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13. PHARMACOKINETIC CONSIDERATIONS IN HUMANS AND IN ANIMALS

13.1. .ROUTES OF EXPOSURE AND ABSORPTION

For humans, the most common routas of exposure to toluene are through the
respiratory tract and the skin. Toluens is absorbed readily through the respira-
tory tract. In experimental exposures of humans to toluene conductad by'Astrand
and coworkers (1972; also reported in Astrand, 1975), toluene was detected in
arterial bloed during the first 10 seconds of exposure. Toluene was supplied in
the inapired air at 100 or 200 ppm through a breathing valve and mouthpiecs.
Unless otherwise-specified, in the experiments reported here, human subjects
breathed toluene vapor from soms type of respiratory apparatus. In resting
sub jects, the concentration of toluene in arterial bloed increased rapidly
during the first 10 ainutes of exposure and then began to level off, approaching
an apparent steady state by 30 minutes. The concentration of toluene in alveolar
air (i.e., an air sample taken at the snd of a normal expiration) increased
concomitantly. .

Alveolar and arterial concentrations of toluene were proportional to the
concentration in inspired air. At the end of 3q minutes of expesure to 100 or
200 pém (0.375 or 0.750 mg/%) toluene, the concentration of toluene ia alveolar
air (mg/2) was 18% of that in inspired air (mg/%), while the concentration in
arterial blood (mg/kg) was 270% of that in inspired air (mg/%) (Astrand et al.,
1972; Astrand, 1975). The ratio between arterial bdlood and alveolar air concen-
trations was 15, which is similar to the in vitro blood/air partition coeffi-
cients (at 37°C) of 14.6, 15.6, and 15.6 reported for human blood by Sato et al.
{197u4b), Sherwood (1976), and Sato and Nakajima (1979a), respectively.

'Accordiné to Veulemans and Masschelein (1978a), subjects' lung clearances

(i.e., the Qirtual.vclume of inspired air from which all available toluene is
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absdrbed per ﬁnit time) decreased during exposure at rest, reaching an apparent
steady state 9 to 13 minutas from the beginning of exposurse. Lung clearance =
(¢, C,)/C, x ‘;e where C, L3 the concentraticn of toluene in inspired air (mg/t),
C, is the concentration of toluene in expired air (mg/2), aﬁd V?e is the respira;
tory minute volume (2/min). Lung clearance varied less among individuals than
did the concentration in expired air. |

Nomiyama and Nomiyama (197%a) measured the pulmonary retention ((ci-ce)/cl .

x 100) of volunteers éxposed to about 115 ppm toluene for 4 hours. The subjecta

may have been fairly sedentary because the authors did not mention exsrcise.
Retention at the end of 1 hour was approximataly 52% and decreased %o 315 at the

end of 2 hours, remaining constant at that lavel for the remaining 2 hours.

Thesa results suggest a slower approach to steady=stats concentrations in

expired or alveolar air than was indicated by the time courses obtained for lung
clearance by Veulemans and Masschelein (1978a) or for alveolar air concentra-
tions by Astrand et al. (1972). The results also suggest a lower percentage of

uptake or ratention than was reported by VTeulemans and Masschelein (1978a) and

athers as will be presented subsequently. The reasons for these discrepancies

are unclear.

Exarcise affectad the absorption of toluene through the respiratory tract.
In the experiments of Astrand and coworkers (Astrand et al., 1972; Astrand,
1975), exaercise greatly increased the concentrations of toluene Lﬁ arterial
Blood and alveolar air of the subjects during exposure, and these conceuti'acions
did not lavel off as soon in éxereiains subjects as in resting subjects. The
ccncgntrationa of toluene in arterial blood and alveolar air were approximately
the same at 30 minutes of exposurs to 200 ppm during rest as at 30 minutes of
exposurs to 100 ppm during light exercise (50 watts). At 30 minutes exposure to

100 or 200 ppm (0.375 or 0.750 mg/2%) toluene, the concentrations in milligrams
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per liter expressed relative to the concentration in inspired air (mg/L) were 33%
for alveol;r air and 620% for arterial blood at exercise of SO watts, and 479 for
alveolar air and 725% for arterial bdlood at exercise of 150 watts. The ratio of
arterial to alveolar céncentration remained about the same as at rest. Thus,
alveolar concentrations appeared to reflect artarial concentrations during ex-
posure to 100 to 200 ppm toluene at rest and various intensities of exercise.

The inhalation of 4% Co2 by resting subjects during exposure- to 100 ppm
toluene increased their alveolar veatilation (/min) and the concentrations of
toluene in their arterial blood and alveolar air (Astrand et al., 1972). The
increased toluene concentration in blood and alveolar air were similar to those
obtained with a correspondins increase in alveolar ventilation during exercise.
Because exercise increased both alveolar vemtilation and heart rate while co2
increased only alveolar ventilation, the affect of exercise on. toluene absorp=
tion appears to be dus to increased alveolar (or pulmonary) ventilation.

In the experimeats of Veulemans and Masschelein (1978a), the "steady state"
'luns ¢clearances of § dirférent subjects during exposure to 50 ppm toluene at rest
and at workloads of 25 and S50 watts on a bicycle ergometer correlated well

2 z 0.96) with their respiratory minute volumes. Lung clsarance was deter-

(r
mined from the regression line to be equal to 0.47 Ge‘ The uptake rate in
milligrams per aminute, which equals lung clearance times the inhaled concentrae

tion, thersfore was equal to 0.47 ﬁeci (where C, is expressed in mg/%) and total

i
uptake in milligrams equaled 47% of the total amount inhaled. Lung clearances
and respiratory ninute volumes doubled with an axercise intensity of 25 watts and
tripled with an exercise intahsity of 50 watts over the corresponding values at
rest (Veulemans and Masschelein, 1978a). \_

Carlsson and Lindqvist (1977) found that the uptake of toluene by 7 male

ﬁubjeccﬁ exposed to 100 ppm for 30 minutes (0.375 mg/%) during rest or various
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levels of exercise (50, 100, and 150 watts omn a bicyele ergometer) correlated
inversely (r? 2 0.72) with the alveolar concentration determined at the end of
30 minutes exposure, as described by the following equation:
5 tptake = .63 ALigmlar conoemeration (oegh) x 00« 728

This relationship is logical and applies to other solvents as Qell (Astrand,
1975; Ovrum et al., 1978). Percent uptake was detarmined on the basis of the
total amount of toluene inhaled and exhaled during the entire exposuée period
(i.s., the expired air was collected continucusly throughout éxposure, and thus
was a mean value). The uptake ranged from about 47 to 67% at rest and from about
36 to 57% at an exercise lavel of 150 watts. This group of mea comprised 3 thin,
1 slightly overweight, and 3 obese subjects (Carlsson and Lindqvist, 1977).

Ovrum and coworkars (1978), monitoring four workers exposed to toluene in a
princing plant, found good agreement baetwesn thé value tér percent upeake deter-'
mined directly from the total amounts of toluene inapire&‘and expired during a .
sampling period and the value detarmined indirectly from the instantaneous cone
centraticns in alveolar and inspired air, using the equation given in the pre-
ceeding paragraph. Percent uptake detarmined by the direct method was 47% and by
the indirect method was 51%. The total uptake of tolueme that would occur during
exposure to 30 ppm (0.3 mg/%) for an 8 hour work day was calculated usihg the
‘mean value for pulmonary ventilation of 16 L/min measured for these 4 workers and
a percent uptake of 50. The total uptake ambunted to approximately 1150 mg
(Qvrum at al., 1978).

The percent uptake values detarmined by Carlsson and Lindqvist (1977) and by
Ovrum et al. (1978) are in reasonable agreement with those previcusly reported in -
abstracts from the foreign literaturs: 54% average uptake during 5 hours' expo-.

sure to 271 to 1177 ug/L (Srdova and Teisinger, 1952) and 72% ianitial retention
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decreasing to S7% retention towards the end of § hours of exposure to 100 to
800 ug/t (Piotrowski, 1967).

Another factor, in addition to exercise, that has deen reported to affect
the absorption of toluene through the respiratory tract is the ahount of adipose
tissue in the body. Carlsson and Lindqvist (1977) found that mean alveolar air
concentrations were slightly higher in 3 thin men than in 3 obese men at the end
of 30 minutes of exposure to 100 ppm (0.375 mg/L) toluene during rest or exer-
cise. The ranges, however, overlapped. Conversely, the total uptake of toluene
during 30 minutes of ekpoaure (determined as previously described) was lower for
the thin subjects than for the obese ones (Table 13<1). The thin subjects had a
mean adipose tissue content of 6 kg and the obese ones had a mean adipose tissue
comtent of 44 kg. It appears, from Figure 6 in the Carlssen and Lindqvist (197T)
Raper, that the obese men inspired a greater total quantity of toluene than did
the thin men. Because the concentrations of tolusne in the inspired air were the
same for both thin and obese subjects, pulmonary ventilation must have been
greater in the obese ocnes. Thus the differences in uptake between the thin and
abese men may have been at least partially due to greatar ventilation (respira-
tory minute volume) in the obese subjects rather than to thelr adipose tissue psr
se. Veulemans and Masschelein (1978a) reported finding Ao correlation between a
subject's content of adipose tissue and uptake of toluene during exposures to S50
ta 150 ppm toluene lasting about 4 hours. Astrand and coworkers (1972) stated

that they found no systematic differencss between male subjects (N = 11, adipose
| tissue 5.7 + 1.5 kg, mean + S.D.) and female subjects (N = #, adipose tissue
13.3 kg; mean; 9.6 to 20.2 kg, range) in alveolar air and arterial blood concen-
trations of toluene.

Dahlmann and coworkers (1968a, 1968b) investigated the absorption of

toluene contained in cigarette smoke through the mouths and respiratory tracts of
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TABLE 13-t

Uptake of Toluene in Thin and Obese Men ing Expefg;e
to a Toluene Concentration of 375 amg/m” (100 ppm)®?’

Jotake
Number of Adipose Exarcise
Sub jects Tissue Rest 50 W 100 W 150 W
(xg) ]

Thin (N = 3) '
Mean 6.0 : 61 148 193 228
Range 1.8=10.7 55-89 133=158 168=211 1812271

Slightly overweight _ -

(N 2 1) ' 22.83 T 179 248 299

Qbese’(n s 3)

Mean 4.0 84 198 258 319
Range ) 38.1=49.0 T2-73 183-206 ‘ 237=275 258-398

330urce: Carlsen and Lindqvist, 1977

bThe sub jects were axposed during ons 30 minuts period of rest and three
consecutive 30 minuts pariods of axercise in order of increasing intensity.
A 20 minute pause without exposure occurred between rest and exercise.
Expired air was collectad continuously during exposure.
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velunteers. The upﬁake of toluene from smoke that staysd in the subject's mouth
for 2 seconds or less and was not inhaled was 29%; uptake when the smoke was
inhaled into the lungs was 93%. It is unclear whether sach subject was exposed
to a single puff of smoke, the smoke from ! cigaratte (8 puffs), or the smoke
from 2 cigarettes.

During inhalation exposure of resting subjects, the concentration of
toluene in peripheral venocus blood (from the cubital vein of the arm) attained
apparent steady state more slowly than did lung clearance or concentrations in
alveolar air or arterial blood and was more variable among subjects than were the
above mentioned values {Veulemans aﬂd Masschelein, 1978a; 1978b; Astrand et al.,
1972; Sato and Nakajima, 1978). Peripheral venous concentrations appeared to
level off during the second or third hour of exposure. Von Oettingen (1942a,
1942b) had observed that toluene concentrations in subjects' peripheral venous
' Blood at the end of eight hours of exposure wers roughly propoertional to the
concentrations of toluene (200 to 800 ppm) in the atmosphere of the exposure
chamber. Veulemans and Masschelein (1978b) reported that the steady-state cone
centrations of toluene in peripheral venous dlood were correlated with the rate
of uptake at different inspired concentrations (50, 100, and 150 ppm)
(r? = 0.73) and at different levels of rest and exercise (r® = 0.74). In both
instances, the éelationship between peripheral venous concentrations and uptake
rate was:

Venous concentration (mg/) = 0.3 min/? x uptake rate (mg/min).

The concentration of toluene in peripheral venocus dlood of aexercising subdbjects
increased more rapidly and appeared to reach steadye-state values sooner than in
resting subjects (Astrand et al., 1972; Veulemans and Masschelein, 1978b).

Absorption through the respiratory tract has been studied less extensively

in experimental animals than in humans. The initial uptake of a relatively low
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concentration of toluene was found to be approximately 90% in dogﬁ inhaling
toluene (Egle and Gochberg, 1976). Varying the ventilatory rata from 5 to
40 inhalations per minuta, the tidal volume from 100 to 250 al, or the concentra-
tion of toluene from 0.37 to 0.82 ug/? (approximately 100 to 220 ppm) had no :
significant effect on the animals' initial respiratory uptake. Toluene was
readily absorded from the upper as well as from the lower respiratory tract. The
dogs were' anesthetized with sodium pentobarbital for these experiments and
breathed toluene from a recording respirometer for 1 to 2 minutas. The percent
uptake was calculated from the total amounts of toluene inhaled and exhaled
during the 1 to 2 minute exposurs.

Von Qettingen and coworksrs (i542b) found that the concentration of toluene
in the peripheral venous blcod of dogs at the end of 8 hours of exposure was
proportional to the concentration of toluene (200, 400, or 660 ppm) ia the air of
the exposure chamber. As previcusly déscribed, similar observations had been
made with humans,

Mice exposed 3ingly to an extremely high initial concentration of methyle
xnc-coluene in a closed chamber for 10 minutas retained about 650% of the radio-
activity when removed from the chamber at the end of the exposurs (Bergman,
1979). This value i3 a rough approximation of absorption because some of the
toluene may have been adsorbed to the animals'’ fur. A substantial portion of the
retained dose appears to have been abaorbed, howaver, as shown by i{ts subssequent
excretion in the urine (Sectionm 13.4.). The initial concentration of toluene in
.;ae chamber (10 ul evaporated in a volume of about 30 ml, or about 77,000 ppm)
}unuld have been above the saturation coacentration even if the temperature had
been as high as 30°C (saturation concentration = 48,900 ppm at 30°C)
(Verschueren, 1977). Bergman (1979) noted that exposure to toluene under these

conditions markedly reduced the respiratory rats of the mice and attributed this
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reduct%oh to irritation. t éeems more likely that the decreased respiratory
rate was due to narcosis.

Absorption of toluene also occurs through the skin. Dutkiewicz and Tyras
(1968a, 1968b), in éxperimen:s with humans, measured the absorption of liquid
toluene into the skin of the forearm and found the rate of absorption to be 14 to

2/hr. This rate was calculated from the difference between the amount of

23 mg/cm
toluene introduced under a watch glass affixed to the skin and the amount remaine
ing on the skin at the end of 10 to 15 minutes. Absorption of toluene from

2 /hr and was

aqueous solutions during immersion of both hands was 160 to 600 ug/cm
directly proportional to the initial concentration of toluene (180 to 600 mg/%).

From these results, Dutkiewiecz and Tyras (1968a, 1968b) calculated that the

absorption of toluene through the skin of bdoth hands during contact with 3

saturated aqueous solution of toluene for 1 hour could be in the same range as.
absorption through the respiratory tract during 8§ hours of exposure to 26.5 ppm
(0.1 mg/%) toluene. '

Sato and Nakajima (1978) found,- howaver, that the maximum toluene concen-
tration (170 ug/%) in the blood of subjects who immersed one hand in liquid
toluene for 30 minutes was only 26% of the concentration (650 ug/%) in dlood of
subjects who inhaled 100 ppm toluene vapor for 30 minutes. Blood was collected
from the cubital vein of the (unexposed) arm at intervals during and after
exposure. Sato and Nakajima (1978) suggested that some of the toluene that
penetrates the stratum corneum may be subsegquently ziven off into the air, rather
than entering the systemic circulation. Toluene appears to pass slowly from the
skin into the bloodstream after penetrating the skin. Guillemin et al. (1974)
reported that the elimination of toluene in alveolar air scmetimss increased
during the first 20 minutes after the termination of exposure of both hands to

liqgﬁgltoluene, and Sato and Nakajima (1978) noted that the maximum lavels of
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toluene in venous blood were maintained for about 15 minutes after the end of
exposure.

Absorption of toluene vapor tprough the skin does not appearAtovresult in a
significant comtribution to the body burden of toluene as compared to absorption -

.tarcugn the respiratory tract. Ia experiments conducted by Riihimaki and Pfaffli:
(1978), volunteers wearing light, loose-fitting clothing and respiraeoéy protacs
tion were exposed to 600 ppm toluene for 3.5 hours. The subjects remained at
rest axcept for 3 axercise periods, each lasting for 10 minutes, which occurred
at 0.5, 1.5, and 2.5 Bours of exposurs. The exercise was sufficient to stimlate
perspiration and raise the skin temperature slightly, conditions which are
thought to snhance percutaneocus absorption. The concentration of toluene in
pe?ipheral venous blood, measured at the end of 1, 2, and 3 hours of exposure,
was constant at approximately 100 ug/%.

Riihiﬁaki and Prarfli (1978) compared total uptake through the skin (eale
culated from the amount of toluens exhaled assuming that 16% of absorbed toluens
is exhale#) with thaoreti&al uptake through the respiratory tract (aQauming
pulmonary ventilation of 10 L/min and retenticn of 60%) at the same (500 ppm)
leval of exposurs. They estimataed that uptake through the skin was approximately
1% of the thecretical uptake through the respiratory system.

In similar experiments conducted by Piotrowosiki (1967, reviewed in NIOSH,
1973), subjects exposed dermally to 1600 mg/m3 (427 ppm) toluene for 8 hours had

- no increase in urinary excretion of a metabolite (benzoic acid) of toluene.
Based on this result, Piotrowosii (1967)‘ccncluded that absorption of toluene
through the skin would not exceed 5% of absorption througn'éne respiratory tract
under the same conditions. ' | |

The absorption of toluene from the 5aatroinﬁestinal tract appears to occur

more slowly than through the respiratory tract, but appears to be fairly complete’
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based on experiments with animals. The concentration of radicactivity in the
blood of adult male rats reached 2 maximum 2 hours after gastric intubation of
100 uf u-3H-coluene in 400 ul peanut oil (Pyykko et al., 1977). The oil may
have retarded labsorption. Based on the percentages 9! the dose excreted
unchanged in the expired air and as hippuric acid in the urine of rabbits,
toluene appears %to be completely absorbed from the gastrointestinal tract

(E1 Masri et al., 1956; Smith et al., 1954).

13.2. DISTRIBUTION

Toluene is highly soluble in lipid and sparingly soluble in water, as
indicated by the partition coefficients in Table 13=-2. Judging from the fluid/
air partition coefficients for water, plasma, and blood, mueﬁ'of'the toluene 15
blood may be associated with the lipid and lipoprotein components, including the:
cellular elements. The tissue/dlood partition coefficients for fatty tissues
were very high (113 for adipose tissue and 35 for bone marrow); for other
tissues, they ranged from about 1 to 3.

Little is known about the tissue distribution of toluene in humans. During
inhalation exposure to 50 to 200 ppm toluene, the slow approach to steady-state
of peripheral venous concentrations as compared to arterial concentrations
(described under absorption) indicataes that equilidbration with the tissues may
take at least 2 to'3 hours. Concentrations in peripheral venous blood do neot,
however, reflect the discharge of toluene to the tissues as fully as would
concentrations in central venous blocd. A teenage boy who died from sniffing
glue had the following levels of toluene in his tissues: heart blood, 11 mg/kg;
liver, 47 mg/kg; brain, 44 mg/kg; and kidney, 39 mg/kg (Winek et al. 1968; also

reported in Winek and Collum, 1971).
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TABLE 132
Partition Coefficients for Toluene at 37°C

Partition Coefficient Refarence

I. Fluid/Air or Material/Air

Yater 2.23 Sato and Nakajima, 1979a
011, olive ' 492

Blood, Human 15.6

Fat, human, peritoneal 1296

0il, olive 1380 Sherwcod, 1976

Lard 1270

Blood, human - 15.6

Blood, human 14.64 Sato ot al., 1978a, 1974d
Blood, rabbit 10,41 o i

Plasma, rabbit ' 16.99

IT. Tissue®/Blcod (Rabbit)

Liver ‘ 2.58 Sato et al., 1978a, 1974d
Kidney 1.54
Brain 3.06
Muscle, temoralb ' 1.18
Bone marow, red ' - 35.43
Fat, retroperitoneal 113.16

aﬂbmngenates.

5202 fat by volume.
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Several laboratories have investigated the tissue distribution of toluene
and.itﬁ metabolites in animals exposed by inhalation to relatively high concen-
trations of toluene. The coacentrations of toluene in liver, brain, and blood of
mice exposed to 15 mg/L (3950 ppm) toluene for 3 hours in a dynamic exposure
chambher rqose continuously throughout the exposure period, as shown previcusly in
Figure 12-1. Concentrations of toluene reached 525 mg/kg in liver, 820 mg/kg in
brain, and 200 mg/kg in blood at the end of exposure (Peterson and Bfuckner,
1978; Bruckner and Peterson, 1981a). Exposure of mice to 40 mg/% (10,600 ppm)
toluene for 10 minutes resulted in lower tissue and blood concentrations. Inter-
mittent exposure to 40 mg/l in cycles of S5 minutes on, 10 minutes off or
10 minutes on, 20 minutes off for a total of 3 hours produced tissue and blood
levels approximately 3 times higher than those produced by the single 10 minute
expasure tb 40 mg/% and similar to those produced by the 3 hour exposurs to -
70 mg/2. The intermittent exposures were an attempt to simulate solvent abuse
(e.g., glue sniffing) by humans (Peterson and Bruckner, 1978; Bruckner and
Petarson, 1981b).

After adult male rats were exposed by inhalation to radicactively-labeled
taluene, the highest concentrations of radiocactivity were found in their white
adipose tissue (Carlsson and Lindqvist, 1977; Pyykko et al., 1977). In the
aexperiments of Pyykko and coworkers (1977) the concentration of radicactivity
reached a maximum i{n all tissues but white adipose tissue within 15 te 30 minutes
after the end of 10 minutes of exposure to 4600 ppm u-3a-toluene. The concentra-
tion in white adipose tissue reached a maximum one hour after.the end of expo-
sure. In the experiments of Carlsson and Lipdqvist (1977), a similar increase in
the concentration of radiocactivity in white adipose tissue occurred during the
first hour after cessation of exposure for 1 hour to 1.950 mg/% (550 ppm)

metnyl-luc- toluene. No such increase occurred in other tiassues.
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Carlsson and Lindqvist (1977) found that artef white adipose tissue, the

next highest concentrations of radiocactivity occurred in adfenals and kidneys,
-fbllowed by liver, cerebrum, and cersbellum. At the end of exposure, white
adipose tissue contained a §-fold hiéher concentration of radicactivity than did
eceprsbrum or cerebellum. Pyykko at al. (1977) beported that after white adipose
tissue, the next higneat‘concentration.of radicactivity was found in brbwn adi-
pose tissue, followed in order of decreésing coneentrations by adrenal, stomach,
liver and kidney, brain and other tiﬁsues, blood, and bone marrow. The loss of
radicactivity from adiposeitiasue and bone marrow appeared to accur more sloﬁly
than the loss from other tissues (Pyykko et al., 1977). Radicactivity in the
tissues presumably representad toluene and its metabolltes.
o Bersman (1979), using tlkree-step wholae-body autoradiograpni;‘;nvestigated
the distribution of toluene, its metabolites, and covalently bdound reacti#e
intermediates in mice expoesed to an extremely high-conc;ntration of metnyl;1uce
toluens. This work was briefly described in a previocus report (Bergman, 1978).
The mice were exposed singly to a very high initial conceétration of toluene for
1Q minﬁtes in a closed chamber, asldescribed in Seetion 13.1., and sacrificed at
intervals thereafter. Low temperature autoradiography, performed at -30°C,
allowed the detection of both volatile radicactivity (representing toluene) and
non-volatile radiocactivity (representing metabolites). In a second step, sec-
tions.were dried and heated to remove volatilé material before autoradiography,
thus permitting detection of non-volatile metabolitas only; In the third step,
sections that had been dried and heated were then extracted .to remvev water-
soluble and 'lipid-soluble radicactivity, presumably leaving only the radio-
activity that waé covalently bound to proteins and nucleic acids.

Low teﬁperatﬁre ‘autoradiography performed immediately after exposure

revealed high levels of radiocactivity in adipose tissue, done marr&ﬁ, and spinal
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aerves, with some badioactivity also present in the brain, spinal cord, liver,
and kidney (Bergman, 1979). Bergman reported that the adrenal did not contain
high concentrations of radiocactivity, but he did not discuss whether radio-
activity was found in the stomach.

The only radicactivity visible in dried, heated sections appeared in the
liver, kidney, and blood (Bergman, 1979). This indicates that significant
amounts of metabolites had already been formed by the end of exposure, and that
the radioactifity iﬁ fat and nervous tissue was due to the parent compound.
Similarly, as early as 8 minutes after intraperitoneal injection of 290 ug:
1"‘(:-t:c:>lt.;erxe/kg into mice, the majority of radicactivity in the kidney (78%) and
liver (64%) and about half the radicactivity in blood (48%) was reported to
represent non-volatile metabolites, while most of the radicactivity in dbrain and
virtually all in the adipose tissue was volatile and thus represented toluene
itself (Roga, 1978). The methods used in Koga's study are unclear because the
text of the paper is.in Japanese, with only the figures, tables, and summary in
English. Bergman (1979) reported that no radiocactivity was detected in auto=
radiograms prepared from dried, heated, and extracted sections, indicating an
absence of covalent binding.

As had been observed in the studies of Pyvkko et al. (1977) and Carlsson and
Lindgqvist (1977), radiocactivity disappeared from the tissues relatively quickly
after exposure was terminated. The distribution patterns ocbserved in mice killed
more than four hours after exposure were the same on low temperature autoradio-
~ grams as on dried, heated sections. Thus, the radicactivity remaining in the
tissues at this time represented non-volatile metabolites. At eight hours after
exposure only the kidney and the intestinal contents had detectable radio-

activity (Bergman, 1979).
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Oral administration of R-3H-coluene (100 ug téluene in 400 u peaﬁut oil by
intubation).to‘adult male rats produéed a pattarn of tissue distribution similar
to that produced by inhalation exposurs (Pyykko et al., 1977). Distribution.
appeared to be delayed, howaver, by absorption from the digestive tract. Maximum
tissue concentrations occurred 2 to 3 hours after adminiscration. for most
tis#ue: and 5 hours after administration for adipose tissue.

In summary, toluene was preferentially accumulatad in adipose tissue and
was retained in adipose tissue and bone marrow, which i3 reasonable on the basis
of the high tissue/blood distribution coefficients of these tissues. Toluene and
its metabolites were found in relatively high concentrations in tissues active in
its metabolism and excretion (i.e., liver and kidney). Levels in brain relative
£0 those in other tissues were perhaps lower t&an'wculd be expecﬁed on the basis
of the tissuesblood distribution coefficients reported dy Sato et al. (19T4a,

1978b). Tissue distribution was similar aftar inhalation and oral exposure.

13.3. METABOLISM

Toluene: is thought to be metabolized i{in humans and in animals by the path-
ways outlined in Figure 13-1, Socme of the absorbed toluene is excretad unchanged
in the exhaled air, but the major portion is metabolized by side-chain oxidation
to benzoic acid, which is conjugataed with glycine to form hippuric acid and then
excretad in the urine. Small amounts of benzoic acid may be conjugataed with
glucuronic acid. Minor amounts of toluene undergo ring hydroxylation, probably
via arene oxide intermediatas, to form c-cresol and pecresol, which are exareted
in the urine as sulfate or glucuronide conjugates.

