of magnitude depending on the treatment of values
below DL and on the calculation method. For illustration varying the arithmetic mean from 134
to 618 ng/l depending on whether this value is based on the values >DL alone or whether values
<DL is ascribed a value of half DL. The same phenomenon appeared for the geometric mean
values. The 90 percentiles agreed well regardless of calculation methods on a level of 600 pg/l.

Germany

According to a Frauenhofer study (Herrchen and Miiller, 1997) toluene has been measured above
the determination limit in 7 out of 146 measurements (14%) during 1985 to 1996 in German
surface waters (the rivers Rhine and Elbe). The mean concentration was 0.975 pg/l and the
median concentration 0.5 pg/l.

A further analysis of the data from 1993 and 1994 in surface water is performed in a second
study from Frauenhofer Institute (Klein et al., 1997). The results are presented below to show the
difference in including values below the determination limit set equal to O or to %2 of the
determination limit.

Table 3.17 Concentrations in German surface water ~ (Klein et al., 1997)

Location Year Number No. >d.l. Mean (pg/l) Median (ug/l)

c<d.I=0 c<d.l.="d.I. c<d.I=0 c<d.L.="d.l.
Rivers* 1993 146 7 0.0329 0.975 0.01 25
NRW 1993/1994 20 17 0.256 0.257 0.34 0.34
Total 1993/1994 166 24

* German rivers to the North Sea including their affluents. NRW: Nordrhein-Westfalen
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Slovakia

The Morava River receives discharges from both industrial and domestic sources
(cf. Table 3.16). In the Morava catchment, the oil fields and sugar works are the main sources of
industrial pollution and domestic wastes from small cities enter the Morava River without being
purified (Al-Rekabi et al., 1996). The concentrations changed by season and temperature.

Former data

Most data on toluene concentration in surface water are old data and mostly without information
of the proximity to potential release sources.

Table 3.18 Surface water

Location Date Range Mean Reference
The Netherlands 0.1 pgll [UCLID; Sloof and Blokzijl (1987)
Germany 1977 1-3000 pg/l Arendt et al. (1977)
Main river
Rhine river 1978-1982 max. 2.0 pgll Meijers (1988)
Rhine at Diisseldorf 1982 0.100 pg/l ARW (1984)
1983 max. 4.0 0.220 pgll
1984 0.110 pgl/l
1985 0.24 ugll Brauch and Kiihn (1988)
1986 0.02 pg/l
Rhine at  Wiesbaden 1986 <0.01-0.08 0.02 g/l ARW (1986)
Koin <0.01-0.05 <0.01 pgll monthly averages
Diisseldorf <0.01-0.28 0.02 g/l
Wesel <0.01-0.05 0.02 g/l
Wupper,D 1986 0.640ug/l NRW (1986)
Emscher, D 2.800ug/l
Lippe, D 0.300 g/l
Spain 1985-1986 Gomez-Belinchon et al. (1991)
Besos river mouth 22.000 £0.120 pg/l
llobregat river mouth 4.100 £0.100 pg/l
Marine (coastal) 0.100 £0.077 pg/!
Barcelona 0.027+0.045 pgll
La Pineda 0.100 £0.050 pgl/l
Vil.Sitges 0.200 £0.017 pg/!
Slovakia 1993 Winter | 0.03-0.58 pg/l Al-Rekabi et al. (1996)
Morava River branches Spring | 1.05-3.49 pg/l
yearly | 0.64-2.24 Mg/l
The Netherlands

In surface water, the Netherlands survey programme observed on average in freshwater 0.1 pg/l
(max. 2 pg/l), and in marine water 0.02 pg/l (IUCLID).

US4

In the USA, toluene was found in 83% of surface water monitored at concentrations <10 pg/l
and 17% was >10 pg/l. In groundwater, 85% of the 39 wells analysed contained toluene; the
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concentrations were <I10 pg/l. Toluene was also detected in raw water and finished water
supplies up to 19 pg/l (WHO, 1985).

Germany

Arendt et al. (1977) measured 1-3,000 pg/l in Main River, Germany. The maximum value of
3,000 pg/l was measured outside Hoechst Farbwerk (Manufacturer). The concentration
decreased to 2,500 g/l at 1.6 km downstream and further to 1,000 pg/l at 4 km downstream.
Further downstream the concentrations ranged from 13 to 21 pg/l (Arendt et al., 1977).

Spain

The monitored rivers Besds and Llobregat are located north and south of Barcelona. Their waters
share multiple uses (domestic, industrial, agricultural etc.) and receive a wide spectrum of
unaccountable waste. Llobregat River is used as the major source of municipal water for the city
of Barcelona. The samples were taken monthly at the river mouth and from open seawater in
front of the rivers at maximum distance of 2 miles (3 km) (Gomez-Belinchon et al., 1988).

Table 3.19 Marine measurements

Location Year Concentration Reference
range mean
Marine waters (NL) 0.02 pgll IUCLID; Sloof and Blokzijl (1987)
North Sea 1983-1984 <0.005-0.060 0.013 pg/l | van de Meent et al. (1986)
2-70 km from NL coast
W. Mediterranean 1984 Marchand et al. (1988)
STP dispersion zone 0.240-0.830 Mg/l DL 0.02
Rhéne river mouth 0.577 ugll
Rhéne dispersal zone 0.004-0.415 pg/
Corsica, E.+W. Coast 0.005-0.017 Mg/l
-"-, Ajaccio 0.040 pg/l
-“-, open sea 0.007 ug/l

In the studies in the North Sea, the concentrations decrease with increasing distance to the coast
indicating dilution of the organic substances discharged from the rivers and the air-sea exchange
by volatilisation and dry and wet deposition processes (van de Meent, 1986). The values should
be compared to 0.02 pg/l measured in Rhine and the concentration found in rain also measured
in 1983 at four locations in the Netherlands of 0.05 pg/l (van de Meent et al., 1986.)

In the coastal water in the western part of the Mediterranean outside Cortieu, toluene was
measured at 4.5 £2 ng/l (Marchand et al., 1988).
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3.1.3.14 Sediments

Table 3.20 Measured concentrations in sediments

Location Year Concentration Reference
range mean
United Kingdom, 1984 1.2-6.4 Mglkg ww Rippen (995)
Tees river estuary Harland et al. (1985)-(RIVM)
USA, 1985 5.0 pg/kg dw Rippen (1995)
Slovakia 1993 winter | 10.1-69.5 Mglkg ww Al-Rekabi et al. (1996)
Morava river branches spring | 7.4-290 Malkg ww
summer | 6.2-166 Mglkg ww
yearly | 4.3-192.2 Malkg ww

In water and sediment from the most industrialised part of the Tees estuary (UK) taken at two
different locations at a depth of 1.5 m, average toluene concentrations were found at 6-60 pg/l in
the water and 1.2-6.4 pg/kg wet weight in the sediment (Harland et al., 1985).

Slovakia

The Morava River receives discharges from both industrial and domestic sources. In the Morava
catchment the oil fields and sugar works are the main sources of industrial pollution and
domestic wastes from small cities enter the Morava River without being purified (Al-Rekabi et
al., 1996). The concentrations changed by season and temperature. The concentrations in
sediments were several orders of magnitude higher than in the water (cf. surface water data).

3.1.3.2 Model calculations

The estimation of environmental release and the PECs are based on information from main
manufacturers. The main manufacturers have supplied the RAR with estimations based on
combined data and TGD default values covering the toluene production sites, the combined
production and processing sites and a few processors (Results and summary tables are included
in the text and the detailed spreadsheet is included as appendix). For downstream uses not
included, the generic scenarios of the TGD (1996) presented in Section 3.1.1.1 are used
(scenarios 1-10). The distribution between industrial categories and scenarios are presented in
Table 3.2.

3.1.3.2.1 PECca for the aquatic compartment

The removal and distribution in STP can be estimated by the values from the table in the TGD
(Corrigendum 1997) using log Kow 2.65 and log H 2.7 for ready biodegradable substances. The
model EUSES ver.1 estimates the removal in STPs to be approximately the same but the
distribution a little different. The EUSES values are used in the risk assessment.
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Table 3.21 Estimated fate of toluene in STP

Estimated according to % to air % to sludge % degraded % removal % to water
TGD corrigendum 1997 50 8 37 95 5
EUSES ver 1.0 48.6 1.57 44.4 94.57 5.42

The estimated concentrations of toluene in surface waters for the and generic scenarios in
Section 3.1.1.1 are presented in Tables 3.20-21.

Table 3.22 Site-specific releases to water and PEC estimated from production, production +on-site
processing and processing sites
Bold values indicate that defaults have been overwritten by measured data (APA, 2000)

Site E water C influent C effluent PEC water
(kg/d) mg/l mgl/l mg/l
Production
P17 12.33 5.1 0.30 0.010
P2 8.8 2.93 0.17 1.1-10%
P3 9.86 2.05 0.005 1.39-107
P4 106.85 53.42 0.050 0.002
P5 301.64 15.71 0.910 0.040
P6 8.85 4.42 0.256 5.7-10%
P7 0.0037 0.19 0.010 0.001
P8 821.92 1.44 0.013 3.9-10%
P9 1,972.60 5.00 0.290 3.52-10%
P10 66.29 184.13 0.010 1.8-10%
P11 542.47 85.56 5-104 4.17-10°9
P12 35.20 8.45 3.65-10+ 3.65-10°%
P13 0.00 0.00 0.000 0
P14 203.84 101.92 5.900 0.59
P15 452.05 16.74 0.020 2-10%
P16 205.48 8.56 0.005 3.33-10°%
P17 336.99 11.70 0.010 1-10%
P18 353.42 1.00 0.050 2.97-10°%
P19 5,753.42 958.90 0.420 0.0014
Production + processing
PP1 69.86 0.97 0.003 0.000136
PP2 402.74 0.98 0.057 0.000369
PP3 2.74 1.37 0.079 0.000515
PP4 287.67 143.84 8.330 0.8300
PP5 1,594.52 30.20 0.010 1.00-10%
PP7 32.05 0.006 0.00035 5.32-10°%

") Production stopped in 1998
Table 3.22 continued overleaf
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Table 3.22 continued Site-specific releases to water and PEC estimated from production, production +on-site processing and
processing sites

Site E water C influent C effluent PEC water
(kg/d) mg/l mg/l mgl/l
Processing
Pc1 8.22 411 0.24 0.024
Pc2 4.32 2.16 0.12 0.013
Pc3 632.88 316.44 18.32 1.830
Pc4 043 0.1 0.01 3.22-104
Pc5 3.70 0.17 0.01 0.0012
Pc6 1.32 0.44 0.025 1.36-10°%

Table 3.23 Summary statistics for local surface water PECs (mg/l) at production sites

Mean

Median

Min

Max

90th %

3.40-1072

5.7-10%

0.00

5.90- 10

1.63-1072

19

Table 3.24 Summary statistics for local PECs (mg/l) at production + processing sites

Mean Median

Min

Max

N

1.39- 10

2.53-10+

1.00-108

8.30- 10

6

Note: No site-specific data were provided for site PP4 other than the amounts produced and
processed - as a result the local PEC is conservatively biased in comparison to PEC estimates for
other sites where some relevant site-specific data were provided. If the default estimate from site
PP4 is excluded the maximum local PEC derived from the remaining sites is 0.0084 mg/l. A
similar concern applies to local air and soil PECs summarised below.

Table 3.25 Summary statistics for local PECs (mgl/l) at processing sites

Mean Median

Min

Max

3.12- 10 6.89-10°

1.36-10%

1.83

The dilution factor is essential when calculating the environmental concentration. The data from
APA demonstrate the variability in dilution. However, due to missing specified data, the TGD
default dilution factor has been used for the generic scenarios not covered by APA, i.e. a dilution
factor of 10 is used in the remaining scenarios.
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Table 3.26 Generic scenarios for downstream uses: Estimated concentration in local surface water during emission episodes

according to the TGD

Scenario Life stage Ewater (kg/d) Cinfluent (Mg/l) Cefiivent (Mg/l) PECuwater (mg/l)
1: Intermediates Processing 486 243 13.2 1.320
2: Basic chemicals Formulation 200 100 5.43 0.549
Processing 4,060 2,030 110 9.040
3: Mineral Formulation (10%) 130 64.8 3.51 0.357
oil and fuel Private use 0.049 0.0247 0.0013 0.004
4: Polymers Formulation (10%) 454 22.7 1.23 0.129
Processing 1.87 0.933 0.05 0.011
5: Paint, etc. Formulation (50%) 64.1 321 1.74 0.180
Private use 0.024 0.012 0.0007 0.006
6: Basic chemical Formulation 60 30 1.63 0.169
Processing 1,820 911 49.4 4.940
7: Personal / Formulation 8.13 4.07 0.22 0.028
Domestic Private use 1.73 0.866 0.047 0.011
8: Pulp, Paper and Formulation 22 1 0.596 0.066
Board Processing 5.93 297 0.161 0.022
9: Textile Processing 150 75 4.06 0413
10: Other Processing 10 5 0.27 0.033

De Witt (1999) has performed a market analysis on processing sites using toluene in the

manufacture of benzene, toluene diamine, phenol and other uses (IC3/UC33).

To provide a first step in refining the local exposure assessment for toluene processing sites, site-
specific data for the 27 processing sites included in the DeWitt (1999) study were used by the
main manufacturers (APA) to estimate the release to water and the resulting PECwater. In this
analysis, processing capacity for each site is reported. These data were used to calculate a local
PEC at each site using the following equation:

PECLocal =

Where:

PEC oca1 = local predicted exposure concentration [g/m3 =mg/l)]

Z-0-D

C-UE-(1-R)

-1000

C = Site processing capacity [metric tons/a]
U = Fraction of capacity utilised

E = Emission fraction to wastewater

R = Fraction removed during WWTP [TGD default model estimate of 0.94 assumed]

Z = Number of days site operated [TGD default of 300 d/a assumed]

0O =WWTP flow [TGD default of 2,000 m’/d assumed]

D = Receiving water dilution factor [TGD default of 10 assumed]

And 1,000 is required for the necessary unit conversions.

The De Witt (1999) analysis indicates that in 1998 the total toluene processing capacity in
Western Europe was 3,176 kt/a while total production accounted for only 2,212 kt/a. These
estimates suggest that the fraction of the total capacity utilised (U) on average cannot be more
than 0.7. This estimate for U was assumed in local PEC calculations. The emission fraction to
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wastewater was selected based on examination of the various defaults associated with the
relevant industrial and use categories as summarised in Table 3.2. Based on these defaults, a
conservative release fraction for processing applications of 0.003 was selected for local PEC
calculations.

Based on the above assumptions, local PECs are summarised in Table 3.27. Local PECs for
most sites are above the PNEC. As a result, results from this conservative screening assessment
are not sufficient to exclude a potential environmental risk for downstream processors. The result
is presented below.

Table 3.27 Summary of Local PEC calculations for toluene using De Witt 1999 market analysis data and TGD default emission
and dilution factors
(APA, personal communication, 2000)

Site Country Purpose Site Estimated Estimated Estimated Estimated
Number for consumption | release to influent effluent PEC
toluene capacity wastewater conc. conc. aquatic
use " (kTonslyr) (kg/d) (mgll) (mgll) (mgl)
38 D B 63 441 220.5 11.907 1.1907
5 UK B 119 833 416.5 22.491 2.2491
14 SP B 124 868 434.0 23.436 2.3436
41 D B 125 875 4375 23.625 2.3625
35 D B 15 1,050 525.0 27.81 278149
9 UK 0] 2 14 7.0 0.378 0.0378
46 F 0 2 14 7.0 0.378 0.0378
3 UK 0] 3 21 10.5 0.567 0.0567
2 UK 0] 4 28 14.0 0.756 0.0756
1 UK o) 8 56 28.0 1.512 0.1512
45 F 0 9 63 31.5 1.701 0.1701
6 UK 0] 10 70 35.0 1.89 0.189
7 UK 0] 10 70 35.0 1.89 0.189
55 B 0] 10 70 35.0 1.89 0.189
53 B 0 14 98 49.0 2.646 0.2646
37 D 0] 15 105 52.5 2.835 0.2835
31 D 0] 24 168 84.0 4536 0.4536
27 D T 23 161 80.5 4.347 0.4347
51 B T 23 161 80.5 4.347 0.4347
47 F T 26 182 91.0 4914 0.4914
48 F T 27 189 94.5 5.103 0.5103
29 D T 35 245 122.5 6.615 0.6615
28 D T 44 308 154.0 8.316 0.8316

Table 3.27 continued overleaf
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Table 3.27 continued Summary of Local PEC calculations for toluene using De Witt 1999 market analysis data and TGD default
emission and dilution factors

Site Country Purpose Site Estimated Estimated Estimated Estimated
Number for consumption | release to influent effluent PEC
toluene capacity wastewater conc. conc. aquatic
use " (kTonslyr) (kg/d) (mgl) (mgll) (mgh)
30 D T 79 553 276.5 14.931 1.4931
22 T T 84 588 294.0 15.876 1.5876
43 F B,02 122 854 427.0 23.058 2.3058
16 NL P,03 215 1,505 752.5 27.81 2.7814
Total 1,370

) Key to Purpose of Toluene Use
B = Benzene manufacture
T = Toluene Diamine manufacture
P = Phenol manufacture
O = Other uses
2 119 KT capacity for benzene manufacture; 3 KT capacity for other uses
9 165 KT capacity for phenol manufacture; 50 KT capacity for other uses
4 Estimated influent conc. exceeds water solubility therefore set to solubility limit (e.g. 515 mg/l)

Table 3.28 Summary statistics for default local PEC calculations (mg/l) at processing sites
(APA personal communication, 2000)

Toluene uses Site capacity Mean Median Min Max 90th % N
kTlyr

Benzene 581 2.18538 2.3436 1.1907 2.781 2.6136 5

Toluene diamine 341 0.80561 0.5859 0.4347 1.5876 1.52145 8

Other 111 0.17483 0.17955 0.0378 0.4536 0.28161 12

Mixed uses 337 2.5434 2.5434 2.3058 2.781 2.73348 2

All Uses 1,370 0.77879 0.4347 0.0378 2.781 2.3058 27

For the purpose of requiring data from these large processors identified in the De Wiit 1999
study, APA (2000) has tried to establish contact points to these companies. The answers show
that there is a considerable uncertainty with regard to the extent that these processing companies
process toluene if at all. Therefore the data given in the above tables can only be used as a very
rough indication of the processing of toluene and the consequences for the receiving
environment.

Comparison of measured and estimated concentrations in surface water

The estimated effluent concentrations are at the same concentration level as the average measured
concentrations from localities adjacent to discharge zones <0.1 pg/l to 31 mg/l (Table 3.16) and in
the French monitoring studies (Tables 3.10 to 3.13) where the effluent concentrations varied from
0.001 to 25 mg/l.

In local surface water, most of the estimated concentrations (3 to 9,000 ng/l) (Table 3.22 and
Table 3.26) seem to be close to the levels found in the French monitoring studies (Tables 3.10 to
3.13) where the estimated concentrations in the receiving surface water using the given dilution
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factor indicate ranges from below 0.01 to 490 ug/l. However, only four model predictions are in
the mg/l range, where several recent monitoring data (Table 3.16) and older monitoring data
(Table 3.18) are found in this concentration range. Thus, the TGD estimations do not seem to be
too conservative when compared to measured results (which include other toluene sources than
industrial sources cf. Section 3.1.1).

The highest estimated PEC value is 9 mg/l which would be reduced if the estimated STP influent
concentration was reduced to the toluene solubility level. Toluene concentrations above
solubility level would be removed if oil-separation was included as STP-pretreatment (as
presumed by the main manufacturer in the screening analysis of large processors Table 3.27).
However, there is no information of such pretreatment and the toluene level is therefore not
reduced in the estimation of PECs. Measured values from UK surface waters (Table 3.16) from
near tank storage terminals were of the same level as the highest estimated PEC which on basis
of this does not seem totally unrealistic.

The estimated PEC regional (6 ng/l) is higher than the measured concentrations from rivers at
unknown distances to release areas.

3.1.3.2.2 PEC,ycal for sediment

The concentration in freshly deposited sediment is taken as the PEC for sediment, therefore, the
properties of suspended matter are used. The concentration in bulk sediment can be estimated
from the concentration in the corresponding water body assuming a thermodynamic partitioning
equilibrium according to the TGD.

Table 3.29 Estimated concentration in local sediments

Scenario Life stage PECuwater PECsed
(mgll) (mglkg ww)

1: Intermediates Processing 1.320 6.11

2: Basic chemicals Formulation 0.549 2.54
Processing 9.040 50.80

3: Mineral Formulation (10%) 0.357 1.65
oil and fuel Private use 0.004 0.030
4: Polymers Formulation (10%) 0.129 0.597
Processing 0.011 0.0522

5: Paint, etc. Formulation (50%) 0.180 0.832
Private use 0.006 0.029

6: Basic chemical Formulation 0.169 0.780

Processing 4.940 22.8

7: Personal / Formulation 0.028 0.131
domestic Private use 0.011 0.0505

8: Pulp, Paper and Formulation 0.066 0.304
board Processing 0.022 0.103

9: Textile Processing 0.413 1.91
10: Other Processing 0.033 0.154
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Comparison of measured and estimated concentrations in sediment

The measured concentrations in sediments (Table 3.20) were in the range of 1.2 to
290 pg/kg ww. The estimated concentrations are one to two orders of magnitude higher than the
measured concentrations. On the other hand, the proximity of the measured data to release points
is unknown. The estimated concentrations vary from 30 to 50,800 pug/kg sediment. However,
with the sparse monitoring data available, it is not possible to override the estimated toluene
concentrations.

3.1.3.23 PEC, cgiona1 and PEC ontinental for water and sediment

The concentrations of toluene in the various environmental compartments on the regional and
continental scales were calculated with the EUSES v.1.0 programme. The regional and
continental dimensions and properties as set out in the TGD are used.

EUSES estimates PEC continental in surface water to be 0.67 pg/l and the EUSES PEC regional
in surface water to 6.25 pg/l, which is in the high end of measured values.

EUSES estimates PEC continental in sediments to be 3 pg/kg ww and the EUSES PEC regional
in sediments to 26 pg/kg ww, which is in reasonable agreement with the measured values.

It should be noted that the estimated concentrations are based on isolated toluene whereas the
measured values include other sources of toluene as well, e.g. non-isolated toluene from
combustion processes etc. The estimated concentrations should therefore be expected to be in the
lower end of the measured range, which seem to be the case for sediments but not for surface
waters.

Including continental emissions of non-isolated toluene from the use of gasoline

EUSES estimates PEC continental in surface water to be 0.68 pg/l and the EUSES PEC regional
in surface water to 6.26 pg/l;

EUSES estimates PEC continental in sediments to be 3 pg/kg ww and the EUSES PEC regional
in sediments to 26 pg/kg ww.

The inclusion of the continental emission of non-isolated toluene from the use of gasoline has
only little effect on continental and regional PECs for the aquatic environment.

3.14 Atmosphere

The removal in air may be by degradation by chemical- or sunlight-catalysed reactions or may be
by adsorption onto particles that settle or are removed from the atmosphere by rain. A measure
of the effectiveness of these factors is the atmospheric residence time.

Toluene released into the environment mainly enters the atmosphere because of the high vapour
pressure. Release into surface waters will also relatively rapidly be transported to the atmosphere
(the evaporation half-live is calculated to be about 3-5 hours (Mackay and Wolkoff, 1973)). The
atmospheric oxidation is fast with a half-life of 12.8 hours (WHO, 1985). Other reported
photooxidation rates range from 32 hours to 48 hours (cf. Table 3.5). A part of airborne toluene
will be removed by precipitation. Toluene has been detected in rain water at 0.13-0.7 pg/l
(Lahman et al., 1977 in WHO (1985)). Newer data were not submitted.
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Toluene is removed from the atmosphere through free radical chain processes including
hydroxyl radicals and oxygen.

The main emission sources are road traffic and industry.

A study by Guicherit and Schulting (1985) states that stationary source emissions of toluene in
the Netherlands in 1980 were 6,278 tonnes/year and the mobile source emissions were
20,000 tonnes/year. Recent values from the Netherlands estimate stationary source emissions of
toluene in 1995 to be 14,460 tonnes/year and the mobile source emissions to be
8,840 tonnes/year (cf. Table A.4 in Appendix A).

3.14.1 Measured concentrations in the atmosphere

Table 3.30 Concentration in air

Locality Concentration range Average Reference
The Netherlands 2-4 pg/m3d Sloof and Blokzijl (1987)
Dutch countryside 2-6 pg/m3
Dutch urban 13-21 pug/md
The Netherlands max. 42-152 pg/m?3 3.6-19.0 pg/m3 Guicherit and Schulting (1985)
The Netherlands: Dueck (1996)
inside football arena 25 pg/m?3
outside arena 4 pg/md
United Kingdom Bertorelli et al. (1995)
Remote rural ND-34.5 pg/m3
Rural Urban 0.8-15.3 pg/m3 8.43 pg/md
1.8-12.5 pg/m?3
USA Boundaries of six 7-90 pg/md 31 pug/md API (1991)
service stations, n=88
Los Angeles, CA 1979 4.3-202 pg/md 44.5 pg/md Singh et al. (1981)
Phoenix, AZ, 2.2-147 pg/md 32.8 pg/m?3
Oakland, CA 0.6-64 pg/m3 11.8 pg/m3
USA, Cincinnati <380-24,700 pg/m3 Dunovant et al. (1986)
airspace 3 STPs
USA, 8 Solid waste Eitzer (1995)
composting facilities:
Background air 9 ug/md
Tipping 8,800 pg/m3
Shredder 11,500 pg/m3
Indoor 1,100 pg/m?
Digester 860 ug/md
Fresh 3,900 pg/m3
Midaged 700 pg/md
Old 400ug/m?
Curing 88 pg/md

Calculation factor at 20°C, 1,013 hPa: 1ppb = 3.8 ug/m? (Rippen 1992)

The background concentration measured in the Dutch countryside averaged from 2 to 6 pg/m’,
Dutch urban sites 13 to 21-10° g/m’, and in the Netherlands averaged 3 to 4 pg/m’ (Slooof and
Blokzijl, 1988).
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In urban areas, a toluene level in ambient air of 0.1-204 pg/m’ has been detected (WHO, 1985).
In 1971 to 1980, atmospheric concentrations of toluene were estimated in Canada, Europe and
the USA. The concentrations varied from rural areas with low concentrations to cities and
airports where high levels were found. The average concentrations ranged from 5 to
1,310 pg/m’. The highest level was 5,500 pg/m® (WHO, 1985).

The air concentrations in urban environments were measured at three sites in the USA during
2 weeks at hourly intervals. The min/max and average results are presented in Table 3.30 (Singh
etal., 1981)

The toluene concentration downwind from an automobile painting plant was at a distance of
1.6 km 600 pg/m’, at 6 km 75 pg/m’; and at 16 km the “background value” of 5.5 pg/m’ was
found (Sexton and Westberg, 1980 in WHO (1985)).

Eitzer (1995) studied the air concentrations of toluene from eight municipal solid waste
composting facilities. The 8 facilities chosen, span a size range from 5-10 to 660 tons/day
capacity using different techniques of aeration. The results from 10-20 minutes air sampling by
portable sampling pumps are presented in Table 3.30 as the average concentrations in the air
background, and at different stages in the composting process. The emissions were high at the
tipping floors where the waste is dropped off, at the shredder and at the initial active composting
region where the temperature rose to normal composting conditions (>55°C) (Eitzer, 1995). This
indicates that toluene was emitted early in the composting process. However, the highest toluene
concentrations were from a pile of tipped waste that had a load of paint dropped off. Shredding
of the waste increased the surface area and exposed the surfaces to the atmosphere and as
expected toluene was observed at the highest concentration at this part of the waste procedure.

Studies on air pollution have demonstrated that 35% of the anthropogenic volatile organic
compound (VOC) emissions are due to vehicle exhaust and evaporative losses. In urban areas,
the contribution to the VOC emissions from traffic may reach 60-80% of the total emissions.
VOC emissions from petrol storage and distribution systems represent some 500,000 tonnes per
year, i.e. 5% of total man made VOC emissions in the EU. Petrol stations situated in urban areas
are considered critical locations with high emissions from evaporative losses during tank filling
from the vent pipe of the storage reservoir as well as during fuel spillage while refilling (Ballesta
and Saeger, 1995).

Relating to the measured/estimated total VOC, the toluene part varies according to source,
location etc. For motor vehicle engines exhaust, some variation in the composition of VOC and
NM-VOCs have been observed. However, the values may be used for a crude estimation in the
evaluation of for instance street air situations where the major part of the VOCs is assumed to be
from motor vehicles exhaust.

In the composition of NM-VOC emissions of motor vehicles, toluene in weight % of exhaust
(Veldt in EEA, 1999 ):

Gasoline exhaust gas 4-stroke engine conventional 12%
4-stroke engine 3way catalyst 7%
Evaporation 1%
Diesel 1.5%
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In the composition of VOC emissions of motor vehicles toluene w/w% cited from Derwent in
EEA (1999)

Petrol engines exhaust 7.2%
Diesel exhaust 0.8%
Petrol evaporation 5.66%

In the composition of VOC emissions of motor vehicles toluene w/w% cited from Loibl et al. in
EEA (1999):

Gasoline exhaust gas Conventional 10%
Catalyst 11%
cold start (all cars) 14% 6
Diesel -
Evaporation 1%

The emissions from four petrol stations were examined in 1994 based on volume of fuel sales,
type of fuel, number of pumps etc. The vapour emissions were composed of 80% paraffinic,
15% olefinic and 5% aromatic compounds. Of the aromatics, BTX was measured. Active
sampling by charcoal tubes were performed in station A, B and C at 1,000 cm®/min in 24 hours.
Diffusive sampling was performed at 3 m above ground at fixed positions at the station and in
the vicinity, 3 sampling periods of 14 days in 4 stations.

Table 3.31 Toluene monitoring in cities at service stations

Petrol station, City Season Average (ug/m?) Variation (ug/m?)
active sampling diffusive sampling

C, Brussels Winter 23.8 6.3-66.3

D, Brussels Winter 10.2-49.8

A, Murcia Autumn 190.6 34.2-325.1

B, Murcia Autumn 104.8 29.9-2134

C, Brussels Autumn 30.1 13.6-118.1

D, Brussels Autumn 12.4-51.5

In Murcia, higher concentrations were found due to higher temperatures which increase the
volatilisation. The level in the service area was 5-15 times higher than background level.
Emissions from petrol stations not above background level (mainly from automotive emissions)
at a distance of 100 m in Murcia and 30 m in Brussels.

Table 3.32 Average concentrations for one month in the service area and the surroundings of petrol stations.

Temperature, avg. Wind speed, avg. Background, pg/m? Service area, ug/m?
Murcia 20°C 1.7mls 34 78-325
Brussels 12°C 3.5m/s 13 30-113

6 The reported value is 140%, however this must be because of a typing error and the correct value is possibly 14%.
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The reported air concentrations of toluene near petrol stations are generally around an order of
magnitude higher than the typically reported urban air concentrations (cf. below).

Air monitoring in Brussels 1994

In an air monitoring campaign in Brussels, 68 sampling sites covering 17-18 km around city
center during 6 weeks in January to March 1994. Sampling at 3 m height away from busy traffic
road. Thus a minimum value should be expected. The measured toluene concentrations varied
between 4.52 pg/m’ to 48.34 pg/m’, the average was 13.56 pg/m’ and the median value
12.42 pg/m’ (Saeger et al., 1995).

Air monitoring in Catania 1996

In an air monitoring campaign in Catania, Italy, 22 sampling sites covering 6.5 km” around city
centre during two sampling periods of 1 month, February/March and July/August 1996.
Sampling at 3 m height away from busy traffic road. Thus a minimum value should be expected
(background). The measured toluene concentrations varied between 12.2 pg/m® and 54.8 pg/m’,
the average was 29.1 ug/m’ and the median value 26.5 pg/m’ (Ballesta et al., 1997).

Air monitoring in Copenhagen 1997

The monitoring results of toluene in the centre of Copenhagen 1997 averaged 27.7 pg/m’
(24 hours), the median hour level was 21.3 pg/m’® and the 98 percentile (hour) was 89.9 pg/m’
(Kemp et al., 1998).

Air monitoring in Bologna 1997-98

In an air monitoring campaign in Bologna, Italy, 40 sampling sites covering 34 km” around city
centre during two sampling periods of 1 month, May 1997 and March 1998. Sampling at 3 m
height away from busy traffic road. Thus a minimum value should be expected (background).
The measured toluene concentrations varied between 1.5 pg/m’ and 37.4 pg/m’, the average was
10.3 pg/m’ and the median value 8.5 pg/m’ (Ballesta et al., 1998).

Table 3.33 Toluene monitoring in Bologna

Period, No. Min-Max pg/m? Average pg/im? Median pg/m?3
May 1997, 39 1.5-18.1 6.8 6.4
March 1998, 45 29-374 13.3 12.8
Total, 84 1.5-37.4 10.3 8.5

In conclusion typical air concentrations of toluene are in the order of 10 to 30 pug/m’. As for the
air near petrol stations the main sources of toluene in urban air are generally toluene as a
component of evaporated gasoline or as a component of motor vehicle exhaust.

Deposition by rain

Wet deposition

A rain sampler with a 0.89 m” collection surface recovered from 4 rain storm events in a semi-
rural area in Oregon, USA (1982), a concentration in the rain of 5.4, 19, 13, and 0.91 ng/l,
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resulting in a mean sample concentration of 9.6 ng/l. The collector opened automatically at rain
events to exclude dry deposition (Pankow et al., 1984). Based on the equilibrium scavenging for
raindrops falling through the atmosphere the authors estimated the predicted concentration in the
atmosphere to be 2800 ng/m’ (Pankow et al., 1984).

At the same location, sampling was conducted for seven storm events during the winter and
spring of 1984. In the rain, toluene was detected in 5 samples with the mean concentration 88

+75 ng/l (range 40-220 ng/l). The mean atmospheric gas phase concentration was 3800 ng/m’
(range 1,800-8,600 ng/m’) (Ligocki et al., 1985).

At observations in the Netherlands 1983 at four locations, a concentration of 50 ng/l in rain was
measured (van de Meent, 1986).

3.14.2 Calculations of PEC,,c. for air

The estimated concentrations in the atmosphere are based on emissions from production,
formulation, processing and use and from the emissions from STP.

Table 3.34 Releases and PEC local air at production, production+processing and processing sites

Site Release to air PEC air
(kg/d) mg/m?
Production
P17 411 0.0114
P2 22274 0.010
P3 4,931.5 1.3710
P4 313 0.0144
P5 1,005.5 0.2795
P6 2.05 0.00120
P7 30.3 5.04-10%
P8 2,739.7 0.7616
P9 131.5 0.2665
P10 5.08 0.00023
P11 25.00 0.0733
P12 43.83 0.0040
P13 4,567.53 1.295/53.6 2)
P14 679.45 0.1889

Table 3.34 continued overleaf
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Table 3.34 continued Releases and PEC local air at production, production+processing and
processing sites

Site Release to air PEC air
(kg/d) mg/m?3

P15 0.17 0.0611
P16 0.03 0.0278
P17 0.14 0.0455
P18 0.14 0.0478
P19 6,712.33 1.8700
Production and processing
PP1 27.95 0,009439
PP2 1.47 0,05441
PP3 84.11 0,02338
PP4 958.90 0,2666
PP5 0.08 0,2154
PP7 10.68 0.045
Processing
Pc1 68.49 0.0190
Pc2 15.41 0.0043
Pc3 2,260.27 0.6284
Pc4 6.85 0.0019
Pc5 210 0.043
Pc6 0.0044 1.78-10+4

" Production stopped in 1998

9 Suspect data point. Calculated PEC used in the summarised statistics

Table 3.35 Summary statistics for air PECs (mg/m?) at production sites

Mean Median Min Max 90th % N
3.33-10 4.78-102 5.04-10°% 1.87 1.31 19

Table 3.36 Summary statistics for air PECs (mg/m?) at production + processing sites

Mean

Median

Min Max

N

1.02-10

4.97-102

9.44-10%

2.67-10-

6

Table 3.37 Summary statistics for air PECs (mg/m?3) at processing sites

Mean

Median

Min Max

0.116

0.0117

1.78-104 0.628
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Table 3.38 Generic scenarios: estimated concentration in local air during emission episodes

Scenario Life stage Eiocal, air Estp, air Clocalair PEClocalair,ann

(kg/d) (kg/d) (Mg/m?) (ug/m?)

1: Intermediates Processing 69.4 236 65.6 56.7
2: Basic chemicals Formulation 1,670 97 464 384
Processing 10,500 1,970 2,930 2,410

3 Mineral Formulation (10%) 1,080 62.9 300 250
oland fuel Private use 394 0.024 1 138

4: Polymers Formulation (10%) 151 22 42 37.3
Processing 93.3 0.906 259 241

5: Paint, etc. Formulation (50%) 214 311 59.4 516
Private use 0 0.012 0.003 28

6: Basic chemical Formulation 500 29.1 139 17
Processing 4,740 885 1,320 1,090

I Persongl/ Formulation 67.8 3.95 18.8 18.3
domestie Private use 0 0.84 023 30

8: Pulp, Paper and Formulation 183 10.7 51 447
board Processing 3,860 288 1,070 883

9: Textile Processing 30 72.8 20.3 49
10: Other Processing 999 4.85 278 202

Comparison of measured and estimated concentrations in the atmosphere

The measured concentrations were in the range of <l to 300 pg/m’ (cf. Table 3.30-33). The
estimated local concentrations are in several situations above the measured concentrations (cf.
Table 3.34 and Table 3.38). The proximity of the measured data to release points is unknown.
The estimated concentrations 100 m away from the point source are therefore hardly comparable
to the measured values in Table 3.30. It should be noted that the measured data include
contributions from “non-isolated” toluene, e.g. fuel and gasoline, and therefore would be
expected to be somewhat higher than the PEC estimations based on the commercial product
toluene. However, in general the employed estimation scenarios for local air concentrations seem
to be in reasonable agreement with measured air concentrations based on the proximity to the
source.