HBumans exposed to toluene by inhalation exhalaed about 16%-of the absorbed
toluene after exposurs was terminated, according to Nomiyama and Nomiyama

(1974b) and Srbova and Teisinger (1952, 1953), or 4%, according to Veulemans and
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Masschelein (19783).' Yoluntaers innalﬁ.ng 50 to 150 ppm 't:olueAne for about 4 hours
during resat or. exercise excretad 60 to 70% of the absorbed dose as hippuric acid
{in the urine during and aftsr exposurs (Veulemans and Masschelein,: 1979). A
similar value was .obtained when subjects were exposed to toluene (67 ppm) and
xylene (83 ppm) simultaneously for 3 hours; 63% of the absorbed toluene was

e:_:crsce&- as urinary nippuric acid during and after e#osm (Ogata et al., 1970).
Srbova and Teisinger (1953) reportad that although most of the benzoic acid in
the urine of subjects who inhaled 0.271 to 2.009 mg/% toluene (72 to 532 'ppu) was. -
éxcreted as hippuric acid, 10 to 20% was excreted as a glucuronide conjugate.

The axcrstion of hippuric acid in the urine was slavated within 30 minutas-

of the initiation of inhalation exposure, indicating that the metabolism of -

‘t_;qlv.uene is rapid (Nemiyama and Nomiyama, 1978; Ogata et al., '1970; Veulemans and ..
Masschelein, 1979). The maximum rate of hippuric acid feormation from benzoic
acid was repof'ted by Amsel and Lévy (1969) to be about 190 umol/min, and it
appeared to be liﬁi;ed by the availability of glycine (Amsel and r;.evy,’ 19693
Quick, 1931). Assuming retention of 60% of the inbaled concentration, Riihimaki
(1979) estimat:ed that uptake of toluene may saturate the conjugation capacity at.
a e_qluene céncenf.ration of 32 mo]./m3 (780 pﬁm) during light work (pulmonary
ventilation of 10 Z/min) or 11 mol/m3 (270 ppm)’ during heavy work (pulmonary
ventilation of 30 L/min). | |

o=Cresol, a compound which is often not detected in normal urine, was
identified in the urine of workers exposed to 7 to 112 ppm toluene (Angerer,
1979; Praffli et al., 1979). The conceatration of o=-cresol in urine collected at
the end of exposure was directly proportional to the time-weighted average axpo-
. sure of the workers (Pfaffli et al., 1979). Angererb'(1'979) estimated that
approximately 0.05% of the retained toluens had been metabolized to o=-cresocl.

p=Cresol may also have deen a metabolite of toluene as its concentraticn was
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higher in the urine of workers exposed to toluene than in the urine.or unexposed
workers (Angerer, 1979). The difference, however, was not significant. Wiowode
et al. (1979) reported finding m-cresol in addition to g-cresol and p-cresol in
the urine of workers exposed to 280 ppm toluene. No necresol was decected in the
urine of unexposed workers. No other studies of in vivo human or animal metabol-
ism or in vitro microsomal metabolism reviewed for this document have detected 3=
cresol as a metabolite of toluene.

The concentration of phenol has been reported to be slightly elevated in the
urine of exposed workers as compa}ed to controls (Angerer, 1979: Szadkowski
et al.,, 1973). The origin of the increased phenol excretion was thought to be
the small amount of benzene present in industrially-used toluene (Angerer,
1979).

The metabolism of toluene has been more fully studied in animals than in
humans. The initial step in the metabolism of toluene to benzoic acid appears to
be side-chain hydroxylation of toluene to benzyl alcohdl by the microsomal mixed-
function oxidase system. Toluene nhas been ahown‘to produce a type I binding
spectrum with cytochrome PUSQ. from rats and hamsters, indicating that it is
probably a substrate for the mixed-function oxidase system (Canady et al., 1974;
Al-Gailany et al., 1978). When incubated with rabbit hepatic microsomes, toluene
was metabolized primarily to benzyl alcohol (Daly et al., 1968) and small amounts
of benzyl alcohol have been detected in the'urine of rats given toluene orally
(Bakke and Sheline, 1970).

Additional evidence that toluene is metabolized by mixed-function oxidases
has been obtained by Ikeda and GChtsuji (1971) who demonstrated that the induction '
of hepatic mixed-function oxidases by pretregtment of adult female rats for
four days with phenobarbital increased the metabolism of toluene. When given

1.18 mg toluene/kg body weight intraperitoneally, phenobarbital-pretreated
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(inducecl') .rats had greatly elevated urinax;y exc_z-stions of hippuric acid and
decreased concentrations of toluene in the blood compared to non-induced rats
given the same dose of toluene. Induced rats had high levels of benzoic aeid in
the blcod; non-induced rats had none (blocd was obtained at decapitation).
~ The increased metabolisam of toluene by induced rats appeared to reflect an

increase in side-chain hydroxylation of toluene, becauss the activity of hepatic.
side-chain hydroxylase, assayed in yvitro with the model substrate p-aitro
toluene, was significantly increased per gram of liver. The in vitro cxidation_'
of the resultant alcchol (p-aitrobenzyl alcohol) to -the acid (p-aitrobenzoic
acid) was not affected. The conjugation of benzoic acid with glycine, measured
~.in vivo as the total amount of hippuric acid excreted aftar benzoic acid adminise
tration, was also unaffected (Ikeda and Ohtsuji, 1971). -~ =~ .. -

It has been assumed (Ikeda and Ohtsuji, 1971; Nomiyama and Nomiyama, 1978;
NRC, 1980), by analogy with the metéboliﬁm of the model substrate p-nitrotoluene
(Gillette, 1959), that benzyl alcohol is metabolized to denzaldehyde by alcohol
dehydrogenase and that benzaldehyde in turn i3 oxidized to benzoic acid by
aldehyde dehydrogenase. These enzymes are both found in the soluble fraction
from liver. Benzaldehyde itself has not been detacted in the urine or expired '
air of animals given toluene orally (Smith et al., 1954; Bakke and Sheline,
1970). Metabolism of toluene probably occurs piimarily in the liver. This
assumption is based on the previcusly discussed tissue distribution of metabo-
lites, the demonstrated metabolism of toluene by liver aicrosomal preparations,
and by analogy with the metabolism of other xenobiotics.

Rabbits intubated with 300 mg toluene/kg body weight eliminated approxi-
mately 18% of the dose in the expired air (Smith et al.,~1954) and, in another
study f{rom the same laboratory, exoreted about T4% of the dose as hippuric acid

in the urine (E1 Masri et al., 1956). These results are similar to- those
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abtained with humans who inhaled toluene. None of the toluene appeared to be
convertad to benzoyl glucuronide (Smith et al., 1954), although about 14% of an
oral dose of benzoic acid was excretad by rabbits as the glucuronide conjugate
(Sray et al., 1951).

Toluene metabolism appears to be rapid in animals, as shown by the appear-
ance of metabolites in the livers, kidneys, and blood of mice within minutes of
exposure to toluene (Bergman, 1979; Koga, 1978) (discussed in Section 13.2.) and
by the increased urinary excrstién of hippuric acid in rabbits within 0.5 hour of
the initiation of inhalation exposure (Nomiyama and Nomiyama, 1978). As was
previously mentioned for humans,Athe rate of conjugation of bdbenzoic acid with
glycine may be limited in animals by the availability of glyeine. Adniﬂistraticn
of glycine to dogs exposed by inhalatioﬁ to 200, 400, or 500 ppm toluene enhanced
the rate of hippuric acid excretion (Von Oettingen, 1942b). At the end of
g hours of axposure to 500 ppm toluene, the concentrations of toluene in peri-
pberal venous blocd from glycine-treated dogs wers lower than the concentrations
in dogs that had not beén treated with glycine. No such difference was observed
at the two lower exposure lavels. This result suggests that conjugation of
benzoic acid with glycine may have limited metabolic elimination at the highest
level of exposure. The level of exposure at which glycine treatment produced a
difference in venous blood levels of toluene is similar to that (780 ppm) calcue
lated by Riihimaki (1979) for saturation of the glycine conjugation capacity of
humans.

A minor pathway for the metabolism of toluene is ring hydroxylation by
mixed-function oxidases. Incubation of toluene with rat or rabbit liver microe
scmaes resulted in the production of small amoungs of g=-cresol and p-cresol (Daly
et al., 1968; Raubiseh et al., 1972). The migration of deuterium when toluene

was labeled in the 4-position and a comparison of the rearrangement products of
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arene oxides of toluene with the cresols obtained by microsomal metabolism of
toluene indicated that arene oxides are intsrmediates in the metabolism of
toluene to o~ and gfcresols (Daly et al., 1968; Kaubisch et al., 19721.

Because phenols, including céesols, are aliminated in the urine as sulfate
conjugates, thersdby increasing the aexcretion of organic sulfatas and decreasing
the excrstion of inorganic sulfate, investigators have used urinary sulfate -
excretion after toluene administration as an indicator of cresol formation. Oral
doses of 350 mg toluena/kg body weight produced no inorease in organic sulfate
excretion in rabbits (Smith et al., 1954). In rats, hisn doses (2.2 and
3.3 g/kg) of toluene, adminiscared orally, resulted in slight but significant
dacreases in the ratioc of inorganic sulfate to total sulfata in the urine, while
lower doses did not (Gerarde and Ahlstrom, 1966). This would appear to be a’
relatively insensitive and nonspecific assay for metabolism to cresols. |

Bakke and Sheline (1970) analyzed urinary phemols (after hydrolysis) frem
male rats placpd on purified diets containing neomycin, which reduced the urinary
lavels of naturally occurring phenols. Toluene, adnini&tersd orally in a dose of
100 mg/kg body weight, was metabolized to c-cresel (0.08 to 0.11% of the dose)
and pe-cresol (0.3 to 1.0% of the dose).

Metabolism to cresols is of concern because of the putative arene oxide
intarmediates, which are highly reactive and may bind to cellular macre-
molecules. &ery little toluene is metabolized via this pathway, however, and the
studies already discussed in the distribution section indicats that binding of
taluens metabolites %o proteins and nucleic acids does not ocour to any signifi-
cant extent.

Van Doorn and coworkers (1980) have reported detecting amall‘aﬁbuﬁts of a
mercapturic acid, tantatively identified as benzylmercapturic acid (N-acetyl-S-

benzyl-lL-cysteine), in the urine of male rats treated with toluene. Approxi-
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mately 0.4 to 0.7% of a dose of 370 mg/kg toluene body weight, adﬁinistered
intraperitoneally, was recovered as the‘mercﬁpturic acid. The concentration of
glutathione in the liver was decreased slightly by administration of tolueng.
Benzylmercapturic acid would arise from conjugation with glutathione of an
electrophilic product of side-chain oxidation of toluens. |

The metabolism of toluene appears ﬁo result in its detoxification. The
length of the sleeping time produced by high doses of toluene (1.18 to 1.45 g/kg
intraperitoneally) was decreased in phenobarbital-induced female rats to 50% or
less of the sleeping time of controls (Ikeda and Ohtsuji, 1971). Similar results
were obtained with male mice (Koga and Ohmiya, 1968). Phenobarbital-induced
animals, however, did not have significantly different mortality rates than
controls when given high doses of toluene (Ikeda and Ohtsuji, 1971; Koga and
Ohmiya, 1968). Male mics given various inhibitors of drug metabolism (SKF 5254,
cyanamide, and pyrazols) 30 minutes before the injection of toluene had‘sleeping
times that were significantly longer than those of control mice and had higher

mortality rates than did comtrol mice (Koga and Ohmiya, 1978).

13.4. EXCRETION

In both humans and animals, toluene is rapidly excreted as the unchanged
compound in expired air and as a metabolite, hippuric acid, in the urine. Most
of the absorbed toluene {3 excrated within 12 hours of the end of exposure.

The concentrations of toluene in exhaled air and in arterial and venous
blood of human subjects declined very rapidly as soon as inhalation exposure was
terminated (Astrand et al., 1972; Carlsson and Lindqvist, 1917; Ovrum et al.,
1978; Sato et al., 19?ub; Veulemans and Maéschelein, 19783, 1978b). Sato et al.
{1974b) reported that semilogarithmic plots of toluene concentrations in alveo-

lar air and in peripheral venocus blood versus time after the end of exposure
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suggested that desaturation occurred in threes exponential phases: an initial
rapid phase, followed dy an intermediate phase and_then a slow phase. The data
were obtained from 3 male'aubjects who inhaled 100 ppm toluene for 2 hours (Sato
et al., 1978b; clarified in Sato and Nakajima, 1979b). The desaturation curves
wers resolved graphically into threse components, and constanté were detarmined
by the least squares method. The rate coefficients and corresponding half-lives
(t1/2) for the decay of toluene in peripheral vencus blood were 0.355 ain”~’ (t.“.2

= 1.95 minutes), 0.0197 min™' (t,,, = 35.2 minutes), and 0.00339 ain™' (&, ,, =

L2
204 minutaes). Rate coefficients and half lives for the decay of toluene in
alveclar air wers 0.437 min”! ()9 = 1.59 minutes), 0.0262 ain”! (ty,2

= 26.5 minutes), and 0.00313 min™' (t. . = 221 minutes).

172
Because the rats coerticient for the rapid phase was derived from only two-
‘points (at 0 and 5 minutes), the second of which belonged with the intarmediate
phase, S3Sato et al; (1974b) noce& that the coefficient for the rapid phase
involved scme error. The data of Sato et al. (1§7ub) indicata that the decay of
toluene congentracions in peripheral venocus blood was more gradual than that in
expired air. Similar conclusions have been reported by Astrand et al. (1972),
and Veulemans and Masschelein (19785). Astrand et al. (1972) have reported that
peripheral venous concentrations declined more gradually than did arterial con-
centrations. | _
Veulemans and Masschelein (1978a) and Nomiyama and Noamiyama (1974b) foundb‘
the excretion curves for toluene in expired air to be adequately described as the
sum of 2 exponential taerms rather than 3. Subjects for these studies were
exposed to 50, 100, or 150 ppm toluene for about 4 hours. Thé sampling regimens
differed from that of Sato et al. (1974b), in that Veulemans and Masscheleinv

(1978a) did not bdegin monitoring expired air as soon after exposure ended, and

Nomiyama and Nomiyama (1974b) sampled expired air infrequently during the period

13-24



used by Sato et al. (1974b) to determine the first two exponential phases. Rata
coefficients for the rapid and slow phases weré calculated by Veulemans and
Masschelein (1978a) to bde 0.340 min~' and 0.00608 min~', respectively, using a
curve-titting computer program. These rate coefficients corresponded to half-
lives of 2.04 and 114 minutes. Nomiyama and Nomiyama (1974b) reported rate
coefficients for the rapid phase of 5.10 = (t1/2 z 8.16 minutes) for men and
3.22 h'1 (t1/2 s 12.9 minutes) for.women; the rate coefficient for the slow phase
was 0.335 tx°1~(t1/2 = 124 minutes) for both sexes.

In the desaturation period, men and women expired 17.5 and §.4%, respec-
tively, of the total amount of tbluene calculated to have been absofbed during
exposure (Nomiyama and Noemiyama, 1974b). These values are close to what had been
reported previcusly (i.e., 16%) by Srbova and Teisinger (1952, 1953) -in abstracts
from the foreign literature. Veulemans and Masschelein (1973a) estimated that
about 4% of the toluene absorbed during exposure was subsgquently_excreted in the
e;pired air. Unlike the continuous exposures employed in the otper pertinent
investigations, however, the exposure regimen employed by Veulemans and
Masschelein (1978a) was discontinuous (i.8., four 50 minute periocds of exposure
separated by 10 minuta intervals of nonexposure).

According to Veulemans and Masschelein (1978z) a much greaﬁer variability
was observed for the excretion of toluene in expired aipr during the first four
hours after the end of exposures than had been observed for the related lung
clearances during exposure. This variability could be explained partially by
differences in respiratory minute volums during the post-exposure period; the
percent of absorbed toluene excreted in the expired air during the first 4 hours
after exposure correlated positively ﬁitﬁ respiratory ainute volume (rz = 0.71).
Another factor that appeared to affect excretion was the amount of body fat,

because there was a significant (p < 0.025) negative correlation between fat
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content as measured by the index of Broca and the percent excretion in expired
air after exposure at rest (r? = 0.2134). This indicates that less of the
absorbed toluene would be excreted in the expired air of an obese person than in
the expired air of a thin person during the first four hours of desaturation.
Additionally, subjects who had been exposed to toluene while exercising expired
less of the absorbed amount during the first four hours of desaturation ;han did
subjects who had deen exposed while resting (Veulemans and Masschelein, 1978a).

Aa previously described, 60 to 70% of the toluene absorbed by humans during
inhalation can be accounted for as hippuric acid in the urine (Veulemans and
Masschelein, 1979; Ogata et al., 1970). The excretion rate of hippuric acid in |
the urine of subjects inhaling Sd, 100, or 150 ppm toluéne inereased during the -
first 2 hours, leveling off at about the third hour after initiation of exposure
{Veulemans and Masschelein, 1979; Nomiyama and Nomiyama, 1978). Hippuric acid
exeration (mg/hr) declined fairly rapidly aftar cessation of about four hours of
exposurﬁ. Nomiyama and Nomiyama (1978), ﬁreating this decline as a monoexponen=-
tial process, determined a half-life for hippuric acid in urine of 117 minutes
for men and 74 minutes for women. Veulemans and Masschelain (1979) reported an.
initial, fairly rapid decrease with a half-life between 2.0 and 2.3 hours, fol-
lowed by a more gradual return to baseline excretion levels by about 28 hours
after the start of exposure. |

The axcretion rate of hippuric acid, measured at the end of about 4 hours of
experimental exposure or 3 hours of occupational exposure, correlated reascnably
Hail with the uptake rates (Veulemans and Masschelein, 1979) or total uptake
(Wilezok and Bieniek, 1978) during exposure. At a given level of physical
activity and exposure concentration, the intra- and interindividual variability
in hippuric acid excretion was greater than that noted for uptake rates and was

attriduted to the variabls baseline excretion of this compound because it was not
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explained by other factors (body weight, body fat, cardiorespiratory parameters)
(Veulemans and Masschelein, 1979). Exercise during exposure increased the rate
of excretion of hippuric acid (Yeulemans and Masschelein, 1979) im accordance
with the increase in uptaks rate.

Hippurie acid is a normal constitueat of urine derived from benzoic acid and
precursors of benzoic.acid in the diet (Quick, 1931). Concentrations of hippuric
acid in the urine of 101 uorkéra not exposed to toluene ranged from 0.052 to
1.271 mg/ml (corrected to urine specific gravity of 1.024) and rates of exeretion
of hippuric acid ranged from 18.47 to 23.00 mg/hr for diuresis of greater than
30 al/hr (Wilczok and Bieniek, 1978). Others have also rep;rted great variae
bility in the physioclogical concentfations of'urinary hippuric acid (Ikeda and
Ohtsuji, 1969; Imamura and Ikeda, 1973; Engstrom, 1976; Kira, 1977; Ogata and
Sugihara, 1977; Angerer, 1379).

Volunteers exposed in a chamber to 200 ppm toluene for 3 hours followed by a
1 hour break and an additional % hours of axposure excreted hippuric acid as
shown in Figure 13«2 (Ogata et al., 1970). This exposure regimen was chosen to
sinulate exposure in the workplacs. After leveling off aftar approximately
3 hours of exposure, excretion increased again during the afternoon'eiposu?e.
The rate of hippuric acid excretion remained elevated for about 2 hours after
exposure was terminated and then declined almost to baseline levels by 18 hours
after the end of exposure., The total quantity of hippuric acid excreted during
the pariocd lasting 26 hours f{rom the initiation of exposure was directly propor-
tional to the degree of exposure (ppm x time) up through the highest toluene
concentration of 200 ppm and could be used to calculate exposure with a fairly
high degree of accuracy. Lass accurate to} this purpese were excretion rates
during exposure (i.e., total hippuric acid excreted during exposure + time) and

concentrations in urine, corrected for specific gravity. Concentrations of
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hippuric acid in urine collected during the entire exposure period and corrected
to a specific gravity of 1.024 were 0.30 + 0.10, 2.55 + 0.55, and 5.99 =
1.20 ag/ml (mean + standard deviation) for control, 100 ppm, and 200 ppm exposed
sub jects, respectively. Values for controls were lower and more uniform than
those reported by others, as described previously.

Spot urine samples collectad from workers after at least three hours of
axposure 5o taluene (and from nonexposed workers at the same time) have not given
as good a distinction between unexposed and exposed workers. Imamura and Ikeda
{1973) have pointed out that the upper fiducial limit (P = 0.10) of normal
aippuric acid concentrations, whether or not corrected for specific gravity, is
S0 close to the lﬁuer fiducial limit of workers exposed to 100 ppm téluene (the
Threshold Limit Value) that such a measurement would not be-reliable in screening
for oversxposure. This conclusion was based pn data reported by Ikeda and
Chtsuji (1969). The correlations betwesn concentrations of toluene in workplace
air and the concentration of hippuric acid in urine of individual workers have
been relatively poor (Veulemans et al., 1979; Szadkowski, 1973; Ogata et al.,
1971). The correlation between exposure concentration and excretion rate during
axposurs, although slightly bettaer, was alsc poor: rz 2 0.096 for the correla-
tion with hippuric acid concentration (coréected for specific gravity) and rz =
0.116 for the correlation with rate of excretion of hippuric acid (Veulemans et
al., 1979). Some of the variance in excration rates was accounted for by
difrerences in lung clearance, and, hence, uptake among workers (Veulemans
et al., 1979).

Mice exposed to a very nigh initial concentration of methyl-1uc;toluene ina
closed chamber for 10 minutes excreted about 10% of the absorbed dose as volatile
material in the exhaled air and about 68% as unidentified compounds in the urine

within 8 hours (Bergman, 1979). Details of exposure were discussed in

13-28



Section 13.1. In these experiments, volatilé expired radiocactivity (thought to
represent the parent compound) was collected continuously in a trapping device.
The total volatile radicactivity expired during each time interval was converted
io the mean percent dose excreted per aminute during that inﬁerval and plotted at
the end of the intarval. The resultant semilogarithmic plot of mean percent dose
exhaled per minute versus time was a curve. Computerized non-linear regression
analysis of the data according to the method of least squares yieldgd 3 exponen-
tial components with rate coefficients of 0.0659, 0.0236, and 0.0044 min~! cor-
responding to apparent. half-lives of 10.5, 29.4, and 158.7 minutes, respece
tively.

The respiratory rates of the mice were, according to Bergman (1979),
"remarkably reduced™ during exposure, and hence probably were reduced during at
least part of the post-exposﬁre period. If respiratory minute volumes were also
decreased, this iﬁuld, on ﬁhe basis of the observations of Veuléuans and
Masschelein (1378a), be expeétéd to reduce the pulmonary excretion of toluene.
The results of Bergman (1979) may therefors not be relevant to axposures at lower
concentrations of toluene.

After inhalation exposure of rats or mice to toluene, the disappearance of
éoluene and 1£a metabolites from bloocd and from most tissues, including brain,
was rapid (Petersen and Bruckner, 1978; Carlsson and Lindqvist, Pyykko et al.,
1977; Bergman, 1979) as described in Seetion 13.2. The exceptions were white
adipose tissue, for which both accumuiacion and elimination were slow, and bone
marrow, for which elimination was very slow (Carlsson and Lindqvist, 1977; Pyykko
et al., 1977). By 2i hours after exposure to radicactively-labeled toluene, the
concentration of radicactivity remaining in most tissues was less than 1% and
that remaining in adipose tissue was about 5% of the initial wholg-body concen=

tration (Pyykke et al., 1977).

13-29



Rabbits expésed to toluehe- vapor at 350 ppm for 100 minutes or 4500 ppm for
10 minutes had increased rates of urinary hippuric acid exeretion that reached
maximum values 1.5 hours after exposurs (Nomiyama and Nomiyama, 1978). Excre-
tion rates returned to baseline levels at 7 hours after the initiation of expo-
supre to 350 ppm for 100 minutes and at about 3 hours after the initiation of
exposure to 4500 ppm for 10 hinutes.

Démal exposure of human subjects to toluene liquid or vapor resulted in the
appearance of toluene in the expired air (Guilleman et al., 197%; Riihimakl and
Prarrli, 1973) as discussed in Secticn 13.1. fhe excretion of toluene in the
expired air of subjects exposed to 6500 ppm toluene for 3 hours appeared to
consist of at least 2 éxponential phases (Riihimaki and Pfaffli, 1978). The mean
amount of toluene expired during the "quantitatively significant” portion of the
excretion curve was calculated to be 45.9 umole (4.23 mg.) Riihimaki and Pfarrii,
1978). Plotrowski (1967, reviewed in NIOSH, 1973) found that subjects exposed
dermally (with respiratory protection) to 1600 ug/m3 (827 ppm) toluene for
8 hours had no detectable increase in urinary excretion of benzoic acid (pre-
sumably analyzed after hydrolysis of conjugates).

Oral administration of toluene to rabbits resulted in a pattern of excration
similar to that observed after inhalation axposure of humans. Rabbits (X = 2)
intubated with 350 mg toluene/kg body weight expired 18% of the dose as the
parent compound within 1“._5 hours; less than 1% of the dose was eliminatad in the

expired air in the period from 14.5 throcugh 35 hours after dosing (Smith et al.,
‘ 1954). In similar experiments from the same laboratory, rabbits int/ubated with
274 ng toluenes/kg body weight excretad an average of 74% of the dose in the urine
as hippuric acid; excretion was complete with 24 hours of dcsins (E1 Masrs
et al., 1956). The elimination of toluene and its metabolites from tissues and

blood of rats given toluene orally (Pyykko et al., 1977) was similar to the
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pattarn already described after inhalation exposure (Pyykko et al., 1977) except
that elimination after oral administration appeared to be delayed by a slower
rate of absorpéion than had been observed for inhalation exposure.

The excretion of other metabolites of toluene (i.e., cresols, benzyl
alecohol, glucuronide and sulfate conjugates, benzylmercapturic acid) in the
urine of humans and animals has already been described in Section 13.3. With the
possible exception of benzoylglucuronide (Srbova and Teisinger, 1953), none of
these excreted metabolites represented more than about 1% of the total dose of
toluene administered or absorbed {Angerer, 1979; Bakke and Sheline, 1970; Van
Doorn et al., 1980; Smith et al., 1954). Trace amounts of toluene were eli-
minated in the urine of humans exposed to toluene (Srbova and Teisinger, 1952).

Biliary excretion of toluene or its metabolites appeaéed to be negligible.

Rats given S50 og 4

C=toluene/kg body weight intraperitoneally exeraeted less than
2% of the administered radicactivity in the Ddile within 24 hours
(Abou-El-Markarsm et al., 1967).

Most of the experimental work on the dispesition of toluene in humans and
animais has focused on single exposures. The elimination of toluene is rapid
enough that few investigators have studied its potential accunﬁlation with
repeated daily exposure. Ovrum and coworkers (1978) took samples of capillary
blood daily before work from 8 grintars exposed occupationally to 35 to 353 ppm
toluene. No cumulative increase in blood concentrations of toluene was found
during the course of a 5 day work week. Koniastzko and coworkers (1980) observed,
however, that toluene concentrations i{n peripheral venous blood tanded to
increase during the course of a 5 day work week, although the ranges overlapped
(Table 13=3). Mean expésure concentrations, ﬁeasured by a persconal air sampling

method, did not inerease during the week. The blood samples were taken before

work oan Monday, Wednesday, and Friday from 8 workers exposed to 184 to 332 ppm
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TABLE 13-3

Toluene Concentrations in Workplace Air and Peripheral Venous Blood of Exposed Workers

a,b

Monday Tueaday Wedneaday Thuraday ' Friday
Toluene in air (ppm) 225 233 209 212 203
(95-303) (153-3683) (107-341) (92-314) (124-309)
First week Toluene in blood 0.12 - 0.51 — 0.17'
before exposure (pg/mi) (0.09-0.24) : (0.28-0.82) (0.29-1.67)
Toluene in blood 1 3.63 - 6.69 —- 6.70
after exposure (pg/mi) (2.3-4.75) (4.21-10.36) (3.99-10.67)
Toluene in air (ppm) 205 30h 309 232 191
(145-473) (190-521) (213-413) (125-451) (105-432)
Second week Toluene in blood 0.27 - | 1.00 - 1.21
before exposure (pg/ml) (0.07-0.517) {0.35-151) {0.44-2.29)
Toluene in blood 11.60 — 10.49 - 5.85

after exposaure (pg/ml)

(6.99-17.10)

(3.24-20.31)

" (1.94-9.78)

a
Source:

Kometzko et al., 1980

bMeans and (range) of elght workers



daily in a plastic processing fagtory. Concentrations in blood samples taken
‘after work were highly variable and did not seem to follow a consistent pattern.

In an analysis of 3155 samples of urine takea in the course of biological
monitoring from different workers on different days of the week and in different
workplaces, Lenhert e£ al. (1978) 6bserved that concentrations of aippuric acid
in the urine did not vary with the day of the week axcept on Monday, when the
concentrations were significantly higher than on other days. The authors conjecs
tured that the elevation of hippuric acid concentrations on Mondays was a result
of different eating habits on the weekend.

In experiments with dogs, exposure to 400 ppm for 7 hours a day for S
consecutive days did not result in an increase in the total amount of hippuric
acid exereted per day over the period of 5 days or change the iime course of
urinary excre;ion (Von QOettingen et al., 1§u2b). Nor did the concentration of
toluene in peripheral venous blood sampled at the end of exposure increase with

day of exposure.

13.5. SUMMARY

Toluene is readily absorbed through the respiratory tracts of humans and
experimental animals, as would be expected from its bleood/air partition coeffi-
cient of approximately 15 (Sato and Nakajima, 1979; Sato et al., 197%a, 19Tib;
Sherwood, 1976). The amount of toluene absorbed (uptake) is proportional to the
concentration in inspired air, length of exposure, and pulmonary ventilation
(respiratory minute volume) (Astrand et al., 1972; Astrand, 1975; Veulemans and
Masschelein, 1978a).

The uptake of toluene by humans was abbuc 50% of the amount inspired
(Veulemans and Masschelein, 1978a; Carlsson and Lindqvist, 1977, Ovrum et al.,

1978). Total uptake (absorption) can be approximated as follows: Uptake
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= 0.5 ?e C, t, where 33 is the respiratory minute volunQ in Q./min,lci is the
inspired concentration in mg/%, and t is the length of exposure in minutes (Ovrum
et al., 1978; Veulemans and Masschelein, 1§?8a). Because of its dependencs on
respiratory minute volume, the uptake of toluene iavarrectgd by the subjects'’
lavel of physical activity (Astrand et al., 1972; Astrand, 1975; Veulemans and
Hhaaenelein, 1978a; Carlsson and Lindgqvist, 1977). A subjec:'s con£enc of adi-
pose tissue had little or no effect on the uptake of toluene during aexposuraes
‘lasting four hours or less (Veulemans and Masschelein, 1978a; Astrand et al.,
1972) except in the case of extreﬁgly obese individuals (Carlsson and Lindqvist,.
1977), and aven then the increased uptake may have been at least partly due to
greater pulmonary ventilation in the ocbese subjects than in the thin ones. Under:‘
_"steady stata® conditions, peripheral vencus coﬁcentrations of toluene gorre=-
.Iazed roughly with exposure concentrations. Inter- and'tﬁtraindividual varia-
bility were high encugh to make this an insensitive estimate of exposure concen: :
tration or uptake (Von Ostiingen et al., 1942a, 1942b;: Veulemans and Hasachelein;

19780).

Although toluene appears to be abscorbed less readily through the skin than
througn the respiratory tract, percutaneous absorption of liquid toluene may be
significant. The maximum toluene concentration in peripheral vencus blocod of
subjecta.who‘immarsed one hand in liquid toluene for 30 minutes was about 26% of
the concentration in peripheral venous bloed of subjects who inhaled 100 ppm
taluene vaper for 30 minutes (Sato and Nakajima, 1978). Absorption of toluene
vapor through the akin in humans, however, hrobably amnuntq to less than S%‘ot,
the total uptake through the respiratory tract under the same conditions of
exposure (Rithimaki and Pfaffli, 1978; Piotrowski, 1967; reviewed in NIOSH,
1973). Absorption of toluene through the saitrointestinal(:ract appears to be

fairly complete, based on the amounts of toluene and its metabolites axcreted by
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experimental animals after administration of toluene (Pyykko et él.,' 1977;
EL Masri et al., 1956; Smith et al., 1954). -

Toluene appers to be diatr;buted iaAthé body in accordance with the tissue/
blood distribution coefficients and its metabolic and exeretory fate. Thus,
toluene itself is found in.high concentrations in adipose tissue and bone marrow,
;ﬁd'toluene and its metabolites are found in moderatsly high concentrations in
liver and kidney (Peterson and Bruckher, 1978; Bruckner and Peterson, 1981a;
Carlsson and Lindqvist, 1977; Pyykko eﬁ al., 1977; Bergman, 1979). The time
ecourse of toluene concentrations in the brain appeared to correlate with beha-
vioral effects (Peterson and Bruckner, 1978} Bruckner and Peterson, 1981a).

The major portion of inhaled or ingestad toluene i3 metabolized by side-
chain oxidation to benzoic acid, conjugated with glycine to form hippuric acid,
and excretad in the urine. Regar&lesa of the route of administration, dose, or
species, 60 to 75% of the absorbed (inhalation) or administered (oral) toluene
could be accounted for as hippuric acid in the urine (Veulemans and Masschelein,
1979; Ogata et al., 1970; El Masri et al., 1956). Much of the remaining toluene
(9 to 18%) was exhaled unchanged (Nomiyama and Nomiyama, 1974b; Srbova and
Teisinger, 1952, 1953; Smith et al., 1954). fTwo perceni or less appeared in the
" urine as cresols and benzylmercapturic acid; these metabolitas are of concern
because they indicate formation of Eeactive intermediates that potentially could
bind to tissue macromolecules. No evidence of covalent dinding to tissue come

ponents has been detected, however, by autoradiography of mice that inhaled 14

C-
toluene (Bergman, 1979).

Most of the toluene absorbed by humans or animals after inhalation or oral
exposurs is excreted within 12 hours of the end of axposure (Ogata et al., 1970;
Veulemans and Masschelein, 1979; Nomiyama and Nomiyama, 1978; Smith et al., 1954;

Bergman, 1979). In experimental animals, elimination of toluene and its
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metabolites from most tissues, including brain, was rapid; elimin#tion from fat
" and bone marrow was slower (Peterson and Brucimer, 1978; Bruckner'and Petarson,
1981a; Pyykko et al., 1977; Carlsson and Lindqvist, 1977).

In humans, the time course of desaturation after cessation of inhalation
exposurs appeared to consist of 3 exponential phases with half-lives of 1.95,
35.2, and 204 minuﬁea for toluene concentrations in peripheral venous blood and
1.59, 26.5, and 221 minutes for toluene conceatrations in alveolar air (Sato
et al., 1974). .foluene concentrations in expired air or peripheral venous blood
after the end of inhalation exposure were not reliable indicators of toluene
uptake or of aexposures concentrations because of the great variability among ':
individuals (Veulemans and Masachelein, 1978a, 1978b; Astrand et al., 1972).
Some of this variability, particularly in expired air concentrations, could-bo-
explained by differences in exereise load during exposure, in resﬁiratcry minute
volumes after exposure, and in adip;ae tissue content (Veulemans and Masschelaein
1978a, 1978b). Similarly, although the excretion of hippuric acid in the urine
is roughly proporticnal to the degrse of exposure to toluene, inter- and intra-
) indivigual variations ig the physiological excretion of hippuric acid rendér
quantitation of exposure or uptake from urinary hippuric acid conceatration or
axcretion rates unreliable (Immamura and Ikeda, 1973; Veulemans et al., 1979;:.
Teulemans and Maaschelein, 1979; Ogata et al., 1971; Wilczok and ﬁienick, 1978;

and others as rsported in Seection 13.4.).
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14, CARCINOGENICITY, MUTAGENICITY, AND TERATOGENICITY

14,1, CARCINOGENICITY

In the 24 month chronic inhalation study described in Section 12.2.2., CIIT
(1980) concluded that exposure to toluene at concentéations of 30, 100, or
300 ppm did not produce an increased incidence of necplastie, proliferative,
inflammatory, or degenerative lesions in Fischer 344 male or female rats relative
t0 unexposed controis. It should be noted, however, that the design of this
study has been deemed inadequate in that the rats were not exposed to a maximum
tolerated dose (MID) of téluene (Powers, 1979).

The NCI/NTP Carcinogenesis Testing Program has initiated bioassays of come
mercial toluene in rats and mice exposed via inhalation and gavags (NTP, 1981).
Prechronic testing is curreatly in progress.

Toluene has been utilized extensively as a solvent for lipophilic chemicals
being tested for their carcinogenic potential whem applied topiecally %o the
shaved skin of animals. Results of control experiments with pure toluene have
been un}rormly negative. Poel (1963), for example, applied toluene (volume not
stated) %o the shaved interscapular skin 3 times a week throughout the lifetime
of 54 male SWR, C3HeB, and A/He mice and found no carcinogenic response. Coombs
et al. (1973) treated the dorsal skin of 20 randomly bred aldbino mice with 1 drop
of toluene (6 pl) twice a week for 50 weeks. There was no evidence of squamous
papillomas or carcinomas in the mice one year following termination of axposurs,
although survival was only 35% (7 of 20). Doak et al. (1976) applied estimated
toluene volumes of 0,05 to 0.1 mi/mouse to thg backs of CF1, CBH, and CBaH mice
{approximately 25 mice of each sex of each strain) twice weekly for 56 weeks, and
falled to elicit skin tumors or a significantly increased frequency of systemic

tumors over untreated controls. It i{s not elear in these studies, however,
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whether thé toluene was applied under an occlusive dre;aing or allowed to
evaporata. Lijinsky and Garcia (1972) did report a skin papilloma in 1 mouse and
a skin carcinoma in a seccnd.mouae in a group of 30 animals that wers subjected to
topical applications of 16 to 20 u of toluene twice a week for 72 weeks.

Frei and Kingsley (1968) examined the promoting sffect of toluens in Swiss
mice following initiation with 7,12-dimethylbenz{a] anthracene (DMBA). In this
study, the eﬁra of the mice ware topically treatad once with 0.1 m of 1.5% DMBA
in mineral oil and subsequently, beginning a week latar, twice a week with tne;
same volume of 1005 toluene for 20 weeks. Results showed that 11 of 35 mice
developed tumors (6 permanent, 5 regressing) compared with 8 of S3 negative

controls treated with 100% mineral oil (Table 14=1). In 14 mice painted with
-100?-e91§e;e but no DMBA initiator, 2 developed tumors (f permanent, 1 regress-
ing). In another study with an identical experimental design, Frei and Stephens
(1968) similarly found that 100% toluene promoted a yield of tumors no diffsrent
from that found in the éontrol: (Table i4~1). In this study, a total of 7 tumors
wers found in 35 surviving mice treated with toluene following inmitiation with
DMBA; the negative control group (DMBA followed by biweekly applications of

mineral oil) had 8 skin tumors in 53 survivors after the 20 weeks.
18.2. MUTAGENICITY

18.2.1. Growth Inhibition Taests in Bacteria. The ability of toluene to induce
DNA damage was evaluatad in two s;udies by comparing its differential toxicity to
wild-type and DNA repair-deficient bdacteria (Fluck et al., 1976; Mortalmans and

Riccio, 1980). Two species were tested with negative results: Escherichia coli

W3110 (pol A*) and p378 (pol A”) and Salmomella typhimurium SLUS2S- (rfa) (ree”)
and SLAT00 (rfa) (rec”). 1In the first study, Fluck et al. (1976) applied
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Epidermal Tumor Yield in 20 Week Two-Stage Bxperimentsa

TABLE W4-1

Tumor Number of Tumors Tumors Regressing
DMBA  Promoting Agent No.Hf:ZViVIﬂs ::::::grs Permanen§ negresslng' Total Sugszvor Tunga Reference
+  None 23° NR 0 0 0 0 0 Frel and Kingsley,
' 1968
« 5% oroton of1® 33° NR 381 10 51 13.7 15.5
+ 100§ toluene 35° NR 6 5 1" 0.31 45.4
+ 1003 mineral ofl 53° MR 8. 0 8  0.15 0
- 5% croton of1® 25> NR 1 2 3 o 66.6
- 100 toluene wb NR 1 v 2 o.M 5.0
+ None : 23d hye NR NR L 0.04 ] Frel and Stephens,
+ 5% croton ol1® 33° 888 NR NR 352 10.7 NR 1968
. 1008 359 1us NR uR 7 0.2 NR
+ 5% crotomotl _  53° s NR NR 8  0.15 NR
- 5% croton of1® - 209 5% HR HR 1 0.05 HR
-~ 1003 toluens ¢ 0% 0 o 0 0 0

3gars of Swiss mice treated once with 0.1 mi of 0. 5% DMBA and subsequently, beginning 1 week later, twice a week with the

bpromotlng agent.

Not specifically stated whether thla is the number of surviving mice.

In mineral oil

30 mice at the start
Y60 mice at che start

NR = not reported

Also, the number of mice at the start not stated.



toluene (25 ul/plate) without metabolic activation directly to wells in the
center of culture plates containing the £. ¢oli and found ao zZones of growth
inhibition with either strain. In the Mortalmans and Riccio (1980) study, growth
inhibition was also found to be comparable with both the repair competeat and
deficient strains of the E. coll and S. typhimurium when sterile filtar discs
incculated with 0.001 to 0.01 ul toluens were placed in the centers of culturs
plates; these assays ware parformed both with and without metabolic activation.
Mortelmans and Riceio (1980) further found that toluene (0.001 to 0.0t ul/plate)
was not differentially toxic to either strain of the E. coli or S. typhimurium in
_q;aﬁtitativﬁ growth inhibition tasts. In the quantitative assays, the toluene -
was preincubated in liquid suspension with the bacteria, ‘with and’ without S$=9
_ activation, prior to plating; following plate 1ncubation.'the numbers of survive
ing cells ware counted (instasad of recording measurements of diameters of zZones -

of growth inhibition).
"14.2.2. Tasts for Gene Mutations

18.2.2.1. ASSAIS USING BACTERIA AND !EAST.- Toluene has baeen reported to
he.non-mutagenic in the Ames Salmonella assay when testad with strains TA1S3S,
TA1537, TA1538, TA98, and TA100 (Litton Bionetics, Ine., 1978a; Mortelmans and
Riceio, 1980; Nestmann et al., 1980; Bos et al., 1981; Snow et al., 1981), and in
the E. goli WP2 rsversian to trp’ prototrophy assay (Mortelmans and Riceio,
1980). The details of these studies are summarized in Table 14-2. All ‘assays
wars performed in the presence and in the absence of Aroclor 1254-induced rat
liver homogenata (S-9) and employed positive and negative controls. It should be
noted that there may have been significant losses of tolusne from the culture

media during incubation in all but one of the aforementicned studies (Snow '
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TABLE 18-2

Nicrobtal Mutagenicity Assays

Hatabollo .
Type of Assay Strain Activation Dose Application flssponse Relsrence
Reverse Mutation
3. typhlouriue TA 98, 100, yos and no 0.00) to 5.0ut/ Plate fnocorparation - Litton Blonetics, lanec.,
1535, 1537, plate 1978a
1538 .
3. typhimurium TA98, 100, yos and no 0.008 to o.OIIlb Liquid éuapennlon -
1535, 1537,
1538
S. typhimuriua TA98, 100, yes and no 0.01 to Wuk/plate Piate Jncorposration - Hortelmans snd Rlaoio,
" 1535, 1597, 1980
1538 .
3. typhisurius TA98, 100, yes and no 5 ut/plate Plate adoorporltlon - Hostmann et al., 1980
1535, 1537,
1538
S. typhisupriue TA98, 100, yea and no 0.915 to 2.3 pk/ Plate incorporation - Boa et al., 1981
1535, 1537, plate :
1530
o ¢
8. typhimuriue Tags, Ta100 YO and no :i:&:‘ to 00 i/ Piate incorporstion - Snow ot al., 1984
yos and na® 11 to 3768 ppe Yapor ekpoaure’ -
E. coll wr2 yes and no 0.0} to 10 pt/ Plate incorporation - Hortelmana and Bicolo, -
plate 1980
8. cerevislae D7 yes and no 0.001 to 0.5" Liquid suspension - Hortelmans and Ricolo,
1980
Hitotio Gene Conversion
8. caravislas oy yes and wo 0|0(:| to 5.0p2/ Plate h;\oorpouuoa - Litton Blonetice, lne.,
p ate
yea and no 0.138 to t. IB ) Liquté asuapenafion - 19182
3. cerav|atae ny yos and no 0.00% to 5.0}‘ Liquid suspension - Mortelmans and Rloclo,
1980
Mitotioc Croasing-Over ‘
3. garavislae (] yes and no 0.004 to 5.0!' Liquid suspension - Hortelmsana and Ricailo,

t98c

®arcotor 1258-1nduced rat liver hoaogenate 3-9 fraotion
bSO’ mortality at the highest dose
The toluene was tested with toluene-induced S-9 as woll as with droclor {nduced 3-9.
The plates were Incubated in sealed plastic bags or chambors for part of a T2-br Llncubation perfod; in the Aroolor-lnduood

5-9 teata, the plates were reaoved from the bags after 88 hr, counted, incubated sn addition 2% hr, and recounted; in the

fments with toluene-
R e

ncubate

nduced S-9 the
fhr before counting.

lates were removed aftor 28 hir to prevent @oisture and spreading problems, and thea

“fhe assays were run in a acaled incubation chamber with a second sluu plnto {open) uhich contalned the toluene; after
d

'loo?r Lthe chaubers wece opaueg’and the plates facuvated for an &

mortality at 0.8

and 0

ftional A8 by,



et al., 1981), particularly at the higher doses tested. Snow et al. (1981)
conductad plata incorporation assays in sealed plastic bags and chambers as well
as vapor exposures in desiccators to prevent excessive evaporation. The design
of the Snow et al. (1981) study is also notaworthy, because the toluene was
tasted with toluene-induced rat liver S-9 fraction as well as with Aroclor-
tnduced S-9. |
Toluene, with and without metabolic activation, was also tested in S.
cerevisiae for its ability to induce reversions to iscleucine independencs in
strain D7 (Mortelmans and Riceio, 1980), mitatic sene,conversion te tryptophan
independence in strains D4 (Litton Bionetie, Inc., 1978a) and D7 (Mortelmans and
Riceio, 1980), and mitotic crossing over at the ade2 locus ia strain D7
(Mortelmans and Riceio, 1980). Toluene did not elicit a positive autagenic

reaponse in any of these tasts (Table 14-2).

18,2.2.2. TK MOTATION IN L5178Y MOUSE LYMPHOMA CELLS —- Litton Bionetics,
Inc. (1978a) reporeéd that toluene failed to induce specific locus forward muta-
tion in the L5178y Thymidine Xinase (TX) mouse lymphoma cell assay. Toluene was
tasted at concentrations of 0.05 to 0.30 ul/m?, with and without mouse liver S-9

activation.
14.2.3. Test for Chromosomal Mutations

18.2.3.1 MICRONUCLEUS TEST IN MICE - It was recently reported by SRI
International (Kirkhart, 1980) that the intraperitoneal administration 6!
toluene to male Swiss mice failed to cause an increase in micronucleated poly--
chromatophilic erythrocytes in the bone marrow. Doses of 2503 500, and

1000 mg/kg were administered to groups of 32 mice at O and 24 hours, with
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sacrifices 30, 48, and 72 hours after the first dose (3 mice/sacrifice). TFive
hundred polychromatic erythocytes per animal were avaluated for the presence of

micronuclei. The highest dose tested (1000 mg/kg) approximated the LD.. for mals

50
mice (Koga and Ohmiya, 1978).

1h.2.3.2. MOUSE DOMINANT LETHAL ASSAY -~ Toluene was recently evaluated for
its ability to induce dominant iethal mutations in sperm cells of CD-1 male mice
(Litton Bionetics, Inc., 1981). Test mice (12 per dose) were exposed via inhala-
tion to targetad exposure levels of 100 and 400 ppm 6 hours per day, 5 days per
week for 8 weeks. Twelve negative control mice were exposed to filtered air in
an identical exposure regimen, an& 12 positive control miée were injected intra-
peritoneally with 0.3 mg/kg triethylenemelamine (TEM) on day 40 of the dosing
schedule. Following treatment, the males were mated sequentially to{Z females
per week for each of 2 weeiks; 14 days after the midweek of mating, each female
was sacrificed using CO2 and the number of living and dead implantations were
countad. The results of this study showed that toluene did not cause any
sisnificanc reduction in the fertility of the treated males, and did not cause
increases in either pre- or postoimplantation loss of embryos when compared with
the negative controls. A significant induction of dominant lethal mutations was

observed in the positive contrdl mice,

14.2.3.3. CHROMOSOME ABERRATION STUDIES == Two reports from the Russian
literature concluded fh;t CO;uene induced chromosomal aberrations in rat bone
marrow cells following subcutaneous injegtion (Dobrokhotov, 1972; Lyapkalo,
1973). In an analysis of 720 metaphases from the bone marrow of 5 rats that had
been subcutaneousiy injectad with 0.3 g/kg/day toluene for 12 days, Dobrokhotov

(1972) found that 78 (13%) showed aberrations. Sixty-six percent of the
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aberrations were chromatid breaks, 24% were chromatid ‘"tracturés", 7% wers
chromosome "fractures®, and 3% involved multiple aberrations. The frequency of
spontanecus aberrations in §00 marrow ametaphases from 5 control rats injected
with vegetable oil averaged u.15$ (65.8% were bresaks and 32.4% werse chromatid
absrrations; ao "fractures® crbmnltiple injuries were recorded.). It was further :
found that similar administration of 0.2 g/kg/day of benzene induced a.trequencyé-
of chromosomal damage (13.6%) comparable to that of 0.8 g/kg/day of toluene, and:.
that when a mixturs of 0.2 g/kg berzene and 0;8 g/kg toluena was injectaed daily
for 12 days, the damage was approximately additive (33.33% aberrations).. The;t
significance of £na positive clastogenic effacts attributed to toluene is dit—-»
ficult to assess, however, because the purity of the sample employed was not:
stated, and because the distinction between chromatid breaks and fractures is
unclear. | ' | |

Lyapkalo (1973) administered 1 g/kg/day toluene to 6§ rats and ! g/kg/day-'_‘ '
benzene to § rats Dy subcutaneous injection for 12 days. Treatment with toluene
repértedly rﬁsulted in chromoscms aberrations in 11.6% of the bone marrow cells
examined (84 aberrant metaphases/T24 cells) compared witn 3.87% (40/1033) 1n
olive oil.injected controls. The types of aberrations that were‘observéd con-
éiaced of "gaps”® f50-n7$), chromatid breaks (38.37%) and isocromatid breaks
(1.16%). Benzene caused a greater degree of chromosome damage thah the toluene
(57.2% of the cells examined had aberrant chromosomes (573/1002)), and the dis-’
tribution of aberration types was different (84.72% "gaps”, 50.94% chromatid
breaks, 4.34% isochromatid breaks). The purity of the toluene used in this study
was also not stated. |

In a third Russian study, Dobrokhotov and Einksev (1975) reported that rats
exposed to 80 ppm (610 mg/m3) toluens via inhalation, U hours daily fov:

4 months, showed damaged metaphase chromosomes in:'21.6% of the bone marrow cells
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analyzed. The percentage of metaphases with damaged chromosomes in bone marrow
cells from air-exposed control rats was 4.02%. Inhalation of 162 ppme benzene
caused damage to chromoscmes in 21.56% of the marrow cells, and a mixture of the
toluene and benzene (80 and 162 ppm, respectively) damaged chromosomes in an
additive manner (41.21% of the cells were involved). Chromosome damage was also
observed in all of the groups 1 and 2.5 months a{ter the initial exposure, and
éne month aftar the end of exposure, the frequency of chromosome damage was 3till
elevated. A total of 96 rats were used in this study, but the number of rats in
each group was not stated; it should also be emphasized that the aumber of cells
scored and the purity of the toluene used were not’reporﬁed.

In contrast to the aforementioned Russian cytogenetics studiss, Litton
Bionetics, Inc. (1978) found that intraperitoneal injection of pure toluene into
Charles River rats did not‘ipduqe bone marrow chromosomal aberrations. Toluene
was injected at dose levels of 22, 71, and 214 mg/kg in 2 differsnt experiments.
In 1 study, 5 rats were sacrificed at 6, 24, and 48 hours following injection of
each dose; in a second study, S5 rats were dosed daily at each lavel for 5 days,
and the rats were sacrificed 6 hours after injecticn of the last dose. Approxie
mately 50 cells per anima) were scored for damage. Dimethyl sulphoxide (DMSO;
the solvent vehicle) administered intraperitoneally at 0.65 ml/rat was used as a
negative control, and triethylenemelamine (TEM) in saline at 0.3 mg/kg was used
as a positive control. The results of the bone marrow cytogenetic analyses
following sacrifice are summarized in Table 14-3. It was also noted that none of
" the observed aberrations diffared sisnificantl? in frequency or type from either
conecurrent or historical spontaneous values. .

Gerner-Smidt and Friedrich (1978) reporéed that toluene at concentrations
aof 1.52, 152, and 1520 pg/mi did not influence the number of structural chromo-

somal aberrations in cultured human lymphocytes. Benzene and xylene at the same
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Rat Bone Marrow Cell Abercations Follouing lntraperitopsal Injection of ‘lolmnq'

TABLE 14-3

Type .nd lroquomy ¥o. af Cells No. of Animals
b Time of Mo, of Total Na. Hith One or Hore Hithout mtotlg
Treatmont Dase Saoriflae Anjmals of Calla Stryal l " Loal Aberrations Aberrations index
D30 0.65 ut/rat 6h 5 228 21,184 - 3(1.38) 3 3.8
(Solveat) 2% h 5 250 - ‘ - 0 (o.08%) $ 6.0
N b 5 250 o, .- 2 {0.03) ] 6.1
6 b (s0)° 5 227 1Y R 1 (0.43) ] 5.0
Triothylene 0.3 ag/kg 2V b 5 250 13tb,2ab, 50!.\5!. 2pp 72 (20.83) 0 1.8
Holamine : 26¢ ‘r,lotd.!b,,
. Tpu, iqr,280, 380
Toluene 22 ag/kg 6h S 250 - - 0 (0.08) S 3.4
24 h H 242 - - o (0.08) 5 5.9
LN 5 250 .- : -— 0 {o0.08%) 5 1.0
6n 5 238 k19 - 2 (0.83) 3 6.3
Toluens 7V ag/kg 6n 5 239 (]7] ipp 2 (0.8%) 8 2.5
2\ h S 221 244, %f, 81 - N (1.08) 3 L5
Mh 3 150 - - o {o.08) 3 5.9
6n 5 212 - - 0 (0.08) 5 3.3
Tolusne 21N mg/kg 6b 5 250 " 20p 3 (1.28) 3 N5
22 b 5 250 - 59 ¥ (0.43) 8 3.6
LY 4 5 250 o, 1d - 2 (o0.83) 3 5.4
6 b (3a) 5 250 itd, 3af - 2 (o. 0’) 3 5.4
®sonroe: Litton Bionetics, inc., 1978a

bl'lu toluene used was 99.96 wt. $ pure (ethylbenzene, 0.03%; g-zylens, <0.018; a-xylens,
%34 = aubacute study; rats were dosed dally for 5 days, with saorifice 6 hours after ths last dose

<0.0185 sulfur, 0.8 ppm) (Foule, 1301).

d“ s acontric fragment (2 t4d)} € = (ragmentaj pp = polyplold; pu = pulverized chromosome; qr s quadriradialj r o ring; sb a chromosome break;
t s translocation; tb = ohromatid break; td a nhrouud daletion} tr s triradial; > = greater than 10 sborrations

%Based on 8 count of at least 500 cella per animal



concentrations also had negative clastogenic effects but toluene (152 and
1520 ug/mL) and xXylene (1520 ug/ml) caused a significant cell growth inhibition
which was not observed with benzene. The data from this study cannot be ade-
quately evaluatad, however, because the source and purity of the toluene were not
stated, no positive control experiments were performed, no metabolic activation
system was employed, and the type of chromoscme damage scored was not specified.