EUSES estimates PEC continental in air to be 0.91 pg/m’ and the EUSES PEC regional in air to
2.79 pg/m’.

Because the continental and regional PECs are based on the commercial product toluene, the
values are expected to underestimate the actual PEC including the contribution from combustion
processes, gasoline, etc. The EUSES estimations are as expected in the lower end of the
measured range. In the USA for instance, toluene is routinely measured by the statewide Air
Resource Board (ARB) air toxics network. The network mean concentration of toluene from
January 1996 through December 1996 is estimated to be 8.29 pug/m’ or 2.2 ppb (ARB, 1997).
The US EPA has also reported concentrations of toluene from 14 study areas during 1989 to
1991. The overall mean concentration from these areas was 10.2 pg/m® (US EPA, 1993). In a
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study for US EPA, the USA background concentration of toluene is estimated to be 3.8 pug/m’
(Rosenbaum et al., 1999).

Including continental emissions of non-isolated toluene from the use of gasoline, EUSES
estimates PEC continental in air to be 2.35 pg/m’ and the EUSES PEC regional in air to
6.92 pg/m’.

The inclusion of the continental emission of non-isolated toluene from the use of gasoline
increase the continental and regional PECs with a factor 2-3 for the air environment. Other major
sources of toluene are not included in this evaluation e.g. emissions from power plants.

Deposition

The deposition of toluene from air to soil and surface water is estimated based on the direct
releases from production, formulation, processing and use and the indirect releases from STP.

The estimations of the total deposition flux (DEP,y,;) and the annual average total deposition flux
(DEPqota1, ann) are shown in Table 3.39.

Table 3.39 Estimations of depositions from local air

Scenario Life stage Eiocal, air Estp, air DEP.ir DEPtotal,ann
(kg/d) (kgld) (ug/m?/d) (ug/m?/d)

1 Intermediates Processing 69.4 236 91.6 75.3
2: Basic chemicals Formulation 1,670 97 530 436
Processing 10,500 1,970 3,760 3,090

3: Mineral Formulation (10%) 1,080 62.9 343 282
oil and fuel Private use 394 0.024 11.8 11.8

4: Polymers Formulation (10%) 151 22 52 42.7
Processing 93.3 0.906 28.3 23.2

5. Paint, etc. Formulation (50%) 214 311 73.5 60.4
Private use 0 0.012 0.004 0.003

6: Basic chemical Formulation 500 29.1 159 130
Processing 4,740 885 1,690 1,390

7. Personal / Formulation 67.8 3.95 21.5 17.7
domestic Private use 0 0.84 0.25 0.25

8. Pulp, Paper and Formulation 183 10.7 58.2 47.8
board Processing 3,860 2.88 1,160 952

9: Textile Processing 30 72.8 30.9 3.2
10: Other Processing 999 4.85 301 216
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3.14.3 Local concentrations due to car exhaust

Local concentrations due to car exhausts can be estimated with computer models, e.g. the CAR-
model (Eerens et al., 1993). This has been done for cyclohexane in the EU risk assessment report
on cyclohexane (Draft of February 1999). By assuming that all traffic is by gasoline driven
vehicles a worst-case estimate can be given for toluene. The emission factor for cyclohexane is
0.006 times the emission factor for VOC (Nelson and Quigley, 1984) in the Cyclohexane risk
assessment report). The emission factor for toluene is 0.191 7 times the emission factor for VOC
(DG XI, 1996 in CONCAWE, 1999). Therefore, the air concentration of toluene can be
estimated as: conc. (cyclohexane)car model - 0.191/0.006, cf. Table 3.31.

Table 3.40 CAR model results (annual average toluene concentration in ug/m3 air)

Type of road Distance [m]
5 10 15 20 25 30
Urban 1 Exhaust 6.781 5.316 4.043 2.961 2.069 1.369
2 Exhaust 12.192 8.850 6.271 4.457 3.406 3120
3A Exhaust 14.612 10.760 7.704 5.444 3.979 3.343
3B Exhaust 21.933 16.140 11.524 8.149 5.985 4.998
4 Exhaust 20.978 15.025 10.314 6.812 4,584 3.565
Motorway 1 Exhaust 2.006 1.592 1.210 0.891 0.605 0.414
2 Exhaust 3.629 2.642 1.878 1.337 1.019 0.923

1: Road in open terrain, no or very few buildings
2: Basic street type not defined by 1, 3A, 3B, or 4
3A:  Street with buildings at least 3 m heigh on both sides, no gaps larger than 25 m and at least 75 m buildings per 100 m street
The ratio between height of buildings and distance of these to road axes is from 1.5 to 3 on one side and less than 3 on the other
3B:  As 3A but with the ratio less than 1.5 for both sides of the road
4:  Street with buildings at least 3 m heigh on one side with the ratio building-height/road-axis distance less than 3. The other street
side has no buildings or a ratio much greater than 3 (preferably greater than 10)

Evaporation of toluene from gasoline in vehicles is estimated to be 1.8% of total VOCs i.e. less
than 10% of the emission of VOCs from vehicles (DG X1, 1996 in CONCAWE, 1999).

The concentration of toluene predicted by the model is in the lower end of the measured data
from cities shown in Section 3.1.3.1. However, it has to be taken into account that the measured
data include all sources of toluene including emissions from the industrial use of commercial
toluene and evaporation from transport, handling and from gasoline in vehicle.

The concentrations of toluene at the road site predicted by the worst-case approach employed
above are low compared to most PECqai. «ir predicted in generic scenarios for industrial sites cf.
Table 3.38. However, the concentrations predicted for road sites are at the same level as the
PEC ocal, air predicted for production sites cf. Table 3.37.

7 1In Veld in EEA (1999) the equivalent value is 12% for 4-stroke engines (cf. Section 3.1.4.1). However based on
“the realistic worst-case approach” the value reported by CONCAWE (1999) of 19.1% is used here.
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Creation of ozone due to non-isolated toluene in car exhaust

In Table 3.41 is shown the mean road site concentrations of individual NMVOCs at a site in
Copenhagen during 5 days in December 1997. Using the POCP equivalence factors it is possible
to estimate the relative contribution of non-isolated toluene to the potential overall troposheric
ozone creation for such a NMVOC composition. It has to be emphasised that the toluene
concentrations measured are closely correlated to benzene and CO concentrations. This clearly
indicates that the toluene in this case arise from car exhaust. Further, that NMVOC composition
from this site in Copenhagen is only used as an example, and that it is unlikely in this specific
case that considerable ozone concentrations will build up within the region of Copenhagen as a
consequence of these toluene concentrations due to low solar radiation and the prevailing wind
conditions.

Table 3.41 Monitoring results of different NMVOCs at Jagtvej, Copenhagen on December 1-5 1997, and the relative contribution
to potential ozone creation
(Christensen, 1999)

Substance Mean Range S.D. Median POCP g C:Hs/g gas " Relative O3 creation 2

ppbv ppbv ppbv ppbv low NOx High NOx low NOx high NOx
Pentane 24 0.4-5.7 1.2 25 0.3 0.4 212-10% | 2.83-10°%
trans-2-Pentene 0.2 0.01-0.5 0.1 0.2 0.4 0.9 229-10¢ | 5.16-10*
2-Methyl-2-butene 0.4 0.02-0.9 0.2 0.3 0.5 0.8 573-104 | 9.17-10*
cis-2-Pentene 0.1 0.01-0.3 0.1 0.1 043 0.9 1.15-104 | 2.58-10+
2,2-Dimethylbutane 0.9 0.04-2.3 0.5 0.9 0.3 0.3 9.51-104 9.51-10+
Cyclohexane 0.5 0.04-1.1 0.3 0.5 0.25 0.25 4.30-10* | 4.30-104
2,3-Dimethylbutane 04 0.03-1.0 0.2 0.4 0.4 04 5.64-104 | 5.64-104
2-Methylpentane 2 0.2-5.2 1.1 2.1 05 0.5 352-10% | 3.52-103
3-Methylpentane 1.1 0.1-2.7 0.6 1 0.4 0.4 1.55-10% | 1.55-1073
n-Hexane 0.8 0.1-2.3 0.5 0.8 05 0.4 141-10% | 1.13-10°
Isoprene 0.2 0.01-0.6 0.1 0.2 0.6 0.8 3.34-10% | 4.46-104
2-Methyl-1-Pentene 0.04 0.01-0.1 0.02 0.02 054 0.9 6.88-10% | 1.24-10*
cis-2-Hexene 0.03 0.01-0.1 0.01 0.02 0.5 0.9 516-10% | 9.29-10°%
2,4-Dimethylpentane 0.2 0.01-0.7 0.1 0.2 049 0.4 3.28-10¢ | 3.28-10*
Methyl-cyclohexane 0.3 0.02-0.6 0.1 0.3 05 0.6 6.02-104 | 7.22-104
2- and 3-Methylhexane 14 0.1-3.7 0.8 1.3 0.5 0.5 287-10% | 2.87-10°
n-Heptane 0.7 0.1-1.9 0.4 0.6 0.5 0.5 1.43-10% | 1.43-10°

! POCP equivalence factors from Hauschild and Wensel (1998) except for cyclohexane from EU RAR

)
) Calculated at STP

) Data for trans-2-Pentene used
)

)

&2 0N

Average data for alkanes with double bonds used
Average data for alkanes without double bonds used

S}

Table 3.41 continued overleaf
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Table 3.41 continued Monitoring results of different NMVOCs at Jagtvej, Copenhagen on December 1-5 1997, and the relative
contribution to potential ozone creation

Substance Mean Range S.D. Median POCP g C2Hsg gas ¥ Relative O3 creation 2
ppbv ppbv ppbv ppbv low NOx High NOx low NOx high NOx
Benzene 34 0.2-8.0 1.7 33 0.4 0.2 4.34-10° | 2.17-103
2- and 3-Methylheptane 04 0.01-1.0 0.2 0.3 0.5 0.5 9.34-104 | 9.34-10*
Toluene 10.2 0.8-21.5 5.6 8.9 0.473) 0.6 1.81-102 | 2.31-10?2
Ethylbenzene 2 0.1-4.9 1.1 1.9 05 0.6 434-10% | 521-103
o-Xylene 27 0.1-6.2 1.4 26 0.2 0.7 2.34-10% | 8.20-10°%
m- and p-Xylene 5.5 0.3-12.7 29 5.5 0.5 0.95 1.19-102 | 2.27-102
Relative contribution of non-isolated toluene % 30.55 28.48

) POCP equivalence factors from Hauschild and Wensel (1998) except for cyclohexane from EU RAR
9 Calculated at STP
9 Andersson-Skold et al. (1992)

The result of this calculation shows that if the VOC composition is as measured in the

Copenhagen study non-isolated toluene potentially would exhibit approx. 30% of the total VOC
contribution to ozone creation.

Creation of ozone due to isolated toluene

As described in Section 3.1.2, the creation of troposheric ozone is dependent on the occurrence
of VOC, NOx, solar radiation and thus OH-radicals in a complicated relationship. The VOC
composition will be highly variable and depend on the industrial sources, traffic emissions and
natural sources. The contribution from isolated commercial toluene will depend on the
composition of local and regional industry. Therefore, average calculations are likely to
underestimate the magnitude of the problem within certain regions with high exposure potential.

The total NMVOC emitted in the 15 EU countries is shown in Table 3.42.

Table 3.42 Emission of ozone precursors in the 15 EU countries (EEA, 2000)

NMVOC in the 15 EU countries (Kilotonne)
1991 1992 1993

1980 1985 1990 1994 1995 1996 1997

14,434 14,315 14,852 14,388 14,037 13,494 13,683 13,257 12,904 12,687

Total continental emission to air of isolated toluene is calculated by EUSES to be 1,090 t/d based
on the production volume from 1995 (cf. Table 3.2). The total emission of NMVOC in 1995 is
approx. 36,000 t/d. The proportion of isolated toluene relative to total NMVOC is approx. 3%.

The POCP equivalence factor for the total NMVOC is not known because the composition of
individual NMVOC species is not available. Toluene may have a slightly higher photochemical
ozone creation potential than the average NMVOC and thus contribute slightly more to the
ozone creation than indicated by the proportion of isolated toluene relative to total NMVOC.
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It has to be emphasised that the local and regional NMVOC composition may have a higher
concentration of toluene than indicated by the average calculations due to differences in local
NMVOC sources.

To conclude isolated toluene contributes in the order of 3% to the total NMVOC emission. Thus
isolated toluene in general only contributes to a small extent to the total SMOG problem,
however, for a single substance among hundreds of different VOCs the contribution is
significant.

3.1.5 Terrestrial compartment

The main part that reaches soil would be expected to evaporate. The adsorption, which is
dependent on the content of organic matter, is generally low, and toluene will also be transported
to deeper layers/groundwater by leaching. In the soil biodegradation is expected to take place.

3.1.5.1 Measured concentrations in soil

The concentration found in soil in the Netherlands averaged 0.001 mg/kg (Sloof and Blokzijl,
1987). From uncontaminated sites in Florida (USA), seven samples resulted in <0.04 pg/kg soil
(CONCAWE, 1997). In Canada urban areas near refineries, the concentration of toluene was
<10-70 pg/kg, found in 1/30 samples, and in soils from refineries, concentrations <0.1-10 pg/kg
were found in 5 out of 10 samples (CONCAWE, 1997).

3.1.5.2 Measured concentrations in sludge
The concentrations measured in STP sludge are presented below.

In a Danish report from 1996, the sludges from 19 typical Danish STPs representing average
Danish STP types with municipal and industrial loading were analysed during Sept. 1995 and
Feb. 1996. From the 19 STPs, 20 sludge samples were analysed and 15 were measured to have a
concentration of toluene above the detection limit of 0.05 mg/kg dw. The range was
<0.05-370 mg/kg dw, and the mean value was 20.69 mg/kg dw including values below detection
limit (Kristensen et al., 1996).

In a German study, monitoring was performed on a STP receiving effluents from domestic and
textile industries using high amounts of solvents. Nine sludges were analysed. The wintertime
analyses were significantly higher than the summer analyses and in 4 sludges above 1 mg/kg dw
were measured (Schnaak, 1995). The winter analyses are included in Table 3.43.
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Table 3.43 Concentrations in STP sludge

Location Range Mean Median Ref.
Denmark, 20 sludges <0.05-370 mg/kg dw 20.69 mg/kg dw 0.29 mg/kg dw Kristensen et al. (1996)
Denmark, Aarhus amt, 9 <0.005-4.4 mg/kg dw 0.7 mg/kg dw Aarhus (1998)
sludges
Sweden, 27 sludges 0.3-310 mg/kg dw Swedish EPA (1992)
Sweden 0.3-310 mg/kg dw 16.2 mg/kg dw Danish EPA (1995)
Literature 0.11-140 mg/kg dw Danish-EPA (1995)
USA: 1.4-705 mg/kg dw 15 mg/kg dw Rippen (1992)
before 1982, n=12
Germany * <0.005-143.4 mg/kg dw 19.9 mg/kg dw 0.11 mg/kg dw Schnaak et al. (1995)
dw: dry weight
* cf. text

In general therefore measured concentrations in sludge are in the range 0.1-100 mg/kg dw with
extreme values up to 700 mg/kg dw.

3.1.5.3 Estimation of PEC,,;

Toluene is not applied directly to the soil or crops, but it does occur in sewage sludge and may
thus be applied to soil. The main manufacturers have informed that most sludges from
production and processing are incinerated or landfilled, however, in a few instances it does end
up on agricultural soil. Besides, the measured values of toluene in municipal sludge also indicate
that toluene does find its way to sludge, which may be applied to agricultural soil. Toluene is
also released to air and may undergo deposition to soil. The PECiocal, soil 1S @ summation of the
concentration due to these two separate processes.

The values used are referring to the generic model and for the initial risk assessment the
estimation procedures of the TGD are followed.

Concentration due to sludge application

The initial concentration in soil (Cs) is governed by the input of the chemical through sludge
application and later by input from aerial deposition.

The concentration in dry sewage sludge is calculated from the emission rate to water, the fraction
of emission sorbed to sludge and the rate of sewage sludge production: according to the TGD
and presented in Table 3.49.

Some of these values seem unrealistically high. According to the main manufacturers, the sludge
from the production and processing industries where high levels may be anticipated is
incinerated. The highest measured value of 370 mg/kg dw is observed in a municipal STP
without serious known toluene production and/or processing. Therefore this value cannot be
considered representative for a risk assessment on the production and use of toluene. On this
basis it has been decided to use the EUSES estimations on soil concentrations.
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Removal from soil

Toluene is removed from soil by degradation volatilisation and leaching. The estimated removal
rates are:

Table 3.44 Removal rates from soil

Soil Degradation rate (d') | Volatilisation rate (d-") Leaching rate (d-) Removal rate (d-)
Agricultural soil 0.0077 0.119 0.000432 0.1271
Grassland 0.0077 0.238 0.000864 0.2465

Concentration in soil due to atmospheric deposition

The contribution to the soil concentration from atmospheric deposition is estimated from the
highest emission rate from local source or STP. The deposition fluxes are presented in Table 3.39.
The deposition to soil from atmospheric deposition alone is included in the Table 3.45.

Estimated local concentration in soil

The local concentration in soil for production sites and for production + on-site processing is
based on air deposition alone since sludge is incinerated or landfilled. For site-specific
processing sludge may be applied to soil at three sites and the sludge concentration and the
resulting estimated soil concentration are presented (Table 3.45).

Table 3.45 Production, production+processing and processing
site-specific estimations (APA)

Site PECsoil local
mg/kg dw
Production
P11 0.0002
P2 0.0105
P3 0.0233
P4 0.0003
P5 0.0054
P6 0.00003
P7 8.55-107
P8 0.0148
P9 0.0052
P10 0.0002
P11 0.0014

1 Production stopped in 1998
Table 3.45 continued overleaf
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Table 3.45 continued Production, production+processing and processing
site-specific estimations

Site PECsoil local
mg/kg dw
P12 0.0003
P13 0.0220
P14 0.0037
P15 0.0010
P16 0.0005
P17 0.0008
P18 0.0008
P19 0.0449
Production + Processing
PP1 0.0003
PP2 0.0009
PP3 0.0004
PP4 0.0052
PP5 0.0037
PP7 0.0001
Processing
Pc1 0.000342
Pc2 8.27-10°%
Pc3 0.0121
Pc4 3.39-10%
Pc5 1.84-10°
Pc6 3.04-10%

Table 3.46 Summary statistics for soil PECs (mg/kg dry) at production sites

Mean Median Min Max 90th % N
Local 7.12-103 1.04-10°3 8.55-107 4.49-107 2.22-102 19
Agricult. 7.12-103 1.04-1073 8.55-107 4.49-102 2.22-102 19
Grassland 3.67-103 5.35-10+ 4.41-107 2.31-107 2.22-102 19
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Table 3.47 Summary statistics for soil PECs (mg/kg dry) at production + processing sites

Mean Median Min Max N
Local 1.77-10° 6.67-104 1.24-10+4 5.19-103 6
Agricult. 1.77-10° 6.67-104 1.24-104 5.19-10% 6
Grassland 9.11-103 4.80-104 6.39-10% 2.67-103 6
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Table 3.48 Summary statistics for soil PECs (mg/kg dry) at processing sites

Mean Median Min Max N

Local air only 2.10-10° 5.83-10°% 3.04-10° 1.21-102 6
air + sludge 2.50- 10" 2.45-10" 3.94-102 4.67-10" 3

Agric. air only 2.10-103 5.83-10% 3.04-10% 1.21-1072 6
air + sludge 4.28-1072 4.18-10? 6.74-10° 7.98-102 3

Grassland air only 1.08-103 3.01-10°% 1.57-10% 6.25-107 6
air + sludge 1.71-102 1.67-102 2.70-1073 3.20-102 3

The estimated concentrations in soil from atmospheric deposition and from sludge deposition for
the generic sites not included in estimation were calculated by EUSES according to the TGD.

Table 3.49 Local concentrations in soil, generic scenarios

Scenario Life stage Csludge PEClocalsoi ) PEClocal agr. soil PEClocal grassiand

(mglkg dw) (mglkg) (mglkg) (mglkg)

1: Intermediates | Processing 2 9,650 3.64 0.622 0.13
2: Basic Formulation 3,980 1.51 0.266 0.0632
chemicals Processing 80,600 30.5 525 1.14

3: Mineral Formulation (10%) 2,580 0.977 0.172 0.041
oil and fuel Private use 0.98 0.0007 0.0004 0.0003

4: Polymers Formulation (10%) 901 0.341 0.0589 0.0130
Processing 37.1 0.0145 0.0030 0.0011

5. Paint, etc. Formulation (50%) 1,270 0.482 0.0833 0.0183
Private use 0.479 0.0002 0.00006 0.00004

6: Basic chemical | Formulation 1,190 0.452 0.0796 0.0189
Processing 36,200 13.7 2.36 0.5130

7. Personal / Formulation 162 0.061 0.0108 0.0026
domestic Private use 344 0.013 0.0023 0.0005

8: Pulp, paper Formulation 437 0.166 0.0292 0.0070
and board Processing 118 0.067 0.0296 0.0243

9: Textile Processing 2,980 1.120 0.1920 0.0396
10:Other Processing 199 0.080 0.0178 0.0078

) PEClocal for soil: 20 cm soil depth, 30 d averaging, sludge application 0.5 kg m?

PEClocal agricultural soil: 20 cm soil depth, 180 d averaging, sludge application 0.5 kg mr2

PEC local grassland: 10 cm soil depth, 180 d averaging, sludge application 0.1 kg m?2
3 Scenario include sludge application. However, most large processors are assumed to incinerate the sludge or deposit sludge on landfill

Comparison of measured and estimated concentrations in soil

The estimated values are in general within the same order of level as the measured values e.g. the
average value found in Dutch soil according to Sloof and Blokzijl (1988) cf. Section 3.1.5.1.
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Estimated continental and regional PEC;

The EUSES estimated that:
PEC continental in agricultural soil was 0.079 pg/kg ww

PEC continental in natural soil was 0.011 pg/kg ww
PEC regional in agricultural soil was 0.703 pg/kg ww
PEC regional in natural soil was 0.033 png/kg ww

Including continental emissions of non-isolated toluene from the use of gasoline.
PEC continental in agricultural soil was 0.095 pg/kg ww

PEC continental in natural soil was 0.028 png/kg ww
PEC regional in agricultural soil was 0.749 ng/kg ww
PEC regional in natural soil was 0.081 pg/kg ww

The inclusion of the continental emission of non-isolated toluene from the use of gasoline has
only little effect on continental and regional PECs for the soil compartment except for natural
soils where PECs are increased with a factor 2-3.

Ground- and drinking water

The results on measurements in groundwater are summarised in Table 3.50.

Table 3.50 Measurements of toluene in groundwater

Location Year Concentration Reference
Range mean
DK
Groundwater 1990-1997 <DL-6.6 median 0.1 pug/l | GEUS (1998)
n= 126 /980 positive
Water works well 1990-1997 <DL-42 median 0.1 g/l
n=113/1216
DK
Groundwater 1990 0.1-0.42 0.12 pg/l | Nyegaard (1991)
GRUMO, n=28
NL
Groundwater before 1980 max. 300 Mg/l | Rippen (1992)
NL
Groundwater/percolate Zoeteman et al. (1981)
under waste tip
8 m depth, travelled 0 m 300 ug/l | T2 based on 1.order 0.1 year
39 m depth, trav. 30 m 100 pg/l | T% based on adsorption in study
33 m depth, trav. 100 m 0.3 ug/l | 0.3 year
33 m depth,trav. 130 m 0.3 pgll
USA
Drinking water wells max. 6400 Mg/l | Pancorbo and Varney (1986)
well water 5-100 Mg/l | WHO (1985)
Canada WHO (1985)
drinking water 0-27 2 gl
raw water max. 15 <1 pgll

A water works using bank filtrated water measured a decreasing amount of toluene after bank
passage. The time for filtration in the riverbanks was estimated at 4-6 weeks. The measured
geometric mean in the river Rhine was 0.06 pg/l, after bank filtration (Uferfiltrat) 0.03 pg/l, after
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ozonation of the raw water 0.03 pug/l and after filtration by active carbon below detection level at
0.03 ng/l (ARW, 1984).

In Canada, toluene has been detected in drinking water (the average and maximum concentration
in treated Canadian water were reported to be 0.002 mg/l and 0.027 mg/l), well water
(0.005-0.1 mg/l) and in raw water (0.001-0.015 mg/I (average and maximum values <0.001 and
0.015 mg/l) (WHO, 1985).

The available monitoring data are scarce. A national groundwater survey programme in
Denmark (GRUMO) has detected over the years 1990 to 1997 toluene in 126 samples out of
980 samples with the maximum value of 6.6 pg/l and a median value of 0.1 pg/l. In a water
works well monitoring program toluene was detected in 113 out of 1,216 samples with a
maximum value of 42 pg/l and a median 0.1 pg/l (GEUS, 1998).

Estimated concentration in groundwater

An indication of the potential levels in groundwater is established by the concentration in the
pore water of agricultural soil as a worst-case assumption according to the TGD.

Table 3.51 Local concentrations in groundwater

Scenario Life stage PEClocalag. soil (mg/kg) PEClocalgw g/l
1: Intermediates Processing 0.622 190
2: Basic chemicals Formulation 0.266 81
Processing 525 1,610
3: Mineral Formulation (10%) 0.172 52.7
oil and fuel Private use 0.0004 0.1
4: Polymers Formulation (10%) 0.0589 18
Processing 0.0030 0.9
5: Paint, etc. Formulation (50%) 0.0833 25.5
Private use 0.00006 0.027
6: Basic chemical Formulation 0.0796 24.4
Processing 2.36 722
7: Personal / Formulation 0.0108 3.31
domestic Private use 0.0023 0.69
8: Pulp, Paper and Formulation 0.0292 8.95
board Processing 0.0296 9.07
9: Textile Processing 0.1920 58.7
10: Other Processing 0.0178 5.45

Comparison of measured and calculated concentrations in groundwater

It is highly questionable whether the available monitoring data may reflect the current levels of
toluene in the various regions of EU. The toluene level measured in Danish groundwater
(Table 3.50) seems to be three orders of magnitude below the estimated levels employing EUSES
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for several use scenarios such as processing industry, paint, mineral oil and polymers formulation.
However, the highest measured values are within the same range as the predicted values. The
reason why most predicted values deviate substantially from the majority of monitoring data may
probably be that EUSES employs worst-case assumptions which are not relevant at all for
Danish conditions (e.g. groundwater 1 meter below fields where sludge containing toluene are
being deposited and immediately being mixed with the top soil layer).

3.1.6 Secondary poisoning

Not relevant.

3.1.7 General comments regarding measured and estimated environmental
concentrations

It is noted that the measured environmental concentrations also reflect other sources than the
sources from current industrial production and processing of toluene, which are covered by this
risk assessment report. The other sources of toluene are e.g. toluene emitted in exhaust gasses
and natural sources such as forest fires and volcanos. Emissions from other sources to air may
later be redeposited to the aquatic and terrestrial environment, cf. Section 3.1.1.1. Therefore,
besides the general uncertainty regarding the proximity of the sites of the measurements to the
emission sources and other uncertainties and variability in the monitoring data, the lack of a
general discrepancy between the measured and estimated environmental concentrations
presented in the previous sections may be surprising. However, the lack of general disagreements
in most of the previous sections may illustrate that the employed PEC estimations, which only
takes the toluene emissions from industrial production and processing but not toluene emissions
from other sources (such as toluene in exhaust gases) into account, actually are performed
according to a realistic worst-case concept.
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3.2 EFFECTS ASSESSMENT: HAZARD IDENTIFICATION AND DOSE
CONCENTRATION) - RESPONSE (EFFECT) ASSESSMENT

3.2.1 Aquatic compartment
3.2.1.1 Toxicity test results
3.2.1.1.1 Short-term toxicity to fish

Several short-term studies on toluene toxicity have been performed. Table 3.52 below is a
summary of the results of acute toxicity tests on various species of fish. The included tests are
considered representative and valid. When evaluating the validity of ecotoxicity tests results, it
was considered whether standardised test methods have been followed but also whether the
effect concentrations were measured or nominal, from flow-through, semi-static or static tests,
from experiment with nominal concentrations only but performed in closed systems or open
systems and whether or not solvents were used. When evaluating the test data validity
information about the physico-chemical and environmental fate related properties of the
substance were also considered. Generally, the results from static tests have been excluded due
to the chemical nature of the substance (toluene is volatile) unless effect data are based on
measured data or closed systems have been used. For example, the study by Pickering and
Henderson (1966) was assessed to be less valid due to the use of nominal concentrations in a
static study and the fact that the resulting LC50 for 4 fish species were twice as high as the LC50
observed in other studies. In a recent study on a range of organic test substances, it was generally
shown that a liquid/liquid stock generator for archieving maximum stock water concentrations
for acute fish toxicity tests generally delivered water concentrations lower than the water
solubility of the substances (Kahl et al., 1999). For toluene, the maximum stock water
concentrations was around half of the water solubility concentration, which is greater than all of
the below reported aquatic effect concentrations, but which illustrates the uncertainty of basing
effect concentrations on nominal concentrations maybe especially for volatile substances like
toluene. During the test period in an open, static test system, a substantial decrease of toluene
levels may occur by evaporation: up to 85% within 24 hours and up to 100% within 48-96 hours
(Heijden et al., 1988) which mean that even initial measured concentration may result in
underestimation of toxicity.

Aquatic organisms are exposed to toluene via respiration, resulting in changes in gill
permeability and internal carbon dioxide poisoning. Toluene causes acute effects through the
mechanism of narcosis (minimum toxicity).

The short-term toxicity studies for fish are summarised in Table 3.52.
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Table 3.52 Short-term toxicity to fish

Species Duration LC50 Method, conditions Ref.
(hours) (mgfl)
Pimephales promelas 96 63 (55-72) embryos flow-through, 25°C, 45 mg Devlin et al. (1982)
Fathead minnow 96 29 (25-36) 1-day old | CaCOsll, pH 7.6, US EPA
96 26 (18-31) 30-day old | 1975. Measured conc.

Pimephales promelas 96 317 Flow-through, 25°C, soft water | Geiger et al. (1990)
Fathead minnow (47 mg CaCOall), pH 7.6, US

EPA. Measured conc.

ECs0 < 12.1 mg/l
Carassius auratus 96 22.8 Flow-through, 18°C, soft water, | Brenniman et al. (1976)
Goldfish measured
Lepomis macrochirus 24 17 Static (closed), 22°C, 40 mg Buccafusca et al. (1981)
Bluegill sunfish 96 13 CaCOal/l, pH 7.3, US EPA

1975, Nominal conc.
Cyprinodon variegatus 96 13 Early life stage test Suter and Rosen (1988)
Sheepshead minnow MATC: 5 mgll
Oncorhynchus kisutch 96 55 Flow-through, 7.6-10.4°C, Moles et al. (1981)
Coho salmon Measured. LCso: 6.3 ml/l

~6.3*0.866=5.5 mgll
Oncorhynchus gorbuscha 24 54 Static, 12°C,seawater, Thomas and Rice (1979)
Pink salmon Measured conc.
Oncorhynchus gorbuscha 96 7(6.4-8.1) Static, 4-12°C, 28%.seawater, Korn et al. (1979)
Pink salmon Measured conc.
Morone saxatilis 24 6.3 Static, 16°C, 250/00 seawater, Benville and Korn (1977)
Striped bass 96 (7,300 mif) Measured conc.

Several acute studies are performed on fish of which most do not consider the volatilisation
potential of toluene. The studies included in Table 3.52 are the studies considered valid for this
risk assessment. The lowest LC50 (96 hours) value for fish was 5.5 mg/l in freshwater and
5.4 mg/l in seawater and both from valid tests using flow-through methods and measured
concentrations. The value 5.5 mg/l is used in the risk assessment.

This value is in general agreement with the QSAR estimation according to the TGD (1996)
which results in a fish (96 hours) LC50 22 mg/l for non-polar narcotic acting substances and
QTOXMIN (Pedersen et al., 1995) which result in LC50 (96 hours) of 16 mg/l. The ECOSAR
model, which is a computer program for estimating the ecotoxicity of industrial chemicals, based
on structure activity relationships estimates a freshwater fish LC50 (96 hours) to be 16.8 mg/I for
neutral organics (US EPA, 1994). These QSAR predictions are somewhat higher than the chosen
experimental LC50 level concluded here.
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3.2.1.1.2 Short-term toxicity to crustaceans

Table 3.53 Short-term toxicity to crustaceans

Species Duration | L(E)C50 | Method, conditions Valid Ref.
(hours) (mgll)

Daphnia magna 48 11.5 static (closed system), Daphnids 4- | Valid Bobra et al. (1983)
6 days old, 23°C, pH 7, US EPA
1975. Nominal conc.

Daphnia magna 48 14.9 Static, 22°C, 100 mg CaCOs/l, Valid Hermens (Adema, 1991)
nominal conc. (measured <20%
deviation)

Ceriodaphnia dubia 48 3.78 Renewed daily, closed, measured Valid Niederlehner et al. (1998)
conc., EC50 (168 hrs) = 3.41 mg/l

Other crustaceans

Cancer magister 96 28 Flow-through Valid RIVM/Caldwell et al.

Crab (1976)

Artemia salina 24 33 Static, closed, 25°C, seawater Valid Price et al. (1974)

Brine shrimp

Crangon franciscorum 96 3.5 Static, 25 %o seawater Valid ? Benville and Korn (1977)

Bay shrimp

Palaemonetes pugio 24 30.6; Static, 20°C, APHA 1965, meas. Valid Potera (1975)

Larval grass shrimp 25.8 Results 15 and 25 ppt salinity

Palaemonetes pugio 24 20.2; Static, 20°C, APHA 1965, meas. Valid Potera (1975)

Mature grass shrimp 17.2 Results 15 and 25 ppt salinity

Nitocra spinipes 24 24.2; Static, 20°C, APHA 1965, meas. Valid Potera (1975)

Copepod 74.2 Results 15 and 25 ppt salininity

Chaetogammarus 48 18 Static, Initial conc. 96% of nominal. | Valid Adema (1991)

marinus

Marine crustacea

Several studies on crustaceans have been performed. Most of the studies have not taken the
volatility into account. Daphnia magna in static tests (apart from the above mentioned) were
observed to have LC50 values of 60-470 mg/l (average 278) which may be based on
methodological problems (open or not sufficiently closed vessels). There are no indications in
the test reports that concentrations have been measured during the tests. A study by Leblanc
(1980) where the result of a static test and based on nominal concentrations was: EC50 (24 and
48 hours) 310 mg/l, was considered invalid. The EC50 (48 hours) values for Daphnia considered
valid were 3.8 mg/l, 11.5 mg/l and 14.9 mg/l. It is noted that lower effect concentrations were
observed with a marine species, the bay shrimp Crangon franciscorum (EC50 = 3.5 mg/l) and
with the freshwater species Ceriodaphnia dubia (EC50 = 3.8 mg/1).

The experimental EC50 (48 hours) for Daphnia is in reasonable agreement with the QSAR
estimations according to the TGD (1996) which results in a Daphnia (48 hours) EC50 13.4 mg/1
for non-polar narcotic acting substances and QTOXMIN (Pedersen et al., 1995) which results in
an EC50 (48 hours) of 17 mg/l. The ECOSAR model estimates the Daphnia LC50 (48 hours) to
18.8 mg/1 for neutral organics (US EPA, 1994).
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3.2.1.1.3 Toxicity to algae

Table 3.54 Short-term toxicity to algae

Species Duration | EC50 | NOEC | Method, conditions Reference
(mg/l) | (mgll)
Selenastrum capricornutum 72h 12.5 | closed, nominal Koch (1995)
96 h 10 US EPA (1980)
Skeletonema costatum 72h 10 closed, nominal Heijden et al. (1988)

Chlorella sp. (salt marsh sp) 12h > 342 <34 closed system, 20°C, inhibition Potera (1975)
on photosynthesis/respiration
ratio,

APHA 1965

Chlorella vulgaris 72-96 h 207 closed, nominal Hutchinson et al. (1980)
19°C, 400 ft candle,CO2-uptake,
20-10%cells/ml

Chlamydomonas angulosa 72-96 h 134 closed, nominal Hutchinson et al. (1980)
19°C, 400 ft candle,CO,-uptake,
5-104cells/ml
Chilorella vulgaris 24 h 245 open system, nominal Koch (1995),
10d 250 US EPA (1980)
Scenedesmus quadricauda 7d >433 >400 | partly closed (metal caps), Bringmann and Kiihn (1980)
nominal

In a study by Hutchinson et al. (1980), toluene effect on photosynthetic inhibition was tested on
two algal cultures using '*C-labelled toluene and glass stoppered flasks. Three-to-four day
exponential phase cells were used at a cell density of 20- 10* cells/ml for Chlorella vulgaris and
5-10* cells/ml for Chlamydomonas angulosa and the "*CO, uptake over three hours was used as
an indication of photosynthesis. The EC50 values were 207 and 134 mg/l, respectively.