Peripheral blood lymphocytes of toluene-exposed rotogravure workers have
also beén examined for chromesome aberrations with negative results. In one
study, Forni and coworkers (1971) examined the lymphocyte chromcsomes from 34
workers from a single plant and 34 controls from outside the plant matched for
age and sex. Ten of the workers were exposed daily to minimum ccncehtracions of
131 to S32 ppm benzene for 2 %to 7 years and subsequently to toluene in the
general range of 200 to uoo_bpq for 14 years; 24 of the workers were axposed only
to toluene for 7 to 15 years. (The ink solvent used in this plapt waﬁ changed
from benzene to toluene which contained scme xylene, but reportsdly no bdenzene,
after an outbreak of benzene poisoning in 1954.) No significant differsences were
found between the toluene and control groups in frequenéies of stable and
unstable chromosome aberrations or in chromoscme counts (Table 1l4-li). Approxi-
mately 100 metaphases from each subject or control were scored. The proportion
of chromnsome changes were significantly higher statistically in the
benzenes/toluene group compared with controls, and in the bYenzene/toluene group
relative to the toluene group.

Maki-Paakkanen et al. (1980) recently found no evidence of clastogenicity
iﬁ cultured peripherazl blood lymphocytes from 32 printers and assistants froﬁ 2
different rotoprinting factories who had a.nistory of exposure to pure toluene
(benzene concentration, <0.05%; average benzene concentration, 0.006%) at 8 hour

time-weighted average (TWA) concentrations of 7 to 112 ppm. The average age of
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TABLE 14-4

Frequency of Unstable and Stable Chroamosome Changes and Chiromosome
Counts in Subjects Exposed to Benzene or Toluene or Both

Total

No. of Age Cells . | c§lls ) Celis Hith Chromosome Number
Expsoure Subjects Cases Range Counted cuP cso <6 46 >46
' : ' (Polyploid)
Benzena (+ toluene) 10 36-54 964 1.66(1.8%F  0.62%f 13, 86.0 0.9(0.52)
Toluene 24 29-60 2,400  0.80(0.83)9 0.08 .3 85.4 0.3(0.29)
Control subjects 34 25-60 3,262 0.61(0.67) 0.09 10.2 89.5 0.3(0.3)

850urce: Forni et al., 1971

bCells with “unstable® chromosome aberrations (fragments, dicentrics, ring chromosomes). The preaence of each
fragment was considered as one break, the prasence of a dicentric or ring chromosome as two breaks.

%Cella with “stable® chromosome changes (abnormal monocentric chromosomes due to deletions, translocationa, etec.,

trisomies)

duumbeéa in parentheses shouw percentage of calculated breaka.

€pifference from toluene group was significant (P < 0.05)

3

Difference from control was significant (P < 0.01)



the workers was 34.2 years and the average léngth of employment was 14.5 years,
Results of analyses showed that when f{requencies of chromosome aberrations waere
compa;ed with those of 15 unexposed research institute workers, there were no
significant differences (Table 14-5). Similarly, no signiricant deviations were
observed in the frequencies of aberrations in relation to duration of exposure.

In a report on chromosome aberrations of women in laboratory work,
Funes-Cravioto et al. (1977) also presented data on 14 worksrs who were exposed
to toluene in a rotogravure factory. Exposures‘ranged from 1.5 to 26 years and
air measureﬁents of toluene showed TWA values of 100 to 200 ppm, with occasional
rises up to S00 to 700 ppm; the exposures were sufficient in most cases to elicit
frequent headaches and fatigue, and occasional vertigo, nausea, and feslings of
drunkenness. The workers had been expdsed to toluene since approximataely 1950;
before 1958, it was statad that the toluene was probably contaminated by a "low"
percentage of benzene. ﬁesults of lymphocyte analysis showed an excess of
chromosome aberrations (abnormal chromosomes and breaks) in the 14 toluene-
exposed workers relative to a control group of 42 adults. It should be notad,
however, that only a small number of subjects were aexamined in this study and the
exposure background (e.gf, extent of exposurs to benzene and other chemicals) of
the group was not well charac:erizéd. The results of this study are presented in
Table 14-8., The results of chromosome analyses of 8 other workers with definite
exposure to benzene (concentration not measured) for 2 to 10 years prior to 1950,

and subsequently to toluene as stated above, are included for comparison.

14.2.3.4. SISTER CHROMATID EXCHANGE -~ Gerner-3Smidt and Friedrich (1978)
reported that in vitro exposure to toluene at concentrations of 15.2, 152, and
1520 ug/mi had no effect on the number of sister-chromatid exchanges (SCEs) in

cultured human lymphocytes, but no positive'control experiments were performed
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TABLE W-5

Effeot of Gacupational Toluene Bxposure and Smoking on Chromosomal Abercations and Sister Chromatid Blglun‘op.

Cells b
—  __QopaBuxoludad Slater Chromatld Exchangey {(SCE3)
Ocoupational Hoan ‘ ’
Toluene Exposure No. of Age Cells b Chromatid Chromo3ons Gaps Inoluded Colls Hean per auhdoot
{yr) Sub jeats (yr) Analyzed Type Type Total Total lml;ud" per Cell
Total Morker 32 n.2° - 1.0 0.5 .5 X - 8.5
(18.6 yr aversgo exposurs)
Total Control » m.2° - 0.7 0.9 1.6 2.7 - 8.9
0 (contiola)
Nonosakers ) 8 31.0 800 0.5 0.8 5.3 2.3 238 8.0
Smokera 1] 5.5 1100 0.9 1.0 1.8 3.1 318 9.700
Total |} .3 1900 0.7 0.9 1.6 2.7 552 9.2
1-10 (mean, 8.0)
Honamokaras 3 21.1 .300 0.7 3 1.0 2.3 19 7.9
Sackers 10 26.2 1000 0.7 0.3 5.0 5.9 29% 9.8
‘Total . 13 28.90 1300 0.7 .3 1.0 2.0 EYL) é.8
>10 (moan, 019.3) .
Ionaaok'rl 1" 38.5 1100 0.8 0.5 .8 2.5 330 7.5
Sackers ‘ 8 5.9 800 .8 0.8 2.9 3.8 205 9.6000
Yotal 9 3.5 1900 i.2 0.6 i.8 2.8 535 8.3
%3curae: Maki-Paakkanen ot al., 19680
100 colis analyzed per individual
[

30 calla analyzed per individual
Caloulated from individual means
®Mean value

'scaa wore analyzed from 7 3ubjeolss
yr = year

&

3P < 0.00 and

"8 p < 0.000 compared to nonsmokers In the group, ono-talled Student®s -test



TABLE 14-6

Chromosome Aberrations in Rotoprinting Factory Workers?

Groupb
Control Toluene Benzene/Toluene
No. of Subjects 49 14 8
Age (year)
Range 0.16 to 63 23 to 54 54 to 65
Mean 24.4 37.2 61.3
No. of Cells Analyzed .
Total 5000 1,400 800
Abnormal
Total 217 108 76
Frequency rangs (%) 0 to 20 2to 15 4 o 17
Mean frequency (%) . 8.3 - T.7 9.5
Ro. of Chromoscmes Analyzed
Total . 230,000 64,400 36,800
Breaks
Total 233 - 124 95
Range (per 100 cells) 0 to 22 2 to 17 6 to 17
Mean (per 100 cells) 5.1 8.9 _ 11.9

%Source: Funes-Cravioto et al., 1977
bExposure details provided in accompanying text.
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and no metabolic accivatién;aystem was employed. Twenty-six cells/dose were -
scored for SCEs and cytotoxicity was observed at the higheat dose. Evans and
Mitchell (1980) concluded that toluene did not alter SCE frequencies in cultured
Chinese hamstar ovary (CHO) célls.' In the latter study, cﬂo cells without rat
Iiver S-9 activatibn were aexposaed to 0.0025 to 0.04% toluene for 21.% hours, and
CHO cells with activation were exposed to 0.0125 to 0.21% for 2 hours. |

In an analysis of cultured peripheral blood lymphocytas from 32 roeogravure‘A
workers with daily chronic exposure to 8 hour TWA concentrations of 7 to 112 ppm .-
pure toluene, Maki-Paakianen at al. (1980) found no increase in SCEs relative to
a group of 15 unexposed control subjects. The average agé of the aorkera{uas
34.2 years and their average length of employment was i4.5 years. The SCE
analysis was part of a study examining chromosomal aberrations in these workers;
the exposure history of the subjects i3 described in more detail with the summary
of the aberration findings (Section 14.2.4.1.), and the results of the SCE
analyses are included in Table 145,

Funes-Cravioto et al. (1977) studied SCE formation in groups of 4 rotogra-
vure printers, 12 laboratery technicians, and U4 children of female laboratory
tecpnicians. The printers had been exposed to benzene during the 1940's for 2 to
10 years anﬁ subsequently to toluene; exposurs to benzens and toluene ranged from
2 to 26 years. TWA concentrations of toluene generally ranged from 100 %o
200 ppm (occasionally to SO0 to 70Q0 ppm), but benzene éoneencrations were not
measured. The technicians also had a history of aexposurs to toluene, buﬁ the
exposures were poorly charactarized (duration and concentrations not stated) and

each had considerable concurrent exposure to other solvents as well, particu-
larly benzene and chloroform. Results of peripheral lymphocyte analysis
(20 cells/individual scored) showed a statistically significant increase in SCZs

. in the laboratory technicians and the children of female technicians, but not in
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the exposed printers; however, due to the nature of the exposure, the increases

noted cannot be exclusively éttributed to toluene,
14.3. TERATOGENICITY

14.3.1, Animal Studies. Toluene was reported.in a recsnt abstract to be
teratogenic to CD-! mice following oral exposure (Nawrot and Staples, 1979).
Toluene was administered by gavage from days 6«15 of gestation at levels of 0.3,
0.5, and 1.0 mi/kg/day and from days 12 to 15 at 1.0 ml/kg/day. The vehicle used
was cottonseed oil (0.53 of maternal body weight per dose). A significad:
increase in embryonic lethality oecurred at all dose levels when administared on
days 6 to 15, and a significant reduction in fetal weight was measured in the 0.5
and 1.0 mi/kg groups. Exposure to 1.0 ml/kg %oluene on days 6§ to 15 also
significantly increased the incidence of cleft palate; this effact roportedly
did not appear to be due merely to a general retardation in growth rate. When
toluene was administered at 1.0 ml/kg on days 12 to 15, however, decreased
maternal weight gain was the only sffect observed. Matarnal toxicity was not
noted after exposure :to toluene on days 6 to 15 at any dose level. It should be
emphasized that the numbers of mice exposed and the numbers of fstuses examined
were not stated in the available abstract of this study; a complaete copy of this
report is not available for reviaw but has been submitted for publication.
Audak and Ungvary (1978) recently concluded that toluene was not teratoe
genic to CFLP mice or CFY rats when administered via inhalation according to the

follouihg schedule:
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Dose ‘ Days of Pregnancy Dhrﬁtion

CFPL micse 133 ppm (500 mg/m3 8=13 24 hours/day
399 ppm (1500 mg/m”) 6<13 | 24 hours/day

| CFY rats 266 ppm (1000 mg/ms) © 121 8 hours/day
' ' 399 ppm (1500 mg/my) 18 24 hours/day

399 ppm (1500 mg/m~) 9-14 " 28 hours/day

It was found that the eatire group of mice sxposed to 399 ppm toluene died within
28 hours. Toluene administered to rats at 399 ppm also had an effact on maternal
survival, but none of the exposures adversely'arfectéd the incidence of extermal
ér visceral malformations ;n either aspecies relative to air-exposed controls
(Table 14<7). An increased incidence of skeletal anocmalies (fused starnebrae,
cxtfa riﬁs)>qa;-§bserved, hewever, in the rats eiposed continucusly to 399 ppm
toluene on days 9 to 14, and signs of retarded skeletal development (including
. poorly ossified starnebrae, bipartite vertebra centra, and ;hortened'13th ribs)
were found in the rats exposed on days 1 to 8'(399 ppm) andiduring’the entire
period of pregnancy (days 1 to 21) at 266 ppm for § hours/day. An embryotoxic
effect of toluene was further indicated dy low fetal weights in the mice, and in
the rats exposed on days_1 to 8 of pregnancy. Fetal lq;a (percent of total
implants), mean littar size, mean placental geight, and maternal weight gain were
unarrgcted by exposure in either species. |

In a more recent teratogenicity study, groups of 20 CFY rats were exposed to
266 ppam (1000 mg/m3) toluene, 125 ppm (400 mg/m3) benzene, or a combination of
thesg concentrations of toluene and benzene vapor for 24 hours/day on days 7 to
14 of gestation (Tatrai et al., 198Q). A group of 22 rats inhaling pure air
.served as controls, and the fetuses were examined on day 21 of pregnancy. The |
results of the toluene exposures in this study are consistent with those of Hudak
and Ungvary's continuous 399 ppm toluene exposurss with rats on days 9 to 14 of
gestation. Tatrai et al. (1980) concluded that continucus expoéure to 266 ppm

._toluene was not taratogenic (no external, intermal, or skaletal malformations
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TABLE V-7

Teratogenlolty Evalustion of Toluene in CFY Rato and CFLP Mice®

Rata Hice
Alr Tohalation ! __Toluene -Alr Ipha !l.llgg foluene Adr Inhalation Toluepe
266 ppm 399 ppn 399 ppm 133 ppe 399 ppa
Days | to 2¢ Days | to 20 Days t to 8 Days 9 to I8 Days 9 to W& Days 6 to 13 Daya 6 to 13 Days 6 to 3
8 W 8 w/d 28 b/e 28 w/d 28 h/d 24 h/d 28 b4 28 /9
No. pregnant animals examined 10 10 9 26. 89 " " (1]
No. pregnant animals dled 0 0 5 0 2 0 o 5
Maternal welght 5aln° (%) 86.6 48,1 8.0 46.9 §1.68 - -
tio. live fetuses " 133 95 30 213 129 ti2 0
Ho. resorbed fetuses 8 3 6 15 8 6 10 0
No. dead fetusaa 0 0 (1] 0 0 ] 0 o
Fetal loss (3) 6.7 2.2 5.9 LY} 7.8 6.t 8.2 )]
Mean Yitter alze ".s 13.3 10.6 3.8 1.2 9.0 10.2 -
Hean fetal walght (g) 3.8 3.6 3.30 3.8 3.8 L. 5.0% -
Haaa placental welight (g) Q.5 0.5 0.5 0.5 0.5 - - -
Melght retarded fetusea® (%) 1.2 6 Q60 6.9 7.3 6.5 27.600 -
External uall'ornauonad 0 (1] (1] Q 1] '] [1] -
Hlo. Fetuses diasected® 54 68 N9 179 10 (1] 58 ]
Internal m‘ill‘ou'mnt.lonar
Anophthalmia . [1] [}] [/} ] [1] (1] -
Hlydrocephalus -—- - L] -- -- - - -
Hydronaphorosta ] 6 ] 113 8 ? 3 --
No. of Allzarin-stalned :
fetuses 57 69 N2 169 102 60 54 -
Skeletal retardatlon olgns® [ [YAL YLl ", 200 3 } -~
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_TABLE 18-7 (aont.)

Bats

Miace
Ale t Toluens Alr Johalatlon JFoluens  _Afr Iphelation Toluene
266 ppa 399 ppa 399 ppe 133 ppm 399 ppa
Days 1 to 2) DPayo B to 21 Daya 3808 Days 9 to IV Days 9 to 18 Daya 6 to 33 Daya 6 Lo 13 Days 6 to 13
8 wa L Y]] 28 b/d 28 h/d 28 ha a8 W/ 28 h/d 2N h/a
Skeletsl anomalies . ’
Fused sternebras 0 [ . 0 2 70 o [ -
Estra ribo 0 ] ] o 22088 (] ] -
Skeletal nlfomumh ‘
Miasing vertebrae o [1] [} 1] 2 0 0 -
Brachisolia 0 '] 0 (1] 0 . ] [} -

Source: Hudak and Ungvary, 1978

Peraont of atarting body uweight

Percont of living fetuacs welighing <3.3 g (rats) or 0.9 g (mlce)
dgnathis, brachimelia, miaaing tall

o o

The rata wers asacriftoed on day 23 of pregnancy, the mice on day 18
'my-nn hypolasts also looked for

'lnoludln; poorly oasifiod storncbrae, bipartite vertebra centra, and ahoriened i3th ribs

nl"ltmm'. asternl and sgnathia also looked far

P < 0.01 (L-test); %8 P < 0.05 (Mann Whitnay U Taot); 899 P < 0.01 (Mann Whitney U Tost)
h s houry 4 s day ’



were reported), although the exposures were associated with evidence of skeletal
retardation (not detailed) and an increased incidence of extra rids (Table 14-3).
It was additionally found thaﬁ the incidence of extra ribs was higher in the
group exposed to toluene in combination with benzene than in the groups exposed
to toluene alone. Maternal loss, matermal weight gain, number of litters, mean
implantation/dam, placental weight, fetal loss, and fetal weight loss were not
significantly affected by the toluene exposures. Exposure to 125 ppm benzene did
cause decreases in maternal weight 5315, piacental yeignt and fetal weight, but
cnéae effects appeared to be inhibited by concurrent exposure to 256 ppm toluene.
Further, it was reported that post-implantation fetal loss (the number of dead
and resorbed fetuses relative to the number of total implantation sites in
percent) was significantly increased in the group exposed to benzene in combina-
tion with toluene; fetal losé was not, as indicatad earlier, affected by exposure
to the toluene (or benzeme) alone.

In a third inhalation study, Litton Bioneties, Inc. (1978b) reported no
evidence of teratogenicity in the 20 day old fetuses of Charles River rats that
were axposed to 100 or 400 ppm toluene vapor for 6§ hours/day on days § to 15 of
gestation. Histological examinations revealed no unuéual incidence of visceral
or skeletal abnormalities (Table 14-9); unusual skeletal variations were
observed in a small but comparable number of fetuses from both the exposed and
control groups, but these changes were in most cases attributed to retarded bone
ossification and were not considered to be malformations as such. It was also
noted that there were no maternal deaths during this study, and that the sex
ratio of the offspring did not differ significantly between the treated and
control groups.

In a brief abstract, Roche and Hine (1968) noted that toluene was not

teratogenic to either the rat fatus or the chick embryc. Parameters evaluated

14221



TABLE 14-8

Teratogenic Effects of Exposure to Toluene, Benzeneh
and a Combination of Toluene and Benzene in CFY Rats

Significance

' Inhalation 55'3595 Toluene Benzane Toluene/Benzane
T ta 14 of pregnancy Alr 266 ppm3 ' 125 ppm3 266 ppm + 125 ppm of
2% /e ’ (1000mg/m~*) (400 mg/m”) (1000 mgéuoo mg) Iateraction
’ &
“Humber of females
treated 21 20 20 20
non pregnant 1 2 3 1
total resorption - o < -
Bumbaezr of litars 21 18 17 19
Mean implantation/dam 14.0 .4 14,6 1348
Matermal weight gain 68.82 65.82 46.74008 T 53.94000 p < 0.05
in % of starting body +2.40 *2.13 +2.69 +1.88 : ;
waightt . ,
Relative liver weight 4.28 4,37¢ 4,67¢ 4.10 p < 0.01
(%) +0.08 +0.07 .12 +0.09
Mean: placental weight 0.58 0.60 0.480ee 0.54808 p < 0.05
(&)  #0.006  +0.006 +0.006 +0.004 S
Number of fetuses 294 259 2u8 262
live 280 239 236 234
dead o= o . 2 on
resorbed 11 S 20 10 28
Mean fatal weight (g) 3.94 3.91 3.16%%% 3,798 p < 0.001
+0.02 +0.02 +0.03 +0.02
Weight retarded 2.8 3.3 57.688 9.8%
fatuses in $ of living
fatuses
Zxternal malformations o= -—
Fetal loss/total 4.7 7.7 4.8 10.7*
implantation sitas (%)
No. Alizarine-gtained 142 121 122 inl-N
fatuses ’
Skeletal retarded 13 31# T7eea - 39

fetuses in % of
Alizarine-stained
fatuses
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TABLE 148 (cont.)

Inhalation on days Toluens Benzene Toluene/Ben ene Significance
7 to 14 of pregnancy Air 266 ppm 125 ppm3 266 ppm + 125 ppm of
24 n/a (1000mg/m>) (400 mg/m>) (1000 ng4400 mg) Interaction
e I

Skeletal anomalies

sternum misaligned 4 4 S 1

asymmetric vertebra 1 e 3 1

extra ridbs 1 ™ 1 1948
Skeletal malformations == - > -
Ng. fetuses dissected 138 118 114 116
Internal malformations

polyeystic lungs 3 - - -

pyelectasia 2 5 - 1

dystopia renis - 1 - -

vesica giganta -~ 3 1 1

microphthalmia - - e 1

anophthalmia = o 2 =

hydrocephalus

internus - - 3 o
%Jcurce: Tatrai et al., 1980
T 2p <0.1; %2p<0.05; # zp <0.01; ¥ 2 p < 0.001; & = SEM
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TABLE 149

Taeratogenicity and Reproductive Performifce
Evaluation in Rats Exposed to Toluene

Dose (pom)

o 0 %0
 Pregnancy ratio 26/21 21/27 21/21

(Pregnant/Bred) :
No. pregnant rats that died 0 0 0
Live litters 26 2T 26
Implantation sites '
(Left Horn/Right Hornm) 1527194 1817177 1797190
Resorptions 26 28 412
Litters with resorptions i3 20 17
Dead fatusses 0 1 0
Litters with dead fatuses 0 1 0
Live fetuses/implantation site 320/346 329/358 3287369
Mean live litter size (fetuses) 12 12 1R
Average fetal weight (g) 3.8 3.5 3.8
Number of fetuses examine for soft S '

tissue (visceral) changes 108(51/57) 105(47/58) 104(51/53)
Bumber of fetuses od for o :

sksletal changesgxanin 212 221 224
Sumber of fetuses with normal .

skeletal examinations 139 150 158
Fatuses with commonl; encountered :

skeletal changes®’ 67(20) 62(20) 58(20)
Fetuses wigh unusual skeletal ’ )
variations''$ 6(8) 9(8)

8(6)

“ " 350uree: "[itton Bicnetics, Inec., 1973b

bThe increase in total resorptions at this dose was attributed to the total

resorption of the litter of one particular femals.
SNumbers of male/females examined in parenthases.

0
d?our specimens from one litter were anot examined (missing).

%1 qualitative examination of the cbservations recorded for the fetuses indicates
that bilateral ribs, unilatsral ribs, and reduced ossification of various bones
were the most frequently encountered changes.

L,

Number of litters in parenthesis.

ese waere generally cases of amore savers and extensive ratarded ossification.
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included body weight, bone length, and gross abnormalities, but no dose or
exposure information or other quantitative data were provided.

Elovaara et al., (1979b) injected toluene into the air space of developing
chicken eggs at doses of 5, 25, 50, and 100 umol/egg on the 2nd and 6th days.of
incubation. Survival incidence after 14 days of incubation appeared to be
influenced only after injection of toluene on day 6 at 100 umol/egg;: the "approx-
imate LDSO" for toluene was judged to be in excess of 100 umol/egg. Macrosqopic
examination on day 14 indicated that only 3 of 46 of the chick embryos treated
with 5 to 100 umol/egg of toluene were malformed; 1 displayed profound edema and
3 had skeletal abnormalities (musculoskeletal defaects of the lower extremities,
but not uins:).

Mclaughlin et al. (1964) iﬁjecead toluene at dose levels of 5.3. 8.7, and
17.4 mg into the yolk sac of fresh fertile chicken eggs bdefore incubation.
Following incubation, the percentages of hatch at the 3 doses were, respectively,
85%, 25%, and 0%. Teratogenic effects were not observed in either the eggs that

failed to hateh or in the chicks that did hateh.

14.3.2. Human Reports. Holmberg (1979) gathered information on exposure to
noxious agents during the pregnancias of 120 mothers of children with congenital
CNS defects and their matched-pair controls. The matched-control mother is the
mother whose delivery immediately preceded that of the case mother in the same
Finnish maternity welfare district. Results showed that 14 of the 120 case
mothers had been exposed more often than control mothers (3/120) to organic
soclvents during the first trimester of pregngncy. Apong the 14 exposed mothers,
2 had been exposed to toluene. One of the toluene-exposed zothers (age 18) had
reportedly been exposed in the metal preoducts manufacturing industry (no other -

details of exposure given), and gave birth to a child that diled after 2 hours and
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showed intarmal congenital hydrocephaly and agenesis of :ﬁe corpus ca;losum upon
autopsy; _other rindiﬁgs included pulmonary hypoplasia ‘and a diaphragmatic i
hernia. The other mcthér was exposed to toluene concomitantly with other 30le
vents (xylsene, white spirit, methyl ethyl ketone) during rubber products manu-
facturing; her child was hydranencephalic and died 24 days after birth. It was.
aoted that in this case parental age (maternai, 42 years; patarmal, 44 years) and
a previous child with brain injury (borm 20 years previocusly, died at age 4) were
more likely than the recent axposure to have predisposed the more recent child to
the defact.

Toutant and Lippman (1979) described the birth of. a child with ™nearly
classic® fetal alcohol syndrome o a 20 year old primigravida whose major addice
tion was to solvents (repcrtadly, primarily toluene). This woman had a 14 year
history of dailf heavy solvent abuse (no decaiis provided) and 3 3 year history
~of alcohol intake of about a six-pack of beer weekly. On admission, she.
exhibited .signs compatabile with severs solvent and/or alcohol abuse (ataxia,
resting and intention tremors, mild diffuse sensory deficits, short-tarm aemory
loss, and poor intellectual functioning). The child was born at term, was small
(10th percentile in weight, Sth percesntile in head size), and exhibi:eg abnormal
features that ipciuded aicrocephaly, a flat nasal bridgé, hypoplastic mandible, -
short palpebral flssures, aildly low-saet ears, pronounced sacral dimple, sloping
forehead, and uncoprdinaced aru‘movementa. It was notad that although solvent
abuse rather than alcohol predominated in this mother's addicfion pattern, the

case seemed no different from reports of fatal alcohol syndrome.
- 18,4, SUMMARY

cIIT (1980) concluded that. exposure to 30, 100, orJ300:ppn ioluene for

2% months did not produce an incrsased incidence of neoplastic, prolifaerative,
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imflammatory, or degenerative lesions in rats relative to unexposed controls;
the highest dose tested was not, however, a minimum toxi¢ dose. Other studies
indicate that toluene is not carcinogenic when applied topically to the shaved
skin of mice (Poel, 1973; Linsky and Garecia, 1972; Coombs et al., 1973; Doak
et al., 1976),'and that it does not promote the development of epidermal tumors
following initiation with DMBA (Frei and Kingsley, 1968: Frei and Stephens,
1968).

Toluene has yielded negative results in a battery of microbial, mammalian
cell, and whole organism test systems. The microbial assays conducted include
differential toxicity testing with wild-type and DNA repair-deficient strains of
E. coli and S. typhimurium (Fluck et al., 1976; Mortelmans and Riccio, 1980),
reverse mutation testing with various strains of S. typhimurium, £. coli WP2, and
S. gerevisiae D7 (Litton Bioneties, Inc., 1978a; Mortelmans and Ricecio, 1980;
Nestman et al., 1980), and mitotic gene conversion and crossing-over evaluation
in S. cerevisiae D4 and D7 (Litton Bionetics, Inc., 1978a; Mortelmans and Ricecio,
1980). Toluene also failed to induce specific locus forward mu;ation in the
L5178Y Thymidine Kinase mouse lymphoma cell assay (Litten Bionetics, Inec.,
' 1978a), was negative in the micronucleus test in mice (Kirkhart, 1980), and was
negative in the mouse dominant lethal assay (Littoﬁ Bioneties, Inc., 1981).
Sister-chromatid exchange (SCE) frequencies were not altered in Chinese hamster
ovary cells (Evans and Mitchell, 1980) or in human lymphocytes (Gerner-Smidt and
Friedrich, 1978) cultured with toluene, or in the peripheral lymphocytes cul-
tured from workers with a history of chronic exposure to toluene (Funes-Cravioto
et al., 1977; Maki-Paakkanen et al., 1980).

In the Russian literature, chromosome aberrﬁtions were reported in the bone
marrow cells of rats exposed subcutaneously (Dobrokhotov, 1972; Lyapkalo, 1973)

and via inhalation (Dobrokhotov and Einkeev, 1977) to toluene. These findings
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were not corroborated, howaver, in a Litton Biocnetics, Inc. (1978b) study in rats
following intraperitoneal injsetion, in cultured human lymphocytes e#poaed to
toluene in vitro (Gerner-Smidt and Friedrich, 1978), or in lymphoeytss from
workers chronically exposed to . toluene (Formi et al., 1977; Maki—?aakkanen
et al., 1980). Funes-Cravioto et al. (1977) did report an excess of aberrations
in the lymphocytss from 14 printars axposed to 100 to 200 ppm toluene for 1 to
16 years, but it 1is péobable ﬁhat ﬁart of the exposures was %0 bhenzene-
contaminated toluene.

Toluene was reported in a recent abstract from NIEES to induce cleft palates
at a level of 1.0 mi/kg following oral exposure to mice on days § to 15 of
gestation (Nawrot and Staples, 1979); significant inereases in embryolsthality
andﬂdecfgazes in fatal weight werse noted as well at doses as low as 0.3 m/kg/day
and 0.5 a/kg/day, reépectively. The taratogenic effect reportedly did not
appear to be due merely to the gareral retardation in growth rats. Thres other
studies concluded that toluene is nat teratogenic in mice (Hudak and Ungvary,
1978) or rats (Hudak and Ungvary, 1978; Litton Bionetics, Inc., 1978b; Tatrai ‘
et al., 1980) Cfollowing inhalation exposure. Embryotoxic effects (increased
incidence of skaletal anomalies and signs of retarded 3skeletal development, low
fatal weights) and increased mataernal moreaiity were noted, however, in some of
the rats and aice exposed via inhalation. Injection of toluene Lnté the yolk sae
(McLaughlin et al., 1964) or air space (Elovaara at al., 1979b) of chicken eggs
before incubation or during development, respectively, did not result in terato-

genic effects.
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15. SYNERGISMS AND ANTAGONISMS AT THE PHYSICLOGICAL LEVEL

15.1. BENZENE AND TCLUENE

Animal studies have shown that benzene and toluane may be metabolized by
similar enzyme systems in parenchymal cells of the liver. In the studies of
Pawar and Mungikar (1975), the activities of hepatic aminopyrine Nedemethylase,
NADPH-linked peroxidation, and ascorbate-induced 1lipid peroxidation were
reduced, while acetanilide hydrokylase was increased by either benzene pretreate
ment or toluene pretreatment in male rats. Induction of aminopyrine
N-demethylase and components of the electron transport system was seen when the
animals were given phenobarbital (Pawar and Mungikar, 1975; Mungilkar and Pawar,
1967a, 196Tb). When phenodartital was coadministered with benzene or toluene,
the changes in the activity of these enzymes produced by single administration of
the xenobiotics were attenuated (Pawar and Mungikar, 197S). That induction of
hepatic enzymes by phenobardital affects metabolism of toluene is indicated by
the reduction of toluene toxicity (decreased narcosis) in female rats or male
mice given phenobarbital prior to intraperitoneal injection of toluens (Ikeda
and Ohtsuji, 1971; Koga and Olmiya, 1978) and the accelerated excretion of
taluene metabolites frcm female rats as deseribed in Sectionms 12.3. and 12.34.
(Ixeda and Ohtsuji, 1971). |

The following studies indicate that toluene has the potential for altering
the biocactivity of benzene when given in sufficiently large quantities. When
benzene was given in combination with toluene, the coanversicn of benzene to its
metabolites (phenols) was suppressed in rats (Ikad# et al., 1972) and in mice
(Andrews et al., 1977). Ikeda et al. (1972) administered a mixture of benzene
and toluene (equivalent to 110 mg benzene/kg and 430 mg toluene/kg) intraperi-

toneally to female rats and observed a reduced excretion of total phenols. When
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a mixture of toluene and benzene (110 mg toluenes/kg and U44Q amg benzede/kg) was
administered, hippuric acid excretion was reduced up to 4 hours aftar injection.
Induction of hapatic microsomal enzymes by phenobarbital prior to administration
of the mixture alleviated the suppression.

Andrews et al. (1977) co-administered 340 or 880 mg/kg benzene and |
1720 ag/kg tolﬁene intraperitoneally to mice and found a significant reducticn .
in urinary excretion of benzene matabolites and'a compensatory increase of pul-
monary aexcretion of unmetabolized benzene. When toluene and benzene were coade
ministered by subcutanecus injection, toluene did not significantly change the
total amount of benzene found in fat, liver; spleen, blood, or bone marrow, but
it did reduce significantly the accumulation of metabolites in these tissues.
Coadministration of toluene and benzene also counteracted b;nzene-indudadlreduc-'
~ tiem of red cell 59?9 uptake in developing erythrocytes, suggesting that thes -
myelotoxicity of benzene might de attenuatad by toluene-inhibition of bLenzaene
ma@aboiisl in the bone marrow. In an in vitro study of a liver microscme
prepération. Andrews and coworkers (1977) detarmined that toluene is a competi-
tive inhibitor of benzene metabolism. |

In the studies of Ikeda et al. (1972) and Andrews et al. (1977), however,
benzene and toluene were given intraperitoneally in large amounts. Sato and
Nakajima (1979b) used doses in the range of 24.2 to 390.6 mg/kg of benzene and
28.6 to 360.8 mg/kg of toluene to assess concentrations which might be found in
the worikplace. They found that when benzene was given to rats {n the range of
28.2 to 97.7 mg/kg, theres was no significant difference in the rate of disap=-
pearance of benzene from the blcod whether the benzene was administered singly or
in eompination with an equimolar amount of'toluene. At a dose of 390.6 mg/kg
benzene, an equimolar dose of toluene delayed the disappearance of benzene from

blecod, and the excretion of phenol was reduged. A dose-dependent inhibition of
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the metabolism of benzene by toluene was found. In a study of human exposure,
inhalation of a mixture of 25 ppm benzene and 100 ppm toluene for 2 hours did not
exert any influence on the disappearance rate of benzene and toluene in either
blood or end-tidal (alveolar) air as compared to inhalation of either solvent
singly. Desatﬁration curves (concentration versus time) for blood or end-tidal
air obtained for each solvent after inhalation of the specified mixture were
virtualiy superimposable on desaturation curves obtained after inhalation of the
same solvent (25 ppﬁ benzene or 100 ppm toluene) by itself. These results
indiecate that in the range of threshold limit value "the pharmacokinetic
processes . . . of absorption, distribution, excretion, and metabolism of either
benzene or toluene are not influenced by simultaneous exposures to the other”
{Sato and Nakajima, 1979b). The data for the single-solvent exposures had been
published previously (Sato et al., 1978b); details of the axperiment with

toluene were discussed in Section 12.4.

15.2. XYLENES AND TOLUENE

When 0.1 al/kg or 0.2 mi/kg toluene was co-administered with similar doses
of mexylene intraperitoneally into male rats, the amounts of hippuric and
g—methylhipﬁuric acid excreted in urine over a period of 24 hours were not
dirferent from the amount of metabolites formed by single injection of toluene or
m-xylene. The velocity of excretion of metabcliﬁas in the simultaneously
injectad group was slightly delayed in comparison with that in singly injected
groups. Thus, simultaneous administration of the compounds does not signifie
ecantly interfere with the metabolism of either compound (Ogata and Fujii, 1979).

To study the excretion kinetic interﬁctions between toluene and xylaene,
Riihimaki (1979) determined the conjugation and urinary excretion of metabolites

of toluene and mexylene, denzoic acid and methylbenzoic acid, respectively, in
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vivo in one man. E‘érty-&ne mill;moles benzoic acid or 7.4 mmol mechylbenzoic
acid was ingestad singly or in combination by cone adult human male. In the 25 to
30 hours that urine was collected. aftar ingestion, the total recovery of the
ingesced compounds with the exception of one sample (duse execretad in that case:
84%) indicaf.éd that all excretiocn took place via the kidneys. The combined
intakes of methylbenzoic acid and benzoic acid did not significantly affect conjue:
gation or excretion of either metabolita. This study indicates that during
similtaneous exbosurea to toluene and m-xylene, even at a re.latively high level
ctl occupational exposurs, conjugation and axerstion of metabolites are not
ukely to be rate-limiting steps except under conditionms of lm;ed availabilicy-

of glycine,

15.3. TOLUENE AND OTHER SOLVENTS

Simultanecus intraperitoneal injection of 1.18 g/kg toluene with 0.91 g/kg
a-hexane into female rats did not affect the concentrations of g-héxane in the
blood nor was excretion of hippuric acid affected by ccadministraton of n-hexane
(Suzuki et al., 1978). |

Cc_:adninistmtion of athanol by ingestion and of toluene by -Lnaalation.
(4000 =g toluexie/m3, 6 hours daily, 5 days a week for 4 weeks) into rats did not
change the electrocardiogranm, hematocrit values, or histological and histo-
" chemical structure of the heart. Toluene increased vascular resistance of the
myocardium and reduced cersbral blood flow, while alcohol ingestion reduced
arterial blood pressure, the cardiac index, and blood flow to the ayocardium,
kidney, skin, and carcass. Myccardial and cutaneous vascular resistance, as well
as cerebral blood flow, mcreaaed after alcochol ingestion. It was concluded that
combined exposure o the two substances produced additive effaects on myocardial

vascular resistance (Morvai and Ungvary, 1979). During subchronic exposure of
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rats to toluene and ethanol, there i3 a potentiation of microsomal and mitoe
chondrial changes in the liver (Hudak et al., 1978).

In their study of joint toxic action, Smyth et al. (1969) suggested that
perchlorcethylene is capable of enhancing the toxicity of toluene administered
orally in rats. Withey and Hall (1975) observed that administration by intubae
tion into rats of trichloroethylene and toluene in combinations of mixtures at
five different dose levels revealed a departure from an additive model. They
concluded that the effect of co-administration of the solvents could not be
described in terms of synergism or potentiation until further studies were made.

Ikeda (1974) observed that coadministration of trichloroethylene and
toluene (730 mg/kg and 430 mg/kg, respectively) by the 1ntr§peritoneal route
into rats reduced the amounts of metabolites of both solvents compared with

amounts excretad after administration of either solvent alone.
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.16. ECQOSYSTEM CONSITERATIONS
“16.1. EFFECTS ON VEGETATION

16.1.1., Introduction. Toluene wolatilizes fapidly from solutions (Mackay and
-wclkofr, 1973). Most studies investigating the phototoxicity of toluene have
been with algae. Of these studies, only one (Dunstan et al., 1973) was done
under conditions that maintained a nearly constant concentration of toluene in
the culture medium throughout the experiment. OQther studies were done with
culture vessels capped with metal caps or with cotton plugs, allowing the toluene
to volatilize and escape from the exposure solutions. Even though steady-state
concentrations are lacking, these studies do approximate situations in the
enviromment where a point sour?e of toluene exists to a body of water. The
discussion of these studies will, thqrefore. be under the headings of "closed"

and "open® exparimental systems,
16.1.2. Effects of Toluene on Plants.
16.1.2.1. ALm

16.1.2.1.1. Clesed System Studies -= Dunstan et al. (1975) exposed U
marine algal species to taluene concentrations ranging fram 1 %20 105 ug/l.
Axenic algal cultures were inoculated at 18sC and grown with a 12-hour light/dark
eycle under cool-white fluorescent light (4000 pW/cmz, 380 to 700 m) 1in
filtered enriched seawater. To minimizs loss of toluene by vaporization, the
125 ol Erlemmeyer flasks were made airtight with rubber stoppers. Experiments

wereg never rub beyond a cell density at which coz limitations might limit growth.
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The four species used wers the diatom, ékeletonem M; the dinoflagellatas,
Amphidinium carterae; the cocolithophorid, Cricosohaera carterae; and the green
flagellate, Dunaliella tertiolecta.

To illustrate the dirficuity of sstablishing absolute concentn;ion when
working with toluene, Dunstan et al. (1975) observed the toluene concentrations
at three intervals in stoppered flasks (Table 16-1). Eighty-four percent of the
theorstial initial concentration was lost at the beginning of the experiment
during the.- handling and dispensing of the taluené into culture flasks, even when
the toluene was rapidly dispensed under starile conditions.

" Pigure 16=1 shows how toluene can both stimulate and imhibit algal growth
depending on the species and the concentration of toluens. " The dinoflagellata,
AQMdiniu’m cartarae was i{nhibited at all concentrations--of —toluene--(1 to
] t05 ug/%) from 20 to 50%. The other three species however, were stimulataed by 1
te 10“ ug/?.,‘ but higher concentrations “ of toluene either had no effect
(Dunaliella tartiolecta) or became inhibitory (Skeleeoneﬁa---~~costatun- and
W(-.'Vz_-icosgnaera carterae). This work indicated that one of-the most. significant
envirommental effects was in tne short-tarm sslection of certain phytoplanktonic
specias by ‘che growth stimulation brought about by low levels of toluene.
Dunstan et al. (1975) concluded that the differential zrowth of phytoplanktonic
species within the phytoplankton population ultimately detsrmines the community
structure, its succession, and its trophic relacionship.

_Potara (1975) evaluated the effect of toluene on saltwater phytoplankton
doﬁinated by Chlorella sp. using Warburg manometry. Toluene inhibited-photo=
syathesis 29% at 34 mg/% and 35% at 342 mg/% (at 20=C). " Respiration (at 20sC)
was inhibited 62% at 34 ag/% and 16% at 342 mg/L. |
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TABLE 16-1

Concentrations of Toluene in Stoppered Flasksa

Time of Measurement Percent of Theoretical
Concentration

Theoretical initial concentration 100

Measured initial concentration 16

Conesntration after 3 days of growth
Stoppered flask 1%

Cotton=plugged flask 1

33ource: Dunstan et al., 1975
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Phytoplankton Growth in Various Concentrations of Toluene (Organisms were grown

in stoppered flasks. Growth, measured by cell numbers and in vivo chlorophyll,

was derermined on the 2nd and 3rd days of logarithmic growch. Concencrations of
low molecular weight hydrocarbons are in theoretical values.)

Source: Dunstan et al., 1975
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16.1.2.1.2. Open Studies - Illustrative of the "open” type of experiment
is that of Kauss and Hutchinson (1975). The freshwater alga, Chlorella vulgaris,
was exposed to toluene for 10 days in 125 m¢ cotton-plugged Erlenmeyer flasks.
Each flask was agitated to resuspend the cells daily. The concentrations listed
in Figure 16-2 are nominal initial concentrations. In this cpen experiment,
toluene was less toxic to the alga because the toluene concentration diminished
By volatilization during the experiments. Comparison with controls revealed
that a lag phase that lasted for one day existed between inoculation and
commencement of growth rdr S0 and 100 mg/%. Recovery was less rapid with
250 mg/%. At concentrations approaching toluene saturation (i.e., S0S5 mg/l),
toluene was lethal %o the cells.

Table 16=2 sunnarizés the toxic effects of toluene on algae. In.assessing
the toxicity of toluene to algae, both the inherent toxicity of toluene an& the
exposure time need to be considered. The no-erfect-concentracion for most algal
species studied appears to be at the 10 mglz‘level. The evaporation rate from
solution (fresh or saltwater) however, rapidly diminishes the axposure concen-
tration of toluene (Dunstan et al., 1975). The toxicity of toluene is more
closely approximated by levels of 100 mg/% in "open” systems, as shown by Kauss

and Hutchinson (1975).

18.1.2.2. EFFECTS ON HIGHER PLANTS == Currier (1951) exposed b)arley,
tomatoes, and carrots to toluene vapor. Air at a flow rate of 11.5 %/min passed
through a small-vaporizing chamber c¢ontaining the toluene and into the top of a
bell jar containing the plants. The concentration of tbluene in the vapor
chamber was varied by changing the temperature of the toluene. The concentration
of vapor in the air was detsrmined by measuring the amount of toluene evaborated

per unit . of time. Three tomatoes, 20 carrots, and 12 barley seedlings were
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TABLE 16-2

Toxic Effects of Toluene to Algae

Species Concentration Effect Refeaerence
FRESHWATER
chlorella vulgaris 245 mg/% 24 n EC Rauss and Hutchinson,
R (cell ndfber) 1975
Chlorella vulgaris 250 mg/2 96 n no-effect conec. Kauss and Hutchinson,
' (eell number) 1975
Microcystis aerugincsa 105 mg/% 3 d noeeffect conc. Bringmann and Kuhn,
: (chlorophyll a) 1978
Scenedesmus guadricauda >400 mg/% 8 d no-effect cone. Bringmann and Kuhn,
(chlorophyll a) 1978
SALTWATER
Amphidinium carterae <0.001 mg/% 2 50 3 4 no-effact Dunstan et al.,
' conc. (csll number 1975
and chlorophyll)
Dunaliella tertioclecta 10 mg/2 2 to 34 no-effect Dunstan et al.,
eone. (cell number 1975
and chlorophyll)
Skeletonema costatum 10 ng/% 2 to 3 d no-effect Dunstan et al.,
conc. (cell number 1975
and chlorophyll)
Cricosphaera carterae 10 mg/2 2 to 3 d no=effect Dunstan et al.,
cone. (cell number 1975
and chlorophyll)
|
Ectocarous sp. 1730 mg/2 inhibits asexual. Skinner, 1972
spore geraination
Enteromorsha sp. 1730 mg/2 inhibits asexual Skinner, 1972

spore germination‘“‘wuw

h = hour; conc. sz concentration; d = day.
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tasted 32; 32, and 14 days respectively after planting. Plants wers sxposed in
the gas chamber for 1/4, 1/2, 1, and 2 hours. The type and extant of injury were
recorded after one month to allo.w for a recovery period. Temperature of the
plants was held at 25°C. _ | _

Results showed that toxic effects of toluene vapor werse influencéd by expo-
sure period and dosage (Table 16-3). Toluene was obagrved .to be toxic at
concentrations of §.4 to 12.0 mg/% ﬁftar 15 minutes of exposurs (Currier, 1951).
Fifteen minutes of exposurs at 12 ag/% toluene produced a 50, 0, and 60% injury
to tomato, carrot, and barley, respectively. The effects of the exposures on
flower and fruit development were noe‘ detarmined. For lethality to occur at
12.0 mg/%, barley required 1 hour, tomato 2 hours, and carrot over 2 hours. The
toxicity appeared to vary marked;.y within a narrow limit. By lowering the
concentration of toluene rroﬁ 12.0 to' 6.4 mg/%, the percentage of injury to
barley after a two hour exposure was reduced from 100% (lethal) to 15%. At
25.1 ag/%, toluene was only twice as toxic to barley seedlings as at 12.0 tng/.'l..
after a 30 minute exposure.

Toluene entered the plant rapidly through the cuticle and stomata. Symptoms
of injury included a darkening of the tips of the youngest leaves, presumably as
a result of leakage of sap into the cellular spaces (Currier, 1951). This
darkening spread %o the older leéves. There was a loss of turgor, with draping
stems and leaves. In brighﬁ sunlight, the chlorcophyll was destroyed.

Toluene is classified as a contact poisom that quickly kills the plant
tissue with which it comes in contact (Currier, 1951). ‘This material is not
~ accumulated in plants nor is it translocated. The mechanism of toxicity involves
disorganization of the outer membrane of the cell due to solvent action on the
lipéid constituents, resulting in disruption of photosynthesis, respiration, and

turgor pressure,
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TABLE 16-3

Toxie Effects of Toluene Vapor on Carrots, Tomatoes, and Barleya

Percent Injuryb

Material Concentration Exposure Time (h)

1/8 1/2 1 2
Tomato 12.0 mg/2 50 60 75 100
Carrot 12.0 mg/L Q 50 75 5
Barley 12.0 mg/2 60 50 98 100
Barley : 6.4 mg/2 0 25 15 15

Barley 4.1 mg/2 ND 100 100 ND

33ource: Currier, 1951
“ci 2 no affect; 100% = lethal 1 month after exposurs.
B = hour; ND = not determined.
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16.2. BIOCONCENTRATION, BIQACCUMULATION, AND BIOMAGNIFICATION POTENTIAL

L,Lniited infomatién i3 available concerning tolusne’s potential for accumu-
lating in aquatic organisms and aquatic food chains. Possible pathways of
tolusne uptaim are directly fzﬁ: water (tioconcsntraticn) and from both watar and
food (Moaccumulation). Bicnagniricacion occurs if the comcentration of a com= _
pound in an organism increases with its trophic level as a result of passage
through food chains, _ : R

Nunes and Benville (1979) studied the uptake and depurdtion of toluene and
other monocyclic aramatic camponents of the waton-soiuble fraction (WSF) of
Alasian Cook Inlet crude oil in Manila olams (Tapes semidecussata). Clams were
‘cxpose'd, for eight days to a comstant WSF concenﬁration under continuouseflow
exposure conditicns., The tolusne concentraticn in water was measured daily. The
taoluene concentration in a pooled sample of 10 clams was measured at 2, 3, §, and
8 days. At the end of the exposure period, remaining clams were transferred to
clean-flowing seawater and poocled tissue samples were analyzsd for toluene after
1, 7, and 12 days of depuration. The data are provided inAtha following tabula-

tion:
Tolusne Conceantration (ppm)
Days wat er Tissﬁe
Exposure
1 1.2 -
2 1.3 2.3
3 1.7 o
4 1.4 2.2
5 1‘2 o
6 0.9 0.87
7 100 band
8 1.1 2.0
Depuration
1 hand 3930
7 hand 0080
it} -
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The mean water concentration during the uptake period was 1.2 ppm toluene.
Tissue concentrations reached a maximum by two days of exposure and remained
relatively constant except for a temporary decline onm day six. The average
tissue concentration during the exposure period was 1.5 ppm. The calculated
-bioconcentration factor (BCF) is 1.25 (which is equivalent to 1.5 ppm in tissue
and 1.2 ppm in water). The depuration study showed that téluene was lost rapidly
during the first week of depuration, but that a significant conqentratidn of
toluene remained in the clams by two weeks afte; beginning depuration.

Hansen et al. (1978) investigated the uptake and depuration of 1uc-toluene
by blue mussels (Mytilus edulis). Groups of mussels were exposed under static
conditions to four concentrations of 1uc-toluene for up to eight hours, folloue¢
by exposure to clean recirculating seawater for up to 192 hours. The 1n&‘.—tc:all.t.aexste
concentration in water and tissue (pooled.sample from four mussels) was measured
by liquid scintillation counting at 1, 2, 4, and 8 hours after beginning the
uptake phase and periodically in tissue during the depuration phase.

The 1uc-tt:luex:\e concentr;ticn in tissue exceeded the water concentration by‘
one hour at all exposure congentrations except the highest (40 ul/kg z ppm),
which was toxic as shown by closure of.the mussels at this concentration (Hansen
et al., 1978). Equilibrium was reached by four hours in all groups. The BCF
values at eight hours, expressed as the tissue concentratiocn divided by the mean

water concentration, were as follows:

Water concentration

(b /kg) . BCF
0.05 3.8
0.4 5.7
5.0 3.6
4,0 3.6

The BCF values, which averaged 4.2, seemed to be independent of the exposure

concentration, indicating that accumulation was proportional to the level in
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water (Hansen et al., 1978). More than half of the accumulated 1“C-t:c.vlueue was

eliminated by one hour aftar the depuration phase began at all exposure concen-

1

trations. The depuration time by which no ' C-toluene was detectable in tissue

was one hour in the mussels exposed to 0.05 ud mc-toluene/kg, four hours for
those axposed to 0.4 ul/kg, 120 hours for those axposed to 4 ul/kg, and 192 hours .
for the animals exposed to 40 pd/kg.

-Lee at al. (1972) reported that the same species of uﬁasel (Mytilus edulis)

14

took up 3 to 10 ug of ' C-toluene per mussel (average dry weight tissue = 0.3 g)

during static expoéure for an unspecified period of time to 0.1 to 0.5 mg/%.
Using tissue toluene concentrations of 10 to 33 ug/sg, 'tne-BCF is calculated to
hafro been be:ween 66. and 100. Because these values ars baaed on dry tissue
mighta rather t:han wet weight, they are considerably higher than those reported.

by Nunes and Benville (1979) and Hansen et al. (1978).

14

aex-z-y (1980) investigatad the uptake of ' C-toluens by bluegill sunfish

. (Lepomis macrochirus) and crayfish (Orconectas rusticus). The exposure solu-

tions were prepared by adding 1 mt of 'V

experiment and by adding 1 ad mc-toluene to 10 L of water for the crayfish

C-toluene to 100 L of water for the fish

experiment. A youp.of 40 animals was added after thorough mixing of the solu-
tions. Duplicats water samples and 2 to 4 animals were taken at 0, 0.5, 1, 2, 4,
8, 12, 16, 20, 24, and 48 hours aftar beginning exposure. The 1nc:-c‘:u.uene

concentration, expressed as nanograms per milligram (= ppm), was detarmined i{in

- water and in 7 (ecrayfish) or 9 (fish) tissues or organs by liquid scintillation

counting. The 3BC® for each tissue was also calculated. Analysis of water
samples showed that the toluene conceatration in water decreased at a uuch'
grﬁater rata in the c¢rayfish eaxperiment than in the bdluegill experiment (8_9$
versus 51% loss by 43 hours). The maximum BCF’of bluegill tissues ranged fronm

about 3 for bdrain to 45 for spleen. Fish muscle tissue was not analyzed. The
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maximum 3G for most fish tissues was reached by eight hours. The maximum BCF of
crayfish tissues ranged from about 8 for muscle to 140 for hepatopancreas. fhe
3C& values increased throughout the 48 hour exposure. period for all tissues
except testes and muscle. These results indicate that toluene is accumulated
above the water concentration by many tissues in these two species, The BC of
eight in the edible portion (muscle) of crayfish is considered to be a minimum
" value because of the rapidly decreasing toluene exposure concentration during
this experiment. '

Berry et al. (1978) also measured the uptake of 3H-t;oluene by fed and unfed
mosquito (Aedes aegypti) larvae and the uptake of 3H-;!:c:].uene by fed larvae in the
presence or absence of .benzene. The larvae vers exposed to an initial concentra-
tion of 0.5 md BH-toluenelz water. Duplicate water samples and 2 to S larvae
were taken at 1, 2, 4, 8, 12, 16, 20, and 28 hours and counted individually by
liquid secintillation counting. Maximum 3ﬂ-coluene counts per minute (cpm) were
equal in fed and unfed larvae, but were reached more quickly (one hour versus
four hours) by the fed animals. The 3H-toluene counts per minute values in
larvae, expressed as the percentage of initial water coumnts, were greater during
the first four hours in the benzene and toluene mixture than in the solution
containing toluene alone. B values cannot be caleulated because the authors
expresssed 3H-coluene uptake as counts per minute per larvae rather than counts
per minute per gram. The weight of the larvae was not provided. Interprsetation
was also ccmplicated by rapid loss of 3H-ecluene (half-time about four hours)
during the uptake period. It is likely, however, .tbat uptake by ingestiocn of
toluene adsorbed to téod particles can bde a significant route of accumulation in
aquatic organisms.