The concentrations in the algae studies were apparently all nominal. It was considered whether to
reject the validity of the studies because of this. It is however not an absolute requirement
according to OECD TG 201 to include analytical verification of the concentration of the test
substance. Furthermore to use analytical measurement at the end of the test as a basis for the
estimation of algae toxicity may underestimate the exposure, because of significant adsorption or
bioaccumulation to the exponentially growing algae biomass. Based on that employment of a
closed system is likely to control loss by volatilisation of toluene, all tests employing nominal
concentrations and closed systems were considered valid. In two algae studies the NOECs were
10 mg/1, which is used as the basis for the assessment of toxicity toward algae.

These experimental values are around one order of magnitude higher than QSAR estimations
according to the TGD (1996), which results in an algae (72-96 hours) EC50 of 8.8 mg/l and
QTOXMIN (Pedersen et al., 1995), which results in EC50 (72 hours) of 11 mg/l. The ECOSAR
model estimates the green algae EC50 (96 hours) to 12.2 mg/l and the NOEC value to 1.8 mg/l
for neutral organics (US EPA, 1994).
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3.2.1.14 Chronic toxicity to aquatic organisms

Table 3.55 Chronic toxicity to aquatic organisms

Species Duration | EC50 LOEC NOEC | Method, conditions Ref.
mgl/l mg/l mg/l

Fish

Carassius auratus (fry) 30d 14.6 FT, US EPA Brenniman et al. (1976)

Pimephales promelas 32d 6 4 FT, measured Devlin et al. (1982)

(embryo-larvae)

Oncorhynchus kisutch 40d 3.2 1.4 FT, measured Moles et al. (1981)

(fry)

Cyprinodon variegatus 28d 7.7 3.2 FT, 25 0/00 salinity Ward et al. (1981)

(egg-juvenile)

Oncorhynchus mykiss 27d 0.02 0.0029 FT, meas., LC10: 2.9 ug/l | Black et al. (1982)

(ELS) cf. text below

Oncorhynchus mykiss 27d 4.4/108 | 1.4/4.7 | FT, meas, two tests WRc in UK, 2 test results

(ELS) from an attempt to reproduce
Black et al. study (1982)

Daphnia

Daphnia magna 21d 1.0-2.0 | S-S, closed syst.,meas. Kiihn et al. (1989) (2.0 mg/!
based on nominal
concentration. 1.0 mg/l lowest
measured concentration)

Daphnia magna 16d 38" S-S, closed, meas. Hermens et al. (1984)

(immobilisation) (*EC50 value calculated from
QSAR, NOEC pers comm. H
Canton (Heijden et al., 1988))

Daphnia magna 16d 14* 0.53 S-S,*QSAR, pers.comm

(reproduction)

Ceriodaphnia dubia 7d 3.23 2.76 0.74 S-S, measured conc. Niederlehner et al. (1998)

(reproduction)

FT: Flow-through
S-S:  Semi -static

The chronic toxicity to fish was studied on Pimephales promelas in a 32-day embryo-larval
flow-through study using the weight of young fish as endpoint. LOEC was observed at 6 mg/l
and NOEC set to 4 mg/l. The actual concentrations were measured (Devlin et al., 1980). Moles
(1981) observed that growth reduction was significant at 3.18 mg toluene/l in a 40-day flow-
through study using Coho salmon fry. The lowest chronic fish toxicity LOEC was thus 3.18 mg/I
and employing the recommended procedure for extrapolation to NOEC by TGD equivalent of a
NOEC of 1.4 mg/l.

Black et al. (1982) found in an early-life-stage test with rainbow trout an LC50 of 20 pg/l and a
27-day LC10 of 2.9 pg/l. In this study, the eggs were exposed in a flow-through system to the
test substance within 30 minutes of fertilisation. The concentration was measured daily. A study
attempting to reproduce the results by Black et al. conducted by WRC (1991) in the UK reports
NOEC values in two independent studies of 1.4 and 4.7 mg/l, respectively. Experts have
examined both studies. Reasons for the large discrepancy between the original and new studies
were not found and both studies are regarded as valid. Even though an evaluation of the original
study by Black et al. (1982) did not reveal any obvious invalidating factors, this study seems not
reasonable to include for consideration of the long-term NOEC for fish, because four other
independently conducted long-term valid fish studies (including one with the same fish species)
report NOECs within the same range but several magnitudes higher than the NOEC reported by
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Black et al. Thus a chronic fish NOEC of 1.4 mg/l is concluded based on the available valid
experimental data.

The chronic toxicity to Daphnia reproduction was studied in a 21-day semi-static study using
closed vessels (Kiihn et al., 1989). Using measured concentrations the NOEC was 1 mg/l (Kiihn
et al., 1989). Hermens et al. (1984) used renewal (semi-static) conditions in a 16-day Daphnia
reproduction study and observed a NOEC of 0.53 mg/l. The Hermens et al. study is a QSAR
study and the experimental procedures are not quite clear.

The reproductive toxicity study on Ceriodaphnia dubia in a 7-day semi-static closed glass vial
system reports a NOEC of 0.74 mg/l, a LOEC of 2.76 mg/l and an EC50 of 3.23 mg/I.

Based on this a chronic NOEC for reproduction to crustaceans of 0.74 mg/l is used and because
this is the lowest reported valid chronic effect concentration of aquatic species carried over for
derivation of PNECy.;. The value is supported by being approximately the average of the two
Daphnia magna studies and a little higher than the QSAR estimated value for long-term
Daphnia toxicity.

The reported experimental aquatic effect concentrations are in general agreement with QSAR
estimations of values for chronic toxicity on fish and Daphnia by the TGD for non-polar acting
substances of 2.0 mg/l (30 days, FELST) and 2.3 mg/l (16 days, reproduction), respectively, and
with ECOSAR estimations (US EPA, 1994) where chronic values were: fish 30-day NOEC
2.4 mg/l, Daphnia 16-day NOEC 1.3 mg/l.

Another EU body (CSTE) has previously performed an evaluation of short- and long-term
aquatic toxicity data on toluene 8.

3.2.1.2 PNEC for aquatic organisms

A full base set of acute EC50 from fish, daphnia and algae and the long-term NOECs from fish,
Daphnia and algae are available. The assessment factor to apply is 10 according to the TGD on
the lowest long-term NOEC of 0.74 mg/1 on Ceriodaphnia reproduction.

PNECagquatic organisms = 0.74/10 = 0.074 mg/1.

8 CSTEE (1993) recommends a value of 10 pg/l for toluene as water quality objective (WQO) value defined as a
maximum acceptable concentration that should not be exceeded to avoid hazards to the aquatic environment,
including the marine environment. Thus, this evaluation also takes into account the difference in characteristics
between salt water and fresh water (Council Directive 76/464/EEC, art.6.2). Other differences between the current
PNEC and the WQO may be caused by the methods used in calculating WQO and PNEC. WQCs are in general
given as the lower rounded value of the PNEC.
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3.2.1.3

Table 3.56 Toxicity to microorganisms relevant for STP

Toxicity to microorganisms in STP

Species Duration | EC50 | NOEC |Method, conditions Reference
(hours) | (mg/l) | (mgl/l) |(nominal conc.)
Entosiphon sulcatum 72h 456 Static (partly closed, metal Bringman and Kiihn (1980)
(protozoa) caps), 25°C, US EPA (partly close: flasks stoppered with
cotton-lined plastic caps)
Tetrahymena pyriformis 48 h 289 Static Schultz et al. (1996)
Pseudomonas putida 16 h 29 Static (partly closed,cotton Bringman and Kiihn (1980)
(Bacteria) lined plastic caps), 25°C, (partly close: flasks stoppered with
cotton-lined plastic caps)
Pseudomonas putida 3h 193 Static,30°C (LD50: 2.1 mM) Heipieper et al. (1995)
Nitrosomonas (nitrification) 24 h 84 eq to ISO/DIS 9609, Blum and Speece (1991)
Aerobic heterotrophs (from 49h 110 Static, closed bottles Blum and Speece (1991)
mixed liquor of an activated
sludge STP)
Activated sludge 12h 292 Respiration Nirmalakhandan et al. (1994)
Polytox (mixture of 12 stream 6h 207 Batch reactor, respirometry, Nirmalakhandan et al. (1994)
bacteria): respiration 189 25°C

The concentrations were not measured. Bringman and Kiihn (1980) present the results as toxicity
thresholds that are equal to NOEC. The studies were performed in partly closed vessels.

The effect on activated sludge was studied using a sludge from a municipal STP in a
respirometric test procedure where the respiration from capped reactors was measured during
12 hours. The IC50 was calculated to be 292 mg/l. Using Polytox (standardised microbial
culture) the IC50 (6 hours) was 207 mg/l (Nirmalakhandan et al., 1994).

The toxicity to each of 3 bacterial groups: aerobic heterotrophs, Nitrosomonas and methanogens,
were studied by Blum and Speece (1991). All assays were carried out in sealed serum bottles
under similar conditions. Water and the inoculum were obtained from the mixed liquor of an
activated sludge wastewater treatment plant. The 50% inhibition concentration relative to
controls (IC50) was 84 mg/l for Nitrosomonas (nitrification) and 580 mg/l for methanogens.
IC50 for aerobic heterotrophs was 110 mg/I (respiration) (Blum and Speece, 1991).

3.2.14 PNEC for microorganisms

The cell density inhibition studies on Pseudomonas putida resulted in a NOEC (16 hours) of
29 mg/l. Using an assessment factor of 1 would result in a PNECuicroorganisms 0f 29 mg/l.
However, using the values from the P. putida 3-hour EC50 test and an assessment factor of 10
would result in a PNECicroorganisms Of 19.3 mg/1.

The studies on degradation in activated sludge used concentrations of 1.5 and 10 mg/l and no
inhibitions seemed to appear; though the degradation at 1.5 mg/l was slightly faster than at
10 mg/l.

According to the TGD, available data suggest the following range of increasing sensitivity:
respiration test <P. putida inhibition test < inhibition of nitrification.
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For toluene the respiration test gives EC50 values that vary between 110 to 292 mg/l. The lowest
value is therefore used in the risk assessment

The ECS50 for respiration of microorganisms in STPs was 110 mg/l and using an assessment
factor of 100 would result in:

However inhibition of microbial nitrification is the preferred endpoint for STPs, because this
process is more sensitive than inhibition of microbial respiration. Using the inhibition of
nitrification and the assessment factor of 10 results in a:

PNEChicroorganisms = 84/10 = 8.4 mg/l (nitrification), which will be used in the risk
characterisation.

3.2.1.5 Sediment

No studies on sediment dwelling organisms were available and because log Kow is less than 5,
the PNECsed is not calculated. The reason is that employment of the equilibrium partition
method and the PNECsed calculation method would result in the same PEC/PNEC ratio for
sediment dwelling organisms as for pelagic organisms.

3.2.2 Atmosphere

Only a few results were available to support an effect assessment in the atmosphere.

Direct effects on plants

In plant studies conducted by an American institution in 1982, for instance for carrots, tomatoes
and barley, 11.5 mg/m’ toluene in air for more than 30 minutes is claimed to be toxic (Overcash
et al., 1982). No details are given. A new study with much more details refer to much higher
toxic air concentrations for toluene. Christ (1996) investigated the harmful effects of 49 organic
substances including toluene on various plants of approximately 10 cm length (tomato,
sunflower, soya, Tropaeolum, sugar beet and wheat) in short-term experiments with 3 hours of
air exposure. Visible effects occurred at air concentrations between 15 and 50 g/m’, effects on
growth at 1 g/m’ and on photosynthesis at 3.6 g/m”.

Currier (1951) examined effects on tomato, carrot and barley of exposure to high air
concentrations of toluene in short-term experiments (15 — 30 min.). Leaf damages were observed
in barley at a concentration of 6,400 mg/m’, and extensive leaf damages at a concentration of
12,000 mg/m’ in tomato, carrot and barley.

Sauter and Pambor (1989) examined degradation of the epistomatal wax layer in spruce (Picea
abies) and fir (Abies alba) needles exposed at roadsides. A comparable degradation of the
epistomatal wax layer was observed when shoots of spruce and fir were incubated in enclosed 1 1
beakers together with paper towel moistened with 1 ml of benzene or xylene for three days.
However, no degradation was observed when shoots were exposed to toluene in a similar
experiment but no precise information is available about the air exposure concentration.

In a study by Schubert et al. (1992) tobacco pollen germination was examined. At a
concentration of 29,000 mg/m” the germination was reduced by 50% after 2 hours of exposure.
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One screening study with 14-day-exposure period of toluene gas exposure was found. Trifolium,
radish, cress, bean and tobacco were exposed and the maximum concentration without any
observed effect was 60 mg/m’® (Van Haut et al., 1979). The parameter examined was growth
recorded as increase in fresh and dry weight. Authors conclude that “toluene.... are practically
inactive and thus of no concern with regard to vegetation oriented protective matters”.

The phytotoxicity of hydrocarbons o.a. toluene in a mixture with white oil was tested by
spraying a 0.75% toluene emulsion on cucumber. The phytotoxic symptoms 10-14 days after
spraying were recorded in a point system (“10”: dead, “5”: moderately phytotoxic, “2”: slight
damage and “0” undamaged). Toluene was given the point 3 to 5 with a mean value of 3.6 point,
i.e. effect severity rated between “slight” and “moderate” damage (Heringa, 1951). This study
seems not relevant.

To conclude, toluene seems not to be of concern with regard to plant toxicity exposed via air
except at very high concentrations. No formal PNEC will be established because of lack of
appropriate long-term studies, however, the NOEC of 60 mg/m’ based after a 14-day exposure
period given in Van Haut et al. (1979) can be used to evaluate the risk for terrestrial plants
exposed via air.

Indirect effects

Toluene contributes to ozone formation in the surface near atmosphere (Derwent et al., 1998),
and may also contribute to the formation other harmful substances e.g. DNOC. However, the
photochemically formation of ozone and other harmful substances in polluted air depends on
emission of all VOCs and other compounds in a complex interaction with other factors.
Therefore, a more in-depth evaluation of the contribution of toluene to the complex issue of air
quality should more appropriately be dealt with by authorities regulating air quality rather than
as a part of this substance specific risk assessment.

Regarding effects of ozone (which toluene may contribute to the formation of), the CSTEE in
their “Opinion on Risk assessment underpinning new standards and thresholds in the proposal
for a daughter directive for troposheric ozone, adopted at the CSTEE by written procedure on
May 21, 19997, comments:

“The effects of ozone on vegetation are also documented. Similarly to humans, oxidative
stress/damage due to reaction with unsaturated organic compounds, sulphydryl compounds,
formation of aldehydes, hydrogen peroxide, as well as cellular changes including altered
membrane permeability are described. More specifically, reduced photosynthesis, impaired CO,
fixation and altered cell growth leading to reduction in root/shoot ratios and in flower formation
are observed. This may result in ecological balance shifts, as less ozone-sensitive species are
favoured.

Presumably a tolerance phenomenon occurs in plants with continual exposure, though it appears
to be poorly documented.”

Further: “For neither man, animals nor for plants has a threshold been established for either acute
or chronic effects. This raises the issue of what type and degree of change is of health
significance.

From an environmental management viewpoint there is a major additional problem as indicated
above that in many areas, ozone levels are above those levels where some biological effects are
known to occur.”
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and

“However, the CSTEE noted that there are several factors that can affect the toxicity of ozone for
plants and large differences in the actual threshold must be expected for different environmental
and ecological conditions.”

Effects on animals and humans are expected within the same range of exposure. The effects are
described in the relevant human health section.

The current threshold values in use in the EU according to Directive 92/72/EEC are shown in
Table 3.57.

Table 3.57 Threshold values for 0zone concentrations set in Directive 92/72/EEC  (EC, 1992)

Threshold for: Concentration Averaging period
(in pg/m?) (h)
Health protection 110 8
Vegetation protection 200 1
65 24
Population information 180 1
Population warning 360 1

These current threshold values are currently being revised in order to prepare a new EU
Directive on troposheric ozone. The new proposal of thresholds are set at observable effects of
5% reduction in yield for crops and a decrease of 10% in biomass for forests. Changes below
these levels were considered to be statistically not significant and of low relevance in ecological
terms (CSTEE, 1999). It is noted that the threshold values for ozone are approximately at the
same level for protection of both the human health and the health of vegetation.

3.23 Terrestrial compartment

In plants, a yield decrease was observed after 2-4 weeks of exposure to 1,000 mg/kg soil w/w
(Heijden et al., 1988).

For maize, fescue and soybean, 200 to 20,000 mg/kg soil is toxic depending on soil type and
plant species: A 10% yield reduction on a sand soil was evident at 200 ppm for maize, 800 ppm
in soybean and 2,000 ppm in fescue. At 2,000 ppm or more there was at least 50% reduction in
the fresh weight of all three crops. The lowest LOEC for phytotoxic effects observed was thus
200 mg/kg soil dw (Overcash et al., 1982).

For lettuce, Lactuca sativa, a 14-day EC50 was >1,000 mg/kg soil (Hulzebos et al., 1993). The
study was performed according to OECD TG 208 in an agricultural loam (pH 7.5, org. matter
1.4%, clay 12%, moisture-holding capacity 80%). The toluene content was analysed at the start
of the test but not at the end. The EC50 value was based on initial nominal concentration, fresh
weight biomass (seedlings) after 7 and 14 days. The measured initial concentration of toluene in
soil 1s stated to be <50% of the nominal. The reported EC50 value by Hulzebos et al. (1991) is
therefore likely underestimated and, thus, regarded as invalid for risk assessment.
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The combined effect of volatilisation and degradation was observed in a study cited in Overcash
et al. (1982) where 0.1% to max. 6.25% of applied toluene remained in a clay loam soil 1 week
after application.

The effects on earthworms are studied on Eisenia foetida in a 28-day study using artificial soil.
LC50 was observed to be >150 but <280 mg/kg soil. NOEC on mortality and cocoon production
was <150 and <250 mg/kg, respectively. However, the earthworm condition (visual inspection)
showed a NOEC between 15 and 50 mg/kg soil (Heijden et al., 1988).

The soil microbial processes respiration and ammonification were affected at high concentrations
in loam and humid sands. The NOEC values were found between 360 and 1,300 mg/kg soil for
respiration and between 100 and 1,100 mg/kg for ammonification. The nitrification in the same
two soils was observed to be more sensitive as the NOEC value in a 28-day test was < 26 mg/kg
soil dry weight (Heijden et al., 1988).

In another experiment, NOEC >25 mg/kg soil for soil respiration and N-mineralisation measured
in experiments with frequent sampling between 1.5 and 80 days, and 7 and 56 days, respectively
(Kirchmann et al., 1991). However, analysis of the soil immediately after addition of toluene
showed that very low concentrations of toluene were found, 0.09 mg/kg after the addition of
25 mg/kg and no detectable toluene after the addition of 0.5 mg/kg. It was assumed that toluene
was volatilised during addition and mixture with the soil. Thus, the Kirchmann et al. study
demonstrates that toluene <0.09 mg/kg soil had no effect on respiration and nitrification.

The microbial toxicity in soil medium was studied in a Polytox test. The test culture consisted of
a mix of 12 strains of aerobic microbial cultures. The test medium was a sandy loam soil
collected from a depth of 15 cm at an agricultural field. After addition of the cell culture to soils at
varying moisture capacities, the respiration up to 10 hours was measured in the laboratory at 25°C,
and the inhibition relative to control calculated. IC50 was 310, 370, 380 and 430 mg/kg for soil at
33%, 50%, 80% and 100% moisture holding capacity, respectively (Regno et al., 1998).

3.2.3.1 PNEC for soil organisms

In a single 28-day study on Lactuca sativa, a yield decrease was observed at 1,000 mg/kg soil. In
a 28-day study on earthworms, mortality, cocoon production and visual conditions were affected
and the NOEC ranged between 15 and 50 mg/kg. In 28-day studies on soil microorganisms, the
process of nitrification was the most affected process with a NOEC < 26 mg/kg soil.

For earthworm, the NOEC (28-day) for mortality and cocoon production was <150 and
<280 mg/kg, respectively. However, based on visual inspection on the earthworm condition, the
NOEC was by the authors concluded to be between 15 and 50 mg/kg. For microorganism
nitrification, the NOEC (28-day) was <26 mg/kg. Thus both the earthworm and the
microorganism studies indicate the “true” NOEC in these studies were below 150 and 26 mg/kg,
respectively. The inclusion of cocoon production in the earthworm study and extending the study
period to 28 days (short-term studies usually 14 days) may support that the results be considered
a long-term study. For microorganisms, longer-term studies tend to result in higher NOECs than
short-term studies, whereas the opposite generally applies to studies with multicellular longer
living organisms like earthworms. Furthermore, use of long-term test data on microorganisms in
the context of effect assessment on soil organisms is presently not explicitly covered by the
recommendations given in the TGD. Based on these considerations and since the reported NOEC
for nitrification was <26 mg/kg, 15 mg/kg from the earthworm study is used in the risk
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assessment. Thus, based on two long-term studies on plants and earthworm an assessment factor
of 50 may be used to reach an indicative PNECq;i:

PNEC,,; = 15/50 = 0.3 mg/kg.

For comparison this value is in close agreement with estimation of PNEC employing the
equilibrium partitioning method:

PNECs01 = (Ksoitwate/RHOs0i1) - PNECyaer- 1,000 = 0.26 mg/kg wiw.

3.24 Secondary poisoning

Not relevant because the worst-case BCF for fish is <100. Furthermore, the substance has not a
high lipophilicity and seems to be readily degradable.
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33 RISK CHARACTERISATION

3.3.1

3.3.1.1

The regional PEC/PNEC is 0.04 for the aquatic compartment.
The PEClocal yatr 1s presented in Table 3.58 along with the PEC/PNEC-ratios.

Surface water

Aquatic compartment

The PNEC aquatic organisms 18 0.74/ 10 = 0.074 mg/1.

3.3.1.1.1

Production

Table 3.58 Risk characterisation for surface water at production sites and combined production and processing sites

a) Summary of local PECs (mg/l) for surface water at production sites

Production sites Mean Median Min Max 90th % N
PEC water (mg/l) 0.03 5.7-106 0.00 0.590 0.016 19
PEC/PNEC 05 <0.01 - 8.0 0.2

b) Summary of local PECs (mg/l) for surface water at production + processing sites

Production + processing Mean Median Min Max N

PEC water (mg/l) 0.14 0.00025 1.00-10° 0.830 6

PEC/PNEC 1.9 <0.01 <0.01 11.2

c) Site-specific PEC/PNEC ratio for surface water estimated for production and, production + on-site processing
(APA, 2000). Bold values in the PECuwater column indicate that defaults have been overwritten by measured data

Site PEC PEC/PNEC Conclusion
water water
mg/l mg/l
Production
P11 0.010 0.14 i
P2 1.1-10° 0.015 i
P3 1.39-107 1.88-10°% i
P4 0.002 0.027 i
P5 0.040 0.546 iii 2
P6 5.70-10% 7.7-10°% i
P7 0.001 0.013 i

Table 3.58 c) continued overleaf
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Table 3.58 c) continued Site-specific PEC/PNEC ratio for surface water estimated for production and,
production + on-site processing. (APA, 2000). Bold values indicate that defaults
have been overwritten by measured data

Site PEC PEC/PNEC Conclusion
water water
mg/l mg/l

P8 3.90-10°% 5.27-10°% i
P9 3.52-10% 4.76-105 i
P10 1.80-10°¢ 243-10% i
P11 417-10% 5.64-108 i
P12 3.65-10°% 4.93-104 i
P13 0.00 << i
P14 0.59 797 iii
P15 2.00-10°8 2.7-107 i
P16 3.33-10% 45-104 i
P17 1.00-10¢ 1,35-107 i
P18 2.97-10% 4.04-104 i
P19 0.0014 0.0189 i
Production + Processing

PP1 0.000136 0.00183 i
PP2 0.000369 0.00499 i
PP3 0.000515 0.00696 i
PP4 0.8300 1.2 ii
PP5 1.00-10°® 1.35-107 i
PP7 5.32-10% 7.19-105 i

" Production stopped in 1998
2 No information available on the basis for the site-specific dilution factor. Assuming the given dilution is a mean
value a PEC/PNEC > 1 would be the result of low flow conditions

Risk characterisation for production

Conclusion (iii) applies for production sites P5, P14.

Conclusion (ii) applies for production sites P1, P2, P3, P4, P6, P7, P8, P9, P10, P11, P12, P13,
P15, P16, P17, P18, P19.

Risk characterisation for combined production and processing

Conclusion (iii) applies for site PP4.

Conclusion (ii) applies to PP1, PP2, PP3, PP5, PP7.
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3.3.1.1.2

Off-site processing

Table 3.59 Risk characterisation for surface water at processing sites

a) Summary of local PECs (mgll) for surface water at some processing sites (APA, 2000)

Processing Mean Median Min Max N
PEC water (mg/l) 0.312 0.0069 1.36-10% 1.83 6
PEC/PNEC 4.2 0.1 <0.01 24.7
b) Local PECs (mg/l) for surface water at some processing sites (APA, 2000)
Site PEC PEC/PNEC Conclusion
water water
mg/l mg/l
Processing
Pc1 0.024 0.324 i
Pc2 0.013 0.175 i
Pc3 1.830 24.72 iii
Pc4 3.22-10+ <0.01 i
Pc5 1.28-10° 0.017 ii
Pc6 1.36-10°% <0.01 i
c¢) Summary of local PECs (mg/l) for surface water at processing sites identified in De Witt (1999).
PEC estimation based on site capacity and TGD defaults (APA, 2000)
Processing Mean Median Min Max 90th % N
PEC water (mg/l) 0.779 0.435 0.038 2.781 2.306 27
PEC/PNEC 10.5 59 05 37.6 31.2

Risk characterisation for off-site processing

Conclusion (iii) applies for processing site Pc3.

Conclusion (ii) applies for processing sites Pc1, Pc2, Pc4, Pc5 and Pc6.

Generic risk characterisation

Conclusion (iii) also applies for the generic scenario 1 (use as an intermediate) and most large
identified processors (see Table 3.27) that presumably cover the major part of the total tonnage
processed in the EU.
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3.3.1.1.3

For downstream uses the scenarios in Table 3.60 indicate that locally there may be risks for

Downstream uses

Table 3.60 Estimations of PEC/PNEC local surface water

Scenario Life stage PECuwater PEC/PNECuwater
(mgll)

1:  Intermediates Processing 1.320 17.8
2: Basic chemicals Formulation 0.549 74
Processing 9.040 122.2
3: Mineral Formulation (10%) 0.357 4.8
oil and fuel Private use 0.004 0.1
4: Polymers Formulation (10%) 0.129 1.7
Processing 0.011 0.2
5. Paint, efc. Formulation (50%) 0.180 24
Private use 0.006 0.1
6: Basic chemical Formulation 0.169 23
Processing 4.940 66.8
7: Personal / Formulation 0.028 0.4
domestic Private use 0.011 0.2
8. Pulp, Paper and Formulation 0.066 0.9
board Processing 0.022 0.3
9: Textile Processing 0.413 5.6
10: Other Processing 0.033 05

Bold: risk indicated

aquatic organisms for:

. intermediates, processing (scenario 1),

« Dbasic chemicals (including processing aid, “extraction” agent or solvent), processing and

formulation (scenarios 2 and 6),

« mineral oil and fuel formulation (scenario 3),

. formulation of polymers (scenario 4),
« formulation of paints (scenario 5),
. textile processing (scenario 9).

For these scenarios, conclusion (iii) applies, based on the recognition that it is unlikely that
sufficient information can be gathered and be considered representative for the numerous

downstream uses to exclude a risk.

3.3.1.2

STP, microorganisms

The preferred endpoint to be used for risk characterisation is inhibition of nitrification:

PNECSTP, microorganisms 8.4 mg/ 1.
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Table 3.61 Site-specific PEC/PNEC ratio for STP, microorganisms estimated for production,
production + on-site processing, and processing off-site (APA, 2000)
Bold values in the Cste, e column indicate that defaults have been overwritten by

measured data
Site Csr, eff PEC/PNEC Conclusion
mgl/l STP, microorganisms
(nitrification)
Production
P17 0.30 0.035 i
P2 0.71 0.09 i
P3 0.005 <0.01 i
P4 0.050 0.01 i
P5 0.910 0.11 i
P6 0.256 0.03 i
P7 0.01 <0.01 i
P8 0.013 <0.01 i
P9 0.290 0.03 i
P10 0.010 <0.01 i
P11 0.0005 <0.01 i
P12 0.000365 <0.01 i
P13 0 << i
P14 5.900 0.70 i
P15 0.020 <0.01 i
P16 0.005 <0.01 i
P17 0.010 <0.01 i
P18 0.050 0.01 i
P19 0.420 0.05 i
Production + Processing
PP1 0.003 <0.01 i
PP2 0.057 0.01 i
PP3 0.079 0.01 i
PP4 8.330 0.99 i
PP5 0.010 <0.01 i
PP7 3.47-10-4 <0.01 i
Processing
Pc1 0.24 0.03 i
Pc2 0.12 0.01 i
Pc3 18.322 218 iii
Pc4 0.010 <0.01 i
Pc5 0.010 <0.01 i
Pc6 0.025 <0.01 i

") Production stopped in 1998
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Risk characterisation for production

Conclusion (ii) applies for all production sites.

Site-specific risk characterisation for combined production and processing

Conclusion (ii) applies to PP1, PP2, PP3, PP4, PP5, PP7.

Risk characterisation for off-site processing and generic risk characterisation

Conclusion (iii) applies for processing site Pc3 and most large identified processors
(Table 3.27) that presumably cover the major part of the total tonnage processed in the EU.

Conclusion (iii) also applies for the generic scenario 1 (use as an intermediate).

Conclusion (ii) applies for processing sites Pc1, Pc2, Pc4, Pc5 and Pc6.

Downstream uses

Table 3.62 Estimations of PEC/PNEC for microorganisms in STPs

Scenario Life stage CsTP, effluent PEC/PNECicroorganism Conclusion
(mgll) (nitrification)

1: Intermediates  |Processing 13.2 1.57 iii
2: Basic chemicals | Formulation 543 0.65 i
Processing 110 13.10 iii
3: Mineral Formulation (10%) 3.51 0.42 i
Oil and fuel Private use 0.0013 <0.01 i
4: Polymers Formulation (10%) 1.23 0.15 i
Processing 0.05 0.01 i
5. Paint, efc. Formulation (50%) 1.74 0.21 i
Private use 0.0007 <0.01 i
6: Basic chemical | Formulation 1.63 0.19 i
Processing 494 5.88 iii
7: Personal / Formulation 0.22 0.03 i
Domestic Private use 0.047 0.01 i
8. Pulp, paperand |Formulation 0.596 0.07 i
Board Processing 0.161 0.02 i
9: Textile Processing 4.06 0.48 i
10: Other Processing 0.27 0.03 i

The results in Table 3.62 indicate that locally there may be risks for microorganisms in STPs
from several downstream uses of toluene (conclusion (iii)):

« industry use as an intermediate (scenario 1),
 industry use as basic chemicals (scenarios 2 and 6).
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3.3.13 Results of the risk characterisation for the aquatic environment

Conclusion (iii) There is a need for limiting the risk; risk reduction measures which are being
applied shall be taken into account.

This conclusion applies to a number of production and processing sites where insufficient
information has been available to exclude a risk.

This conclusion applies to the use of toluene in

. industry use as an intermediate and as basic chemicals (scenarios 1, 2 and 6),
. mineral oil and fuel formulation (scenario 3),

« formulation of polymers (scenario 4),

« formulation of paints (scenario 5),

. textile processing (scenario 9).

Conclusion (ii)  There is at present no need for further information or testing or risk reduction
measures beyond those which are being applied already.

This conclusion applies to a number of production and processing sites where sufficient
information has been available to exclude a risk.

3.3.2 Atmosphere

Due to the high-vapour pressure of toluene the atmosphere is a major recipient of toluene. The
photodegradation by photochemical oxidative degradation/ ransformation is fast with a half-life
of approximately 2 days. Atmospheric concentrations on a regional scale are in the pg/m’ level,
while on local scale at the perimeter of production/processing plants average levels are estimated
to be at pg/m’ level up to more than 1 mg/m’. Local atmospheric concentrations due to emission
of toluene in exhaust gases expelled from motor vehicles are expected to be less than the
atmospheric concentrations in close proximity of larger industrial plants.

Some information regarding short-term effects of toluene on plants has been obtained indicating
little concern at concentrations below 60 mg/m’ and most studies indicate that short-term effects
occur at much higher exposure levels. No information on possible effects caused by long-term
exposure (more than 14 days) is at present available. The TGD (1996) does not give guidance on
how to assess the risk for plants exposed via air e.g. how to apply assessment factors or when to
request a plant fumigation test. The margins of safety (MOS) using the 60 mg/m’ (14-day
exposure) as the NOEC are in general two to three orders of magnitude or higher. For the generic
scenarios “Basic chemicals, processing” and “Pulp, paper and board, processing” the MOS are
25-70. Also for some identified production or processing sites the MOS are lower than two
orders of magnitude using TGD default release fractions on site-specific production or
processing volumes. However, taking all the available information into account it seems
reasonable, on borderline and as no guidance is given in the TGD (1996) to conclude that there is
no risk for plants at the present exposure levels.

It is known that toluene contributes to tropospheric VOC and contributes to the tropospheric
formation of ozone and volatile air pollutants e.g. DNOC. The photochemically formation of
ozone and other compounds depends on emission of all VOCs and other compounds in a
complex interaction with other factors.

Changes in VOC emissions lead to changes in ozone formation. The efficiency of VOC emission
reductions in reducing ground level ozone concentrations may vary from place to place and is
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depend on the occurrence of NOx, the solar radiation and the prevailing wind conditions. Thus
the effects on ozone creation of emissions arising from the production and use of the isolated
commercial product toluene may differ substantially between different regions in the EU.

The industrial use of the commercial product toluene contributes significantly to the overall
emission of toluene, however, emission of toluene in exhaust gases expelled from motor vehicles
seem to be the largest single source.

Based on a rough estimation utilising available information, the current risk assessment indicates
that emission of toluene from the use and production of the commercial product toluene may be
in the order of 3% of total NMVOC emissions. Locally and regionally this proportion may vary
substantially due to differences between regions in the VOC emission pattern from industrial
sectors using toluene. Even a simple evaluation of the photochemical ozone creation potential of
the emission of isolated toluene is difficult to perform, when the emission pattern of individual
NMVOC:s is not available.

The current risk assessment does not cover non-isolated toluene. Thus evaluation of the possible
effects of emission of toluene from motor vehicles is outside the scope of this risk assessment.
However, on the basis of monitoring of NMVOCs in street air there is indication that non-
isolated can contribute substantially (~ 30%) to the overall ozone formation due to NMVOC:s.

Effects of ozone exposure are documented on plants, animals and humans. Reporting on
monitoring results are most frequently done in relation to exceedance of thresholds for
information or warning of the human population, but this reporting may also give indication on
the magnitude of environmental effects, because effect concentrations seem to be in the same
order of magnitude for both vegetation and humans. The threshold values set by the European
Union to protect human health and the vegetation are frequently exceeded (cf. e.g. De Leeuw et
al., 1996).

In 1995, 90% of the EU population (both urban and rural) experienced an exceedance of the
current EU threshold for health protection (110 pg/m’, 8-hour average) for at least one day
during the summer 1995. Over 80% experienced exposure above the threshold for more than
25 days. The highest concentrations (2240 pg/m’) were recorded in Italy and Greece (WHO,
1999, cf. also De Leeuw et al., 1996).

In 1999, the threshold for information of the public in the EU (180 pg/m3, 1-hour average) was
not exceeded in 4 Member States while up to 70% of the monitoring stations in other Member
States did exceed this threshold (Sluyter and Camu, 1999). On average 27% of all monitoring
stations in the EU did exceed the threshold. The number of days that the threshold was exceeded
ranged from 2 days in Luxembourg to 68 days in Italy (out of 153 days in the reporting season).

The severity of exceedance of the EU threshold for health protection (110 pg/m’, 8-hour
average) has been estimated by WHO (1999). The 1995 summer ozone incidence is estimated to
have caused 1,500-3,700 deaths (0.1-0.2% of all deaths) and further 300-1,000 extra-emergency
hospital admissions due to respiratory diseases. “It is likely that the total number of health
impacts is higher than the estimated impact of the days with high levels only. This is suggested
by epidemiological studies where the effects can be seen also below the 110 pg/m’® level.”
(WHO, 1999).

If these figures are used to estimate the impact of emissions from the production and use of the
commercial product toluene through formation of ozone, then this emission may have caused in
the order of 100 deaths in the summer of 1995 if a linear relationship exists between the emission
of toluene, the emission of NMVOCs and the creation of ozone. Similarly, the vegetation and
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wildlife may be severely affected by ozone incidences and toluene is likely to contribute to these
effects.

However, no simple relationship has been established between the proportion of toluene to total
NMVOC emitted - and thus also between emissions arising from the use of the commercial
product toluene - and the creation of troposheric ozone.

Cf. also Section 4.1.3.4.

Results of the risk characterisation for the atmosphere

Conclusion (iii) There is a need for limiting the risk; risk reduction measures which are being
applied shall be taken into account.

This conclusion applies in the context of the Council Regulation (EEC) 793/93 of Existing
Substances to the contribution of the commercial product toluene to the formation of ozone and
other harmful substances i.e. smog formation. In the context of the consideration of which risk
reduction measures that would the most appropriate, it is recommended that under the relevant
air quality Directives, a specific in-depth evaluation be performed. Such an evaluation should
focus on the contribution of isolated as well as non-isolated toluene to the complex issue of
ozone and smog formation and the resulting impact on air quality.

Conclusion (ii)  There is at present no need for further information or testing or risk reduction
measures beyond those which are being applied already.

This conclusion applies to plants exposed via air.

3.33 Terrestrial compartment

The volatility and relatively fast degradation under aerobic conditions suggest that toluene would
have a relatively short half-life on soil surfaces.

The PEC/PNEC (soil) is calculated based on the few data on terrestrial organisms.
PNECg = 15/50=0.3 mg/kg.

Table 3.63 Risk characterisation for soil

a) Summary statistics for soil PECs (mg/kg dry) at production sites

Mean Median Min Max 90th %
Local PEC soil (mg/kg) 0.007 0.001 8.55-107 0.045 0.022
PEC/PNEC 0.02 <0.01 <0.01 0.15 0.1
b) Summary statistics for soil PECs (mg/kg dry) at production + processing sites

Mean Median Min Max
Local PEC soil (mg/kg) 0.002 0.0007 0.0001 0.005
PEC/PNEC <0.01 <0.01 <0.01 0.02
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c) Summary statistics for soil PECs (mg/kg dry) at processing sites

Mean Median Min Max

Local air only 0.002 5.83-105 3.04-10% 0.012

airtsludge 0.250 0.245 0.039 0.467

PEC/PNEC | air only <0.01 <0.01 <0.01 0.04
airtsludge 0.8 0.85 0.13 1.6

d) Site-specific PEC/PNEC ratio for soil estimated for production and, production + on-site
processing with no sludge application (APA, 2000).

Site PECsoil PEC/PNECsoi Conclusion
mg/kg dw mg/kg dw
Production
P17 0.0002 <0.01 i
P2 0.0105 0.04 i
P3 0.0233 0.08 i
P4 0.0003 <0.01 i
P5 0.0054 0.02 i
P6 0.00003 <0.01 i
P7 8.55-107 <0.01 i
P8 0.0148 0.05 i
P9 0.0052 0.02 i
P10 0.0002 <0.01 i
P11 0.0014 <0.01 i
P12 0.0003 <0.01 i
P13 0.0220 0.07 i
P14 0.0037 0.01 i
P15 0.0010 <0.01 i
P16 0.0005 <0.01 i
P17 0.0008 <0.01 i
P18 0.0008 <0.01 i
P19 0.0449 0.15 i
Production + Processing
PP1 0.0003 <0.01 i
PP2 0.0009 <0.01 i
PP3 0.0004 <0.01 i
PP4 0.0052 0.02 i
PP5 0.0037 0.01 i
PP7 0.0001 <0.01 i

") Production stopped in 1998
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Risk characterisation for production

Conclusion (ii).

Risk characterisation for combined production and processing

Conclusion (ii).

Off-site processing

Table 3.64 Site-specific PEC/PNEC ratio for soil estimated for processing with and without sludge application

(APA, 2000)

Site PECsoi PEC/PNEC:i Conclusion PECsoi PEC/PNECsoi Conclusion

deposition deposition deposition sludge sludge sludge
only only only application application application

mg/kg dw mg/kg dw mg/kg dw mg/kg dw

Processing

Pc1 0.000342 <0.01 i 0.467 1.6 ii

Pc2 8.27-10°% <0.01 i 0.245 0.8 i

Pc3 0.0121 0.04 i

Pc4 3.39-10% <0.01 i 0.039 0.1 i

Pch 1.84-10% <0.01 i

Pc6 3.04-10°% <0.01 i

Risk characterisation for off-site processing and generic risk characterisation

Conclusion (iii) applies for processing site Pcl if soils are amended with sludge and for the
generic scenario for use as an intermediate.

Conclusion (ii) applies for processing sites Pc2, Pc3, Pc4, Pc5 and Pc6. This conclusion also
applies for the generic scenario 1 (use as an intermediate) (Table 3.62).
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Downstream uses

Table 3.65 Estimations of PEC/PNEC local soil

Scenario Life stage PEClocalsqil PEC/PNECterrestrial

(mglkg) local soil

1: Intermediates Processing 3.64 12

2: Basic chemicals Formulation 1.51 5
Processing 30.5 102

3. Mineral Formulation (10%) 0.977 33
oil and fuel Private use 0.0007 0.002

4: Polymers Formulation (10%) 0.341 11
Processing 0.0145 01

5. Paint, etc. Formulation (50%) 0.482 1.6
Private use 0.0002 <0.01

6. Basic chemical Formulation 0.452 1.5
Processing 13.7 30.5

7. Personal / Formulation 0.061 0.2
domestic Private use 0.013 0.04

8: Pulp, Paper and Formulation 0.166 0.6
board Processing 0.067 0.2

9: Textile Processing 1.120 3.7
10: Other Processing 0.080 0.3

The results in Table 3.65 indicate that locally there may be risks for microorganisms in STPs
from several downstream uses of toluene:

. industry use an an intermediate (scenario 1),

« industry use as basic chemicals (scenarios 2 and 6),
. mineral oil and fuel formulation (scenario 3),

« formulation of polymers (scenario 4),

. formulation of paints (scenario 5),

. textile processing (scenario 9).

Results of the risk characterisation for the terrestrial environment

Conclusion (iii) There is a need for limiting the risk; risk reduction measures which are being
applied shall be taken into account.

This conclusion applies to processing sites with sludge application to soil (and scenario 1). This
conclusion also applies to industrial use as basic chemicals (scenarios 2 and 6), mineral oil and
fuel formulation (scenario 3), formulation of polymers (scenario 4), formulation of paints
(scenario 5), and textile processing (scenario 9).

Conclusion (ii)  There is at present no need for further information or testing or risk reduction
measures beyond those which are being applied already.

This conclusion applies to production and processing and some downstream uses.
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334 Secondary poisoning

Not considered relevant.

3.3.5 Humans exposed via the environment

The human intake from indirect exposure in local and regional scenarios is presented in the table
below. The estimations were performed according to EUSES. In the local assessment, all food
products are derived from the vicinity of one point source, in the regional assessment, all food
products are taken from the regional model environment. The local and regional environments
are not actual sites or regions but standardised environments as defined in the TGD.

Table 3.66 Estimated human intake of toluene in mg/kg bw/d by route and downstream scenarios

Scenario Drinking Fish Leaf crops | Root crops Meat Milk Air Total
water intake
mg/kg/d
Local
1: Processing 0.0155 0.161 2.02-105 1.68-10° | 1.78-10¢ | 2.35-10°% 0.0121 0.189
2: Formulation 0.0065 0.0669 1.37-10¢ 0.0025 2.89-10% | 3.81-10°¢ 0.0824 0.158
2: Processing 0.129 1.34 8.62-104 0.0497 2.64-105 | 3.48-10% 0.517 2.03
3: Formulation 0.0042 0.0436 8.91-10% 0.00163 1.88-10% | 2.48-10% 0.053 0.103
3: Private use 0.0001 0.0009 4.91-10% | 3.49-10% | 9.04-10% | 1.19-107 0.0030 0.004
4: Formulation 0.0015 0.0159 1.33-10% | 557-10* | 3.65-107 | 4.81-107 0.008 0.026
4: Processing 0.0001 0.0015 8.60-10¢ | 2.79-105 | 1.57-107 | 2.08-107 0.0052 0.007
5: Formulation 0.0021 0.022 1.84-10% | 7.88-10* | 5.06-107 | 6.67-107 0.0111 0.036
5: Private use 0.0001 0.0009 9.96-107 | 6.01-107 | 2.50-10® | 3.30-108 0.0006 0.0016
6: Formulation 0.0020 0.0207 4.18-10% | 7.53-10¢ | 8.83-107 | 1.16-10° 0.0251 0.0486
6: Processing 0.0581 0.601 3.88-10+ 0.0223 1.19-105 | 1.57-10°% 0.233 0.914
7: Formulation 0.00018 0.0188 6.53-10¢ | 6.6-10¢ | 2.78-107 | 3.66-107 0.0039 0.025
7: Private use 0.00016 0.0016 1.08-10¢ [ 2.13-10% | 3.25-10% | 4.29-10°8 0.0006 0.0024
8: Formulation 0.00079 0.0082 159-10% | 2.76-104 | 3.39-107 | 4.48-107 0.010 0.0188
8: Processing 0.00028 0.0029 3.15-10% | 2.80-10* | 529-10% [ 6.98-106 0.189 0.193
9: Processing 0.0017 0.0072 1.78-10% | 1.81-10° | 1.86-107 | 2.45-107 0.0011 0.0117
10: Processing 0.0004 0.0038 7.22-10% | 1.68-10* | 1.24-106 [ 1.63-106 0.0433 0.0477
Regional
8.92-10% 0.0009 9.96-107 | 6.65-10¢ | 2.49-10% | 3.29-10°% 0.0006 0.0016
Incl. gasoline 8.95-10°% 0.0009 247-10% | 7.09-10% | 4.96-10® | 6.54-10% 0.0015 0.0025

The calculated margin of safety for total exposure of humans via the environment is in the range
of 430 to 600,000 based on the subchronic NOAEL of 625 mg/kg bw/d.

101



EU RISK ASSESSMENT — TOLUENE

FINAL REPORT, 2003

Table 3.67 Estimated human intake of toluene in mg/kg bw/d by route and downstream scenarios and MOS

Scenario Total intake MOS Total intake MOS

mglkg/d incl.gasoline incl. gasoline

mg/kg/d

Local
1: Processing 0.189 3,307 0.189 3,307
2: Formulation 0.158 3,956 0.159 3,931
2: Processing 2.03 308 2.03 308
3: Formulation 0.103 6,068 0.104 6,010
3: Private use 0.004 156,250 0.005 125,000
4: Formulation 0.026 24,038 0.027 23,148
4: Processing 0.007 89,286 0.008 78,125
5: Formulation 0.036 17,361 0.037 16,892
5: Private use 0.0016 390,625 0.0025 250,000
6: Formulation 0.0486 12,860 0.0494 12,652
6: Processing 0.914 684 0.915 683
7: Formulation 0.0025 250,000 0.026 24,039
7: Private use 0.0024 260,417 0.0033 189,394
8: Formulation 0.0188 33,245 0.0197 31,726
8: Processing 0.193 3,238 0.19%4 3,222
9: Processing 0.0117 53,419 0.0126 49,603
10: Processing 0.0477 13,103 0.0486 12,860
Regional

0.0016 390,625 0.0025 250,000

Results of the risk characterisation for humans exposed via the environment

Conclusion (iii) There is a need for limiting the risk; risk reduction measures which are being

applied shall be taken into account.

The calculated margin of safety (MOS) for total exposure of humans via the environment is above
300 for all local and regional scenarios. This is considered to be sufficiently high to provide
reassurance that adverse health will not occur, and thus there is no concern for effects of toluene in

humans exposed indirectly to toluene itself via the food chain: conclusion (ii).

However, there is concern for effects on humans due to the contribution of commercial product
toluene to the formation of ozone and other harmful substances (cf. Section 4.1.3.4).
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4.1 HUMAN HEALTH (TOXICITY)
4.1.1 Exposure assessment
4.1.1.1 General discussion

Toluene is produced in different petroleum conversion processes. The impure product is used as
a base or blending feed stock to produce motor gasoline. Isolated toluene is primarily used in the
chemical industry as an intermediate in the production of other chemicals (+ 70% of total use).
Other major uses of toluene are: as a basic chemical in the chemical industry, as a solvent in
paint, thinners, adhesives, inks and lacquers, and as a process regulator in the polymer industry.
An overview of production and use categories is presented in Table 2.7.

Toluene is used in several hundreds of products. Information about the concentration of toluene
in different products from the Danish and Swedish Product Registers is presented in Tables 2.5
and 2.6.

Humans may be exposed to toluene 1) at the workplace, 2) from the use of consumer products,
and 3) via the environment.

Toluene is the most frequently measured organic compound in the (Danish) working
environment (Olsen and Seedorff, 1990) and the compound found in the greatest number of
products (Seedorff and Olsen, 1990).

4.1.1.2 Occupational exposure
Occupational exposure is possible in industries where:

. toluene and gasoline is produced (chemical industry and mineral oil and fuel industry);
« toluene is used as a chemical agent or used as an ingredient (e.g. polymer, paint, lacquer and
varnishes, pulp, paper and board, textile processing, and chemical industry).

Besides exposure during production and use of toluene in the industry, occupational exposure to
toluene is possible, whenever toluene-containing products are used.

The use of toluene and products containing toluene may include:

« transfer of liquids by means of a transfer line and pumping,

« manual transfer of liquids (in drums),

. manual or automated adding to (chemical) processes,

« manual and automated filling (into packaging),

. manual and automated use of paint, varnishes and lacquers, adhesives and binding agents.

Exposure to toluene can be by inhalation of vapours and liquid aerosols, dermal exposure to

vapours and liquids and via the gastrointestinal tract. Dermal exposure to vapours is considered
insignificant and ingestion is disregarded.
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Relevant populations potentially exposed are workers in the chemical industry, paint industry,
and workers using products containing toluene (e.g. painters). More specifically those workers
who may have more or less direct contact with the substance, being:

. workers involved in the production, drumming, and transferral of toluene and gasoline,

« workers using toluene as an intermediate, process regulator, or solvent in the chemical
industry,

. workers producing and drumming products containing toluene (e.g. paint, lacquer and
varnishes, adhesives and cleaning agents in paint industry, agriculture industry, and personal
domestic/industry,

. maintenance and (specialised) cleaning workers in production facilities,

. workers using products containing toluene e.g. in printing industry and cleaning.

The exposure is assessed using the available information on substance, processes, and work
tasks. Information on the process and measured data have been provided for the production of
toluene, and gasoline, on use of toluene in the chemical industry, and products containing
toluene in the printing industry, in paint, coatings, and cleaning agents.

More detailed information on these parameters may lead to a more accurate exposure
assessment.

Occupational Exposure Limits in force in various countries are presented in Table 4.1.

Table 4.1 Occupational Exposure Limits in Various Countries

Country Time weighted average Short-term exposure limit D
mg/m3 ppm " mg/m3 ppm "
Belgium 191 50
Denmark 95 25 Arbejdstilsynet (1996)
France 375 550
United Kingdom 190 50 560 150
Germany 190 50 950 (30 min.) MAK- und BAT-Werte-Liste (1999)
The Netherlands 150 40 - - SZW (1999)
Norway 95 25
Sweden 200 50 400 100 1993
EU 188 50 Hunter et al. (1997)
USA (ACGIH) 190 50 - - ACGIH (1999)

") ppm: parts per million

Air exposures

The air exposure considered in this assessment is the concentration measured in the breathing
zone of the workers. No account will be taken of personal protection equipment (PPE) in this
exposure section, since the actual degree of protection depends on the type of PPE, the way the
equipment is used and maintained, and therefore cannot be known. An outcome of the risk
characterisation of working with toluene may in some cases be that PPE should be worn.
According to information from industry the use of PPE during repair work in toluene producing
facilities is obligatory (APA, 1998b).
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Full-shift values are reported for job categories where the work pattern is not varying much from
day-to-day. Whenever possible, short-term exposures are reported, because they may reflect
exposure concentrations during performance of a single process. Exposures at processes are
more likely to be comparable between companies and countries than full-shift values, because
the latter are strongly influenced by the way production is organised (Olsen and Jensen, 1994;
Olsen 1994; 1996). When the number of times a process is repeated per day and the time spent at
the process is known, full-shift exposure can easily be calculated, for instance, by assuming
exposure to background levels for the rest of the day. In the working environment, background
exposure levels are commonly much lower than exposure at processes where toluene is used.
Full-shift exposures, therefore, can be calculated by assuming the background exposure to be
zero. Information about the duration of tasks is scarce. Except for the Dutch data on carpet
laying, no data on exposure times are available.

The data sets provided by industry and others are used for evaluating exposure to toluene, provided
that data are representative for the population from which they originate. Judging whether measured
data are representative for a certain exposure situation is often a matter of expert judgement.

The main result of the estimations is the so-called reasonable worst-case estimate. This value
intends to estimate the exposure level in a reasonable worst-case situation, i.e. in a situation with
exposures in the higher ranges of the full distribution of exposure levels, but below the extremes
reached. If a large number of data are available, a 90 percentile is generally used as an estimator of
the reasonable worst-case value. If limited data sets are available (e.g. only measurements from one
site or only small numbers of measurements or measurements with very little detail on task,
working conditions etc.) the highest value is taken, or the results of modelling are preferred, or a
conservative intermediate value is chosen to account for the weakness in the different data sets.

Calculation of 90 percentiles

In occupational hygiene practice, variation in concentration is very large and the probability
distribution of concentrations can often be reasonably described by a lognormal distribution
(Oldham, 1953). This means that the logarithms of concentrations are distributed normally. The
main parameters of a lognormal distribution are the logarithms of the geometric mean (GM) and
the geometric standard deviation (GSD). Sometimes parameters of a normal distribution, the
arithmethic mean (AM) and standard deviations (SD), are provided of a data set.

The GM and GSD of a lognormal distribution can be estimated if the AM and SD are known
with the following equations, assuming AM= p and SD=c: (Leidel et al., 1977).

GSD=exp(In(1+ o’/ uz))%
GM =p?/ (2 + )"

[Th true arithmetic mean of the lognormal distribution
c: true standard deviation of lognormal distribution

If a distribution parameter (SD or GSD) of a data set is known (provided or calculated) the 90
percentile can be calculated with the following equations (Mulhausen and Damiano, 1998):

lognormal distribution: Percyo,= EXP (y +Z4- oY)
normal distribution: Perco,=pn+Zy-c

90 percentile of a lognormal distribution: ~ Percggy, = EXP (y +1.3-0Yy)
90 percentile of a normal distribution: Percopy,=pn +1.3-c
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y: true arithmetic mean of the natural logarithms of the data
oy:  true standard deviation of the natural logarithms of the data
Zy standard normal variable for the proportion of interest

Dermal exposure

Gloves may protect against dermal exposure to toluene, depending on the type of gloves, the
qualitative and quantitative composition of the product, the way the gloves are used, and how
often they are replaced. Use of gloves may even increase dermal uptake rate of toluene above
uptake rate through unprotected skin, due to occlusion (“washerwoman's fingers™). Toluene has
the notation “skin” in ACGIH’s list of Threshold Limit Values, indicating that it can penetrate
undamaged skin.

Dermal exposure time is usually short because of toluene’s high volatility. However, if e.g.
hands are dipped into liquid toluene or a toluene containing cleaning agent is applied by means
of a piece of cloth held in the hand, then dermal absorption occurs.

Because no measured data are available on dermal exposure, toluene exposure will be estimated
with the dermal model of EASE 2.0. EASE is a general purpose predictive model for workplace
exposure assessments. It is an electronic, knowledge based, expert system which is used where
measured exposure data are limited or not available. The model is in widespread use across the
European Union for the occupational exposure assessment of new and existing substances.

All models are based upon assumptions. Their outputs are at best approximate and may be
wrong. EASE is only intended to give generalised exposure data and works best in an exposure
assessment when the relevance of the modelled data can be compared with and evaluated against
measured data.

Potential dermal exposure is estimated with EASE based on work pattern (use pattern and
contact level) and the exposed area. The amount of substance available for entering the body will
be influenced by other factors such as; the use of PPE and the vapour pressure of the substance.
Besides these factors the dermal absorption rate of the substance and the condition of the skin
will eventually determine the amount of substance entering the body.

The knowledge on the influence of PPE on dermal exposure is limited. According to information
from industry the use of PPE during repair work in toluene producing facilities is obligatory
(APA, 1998b). Workers in the rotogravure industry are obliged to wear gloves, when in direct
contact with toluene (ERA, 1998).

Similarly the knowledge on the influence of the vapour pressure of the substance on dermal
exposure is very limited. It should be noted that the high volatility of toluene would lower the
amount of toluene available for entering the body. The German Competent Authorities proposed
a method to account for the vapour pressure of highly volatile substances in dermal exposure
assessment (BAuA, 2000). Within this method the evaporation time of the dermal exposure
estimate is calculated and compared with the dermal absorption rate of a substance. There are,
however, a number of issues which need to be taken into consideration or need clarification
before this model can be used in dermal exposure assessment (more extensively described in
Appendix C). Among others, the equation used to calculate the evaporation time contains
parameters on which very limited knowledge is available.

As evaporation from the skin to some extent will surely lower the amount of toluene available
for entering the body, in the risk characterisation lower MOSs could be accepted for all dermal
exposure scenarios, except spray painting, which is considered a steady state process.
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Exposure scenarios

There are several industries in which toluene is used or produced. The exposure of the workers
may be similar in the different industries. The industries can be clustered in similar exposure
scenarios based upon the type of process and activity and the possibilities for exposure that relate
to that process and activity.

For the occupational exposure assessment the exposure situations can be clustered into four
scenarios based on the type of use of toluene. In the first scenario, production of toluene and use
of toluene as an intermediate in the chemical industry (scenario Q) is considered. Although the
production and use of gasoline is not formally a part of this risk assessment (cf. Section 0),
exposure is assessed in the second scenario (R) for illustrative purposes in order to be able to
compare the exposure to toluene in this scenario with other scenarios. The third scenario (S)
considers the formulation of toluene containing products such as paints and the fourth
scenario (T) considers the use of products containing toluene.

Occupational exposure may occur during:

Q Production and use of toluene as an intermediate, including quality control sampling and
drumming, storage and handling (i.e. transfer from one container to another) cleaning, repair
and maintenance of production equipment.

R Production of gasoline, sampling and analysis of quality control samples, cleaning, repair
and maintenance of the equipment.

S Production of toluene containing products (semi-products as well as products for sale),
including transferal of toluene, adding to the process and drumming.

T  Use of toluene containing products, such as spray application, brushing, rolling and cleaning
(including manual transferral and mixing of such products).

In this report, for each occupational exposure scenario the general description of exposure will
be followed by measured data (if available), and results from similar substances in comparable
exposure scenarios. This will be followed by suitable inhalation models. The methods of
estimation for inhalation exposure will be compared using expert judgement and a choice for the
best applicable estimates will be made. Dermal exposure will be described and assessed by
means of EASE.

The following data (if available) are used for occupational exposure assessment:

o physico-chemical data of toluene and products containing the substance: physical
appearance, vapour pressure at room temperature, percentage of toluene in products;

. data regarding methods of use, use pattern of the substance and products potentially
containing toluene, and exposure control pattern in the relevant industries (from the
HEDSET or other sources);

. exposure data for toluene from the HEDSET and other sources (literature, exposure
databases);

« results from exposure models if applicable (EASE model); in the exposure models the above
mentioned types of data are used.

The following parameters of exposure are assessed for each (sub)scenario:

. full-shift reasonable worst-case inhalation exposure level: the inhalation exposure level
considered representative for a high percentile (90 to 95 percentile) of the distribution of full-
shift exposure levels;
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. full-shift typical inhalation exposure level: the inhalation exposure level considered
representative for a median percentile (50 percentile) of the distribution of full-shift exposure
levels;

« short-term inhalation exposure level: the inhalation exposure level considered representative
for a high percentile (90 to 95 percentile) of the distribution of short-term exposure levels;
short-term exposure is for this purpose considered to be exposure for up to one hour, with
typical duration of approximately 15 minutes;

o dermal exposure level: the dermal exposure level considered representative for a high
percentile (90 to 95 percentile) of the full-shift dermal exposure levels.

4.1.1.2.1 Production and use of toluene in the chemical industry (scenario Q)

This scenario includes all activities concerning the production and use of toluene as an
intermediate in the chemical industry. Toluene is produced in refineries from crude oil. The
production takes place in closed systems under strict control, because of risk of material loss,
danger of environmental pollution and risk of explosions.

Toluene is used as an intermediate in the production of other chemicals (= 70% of total use). For
instance in MDI-process plants toluene is used as an extracting agent to recover aniline out of
process water that has been used for washing the MDA. Toluene is also formed during the
production of chemicals e.g. in ethylene benzene/styrene plant toluene is formed by the
dehydrogenation of ethyl benzene to styrene. The toluene is removed from the styrene product
by distillation.

During production exposure to toluene is possible due to certain activities, such as sampling for
analytical purposes, drumming, transfer activities involving the coupling and uncoupling of a
road tanker or connection or disconnection of pipes, cleaning, and maintenance and repair work.

Transferal and subsequent use as an intermediate occur also in closed systems (continuous and
batch wise). Transferal may involve flexible hosing, pumping for emptying drums, and coupling
and uncoupling of a road tanker that may lead to some leakage of toluene. For certain activities,
such as checking the level of toluene and sampling for analytical purposes, valves may have to
be opened manually and some toluene will evaporate. When toluene is consumed or reacted in
the process (use as raw material) exposure will be limited to the activities during transfer, filling
of the reactor, sampling, and analysis and repair work.

When toluene is not consumed or reacted in the process, exposure may also occur while filling
toluene into tanks or drums, as well as during cleaning and maintenance and repair work.

In the chemical industry two different types of workers can be distinguished for cleaning and
maintenance of a production facility. Plant personnel will perform daily cleaning activities. For
major maintenance however, professionals will perform campaign wise maintenance (a few
weeks in a row) at different production facilities. Exposure levels (both by inhalation and
dermal) are expected to be of the same level for these workers, duration and frequency of
exposure will be different.

Inhalation exposure

Inhalation exposure to toluene is expected due to activities where toluene is handled and to
background concentrations through evaporation of toluene from closed systems through valves
and fittings that are not perfectly closed.
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Because the number of people employed in refineries are limited, it is expected that the number
of workers exposed during production is also limited.

Measured data

Measured data have been provided by industry on exposure to toluene during production and use
of toluene as an intermediate in the chemical industry and during maintenance activities (APA,
1996; 1998c¢; and 1999). Most exposure data are 8-hour time weighted averages from personal
sampling.

The Aromatic Producers Association (APA) provided personal measurements from 19 different
companies covering all the manufactures of toluene within the EU and the major uses. The
information provided on the measurements varies. For most data sets the number of
measurements, type of activity, mean exposure and exposure range are given. For some data sets
a parameter for distribution (the standard deviation or geometric standard deviation) is also
provided.

For exposure data provided by APA in some cases a SD and/or a GSD is provided. However, it
is not clear whether the distributions are indeed tested to be normal if a SD provided or
lognormal if a GSD is provided. Therefore, if the distribution parameter (SD or GSD) of the data
set is provided, the 90 percentile is calculated both under the assumption that the distribution is
normal as well as under the assumption that the distribution is lognormal, according to the
equations from Mulhausen et al. (1998) and Leidel et al. (1977) which are presented in
Section 4.1.2. The data are summarised in Table 4.2.

Table 4.2 Personal measurements (8h-TWA) for exposure during production and use of toluene as an intermediate and basic
chemical and calculated distribution parameters
(APA, 1996; 1998c; 1999)

Data provided by APA Calculated distribution parameters
No. |Activities n AM SD |GSD Range |GM |GSD | 90% 90% | Sampling | Ref.
(mg/m?) | (mg/m?3) (mg/m?) log nor | nor. period
1D | Production - <1 0.03-24 APA (1996)
6 Production 15 0.95 0.06-6.2 1995 | APA (1996)
8 Production 120 0.4 0.04 - 1995 [ APA (1996)
25.6
9 Production 4 <1 - ‘92/'93 | APA (1996)
10 | Production 169 0.5 1.65 3.00 | <04-18 [0.17 [4.62 1.2 27 1995 [ APA (1999)
11 | Maintenance 110 30.1 0.23 - 308 ‘86-'94 | APA (1996)
Production 195
12A | Production 14 - 0.004 - 36 ‘90-'95 | APA (1996)
12B | Production 7 - 0.02-25 - APA (1996)
13 | Production 30 <3.8 - ‘95 APA (1996)

Table 4.2 continued overleaf
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Table 4.2 continued Personal measurements (8h-TWA) for exposure during production and use of toluene as an intermediate
and basic chemical and calculated distribution parameters

Data provided by APA Calculated distribution parameters
No. | Activities n AM SD GSD | Range [GM |GSD | 90% 90% | Sampling | Ref.
(mg/m?) | (mg/m?) (mg/m?) log nor | nor. period
14 | Production 63 26 |6.07 0.2-34 [1.00(3.94 538 10.4 1994/95 | APA (1999)
3
Wastewater 19 0.5 0.46 0.1-14 041210 1.1 1.1
treatment plant
operations
Laboratory 16 05 0.69 0.1-3 |0.26 | 2.96 1.0 14
Transport tasks 21 12.8 25.84 0.1-103 [5.67(3.58 29.1 46.0
16 | Production 52 <1.9 <1.9 1995 | APA (1996)
17 | Production 182 0.12 0.23 0.04-1.5 0.05|3.56 0.3 0.4 APA (1996)
(Steam cracking)
18 | Production 115 2.99 9.98 <0.2-102 | 0.86 | 4.85 6.5 15.8 APA (1996)
2 Use as an 153 0.4 0.02-43 APA (1996)
intermediate
7A |Useasan 5966 | 2.1 9.83 0-1,152 [0.43|5.91 4.2 14.7 APA (1996)
intermediate APA (1999)
16 | Useasan 115 29 <1.9-100 APA (1996)
intermediate
No |Useasan 41 1 <0.1-25 APA (1996)
kno | intermediate
wnt
1 Maintenance 10 04 01-6 APA (1998c)
(Incl. meter
proving)
10 | Maintenance of 76 0.35 0.38 180 | <04-35]0.23| 245 0.7 0.8 APA (1999)
pumps
11 | Maintenance of 8 43 <04-12 APA (1998c)
pumps
14 |Maintenance (incl.| 21 1.9 24 53| 357 | 271 42.7 APA (1998c)
inspection of tank
roofs)
16" [Maintenance 10 <18 - APA (1998c)
22 |Maintenance (incl.| 2 - <1-17 APA (1998c)
filter changing)
No: number of the company
n: number of measurements
AM: personal arithmetic mean
SD: standard deviation
GSD: geometric standard deviation

90% log nor:
90% nor:

1
2)
3)
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More exposure data are provided by industry on the use of toluene in the chemical industry
(Company A, 1999). Measurements were done over a sampling period of 8 hours with 3 M
passive diffusion monitors. Exposure data of plant and maintenance personnel from process
plants are presented in Table 4.3. The median (50%) of the whole data set (other scenarios
included) is 0.12 mg/m’ and the 95 percentile is 0.38 mg/m’.

Table 4.3 Measured data for toluene exposure in the chemical industry ~ (Company A, 1999)

Specific information n Range
(mg/m?)
MDI process plants 81 0.02-2.15
Steam cracker 70 0.02-0.38
Tank farm 73 0.01-5.38
Ethylenebenzene/ styrene plant 67 0.02-1.11
Polystyrene production plant 10 0.19-0.54
Total 307 0.02-5.38

n: number of measurements

For production of toluene, data from thirteen companies are available. Measured 8-hour time
weighted averages vary from 0 to 308 mg/m’. The data sets with the highest exposure level of
308 mg/m’ also contain measurements of maintenance activities. However, it is not clear if the
308 mg/m’ is a result of a personal measurement during production or maintenance activities.
High-exposure levels are also measured during transport tasks; exposure ranges from
0.1-103 mg/m’ (AM=13.0 and SD 25.8). For this data set (n=21), the calculated 90 percentiles
are 29 mg/m’ (assuming a log normal distribution) and 46 mg/m’ (assuming a normal
distribution). Calculated log normal and normal 90 percentiles of data sets from other companies
are clearly lower: respectively, 1.2, 0.7, 5.8, 0.3, 6.5 (log normal) and 2.7, 0.8, 10.4, 0.4, 15.8
(normal).

For use of toluene as an intermediate, data from four companies are available. From one
company extensive data are available (n=5,966). Measured 8-hour time weighted averages vary
from 0 to 1,152 mg/m’. The provided distribution parameters (AM = 2.1 mg/m’ and SD = 9.8) of
this data set are used to calculate the 90 percentiles: 4.2 mg/m’ (log normal distribution) and
14.7 mg/m’ (normal distribution).

Seven companies provided data on exposure during maintenance activities including
maintenance of pumps, inspection of tank roofs, and filter changing. Measured 8-hour time
weighted averages vary from 0 to 308 mg/m’. The upper limit of the range may originate from
measurement of one extreme situation. The arimethic mean from this data set for maintenance
activities is 30.1 mg/m’. It is not known if the working methods in this company are different but
measurements from other companies show lower exposure levels. Measurements from one
company (no. 14) are used to calculate 90 percentiles: 27.1 mg/m’ (log normal distribution) and
42.7 mg/m’ (normal distribution).

Dermal exposure

Dermal exposure to toluene during the production and use of toluene in the chemical industry is
possible during sampling, drumming, coupling and uncoupling of road tankers, cleaning and
maintenance and repair work.
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The corresponding exposure levels are estimated with the EASE model. Potential dermal
exposure during activities like drumming, sampling, filling is estimated to be 0.1-1 mg/cm®/day
(non-dispersive use with direct handling and an intermittent contact level). Potential dermal
exposure during cleaning and maintenance is estimated to be 1-5 mg/cm?*/day (non-dispersive use
with direct handling and an extensive contact level).

The area potentially exposed depends on the activity. It is assumed that during sampling,
drumming, filling and coupling and uncoupling of road tankers the exposed area will be half of
two hands. This corresponds to an exposed area of 420 cm?, which results in a reasonable worst-
case estimate of 42-420 mg/day.

The area potentially exposed due to cleaning and maintenance of production facilities and repair
work will be higher. It is assumed that during cleaning and maintenance and repair work
exposure is possible to both hands and a part of the forearms. This corresponds to an exposed
area of 1,300 cm®. It is assumed that the production equipment, before cleaning and maintenance
or repair work is flushed with a solvent. After the flushing the concentration of the substance is
assumed to be diminished with 90%. This results in a daily estimated dose of 130-650 mg/day.

Assuming a body weight of 70 kg and a dermal absorption of 100%, this will lead to a estimated
potential internal exposure of 0.6—6 mg/kg bw/day for sampling, drumming, filling and coupling
and uncoupling of road tankers and of 1.9-9.3 mg/kg bw/day for cleaning and maintenance of
production facilities and repair work, respectively. Due to the high volatility of toluene actual
dermal exposure will probably be lower. This has not been taking into account because of the
limited knowledge in this field.

Conclusions

During production and use of toluene as an intermediate in the chemical industry, inhalation
exposure may occur through sampling, drumming and filling (automated and by hand), coupling
and uncoupling of road tankers, cleaning, and maintenance and repair work. Lower exposure
levels will occur during the rest of the day. Exposure levels are expected to be in the same order
of magnitude during production of toluene and use of toluene as an intermediate because in both
industries closed systems are used and exposure is mainly possible due to non-dispersive
activities such as drumming, adding, and transfer activities.

Measured exposure data from sixteen different companies of exposure during production and use
of toluene in the chemical industry have been provided by industry (>7,000 measurements, APA,
1996; 1998c; 1999). The information about the activities that are performed during the
measurements is rather scarce. Information is limited to measurements, which are performed
during production of toluene, use of toluene as a raw material (intermediate) and maintenance
activities. Exposure data from one company (no. 14) are separated in production, wastewater
treatment, laboratory, and transport tasks. Because most of the data are time weighted averages
for 8 hours, there is limited information on exposure levels during certain activities such as
drumming or sampling, except for maintenance activities.

The measured data and the calculated distribution parameters are used to derive reasonable worst
cases for exposure during production, use as an intermediate and maintenance. Because the
distribution of the data sets is not known, the 90 percentile of the normal distribution is, as a
conservative estimate, used to assess the reasonable worst-case exposure.

Full-shift exposure levels in the chemical industry where toluene is produced or used as an
intermediate are for:
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. activities during production of toluene such as coupling and uncoupling of a transfer lines,
filling and drumming; a full-shift reasonable worst case of 45 mg/m’ is derived from the
calculated 90 percentile (assuming normal distribution) from measured exposure levels
during transport tasks (company 14).

. use of toluene as an intermediate; a full-shift reasonable worst case of 15 mg/m’ is derived
from the 90 percentile (assuming normal distribution) of the largest data set (n=5,966,
company 7A).

. maintenance activities; a full-shift reasonable worst-case exposure level of 45 mg/m’ is
derived from the calculated 90 percentile (assuming normal distribution) of measured
exposure levels (company 14).

Reasonable worst-case short-term exposure levels are expected to be up to about the higher full-
shift exposure levels measured during production of toluene (excluding the very high values):
100 mg/m’. Typical exposure levels for process operators during production of toluene and use
of toluene are expected to be lower: 3 mg/m’, based on several arithmetic means reported by
APA (1996; 1998c¢; 1999).

Duration of inhalation exposure due to specific activities (drumming, sampling etc.) is estimated
to be 2-4 hours/day, whereas exposure to background concentrations is 6-8 hours per day.