Qgate and Miyake (1973) identified toluene as the cause of offensive odor in

the flesh of grey mullet (Mugil japanicus) taken from a harbor receiving efflu-
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ents from refineries and petrocnemical industries. Toluene was ideﬁtified ia
seawater and fish tissue by gas' chromatography, infrared (IR) and ultraviolet
(UV) absorption, and mass spectrométry. The toluene conceatration in most fish
was not quantified; however, the flesh of one mullet with an offensive odor con-
tained S5 ppm toluena. Additional experiments showed that tolueme was accumu=
Iated by caged eels kept for ten days in several locaﬁions iﬁ the harbor to an
average of 2.1 times the water concentration. These eels had the zsame offensive
ador as mullet collected from the harbor. In another experiment, four eels were
exposed in seawatar to which a mixed solution of bénzene, toluene, and xylenes
was added daily for five days. The concentration of each chemical was then

measured in seawater, muscle, and liver. The results with toluene were as-

follows:
Toluene Concentration '
Fish No. (pom) BCF R
Muscle 1 11.2 Q.70
2 2.8 0.16
3 5.1 o 0.32
4 30.8 1.91
Mean 12.4 ‘ 0.77
Liver 1 9.0 0.58
2 255 ol16
3 5.2 0.32
u 2.5 . 0'16
Mean 4.3 0.30
Watar - 168.1 —

The results indicats that B3CF in muscle was equal to or greater than the BCF in
liver and that tissue concentrations rarely exceeded the water concentration.
In later experiments, Ogata and Miyake (1978) found that eels (Anguilla

Japonica) accumulated toluene to whole-body concentrations greater than the

watep concentration in freshwater. For this study, the authors studied the

uptake and elimination of toluene by eels exposed in freshwatar to crude oil.
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The animals were exposed for ten days to a recirculating oil suspension (50 ppm,
w/v) which was renewed every day. During this pe?iod, the toluene concentration
was measured in pooled groups of 5 eels taken on 1, 5, and 10 days after
beginning exposure. The concentration of toluene in water was measured each day
at 1, 3, 6, 9, 18.5; and 24 hours after preparing the crude oil suspensions. The
remaining eels were then transferred to clean seawater and sampled after 3, 5,
and 10 days of depuration. The average toluene concentration in water during the
uptake period was 0.130 ppm. The concentration in eels was 0.641 ppm after
1 day, 1.547 ppm after 5 days, and 1,718 pbm aftgr 10 days. The respective BCF
values were 4.9, 11.9, and 13.2. A semilogarithmic plot of the logariﬁnm of
tissue concentration versus time indicated that equilibrium had not quite been
reached by ten days. The depuration phase of the experiment showed that tissue
concentration decreased rapidly from 1.718 ppm at the bdeginning of depuration to
0.315 ppm after 3 days, 0.121 ppm after 5 days, and 0.035 ppm after 10 days. A
semilog plot showed that toluene was eliminated in 2 phases. The elimination
half-time during the first phase, lasting from 0 to 5 days, was 1.4 days. About
93% of the accumulated toluene wa§ eliminated by the end of this pericd. The
remaining toluene was eliminatad at a somewhat slower rate, with about 2% oflthe
accumulated‘toluene reméining after tan days of depuration.

The only information found concerming food=chain transfer of toluene is
provided by Berry and Fisher (1979), who exposed mosquito larvae (Aedes aegyoti)
to 1uc-toluene for 3 hours and then fed them %o bluegill sunfish (Lepomis
macrochirus). In duplicate experiments, each of 25 fish in_separate containers
were fed with 10 contaminated larvae. The mean level of radiocactivity in 10
larvae was 736 cpm in the first experiment and.3196 cpm in the second experiment.
Internal organs (spleen, gall bladder, liver, stomach, intestine, and kidney)

from S fish, sampled at each interval of 1, 4, 8, 24, and 48 hours after Teeding,
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were analyzed for radicactivity by liquid scintillation counting. Radiéaccivity
was expressed as counts per minute per organ rather than on a weight basis. The
only organ that had counts per minute values signiricantly greater than back-
ground levels was the stamach at 1, 4, and 8 hours after.teeding. The authors
concluded that an insignificant amount of toluene, if any, leaves the digestive
tract to be accumulated ia other organs of‘suu.’ish. The wvalidity of this
conclusion i3 ukmown because the doss was 3o low that absorption, if it had
cccurred, could not have been diffaerentiated from background counts and because
the counts were not axpressed on a tissue weight basis, even in the stamach.

In summary, the available information indicates that the primary path of
taluene uptaks in aquatic organmisms is direct absorption ;ran water., The
 reported or calculated B3 valuss for edible porticn or wihole 'or@ni’sfn rangad
'bctween <1 to about 14, inﬁcﬁung that tcoluene has a low bioconcentration
potential. These BCF values are lower than the value predicted on the basis of
the relationship established between octancl-watar partition coefficient (P) of
lipophilic compounds and steady-stats BCF (veith et al., 1979). This relation-
ship, expressed by the equation "log BCF = (0.85 log P) - 0.70," would predict a
8C of 39, using a log P value of 2.69 for tolusne (see Subsection 3.5.2.). |

L;ow biocconcentraton potentia.l,. rapid depuration, and the ability of fish to
‘metabolize toluene all indicate that toluene is unlikely to biamagnify through
aquatic food chains. Aquatic organisms do accumulate toluene, however, and con-
centrations in edible species from polluted areas have reached levels that cause

organcleptic effects in humans (Ogate and Miyake, 1973).

16.3. EFFECTS (N MICROORGANISMS
Tolusne has bdeen used for quite some time as an antimicrobial agent.

Sabalitschka and Preuss (1954) starilized a urine sample containing Sscherichia
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coli and Pseudomonas fluorescens within 24 hours with U4C00 mg/% toluene.
Threshold concentrations for toluene have been established by Bringmann and Kuhn
(1959, 1976, 1977, 1980) for various microorganisms. These investigators
reported values of 29 mg/% for P. putida, 200 mg/% for E. ¢oli, and greater than
450 mg/L for the ciliated protozoan Uronema parduczi. Partial sterilization of
so0il was achieved by adding toluene to the soil (Pochon and Lajudie, 1348).

The effects of toluene on bdacterial activity and growth have also been
studied., As measure& by methane evolution rates, 20 mg/% toluene increased the
growth rate of bacteria in sewage 3ludge deposits, while 200 mg/% produced a
toxic effect (Barash, 1957). Similarly low levels of toluene allowed good growth
of P. putida and Nocardia sp., while saturation levels (515 mg/% at 20°C) were
toxic (Gibson, 1975). Depending on the concentration (173 to 17,300 mg/l), a
rotifer (Dicranophorus foreipatus) was unaffected, or temporarily inhibited, or |
permanently inhibited by tolusne (Erben, 1978). Death and disintegration of
rumen ciliates occurred between 460 and 645 mg/? of toluene (Eadie et al., 1956).
At sublethal concentrations (1000 and 6000 mg/%), tolusne caused a negative
chemotactic response or totally inhibited the chemotatic response of all marine
bacteria tested (Mitchell et al.,>1972; Young and Mitchell, 1973). Although the
effacts were reversibdle, the authors of the 1972 paper expreased concern that the
innibitién could sericusly undermine the capacity of the marine microflora to
control the self-purification processes in the sea. 3Beck and Poschenriéder
(1963) found that high concentrations of toluense (50 to 100,000 mg/g of soil)
suppressed soil microfliora activity. In additicon, they found that gram=positive
bacilli sporeformers, streptomycetes, and cocel were especially resistant, while
gram=negative dacteria were sensitive.

Toluene has been shown to affect the integrity of the microbial cell wall

and cytoplasmic membrane (Dean, 1978). Thompson and Macleod (1974) reported that
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marine pseudomonad cells washed and suspended in 0.5 M NaCl were lysed by treat-
ment with 20,000 mg/% toluene and released 9% of the cealls’ allaliu_s phog=-
phatase. Because the cells remained intact with 0.05 M MgSO, and 20,000 mg/2
taluene, the authors concluded that Mg ions prevented csllular disruption by
strengthening the integrity of the cell wall. Woldringh (1973) established that
a 2500 mg/% 3soclution of tolusne partially dissolved the imner cytoplasmic
membrane of E. coli and displaced nuclear material to the periphery of the cell.
DaSmet et al. (1978) reported that at 100,000 mg/%2 tolusne, the cytoplasnid
membrane was completely diaorganizey!. The presence of Mg lons at lower toluene
concentraticns (up to 10,000 mg/L), however, .prevent:ed extansive damage to the
cyeoplg_smic membrane and loss of intracellular materia»l;' thus;- permeability
depanded'on the integ'ity of the outer membrane (DeSmet et al., 1978). Deutscher
(1974) found that the effects of toluene treatment wera dapendent on various
cultura; conditions including pd, temperature, Mg ion concsatration, and ages of
the culture. Temperature-dependent effects of toluene treatment were alsa
reported by Jaclaon and DeMess (1965). Toluene changed the asymmetric unit
membrane profile to a symmetrice prorué in vegetative cells of Bacillus subtilis
and"cau.sed ém in the membrane to appear (Silva et al., 1978). Fan and
Gardner-Eckstram (1975) found that toluene-treated Bacillus gpegaterium cells
liberated a membrane protein essential for peptidoglyca aymthesis and that this
protein could be added back to the membrane to reconstituta peptidoglycan sy~

thesis. Taluene at 86,000 mg/% induced the autolysis of Saccharomyeces

gerevisiae, the release of 0OV abéorbing substances from-the cells, and the

deacylaticn of phosphoplipids (Ishida, 1978). At saturation concsatrations of -

toluene, however, no cytolysis of yeast occurred (Lindenberg et al., 1957).
Scholz et al. (1959) noted that toluene-treated yeast cells accumulated hexo-

sephosphates. Bucksteeg (1942) found that the concentration of toluene and time
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of exposure determined its effect on Cytoohaga sp. and Azotobacter chroococcum.
The lower the concentration, the longer the contact time needed to produce léchal
effects, Azotobacter was more resistant than the Cytoohaza sp. Bucksteeg
theorized that toluene affected the physical and chemical constitution of the

cell. An alteration in plaque morphology im two coliphages (Tsrt and T.)

3
occurred with 1% toluene (Brown, 1957).

The ability of toluene to disrupt cell membranes led to the use of this
compound as an ummasking agent in microbial research to assay a variety of
enzymes (Herzenberg, 1959; Dobrogosz and DeMoss, 1963; Levinthal et al., 1962).
The in vitro assays using toluene have been used to make enzymes within a cell
accessible to exogenous substrates (Jackson and DeMass, 1965; DeSmet et al., -
1978) . Generally, toluene treatment makes the cells permeable to low molecular
weight compounds (such as deoxynucleoside triphoaphate dNTP) and several
macromolecul es uhile' remaining impemgable to pzfoteins larger than approximately
50,000 daltons (Deutscher, 1974; DeSmet et al., 1978). Several investigators
have used these findings to study DNA replication in bacteria (E. coli, B.
subtilis), bacteriophage (E. coli, rn), and diatems (Cylindrotheeca fusiformis)

ter treating the organisms with G.1 to 1% toluene in solution (Miller et al.,
1973; McNicol and Miller, 1975; Moses and Richarson, 1970; Matsushita et al.,
1971; Winsten and Matsushita, 1975; Sullivan and Valeani, 1976). Other uses of
toluene treated cells are in studying the synthesis of heteroribonucleotides,
SNA, and peptidoglycan and the repair synthesis of DNA (DeSmet et al., 1978;
Mcses and Richardson, 1970; Segev et al., 1973; Winston and Matsushita, 1975).
Burger (1971) showed that toluene-treated E. gcoli cells continued DNA replica=-
tion, but only in that chromcscmal region that was about to be replicated

in vitro. Toluene-treated cells can also be used to study the effects of various
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antibiotics in cell growth and DNA replicaticn (Hedn, 1954; Burguf and Glaser,
1573) . | _

Although the exact mechanisms of toluenewinduced disaggregration of csll
membranes are not iknown, Jaskson and DeMoss (1965) stata that the mechanisms {all .:
into two classes: (1) a disaggregrating (autolytic) enzyms(s) perhaps syn;
thesized in ths presence of toluene or (2) a direct denaturation of csll membrane
constitusnts such as phoapholipids; a condition inhibitad by stabilizing factors

such as divalent cations (e.g., Mg).
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17. EFFECTS ON AQUATIC SPECIES

17.1. GUIDELINES FOR EVALUATION

Evaluation of the avaiiable information concerning the effects of toluene
on aquatic organisms must. take into account several factors. A primary cone
sideration for evaluation of toxicity test results is toluene's high volatilicy.
The half-life for volatilization of toluene from a water column one @ deep has
been reported to be between approximately 30 minutes (Mackay and Wolkoff, 1973)
and 5 hours (Mackay and Leinonen, 1975). Benville and Korn (1977) analyzed the
toluene concentration in test containers during a $6 hour static toxicity test
and showed that the percentage of toluene lost was 48% by 24 hours, 53% by
48 hours, and greater than 99% by 72 hours. Korn et al. (1979) reported thaé
toluene was lost at a greater rate from biocassay containers at 12°C (99% loss by
72 hours) than at 8°C (>99% loss by 96 hours) or at u°é (75% loss by 96 hours).
Poter# (1975) found that the observed half-life of toluene in biocassay containers
was 16.5 +# 1.13 hours. The rate of volatilization of toluene from water varies
with the amount of mixing, temperature, surface area to volume ratio, and other
factors. Adsorption to sediments aﬁd suspended particles may decrease evapora-
tive loss and result in greater persistence of toluene. Although adsorption may
lower the concentration of dissolved toluene in the water column, ﬁinding to
sediment and suspended matter may increase the efféctive exposure concentration
to benthic and filter-feeding organisms.

Most of the reportad aquatic toxicity studies with toluene have used a
static exposure technique. In most cases, the LCso has been calculated on the
basis of initial nominal (unmeasured) or initial measured concentrations. The

test organisms in these static experiments however, are exposed to rapidly
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decreasing toluens conesntrations. Most of the reported acuts sf:at:ic toxicity
studies show little or 0o change in the LC o value between 24 and 96 hours. This
lack of change indicates that most, if not all, of the mortalities in these tasts
accurred during the first 24 hours when toluene concentrations were highest. In
contrast, those tiow-chrough studiaes that reported acuts Lc‘50~ values at more than

one exboaure period showed that LC_.. values decreased significantly with time.

50

Numesrous other _ factors may affact the results of toxicity tests with
toluene., It has been lshown that the acute toxicity of toiueﬁe is affected in
some cases bdy temperature and salinity (Seetion 17.3.). T!:Qae effects on
toxicity may be due to effsats on the taest organisms (metabolism, uptake, stress,.
atc.), effects on the physicochemical behavior of toluens (solubility, volatili-
zation, ete.), or interactive' affacts of both. For mp].e, toluenes is less
.soluble, in saltwater than in treshﬁater and 1s both more soluble and more vola-
tile at higher :‘emperaeures.l Laboratory results may also be innﬁenced by theA
loading ratio {gram-. organian per 1liter water); di:aolved oxygen concentration;
age, health, and species of ta:f. organisms; and other exposurse conditiona, all of
which may intaract to affect the results in an unpredictable manner.

Prediction of environmental effects from laboratory results must consider
the influence of the variables associated with laboratory tests and with the.
natural variability intrinsic to the aquatic environment. Resﬁlts of statie
acute toxicity tests with volatile compounds such as toluene may approximate the
acute toxic effacts that may occur in nature to the same species during acci-
dental spills, because toluene concentrations rapidly decrease in both situa-
tions. Flow-through acuts toxicity tasts may provide some insight into the
expected affects of a Short-tem but constant release of toluene into the aquatic
environment, as aight occur in areas receiving .refinery or petrocheaical

 effluents. Neither static nor flowethrough acute toxicity tests can predict the
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received refinery and petrochemical affluents, the effects of such low level

chronic pollution in natural aquatic habitats are unkhoun.
17.3. LABORATORY STUDIES QF TOXICITY

17.3.1. Lathal Effects. The lethal affects of toluene have deen reported for
aumerous species of freshwatar and marine £ish and invertabrates. The acute LCSO
for 22 speciaes of freshwater and marine animals ranged bhetween 3 and 1180 ppm
(Table 17-1). All dbut four of the Lcso values wers determined in static tests.
Of the four flowe-through Lcso tasts, only two utilized measured tolusne concsne
trations. No information was found concerning the effascts of tolusne on '

amphibians.

17.3.1.1. FRESHWATER FISH -—- The earliest lavestigation of toluene
toxicity to freshwatsr fish was conducted by Shelford et al. (1917), who reportad
that ome hour of exﬁosura to 61 to 85 mg/% toluene was lethal to orange spottad
sunfish (Lepomis humilis). This tsst was conducted under static conditions at
20°C in freshwatsr of unspecified tamperature and composition.

Degani (1943) conductad static toxicity tests with 15 day old lake trout
(Salvelinus namaycush) fry and 1.5 g uosduitotisn (Gambusia.arrinis) in dechlor-
inated tapwater at 17 to 18°C using 3 to 5 fish per coatainer (2 liter volume).
The time to death at a nocminal exposure concentration of 90 ppm toluene was
390 minutes for trout and 47 minutas for mosquitofish. The time to death of
trout fry exposed to 50 ppm toluene was 258 minutes.

Wallen et al. (1957) also conducted static acuta toluene toxicity tests

with female mosquitofish (Gambusia affinis) of unspecified size in turdid pond

watar (150 ppm turbidity as measured by Jackson turbidimetar, pH 7.5 to 8.5,
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caronic effects of low level toluene pollution.. In addition, acute toxicity
tests usually determine the concentration of toxicant which kills or affacts 50%
2f the test population. Lc5° or Ecso values, therefore, represent concentrations
which are toxie to half the populationland provide no information concerning the
concentration which will have no adverse effects during acute or chronic expo-

sare.

17.2. EFFECTS OF ACCIDENTAL SPILLS

No information was found concerning the effects of accidental spills of
toluene per se on aquatic organisms; however, toluene is ons of the major
aromatic components of crude oil and such refiped petroleum products as diesel
fuel,'gasoliné, and jet fusl, all of‘which have been released in larges amounts to
the aquatic environment during spills.

The long term ecological impact of accidental spills or toluene is unknown.
In spill situations, most of the toluene would probably evaporate rapidly. For
instance, McAuliffe (1976) reported that toluene, benzene, and xyleme could be
found in the water under crude 01l slicks only during tn? first 30 minqtes after
spillage. In contrast, spills in areas of shallow water and restricted water
flow, such as in certain portions of estuaries, lakes, and streams, have a
Zreater potential for causing acute mortalities because the toluene may reach
aigher dissolved concentrations and may persist longer through adsorption to
sediments. Toluene is an acute toxic to many aquatic species at concentrations
well below its water solubility, and lethal exposure may well occur during spills
in shallow water. '

. Although chronic, low=level pollution by toluene has been reported in a

Japanese river (Funasoka et al., 1975) and a harbor (Ogate and Miyake, 1973) that
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TABLE 170

Acute Toxiaity of Toluene io Fiab and Aquatio Invertebrates

1.C50 Mo E(feot Reported
Spectes Temp. Type 20 h 88 b 72 b 96 h Concentratlion Concentration Comaents Reference
(°C) Tent . Unilts :
154
Froshwater
lde 2040 Su ——— 70 —— —_— 52 g/t tab 1, 100f kil} at Juhnke and
‘ 80 mg/t. Ludemana, 1978
(Leuciacus fdua 20+ 0 3 - N22 ——— —— 365 Lab 2, 1008 kil) at
melanotus) 870 ma/t.
Testo were supposedly
oonducted under
tdentiocal conditiona.
Mosquitofish 17 to SV  134%0 1260 -— 1980 560 ppm Toasts wore coanducted Halien ot al.,
{Gambusia affinis) 22 in serated turbid 1957
pond water.
Goldfiah 2000 SH 58 ——- -——— —— — ag/k Test was conduoted Bridie ot al.,
(Carasalus suratua) 1o tap water (pii 1979
1.8)
Goldfish 25 S0 57.7 57.7 .- 51.7 —— . mg/t Teat was conduoted Plckering and
{Carassluz auratus) (8.9 (48.9 (88.9 in aoft water. Henderaon, 1966
to to to
¢8.8) 608.8) 66.0)
Goldfish 1 Tto FH N1.6 21.6 5.3 22.80 —— [T Teats were conducted Brenniman et al.,
(Carassius auratus) 19 (32.0 (21.6 (20.% (97.% under Flow-through 1976
to to to to to conditions in soft
74.7) 36.0) 31.9) 30.0) dechiorinated tap
water. The test was
oontinued to 726 h
(30 d) at uhich
tise the LC_, (and
958 oonrldeago fator-
val) was 18.6 (10.7
to 20.0) ppa.
Falhead minnow 25 SU %6.3 86.3 —-—- N.3 - g/t - Toata were conducted Plokering and
(Pimcphales promelas) (31.0 (31.0 (22.68 ia soft water. Henderaon, 1966
to to to
59.8) 59.8) 85.9)
Fathead minnow 25 su 56.0 56.0 -— N2.3 -— g/t Tests were conduated
(Pimephales promelas) (48,7 (86.7 (33.5 in hard water.
to to to
67.1) 53.5)

61.1)
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TABLE 17-1 (aont.)

. l.cso o Effect Rsported
Specien Tenp. Type 28 h W h 724 9% b Concentration Conceatration Commenta Reference
(%) Teat . Units '
Bluegill sunfish 25 Sy 2800 28,0 - 8.0 - ng/h Teatls wers conduoted Plokertng and
(Lepomia maoroohirus) (18.9 (18.9 (1.9 to bard water. tlenderaon, 1966
to to to
30.9) 30.5) 30.5) .
Blucgtl) sunfish [ [} sy 16.6 13.3 - 127 12.7 10.0 [ Only these data U.3. EPa, 1976
(Lopom]y macgoghirua) (15.0 (1.6 (11,5 (1.5 oited 1n 0.3, EPA,
to to . o to 1380,
19.1)  1.8) NS5)  ILs)
Gupples 25 sy 62.8 61.0 - 59.3 —— ag/R Tests were oconducted Plokering and
(Poeal))n reticulata) (5.0 (52.8 (50.9 1n hard water. tendoraon, 1966
to to to
13.7)  71.9) 70.3)
Zebraflah 2058 P --- 2580 - —— —— ng/d Tests uore condusted Slooff, 1976
(Brachydanio gerto) 2 in olosed aquaria Slooff, 19719
- with dechlorinated hard
tap water at & flou
rate of 6 A/n.
Hedaka 2532 sv 8o 20 to 135 23 to 110 <16 ag/ ilnco and mesn of Stoas and Hainea,
(Oryalsa latipea) ({means (means (neans ) values for 4i6- 1979
80) 63) 5N) tcaaat atage embryocs
Moduka o
(Oryzias latipes) 2522 U M 36 32 N ng/t o Yalues for [ry. Stona and Hatnes,
latipes : 10168 by Le,, vas 1979
. 23 lslt. .
Coho salmon fry -—- i _— -— -— 9.36 -— ne/R Unparaaltized Moles, 1980
(Opoorhynchua kiguteh)  --- m - --- --- 308 -—- pk/a Parasitized Moles, 1980
HARINE _
Coho salmon [} Sy --- 22.% 22.4 22.% 10 Ppn Teatas wore conducted Horrouw et al.,
" (Onoorhyachua kizuteh) in artifioial anls- 1975
water (pit 8.1, 30 /00 )
salinity).
Plok aalmon (ry 12 SH 5.8 .- .—- ~——- .- ppn Teats wers oconducted Thomas and Rice,
(Onoorhynchus kisutch) (8.4 acoording to methods 1979
to of Xorn et al., 1979.
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TARLE 17-1 (oant,)

Mo Effaect

Reportad

Lec
Species Temp. Types 20 h 8 h 5012 [ 96 & Conaantration Concentration Commenta Reference
(°C) Teat Units
Plok salmon [ ] b ] -——— - -—— 6.8 —— /e Teats vere conducted Xorn et al., 1979
(Ouncorhynchus kisutch) (5.713 with saimon fry
to scolimated to 20%/00
7.18) ssawater at dif-
s ) - -—- .- 1.63 ——— forent teaporatures.
(6.86
to
8.48)
2 k) -—- ——— ~—- 8.09 ——
(1 ..s
to
8.78)
Striped basa 16 sH 1.3 —— ——— 7.3 —— pt/t Toosts waers conduoted Benville and
{Horonae saxatilia) 1o 25%70c salinity Korn, 1977
seawater with juvenile
fish. :
Sheepatiead ainnow NR su »2n? »217 ——— »271 an Ppn Data only olted in 0.8, BPA, 1978
(Cyprinodon variegatus) <485 <A8s <85 0.3. ePa, 1980.
INVERTEDHATES
frouhuater
tater flea . 222% S¥ 130 310 -—— —oe 28 ng/t Toot was conduoted LeBlano, 1980
(Daphnia magna) (280 (280 with recoastituted
to to uoll wator (hardness
8420) 820) 7246 »g/t 03 c-co,,
pti 7.000.2) in
containers sealed with
plastio wrap.
VWater flea 23 Sy --- 60 -—— -—- .—- ag/R Teat was conducted Bringmann snd Kuhn,
(Daphnia magna) fn natural water (pli 1959
7.9, hardneas 218 ag/t),
Mosquito larvae 2544 SN 21.52 ——- —— - 9.95 ppn Teat waa conduoted Berry and
(Acdes aegyptl) (21.36 uith diatitted Brasmer, 1977
to water,
21.68)
HMarine
Brine ahriap nauplit .5 S N .- -—- -—- - ug/t Teat was coaducted Price et al., 19748

(Artemia salina)

with artifiolel aea-

uater.
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TABLE 17-% (ooat.)

o Effeot Reported
Speaios Tenp. Type 22 b 46 b 12 h 9% n Conogntration Concentration Comments Sefarenne
(*C)  Tteat ' Uatts ' .
Bay ahrisp (11 4 2 .—- .- N.3 ——— /8 Yests wgre canduoted Benville and
(Crego frangjacorum) (10 (3.1 with 25" /00 Korn, V9717
to to
3) 5.8)
sslinity ssavater.
Shrimp L] SH - ~—- - 21.8 —— ne/t Korn ot al., 1979
(Bualua app.) (19.5
to
23.5) |
8 M - -— -—- 20.2 nR/e Korn ot al., 1979
(1.9
to
22.8)
2 I “—- -—- n.7 s Korn et al., 979
(130
to
16.6)
Qraas ahriap 20 M 2.2 - - - - g/ adults at 15°700 Potera, 1975
(Pacaemonetea puglo) (16.3 saliatty.
to
22.5)
20 M 1.2 --- - - ——- g/t sdulte at 25%°/00 Potera, 1975
(.9 ' aslinity. .
to
19.4)
10 M 3.6 - -—- — —- g/t Adults at 15%/c0 Potera, 1975
(35.0 salinity.
to .
40.3)
10 PR T I J— --- - ——- aa/t Adudts at 25°/00 Potera, 1975
: 361 salinity.
' to .
39.6) .
Grass ahrimp 20 sS4 30.6 -—- == -— ——— »g/h Larvae at 15°/00 Poiera, 1975
(Pacaemonetes pugio) (1.3 ' aslintty, .
to
".5) °
20 s4 25.8 - ~ae - -—- ng/h Larvas at 25 /o0 Poters, 1975
(18.8 salinity.
to

34.6)




b=L1

TABLE 17-1 (coat.)