Dermal exposure to toluene during the production and use of toluene in the chemical industry is
possible during sampling, drumming and filling (automated and by hand), coupling and
uncoupling of road tankers, cleaning and maintenance and repair work. Dermal exposure in the
chemical industry is estimated with EASE to be up to 6 mg/kg bw/day for sampling, drumming,
filling and coupling and uncoupling of road tankers and up to 9 mg/kg bw/day for cleaning and
maintenance of production facilities and repair work. Evaporation from the skin due to the high
volatility of toluene has not been taken into account in the dermal exposure assessment.

Frequency of exposure depends on work patterns, but daily exposure is possible.

Conclusions for scenario Q

The following exposure levels will be used for further risk assessment for scenario Q.

« Inhalation exposure: reasonable worst case, full shift:

a. production activities 45 mg/m’;

b. use as an intermediate 15 mg/m’;

c. maintenance 45 mg/m’;
. Inhalation exposure: reasonable worst case, short-term 100 mg/m’;
. Inhalation exposure: typical, full shift: 3 mg/m’;
. Dermal exposure: estimated reasonable worst case :

d. production activities 6 mg/kg bw/day;

e. use as an intermediate 6 mg/kg bw/day;

f.  maintenance 9 mg/kg bw/day;

Evaporation from the skin due to the high volatility of toluene has not been taken into
account in the dermal exposure assessment.
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4.1.1.2.2 Production and distribution of gasoline (scenario R)

Toluene is a significant component in gasoline for cars. An average concentration of 11.4%
(range: 2.7-21.0%.) of toluene was found in 48 German gasolines (DGMK, 1994). As gasoline is
used in huge amounts, it is produced in many refineries all over the EU. The production is
performed in closed systems under very strict control to prevent loss of materials, risk of
environmental pollution, and danger of explosion.

The manufacture and distribution of gasoline involves a variety of work activities and types of
jobs ranging from production and ancillary operation within the refinery and distribution depots,
e.g. tank dipping, pump repairs, filter cleaning, loading of ships, rail cars and road tankers,
delivery to service stations, and attendant filling of customers‘ vehicles (CONCAWE, 1997).

When occupational exposure in the production of gasoline is considered, the following job
categories can be distinguished: on-site operators, off-site operators, maintenance staff,
drum/barrel filler, and tank cleaners. The activities of an on-site operator which may lead to
exposure include manually opening and closing of valves, inspecting liquid levels in containers,
quality control sampling, dismantling, and flushing out pumps. Off-site operators generally work
at the tank field handling mineral oil products. Tasks that may lead to exposure include draining
and taking samples. Maintenance staff carry out regular maintenance and preventive repair work
at all plants. Because of working with open systems, higher (short-term) exposure levels are
expected during maintenance activities.

The activities of drum/barrel filler mainly consist of filling 200 1 drums with gasoline. Tank
cleaning is a specialist activity involving cleaning out sludge from bulk storage tanks which is
performed by contractors. Tank cleaning is carried out under strict permit procedures to ensure
safe entry into a confined, potentially contaminated space (DGMK, 1995; CONCAWE, 1997).

In the distribution of gasoline the filling of tanks/ships/trains and cars by attendants at a service
station may be relevant for occupational exposure. Transfer activities such as filling and loading
may involve coupling and uncoupling of transfer lines. During loading of tanks etc. the air is,
normally, forced out of the tank through a ventilation duct, equipped with a charcoal filter for
collecting the vapours or a vapour retour system is used. Filling of road tankers is normally a
task, which is performed by the tanker drivers, as is delivery at the gasoline stations. Only in
exceptional cases, staff of road tanker filling units fill road tankers themselves. The shipping and
storage of gasoline are done by tank farm personnel.

Measured data

Measured data of occupational exposure to toluene during the production and transfer of gasoline
have been provided by CONCAWE (1997; 2000). The data of 2000 are preferred above the data
from 1997 because the measured are more recent. Measured data collected from 1993-1998
(CONCAWE, 2000) are presented instead of the data from 1983-1994 (CONCAWE, 1997).
Both data sets contain measured data for the same job categories. The data set collected from
1993-1998 contains much more measurements and the exposure levels are clearly lower than
exposure levels measured from 1983-1994. Personal full-shift and short-term exposure levels
during production of gasoline are presented in Table 4.4. Company A also provided exposure
data on the production of gasoline. Measurements were done over a sampling period of 8 hours
with 3M passive diffusion monitors. Data are presented in Table 4.5.

Personal full-shift exposure levels and short-term measurements for transfer of gasoline are
presented in Table 4.6. Personal full-shift and short-term exposure levels for attendants at a
service station are also presented in Table 4.6.
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Production of gasoline

Table 4.4 Full-shift and short-term inhalation exposure data for toluene from gasoline reported by CONCAWE member

companies for occupations in European oil industry operations, 1993-1998

(CONCAWE, 2000)

Job title Full-shift exposure data Short-term (<1 hr) exposure data
n AM Range n AM Range
(mg/m?) (mg/m?) (mg/m?) (mg/m?)
Refinery On-site Operators 53 0.87 0.01-8.8 nd nd nd
Refinery Off-site Operators 291 0.80 0.008-21.6 47 742 0.49-32.0
Refinery Maintenance Workers 316 0.94 0.008 - 67.2 5 8.0 3.0-22.0
Laboratory Technicians 207 1.28 0.01-20.6 1 3.0 nd
Refinery miscellaneous (bund area) 8 4.53 1.5-18.0 nd nd nd

n: Number of measurements
nd: no data
AM: Arithmetic mean

Table 4.5 Full-shift exposure levels for toluene during production of gasoline

(Company A, 1999)

Type of work n Range
(mg/m3)

Tank farm " 73 0.01-54

Steam cracker " 70 0.02-04

) Measurements are performed with 3M passive monitors

Full-shift exposure levels are available for all job categories involved in the production of
gasoline except for tank cleaning. Valuable information is provided on the activities of the
different job categories in the production of gasoline. Exposure during tank cleaning is expected
to be the same as for maintenance activities. Relatively high exposure levels are measured for
miscellaneous activities at the refinery (AM = 4.53 mg/m’, upper value 18 mg/m’). It is not
specified which workers perform these activities or which activities are included. Other Job
categories with “higher” full-shift levels are laboratory technicians (AM = 1.28 mg/m’, upper
value 21 mg/m’) and maintenance activities (AM = 0.94 mg/m’, upper value 67 mg/m’).
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Distribution of gasoline

Table 4.6 Full-shift and short-term inhalation exposure data for toluene from gasoline reported by CONCAWE member

companies for occupations in European oil industry operations, 1993-1998

(CONCAWE, 2000)

Job title Full-shift exposure data Short-term (<1 hr) exposure data

n AM Range n AM Range

(mg/m3) (mg/m?) (mg/m?) (mg/m3)

Road tanker drivers 22 0.84 01-25 98 22.16 0.08 - 200
(top loading)
Road tanker drivers 10 0.95 0.045-3.4 24 8.51 0.3-38
(bottom loading without vapour recovery)
Road tanker drivers 113 0.87 0.08-2.8 45 3.6 0.08-26.3
(bottom loading with vapour recovery)
Road tanker drivers 56 2.41 0.08 -28.6 9 3.39 0.2-10.2
(other category)
Distribution terminal rack operators 39 3.5 0.001-36.2 nd nd nd
Distribution terminal supervisor or operators 94 203" 0.003-7.7 8 14.33 1.5-61.0
Distribution terminal maintenance workers 44 1.75 0.007-11.0 1 8.0 nd
Distribution terminal miscellaneous 5 0.56 01-15 3 5.13 04-10.2
Rail car operators, top loading 40 2.69 0.08-27.3 9 4.4 1.3-11.0
(without vapour recovery)
Rail car operators, top loading 8 3.0 nd nd nd nd
(with vapour recovery)
Rail car operators, off-loading 40 0.87 0.08-28 4 43 14-74
Rail car operators, miscellaneous 32 1.83 0.02-17.8 nd nd nd
Ship deck crew, open loading 41 2.80 0.08 - 58 4 3.25 3.0-4.0
Ship deck crew, off-loading 32 0.98 0.023-3.0 2 55 3.0-8.0
Ship deck crew, closed loading 2 3.51 0.82-6.2 nd nd nd
Marine jetty staff 43 113 0.023-4.0 23 5.65 0.45-38.0
Service station attendant 451 0.51 0.012-2.8 nd nd nd
(no vapour recovery)
Service station cashiers 209 0.41 0.001-1.1 nd nd nd
(based in shop)
Petrol pump maintenance worker 1 3.3 nd 6 10.9 0.86 - 30.8*
Service station miscellaneous 3 0.20 0.001-0.5 nd nd nd
(car wash, etc.)
Airport operators 10 1.90 0.008-4.2 nd nd nd

nd: no data

* small spillage associated with highest result

** mean subject to confirmation due to transcription error in data set of Company A

Extended measured data are available for both full-shift exposure levels and short-term exposure
levels of different job categories and different methods concerning the transferring/distribution
of gasoline are available. Data are available on exposure to toluene during transfer of gasoline in
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road tanks (loading and delivery) for both top and bottom loading and during transfer of gasoline
by ship and train. The data can be considered to be representative for all EU as tanker and filling
equipment are the same in all countries.

Full-shift exposure levels (8-hour TWA) during transfer of gasoline vary from 0-58 mg/m”.
Arithmetic means for different techniques and job-categories vary from 0.56 to 3.51 mg/m’. No
information was provided on the different activities performed by the workers during the
sampling period. Short-term exposure levels (<1 hour) during transfer of gasoline vary from
0-200 mg/m’. Arithmetic means vary from 3.3 to 22.2 mg/m”.

Exposure levels of workers involved in the transfer of gasoline at service stations are much
lower, the highest value measured is 2.8 mg/m’. Short-term measured exposure data are not
available for service station attendants. Only for maintenance workers at the petrol pump six
measurements were performed (AM 10.9; range 0.86-30.8 mg/m”).

Dermal exposure

Dermal exposure to toluene during the production and transfer of gasoline is possible during
sampling, drumming, coupling and uncoupling of transfer lines, cleaning, and maintenance and
repair work.

The corresponding exposure levels are estimated with the EASE model assuming a worst-case
concentration of 21% toluene in gasoline. Potential dermal exposure during activities like
drumming, sampling, coupling and wuncoupling of transfer lines is estimated to be
0.02-0.2 mg/cm*/day (non-dispersive use with direct handling, an intermittent contact level and
21% toluene).

Potential dermal exposure during cleaning and maintenance is estimated to be 0.2-1 mg/cm?/day
(non-dispersive use with direct handling, an extensive contact level and 21% toluene).

The area potentially exposed depends on the activity. It is assumed that during sampling,
drumming, filling and coupling and uncoupling of transfer lines the exposed area will be half of
two hands. This corresponds to an exposed area of 420 cm?, which results in a reasonable worst-
case estimate of 8.4-84 mg/day.

Attendants at a service station will be exposed at the palm of one hand. This corresponds to an
exposed area of 210 cm?, which results in a reasonable worst-case estimate of 4.2-42 mg/day.

The area potentially exposed due to cleaning and maintenance of production facilities and repair
work will be higher. It is assumed that during cleaning, and maintenance and repair work
exposure is possible to both hands and a part of the forearms. This corresponds to an exposed
area of 1,300 cm®. It is assumed that the production equipment, before cleaning and maintenance
or repair work, is flushed with a solvent. After the flushing the concentration of the substance is
assumed to be diminished with 90%. This results in a daily dose of 26-130 mg/day. Due to the
high volatility of toluene actual dermal exposure will probably be lower. This has not been
taking into account because of the limited knowledge in this field.

Assuming a body weight of 70 kg and a dermal absorption of 100% this will lead to a estimated
potential internal exposure of 0.12-1.2 mg/kg bw/day for sampling, drumming, filling and
coupling and uncoupling of transfer lines, of 0.06 — 0.6 mg/kg bw/day for attendants at a service
stations, and of 0.4—1.9 mg/kg bw/day for cleaning and maintenance or repair work.
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Conclusions

During production and distribution of gasoline inhalation exposure to toluene may occur through
sampling, drumming, coupling and uncoupling of transfer lines, cleaning, and maintenance and
repair work. Lower exposure levels will occur during the rest of the day. Activities related to
production sites and activities related to the transfer of gasoline (except drumming) are
performed by different workers.

The measured data are used to derive reasonable worst-case exposure levels for exposure during
production and transfer activities. In the measured data, mean exposures and ranges are
provided. Without a distribution parameter (SD or GSD) it is not possible to calculate the
90 percentile therefore the upper ranges are used to assess reasonable worst-case exposure.

The measured exposure data from CONCAWE (2000) are used to estimate the reasonable worst-
case full-shift exposure level for workers in the production of gasoline. Full-shift exposure levels
for maintenance workers, workers who fill drums, and barrels and tank cleaning personnel will
be higher than exposure levels for on-site and off-site operators. Reasonable worst-case full-shift
exposure level for maintenance personnel is estimated to be 70 mg/m’ (the upper range of the
data for maintenance workers). Reasonable worst-case full-shift exposure levels for on- and off-
site operators are estimated to be 20 mg/m’ (upper range of the data for off-site operators).

Only limited low exposure data are available for short-term exposure for maintenance activities.
Therefore short-term exposure level is estimated to be twice the full-shift exposure levels
140 mg/m’ for maintenance and tank cleaning. For operators (on- and off-site) reasonable short-
term exposure level is estimated to be 30 mg/m’ (upper range of measured data for off-site
operators). Typical full-shift exposure levels are expected to be much lower: 1 mg/m’® for
workers involved in activities such as maintenance and tank cleaning and 1 mg/m’ for operators.

To assess exposure for distribution of gasoline a distinction is made in transfer of gasoline
(loading and unloading of tanks, trains, and ships) and the filling of a car by an attendant of a
service station. Full-shift reasonable worst-case exposure level for transfer activities is estimated
to be 50 mg/m’. For workers who are involved in transfer of gasoline, short-term exposures are
estimated to be 100 mg/m’. Typical exposure levels for distribution of gasoline are estimated to
be 2.5 mg/m’.

Full-shift exposure levels of attendants at service stations will be much lower. Reasonable worst
case is estimated to be 3 mg/m’ (full-shift) and 6 mg/m’ (short-term). Typical full-shift exposure
levels are estimated to be 0.5 mg/m’ (AM service station attendant). For workers performing
maintenance activities at petrol pumps exposure levels will be higher.

Duration of inhalation exposure due to specific activities (drumming, sampling etc.) is estimated
to be 2-4 hours/day, whereas exposure to background concentrations is 6-8 hours per day. For
attendants at service stations duration of exposure is estimated to be 4-6 hours/day. Frequency of
exposure depends on work patterns, but daily exposure is possible.

Dermal exposure to toluene during the production and transfer of gasoline is possible during
sampling, drumming, and coupling and uncoupling of transfer lines, cleaning and maintenance
and repair work. Repeated dermal exposure during the production and distribution of gasoline in
the chemical industry is estimated with EASE to be up to:

. 1.2 mg/kg bw/day, for operators and transfer activities;
« 1.9 mg/kg bw/day, for maintenance and cleaning tanks;
. 0.6 mg/kg bw/day, for attendants at a service station.
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Evaporation from the skin due to the high volatility of toluene has not been taken into account in
the dermal exposure assessment.

Conclusions for scenario R

The following exposure levels are concluded for scenario R.

« Inhalation exposure: reasonable worst case, full shift:

a. maintenance and tank cleaning 70 mg/m’;
b. operators at production sites 20 mg/m’;
c. transfer of gasoline 50 mg/m’;
d. attendants at service stations 3 mg/m3.
. Inhalation exposure: reasonable worst case, short-term:
a. maintenance and tank cleaning 140 mg/m’;
b. operators at production sites 30 mg/m’;
c. transfer of gasoline 100 mg/m’;
d. attendants at service stations 6 mg/m’.
. Inhalation exposure: typical, full shift:
a. maintenance and tank cleaning 1 mg/m’;
b. operators at production sites 1 mg/m’;
c. transfer of gasoline 2.5 mg/m’;
d. attendants at service stations 0.5 mg/m’.

D,

« Dermal exposure: estimated reasonable worst case

a. maintenance and tank cleaning 1.9 mg/kg bw/day;
b. operators at production sites 1.2 mg/kg bw/day;
c. transfer of gasoline 1.2 mg/kg bw/day;
d. attendants at service stations 0.6 mg/kg bw/day.

Evaporation from the skin due to the high volatility of toluene has not been taken into
account in the dermal exposure assessment.

4.1.1.2.3 Production of toluene containing products (scenario S)

Toluene is used in several hundreds of products. Information about the concentration of toluene
in different products from the Danish and Swedish product registers is presented in Table 2.5
and Table 2.6. According to the information from the Danish and Swedish Product Registers
some products may contain up to 100% toluene.

Production of toluene containing products, like adhesives, lacquers, paints and inks, process
regulators, and corrosion inhibitors is performed in containers and drums of different sizes. The
container sizes range from several cubic meters, e.g. production of rotogravure printing inks for
magazine printing, to small batch production of special products.

Production of e.g. lacquers and adhesives is done by adding a polymer to the solvent while
stirring. After the polymer is added, the stirring continues under a closed lid, usually equipped
with an exhaust unit to prevent vapours to escape into the workroom.

Production of products, which contains pigments or other solids, is commonly performed in two
steps. First the components of the ink or paint is mixed (predispersed). Then the predispersed
suspension is pumped into, e.g. a pearlmill for dispersion. From the pearlmill, the product flows
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into another container. Good work practice prescribes that both containers are equipped with
lids. After dispersion the viscosity of the product is adjusted and the product is canned, usually
using automatic tapping machines.

Inhalation exposure

Exposure during production of toluene containing products is expected during transferral of
toluene, adding of toluene to the process, and during drumming of the products. Transferral of
toluene to other chemical production systems is done by drums, tankers, or connecting transfer
lines. Transferral by lines will lead to substantially lower emission compared to manual emptying of
drums.

During mixing of products volatile substances may evaporate, especially if systems are only
partially closed. Liquid products will be drummed while paste-like products will be packed in
suitable containers. The packing of non-liquid products is expected to give less emission by
evaporation and less possibility for skin contact. Therefore, only mixing and drumming of liquid
products will be considered here. Liquids (lacquers, stains, inks, and cleaning agents) may be
drummed in drums and cans of different sizes.

In formulating facilities, e.g. for paints and inks, technical control measures generally are not as
extensive and effective as those taken in the production facilities.

Duration and frequency of exposure may be full shift and daily, although transferral of toluene at
the beginning of the process and drumming may be done only during a part of the day, in which
case the duration of skin exposure potential is less than full shift.

Measured data

Some exposure data from field studies found in the literature, which have been collected by
industry, are presented in Table 4.7 (APA, 1996). The exposure ranges and (arithmetic) mean
levels from the production of paints, adhesives and plastics are given. Some of these studies are
dated (1978; 1979). Recent exposure data are available from the production of plastics and
adhesives by Kawai et al. (1994).

Measured exposure data on the production of preparations are presented in Table 4.8. Exposure
data (n=538) of 130 companies collected from 1991-1995 are calculated to full-shift exposure
levels. Exposure data are given in 50, 90, and 95 percentiles (BGAA, 1998).

Table 4.7 Exposures during production of toluene containing products (short-term measurements)  (APA, 1996)

Type of product n AM Range Reference
(mg/m?) (mg/m?)

Plastic and adhesives 294 8.8 0-507 Kawai et al. (1994)
Adhesive 3 38.4 0-100 Zerwas (1978)
Adhesive 31 <30.7 0-46 Zerwas (1978)
Adhesive 22 3.1 2.9-346 Zerwas (1978)
Paint and adhesive 42 57.6 <3.8-307 Winchester and Madjar (1986)
Adhesives n.g. n.g. -131 Patterson (1979)

n: number of measurements

AM: personal arithmetic mean

n.g: not given
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Table 4.8 Exposures during production of toluene containing products (8-hour time weighted averages)  (BGAA, 1998)

Type of company/work area n No. of companies | 50%-value 90%-value 95%-value
(mg/im3) (mg/m3) (mg/m3)
Production of preparations 508 130 4 55 98

n: number of measurements

Short-term exposure levels during the production of paints and adhesives range from 0 to 500 mg/m’.

The German data on full-shift exposure levels during production of preparations show a
90 percentile of 55 mg/m’ and a 95 percentile of 98 mg/m’ during the production of preparations.
The data were gathered at dissolvers, beadmills, and a filling plant. Measurement results in the
region of the 90% value (55 mg/m’) were determined during mixing and filling. Similar exposure
levels are expected during the production of other products.

Belgium provided some measured data on occupational exposure in workshops and industry over
the period 1985-1996 (Belgium, COM.ECB4/032/98). A total of 26,726 air samples were
analysed for organic solvents, 9,910 (37%) of the measurements contained toluene. A subset of
1,743 samples could be identified as personal air samples with a duration of 2-8 hours. Some
statistics on the subset were provided: the geometric mean is 9.5 mg/m’ (GSD = 5.0 mg/m’),
50 and 90 percentiles are 7.3 and 87.2 mg/m’, respectively. In 80 measurements (5%) exposure
was higher than 190 mg/m’. These levels were most frequently reported to occur during paint
manufacturing (17) and printing (rotogravure printing and silkscreen printing) (13). No further
details on the activities during measurements were reported.

Dermal exposure

Dermal exposure to toluene during the production of toluene containing products is possible
during adding of toluene, sampling, drumming, and filling. There are no measured data available
so exposure levels will be estimated with EASE.

During activities like drumming, sampling and filling potential dermal exposure is estimated
with the EASE model to be 0.1-1 mg/cm?/day (non-dispersive use with direct handling and
intermittent contact).

The area potentially exposed depends on the activity. It is assumed that during sampling,
drumming and filling the exposed area will be half of two hands. This corresponds to an exposed
area of 420 cm?, which results in a reasonable worst-case estimate of 42-420 mg/day. Due to the
high volatility of toluene actual dermal exposure will probably be lower. This has not been
taking into account because of the limited knowledge in this field.

Assuming a body weight of 70 kg and a dermal absorption of 100% this will lead to an estimated
potential internal exposure of 0.6- 6 mg/kg bw/day for sampling, drumming, and filling.

Conclusions

During production of toluene containing products inhalation exposure may occur through
transfers from drums or road tankers, sampling, drumming and filling. Lower exposure levels
will occur during the rest of the day.

The exposure data from Kawai et al. (1994) and the BGAA database (BGAA, 1998) are used to
derive reasonable worst-case exposure levels. The data from Kawai et al. are higher (range
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0-500 mg/m’) than the 90 percentile (55 mg/m’) and the 95 percentile of 98 mg/m’ of the BGAA
database. Only limited information is available from the literature data. The Belgium data can
only be used as an indication of exposure to toluene in general because no details are provided
on number of measurements and exposure levels during certain activities.

To account for all available information, including the higher values in literature (range
0-500 mg/m’) and the higher quality of data from the German database, the 95 percentile of the
BGAA database is used as reasonable worst-case exposure level. For normal working conditions
a short-term exposure level of 200 mg/m’® will be used as a reasonable worst-case estimate for
this scenario, based on the higher measured levels, but not using the extremes. Typical exposure
levels are expected to be lower, 4 mg/m’ (full shift, based on the median in the BGAA database).

Dermal exposure to toluene during the production of toluene containing products is possible
during sampling, drumming, and filling. Repeated exposure is estimated to be up to
6 mg/kg bw/day. Evaporation from the skin due to the high volatility of toluene has not been
taken into account in the dermal exposure assessment.

Duration of inhalation exposure during production of toluene containing product due to specific
activities (transfer activities and filling of packaging, etc.) is estimated to be 2-4 hours/day,
whereas exposure to background concentrations is 6-8 hours per day. Frequency of exposure is
expected to be up to 200 days/year.

Conclusions for scenario S

The following exposure levels will be used for further risk assessment for scenario S.

. Inhalation exposure: reasonable worst case, full shift: 98 mg/m’
. Inhalation exposure: reasonable worst case, short-term: 200 mg/m’
« Inhalation exposure: typical, full shift: 4 mg/m’

«  Dermal exposure: estimated reasonable worst case (repeated dose) " : 6 mg/kg bw/day

Evaporation from the skin due to the high volatility of toluene has not been taken into
account in the dermal exposure assessment.

4.1.1.2.4 Occupational use of toluene containing products (scenario T)

Toluene is used in a wide variety of products such as adhesives, lacquers, paints and inks,
process regulators and corrosion inhibitors. According to the information from the Danish and
Swedish Product Registers some products may contain up to 100% toluene (Tables 2.5 and 2.6).

Data on exposures during use of toluene containing products are abundant, but not available for
all products, e.g. no data are available for toluene used in reprographic agents and in corrosion
inhibitors. Data of appropriate quality are available on toluene used in cleaning agents, gluing
adhesives, rotogravure inks, and painting (rolling, brushing, or spraying).
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As representatives for the use of toluene containing products the following subscenarios are
considered:

« use of cleaning agents (scenario T1);
« use of adhesives (scenario T2);
. use of paints, inks and lacquers (scenario T3);

Use of cleaning agents (scenario T1)

Toluene, sometimes in mixtures with other compounds, is commonly used for cleaning, e.g. of
metal surfaces. Cleaning agents may contain up to 100% of toluene. A distinction can be made in
manual and mechanical cleaning. In manual cleaning, the cleaning agent is applied by means of a
piece of cloth or a brush. Small items are sometimes cleaned by dipping them into a bath
containing the cleaning agent using for instance ultrasonic waves for enhanced cleaning. In
mechanical cleaning, larger amounts of toluene are probably used during machine washing.
During the cleaning process the machine is expected to be closed, however, exposure is possible
during adding cleaning agent to the machine (adding may be manual or by transfer lines), and by
evaporation of toluene from the cleaned material (inhalation), and dermal contact with the
cleaned materials.

Inhalation exposure

Measured data

Personal full-shift and short-term exposure levels are available from BGAA (1998). Data on
mechanical and manual degreasing were collected from 1991-1995 and presented in 50, 90, and
95 percentiles. Full-shift exposure levels (8-hour TWA) are calculated from measurements
(n=401) with a duration of more than one hour and the duration of short-term exposure (n=48)
were less than one hour. There is no information available on the composition of the cleaning
liquids used during measurements.

Full-shift exposure levels and short-term exposure levels on cleaning are shown in Table 4.9.

Full-shift exposure data on mechanical cleaning were mainly gathered in the metalworking and
chemical industries. For mechanical degreasing (n=61) the 90 percentile of full-shift levels is
22 mg/m’. Measurement results in the region of the 90% value were determined at a container-
cleaning plant. Data on manual cleaning were gathered in the metalworking, woodworking and
in the chemical industry. For manual degreasing (n=340) the 90 percentile of full-shift levels is
62 mg/m’. Measurement results in the region of the 90% value were determined during the
cleaning of a plant e.g. of paint production. The 90 percentile for full-shift exposure levels are
lower for mechanical cleaning (22 mg/m’) than for manual cleaning (62 mg/m’). The
50 percentile, however, is higher for mechanical cleaning (7 mg/m’ and manual 3 mg/m?®) this
shows that variation in exposure is higher for manual cleaning.

Short-term exposure measurements were mainly determined in metalworking and electrical
engineering industries as well as in the whole sale trade. Short-term exposure levels are
presented in Table 4.9, and are presented as cleaning without local exhaust ventilation (LEV)
(n=30) and cleaning with LEV (n=18). The 90 percentiles for cleaning with (67 mg/m3 ) and
without ventilation (54 mg/m’) do not vary much. Measurement results in the region of the
90 percentile were determined during the cleaning of tanks.
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The full-shift exposure levels for manual cleaning are in the same range as short-term exposure
levels. This probably indicates that workers who are involved in cleaning are performing
cleaning activities for a large part of the day.

Table 4.9 Personal exposure levels (full-shift and short-term) during cleaning activities  (BGAA, 1998)

Type of company/work area Duration n no. of 50% value 90% value | 95% value
companies (mg/m?) (mg/m3) (mg/m?)
Cleaning, degreasing (mechanical) Full shift 61 39 7 22 44
Cleaning, degreasing (manual) Full shift 340 186 3 62 121
Cleaning, degreasing (no LEV) Short term 2 30 8 20 54 109
Cleaning, degreasing (LEV) Short term 2) 18 15 9 67 106

L Measurement of > 1 hour were calculated to full shift levels (8-hour time-weighted averages)

)
2 Measurements of < 1 hour
N:  number of measurements. LEV: local exhaust ventilation present

Modelling

Mechanical cleaning activities such as degreasing of materials can be described as non-
dispersive use with or without LEV. Manual cleaning is considered to be wide dispersive use.
Inhalation exposure during cleaning, assuming a maximum concentration of 100% of toluene in
cleaning agents, is assessed with EASE (version 2.0 for Windows) to be:

« non dispersive use with LEV: 10-20 ppm (38-77 mg/m’);
. non dispersive use, direct handling and dilution ventilation: 100-140 ppm (380-532 mg/m");
. wide dispersive use, direct handling and dilution ventilation: 200-300 ppm

(760-1,140 mg/m’).

Mechanical cleaning might be performed full shift but manual cleaning will only be performed a
(small) part of the day. If it is assumed that duration of manual cleaning will up to one hour per
day. Full-shift exposure is estimated to be 145 mg/m’ ((7-0 + 1-1,140)/8), if a negligible
exposure level is assumed during the remainder of the day.

Dermal exposure

Dermal exposure will be higher for manual cleaning than for mechanical cleaning. For manual
cleaning exposure is assessed, assuming wide-dispersive use and an extensive contact level (>10
times a day) and for mechanical cleaning non-dispersive use and an incidental contact level is
assumed during adding of the cleaning agent. Potential dermal exposure during cleaning
activities is estimated with EASE to be:

5-15 mg/cm?;

- manual cleaning:
0-0.1 mg/cm®.

- mechanical cleaning:

The area potentially exposed depends on the activity. It is assumed that during manual cleaning
the exposed area will be half of two hands. This corresponds to an exposed area of 420 cm?,
which results in a reasonable worst-case estimate of 2,100-6,300 mg/day.

During manual adding of toluene the area exposed is assessed to be the palms of two hands. This
corresponds to an exposed area of 420 cm”, which results in a reasonable worst-case estimate of
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0-42 mg/day. Due to the high volatility of toluene actual dermal exposure will probably be
lower. This has not been taking into account because of the limited knowledge in this field.

Assuming a body weight of 70 kg and a dermal absorption of 100% this will lead to an estimated
potential internal exposure of 30-90 mg/kg bw/day for manual cleaning and of 0-0.6 mg/kg
bw/day for mechanical cleaning.

Conclusions

The 90 percentile of the full-shift exposure data from the BGAA for manual cleaning (62 mg/m°)
agrees with full-shift exposure level estimated with EASE for wide-dispersive use, direct
handling with dilution ventilation (95-140 mg/m®). The 90 percentile for mechanical cleaning
(22 mg/m’) is lower than the EASE-estimate for non-dispersive use with LEV (38-77 mg/m’).

Because measured data from only one source are available and these exposure levels do not
agree with the model results, the 95 percentiles of the measured data are used as reasonable
worst-case exposure levels. For full-shift exposure levels during manual cleaning the
95 percentile of 120 mg/m’ is used as a reasonable worst-case estimate. For mechanical cleaning
a full-shift reasonable worst-case exposure level of 44 mg/m’ is derived from the 95 percentile of
the measured data.

The short-term exposure data from BGAA (Table 4.9) for cleaning with LEV (90 percentile of
67 mg/m’) and without LEV (90 percentile of 54 mg/m’) are of the same level as the full-shift
levels for manual cleaning (90 percentile of 62 mg/m’). For the short-term exposure levels no
distinction is made in mechanical and manual cleaning so the levels might be from mechanical
cleaning only. The short-term exposure levels from BGAA for cleaning are not used to derive a
reasonable worst case because no information on the activities during measurements is provided.

Short-term exposure levels are expected to be twice as high as full-shift level 90 mg/m® for
mechanical cleaning and 240 mg/m’ for manual cleaning. Typical exposure levels will be
different for manual and mechanical cleaning as well. The 50 percentile of the BGAA data are
chosen to represent a typical exposure level of 7 mg/m’ for mechanical cleaning and 3 mg/m’ for
manual cleaning.

Because no measured data are available for dermal exposure during cleaning activities with
toluene the upper range of the EASE-estimates are used to conclude estimated reasonable worst
cases of 90 mg/kg bw/day for manual cleaning and 0.6 mg/kg bw/day for mechanical cleaning.
Evaporation from the skin due to the high volatility of toluene has not been taken into account in
the dermal exposure assessment.

Conclusions for scenario T1 “Use of cleaning agents”

The following exposure levels will be used for further risk assessment for scenario T1:

« Inhalation exposure: reasonable worst case, full shift:

- manual cleaning 120 mg/m’;

- mechanical cleaning 44 mg/m’;
. Inhalation exposure: reasonable worst case, short-term:

- manual cleaning 240 mg/m’;

- mechanical cleaning 90 mg/m?;
- Inhalation exposure: typical, full shift:

- manual cleaning 3 mg/m’;

- mechanical cleaning 7 mg/m’;
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. Dermal exposure: estimated reasonable worst case (repeated dose) ":
- manual cleaning 90 mg/kg bw/day;
- mechanical cleaning 0.6 mg/kg bw/day.
D" Evaporation from the skin due to the high volatility of toluene has not been taken into
account in the dermal exposure assessment.

Use of adhesives (scenario T2)

Toluene is used as a solvent in adhesives, which are used for applications in, among others, shoe
manufacturing, floor covering work, in plastic and rubber processing, woodworking, production
of upholstered furniture, and in leather processing. Most of the adhesives contain up to 50%
toluene and a small number of products contain 50-80% toluene (Table 2.5). Inhalation and
dermal exposure to toluene is possible during application of adhesives by spraying or using a
spatula on a surface.

Inhalation exposure

Measured data

Personal full-shift exposure levels are available on applications of adhesives (gluing) containing
toluene from Germany (BGAA, 1998), Portugal (Mayan et al., 1999), The Netherlands (TNO,
1998), Denmark (ATABAS), France (COLCHIC), and Sweden (1999). Short-term exposure data
on gluing are available from BGAA (1998). Measured data are presented in Table 4.10 and
Table 4.11. Information on the measurements and activities performed during measurements are
limited for the data from COLCHIC and ATABAS.

Most available exposure data concern the use of adhesives in carpet laying and shoe
manufacturing.

Personal full-shift levels on carpet laying are available from a Dutch study (TNO, 1998) and the
German database (BGAA, 1998). High exposure levels are expected during use of adhesives in
carpet laying. Carpets are glued to the floor using either solvent-based adhesives or water-based
adhesives. The adhesive is applied using either a special “comb’: a flat piece of metal, plastic, or
wood with notch at the edge to ease the flow of the adhesive or with a brush (for less viscous
adhesives). The work is generally done in a kneeling position. The exposure situation is
determined by the large surfaces from which toluene can evaporate and the short distance from the
floor to the nose of the worker. Because the work is performed at shifting places, mechanical
ventilation is often absent and replaced by open windows at least when the weather is not too cold.

Carpet laying is usually performed by specialists, i.e. the workers have more or less the same
work pattern every day, but they work in different places.

In the Dutch study, information was collected on duration of activities during measurements:
preparation (18%), application (14%), finishing (49%), and other e.g. coffee breaks (15%)
(calculated as medians). Average duration of sampling was approximately 6 hours (range:
2.5-8.5 hours). Floors were covered in 25-200 m” rooms, as well as in staircases. Measurements
were performed on water-based (n=50) and solvent-based adhesives (n=37). The solvent-based
adhesives contained between 10 and 32.3% toluene. The water-based adhesive contained
between 0 an 8% toluene (all but two between 2.5 and 5.2%). Ventilation and time spent in the
tasks “finishing” and “other” explained 54% of the variation in exposure levels for “solvent-
based adhesive”. Total amount of toluene used, ventilation, relative humidity, and time spent in
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the other tasks than “application” explained 65% of the variation in exposure levels for “Water
based adhesive”. No PPE was used (TNO, 1998).

The 90 percentiles of the exposure levels during application of solvent-based adhesives
(195 mg/m’) were in the same range as during application of water-based adhesives (188 mg/m’),
although the toluene content is much higher in the solvent-based adhesives. Solvent-based
adhesives were used in small amounts on staircases and for the plinths, generally in small rooms,
whereas the water-based products were used in larger amounts and in larger rooms. The amount of
product used does explain the fact that exposure levels are (almost) the same.

The 90 percentile of the German data for carpet laying (335 mg/m”) is higher than the Dutch data.
There is no information on toluene levels in the used adhesives. According to the BGAA exposure
levels in the region of the 90 percentile are determined during priming in rooms without ventilation
(doors and windows closed). The 90 percentile for short-term exposure (358 rng/m3 ) is a little bit
higher than for full-shift exposure (335 mg/m’). If carpet laying is performed during a large part
(e.g. 6-8 hours) of the day, full-shift and short-term levels will not vary much.

Table 4.10 Toluene exposure data on the application of adhesives

Type of company/work N [ Full-shift/ GM GSD 50% 90% 95% | Reference
area short-term | (mg/m?) | (mg/m3) [ (mg/m3) | (mg/m?3) | (mg/m3) | Remarks
Carpet laying with solvent | 37 | Full shift 77 22 195 TNO (1998)
based glue
Carpet laying with water 50 | Full shift 40 47 188 TNO (1998)
based glue
Gluing (floor-covering 877 | Full shift 45 335 504 [ BGAA (1998)
work without ventilation) 244 companies
Gluing (floor-covering 376 | Short term 51 358 489 | BGAA (1998)
work without ventilation) 99 companies
Gluing (plastics and 128 | Full shift 3 158 244 | BGAA (1998)
rubber processing) 53 companies
without LEV
Gluing (plastics and 107 | Full shift 3 39 66 BGAA (1998)
rubber processing) with 42 companies
LEV
Gluing (wood-working) 137 | Full shift 1 104 196 | BGAA (1998)
63 companies
Gluing (manufacture of 96 | Full shift 1 17 40 BGAA (1998)
upholstered furniture) 28 companies
Gluing (leather 333 | Full shift 10 152 225 | BGAA (1998)
processing, shoe 78 companies
manufacture)
Gluing (general) 716 | Full shift 6 49 49 97 COLCHIC "
Range: 0.1 -1,337 mg/m?
99 sites
Gluing in the shoe 198 | Full shift 46 3.7 23 66 COLCHIC "
producing industry Range: 0.5 -236 mg/m?
17 sites

Table 4.10 continued overleaf
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Table 4.10 continued Toluene exposure data on the application of adhesives

Type of company/work N | Full-shift/ GM GSD 50% 90% 95% | Reference

area short-term | (mg/im3) | (mg/m?) [ (mg/m?) | (mg/m3) | (mg/m3) | Remarks
Gluing 147 | Full shift 43 26 109 ATABAS 2
Gluing of textile material 4 43 1.76 89 109 [ Swedish data (1999)
Sampling time is app. 2 h
N: number of measurements
GM: geometric mean

GSb: geometric standard deviation
" The French National Occupational Exposure dataBase (1987-98). Sampling times from 60 — 480 minutes. Vincent (1998)
2 ATABAS The Danish exposure database (1983-1991)

The National Institute of Health from Portugal studied solvent exposure in shoe manufacturing
(Mayan et al., 1999). Shoe manufacturing is a continuous process, without physical separation of
the workplaces. Although mechanisation is used in shoe manufacturing, many processing steps
are manual. Personal (n=1,055) and static (n=106) measurements were performed during cutting,
sewing, fitting, and finishing at 580 workplaces in 100 factories. Personal measurements were
carried out for representative working periods with a minimum of 90 minutes. Toluene was
detected in more than 90% of the samples. Glues, adhesives, and finishing products used in the
fitting and finishing departments are reported as the main source of organic solvent exposure.
Geometric means of time-weighted averages and standard deviations are reported and presented
in Table 4.11. The 90 percentile is estimated based on the Geometric Mean (GM) and Geometric
Standard Deviation (GSD) assuming a normal distribution and that the arimethic mean is equal
to the geometric mean. The equations used are presented in Section 4.1.2. Geometric means vary
from 65.9 mg/m’ (6 workplaces) during cutting to 221 mg/m’ (200 workplaces) during gluing.
The estimates of the 90 percentiles vary from 158 during cutting to 489 mg/m’ during gluing.
The highest exposure levels are reported for workers performing gluing, colouring, and cleaning
tasks. There is no information provided which results were from personal or statistic sampling.
High exposure levels are correlated with buildings were ventilation and other engineering control
measures are inadequate. In 23% of the factories the engineering control measures were reported
as effective, in 29% it was established that engineering controls were not effective in all areas of
the factory, and in 48% of the factories engineering controls were reported as ineffective.

Table 4.11 Toluene exposure levels during use of adhesives in the shoe manufacturing industry ~ (Mayan et al., 1999)

Workplaces Number of GM SD 90 percentile normal 1)
workplaces (mg/m3) (mg/m3) (mg/m3)

Cutting

cutting 6 65.9 718 158
presses/rollers 6 90.0 95.8 213

moulding 12 87.5 74.7 183

Sewing

sewing 6 89.4 95.3 212

stamping 6 100.3 134.2 272

Table 4.11 continued overleaf
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Table 4.11 continued Toluene exposure levels during use of adhesives in the shoe manufacturing industry

Workplaces Number of GM GSD 90 percentile normal "
workplaces (mg/m3) (mg/m3) (mg/m3)

Fitting

gluing 200 2211 208.7 489

shaping 6 1704 210.9 441

levelling 8 180.7 195.6 431

Finishing

waxing 100 148.6 2495 468

colouring 80 138.1 204.9 301

cleaning/ polishing 150 123.3 145.3 410

GM: geometric mean, GSD: geometric standard deviation
") Calculated assuming a normal distribution and AM=GM

Modelling

Use of adhesives can be described as: 1) no aerosol formation and non-dispersive use without
LEV (application with a comb or brush during carpet laying and use in shoe industry), or 2)
aerosol formation, wide dispersive use, and direct handling with or without LEV (spraying).

Inhalation exposure during use of adhesives, assuming a maximum concentration of 80% of
toluene in adhesives (partial vapour pressure of 2.4 kPa (0.8-3 Kpa), is estimated with EASE
(version 2.0 for Windows) to be:

« application with a comb or brush; (no aerosol forming and non dispersive use without LEV):
100-140 ppm (380-532 mg/m’);

. spraying without LEV: (wide dispersive use, direct handling, and dilution ventilation):
500-1,000 ppm (1,900-3,800 mg/m°).

Dermal exposure

Dermal exposure will be higher for spraying than applying of adhesives with a comb or brush.

For gluing with a comb or brush, exposure is assessed, assuming non-dispersive use and an
extensive contact level (>10 times a day). For spraying, exposure is assessed, assuming wide-
dispersive use and an extensive contact level (>10 times a day):

. potential dermal exposure during applying adhesives with a comb or brush is estimated with
EASE to be: 1-5 mg/cm?;
. potential dermal exposure during spraying is estimated with EASE to be: 5-15 mg/cm?.

The area potentially exposed depends on the activity. It is assumed that during gluing with a
comb or brush, the exposed area will be half of two hands (420 cm?), which results in a
reasonable worst-case estimate of 420-2,100 mg/day. During spraying, the exposed area is
assumed to be two hands and a part of the forearms. This corresponds to an exposed area of
1,300 cm?, which results in a reasonable worst-case estimate of 6,500-19,500 mg/day. Due to the
high volatility of toluene, actual dermal exposure will probably be lower. This has not been taken
into account because of the limited knowledge in this field.
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Assuming a body weight of 70 kg and a dermal absorption of 100% this will lead to an estimated
potential internal exposure of 6-30 mg/kg bw/day for gluing with a comb or brush and of
93-279 mg/kg bw/day for spraying.

Conclusions

Toluene containing adhesives are used for a wide variety of applications. High exposure levels
are reported for carpet laying and use of adhesives in industry without LEV.

A large amount of measured data on use of adhesives are available from (national) exposure
databases and studies. The 90 percentiles for full-shift exposure levels vary from 23 mg/m’
(general gluing COLCHIC) to 335 rng/m3 (carpet laying, BGAA). The conservative estimates of
the 90 percentiles from the measured data by Mayan et al. (1999) on shoe manufacturing show
higher exposure levels (up to 489 mg/m’).

The EASE estimates for use of adhesives are generally higher than the measured data especially for
spraying, though the 90 percentiles of the study by Mayan et al. (1999) do reasonable agree with the
EASE estimates for manual application with a comb or a brush. These higher EASE estimates
might be caused by the assumption that adhesives may contain up to 80% toluene. In order to assess
a reasonable worst-case exposure, the highest toluene concentration in products is used.

The exposure levels for carpet laying and shoe manufacturing are higher than for other gluing
activities. The 90 percentile of the German data (335 mg/m’) and the estimates of the
90 percentiles data from the data by Mayan et al. (1999) are used to derive a reasonable worst-
case exposure level for the use of adhesives of 400 mg/m’. Reasonable worst-case short-term
exposure levels are expected to be up to the higher (extreme) values for full-shift exposure
500 mg/m’. Typical full-shift exposure levels will be lower and are estimated to be
approximately 75 mg/m’.

Because there are no measured data available for dermal exposure during use of adhesives, the
upper range of the EASE-estimates for spraying toluene is used to conclude an estimated
reasonable worst case of 279 mg/kg bw/day. Evaporation from the skin due to the high volatility
of toluene has not been taken into account in the dermal exposure assessment.

Conclusions for scenario T2 “Use of adhesives”

The following exposure levels will be used for further risk assessment for scenario T2:

. Inhalation exposure: reasonable worst case, full shift: 400 mg/m’;
. Inhalation exposure: reasonable worst case, short-term: 500 mg/m’;
 Inhalation exposure: typical, full shift: 75 mg/m’;
« Dermal exposure: reasonable worst case (repeated dose) ": 279 mg/kg bw/day.

Evaporation from the skin due to the high volatility of toluene has not been taken into
account in the dermal exposure assessment.

Use of paints, inks and lacquers (scenario T3)

Use of paints, inks, and lacquers can be distinguished in aerosol forming and non-aerosol forming
activities. Aerosol forming activities are for example spray painting and printing. During these
activities both inhalation and dermal exposure can occur. Non-aerosol forming activities are for
example painting or transferring a liquid in the printing industry. Paints, inks, and lacquers may
contain up to 80% toluene according to the Danish Product Register (Table 2.5).
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Inhalation exposure

Measured data

Measured data are available on rotogravure printing, painting (rolling and brushing), spray
painting, metal surface coating, and blanket varnishing.

Printing

In a large field study performed by Glockle et al. (1996) on rotogravure printing exposure has
been measured for practically all different job categories and processes in rotogravure printing.
The principle of rotogravure printing is that the image consists of small cups (in old times, they
were engraved) in the printing cylinder. The image is transferred to the printing, which is copper
coated iron cylinder, by a photographic process and the cups are etched into the copper. When
the cylinder is placed in the printing machine, it is partly dipped into the printing ink. When
rotating, the surplus ink is scraped off the cylinder by a doctor blade leaving the cups filled with
ink. The ink is sucked up of the cups and into the paper during printing. Rotogravure printing is
performed in large numbers, printing speed is high, and the machines are large.

Personal (n=1,614) and static (n=887) measurements were done from 1993 to 1995. Results from
personal measurements (90 and 50 percentile) and information on the measurements such as
workplace or job performed, number of measurements and companies are presented in
Table 4.13. Exposure levels were determined for printers controlling the print quality (main
control desk), controlling the viscosity of the ink (e.g. printing press), handling the large paper
rolls, and stacking and bundling the prints (delivery). When the paper breaks and the workers
must remove the paper and draw new paper in the machine the printer enters the so-called
“Printing unit, 1* level”. Cleaning of cylinders is often done in pure toluene in special cleaning
machines. Exposure is expected to be very high when the cleaning machines are emptied because
of toluene dripping from the cylinder. Glockle et al. reported that from the four main work areas
in rotogravure printing, 1) printing cylinder preparation, 2) printing/proof printing, 3) finishing,
and 4) other work areas, the highest exposure levels are found in the areas printing/proof printing
with mean 90 percentiles of personal exposure level range from 28 mg/m’ (binder) to 358 mg/m’
at the printing unit. For static sampling (n= 887) 90 percentiles varied from 25 to 736 mg/m’
(Glockle et al., 1996).

The French National Occupational Exposure Database (COLCHIC) provided data on
rotogravure printing (heliogravure printing) and serigraphy printing from 1987 to 1998. For
rotogravure printing, measurements from personal sampling (n=313) during 60-480 minutes
range from 0.2-1,129 mg/m’ (GM=42 mg/m’, GSD=8.3). The 90 percentile was reported to be
334 mg/m’. No further detail was presented on the measurements.

Some measured data are also available on other printing activities. COLCHIC presented
measurements (n=489) on serigraphy printing. The 90 percentile is 99 mg/m’ (GM=7.1 mg/m’,
GSD=8.4). Measured data (n=94) from the Danish database ATABAS for serigraphy printing
show a 90 percentile of 499 mg/m’ (GM=7.7 mg/m’, GSD=4.7).

The data on printing collected from 1991-1995 by BGAA (1998) are presented in Table 4.13.
The highest 90 percentile is for manual screen printing without ventilation: 303 mg/m”.

Two measurements were performed on screen printing by the Swedish labour inspector (data
collected from 1990-1998 from NBOSH register). Sampling time was 2.5 hours and results were
94 and 157 mg/m’. No further detail was presented on the measurements.
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Belgium provided some measured data on occupational exposure in workshops and industry over
the period 1985-1996 (Belgium, COM.ECB4/032/98). A total of 26,726 air samples were
analysed for organic solvents, 9,910 (37%) of the measurements contained toluene. A subset of
1,743 samples could be identified as personal air samples with a duration of 2-8 hours. Some
statistics on the subset were provided: the geometric mean is 9.5 mg/m’ (GSD = 5.0 mg/m°), 50
and 90 percentiles are 7.3 and 87.2 mg/m’, respectively. In 80 measurements (5%) exposure was
higher than 190 mg/m’. These levels were most frequently reported to occur during paint
manufacturing (17) and printing (rotogravure printing and silkscreen printing) (13). No further

details on the activities during measurements were reported.

Table 4.12 Personal exposure on rotogravure printing (short-term measurements)

(Glckle et al., 1996)

Type of process N No. of companies 50% (mg/m?) 90% (mg/md)
Bindery, general 22 6 8 34
Galvanic, coppering systems 20 9 8 74
Office of department head 24 9 9 31
Perfect binder 22 6 11 28
Post press, general 66 12 12 35
Office of head of shift 17 8 13 79
Saddle stitcher 169 12 14 53
Engraving machine 38 7 15 131
Material transport, end product 27 6 15 67
Galvanic, chroming systems 10 7 15 121
Inserting machine 43 6 20 45
Repair shop 44 10 35 163
Reel stand, reel cellar 78 12 37 123
Printing form preparation, general 33 9 37 137
Cylinder correction 12 4 40 116
Reel stand, machine level 12 4 46 183
Printing press 64 1 63 203
Delivery, log stacker, buffer roll 72 10 77 203
Proofing presses, general 14 6 7 128
Printing units 13 5 110 183
Main control desk 335 13 113 258
Delivery: pallets, bundles, stacks 84 12 118 243
Delivery 12 4 129 176
Printing units, 1t level 101 12 133 358
Cylinder washing machine 18 8 135 287
Bundle stacker 6 3 NS NS
Folder 5 4 NS NS

N: number of measurements. NS: no statistical calculation possible
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Table 4.13 Personal exposure levels on printing (BGAA, 1998)

Type of company/work area N No. of companies | 50%-value | 90%-value | 95%-value
(mg/m?) (mg/m?) (mg/m?)

Screen-printing, manual (construction industry) 25 8 15 303 351

- without technical measures (ventilation) 18 3 10 36 54

- with technical measures (ventilation)

Screen-printing, manual (ceramics and glass 66 25 1 18 156

industry, printing works)

Printing (gravure illustration printing industry) 470 13 17 85 118

- without technical measures (ventilation) 849 14 86 232 284

- with technical measures (ventilation)

N: number of measurements

Painting

Measured exposure data on manual painting, spray painting, metal surface coating, and blanket
varnishing have been provided by BGAA (1998), COLCHIC (1998), ATABAS, and the Swedish
exposure register (National Board of Occupational Safety and Health (NBOSH, 1999). Exposure
data are presented in Table 4.14. The reported 90 percentiles full-shift exposure levels for spray
painting vary from 15 mg/m’ in metalworking (n=546, BGAA) to 68 mg/m’ (COLCHIC). For
manual painting (rolling and brushing) 90-percentile exposure levels vary from 4 mg/m’® during
brushing and rolling in the construction industry (n=285, BGAA, 1998) to 44 mg/m’ painting of
furniture/wood material (NBOSH, 1999). High 90 percentile exposure levels are reported for
mechanical surface coating without ventilation in woodworking (164 mg/m’, the plastic and
rubber industry (192 mg/m’) by BGAA, 1998) and for blanket varnishing (172 mg/m’ (n=7),

COLCHIC, 1998).

Table 4.14 Personal exposure levels on spray painting, rolling and brushing, surface coating and blanket varnishing

Type of company/work area| N GM GSD 50% 90% 95% Full shift/ | Reference/
(mg/m3) (mg/m®) | (mg/m?) | (mg/m3) | Short-term | Remarks
Spray painting 602 8 5.2 68 COLCHIC
Spray painting 261 9 6.2 62 ATABAS
Spray painting of cupboards, 97 1 248 1 1.1 Short NBOSH (1999)
wardrobes, kitchen fixtures 19 companies
15 min
Spray-painting 546 2 15 38 Full BGAA (1998)
(metal-working, electrical 295 companies
engineering)
Spray-painting 406 3 32 50 Full BGAA (1998)
(construction industry) 82 companies
Spray-painting 1337 5 36 54 Full BGAA (1998)
(wood-working) 510 companies
Painting, furniture/wood 8 7 4,08 44 73 Full NBOSH (1999)
material Range 1-48 mg/m3
4 companies
5.5-7.5 hours

Table 4.14 continued overleaf
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Table 4.14 continued Personal exposure levels on spray painting, rolling and brushing, surface coating and blanket varnishing

Type of company/work area N GM GSD 50% 90% 95% Full shift/ | Reference/
(mg/m3) (mg/m®) | (mg/m?) | (mg/m3) [ Short-term | Remarks

Brush and roller application Full BGAA (1998)

(metal-working) 71 companies

- without ventilation 93 1 27 44

- with ventilation 22 1 8 16

Brush and roller application 285 note A 4 25 Full BGAA (1998)

(construction industry) without 78 companies

ventilation

Brush application, painting by 94 3 26 33 Full BGAA (1998)

hand (porcelain industry) 33 companies

without ventilation

Blanket varnishing 162 7 10.5 172 COLCHIC

Blanket varnishing 183 15 6.8 126 ATABAS

Mechanical surface coating Full BGAA (1998)

(plastics and rubber industry) 93 companies

- without ventilation 121 3 192 352

- with ventilation 117 1 39 56

Mechanical surface coating 148 2 21 32 Full BGAA (1998)

(metal-working, electrical 76 companies

engineering)

Surface treatment metal 1" 48 2,67 169 241 Full NBOSH (1999)
11-167 mg/m3
7,5 hours

Mechanical surface coating Full BGAA (1998)

(wood-working) 198 companies

- without ventilation 168 10 164 218

- with ventilation 440 7 90 138

N: number of measurements; GM: geometric mean; GSD: geometric standard deviation

Modelling

Use of paint, inks and lacquers can be described as: 1) no aerosol formation and non-dispersive
use without LEV (e.g. rolling and brushing and printing), 2) aerosol formation, wide-dispersive
use and dilution ventilation (spray painting), 3) aerosol formation, non-dispersive use and LEV
(metal surface coating and blanket varnishing).

Inhalation exposure during use of paint, inks, and lacquers assuming a maximum concentration
of 80% of toluene, is estimated with EASE (version 2.0 for Windows) to be:

« rolling and brushing and printing (no aerosol forming and non dispersive use without LEV):
100-140 ppm (380-532 mg/m’);

. metal surface coating and blanket varnishing; (aerosol forming and non dispersive use with
LEV): 100-200 ppm (380-760 mg/m°);

. spraying: (aerosol forming and wide-dispersive use, direct handling and dilution ventilation):
500-1,000 ppm (1,900-3,800 mg/m”).
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Dermal exposure

Dermal exposure can occur during spray painting, manual painting, and during transfer of liquid
in the printing industry. The dermal exposure estimated by EASE during these activities is given
below.

Spray painting concerns wide dispersive use, direct handling, and extensive contact. This leads
to an estimated dermal exposure of 5-15 mg/cmz/day. During the spray painting both hands and a
part of the forearms could be exposed. This corresponds to an exposed area of 1,300 cm”. This
leads to an estimated exposure of 6,500-19,500 mg/day. When the contact level is intermittent
the estimated exposure becomes 1,300-6,500 mg/day.

Painting concerns non-dispersive use and direct handling with extensive contact. This leads to an
estimated exposure of 1-5 mg/cm?*/day. During painting only the fingers will be exposed, this
corresponds to an exposed area of 400 cm’ which leads to an estimated exposure of
400-2,000 mg/day.

In the printing industry and during mechanical coating and blanket varnishing dermal exposure is
expected during transfer of a liquid. This concerns non-dispersive use and direct handling with
intermittent contact, which leads to an estimated exposure of 0.1-1 mg/cm?/day. During the
transfer of a liquid only the fingers will be exposed, this corresponds to an exposed area of
400 cm®. The resulting estimated exposure becomes 40 to 400 mg/day.

Assuming a body weight of 70 kg and a dermal absorption of 100% this will lead to an estimated
potential internal exposure of 93-279 mg/kg bw/day or 19-93 mg/kg bw/day for spray painting
with extensive or intermittent contact level, respectively, of 6-29 mg/kg bw/day for painting, and
of 0.6-6 mg/kg bw/day for printing. Evaporation from the skin due to the high volatility of
toluene has not been taken into account in the dermal exposure assessment for these scenarios.
For spray painting, evaporation is thought to have only very limited influence on the actual
dermal the exposure, since spray painting is considered a steady state process.

Conclusions

A large amount of measured data are available on inhalation exposure during rotogravure
printing, painting (spraying and manual) and mechanical surface coating.

The extended data from Glockle et al. (1996) on rotogravure printing are considered to be
representative for the European rotogravure industry. The variation in exposure levels is large,
depending on the activities performed and the presence of effective local exhaust ventilation.
High exposure levels between 250 and 360 mg/m’ (90 percentiles) will occur during cleaning
activities, close to the printing units and at the main control desk. The 90 percentiles from the
French database (COLCHIC) of 334 mg/m’ and the German data on printing with ventilation of
232 mg/m’ (BGAA, 1998) are in line with these results. High exposure levels are also reported
for manual screen printing without ventilation (303 mg/m®) in the construction industry by
BGAA. Lower exposure levels are reported for serigraphy printing by COLCHIC (90 percentile
of 99 mg/m’) and ATABAS (90 percentile of 49 mg/m”).

For printing (specifically for rotogravure and screen-printing) a reasonable worst-case estimate
for full-shift exposure levels is derived of 350 mg/m’. Short-term exposure levels are expected to
be twice this level: 700 mg/m’. Typical full-shift exposure levels are expected to be 80 mg/m’.

Reported exposure data are higher for mechanical surface coating and blanket varnishing than
for manual painting (rolling and brushing) and spray painting.

135



EU RISK ASSESSMENT — TOLUENE FINAL REPORT, 2003

Based on the data provided by COLCHIC, ATABAS, BGAA, and NBOSH a full-shift
reasonable worst-case exposure level for painting (manual and spraying) is derived of 50 mg/m’.
Short-term exposure levels are expected to be twice this level: 100 mg/m’. Typical exposure
levels are expected to be 8 mg/m’.

During mechanical surface coating and blanket varnishing full exposure levels will be higher
170 mg/m’. Short-term exposure levels are estimated to be 340 mg/m’. Typical exposure levels
will be lower 10 mg/m’.

The EASE-estimates are used to conclude estimated reasonable worst-case levels for dermal
exposure. For spray painting an estimated reasonable worst case of 279 mg/bw/day is concluded,
dermal exposure levels are estimated to be lower for manual painting: 29 mg/bw/day. In the
printing industry and during mechanical coating and blanket varnishing, dermal exposure is
estimated to be 6 mg/kg bw/day. Due to the high volatility of toluene actual dermal exposure will
probably be lower, except for spray painting, which is considered a steady state process. This has
not been taking into account because of the limited knowledge in this field.

Conclusions for scenario T3 “Use of paint, inks, and lacquers”

The following exposure levels will be used for further risk assessment for scenario T3.

« Inhalation exposure: reasonable worst case, full shift:

- printing: 350 mg/m’ ;
- painting (manual and spraying): 50 mg/m’;
- painting (mechanical coating and blanket varnishing): 170 mg/m’;
. Inhalation exposure: reasonable worst case, short-term:
- printing: 700 mg/m’;
- painting (manual and spraying): 100 mg/m’;
- painting (mechanical coating and blanket varnishing): 340 mg/m’;
« Inhalation exposure: typical, full shift:
- printing: 80 mg/m’;
- painting (manual and spraying): 8 mg/m’;
- painting (mechanical coating and blanket varnishing): 10 mg/m’;
. Dermal exposure: estimated reasonable worst case (repeated dose) :
- printing: 6 mg/kg bw/day;
- painting
- manual: 29 mg/ kg bw/day;
- spraying: 279 mg/ kg bw/day;
- painting (mechanical coating and blanket varnishing): 6 mg/ kg bw/day.

D" Evaporation from the skin due to the high volatility of toluene has not been taken into

account in the dermal exposure assessment.

Duration of inhalation exposure during use of toluene containing product due to specific
activities is estimated to be 4-6 hour/day, whereas exposure to background concentrations is 6-
8 hours per day. Frequency of exposure is expected to be up to 200 days/year.

4.1.1.2.5 Conclusion on occupational exposure

See Table 4.15.
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Table 4.15 Conclusions of the occupational exposure assessment

LET

Scenario / subscenario Exposure Estimated inhalation exposure level (mg/m3) Estimated skin
exposure level
Duration | Frequency Full shift Short- term (mg/kg bw/day)*2
(hr/day) (daylyear) (8-hour-time weighted average)
Typical Method RWC Method RWC Method RWC
Production and use as an intermediate
a) production and use as an intermediate 6-8 200 3 measured 45 measured 100 expert judg. 6
b) use as an intermediate 6-8 200 measured 15 measured 6
¢) maintenance 6-8 200 measured 45 measured 9
2. Production of gasoline
a) maintenance and tank cleaning 2-4 200 1 measured 70 measured 140 expert judg. 1.9
b) operators at production sites 6-8 200 1 measured 20 measured 30 expert judg. 1.2
c) transfer of gasoline 6-8 200 25 measured 50 measured 100 expert judg. 1.2
d) attendants at service stations 4-6 200 0.5 measured 3 measured 6 expert judg. 0.6
3. Production of products 6-8 200 4 measured 98 measured 200 expert judg. 6
(transfer, filling and drumming)
4. Use of toluene containing products
a) manual cleaning 4-6 200 3 measured 120 measured 240 expert judg. 90
mechanical cleaning 4-6 200 7 measured 44 measured 90 expert judg. 0.6
b) use of adhesives 4-6 200 75 measured 400 measured 500 measured 279
c) printing 4-6 200 80 measured 350 measured 700 expert judg. 6
d) painting:  manual 4-6 200 8 measured 50 measured 100 expert judg. 29
spraying 4-6 200 8 measured 50 measured 100 expert judg. 279
mechanical coating 4-6 200 10 measured 170 measured 340 expert judg. 6
RWC:  Reasonable worst case;
" Evaporation from the skin due to the high volatility of toluene has not been taken into account in the dermal exposure assessment.
2 According to the US EPA, the estimated amount of substance deposited on the skin is approximately in line with results which could be obtained using the proposed revised CEB method

for screening-level assessments of dermal exposure for similar working situations (US EPA, 2001)
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4.1.1.3 Consumer exposure

4.1.1.3.1 Consumer exposure scenarios

Toluene is present in various consumer products, including paints, adhesives, varnishes, and inks
for pens (Danish Product Register, 1998, Table 2.5). The only measured data on toluene in
consumer products were from glue products. Rastogi (1993) investigated 26 glue products for
non-occupational use, twenty-two of which contained toluene:

Table 4.16 Toluene glues for hobby use  (Rastogi, 1993)

Percent range Number of products %

0-0.042 9 40.9
0.043-0.05 6 273
1.0-285 7 318
Total 22 100.0

No other references were found on consumer products containing toluene.
Five scenarios are considered for consumer exposure:

Ul Gluing,

U2 Spray painting,

U3 Car maintenance,

U4 Carpet laying, and

Us Filling gasoline at self-service gas stations.

Although the production and use of gasoline is not formally a part of this risk assessment (cf.
Section 0), exposure during filling gasoline at self-service gas stations (scenario US5) is assessed.
This is done for illustrative purposes in order to be able to compare the exposure to toluene in
this scenario with other scenarios.

According to the safety data sheets from some Dutch paint industries toluene may also be used
as solvent in polyurethane varnishes for very specific uses (boat varnishes), and as a paintbrush
cleaner. However, these scenarios will not be considered in this risk assessment.

The scenarios were selected based on:

« the amount of product used,
« the concentration of toluene in the product (shown in Table 4.16), and
. the frequency of exposure.

Defaults used are:

« inhalation rate: 20 m*/day (EUSES, 1997)
. consumer body weight: 70 kg
« hobby room size: 20 m’ (Bremmer and Veen, 1999).

Amount of product used, exposure frequency and exposure duration used in the scenarios
(including exposure time after use) are in agreement with the US EPA (1987) for household
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solvent products, covering 90% of the people questioned for the scenarios gluing, spray painting
and car maintenance.

4.1.1.3.2 Gluing (scenario Ul)

Gluing scenario is estimated for hobbyists, e.g. modelling to scale (aeroplanes, ships). Rastogi
(1993) determined toluene in glues: a maximum of 28.5% was found in super glues (liquid
cement for plastic) used for modelling to scale.

Inhalation exposure

According to APA (1998), the amount used for this type of glues will be 0.5 g per event. This
amount seems realistic for a hobbyist modelling to scale. It is assumed that the room is not
ventilated and that 100% of the toluene in the glue evaporates. The concentration then will be:
500 mg glue-28.5%- 1/(20 m® room volume) = 7.1 mg/m’.

An exposure period of (30 min use + 180 min stay after use) 210 min/day (US EPA, 1987) is
used. The exposure by inhalation is then: 7.1 mg/m’-1/(70 kg bw)-20 m’/day inhaled
volume- 210 min/event- 1/(1,440 min/day) = 0.30 mg/kg bw per event.

External dermal exposure

Skin is assumed to be exposed to approximately 0.5% of the used glue (Bremmer and Veen,
1999) and all toluene is assumed to be available for absorption. The exposure to toluene is then:
500 mg glue-28,5%-0.5%-1/(70 kg bw) = 0.010 mg/kg bw.

Based on the frequency of use for this scenario, estimated to be once a week and the T1/2 of
toluene in the body (approximately 3 days), an acute time scale is considered appropriate.

4.1.1.3.3 Spray painting (scenario U2)

Spray painting scenario is estimated for hobbyists, e.g. modelling to scale, making aeroplanes
and ship models. Amateurs using compressed air will not be considered (Bremmer and Veen,
1999). According to Dutch experts (Bremmer and Veen, 1999) spray paints consists of volatile
gases that are used as propellant and solvent (>80%) and less volatile substances such as the
paint. The spray paints for household use are not expected to contain toluene, as toluene is not
volatile enough for being a propellant. However, in order to evaluate the risk for consumers in
case there indeed are spray cans containing toluene available for consumers, this scenario is
included in the risk assessment.

Inhalation exposure

Toluene may be used as a solvent for the paint. As this use is for specific conditions, the scenario
will be based on hobbyists painting their models. Calculations are based on amount of paint used
and the concentration of toluene in the paint, that is 100 g and 20%, respectively (APA, 1998). It
is assumed that the room is not ventilated and that 100% of the toluene in the paint evaporates.
The concentration then will be 100,000 mg paint-20%- 1/(20 m® room volume) = 1,000 mg/m".

An exposure period similar to gluing of (30 min use + 180 min stay after use) 210 min/day is
used. The exposure is then: 1,000 mg/m’-1/(70 kg bw)-20 m’/day inhaled volume
-210 min/event - 1/(1,440 min/day) = 41.7 mg/kg bw per event.
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External dermal exposure

The skin is assumed to be exposed to approximately 0.5% of the used paint (Bremmer and Veen,
1999) and all toluene is considered to be available for absorption. The skin exposure on a
painting event is then: 100,000 mg-20%:-0. 5%-1/(70 kg bw) = 1.43 mg/kg bw per event.

Based on the frequency of use for this scenario, estimated to be once a week and the T1/2 of
toluene in the body (approximately 3 days), an acute time scale is considered appropriate.

4.1.1.34 Car maintenance (scenario U3)

Car polishing (scenario U3A)

This scenario is estimated for people who polish their cars with a polish that contains 2% toluene
(Table 2.5, Danish Product Register). The amount used per event is estimated to be 10 g. The
time spent on polishing is considered similar to gluing 210 minutes per day, taking place in a
small garage without ventilation and closed doors. The number of polishing events is estimated
to be once every 10 weeks (0.1 event per week).

Inhalation exposure

The amount of product used for polishing will be 10 g per event. It is assumed that the room will
not be ventilated and that 100% of the toluene in the polish will evaporate. The concentration in
the garage is calculated then 10,000 mg-2%- 1/(20 m’) =10 mg/m’.

Using an exposure period of 210 min/day similar to gluing, the exposure by inhalation is then:
10 mg/m’- 1/(70 kg bw)-20m’/day inhaled-210 min/event-1/(1,440 min/day)= 0.42 mg/kg bw
per event.

External dermal exposure

Skin is assumed to be exposed to circa 0.5% of the used polish (similar to the gluing scenario)
and all toluene is assumed to be available for absorption (external exposure). The exposure to
toluene is then: 10,000 mg glue-2%-0.5%-1/(70 kg bw) = 0.014 mg/kg bw per event.

Based on the frequency of use for this scenario, estimated to be once a week and the T1/2 of
toluene in the body (approximately 3 days) an acute time scale is considered appropriate.

Cleaning hands in solvent based cleaning agent (scenario U3B)

This scenario is estimated for people who work on their cars and clean their hands with a
cleaning agent that contains toluene. The concentration is assumed to be 65% (Table 2.5, Danish
Product Register).

Inhalation exposure

During washing the hands, the cleaning product will be diluted and flushed away with water. The
inhalation exposure time will be very short and therefore this exposure route is considered
negligible.
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External dermal exposure

The cleaning product will be intensively in contact with the skin. It is assumed that
approximately 10 grams of cleaning agent is used and that 10% remains on the skin (TGD,
1996). It is assumed that all toluene left on the skin is available for absorption. The skin will then
be exposed to: 10,000 mg-65%-10%-1/(70 kg bw) = 9.3 mg/kg bw per event. According to the
US EPA (1987), the frequency of use of solvent-type cleaning product is 46 times per year.

Based on the frequency of use for this scenario, estimated to be once a week and the T1/2 of
toluene in the body (approximately 3 days), an acute time scale is considered appropriate.

4.1.1.3.5 Carpet laying (scenario U4)

Exposure of privates laying carpets using toluene-containing glue is expected to be similar to the
exposure of workers laying carpets, since professional carpet-layers sometimes work in private
homes. However, for consumers the frequency of laying carpets are expected to be very low.

Inhalation exposure

Measured exposure data are available for carpet laying performed by professionals (Table 4.11).
Based on the available 8-hour full-shift exposure data for laying carpets (90 percentiles: 188 and
195 mg/m’, respectively (TNO, 1998)) an air concentration of 195 mg/m’ is chosen to represent
a realistic worst-case situation.

The exposure is then: 195 mg/m’-20 m’/day-8 hour/event- 1/(24 hours/day)- 1/(70 kg bw) =
18.6 mg/kg bw per event.

External dermal exposure

Dermal exposure is for this scenario calculated using the EASE model, because of the similarity
to workers exposure (cf. scenario T2).

For gluing with a comb or brush exposure is assessed, assuming non-dispersive use and an
extensive contact level (>10 times a day). Potential dermal exposure is estimated with EASE to
be: 1-5 mg/cm”’.

It is assumed that the exposed area will be half of two hands (420 cm?), which results in a
reasonable worst-case estimate of 6-30 mg/kg bw/ day. This estimate does not take into account
the evaporation of toluene from the skin.

Based on the very low frequency of use for this scenario, an acute time scale is considered
appropriate.
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4.1.1.3.6 Filling gasoline at self-service gas stations (scenario US)

Inhalation exposure

Some measured data are available for exposure during filling gasoline at self-service gas stations
(Table 4.17). No information is given on the exposure period.

Table 4.17 Exposures to toluene at self-service gas stations

Type of work N AM Range
(mg/m?) (mg/m?)

Clayton (1983) 1 0-63

Clayton (1991) 59 7 044

N: number of measurements; AM: arithmetic mean

The exposure period is usually only the time it takes to fill the gasoline tank. People driving
many kilometres may need to fill up their tanks 5 days a week. With a concentration of 63 mg/m’
and an exposure period of 10 min/event, the exposure event is assumed to be:
63 mg/m’ - 20 m’/day - 15 min/event- 1/(1,440 min/day)- 1/(70 kg bw) = 0.2 mg/kg bw/event.

With an assumed frequency of 5 events/week, the exposure per day is assumed to be:
0.2 mg/kg bw/event - 5 events/week - 1/(7 days/week) = 0.13 mg/kg bw/day.

External dermal exposure

Dermal exposure during filling of gasoline at self service gas stations is considered negligible.
Based on the frequency of use for this scenario, a chronic time scale is considered appropriate.

4.1.1.3.7 Conclusion on consumer exposure

Table 4.18 Consumer exposure model scenarios

Exposure Scenarios
u1 U2 U3A U3A U4 us"
acute acute acute acute acute chronic
Air concentration (mg/m?) 71 1,000 10 Negligible 195 63
Uptake via inhalation (mg/kg bw/event) 0.3 4.7 0.42 Negligible 18.6 0133
Potential dermal exposure (mg/kg bw/event ) 2 0.01 1.43 0.014 9.3 30 Negligible

1) Included for illustrative purposes
2) Dermal exposure modelled using the EASE, because of the similarity to workers exposure
3) mg/kg bw/day

4.1.1.4 Humans exposed via the environment

Please refer to Section 3.3.5.
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4.1.2 Effects assessment: Hazard identification and Dose (concentration) -
response (effect) assessment

4.1.2.1 Toxico-kinetics, metabolism and distribution

Data from human exposure and animal experiments are available.