"cso o Effeat Reported ’
Speotes : Temp. Type 22 b 8 h 12 b 96 & C tration C tration Comsant s Reference
. (°C) Test Uatts
Grasa shrimp W S - .- .- 9.5 - wa/t ' —— Ueff ot al., 1976
(Pajaemonetes puglo)
Hysld alwlap [1] sy (L} %6.3 56.3 56.3 21.1 [ Date only cited (n U.3. EPA, 1978
(tyatdopain bahja) (50.9 (83.0 (8).0 (%3.0 U.S. EPa, 1980.
to to to to
82.5) 170.6) 170.8) 70.8) .
Dungeneas crab NR FU ——— 170 —— 28 .- ng/t Larvse. Calduoll ot al.,
(Cancer maglater) : 1976
Copepod 20 S 28,2 -— - -— —— g/t 15%/00 salinity. Potera, 1975
(Hitecra apinipes) (19.8
to
30.2) .o
20 M 7.2 .- -—— ——— - og/k 25 /o0 saltaity, Potera, 1975
(2.0
to
100.5)
Paolfla oyster 20 Sy -— 1050 ——— ——— ——— ag/k Larvse. Legare, 1978

(Crassoatrea gigas) to
. 208

Texmp. 3 temperature} b = hour; 4 = day; MR s not reported.




methyl orange alkalinity < 100 ppm, temperature 17 to 22°C). For these toxicity
tests, ten fish per concentration were added immediately Aftav addition of
different amounts of toluene to the biocassay containers (15 liter volume). The.
éest solutiocns wers conac;ntly aerated and mortalities were recorded daily for
96 hours. The 28, 48, and 96 hour Lcso values were 1380, 1260, and 1180 pem,
respectively. Thess values were estimated on the basis of the initial nominal
toluene concentrations. Because the test containers were vigorously asrated, it
is probable that thelactual toluene concentrations decreased rapidly during the
axposure period. It was also observed that ths turbidity of the toluene solue
tions decreased from 150 to 100 ppm over the 96 hpur'ezposure period. At concen-
trations of 560 ppm and below, all fish appeared $o be unaffactad. Tpe‘renainder

of the test results are presentad below:

Concentration Percent Mortality (N = 10)

(ppm) 24 h 48 n 6 n
< 560 ] 0 o
1,000 : 20 . 3 40
1,800 ‘ 80 80 100
3,200 80 90 100
5,600 . - 100 100 100
10,000 : 100 100 100

Pickering and Henderson (1966) investigated the acute toxicity of toluene
lta fathead ainnows (Pimephales promelas), bluegill sunfish (Lepomis
macrochirus), goldfish (Carassius auratus), and guppies '(Lebisces reticulatus
= Poécilia reticulata). The'lengtn and weight of the fish used for testing were
3.3 to 6.4 cmand 1 0 2 g for the first 3 species and 1.9 to;z.i em and Q.1 %o
0.2 g for guppies. Each test utilized 10 fish per concentration or control in
either 10 1 (minnows, sunfish, goldfish) or 2 L (guppies) of soft water (pH 7.5,
alkalinity 18 mg/%, EDTA hardness 20 mg/%) made by mixing 5 parts of hard natural
spring water with 95 parts of distilled demineralized water. In addition,

fathead aminnows were tasted (10 fish/concentration) in the hard spring water (pH
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8.2, alkalinity 300 mg/L, EDTA hardness 360 mg/%) to investigate the effect of
these water characteristics on toluene toxicity. All tests were conducted at
25°C. The test solutions were not aerated, and dissolved oxygen concentrations
were measured but not reportad. The 24, 48, and 96 hour LCSO values and their
95% confidence limits, as calculated by the moving average-angle method of Harris
(1959) wusing 4initial naominal toluene codcentracions, are presented in
Table 17-1. The 96 hour I.c50 values incregsed in the order of bluegill sunfish
(24.0 mg/Ll), fathead minnow (34.3 mg/Llin soft water, 82.3 mg/2 in hard water),
goldfish (57.7 mg/L%), and guppies (59.3 mg/%). The 96 hour Lcso for fathead
minnows in soft water was not significantly different from the 96 hour LCSO for
the same species in hard water. Comparison of the 95% confidence limits of tne'
96 hour LGy values in soft water for the 4 species indicated that the LCsq
values were not.sisniricantly different between fathead minnows and bluegill
sunf{ish or between goldfish and guppies. Both fathead minnows and bluegili
sunfish had 96-bour Lcsa values significantly lower than goldfish and guppies.
The 96 hour Lcso was not significantly different from the 28 hour LCSO for any of
the species tested in soft watar.

Static acute Lcso values for bdluegill sunfish have also been reported by the
U.S. EPA (1978, cited in U.S. EPA, 1980). The 24, 48, 72, and 96 hour LCSO values
vere 16.6, 13.3, 12.7, and 12.7 ppm, respectively. No effects were observed at
or beloﬁ 10 ppm. Additional information concerning these tests was not avail-
- able. ‘

Berry (1980) mentioned that the upper non-lathal tolaene concentration for
bluegill sunfish (Lepomis macrochirus) was 8.7 mg/%. The duration of exposure
and lowest lethal concentration were not specified.

Bridie et al. (1979) and Brenniman et al. (1976) also investigated the

acute toxicity of toluene to goldfish. Bridie et al. (1979) used goldfish of
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slightly greater weight (mean 3.3 g, range 2.3 to 4.3 g) than Pickering and
Henderson (i966) to determine the static 24 hour LCSO. In this teét, Bfis;per
concentration were exposed without aeration to a toluene series in 25 2. of
tapwater that had a pH of 7.3 and contained (in milligrams per litar) Cl = 65.

2w

NO., = 0; NO3° = 8; 50,7 = 35; Po,f‘ = 0.15; ,3°°3- 2 25; s:.o2 2 25; Nﬁql = Q; E‘e- 2

2
0.05; Ma = 0; Ca®™ = 100; Mg®" = 8; and alkali as Na* = 30. The toluene .
concentration was measured at the beginning and end of the test. The zdu,hov.‘n'
Lcso, oﬁt:ained by interpolation from a graph of the logarithm .of concentration |
- versus percent mortality, was S8 mg/%, which is the same as the 2% hour “céo.. for
goldfish reported by Pickering and Henderson (1966). | L .

Much larger goldfish (leagth, 13 to 20 cm; weight, 20 to 80 g) wers used by
Brenniman et al. (1976) to detarmine the acute 'tox:l.city of toluene under flow-
through exposure conditions. The Lcso values were detarmined by exposing 6 fish
per 38 % aquarium to three toluene concentrations (and a control) in dechlorin-
ated soft tapwater (methyl orange alkalinity = 34 ppm as c;coB; pnenolphtnaline
alkalinity = 37 ppm as CaCO;; total hardness = 80 ppm as Cac0y; calcium =
21.6 ppm; magnesium = 5.3 ppm; S10, = 8 ppm; chromium = <0.002 ppm; pH 7. 0 xo. 3,
temperature 17 to 19°C) at a £low. rate calibrated to renew the test chamber
volumes every 1.5 hours. Thia flow rate was sufficient to maintain dissolved
ox;ygen concentrations at >7 ppm and o maintain constant toluene concentrations,
as measﬁred by continudus ionitoring at 210 am by spectrophotometer. The 24, 4§,
72, and 96 hour LCSO values, calculated’ by probit analysis, were 41.6, 27.6,
25.3, and 22.8 ppm, respéctivel}. Although most of the t'ish died during t!;e

first 24 hours, the '96 hour LC.. was significantly lower than the zu hour LC

50 50°
These LCSO values are somewhat lower than those reported by Pickering and

Henderson (1966) and Bridie et al. (1979) for goldfish tested under static

conditions. In- addition, gh, LCsq values reported by Pickering and Henderson
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{1966) did not decrease significantly from 24 to 96 hours. These differences are
arobably due to a rapid decline in the foluene concentration through evaporation
in the static tests in contrast to constant toluene concgntrations in the flowe
through test. Brenniman et al. (1976) continued their flow-through exposure
test for 30 days, at wniéh time the LCSO had decreased to 14.5 ppm. These
results emphasize the fact that static acute toxicity tests may seriously undere
estimate the acute toxicity of toluene and that chronic effects may occur at
concentrations which are considerabiy lower than those which cause acute
effects.

Juhnke and Ludemann (1978) investigated the static acute toxiecity of
toluene to the ide (Leuciscus idus melanotus) using comparabie procedures in two
different laboratories. 4 The toxicity tests were conducted according to the
methods of Mann (1975, 1976), i.e. 48 hours of exposure with 10 fish (1.5 »
C.3 g, 5 to 7 cm) per concentration ia tapwater (pH 7-8, hardness 268 + 54 mg/l)

at 20 » 1°C. The 48 hour LCO {0% mortality), LCSO, and LC (100% mortality)

100
values determined at each laboratory were as follows:

48 Hour Lethal Concentration Values (mg/%)

) L850 LCy00
Laboratory 1 52 70 38
Laboratory 2 365 422 470

Although it was stated that these tests were conducted under comparable
conditions, the rgsults were clearly different. The concentration that caused no
deaths of fish in laboratory 2 (365 hg/l) was about 4 times higher than the
concentration that killed all fish in laboratory 1 (88 mg/%). The authors did
not discuss the reasons for the difference in results. |

Slooff (1978, 1979) reported that the 48 hour LC 0 of toluene to zebrafish

5
{Brachydanio rerio) was 25 to 27 mg/%. This test was conducted under flow-
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through (6 %/har) exposure conditions using 10 fish per_concentrationJiéulb A
sealed aquaria and dechlorinated tapwatar (20 + 1°C; pH 8.0 + 0.2; hardness 180 +

3).
The acuta effects of toluene on paraaitized and unparasitized coho salmon

1.8 mg/% as CaCo

(Oncorhynchus kisutch) fry were studied by Moles (1980). The parasitized rry .
were artificially infected beforse toluene aexposure with glochidial laévae of taef
freshwater mussel, Anodonta oregonensis. Toluene exposure was conducted under
flow-through conditions, using five measured concentrations and 20 fish per
concentration. The temperature and charactaristics of the water used were not
specified. The 96 hour Lcso, as calculatad by ﬁrobit analysis, was
9.36 i/t (ppm) for unparasitized fish and 3.08 ul/% for fish parasitized with a

mean anumber of 69 glochidia per fish. The LC.. values were significantly dif-

50
ferent, indicating that parasitized fish were less resistant to cné efrgcta of
taluene.

Stoss and Haines (1978) investigatad the affects of static exposure to
toluene on the survival of fertilized eggs and newly hatched fry of the medaka,
Oryzias latipes. Groups of ten eggs or fry were exposed in locosely capped vials
containing 20 m® of the exposure medium (synthetic rearing medium: pH 7.5;
akﬁlinity 99 ag/% as Caco3) at 23 + 2°C. Toluene concentrations were prépared by
diluting a water-soluble extract of 10 al toluene/l medium. In order to detar-
mine the sensitivity of different stages of embryo developmeat, tasts were begun
with eggs of various ages after fertilization. Tests with fry were all begun
within 24 hour; after hatching. Nominal initial toluene concentrations were
used for calculation of LCSO values. The LC50 values for embryos varied with
length of exposure and the age at time of introduction. The mean 24, 48, and
36 hour LC

50
ot Lcso values was 20 to 135 mg/% at 48 hours and 23 to 110 mg/% at 96 hours

values for all ages of emdryos were 30, 63, and 54 mg/%. The range
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(Stoss, personal communication). Early (<3.5 hours old) and late (2192 hours
old) embryos had significantly lower LCEO values at each exposure period than
embryos of intermediate age at time of introduction. The 24, 48, 96, and

168 hour LCSO values for fry were U4, 6 36, 32, and 23 mg/%, respectively (Stoss,

personal communication). These values were lower than thé mean eumbryo LCSO

values for the same exposure pericd; hcwever, fry LCSO values were greater thap
the LCso values for the susceptible early and late stage embryos and lower than
most of the Lcso values for intermedizte stage embryos. Stoss and Haines (1978)
also investigated the sublethal effects of toluene on hatching time and induction
of developmental abnormalities. These sublethal effécts are discussed in

Section 17.3.2.9.

17.3.1.2. MARINE FISE - Morrow et al. (1975) studied the effects of
toluene on young coho salmon (Oncorhynchus kisutch) that had been acclimated to
artificial seawatar (30 ®/00 (parts per thousand) salinity; 8°C; pH 8.1) for up
to 2 weeks. A static exposure technique was used in which toluene was added
directly to exposure aquaria céntaining fish and 73 & of seawater (<1 g fish/L
water) to give nominal concentrations of 0, 1, 10, 50, and 100 ppm toluene. The
average weight of the fish used during triplicate tests ranged from 5 g/fish in
the fall of the year to nearly 40 g/fish in the spring. The mortality data

praovided in the paper are given below:

Percent Mortality

Concentration No. of No. of Fish per
{pom) Tesgts Concentration 0 h 24 n 48 h 72 h 96 h
0 3 30 0 7 7 13 13
1 3 30 0 7 7 13 13
10 3 30 0 0 0 3 10
50 1 10 0 80 100 100 100
100 3 30 0 93 100 100 100

Using 2 x 2 contingency table analysis, the authors determined that mortal-
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ity was significantly different from control mortality at 50 and 100. ppﬁ,""bué not
at 10 and 1 ppm. The reasoas for control mortality were not discussed btit“may
have been due to salinity stress; the authors amentioned that amaller fish aﬁapted
less easily to seawatar than larger fish. In order tao incorporﬁta these data
into Table 17-1 ,. the Lcso. values were calculataed as the geometric mean of SQ p§m
(mortality = 100%) and 10 ppm (mortality corrected for control mortality = 0%).
This value for the 48, 72, and 96 hour I.Cso was 22.4 ppm. The authors state that
fish exposed to 50 and 100 ppm toluene exhibited rapid, viclent, and erratic
swimming within 15 to 20 minutes, followed by "coughing," loss of equilibrium,
and death of most fish within the first few hours. |

The acute effects of tolueme on another spaecies of salmon {n seawatsr wars
investigated by Korm et al. (1979). Pink salmon (Onchorhynchus gorbuscha) fry,
weishing about 0.35 g each, were acclimated to natural seawater (6 to 8°C; 26 to
28 %/00 salinity). -Groups of fry wers then acclimated to- 4, 8, or 12°9C for
determination of the 96 hour LCSO at 3 temperatures. Each toxicity tast was
conducted with 10 to 15 fry per concentration (<1 g fish/% water). Fish were
added to the test containers after addition of an appropriate amount of toluene
in water stock solution. The containers were not aerated until after the first
48 hours of exposure o ainimize evaporative less. Even so, analysis showed that
toluene décreased to nondetectable levels by 72 hours at 12°C and by 96 hours at
8°C and to 25% of the initial concentration by 96 hours at 4°C. The $6 hour LCSO
values, estimated Dy probit analysis using initial measured concentrations
expressed as aicroliters per liter toluene (= ppm), were 6.4 at 4°C, 7.6 at 8°C,

“ and 8.1 at 12°C. The 95% confidence intervals of the 4°C and 12°C LC_. values did

50
not overlap, indicating that temperature affactaed the toxicity of toluene. There
was no significant difference between 24 and 96 hour LCSO values because almost

all deaths cccurred within the first 28 hours of exposure. The effect of
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temperature may have been caused Dy greater sensitivity of the fish at the lower
temperature and/or by the longer persistence of toluene at the lower temperature,

Thomas and Rice (1979) used the previously described techniques of Xorn
et al. (1979) to detarmine the static 24 hour LC50 of toluene with somewhat
larger (1 to 2 g, 4.5 to 5.5 cm) pink salmon fry at 12°C in seawater. The 24 hour
LCsy (and 95% confidence interval) was 5.4 (4.4 to 6.5) ppm, which {s signifi-
cantly different from the 96 hour LCsq value of 3.1 ppm (7.5 to 8.8) obtained
with younger fry at 12°C by Korn et al. (1979). The reasons for this difference
cannot be detarmined from the information provided.

A similar static exposure technique was used by Benville and XKorn (1977) in
their study of the acute toxicity of toluene to juvenile striped bass (Morone
saxatilis) in seawatar (25 °/co salinity, 16°C). The test was initiated by
- adding different amounts of saturated toluene in water stock solution to the test
aquaria, each containing 10 fish. Toluene concentrations wers measured at the
beginning of the tast and every 24 hours thereafter to the end of the test. The
24 and 96 hour Lcso values were both 7.3 ut/% (ppm). Almost all mortalities
oceurred within 6 héurs. The average percent loss of toluene was U40% by
24 hours, 53% by 48 hours, and >99% by 72 hours.

The only other information available concerniné the lethal effects of
toluene on marine fish is provided in a U.S. EPA unpublished study (1978, cited
in U.S. EPA, 1980). The 24, 48, and 96 hour static acute LC5y values for

sheepshead minnows (Cyprinodon variegatus) were all reported to be greater than

277 ppm and less than U485 ppm. The no-affect concentration was 277 ppm. No

other information concerning these results was available.

17.3.1.3. FRESHWATER  INVERTEBRATES -~ Berry and Brammer (1977)

investizated the acute statlc toxicity of toluene to fourthe-instar larvae of the
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mosquito, Aedes aegyoti. The larvae were reared from eggs and testéd in
distilled water at 25 + 1°C. For each of four replicate tests, duplicate groups
of 20 larvae each were exposed to 14 toluene concentrations. The mortality data
were pooled (160 larvae/concentration) to calculate the 24 hour Lc‘SOA by probit
analysis. ‘Initial exposure concentrationa ware detarmined by gas~-liquid
chromatography. The 24 hour LCSO‘ (+ standard error) was 21.52 » 0.16 ppm. Thé
highest concentration (+ standard error) that caused no mortality over the
24 hour exposure period was 9.95 + 1.30 ppm. |

Berry (1980) mentioned that the upper non-lethal toluene concentration for
crayfish (Qrconetss rusticus) was 104.% mg/%t. The duration of exposure and.
lowest lethal concentration were not specified. |

The acuts toxicity of toluene has also been detarwmined with the cladoceran, ’
Daphnia magna, by Sringmann and Ruhn (1959) and by LeBlanc-(-1980).  Bringmann and
Kubn (1959) reportad a 48 hour LCSO of 60 mg/%. This statie test. was conducted
with first instar (<23 hours old) Daphnia magna in natural freshwater (pH 7.5; .
hardness 214 mg/%) at 23°C. -

LeBlanc (1980) conducted static tests with first instar (<24 hours old)
animals in deionized well water rscon'stituted to a total hardness of 72 + 6 mg/%
as CaC0, and a pH of 7.0 £ 0.2 at 22 & 1°C. Three groups of 5 daphnids each wers
exposed to each of at least five toluene concentrations and uncontaminated water
in covered 250 ml beakers containing 150 ml of test solution. The 24 and 48 hour
LCgy values (and 953 confidence intervals), based on initial nominal concentra-
tions, were both 310 (290 to 420) mg/%. The "no discermible effact concentra=-
tion® was 28 mg/f. This LGy, value is considerably higher than that reportad by
Bringmann and Kuhn (1959). The reasons for this difference cannot be determined
{rom the data provided.
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17.3.1.4, MARINE INVERTEBRATES =« Price at al. (1974) determined the
static 24 hour LCSO of toluene to brine shrimp nauplii (Artemia salina) in
artificial seawater (27.87 g/%2 NaCl; 1.36 g/% Casou; 3.17 g/% Mgsou-7320;
8.42 g/2 HgClz; 0.79 g/% KCl; 0.16 g/% MgBrz-GHZO) at 24.5°C. Groups of 30 to 50
newly hatched bdbrine shrimp were exposed to 5 toluene concentrations in {00 ml
seawater, The estimated 24 hour LCSO' based on initial nominal concentrations,
was 33 mg/%.

Bay shrimp (Crago franciscorum) were shown by Benville and Korn (1977) to be

somewhat more sensitive to toluene. The 24 hour static LC determined in

50’
natural seawater (25 °/oo salinity) at 16°C, was 12 u/% (ppm). The 96 hour LCSO
for ﬁhis species (4.3 u&/z).was significantly lower than the 24 hour LCSO (non-
overlapping 95% confidence limits). These values were calculated from initial
measured toluene concentratiocns.

Korn et al. (1979) investigated the effects of  temperature on the acute

toxicity of toluene to another genus of shrimp (Eualus spp.). Shrimp (0.8 g;

6 cm long) were acclimated to the test temperatures in natural 26 to 28 /oo
salinity seawater for 4 days and then exposed in groups of 10 to 15 animals to a
series of toluene concentrations, prepared by dilution of a saturated water
solution. The tissue loading in the test containers was less than 1 g/%. Meaw
surement by UV spectrophotometry showed that toluene concentrations decreased to
nondetectable levels by 72 hours at 12°C and by 96 hours at 8°C, and to 25% of
the initial concentratioq by 96 hours at 4°C. The 96 hour Lc50 values, calcue
lated from initial measured toluene concentrations, were 21.4 u2/% at U4°C,

20.2 pl/% at 8°C, and 14.7 wi/% at 12°C. The 96 hour LC 0 values at 4°C and 8°C

5
were not significantly different (overlapping 95% fiducial limits) from each
other, but both were significantly higher than the 96 hour LCSO at 12°C. This

trend of greater toxicity at higher temperatures was opposite to the relationship
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found by these authors for pink salmon fry (Section 17.3.1.2.) and bf ??gera
(1975) for graas shfimp (see below). The reasons for this difference ;6;1a noc
be established but may have been due to some combination of effaects of ;ampera-
ture on persistence of toluene in water, altered toluené- uptaks and metabolic .-
rates, and possible intaraction of toluene'toxicity and temperature stress. The
authors concluded that temperature affected the toxicity of toluene to these |
species of shrimp and salmon but that it would be impossible to pre&ict the
. affeats of temperaturs change on the toxicity of toluene to . other species.
Potesra (1975) investigataed the effects of temperature (10 and 20°C), -
salinity (15 and 25 °/c0), and life stage (larvae and adults) on the static .
24 hour LCyy of toluene to the grass shrimp, Palaemonetes pugio. The 24 hour '
LC;, values, based on measured initial concentrations, ranged fram 17.2 to
38.1 mgsl. | | |

| As shown by overlapping 95% confidence intervals (Table 12-15, thers was no
significant difference in cho values between adults and larvae at the same
salinity and temperature, or between adults tested at the same temperature but at
different salinitias. The LCSO was significantly lower at 20°C, however, than
at 10°C for adults tested at either 1S °/oo or 25 9700 salinity. The time to
produce narcosis in at leaa:ASOS,of adult shrimp at 20°C was less than 30 ainutes
at initial exposure concentrations of 19.8 mg/2 an& greatar. Recovery o: more
than 90% of exposed shrimp could cccur if shrimp were transferred to clean watar
after exposure to up %o 30 mg/% for 30 minutes.

Potera (1975) also determined the 24 hour Lcso for the copepod, Nitoecra
sginiégs, at a temperature of 20°C and at saliaities"cf‘either 15 ®/00 or
25 %/c0. The 28 hour Lcso values from replicate tasts were 24.4 at 15 °/oo'

_salinity and 74.2 mg/% at 25 /00 salinity. These values were significantly

different (non-overlapping 95% confidence intervals). Potera (1975) suggested
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that the lower salinity may have stressed the copepods, resulting in 2 lower LCSO
value. |

Neff ot al. (1976) also determined the static 96 hour LCsq of tolueme to
grass shrimp, Palaemonetes pugio. This value, based on initial nominal concen-
trations, was 9.5 us/l,.which is lower than the 24 hour LCSO values reported by
Potera (1975). |

Caldwell et al. (1976) determined the 48 and 96 hour Lcso of toluene to
larval stages of the dungeness crab (Cancer gggisﬁer) under flow=-through expo-
sure conditions. The 48 and 96 hour Lcso values were 170 and 28 mg/%, respec-
tively.

Static acute LCg, values for mysid shrimp (Mysidopsis bahia) have been
reported by the U.S. EPA (1978, cited in U.S. EPA, 1980). The 24 and 48 to
96 hour LGy, values were 64.8 and 56.3 ppm, respectively. The "no effect"
concentration was 27.7 ppm. Additional inrarnacioﬁ concerning this test was not
availadle.

The U8 hour statie LCSO of toluene to larvae of the Pacific oyster
(Crassestrea gigas) was reported to be 1050 mg/% (LeGore, 1974). This test was
conducted with filtered seawater (25.3 to 30.8 %/oo salinity) at 20 to 21.5°C

using 30,000 larvae per exposure concentration.
17.3.2. Sublethal Effaects.

17.3.2.1. FISH «~= Very little information is available concerning the
sublethal effects of toluene exposure on fish. Morrow et al. (1975) studied the
effects of several aromatic hydrocarbons, including toluene, on the lévels of Na*
and K" in the blood of young coho salmen (Oncorhynchus kisutch) in seawater.

Static exposure to 30 ppm toluene caused a small increase in these blood cations,
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reaching a maximum aﬁ about two hours aftar beginning exposure. Tﬁe Na"cédé;n-_
tration returmned to ;he control level by thres hours. Blood X* decreased dffa?
two hours but was still elevated at four hours, the last sampling period. The
toluene_ exposure concentration of 30 ppm was sufficient £o cause some
mortalities and behavioral aeffects. The authors suggestad that toluene :
increasad membrane-pérnaability, pérticularly in the gills. In the hypertonic
 seawatar medium, this change would result in ion influx and watar loss in the
fish, perhaps accounting for the initial rise in blood ion concentration.

| Brenniman et al. (1979) conducted a series of experiments to detarmine the
e;feeta of toluene exposure on blood gas physiology, hipﬁuric acid.ecncant, and |
histopathology of goldfish (Carassius auratus). The fish used in these experi-
ments wers éxposed to two or more toluene concentratiéna under rlow-chrchgh
conditions using dechlorinated tapwatar. _

.?or the pacnolcgy'study, groups of six fish wers axposed for up to 30 days
to 0, 5, 16, and 21 ppm toluene (Brenniman et al., 1§79). No gross or asicroe-
scopic lesions were observed in fish during the first weeic of axposure. After
the first week, ascites developed in 3 fish at 21 ppm and in 2 fish at 10 ppm. In
expased fish that survived 15 to 30 days, about 50% had a white epidermal axudate
of unknown origin, and some fish at all toluene concentrations had gross lesions
in gill, liver, dr gall bladder. Excessive mucus production in gills occurred in
all fish at 21 and 10 ppm and in 50% of the fish at 5 ppm. Microscopic lesions
were found in gills (fusion), liver (decreased cytoplasmic nuclear ratio), and
kidney (tubular vacuolization) of many exposed fish dut not in coantrol fish.
Exposed fish did not eat food and had livers which were paler and smaller than
control fish.

For the blood gas atudy, groups of 3 or 4 fish were exposed for 4 hours to Q,

60, or 80 ppm toluene (Brenniman et al., 1979). The blood samples were analyzed
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for pH, percent oxygen saturation, partial pressures of carbon dioxide (pco ) and
2
exygen (po )}, and bicarbomate. The results are presented below:
2
Mean Values
Toluene Coac. ' - 0,-Saturation
(ppm) : .Poz ’cca pH (%) Bicarbonate
0 42.33 11.50 7.56 48,67 9.83
60 16.252  23.252 6.902 27.003 . 5.10
8o 15.63%  19.27 6.962 20.332 4,173

a P < 0.05 when compared to control.

‘Toluene exposure caused éisnirieant changes in all parametars (Brenniman
et al., 1979). The authors suggested that the decreased poz, inereasad pcoz. and
resultant acid-base imbalance may have been due to lowered 02 and Co2 exchange at
the gills. Two propoéed mechanisms for impaired gas exchange were lowered
respiratory rate and gill damage. The former mechanism is less likely because
sublethal toluene exposure has been shown $o increase the respiratory rate in
fish (Sloofr,.1978, 1979; Thomas and Rice, 1979). The latter mechanism is
supported by the authors' observation that toluene caused excess mucus produge
tion and fusion of gill lamellae in gills.

The whole-fish content of hippuric acid was measured in fish exposed in
groups of 6 fish to 0, 5, 10, or 21 ppm toluene for 96 hours (Brenniman et al.,
1979). This experiment was conducted to detarmine whether the fish were able to
metabolize toluene ultimately to hippuric acid, as occurs in mammals
(Chapter 12.). The results, presented bdelow, indicated that hippuric acid was
elevated at all the toluene concentrations tested and that this metabolic pathway

oczurs in goldfish.