Uptake via inhalation

The major uptake of toluene vapour is through the respiratory system. A number of
investigations in humans (Carlsson, 1982; Carlsson and Lindqvist, 1977; Nomiyama and
Nomiyama, 1974; Astrand 1975) have shown that at rest a three-hour exposure to toluene vapour
will result in an uptake amounting to approximately 50% of the inhaled toluene.

The concentration of toluene in alveolar air and in arterial and venous blood rises quickly during
the first 10-15 minutes of exposure (Carlsson, 1982; Astrand et al., 1972). After only 10 seconds
of exposure toluene can be detected in blood from brachial arteries (Astrand et al., 1972).

Data from experimental exposure of voluntary study subjects show that physical work results in
increased toluene uptake (Veulemans and Masschelein, 1978b; Carlsson, 1982). Using a 50 W
workload, exposure to 300 mg/m’® (80 ppm) toluene for 2 hours did not result in steady state of
the blood concentration of toluene in 12 study subjects. The toluene uptake was 2.4 times higher
than the uptake at rest. During the work, lung ventilation was increased 2.8 times.
Concentrations of toluene in alveolar air and blood increased with increasing work loads
(0-150 W in periods of 30 minutes) (Carlsson, 1982). The amount of toluene absorbed increased
with greater amounts of body fat (Carlsson and Ljungquist, 1982).

In nine male volunteers exposed to 200 mg/m’ (53 ppm) toluene for 2 hours during a workload
of 50 W, the total uptake of toluene was 50% of that inhaled (L6f et al., 1993).

In rats, toluene uptake after inhalation is rapid. During a three-hour exposure to 575 ppm
(2,155 mg/m’) blood and brain toluene levels reached estimated asymptotic levels in 53 and
58 minutes, respectively (Benignus et al., 1981).

In dogs exposed to 370-820 mg/m’ (100-220 ppm) toluene via inhalation for 1-2 minutes, an
uptake of approximately 90% was determined. The uptake of toluene was similar in the upper
and lower repiratory tract (Egle and Gochberg, 1976).

In conclusion, toluene is absorbed rapidly via inhalation and the amount absorbed depends on
pulmonary ventilation.

Uptake via oral exposure

Case reports of accidents and attempted suicides, and clinical trials involving toluene
administration to leukaemia patients (Braier, 1953) show that toluene is absorbed via the
alimentary system in humans.

In rats, uptake of toluene via the alimentary system is slower than the respiratory uptake.
Toluene concentration in blood reached maximum values two hours after an oral dose (Pyykkdo
et al., 1977). About 76% was recovered as hippuric acid in the urine (Knoop and Gerhrke, 1925),
and approximately 18% was excreted as toluene vapour through the respiratory system (Smith et
al., 1954). Absorption appears to be nearly 100%.
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In rabbits, orally dosed toluene also seems to be absorbed 100% (EI Masry et al., 1956; Smith et
al., 1954).

In conclusion, toluene is absorbed almost completely from the gastrointestinal channel.

Uptake via dermal exposure

Liquid toluene can be absorbed through the skin. In five volunteers exposed to toluene by
immersing a hand up to the wrist in liquid toluene for 30 minutes, maximum concentrations of
toluene in blood (0.17 mg/l) were found 30 minutes after start of the exposure. The maximum
blood toluene concentration was maintained for 10-15 minutes after exposure had ended and was
a quarter of that achieved in a two-hour inhalation exposure to 100 ppm (375 mg/m’) toluene
vapour (Sato and Nakajima, 1978).

After skin exposure of 10 male volunteers to toluene vapour (2,250 mg/m’® (600 ppm)),
excluding respiratory uptake, steady state occurred after 30 minutes with a toluene concentration
of 1.08 pmol/1 (100 pg/l) in venous blood. The total duration of exposure was 3.5 hours. Based
on average values for lung retention and lung excretion of toluene, it was estimated that the
percutaneous uptake of toluene vapour amounted to approximately 1% of the respiratory uptake
at the identical air concentration (Riihimiki and Pfaffli, 1978). A similar relation between lung
and percutaneous uptake of toluene is given elsewhere (Piotrowski, 1967).

The capability of toluene to penetrate the skin was investigated in isolated rat skin. At steady
state, a penetration of 8.5 nmol/cm’min (0.78 pg/cm’min) was determined (Tsuruta, 1982).

In conclusion, dermal uptake after skin exposure to liquid toluene occurs to a limited degree.
Dermal exposure to toluene vapours is not likely to be an important route.

Distribution

The blood/air partition coefficient for toluene is 11.2-15.6 at 37°C (Lindqvist, 1977; Sato et al.,
1972; Sato and Nakajima, 1977; Sherwood, 1976; Ulfvarson and Ovrum, 1976).

The distribution of toluene in the body is among other factors dependent on the tissue/blood
partition coefficients and the metabolism. In rabbits the following partition coefficients have
been found: brain, heart, liver, and intestine: 2.3, muscle tissue: 1.6, adipose tissue: 74.3, bone,
connective tissue, and lung tissue: 1.9 (Sato et al., 1974). In rats brain/blood ratios of 1.2 (Kishi
et al., 1988) and 1.7 (Zahlsen et al., 1992) have been determined. In humans the adipose
tissue/blood partition coefficient for toluene is determined to be 81-83 (Sato et al., 1974;
Sherwood, 1976). This high partition coefficient suggests that toluene can be accumulated in
adipose tissue. Estimation of the biological half-lives (see later) provides further evidence for
this suggestion.

In mice, the distribution of toluene and its metabolites was investigated using whole body
autoradiography after acute inhalation of side chain marked '*C toluene (Bergman, 1979;
Bergman, 1983). In adipose tissue, bone marrow, spinal nerves, spinal cord, and in the white
parts of the brain, high concentrations of radioactivity occurred as judged from the photographs.
In blood, liver, and kidneys, radioactivity was also found. One hour after exposure nerve tissue
showed no radioactivity. In adipose tissue nearly all radioactivity had disappeared four hours
after exposure, and only traces of non-volatile radioactivity could be found in the liver. After
24 hours all radioactivity had disappeared from the body.
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In rats, subcutaneous injection of toluene (100 or 500 mg/kg) resulted in maximum
concentrations of blood toluene after 2 hours (Benignus et al., 1984).

Toluene passes the placenta. Two hours following exposure of rats via inhalation to 1,375 or
2,700 mg/m’ (367 or 720 ppm) for 24 hours, foetal blood had a toluene concentration of 74% of
that found in the dam’s blood. The amniotic liquid contained a toluene concentration of 5% of
that in the dam’s blood. Four and six hours after exposure, similar relative toluene concentrations
were found (Ungvary, 1984; quoted from IPCS 1985).

Groups of four 11, 14 or 17 day pregnant mice were killed 0, 30, 60 and 240 minutes after
having inhaled 7,500 mg/m’ (2,000 ppm) '*C-toluene for ten minutes. Radioactivity as volatile
and non-volatile was measured in lung, liver, kidney, brain, cerebellum, fat, plasma, amniotic
fluid, placenta, and foetus. It was shown that toluene immediately after inhalation was taken up
in the foetal tissue at a concentration of about 10% of that found in the maternal lungs. At four
hours after exposure the toluene radioactivity was decreased to 2% of the original value
(Ghantous and Danielsson, 1986).

Toluene has been found in human breast milk. In 12 pooled samples from four urban areas in the
United States, toluene was identified qualitatively in at least 7 samples (Pellizzari et al., 1982;
quoted from Jensen and Slorach, 1991).

Four lactating rats received a single subcutaneous injection of 1.2 g toluene/kg on the 10th day of
lactation (Da-Silva et al., 1991). Four hours after injection the concentration of toluene in blood
was 2.1 mg% and in milk 10.3 mg% (see Appendix D, note 1), thus the toluene concentration in
maternal milk was five times that of maternal blood.

In conclusion, toluene is distributed to various tissues, the amount depending on the tissue/blood
partition coefficient, the duration and level of exposure, and the rate of elimination.
Concentrations in the brain are higher than in blood. Adipose tissue may be a reservoir for
toluene. Toluene easily passes the placenta and is found in the foetus in concentrations of about
75% of that found in the maternal blood. Toluene is secreted into maternal milk.

Biotransformation

Biotransformation of toluene occurs mainly by oxidation. The endoplasmatic reticulum of liver
parenchymal cells is the principal site of oxidation which involves the P450 system. Analysis of
blood and urine samples from workers and voluntary study subjects exposed to toluene via
inhalation in concentrations ranging from 100 to 600 ppm (375-2,250 mg/m’) indicate that of the
biotransformed toluene, appr. 99% is oxidised via benzyl alcohol and benzaldehyde to benzoic
acid. The remaining 1% is oxidised in the aromatic ring, forming ortho-, meta- and para-cresol
(Woiwode et al., 1979; Woiwode and Drysch, 1981).

Water solubility of the biooxidation products is achieved through linkage with suitable
substances (phase 2 reaction). Benzoic acid is linked to either glycine or glucuronic acid forming
either hippuric acid or benzoylglucuronide. Cresols and benzyl alcohol are linked to glucuronic
acid or sulphate (IPCS, 1985). At heavy toluene exposures there may not be enough glycine
available for conjugation with the toluene metabolite benzoic acid to form hippuric acid. Benzoic
acid may then be conjugated with glucuronic acid, and excreted as benzoyl glucuronide.

In conclusion, toluene is readily metabolised , mainly to benzoic acid.
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Elimination
Toluene or its metabolites may be eliminated via the lungs, the kidneys, or the liver.

Data from experimental inhalation exposure of voluntary subjects show that the toluene
concentration in expired air decreases rapidly during the first 10 to 20 minutes after cessation of
exposure to toluene via inhalation (Veulemans and Masschelein, 1978a; Carlsson, 1982;
Echeverria et al., 1989). Two to four hours later, very low toluene concentrations are found in
expired air (Carlsson, 1982). Of the toluene absorbed, 15-20% is exhaled during the first few
hours after exposure has stopped (Nomiyama and Nomiyama, 1974). The cumulative elimination
of toluene via the lungs amounts to 4-8% and 7-14% after 2 and 20 hours, respectively
(Carlsson, 1982).

The cumulative elimination (in per cent) of toluene via the lungs appears to increase with
increasing amounts of toluene taken up (Carlsson, 1982).

The majority (80-90%) of absorbed toluene is biotransformed and excreted from the body via the
kidneys. At an exposure level of 750 mg/m’ (200 ppm), the excretion is mainly as hippuric acid.
About 1% of the biotransformed toluene is excreted as glucuronides or sulphates of o-, m-, or p-
cresol (IPCS, 1985).

A very small proportion, approximately 0.06% of the toluene absorbed via inhalation, is excreted
unchanged in the urine in humans (Williams, 1959).

A good correlation was found between toluene exposure (air concentration multiplied by time)
and concentration of hippuric acid in post exposure urine. However, a background level of
hippuric acid is present in human urine, as a product of endogenous metabolism, and of
metabolism of substances present in food. In the Western part of the world, at exposure levels
below 100 ppm (375 mg/m®) hippuric acid in post exposure urine cannot be used to separate an
exposed person from an unexposed one because the difference between the background level and
the toluene-generated level is too small (Lauwerys, 1983). However, hippuric acid background
levels in urine vary geographically. In some Third World countries a low urinary hippuric acid
background level is found. Thus, in these parts of the world it is possible to use this metabolite as
a biological marker for toluene exposure even at exposure levels lower than 100 ppm (Chang et
al., 1996; Vrca et al., 1997a; 1997b).

Data from rats exposed to 1,000, 1,780, or 3,000 ppm (3,750, 6,675, or 11,250 mg/m3) of toluene
via inhalation for 2 hours showed that elimination could be described by a bi-exponential
function with average half-times of 6 and 90 minutes (Rees et al., 1985).

In rats a small proportion, less than 2%, of the absorbed toluene is excreted via the bile to the
intestine. The substances excreted are reabsorbed in the intestine. Thus very small amounts are
excreted in faeces (Abou-El-Makarem et al., 1967).

In conclusion, a proportion of around 20% of the absorbed toluene is eliminated in the expired
air. The remaining 80% of the absorbed toluene is metabolised and excreted in the urine.

Figure 4.1 illustrates the metabolism of toluene in humans and animals.
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Figure 4.1 Metabolism of toluene in humans and animals
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Biological half-lives

Studies in humans

Two hours inhalation of 375 mg/m’ (100 ppm) and determination of the time relations for
toluene in blood and expired air after exposure gave a three-phasic half-life curve. Biological
half-lives of 2 minutes, appr. 30 minutes, and appr. 3.5 hours, respectively, were calculated (Sato
et al.,, 1974). Half-lives of 22 minutes and 175 minutes for the two last phases have been
determined (Rommelt et al., 1982). In a study of workplace accidents with coma as a result of
exposure to high toluene concentrations, a fourth phase with a 20-hour half-life was found. This
phase is taken to represent toluene elimination from adipose tissue (Brugnone et al., 1983). Nise
et al. (1989) have found elimination curves for toluene in venous blood to contain at least three
exponential components with median half-lives of nine minutes, 2 hours and 90 hours. The third
component reflected the decline of toluene in adipose tissue, which had a median half-life of
79 hours. The median venous blood toluene concentration was found to be 2.3 umol/l at the end
of a week last shift. After 72 hours the blood toluene concentration had fallen to 0.16 pmol/I. In
another part of the same study, toluene concentrations were determined in venous blood and
subcutaneous adipose tissue at 0, 63, and 135 hours. In venous blood an initial median toluene
concentration of 1 pumol/l was found. After 135 hours the toluene concentration had decreased to
0.06 pmol/l. In subcutaneous adipose tissue the corresponding median toluene concentrations
were 4 mg/kg fat and 1 mg/kg fat, respectively. Carlsson and Ljungquist (1982) reported that the

147



EU RISK ASSESSMENT — TOLUENE FINAL REPORT, 2003

half-life of toluene from subcutaneous adipose tissue increased with increasing amounts of body
fat. The range of values for the half-life was from 0.5 to 2.7 days.

The prolonged presence of toluene in adipose tissue with subsequent release to blood suggests
that the nervous system in workers may be exposed to endogenous toluene even during periods
where the worker is not externally exposed. However, toluene is not an accumulative substance
as such. The tissue compartment which has the longest elimination half-time for toluene is (in all
likelihood) adipose tissue. The measured T1/2 in human subcutaneous adipose tissue is about
3 days, which is short compared to substances that are highly accumulative in fat, such as PCBs
(T1/2 up to several years). From the elimination half-time, the time period during which
accumulation occurs (the time to reach steady-state) can be calculated by multiplying the T1/2
by 5, i.e. about 15 days (or three working weeks) for toluene. The conclusion therefore is that
although there is some accumulation of toluene, it is not of great biological significance. In other
words, chronic harmful effects by toluene are mechanistically explained by accumulation of
effects rather than accumulation of substance.

Studies in animals

The elimination half-lives in rats exposed via inhalation for 2 hours to toluene concentrations of
1,000, 1,780, or 3,000 ppm (3,750, 6,675, or 11,250 mg/m3) were 6 and 90 minutes for the two
phases (Rees et al., 1985).

In rats, the rate of elimination from fat seems to be much higher than in humans, as only a few
percent of the toluene concentration found in perirenal fat immediately after end of exposure to
100 ppm was recovered 12 hours after end of exposure (Zahlsen et al., 1992)

In summary, the elimination of toluene from adipose tissue is much faster in the rat than in
humans.

Summary of toxico-kinetics, metabolism and distribution

The data for toxico-kinetics, metabolism and distribution of toluene conform with the
requirements of Annex VIIA of Directive 67/548/EEC.

Toluene is absorbed almost completely from the gastrointestinal channel in animals.
Approximately 50% of inhaled toluene is taken up, depending on pulmonary ventilation. Dermal
uptake after skin exposure to liquid toluene occurs to a limited degree. Dermal exposure to
toluene vapours is not likely to be an important route. Toluene is distributed to various tissues,
the amount depending on the tissue/blood partition coefficient, the duration and level of
exposure, and the rate of elimination. Concentrations in the brain are higher than in blood.
Adipose tissue may be a reservoir for toluene. Toluene easily passes the placenta and is found in
the foetus in concentrations of about 75% of that found in the maternal blood. Toluene is
secreted into maternal milk. The half-life in human tissue may be up to three days, whereas
blood toluene rapidly declines after cessation of exposure. In the rat, elimination of toluene
seems to be much faster, as most toluene was eliminated from fat after 12 hours. Within a few
hours after termination of exposure the blood and alveolar air contains very little toluene. A
proportion (around 20%) of the absorbed toluene is eliminated in the expired air. The remaining
80% of the absorbed toluene is metabolised in the liver by the P450 system, mainly via benzyl
alcohol and benzaldehyde to benzoic acid. Benzoic acid is conjugated with glycine and excreted
in the urine as hippuric acid. If not enough glycine is available (high concentration of benzoic
acid) benzoic acid is conjugated with glucuronic acid and excreted in the urine as
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benzoylglucuronide. Small amounts of toluene undergo ring hydroxylation to form o-, m-, and p-
cresol, which are excreted in the urine as sulphate or glucuronide conjugates.

There are no indications of particular species differences in the toxico-kinetics, metabolism or
distribution of toluene. The elimination of toluene from adipose tissue is much faster in the rat
than in humans.

4.1.2.2 Acute toxicity

4.1.2.2.1 Studies in animals

A number of acute toxicity studies on toluene have been found in the literature and in the
IUCLID Data Sheet. These are summarised in Table 4.19 given below.

Table 4.19 Acute lethality data for toluene compiled from various sources

Species Application LC50 (inhalation) Reference
LD50 (oral, dermal,
intraperitoneal application)

Rat Inhalation 1 hour > 100 mg/l Benignus (1981)
Rat Inhalation 6 hours 22.0 - 23.5 mg/l Bonnet et al. (1982)
Rat Inhalation 6.5 hours 45.8 mg/l Cameron et al. (1938)
Rat Inhalation 4 hours 28.1 mgll BASF (1980)
Rat Inhalation 4 hours 12.5-28.8 mg/l Pozzani et al. (1959)
Rat Inhalation 4 hours 33 mgll Carpenter et al. (1976)
Mouse Inhalation 6 hours 24.0 - 27.9 mg/l Bonnet et al. (1982)
Mouse Inhalation 6 hours 26.0 mg/l Bonnet et al. (1979)
Mouse Inhalation 7 hours 19.9 mg/l Svirbely et al. (1943)
Rat Oral 7,500 mg/kg Smyth et al. (1969)
Rat Oral 5,900 mg/kg Ungvary et al. (1982)
Rat Oral 5,500 mg/kg Kimura et al. (1971)
Rat Oral 5,580 mgl/kg Withey and Hall (1975)
Rat Oral 7,000 mg/kg Wolf et al. (1956)
Rabbit Dermal 12,400 mg/kg Smyth et al. (19690
Rat Intraperitoneal 1,600 mg/kg Fodor (1972); lkeda and Othsuji (1971);

Lundberg et al. (19830
Rat Intraperitoneal 1,330 — 1,640 mglkg IUCLID (1998)
Mouse Intraperitoneal 2,159 mg/kg Koga and Ohmiya (1978)

Doses have been converted to mg/l (inhalation) or mg/kg (oral, dermal, or intraperitoneal)
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Inhalation

Six studies of acute toxicity via inhalation in the rat have been found. A varying number of hours
of exposure have been used (Table 4.19). The study by BASF (1980) has been performed
according to a test method close to the requirements of EU guideline B2 (Acute toxicity
(inhalation)). Groups of 10 male and 10 female rats were exposed for 4 hours to test atmospheres
of 6.08, 20.00, 23.98, 38.87, or 61.80 mg/l of toluene of 99.5% purity. The rats were observed
daily for 14 days following exposure. In this study, an LC50 of 28.1 mg/l was calculated by
probit analysis. This result is not contradicted by the other five studies (Benignus, 1981; Bonnet
et al., 1982; Cameron et al., 1938; Pozzani et al., 1959, Carpenter et al., 1976).

In mice, similar values, ranging from 19.9 mg/l to 27.9 mg/l, have been found in three studies
(Svirbely et al., 1943; Bonnet et al., 1979; Bonnet et al., 1982)

In the BASF (1980) acute inhalation toxicity study mentioned above the rats exposed to 20.00,
23.98, 38.87, or 61.80 mg/l of toluene showed watery discharge from eyes and nose, unrest,
increased respiration, rocking gait, narcosis, startling movements, and hyperaemia of the ears
and extremities. In the highest exposure group, salivation was observed. In the group exposed to
6.08 mg/l of toluene, no signs or symptoms were observed. All surviving rats appeared normal
after 3 days following the exposure.

Toluene exposure acutely impairs cognitive function in macaque monkeys. During a 50-minute
exposure to 0, 375, 750, 1,875, 3,750, 7,500, 11,250, or 16,875 mg/m3 (0, 100, 200, 500, 1,000,
2,000, 3,000 or 4,500 ppm) toluene, increased response time and decreased precision in a
matching-to-sample task were observed at 7,500 mg/m® and higher concentrations. During the
last 18 minutes of exposure to toluene concentrations from 375 mg/m’ to 11,250 mg/m’, the
concentration of carbon dioxide in expired air (as a composite index of the monkey’s
behavioural, respiratory, cardiovascular, and metabolic activities) was significantly increased. In
monkeys exposed to 16,875 mg/m’ expired CO; initially decreased to below air controls, while
no difference relative to control was found during the second half of the exposure session
(Taylor and Evans, 1985).

The behavioural effects of inhalation of toluene for 1, 2 or 4 hours in rats has been investigated.
The sensitivity of unconditioned reflex and conditioned avoidance tests in evaluating behavioral
toxicity was compared. Male rats were exposed by inhalation up to four hours to; 0, 800
(3,000 mg/m’), 1,600 (6,000 mg/m’), 3,200 (12,000 mg/m’), or 6,400 (24,000 mg/m’) ppm
toluene. The rats were tested for behavioral changes at one-half, one, two and four hours during
exposure and eighteen hours after exposure ended. In unconditioned reflex testing, the presence
or absence of specific unconditioned reflexes (such as corneal, placing, grasping and righting
reflexes) and simple behavior patterns including locomotor activity and coordination were
observed. The conditioned reflex task consisted of shock avoidance by lever press following
simultaneous light and sound stimuli. Rats began to fail unconditioned reflex tests at 800 ppm
toluene. Decrements in conditioned avoidance were observed at 3,200 ppm toluene. The
concentration, which affected 50% of the animals at a given time of exposure (EC50) was
calculated for 16 behavioural patterns. EC50 values in the range 2,400 mg/m’ (640 ppm) to
5,025 mg/m’ (1,340 ppm) were determined. In general, the EC50 values were higher for 1 hour
inhalation than for 4 hours inhalation (Mullin and Krivanek, 1982).

Inhalation of 5,625 mg/m’ (1,500 ppm) toluene for 50 minutes affected the nystagmus reflex (a
measure of the function of the equilibrium system) in rats (Larsby et al., 1986).

In rats receiving toluene via continuous intravenous infusion, at an infusion rate of
50 uM/kg/min for 60 minutes, the nystagmus reflex was increased when the toluene
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concentration in blood reached or exceeded 0.9 mmol/l. At this blood concentration no effects
were found on consciousness, respiration, or circulation (Tham et al., 1984).

Concentration-effect curves for behavioural toxicity of toluene in mice were determined for
performance in an operant task (response for milk reward). The mice were tested in 8 daily test
series separated by 30-minute time-out periods 5 days a week. It is not mentioned in the
publication what the total number of test days was. At the end of each series, starting with the
third series, the toluene concentration was cumulatively increased. At 1,125 mg/m’ (300 ppm)
and 1,875 mg/m’ (500 ppm) no change in activity was seen. At 3,750 mg/m’ (1,000 ppm)
activity was increased. At a concentration of 9,000 mg/m’ (2,400 ppm) activity was reduced and
at 16,875 mg/m’ (4,500 ppm) activity ceased. In conclusion, toluene at lower exposure levels
was stimulatory and at higher exposure levels was depressive for response frequency in the task
(Glowa and Dews, 1983).

Dose-related statistically significant increases in hypothalamic catecholamine levels and serum
prolactin concentrations were seen after exposure of male rats to 0 , 300, 1,875, 5,625, and
11,250 mg/m’ (80, 500, 1,500, and 3,000 ppm) toluene 6 hours per day for three days. According
to the authors, the statistical test used did not correct for multiple comparisons of dose groups
with the same control group. This means that some apparently significant differences may be due
to statistical error. However, it is argued by the authors that the dose relation points to a true
effect (Andersson et al., 1983).

In male rats exposed via inhalation to toluene 6 hours per day for three days, a reduced dopamine
level in the forebrain was observed at 300 mg/m’ (80 ppm). However, at the higher
concentrations (1,875 mg/m® (500 ppm), 5,625 mg/m’ (1,500 ppm), and 11,250 mg/m’
(3,000 ppm)) dopamine levels did not differ from those of the controls (Fuxe et al., 1982).

Inhalation of 2,000 mg/m® (533 ppm) or 3,000 mg/m’ (800 ppm) toluene, either for 24 hours or
8 hours per day for one week did not result in histopathological liver changes in mice, rats, and
rabbits. Increased liver weights were observed and electron microscopy showed ultrastructural
changes in the liver (increased rough endoplasmic reticulum) in all three species. The levels of
the enzymes esterase, acid and alkaline phosphatase and succinate dehydrogenase were
unchanged, while cytochrome P450 and cytochrome b5 concentrations were increased in the
toluene-exposed groups (Ungvary et al., 1982).

Oral

Five studies of acute toxicity after oral exposure in the rat have been found. Withey and Hall,
1975, performed a study using a method which resembles that of EU guideline B1 (Acute
toxicity (oral)). Groups of 20 male Sprague-Dawley Cobb rats, were fasted overnight and dosed
by intubation with either 4.00, 4.56, 5.20, 5.93, or 6.76 g/kg of toluene (purity not stated). The
rats were observed three times daily for at least 7 days after dosing. The LD50, calculated by
probit analysis, was 5.58 g/kg. The oral LD50 values reported in the other four studies (Wolf et
al., 1956; Smyth et al., 1969; Kimura et al., 1971; Ungvary et al., 1982) ranging from 5.5 to
7.5 g/kg are in accordance with this.

Dermal

A single report of acute dermal toxicity in the rabbit has been found, stating an LD50 value of
14.1 ml/kg, corresponding to 12.4 g/kg (density 0.876). The test method was not described
(Smyth et al., 1969).
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Intraperitoneal

The acute toxicity of toluene after intraperitoneal administration has been reported by a number
of authors. The LD50 values range from 1.3 to 1.64 g/kg in the rat. In mice a value of 2.15 g/kg
has been determined (Table 4.19).

In summary, acute effects in animals exposed via inhalation include mucous membrane
irritation, unrest, increased respiration, ataxia, impaired cognitive function, disturbance of the
equilibrium system, changed response frequency in operant task test, neurochemical changes. In
addition, levels of liver enzymes involved in metabolism of toluene were found to be increased.

4.1.2.2.2 Studies in humans

The acute effects in voluntary human experimental subjects of toluene inhalation exposure have
been examined in a number of studies.

The results achieved by 16 students in a number of performance tests were not influenced by six
hours inhalation of toluene in concentrations up to 375 mg/m’® (100 ppm). At 375 mg/m’
headache, dizziness, and feeling of intoxication were more often reported by the study subjects
than at the lower concentrations (0 mg/m’, 37.5 mg/m’ (10 ppm), or 150 mg/m’ (40 ppm))
(Andersen et al., 1983).

A one-hour inhalation of toluene (472-588 mg/m’® (126-157 ppm)) was found to affect
nystagmus reflexes (visual suppression) in 15 volunteers (Hydén et al., 1983).

For 12 volunteers inhaling 300 mg/m’ (80 ppm) toluene for 4.5 hours, the results in
4 performance tests carried out after 2 and 3.5 hours of exposure were not significantly different
from the results obtained from the same persons during exposure to clean air. Subjective
complaints of headache and irritation were more frequent at toluene exposure, during which a
small decrease in the pulse at rest was observed (Iregren et al., 1986).

Among 8 male post-graduate students exposed to 80 ppm (300 mg/m’) toluene via inhalation for
four hours no difference in results in four choice reaction time, four choice errors, simple
reaction time, visual search, visual analogues and stressalyser could be found compared to the
results obtained by the same subjects exposed to clean air for four hours (Cherry et al., 1983).

For 20 volunteers inhaling 98 ppm toluene (368 mg/m’)for 4 hours results in the psychomotor
tests finger tapping, reaction time, pursuit-rotor test and Purdue hand precision test did not differ
from control values obtained by the same 20 volunteers (Winneke et al., 1976).

Following inhalation exposure to 375 mg/m’ (100 ppm) toluene for 6.5 hours, 43 printers with 9
to 25 years occupational toluene exposure did not show significantly different results in
10 performance tests compared with an equally sized group not previously exposed to toluene
matched for sex, age, education and smoking habits. The toluene exposure was found to decrease
manual dexterity, colour discrimination, and accuracy in visual perception in both groups.
Furthermore the toluene exposure caused discomfort with complaints of low air quality, strong
odour, fatigue, sleepiness, a feeling of intoxication, and irritation of the eyes, nose and throat
(Balum et al., 1985).

Forty-two college students inhaled 0, 281 mg/m’ (75 ppm) or 562 mg/m3 (150 ppm) toluene for
seven hours on each of three days. The students carried out a number of performance tests prior
to exposure, and after three and seven hours of exposure. On each day students served as their
own control. Toluene exposure resulted in significantly worse results in digit span, pattern
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memory, pattern recognition, symbol digit, and one hole test. The number of symptoms recorded
was found to increase with increasing toluene exposure for headache and mucosal irritation. The
symptoms were reported at the end of each day by subjects in response to the question “What are
your reactions over the past four hours?”. No details regarding the severity of headache and
irritation are given in the publication. A dose response relationship was found in the number of
times subjects slept increasing from 7% at 0 ppm, 14% at 281 mg/m’ (75 ppm), to 22% at
562 mg/m’ (150 ppm) (Echeverria et al., 1989).

A random population sample of 32 male and 39 female subjects were allocated into three groups,
one exposed to clean air, one exposed to constant toluene at a concentration of 100 ppm
(375 mg/m’), and one exposed to varying concentrations of toluene (Fourteen 30-minute
episodes during the exposure period, each episode starting with an increasing concentration
reaching a peak of 300 ppm (1,125 mg/m’) after 5 min and then decreasing to a stable period of
about 15 min at 50 ppm (188 mg/m’), giving a TWA of 100 ppm for the whole exposure period).
An exposure period comprised a single day (7 hours). Toluene caused throat and respiratory
irritation, headache and dizziness. In performance tests only minimal effects were found, with a
tendency towards lower score and more errors but fewer false reactions in the primary task of the
vigilance test. The effects were not statistically significant (p<0.1). There was no difference
between constant exposure and peak exposure (Belum et al., 1990).

In summary, the above-mentioned exposure chamber studies headache, dizziness, feeling of
intoxication, irritation and sleepiness were recorded to occur with significantly increased
frequency at exposure levels from 562 mg/m’ (150 ppm) down to 281 mg/m’ (75 ppm). At
150 mg/m’ (40 ppm) and below the effects have not been recorded to occur with increased
frequency. For these subjective symptoms a lowest observed adverse effect concentration
(LOAEC) of 281 mg/m3 (75 ppm) and a no observed adverse effect concentration (NOAEC) of
150 mg/m’ (40 ppm) can be established.

With respect to function in performance tests, inhalation of 281 mg/m’ (75 ppm) and 562 mg/m’
(150 ppm) for 7 hours have resulted in significantly worse results in a number of performance
tests, indicating a LOAEC of 281 mg/m’ (75 ppm) for function in performance tests while a
NOAEC cannot be established.

4.1.2.2.3 Summary of acute toxicity

The acute toxicity of toluene has been tested in a manner conforming with the data requirements
of Annex VIIA of Directive 67/548/EEC.

Toluene has low acute toxicity via inhalation and the oral route. In rats, an LC50 of 28.1 mg/1/4h,
and an oral LD50 of 5.58 g/kg have been reported. A dermal LD50 of 12.4 g/lkg has been
determined in the rabbit, however, the method used and quality of the data are unknown. As the
acute toxicity via inhalation and the oral route is low, and toluene is absorbed well via these
routes, it was considered that a dermal acute toxicity study would not contribute further to the
hazard identification. Via the intraperitoneal route LD50s of approximately 2 g/kg for rats and
mice have been found.

No classification for acute toxicity is proposed.

Toluene is classified with R67 (Vapours may cause drowsiness and dizziness) since data from
experimental exposure of human volunteers show that dizziness and sleepiness are experienced
at air levels substantially below the level of 20 mg/l/4h mentioned in the criteria for R67 (for
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toluene this equals to 5,300 ppm). In rats exposed to 20 mg/l/4h in the BASF (1980) study
rocking gait and narcosis were observed. For classification, see Section 1.

A LOAEC of 281 mg/m’ (75 ppm) (Echeverria et al., 1989) and a NOAEC of 150 mg/m’
(40 ppm) (Andersen et al., 1983) for the occurrence in humans of headache, dizziness, feeling of
intoxication, irritation and sleepiness will be taken forward to the risk characterisation. For
function in performance tests a LOAEC of 281 mg/m’ (75 ppm) will be taken forward to the risk
characterisation (Echeverria et al., 1989). Furthermore, in the absence on human dermal acute
toxicity data, the dermal LD50 of 12.4 g/kg will be taken forward to the risk characterisation for
acute toxicity by dermal exposure.

4.1.2.3 Irritation

Animal and human data regarding the irritative properties of toluene have been found.

4.1.2.3.1 Skin

Only animal data have been found.

Studies in animals

A skin irritation study performed by a method conforming to Annex V, method B2 (acute
toxicity (skin irritation)) has been conducted (Exxon, 1988). A volume of 0.5 ml toluene was
applied to the clipped dorsal intact skin of seven New Zealand White rabbits and kept under a
semi-occlusive dressing for 4 hours. After exposure, the skin was rinsed with water. The
observation period was 7 days. The rabbits were examined 45 minutes, 24, 48 and 72 hours
following patch removal, and on day 7. Observations were scored according to the Draize
method. The mean scores at each observation are presented in Table 4.20.

Table 4.20 Mean scores for skin irritation ~ (Exxon, 1988)

45 min 24h 48 h 72h 7 days Mean (24, 48, and 72h scores)
Erythema 0.14 1.14 1.86 243 243 1.81
Oedema 1.00 0.71 1.14 1.43 0.86 1.10

The incidence and severity of irritation increased as the study progressed, and by 72 hours all
animals exhibited erythema, ranging from very slight to severe, and slight oedema. On day 7,
erythema ranged from well-defined to severe for all animals, and oedema ranged from very
slight to slight for 5 animals. The mean score for erythema was 2.43 at 72 hours and on day 7.
Toluene was considered moderately skin irritating in the report.

In conclusion, toluene caused significant inflammation of the skin as a mean erythema score
exceeding 2 was observed which persisted for more than 24 hours. In addition, the inflammation
persisted in all test animals at the end of the observation time (individual scores for erythema on
day 7 were 2, 2, 2, 4, 2, 3, and 2). Toluene is classified as a skin irritant (R38 Irritating to skin).
For classification, see Section 1.

Guillot et al. (1982) tested skin irritancy of toluene by four different methods, including the
OECD guideline 404 method. Six male New Zealand White rabbits were simultaneously
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subjected to three different test methods using occlusive application. The three methods differed
with respect to whether skin was scarified or not prior to application, and in observation time
points. A second group of six rabbits was used for a semi-occlusive test. The same scoring
system was used to measure results from all four methods. Toluene was found slightly irritating
by the OECD guideline method, and moderately irritating with the other methods. The test was
evaluated by use of a national French scoring system, and therefore the results cannot readily be
interpreted.

In a study performed as a preliminary test to a guinea pig maximisation test, toluene solutions of
various concentrations were tested for irritancy (NOTOX, 1996). The solutions were injected
intradermally and applied epidermally. Two guinea pigs were exposed epidermally only. The
two guinea pigs were each exposed to two different concentrations (100 and 50%). The solutions
were applied in a volume of 0.5 ml per animal to the clipped flank and covered with a patch.
After 24 hours the patch was removed. Skin reactions were observed and graded according to the
Draize score system at 24 h, 48 h, and 5 days after exposure. At 24 hours both animals exhibited
eschar (injuries in depth) formation at one edge of the treated area in response to the 100%
solution. At 48 hours this reaction was still present, and additionally a well-defined erythema
(score 2) had developed. At the observation made after 5 days, a thick layer of scales and slight
superficial fissuring of the skin was observed in the area treated with the 100% solution. The
50% solution was non-irritating.

Studies in humans

No data have been found. Textbooks state that it is well known that toluene has a degreasing
effect on the skin. After repeated exposures, toxic contact dermatitis may develop (Browning,
1965; Gerarde, 1960).

4.1.2.3.2 Eye

The eye irritating properties of toluene has been investigated in several animal studies, and in
humans.

Studies in animals

The ocular irritation potential of toluene was evaluated in a study performed according to OECD
Guideline 405, and of GLP quality (Exxon, 1995). Ocular instillation of 0.1 ml toluene into the
right eye of 6 New Zealand White rabbits (4 males and 2 females) elicited conjunctival irritation
in all animals. Redness, chemosis, and discharge were observed in all six animals at the 1-hour
observation. At the 24 and/or 48 hours observations, redness, chemosis, and/or discharge
persisted in the majority of the animals. Irritation decreased as the study progressed and only
redness was observed in four animals at the 72 hours observation. All animals were free of
ocular irritation on day 7, and the study was subsequently terminated. Iridial responses were
observed in three animals at the 1-hour observation. Corneal responses were not observed during
the study. Clinical signs were not observed in any animal and all animals survived to study
termination. The mean ocular irritation scores for each observation interval are shown in
Table 4.21.

155



EU RISK ASSESSMENT — TOLUENE FINAL REPORT, 2003

Table 4.21 Mean ocular irritation scores  (Exxon, 1995)

1h 24h 48 h 72h 7 days Mean (24, 48, and 72 h scores)
Redness 3.00 217 1.50 0.67 0.00 1.47
Chemosis 3.33 0.83 0.33 0.00 0.00 0.39
Iris 0.50 0.00 0.00 0.00 0.00 0.00
Opacity 0.00 0.00 0.00 0.00 0.00 0.00

In conclusion, toluene was found to cause slight eye irritation. Ocular lesions (redness,
chemosis) occurred within 72 hours after exposure and persisted for at least 24 hours. However,
the mean score (24 hours 48 hours and 72 hours together) for redness of the conjunctivae and
chemosis did not exceed values of 2.5 and 2, respectively, which are the limits for classification
with R36 (Irritating to eyes). Therefore, no classification for eye irritation was proposed.

Sugai et al. (1990) carried out an eye irritation study of toluene in rabbits. Toluene in a volume
of 0.1 ml was instilled into the conjunctival sac of the left eye of three female Japanese white
rabbits, with the right eye serving as control. The eyes were examined at 1, 4, 24, 48, 72, 96
hours, and 7, 14 and 21 days. Lesions were graded according to the Draize score. Toluene was
judged to be a moderate to severe irritant with corneal involvement or irritation that persisted for
more than 24 hours but recovered within 21 days after treatment.

Guillot et al. (1982b) conducted eye irritation tests in rabbits. 0.1 ml of toluene was instilled into
the lower conjunctival sac of one eye in six male rabbits, with the other eye serving as control.
Several tests were performed. In the first, eyes were not rinsed following instillation. The rabbits
were observed for 7 days. Eye lesions were scored according to a numerical system. Toluene was
found to be irritating to the eye. In the subsequent tests, similar instillations were performed in
other groups of 6 rabbits, this time with rinsing after 4 or 30 seconds. Rinsing did not change the
irritating properties of toluene instillation.

Studies in humans

Two studies have been found, where eye irritation in toluene-exposed humans has been reported.
The exposure was not direct exposure of the eye to liquid toluene, but to vapours in ambient air.

Sixteen young healthy subjects were exposed to toluene in various concentrations (0, 10
(37.5 mg/m3), 40 (150 mg/m3), or 100 ppm (375 mg/m3)) for six hours. A balanced Latin square
design was used with respect to the sequence of exposure levels experienced by the subjects. A
subjective estimate of eye irritation was made by asking the subjects to place a mark on a
continuous scale with end points defined by a verbal description. Exposure to 375 mg/m’
(100 ppm) resulted in complaints of irritation in the eyes and the nose, while exposure to
150 mg/m’ (40 ppm) or 37.5 mg/m’ (10 ppm) toluene did not result in irritation. In general the
irritation was described as slight and was felt just after the exposure began and continued
throughout the exposure day (Andersen et al., 1983).

In another study 42 young, healthy subjects were exposed for 7 hours to air or to toluene in
concentrations of 281 mg/m’ (75 ppm) or 562 mg/m’ (150 ppm). Each subject was tested at
different concentrations on each of three days using a Latin square design. At the lower toluene
concentration a slight increase in the number of subjects experiencing eye irritation was reported,
while almost half of the subjects experienced eye irritation at the higher concentration. No details
regarding the severity of eye irritation was given in the publication (Echeverria et al., 1989).
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4.1.2.3.3 Respiratory tract
Only animal data have been found.

The respiratory rate depression of toluene has been investigated in several studies. In mice,
RD50 values of 12,590 mg/m3 (3,357 ppm) (Muller and Greff, 1984), 12,650 mg/rn3
(3,373 ppm) (De Ceaurriz et al., 1981), and 19,875 mg/m’ (5,300 ppm) (Nielsen and Alarie,
1982) have been determined. These results suggest that toluene can cause irritation to the
respiratory tract at these very high concentrations. The irritative effect of lower toluene
concentrations has not been examined. The usefulness of the respiratory depression test has not
been established.

No classification for respiratory irritation was proposed.

4.1.2.3.4 Summary of irritation

The irritating properties of toluene have been tested in a manner conforming to the data
requirements of Annex VIIA of Directive 67/548/EEC.

The results of the animal studies show that toluene is irritating to the skin in rabbits, mice, and
guinea pigs. According to textbooks, it is well known that toluene has a degreasing effect on the
skin of humans. One study in rabbits (Exxon, 1988) has been performed according to a method
of EU guideline standard. The Exxon study will therefore be used for the risk assessment. Based
on this study it was agreed to classify toluene as a skin irritant with R38 (Irritating to skin). For
classification, see Section 1.

The results of three animal studies show that toluene has a potential to cause eye irritation. One
of the studies (Exxon, 1995) has explicitly been performed according to the OECD guideline
405. The other two studies appear to have been performed using similar methodology, however,
the problem of interpreting the scoring system used in those two studies means that the Exxon
study will be used for the risk assessment. Toluene was slightly irritating in the Exxon study,
however not enough to warrant classification according to the EU classification criteria. No
classification for eye irritation is proposed.

The animal data for skin and eye irritation do not provide information on dose-response
relations.

Toluene can cause irritation to the respiratory tract in animals. This has only been observed at
very high concentrations. The irritative effect of lower toluene concentrations has not been
examined. No classification for respiratory irritation was proposed.

In conclusion, toluene is irritating to skin and to eyes in animals. The degree of irritation
produced is only severe enough to warrant classification with respect to skin. Toluene-induced
skin irritation is long-lasting. Although there are no reports of human eye contact to liquid
toluene, reports of human eye irritation in response to vapour indicate that the findings from
animal studies are relevant for humans. Human eye irritation starts somewhere between a toluene
vapour concentration of 150 mg/m’ (40 ppm) and 375 mg/m’ (100 ppm). A LOAEC of
375 mg/m’ (100 ppm) and a NOAEC of 150 mg/m® (40 ppm) for the occurrence in humans of
eye irritation will be taken forward to the risk characterisation.
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4.1.2.4 Corrosivity

See Section 4.1.2.3 (Irritation) for data. Toluene is not corrosive.

4.1.2.5 Sensitisation

Only animal data are available.

4.1.2.5.1 Skin
A well conducted study of the skin sensitising potential of toluene exists.

A guinea pig maximisation test in accordance with EU guideline B6 (Skin sensitisation), of GLP
quality, has been carried out (NOTOX, 1996). Thirty female SPF albino guinea pigs of the
Himalayan strain were used in the study. Twenty guinea pigs were intradermally injected with a
10% concentration (this concentration was previously determined to produce moderate irritation
without necrosis) and epidermally exposed to the undiluted test substance. Ten control guinea
pigs were similarly treated, but with vehicle (corn oil) only. Two weeks later all animals were
challenged with 50% (maximum non-irritant concentration) and 25% test solution, and vehicle.
A single guinea pig showed a grade 1 reaction (discrete or patchy erythema) in response to the
50% solution. No other skin reactions were observed. It was concluded that toluene was not a
skin sensitiser in this study.

4.1.2.5.2 Respiratory tract

No description was found of allergic effects on the airways caused by toluene exposure.

4.1.2.5.3 Summary of sensitisation

The sensitising potential of toluene has been tested in a manner conforming with the data
requirements of Annex VIIA of Directive 67/548/EEC.

No human data are available. In a well-conducted guinea pig maximisation study no evidence of
skin sensitisation was found, suggesting that toluene is not a skin sensitiser in humans. No data
have been found with regard to respiratory sensitisation. There are no indications that toluene is
a respiratory allergen.

4.1.2.6 Repeated dose toxicity

4.1.2.6.1 General toxicity

Studies in animals

The toxicity of toluene after repeated doses has been investigated in a number of studies. There
are no data for the dermal route. Toluene toxicity via inhalation has been investigated in the rat
(exposure duration of 2 years, 15 months, 26 weeks, 15 weeks, 90 days) and in the mouse
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(exposure duration of 2 years,14 weeks). Two oral studies of 90 days’ duration have been
conducted, one in rats, and one in mice.

Inhalation

Rats, 90 days

Groups of 30 rats, equally divided by sex, were exposed to 0, 30, 100, 300, or 1,000 ppm of
toluene (0, 112.5, 375, 1,125, 3,750 mg/m3) for 6 hours/day, 5 days/week, for 13 weeks (Rhudy
et al., 1978). No effects on body weights or food consumption were found. Haematology, clinical
chemistry and urinalysis results from control animals and the highest exposure group on days 5,
45, and 89 did not reveal effects of toluen. No toluene-related gross or histopathological changes
were found. Liver weights were significantly lower in all exposed groups except in the highest.
The authors concluded that exposure to 1,000 ppm (3,750 mg/m’) did not cause adverse effects.

The results of this study are published as an abstract only and the basis for the conclusions
therefore cannot be evaluated. The study will not be used for the risk assessment.

Rats, 15 weeks

In a study conducted by NTP (United States National Toxicology Program) as a prerequisite for
a carcinogenicity study, groups of ten male and ten female F344/N rats were exposed via
inhalation to 0, 100, 625, 1,250, 2,500, or 3,000 ppm (0, 375, 2,344, 4,688, 9,375, or
11,250 mg/m’) toluene 6.5 hours/day for 5 days/week for 15 weeks (Huff, 1990). The study was
of GLP quality. The rats were observed for clinical signs daily, and weighed once per week. All
animals were necropsied. Morphology was examined for a number of tissues in the control
group, 2,500, and 3,000 ppm group. Eight male rats of the 3,000 ppm group died during week 2.
The mean body weights of rats exposed to 2,500 or 3,000 ppm were 15-25% lower than that of
controls, which was statistically significant. Clinical signs included dyspnea in all exposed
groups, except males exposed at 3,000 ppm and females exposed at 1,250 ppm, and ataxia in rats
exposed at 3,000 or 2,500 ppm. The relative kidney weight was statistically significantly
increased at 1,250 ppm and higher in both sexes (males 3-21% increase relative to control;
females 6-12% increase). Males at 1,250 ppm and higher also showed a statistically significantly
increased relative liver weight (9-33%) while females at 2,500 ppm and higher showed this
effect (16-21% increase). Relative weight of the brain (males 13-31% increase, females 10%
increase), heart (males 11-15% increase, females 6-10% increase), and lung (males 15-18%
increase, females 9% increase) were statistically significantly increased in both sexes at 2,500
and 3,000 ppm. In male rats, relative testes weight was statistically significantly increased at
2,500 and 3,000 ppm (15-24%). None of the differences in the results of the haematological or
serum analyses were considered to be biologically meaningful by the author. Plasma
cholinesterase activity decreased as exposure concentration increased (by 54% in females at
3,000 ppm), and the leukocyte count was decreased for female rats at 1,250 ppm or higher
(12-18% relative to control). No compound-related effects were seen on sperm or on oestrous
cycle. The toxic lesions seen in animals exposed by gavage were not observed in animals
exposed by inhalation.

Overall, a NOAEC of 625 ppm toluene (2,344 mg/m’) for 15 weeks inhalation exposure of rats
can be derived from this well-conducted study. At 1,250 ppm (4,688 mg/m’) and above, a
12-18% decrease in leukocyte count in females was found, which is considered an adverse
effect. Also, at and above 1,250 ppm relative weight increases in a number of organs were
detected.
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Rats, 8, 17, 26 weeks

Three groups of 15 male and 15 female Sprague-Dawley rats (90 rats in all) were exposed
6 hours/day, 5 days/week for 8, 17 or 26 weeks to toluene concentrations of 0, 100 (375 mg/m’),
or 1,500 ppm (5,625 mg/m’) (Bio/dynamics Inc., 1980). Selected animals were removed
following 8 (3 rats/sex/toluene-exposed group), 17 (5 rats/sex/group), and 26 weeks of exposure
(4 rats/sex/group) for neurohistopathological examination. All remaining rats were killed after a
two-week post-exposure recovery period (3 rats/sex/toluene-exposed group, 9 control rats) and
subjected to neurohistopathological examination. The higher toluene concentration was initially
2,000 ppm, but since the rats showed signs of central nervous system depression (ataxia, body
tremors. prostration) during week 2 of exposure, the dose was lowered to 1,500 ppm.
Haematology, clinical chemistry, and urinalysis parameters were evaluated in 10 rats/sex/group
after 13 weeks, and in 5 rats/sex/group after 26 weeks of exposure. During exposure, an increase
in the occurrence of dry rales and staining of the ano-genital fur was noted in the 1,500 ppm
group relative to the control group. Male rats exposed to 1,500 ppm had significantly increased
body weights during the latter part of the study. At 13 weeks, the 100 ppm females showed
significantly increased haemoglobin and haematocrit values, and at 26 weeks this group had
significantly decreased clotting time. Also at 26 weeks, increased serum glutamic pyruvic
transaminase value was found in the 100 ppm female rats. Blood glucose was decreased at both
sampling times in all exposed rats; this was significant only in females exposed to 1,500 ppm at
26 weeks. One male and one female rat of the 100 ppm group had very high (4-5 times increase)
serum glutamic pyruvic transaminase values at week 26. Mild proteinuria was observed in all
groups at both sampling times, most markedly in males exposed to 1,500 ppm at 13 weeks. No
toluene-related neuropathological changes were found.

Although this study appears well-conducted, its usefulness for the risk assessment is low because
of the limited design. The dose levels are far apart, animals were not subjected to full necropsy,
and the number of animals available for comparison decreased during the study. At 100 ppm
(375 mg/m’), only minor effects were apparent on haematological, clinical chemical and
urinalysis parameters.

Rats, 6-month exposure

Groups of 36 male Wistar rats were exposed to toluene in concentrations of 0, 500 ppm, or
1,500 ppm (0, 1,875, or 5,625 mg/m’) for 6 hours/day, 5 days/week, for 6 months (Ladefoged et
al., 1991). The rats were sacrificed 4 months after the end of exposure. At sacrifice, no
differences with respect to body weight or relative weight of liver, testes, heart, or adrenals were
found. Statistically significant increases were found in relative weight of spleen (500 ppm), brain
(500 ppm), and kidney (1,500 ppm). As the increases were not dose-related they may be
incidental findings and will therefore not be used for the risk characterisation. The design did not
allow observation of reversible toxicity. The study will be described further in the section
dealing with neurotoxicity.

Rats, 2-year exposure

Groups of 120 male and 120 female Fisher F344 rats were exposed via inhalation to toluene
6.5 hours per day, 5 days/week for up to 24 months in concentrations of 0, 112, 375 or
1,125 mg/m3 (0, 30, 100, 300 ppm) (Gibson and Hardisty, 1983). Clinical observation did not
reveal any substance related changes. The body weights of male rats in all toluene-exposed
groups were higher than in control males throughout the study. A similar effect was noted for the
females but the effect disappeared during the final weeks of the study. In haematology, blood
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chemistry and urinalysis, female rats exposed to 100 and 300 ppm had at 24 months slightly but
significantly reduced haematocrits and for the 300 ppm group only, the mean corpuscular
haemoglobin concentration was slightly, but significantly, increased. No gross pathological or
histopathological changes related to toluene exposure were seen, and no increase of tumour
frequency in the male and female F344 rats was seen.

In this study, small effects on haematological findings were seen at both exposure levels. The
exposure levels are low compared with the concentrations used by other investigators of long-
term toluene toxicity. Since no definite signs of toxicity were found at the highest dose level, and
since this is not discussed by the authors, this study is regarded as inconclusive with regard to
identification of toluene-induced toxic effects, as the exposure concentrations may have been
inadequate. Although the study does not identify the hazardous properties, it is still useful in the
sense that 300 ppm was a clear NOAEC.

Rats, 15-month and 2-year exposure

Groups of 60 male and 60 female F344N rats were exposed by inhalation to 0, 600, or 1,200 ppm
toluene (0, 2,250, 4,500 mg/m) 6.5 hours/day 5 days/week for two years in a GLP study (Huff,
1990). At 15 months, 10 male and 10 female rats at each dose level were terminated.

15-month exposure: No effects of toluene exposure were found on body weight or absolute and
relative weight of kidney, liver or brain, except in females at 600 ppm, where the absolute liver
weight was increased. The severity of nephropathy was slightly increased in exposed female rats.
Results of haematological analyses did not suggest any compound-related effects. In the nasal
cavity, mild to moderate degeneration of the olfactory and respiratory epithelium was more
obvious in toluene-exposed rats (male: control, 5/10; 600 ppm, 10/10; 1,200 ppm 10/10; female:
control 2/10; 600 ppm, 10/10; 1,200 ppm, 9/10) and goblet cell hyperplasia was somewhat
increased (male: 3/10; 8/10; 5/10; female: 2/10; 5/10; 6/10), whereas other lesions were seen in a
few exposed rats (Necrosis: three males and four females; metaplasia: one male and three
females), and the incidences and severity of chronic inflammation were greater in exposed
females than in controls (control, 5/10; 600 ppm, 9/10; 1,200 ppm, 8/10). Hyperplasia of the
alveolar and bronchiolar epithelium was found in two males and three females in the 1,200 ppm
group and in one control female. No other non-neoplastic or any neoplastic lesions were
observed which were considered to be related to toluene exposure. The effects in the nasal cavity
were considered mild toxic effects by the author. In this study, the lowest exposure level
(600 ppm) caused toxic effects in the nasal epithelium. In addition, absolute liver weight was
increased in females. However, relative liver weight was unaffected, and the effect was not dose-
related and may therefore be considered an incidental finding.

2-year exposure: Mean body weights of male rats exposed to 1,200 ppm were 4-8% lower than
those of controls from week 72 and to the end of the study. Mean body weights of female rats
exposed to 1,200 ppm were 4-7% lower than those of controls from week 92 to the end of study.
The initial mean body weight of the 1,200 ppm animals were 9% greater than those of controls.
No compound related clinical signs were recorded, and no significant differences in survival
were observed between any groups of either sex. In the nose, erosion of the olfactory epithelium
and degeneration of the respiratory epithelium were significantly increased in exposed rats
(erosion of olfactory epithelium - male: control, 0/50; 600 ppm, 5/50; 1,200 ppm, 8/49; female:
2/49; 11/59; 10/50; degeneration of the respiratory epithelium - male: 15/50; 37/50; 31/49;
female: 29/49; 45/50; 39/50). Inflammation of the nasal mucosa and respiratory metaplasia of the
olfactory epithelium were observed at significantly (P < 0.05) increased incidences in exposed
female rats (inflammation of the nasal mucosa: 27/49; 42/59; 39/50; metaplasia of the olfactory
epithelium: 0/49; 2/50; 6/50). The lesions were for the most part of mild severity. In the
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forestomach ulcers were marginally increased in exposed male rats (control, 4/50; 600 ppm,
7/50; 1,200 ppm, 9/49). The severity of nephropathy was increased with exposure concentration
in both sexes. Significantly more of the rats exposed to 1,200 ppm exhibited nephropathy of
marked severity compared with controls. There were no substance-related increases in any
tumour types.

In this study, effects similar to those found in the 15-month study described above, were found.
At the lowest exposure level, 600 ppm, changes in the nasal cavity were found. In addition,
effects in the forestomach and kidney were found. At the highest exposure level, a small, not
statistically significant, decrease in body weight was found. There was no dose level without
toxic effects, and consequently a LOAEC of 600 ppm can be derived from this study.

Mice, 14-week exposure

In a GLP study conducted by NTP (United States National Toxicology Program) as a
prerequisite for a carcinogenicity study, groups of 10 male and 10 female B6C3F1 mice were
exposed to 0, 100, 625, 1,250, 2,500, or 3,000 ppm (0, 375, 2,344, 4,688, 9,375, or
11,250 mg/m’) toluene 6.5 hours/day five days/week for 14 weeks (Huff, 1990). Five male and
all ten female mice at 3,000 ppm died during the first two weeks; in addition a male at
3,000 ppm, seven female mice at 2,500 ppm, one female at 1,250 ppm, one male at 1,250 ppm
and one female at 625 ppm died before the termination of the study. Final mean body weight of
all exposed groups were 7-13% lower than those of controls (not statistically significant).
Dyspnea was observed primarily at 3,000 and 2,500 ppm. The relative liver weights (males
45-50% increase relative to control, females 17-54% increase) for mice exposed to 625 ppm or
higher, the relative lung weights for female mice exposed to 100 ppm or higher (9-12%
increase), and the relative kidney weights (7-11% increase) for female mice exposed to
1,250 ppm or higher were statistically significantly greater than those of controls. None of the
differences in the results of the haematological or serum chemical analyses were considered to
be biologically meaningful. Centrilobular hepatocellular hypertrophy was observed in
10/10 male mice at 2,500 ppm and 4/6 male mice at 3,000 ppm. No effect on sperm count or
motility or on oestrous cycle was seen.

In this study relative organ weights were increased beginning at the lowest dose level, 100 ppm
(375 mg/m°) for the lung. The toxicological significance of organ weight changes is questionable
in the absence of histopathological findings, and therefore these findings will not be used as the
basis for a LOAEC.

Mice, 15-month and 2-year exposure

Groups of 60 male and 60 female B6C3F1 mice were exposed by inhalation to 0, 120, 600, or
1,200 ppm toluene (0, 450, 2,250, or 4,500 mg/m’) 6.5 hours/day 5 days/week for two years in a
study of GLP quality (Huff, 1990). Ten female mice at each exposure level were terminated after
15 months.

15-month exposure: No toluene-induced effects were seen on body weight, absolute or relative
organ weights of brain, kidney or liver. Haematological parameters were unaffected by exposure.
Minimal hyperplasia of the bronchial epithelium was seen in 4/10 female mice at 1,200 ppm.

2-year exposure: In female mice, body weights were slightly lower at 1,200 ppm compared with
control. No significant differences in survival were observed between any groups of either sex.
However, survival in all groups of male mice was low. This might be attributed to a high
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occurrence of inflammatory lesions of the urinary and genital systems in all groups. The data
regarding tumour incidence will be discussed in Section 4.1.2.8 (Carcinogenicity).

In these studies no toxicologically important effects were observed.

Summary of general toxicity in animals after inhalation exposure

Data from studies in rats and mice have been found. The 2-year study by Gibson and Hardisty
showed no toxicity at 300 ppm (1,125 mg/m®), which was the highest dose level of that study. In
the well-reported 15-week NTP rat study, 625 ppm (2,344 mg/m’) did not cause adverse effects.
At higher exposure levels (1,250 ppm (4,688 mg/m’) and above), a 12-18% decrease in
leukocyte count was found, along with relative organ weight increases. In the 15-month and
2-year rat studies by NTP the main findings were erosion of the olfactory epithelium and
degeneration of the respiratory epithelium in the nose at all exposure levels (600 and 1,200 ppm
(2,250 and 4,500 mg/m’)). A marginal increase in the incidence of forestomach ulcers in male
rats at both exposure levels was found, and an increase in nephropathy at the highest dose level,
1,200 ppm (4,500 mg/m’). In the 14-week NTP mouse study relative organ weights were
increased beginning at the lowest dose level, 100 ppm (375 mg/m’) for the lung. The
toxicological significance of organ weight changes is questionable in the absence of
histopathological findings, however, with increasing exposure concentration more organs
became affected, and at 1,250 ppm (4,688 mg/m’) two deaths were observed. In the 15-month
and 2-year NTP mouse studies no toxicologically important effects were observed.

A clear inhalation NOAEC of 1,125 mg/m’ (300 ppm) has been identified in the Gibson and
Hardisty 2-year study. In the NTP studies a NOAEC of 625 ppm (2,344 mg/m’) was identified in
the 15-week study, while 600 ppm (2,250 mg/m®) was a LOAEC for changes in the nasal cavity,
forestomach and kidney in the 15-month and 2-year study. The toxicity of lower concentrations
administered for 2 years was not examined by NTP. The exposure duration of the 2-year studies
is considered the most relevant for evaluation of effects of long-term exposure in man. The
300 ppm (1,125 mg/m’) NOAEC of Gibson and Hardisty does not appear unrealistically low
compared with the 600 ppm LOAEC of NTP and will be taken forward to the risk
characterisation.

Oral exposure

Two studies of repeated oral exposure have been found, one in rats, and one in mice. Both
studies are of GLP quality.

Rats

Groups of 10 male and 10 female F344N rats received 0, 312, 625, 1,250, 2,500, or 5,000 mg
toluene/kg in corn oil by gavage for 13 weeks (Huff, 1990). In the 5,000 mg/kg group all rats
died within the first week. In the 2,500 mg/kg group 8 males and one female died before
termination of the study. The final mean body weight of males that received 2,500 mg/kg was
19% lower than that of vehicle controls. Clinical signs included prostration, hypoactivity, ataxia,
piloerection, lacrimation, and excessive salivation in the 5,000 and 2,500 mg/kg groups.

Absolute and relative kidney weight was increased in males at 625 mg/kg and higher, and in
females at 1,250 mg/kg and higher (relative kidney weight by 6-46% in males, by 8-18% in
females).
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The increase in absolute and relative liver weights for female rats that received 2,500 or
1,250 mg/kg (22-62% relative liver weight increase) and for males that received 1,250 or
625 mg/kg (8-78% relative liver weight increase) were statistically significantly relative to those
of vehicle controls. The absolute and relative heart weights for female rats that received 2,500 or
1,250 mg/kg, and the relative heart weight for males receiving 2,500 mg/kg were statistically
significantly increased compared with vehicle controls. Absolute, but not relative brain weight
was reduced in both sexes at 2,500 mg/kg. None of the differences observed in the results of the
haematological and serum chemical analyses or urinalyses was considered to be biologically
meaningful. Neuropathological changes in the brain, consisting of neuronal cell necrosis in the
dentate gyrus and Ammons horn of the hippocampus, was seen in male and female rats that
received 2,500 or 1,250 mg/kg. In addition to the hippocampal lesions, necrosis and/or
mineralisation were present in the granular layer of the cerebellar cortex. Haemorrhage was
present in the mucosa, submucosa, or muscularis of the urinary bladder of males and females of
the two highest dose groups.

In this study a dose of 312 mg/kg/kg did not cause any effects. A toluene dose of 625 mg/kg
caused increased absolute and relative liver and kidney weight (up to 46% increase in relative
kidney weight, up to 78% increase in relative liver weight). Although no histopathological data
are given in the report for the liver, presumably no abnormal findings were present. There was
no evidence of an increase in hyaline droplets in the proximal tubules of the kidneys of exposed
rats. Therefore, the increased relative weights of liver and kidney are interpreted as toxicologically
non-significant signs of metabolic activity related to exposure. Consequently, the dose level
625 mg/kg is considered to be the NOAEL. At doses of and above 1,250 mg/kg, neurone necrosis
in the brain was found, which is clearly an adverse effect.

Mice

Groups of 10 male and 10 female B6C3F1 mice received 0, 312, 625, 1,250, 2,500 or 5,000 mg
toluene/kg in corn oil by gavage for 13 weeks (Huff, 1990). All mice that received 5,000 mg/kg
died during the first week, 4 male and 4 female rats that received 2,500 mg/kg and one female
mouse that received 1,250 mg/kg died before termination of the study. The final body weight of
males that received 2,500 mg/kg was 16% lower than that of vehicle controls. Clinical signs
included subconvulsive jerking, prostration, impaired grasping reflex, bradypnea, hypothermia,
hypoactivity, and ataxia in mice at 2,500 and 5,000 mg/kg. Relative liver weights were
statistically significantly increased for male mice that received 1,250 or 2,500 mg/kg (by
10-26%). In female mice absolute and relative liver weight was increased at 312 mg/kg, and
relative liver weight was increased at all doses above this (by 7-29%). Relative brain and testis
weight, and absolute kidney weight was increased in male mice at 5,000 mg/kg. Myocardial
degeneration was found in several mice from this group. None of the differences in the results of
haematological or serum clinical analyses or urinalyses were considered biologically meaningful.

In this study toluene caused increased absolute and relative liver weight in female mice even at
the lowest dose level, 312 mg/kg. However, no accompanying histopathology is mentioned in
the report, and these findings are therefore interpreted as signs of metabolic activity. The
NOAEL was therefore considered to be 625 mg/kg. At 1,250 mg/kg, one death occurred in the
9™ week of the study, and absolute and relative liver weights were increased in both sexes.

Summary of general toxicity in animals after oral exposure

An oral NOAEL of 625 mg/kg after 13 weeks of exposure has been determined in both rats and
mice in well performed studies (Huff, 1990). In rats, neuronal death in the hippocampus was
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found in both sexes at dose levels above the NOAEL. In mice, one death occurred at the dose
level above the NOAEL.

Studies in humans

No studies examining general toxicity in humans have been found.

4.1.2.6.2 Specific organ toxicity

Studies in animals

Liver

In rats exposed via inhalation to 1,000 mg/m® (267 ppm), 1,500 mg/m’ (400 ppm), 3,000 mg/m’
(800 ppm), 3,500 mg/m’ (933 ppm) or 6,000 mg/m’ (1,600 ppm) toluene 8 hours/day for up to
6 months, reversible dose-dependent increases in relative weight of the liver, succinate
dehydrogenase activity, and concentration of cytochrome P450 and bs, and a decrease in
glycogen content were found. Histology showed hypertrophy of the centrolobular zones in the
groups exposed to high concentrations of toluene. Electron microscopy revealed proliferation of
smooth endoplasmic reticulum and dilatation of the rough endoplasmic reticulum cisternae in the
cells of the centrolobular zone in all toluene-exposed groups. A dose-relation was found. The
authors interpreted the changes as non-specific signs of compensation, and concluded that no
chronic hepatic disease had developed in repsonse to toluene exposure (Ungvary et al., 1980).

Kidney

No animal studies specifically examining kidney effects have been found. Non-specific toxic
effects on the kidney have been found in general toxicity studies and are described in
Section 4.1.2.6.1.

Nervous system

Groups of 7 male rat pups were exposed to 0, 100, or 500 ppm (0, 375, or 1,875 mg/m’) toluene
for 12 hours/day on postnatal days 1 through 28 (Slomianka et al., 1990). On postnatal day 28,
the rats were sacrificed and their brains processed for histological and volumetric study of the
hippocampus. The layers of Ammon's horn and the subiculum were not affected by 500 ppm
toluene exposure. Within the area dentata, the volume of the granule layer was 6% smaller in
animals exposed to 100 ppm toluene and 13% smaller in animals exposed to 500 ppm toluene.
The volumes of the hilus and the commissural-associational zone of the dentate molecular layer
were smaller (12% and 19%) in animals exposed to 500 ppm toluene compared to controls.
Argyrophilic cells were found in the granule layer of all animals exposed to 500 ppm toluene,
and the granule cell layer appeared qualitatively normal in animals exposed to 100 ppm toluene.

This study used two control groups, one for each of the exposed groups, and a significantly
lower baseline was observed in the 100 ppm study. Therefore, the significant differences
observed at 100 ppm are not considered useful. However, the magnitude of the toluene-induced
reductions in volume in the hippocampal regions observed at 500 ppm exceeds the magnitude of
the shift in baseline values in the two control groups and therefore this finding is considered
relevant. Thus, the study indicates that inhalation of 500 ppm toluene for 28 days after birth
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causes volumetric changes in certain areas of the hippocampus which is generally considered a
common and sensitive target of CNS toxicants. A NOAEC cannot be set based on this study.

Groups of 12 male rat pups were exposed to 0 or 500 ppm (1,875 mg/m’) toluene 12 hours/day
from postnatal day 1 to 28, when half of the rats were sacrificed (Slomianka et al., 1990,
described above). The other half were allowed an exposure-free period until sacrifice on
postnatal day 120 (Slomianka et al., 1992). At day 120, no differences were apparent in the
volumes of the dentata components of control and experimental animals.

The findings of this study indicate that the effects identified in the 1990 study may be transient.

The two Slomianka et al. studies (1990, 1992) will be discussed in Section 4.1.2.9.5
(Developmental toxicity studies in animals).

Groups of six rats were exposed to 0 or 1,500 ppm (5,625 mg/m’) toluene via inhalation for
6 hours/day, 5 days/week for 6 months. This exposure period was followed by a four-month
exposure-free period prior to sacrifice. The total number of neurones in each of the five
subdivisions of the hippocampus was estimated with an optical fractionator. A statistically
significant neuron loss of 16% was found in the regio inferior (CA3 and CA2) of the exposed
rats (Korbo et al., 1996).

Groups of 36 rats were exposed to 0, 500, or 1,500 ppm (0, 1,875, or 5,625 mg/m3) toluene via
inhalation 6 hours/day, 5 days/week for 6 months followed by an exposure-free period of
2 months prior to testing and sacrifice (Ladefoged et al., 1991). The animals were tested in
behavioural tests for learning and memory (Morris water maze, radial arm maze, passive
avoidance test), and their diurnal motor activity was measured throughout the study. After
sacrifice, organs were weighed and processed histologically. The brain of 12 animals in each
group was dissected into the seven regions cerebellum, hemisphere, hippocampus,
hypothalamus, pons, thalamus, and medulla oblongata. The regions were weighed, homogenised
and the concentrations of noradrenaline, dopamine and 5-hydroxytryptamine were determined.
No neurobehavioural or gross pathological changes were found except for the weight of
hippocampus, which was dose-dependently reduced, statistically significantly at 1,500 ppm. The
morphometric measurements did not reveal any significant loss of neuronal cells of the
neocortex. An increase in perikaryonal volume and nuclear volume was found at 500 ppm.
Noradrenaline, dopamine and 5-hydroxytryptamine levels were significantly changed in various
brain regions at 500 and 1,500 ppm. This study shows reduction in the weight of the
hippocampus, and changes in neurotransmitters related to toluene exposure. These effects were
considered irreversible effects of toluene exposure by the authors.

In two separate experiments, groups of 14 (first experiment) or 16 (second experiment) male
Sprague-Dawley rats were exposed to 0 or 80 ppm (300 mg/m’) toluene via inhalation
6 hours/day, 5 days/week, for 4 weeks (von Euler et al., 1993; 1994). Three days after end of
exposure, groups of 10 (first experiment) or 12 animals (second experiment) were trained for 4
days in the Morris water maze (acquisition learning). Seven days after the last acquisition trial,
retention of learning was tested. It was found that escape latency and swim length was increased
for the exposed rats during the third and fourth training days. The escape latency at the retention
test was longer for the toluene-exposed rats. Swim speed was similar in the two groups, showing
that the rats swimming ability was unaffected by toluene, while swim distance was longer in the
toluene-exposed rats. Testing of apomorphine-induced locomotor activity 17 days after the last
exposure showed increased motor activity in the toluene exposed rats compared with the control
group. Dopamine receptor (D,) agonist binding parameters were changed in brains from 2 rats in
each group (first experiment) or 4 rats (second experiment), suggesting a possible increase in the
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number of dopamine receptors, and a decrease in D, agonist affinity. Serum levels of prolactin
from blood obtained 17 days after the last exposure were increased in the toluene-exposed rats.

This study indicates that toluene affects cognitive function in rats. The increased response to
apomorphine may be related to an increase in the number of D, receptors.

Groups of 8 male Wistar rats were exposed to 0, 100, 300, or 1,000 ppm (0, 375, 1,125,
3,750 mg/m’) toluene 8 hours/day six days/week for 16 weeks (Huang et al., 1992). At
termination of the exposure body weight, whole brain weight, and weights of cerebrum,
cerebellum, and brainstem were determined before the different parts of the brain were
homogenised for determination of the neuronal marker proteins y-enolase and calbindin-D28k;
and the glial cell marker proteins a-enolase, creatine kinase-B, and -S100 protein. There were
no dose-dependent changes in body weight, whole brain weight, or weights of various brain
parts. The content of neuronal marker proteins did not differ for y-enolase in cerebrum,
brainstem, and spinal cord. In the cerebellum y-enolase showed a dose-dependent increase in
concentration significant from the 100 ppm group and above. Calbindin-D28k was not changed
in cerebrum, cerebellum, and brainstem, but in the spinal cord a significant decrease of this
protein was seen at 1,000 ppm. The glial cell marker a-enolase were not changed in cerebrum,
brainstem and spinal cord, but in the cerebellum this protein showed a significant dose-related
increase from 100 ppm. The concentration of creatine kinase B in the cerebellum increased in
dose-related way, the increase being statistically significant from 100 ppm, whereas for the other
parts of the brain no dose-related changes were seen. For B-S100 protein again in the cerebellum
a dose-related increase was found, the increase being statistically significant from 300 ppm, and
in brainstem and spinal cord this protein was increased at 1,000 ppm.

This study shows that exposure of rats to toluene concentrations of 100 ppm and above induces
neurochemical changes. These changes were interpreted by the a