17=23



Toluene Concentration Mean Hippuric Acid Concentration

(pom) (ppm)
0 . 1539.50
5 : 3608.672
10 , 3536.672
21 2829.172

b < 0.05 when compared to control.

' The pattern of decreasing hippuric aéid concentration with increasing toluene
concentration was atiributed to increasing stress and lower metabolic efficiency
as toluene concentration inereased. Hippuric acid was elevated above the conti-ol
lavels, however, even at the highest toluene concentration.

The only other information available relevant to toluene metabolism ia fish
is provided by Ohmori et al. (1975), who investigated the comparative in vitro
| mtﬁboﬂsm ot‘ a toluene analog, p-nitrotoluene, by liver homogenates of rats and
eel.s. The species of eel was not speoiﬂ.ed. Both species were able to
metabolize p-aitrotoluene (PNT) to p-aitrobenzoic acid (PNB acid), via oxygena-
tion of PNT to p-nitrobenzyl alcohol (PNB alecochol), to p-aitrobenzaldehyde (PNB
aldehyde), and finally to PNB acid. The rate of the overall Eeaction {PNT to PNB
acid) in eel liver, however, was only 34% (at 25°C) to 46% (at 37°C) of the rate
in rat liver. .‘l'he rate of formation of PNB alcohol from PNT in eel liver was 29%
(at 25°C) to 16% (at 379C) of the rate in rat li&er. ?hi_a step was the rate-
limiting stap for the overall reaction because the formation of PNB acid from P¥B
alcohol was faster in eels than in rats.

Thomas and Rice (1979) measured the effects of flow-through toluene
exposure on the respiratory rate and oxygen consumption of pink salmon
(Oncorhynchus gorbuscha) fry at two temperatures (4°C, 12°C) in seawater. The
fish were placed in sealed chambers fitted with a water inlet and outlet, mesh
electrodes (for measuring opercular breathing rate), and oxygen elsctrodes (for

measuring oxygen concentration of ianflowing and outflowing water). After
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determining the 24 hour LCSO (5.38 ppm), the authors exposed fry to several
toluene concentrations, expressed as percentages of the LCSO. Significant
increases in opercular bdreathing rate at 12°C occurred at e#posure concentraw
tions of 94 and 59% of the LCSO' but not at 45 or 30% of the LCSO' The breathing
rate remained eslevated throﬁghout the 15 hour exposure period only at 94% of the
Lcso, at which concentration § of 23 fish died. The breathing rate at a toluene
exposure concentration of §9% of the Lcso reached a2 maximum at three hours and
returned to control level by 15 hours. Additional experiments showed that
exposurés to 71% of the Lc50 increased oxygen consumption. The percent increase
in both oxygen consumption and breathing rate was greater at U4°C than at 12°C.
The authors suggested that these effects were due to the energy requirements for
metabolism of toluene and that this requirement was greater at the lower tempera-
ture. The threshold for an effect on breathing rate at 12°C was estimated to be
about U6% of the Lcso, or about 2.5 ppm.

Slooff (1978, 1979) conducted similar experiments to determine the sensi-
tivity of a biological monitoring system using fish respiratory rates as an
indicator of water pollution by toiuene and other chemicals. Adult rainbow trout
(mean weight 56 g) were acclimated to dechlorinated tapwater at 20 + 1°C and
tested individually in sealed flow=-through chambers equipped with stainless
steel mesh electrodes for measuring breathing rate. Aftsr the normal breathing
rate for a fish over a three day period had been determined, toluens contaminated
water was added continuously and the breathing rates were monitored over a period
of U8 hours. Measurements were taken at the same time of day during the pre-'
exposure and exposure periods. A toxie effect was considered to have occurred if
the respiration frequency of at least 75% of the test fish exceeded the prede-
termined individual normal frequencies measured at the same hourly interval. The

lowest toluene concentration that caused an increase in respiratory rate was
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2.5 mg/%. This concentration is identical to the estimated threshold concentra-
tion for an effect on breathing rata in pink salmon (Thomas and Rice, 1979).

Leung and Bulkley (1979) investigated the effects of 100 ul/% toluene on the
rate of opercular movement by eight day old embryos of the Japanese medaka,
Oryzias medaka. The basal (unexposed) rate was determined for each of three
embryos and then toluene was added to the culture medium to obtain a nominal
eoncentration of 100 ul/%. The rate was then determined for each embryq at about
five minute intervals for 40 minutes. The average rate before exposure was zer6
mnovements/minute. The average of 8 counts (each 1 minute long) 6ver 40 minutes
After beginning exposure was 2.28 mbvementa/uinute. The standard deviation was

S0 great, however, tha; this increase was not statistically significant.

The sublethal effects of toluene on medaka were also investigated by Stoss
and Haines (1978). The exposure techniques and lethal effects reported by these
authors have been discussed in Section 17.3.1.1. Static exposure of eggs %o
initial nominal concentrations of 41 and 32 mg toluene/% resultsd in a signifi-
cant delay in time to hatehing and a decreass in the proportion of embryos that
hatched successfully. Exposure to 41 mg/2 and greater caused numerous dévelop-
mental abnormalities,~inclndiﬁg disruption of cell cleavage patterns, defor-
mation of eyes, appearance of isolated blood islands in the circulatory system,
and abnormal heart structure, tail flexures, and visceral organ formation and
plaéement. No abnormalities wére obsérved in embryos axposed to 16 mg toluene/%.

The only other information availabie concerning sublathal toluene affects
on fish is provided in a U.S. EPA unpublished study (1978, cited in U.S. EPA,
1980). An embryo-larval subchronic test with the sheepshead minnow (Cyprinodon
variggggus) in seawater showed that toxic effects were-observed at a toluene
concentr;tion of 7.7 ppm, but not at 3.2 ppm. The type(s) of toxic effacts wers

not specified in the U.S. EPA (1980) report, which was simply a data compilation.
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The 96 hour LCSO for this species was Dbetween 277 and 485 ppm
(Section 17.3.1.2.). The ratio between acute and sub-chronic toxicity was
between 36 and 152, indicating that chronic erffects occur at concentrations much
lower than acute effects.

In summary, the lowest toluene concentration shown to cause sublethal
effects in fish was 2.5 ppm, the concentration which.caused an increased breath-
ing rate in trout (Slooff, ‘1978, 1979) and salmon (Thomas and Rics, 1979). This
value is somewhat below the lowest acute LcSo vaiue reported for any fish species
(3.08 ppm for coho salmon, see Table 17-1). An embryo-larval test with sheeps-
head minnow (U.S. EPA, 1980) showed that subchronic toxie affects occurred at
T-7 pph but not at 3.2 ppﬁ and that the ratio between the acute Lcso and sub-
chronic toxicity for this species was between 36 and 152. Although acutachronic
ratios may vary greatly among species, this information suggests that chronic
toxic affects may occur in coho salmon and other sensitive species at concentra-

tions well below 3 ppm.

17.3.2.2. INVERTEBRATES -- Berry et al. (1978) conducted a seriss of
experiments to determine the effects of 2¢ hours of exposure to sublethal concen-
trations of water-soluble fractions (WSFs) of gasoline, benzene, xylenes, and
toluene on oxygen cohsumption by fad and unfed larval stages of the mosquito,
Aedes aegypti. Control experiments with untreated animals showed that there was
no significant difference in o2 consumption between fed and unfed larvae.
Treatment with the QSF of 1 ml/% gasoline, however caused an increased 02
consumption in fed, bdut not unfed, larvae pelative to untreated controls.
Treatment of fed larvae with individual WSFs of benzene (1 mi/L), xylenes

(3.3 ml/%), or toluene (0.1 to 0.5 ml/2) had no effect on O, consumpticn relative

2
to fed controls. A WSP mixture of benzene, Xxylenes, and toluene and a mixture of
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benzene and toluene (0.2 mi/% for each compound) caused significant increases in
02 consumption. Exposure to a WSF amixture of benzene and xylenes or toluene and
xylenes (0.2 mt/L for each compodnd) had no effect. The authors also conducted
experiments on the uptake of JE-labeled toluens in fed and unfed animals, as well
as uptake of 38- toluene by fed larvae in the presencs or absaence of benzene
(Section 15.3.). Maximum 38-toluene counts were equal in fed and unfed larvae,
but werse Areached' more quickly (one hour versus four hours) by the fed animals.
The 3H-toluene counts in larvae, expressed as the percentage’ of the iaitial
water counts, were greater in the benzene and toluene mixture than in the
solution containing toluene alone. The authors concluded that the affacts of
gasoline on 0, consumption were due to the enhanced uptake and synergiseic.
affects of toluene and benzene, two of the major aromatic components of gasoline: |
They also suggested that the presence of food acceleratad the uptake of toluene
through absorption of toluene to the consumed food particles. |

Blundo (1978) investigated the affacts of toluene on the swimming 'activity
and survival of barnacle (Balanus aburneus) larvaa. Groups of lérvae were
exposed for one hour in specially constructad tubeé to 10, 20, 30, 40, 50, 60,
70, 80, and 90% of the watar soluble fraction (WSF) made by saturating seawatar
with toluene. The tubes were designed so that actively 3wim1ng photopositive
larvae would be attractaed to light at the top of the tube. After one hour of
expogure, the inactive larvae were collected from the bottom of the tubes and
stained with a vital dye (neutral r'éd) to determine percent mortality. The
remaining portion, containing the active larvae, was then collected and counted.
The interpolatad concentration that immobilized 50% of the larvae was 12.5% 'or
the WSF. All larvae were immobilized at 30% WSF and higher. About 33-1/3% of the
larvae weée immobilized at 104 WSF, the lowest concentration testad. The percent

mortality of the immobilized larvae ranged from about 3% at 10% WSF to a2 maximum
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of 12% at 90% WSF. The author also measured the effects of WSFs that had been
aged in covered containers for one day in a refrigerator or exposed %o air for up
to 3 days. The percent WSF that immobilized 33-1/3% of the larvae was 10% in the
fresh solution, 37.5% in the refrigeratad solution, and 90% in the evaporated
solution. Additional experiments shdwed ﬁhat aeration of the WSF for six hours
lowered the toxicity to the same extent as three days of axposure to air.

Bakke and Skjoldal (1979) investigated the effects of toluene on activity,
survival, and physiology of the isoped, Cirolana borealis. For determination of
median effective times (ETSO, partial or complete narcotization as andpoint),
groups of 15 isopods were exposed in duplicate to nominal initial concentrations
of 0, 0.0125, 1.25, 5.7, 12.5, 25, and 125 ppm toluene for 4 days. The exposure
medium (33.5 to 34.5 /00 salinity seawater at;? to 10°C) was changed every

2 days. The interpolated or extrapolated ETS50 values were as follows:
3

Toluene g7
Congeptration (Bodls)
° -aapen
0.0125 ' —
1025 -
5.7 400
12.5 69
25 28
125 ' _ 3

No effects on activity were observed in animals exposed to 1.25 ppm or less
(Bakke and Skjeldal, 1979). The authors also investigated the recovery of
isopods after exposure for varying periods to 12.5 or 125 ppm toluene. Exposurs
to 125 ppm for one hour caused comblete inactivity, bu: all animals recovered
within 12 hours after transfer to clean water. Exposure for 2 or more hours to
125 ppm caused partial or complets mortality. All isopods could recover after
axposure to 12.5 ppm for 30 hours but not longer. Additicnal experiments showed

that there was no significant effect of U4 days of exposure to up to 5.7 pem
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toluene on oxygen consumption, ATP concentration, or energy charge. Exposure }o ,
32.5 ppﬁ resulted in a progressive decrease in ATP lavel and energy charge o;er
eight days of exposure, at which time all organisms had died. Exposure to the
rapidly lethal concentration of 125 ppm toluehe showed no effect on ATP level or
energy charge. These results with 12.5 and 125 ppm were essentially the same as
those reported by the authors in a previous paper (Skjoldal and Bakke, 1978).
Bakke and Skjoldal (1979) comcluded that the effect of toluene on activity was
mich more sensitive as an indicator of sublethal toluene toxicity than itsA
affects on respiration, ATP level, and energy charge.

In summary, the lowest toluene concentration shown to cause sublethal
: e{;ects»;n invertaebrates was 5.7 ppm, the concsntration which caused narcotiza-
tion of isopods (Bakke and Skjoldal, 1979). This concentra:iod is somewhat
higher than the 96 hour Lcso of 4.3 ppm for bay shrimp (ses Table 17-1) reportad
- by Beaville and Korn (1$77). The latter concentration i3 the lowest raeported to
have toxic errects-o; {rashwater or marinelinvertabéﬁtes., Although the chronic
toxicity of toluene to aquatic invertabrataes has not been studied, it i{s probable
that chronic affects coculd occur in sensitive invertebrate species at concentra-
tion below 4.3 ppm. This conclusion {3 supported by the fact that chronic
effects in flsh occurred at concentrations well below the acutaly toxic concen-

trations (Section 17.3.2.2.).
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18. HEALTH EZFFECIS SUMMARY
18.1. EXISTING GUIDELINES AND STANDARDS

18.1.1. Air. The Occupational Safety and Health Administration (OSHA) currently
limits cccupational exposure to toluene to 200 ppm as an § hoﬁr time-weightad-
average (TWA), with an acceptable ceiling concentration of 300 ppm
(40 CFR 1910.1000); the acceptable maximum peak above the ceiling concentration
is 500 ppm for a maximum duration of 10 minutes. The National Institute for
Occupational Safety and Health (NIOSH, 1973) currently recommends an exposure
limit of 100 ppm as an 8 hour TWA with a ceiling of 200 ppm. An 8 hour TWA
concentration of 100 ppm is also recommended by the American Conference of
Governmental Industrial Hygienists (ACGIH, 1980) as a Threshold Limit Value
(TLV) for toluene; the short-tern (15 minute) exposurs limit recommended by the
ACGIH is 150 ppm. ACGIH (1980) has further noted that there may be significant
contribution to the overall exposure by the cutaneous routé.

Threshold limit values that have been established for cccupational axposure

to toluene in other countries are listed as follows (Verschueren, 1977):

USSR 13 ppm (50 mg/m> 1972
Czechoslavakia 52 ppm (200 mg/m2) 1969
West Germany (BDR) 200 ppm (750 mg/m3) 1974
East Germany (DDR) 52 ppm (200 mg/m) 1973
Sweden 98 ppm (375 ug/m3) 1975

There .are no standards for general atmospheric pollution by toluene in the
United States, although a National Ambient Air Quality Standard specifies that
nonmethane hydrocarbons shall not exceed 0.2% ppm (160 ug/m3) as a maximum
3 hour average concentration (6 to 9 a.m.), more than once per year (40 CFR 50).

Ambient air quality standards have, however, been promulgated for toluene in
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other countries. These  foreign standards are summarized as follows

(Verschueren, 1977):

Country . Concentration : Averagigg Time
USSR \ 0.15 ppm (0.6 mg/m2) 20 min
Q.15 ppm (0.6 mg/m”) 24 hr
West Germany (BRD) 15 ppm (60 mg/m3) 30 min
» : 5 ppm (20 mg/m3) 24 hr
‘East Germany (DDR) 0.5 ppm (2.0 mg/m3 ' 30 min
0.15 ppm (0.6 mg/m”) 24 hr
Bulgaria 0;15 ppm (0.6 mg/m3) 20 min
0.15 ppm (0.6 mg/m) 24 hr
Aungary 13.3 ppm (50.0 mg/m) 30 min
5.3 ppm (20.0 mg/m?) 24 nr
Bungary (protactad areas) 0.16 ppm (0.6 mg/mz) 30 min
0016 pom (006 usl ) 2“ h!‘
fugoslavia - 0.16 ppm (0.6 mg/:i) 20 min
0.16 ppm (0.6 mg/m”) 24 hr

18.1.2. _Qater. . The Committee on Safe Drinking Water of the Naﬁional Acadeny of
Sciences concluded in 1977 that toluene and its major metabolits, benzoic acid,
were relatively nontoxic, and that there was insufficient toxicological data
available to serve as a basis for setting a long-term ingestion standard (NAS,
1977). It was recommended that studies be conducted to produce relevant informa-
tion. Toluene has recently been considered for a second time bf a reorganized
Toxicology Subcommittee of the Safety Drinking Water Committee of the National
Academy of Sciences (U.S. EPA, 1980), but the results of the deliherations of
this group have not yet been made public.

The U.S. EPA (1980) has recently derived an ambient water c¢ritarion level
for toluene of 14.3 mg/t. This criterion is iatended to protect humans against
the toxic effects of toluene ingested through water and contaminated aquatic

crganisms, and is dased on an Acceptable Daily Intake (ADI) calculated from the
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gaximumeno-effect dose reported in the Wolf et al, (1958) subchronic oral study
in rats -and an uncertainty factor of 1000. The criterion level for toluene can
alternatively be expressed as U424 mg/% if exposure is assumed to bde from the

consumption of fisnn and shellfish products alone.

18.1.3. TFood. Toluene‘haa been approved by the Food and Drug Administration for
use as a component of articles intended for use in contact with food (i.e., an
indirect food additive). Articles that contain residues of toluene uai be used
in producing, manufacturing, packing, processing, preparing, treating;
packaging, transporting, or holding focd. The use of toluene in the food
industry is summarized as follows:

Component of adhesives 21 CFR 175.105

Adjuvant substancs 1in resinous and
polymeric coatings for polyoclefin films
used as food contact surfaces 21 CFR 175.320

Component of the uncoated or coated
surfaces of paper and paperboard
articles intended for use with .
dry foods 21 CFR 176.180

Used in the formulation of semirigid
and rigid acrylic and modified acrylic
plastic articles 21 CFR 177.1010

Additive for cellophane (residue limit A
0.1%) 21 CFR 177.1200

Additive for 1,8-cyclohexylene dimethy-
lene terephthalate and 1,4-cyclo=-
hexylene dimethylene isophthalate
copolymer i 21 CFR 172.1240

Solvent for 3,4'-isopropylidenediphencl-
epichlorohydrin resins with a minimm
molecular weight of 10,000 (residue
limit <1000 ppm in the finished resin) 21 CFR 177.1440

Solvent for polysulfide polymer-polyepoxy
resins 21 CFR 177.1650
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Solvent for poly(2,6-dimethylt,l=

phenylene)oxide resins (residue limit

0.2% by weight) ' 21 ¢FR 177.2460
Blowing agent adjuvant used in the manue

facture of foamed polystyrene (residue

limit <0.35% by weight of finished

framed polystyrene) 21 CFR 178.3010
Toluene has also been exempted frcm the requiremsnt of a tolerance when it

is used as a solvent or cosolvent in pesticide formulations which are applied %o

growing crops (40 CFR 180.1001).

18.2. INHALATION EXPOSURES

As detailed in Chapter 11 of this report, many studies have reported the
effacts on humans of inhalation exposures to toluene. Because most of these
studies involved relatively small aumbers of human subjects, they failed to
precisely define the levels or durations of the exposures, and/or did not
consider the potential role of exposures to other toxicants. None of these
atudies would be suitable for human risk assessment if taken individually. 1In
combinatiocn, however, they constitute a considerable body of human experience

and provide a relatively consistent pattarm of dose-response relationships.

18.2.1. Effects of Single Exposures. The 2ffects on humans of singlé exposures
to toluene for pericds of up to eight hours are relatively well documented. Data
an both toluene glue sniffers (Press and Done, 1967a, 19679H; Wyse, 1973; Lewis
and Patterson, 1974; Helliwell and Murphy, 1979; Hayden et al., 1977; QOliver and
Watson, 1977; Barmes, 1979) and workers accidentally exposed to high levels of
toluene (Lurie, 1949; Browning, 1965; Longley et al., 1967; Reisen et al., 1975)
indicate that exposurs to air saturated or nearly saturated with toluene can
cause a spectrum of effects, from lightheadedness to unconsciousness, in a very
short period of time. Deaths attributad to the deliberate inhalationm of toluene

have been reported in at least 24 cases (Winek et al., 1963; Chiba, 1969;
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Nomiyama and Nomiyama, 1978). Although most of these reports do not provide
quantitative exposure estimates, glue ;nifters are probably exposed to nearly
saturatad airevapor mixtures of about 30,000 pﬁn tocluene. The occupational
report of Longley et al. (1967) indicated that a loss of consciousness occurred
within minutes after exposure to atmospheres estimated to contain 10,000 ppm
toluene at waist level and 30,000 ppm toluene at floor level. The acute inhala-
tion toxicity daté on experimental mammals, summarized in Table 12-1, suggest
that exposure periods of several hours to toluene levels greatar than 4000 ppm
may be lethal. Based on the results of longer term human studies discussed
below, short exposures to concentrations of up to 1500 ppm are not likely to be
lethal (Wilson, 1943; Ogata et al., 1970, see following discussion). The single
report by Gusev (1965) of effects on EEG activity in 4 individuals exposed %o
0.27 ppm for 6 minute intervals may be a subtle indication of the perception of
toluene at this low 1level but does not have any apparent toxicologic
significance.

For single exposure periods that approximats a normal working day (7 to
8 hours), von Oettingen et al. (1942a, 1942b) and Carpenter et al., (1944)
provide relatively consistant information on sublathal dose-response relatione
ships. As summarized pre§ioualy in Table 10-1, von Qettingem et al. (1942a,
1942b) noted a range of subjective complaints from 8 hour exposures to toluene
concentrations ranging from 50 ppm (drowsiness) to 800 ppm (severe fatigue,
nausea, incoordination, ete., with after effects lasting at least saveral days).
Although the terminology used by Carpenter et al. (1944) is somewhat different
from that used by von Qettingen, the effects noted seem comparable over the
common exposure range (200 to 800 ppm). Although the consistency between these
two studies is reqssuring, it ;hould be noted éhat aven combined both studies

involve exposures of only five individuals who were placed on aultiple
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exposure/recovery 3schedules. The impact that such aultiple expéaures ccul&
potentially bave on the results cannot be determined. Given the small number of
individuals iﬁvolved in the exposures to toluenes, an attempt to generalize for
the human population a decailéd dose~response gradieat comparable to that pre-
sented in Table 11-~1 does not aeén Justifiable. When these studies are con-
sidered along with the results of Ogata and coworkers (1970) and Gamberale and
Hultengren (1972) however, it seems reasonable to conclude that exposure periods
of 8§ hours or less to toluene concentrations below 100 ppm may result in mild
subjective complaints (fatigue or headache) but are not likely to induce observ-
able effects. Concentrations above 100 ppm may cause impaired reaction time
(200 pﬁn X 3 hours, Ogata ée al., 1970; 300 ppm x 20 minutes, Gamberale and'
- Hultengren, 1972). At concentraticns of 300 to 800 ppm and above, gross signs of
incoordination may be axpected (von. Qettingen et al., 1942a, 1942b; Carpentar
et al., 1944),

Accidental acute overexposure to toluene may be limited to some exteat by
ths organoleptic or irritant properties of the compound. Gusev (1965) reports
ranges of maximum imperceptible concentrations and minimum perceptible concen-
trations of 0.35 to 0.79 ppm and 0.40 to 0.85 ppa, resﬁectively. May (1966)
reports a ainimum perceptible comcentration of 37 ppm. The reasons for this
discrepancy between the Russian and American values are not apparent. Althougn'
the Russian study entailed a total of 30 subjects and T44 observations and the
American report involved 16 individuals (aumber of observations aot specified),
it i3 unlikely that the difference in the reported detectables levels is due
simply to sample size. In any event, toluene appears to be detectable in the air
at levels below those causing impaired coordination (i.e., >100 ppm). In
addition, Carpentar and coworkers (1944) reported that toluene caused mild

throat and eye irritation at 200 ppm and also caused lacrimation at 400 ppm.
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In summary, the estimated dose-response relationships for the acute effects

v

of single short-term exposures to toluene are presented bdelow:

10,000 to : Onset of narcosis within a few minutes. Longer
30,000 ppm exposures may be lathal,
>4,000 ppm : Would probably cause rapid impairment of reaction

time and coordination. Exposures of 1 hour or
longer might lead to narcosis and possibly death.

1,500 ppm : grobably not lethal for exposure periods of up to
- hours.

300 to 800 ppm : Gross signs of incoordination may be expected
during exposure periods up to § hours.

400 pem Lacrimation and irritation %o the eies and throat.

LYy

100 to 300 ppm Detactable signs of incoordination may be expectad
: during exposure periods up to § hours.

200 ppm Mild throat and eye irritatien.

50 to 100 ppm Subjective complaints (fatigue or headache) but
: probably no observable impairment of reaction time
or coordination.

>37 ppm : Probably perceptible to most humans,

From the above discussion, it should be evident that these approximations are
crude composites and contain several areas of uncertainty and overlap.

18.2.2. Effects of Intermittsnt Exposures Over Prolonged Periods. Limited
information is available on the effects of subchrenic or chronic continuous
exposures to toluene on humans or experimental animals, Most of the studies
either involve occupational exposures or are designed to mimic occupational
exposures. Consequently, while the data described below may be directly applic-
able to estimating effects from occupational exﬁosures, an additional element of
uncertainty must be considered in any attempt to esFima:e the effects of

continucus exposures that may occur f{rom ambient air.
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Wilson (1943) provides the only accsptable data on the affects df repeated
occupational exﬁosures to toluene over a period of weeks (Section 11.1.1.2.). In
this study, the workers were classified into three groups by the levels of
toluene to which they were exposed: 50 to 200 ppm, 200 to 500 ppm, and SQ0 to
1500 ppm. The effects notad at the various lavels were essentially.tha same as -
those 3een in single exposures. Iﬁ the low exposure group, the reports ofiﬁ
headache and lassitude are consistent with symptoms noted by vén Qettingen and V
coworkars (1342a, 1942b) over the same range of exposure. Although Wilson (1943)
did not attribute these effaects o toluene exposure, his failure to include an
unexposed control group makes this Jjudgment gquestionable in view qt the
von Qettingen data. In the middle and high expesure groups, the reports of
Aheadacne, nausea, and concentration-related impairment of coovdinétion and
reaction time are also consistent with the aymptoms reported by von Cettingen and
coworkers (1942a, 1942b) and Carpentar and cgworkers (i9ltl&) for short-tarm
single exposures. The majér discomforting faature of the Wilson (1943) report is
that it involved only 100 out of a total of 1000 workasrs. It is unclear whether
the remaining_QOO workars aevidenced any symptoms or'toluene exposure.

The only other study that reports effects of repeated exposures Lo toluene
for relatively short pericds of time is that presented by Greenburg and coworkers
(1982). In this study, repeated occupational exposures to toluene at levels of
100 to 1100 ppm fof periods of 2 weeks to 5 years were associated with enlarged v
\livers in 13 of 61 airplane painters. This incidence of liver eanlargement was
reportad to be 3 times that of a control group of 430 workers not exposed to
toluene. Because Greenburg and coworkers (1942) were not able to associats liver
enlargement with clinical or laboratory evidence of disease, bdecause the
painters were alsc exposed to significant quantities of other volatile paint

components (Table 11-9), and because the liver effect has not been corroboratad
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by other investigators (e.g., Parmeggiani and Sassi, 1954; Suhr, 1975), the
hepatomegaly reported b? Greenburg should be given relatively little weight in
risk assessment.

Other reports of repeated occupational exposures to toluene involve periods
of several years, For mean exposure levels above 200 ppm, all of the available
studies except that of Suhr (1975) report some evidence of neuroclogic effects
(Capellini and Alessio, 1971; Parmeggiani and Sassi, 1954; Munchinger, 1963;
Rouskova, 1975).

The Suhr (1975) study involved a group of 100 printers exposed to 200 %o
400 ppm toluene for over 10 years. Compared to a group of 100 non-exposed
individuals, no significant differences were seen in symptoms of central nervous
system (CNS) depression or Sphallograph tests, g_hich are designed to measure
muscular coordination. An interpretation of the significance of the Suhr (1975) |
study is confounded, however, by several factors. As discussed in Sections
11.1.1.2. and 11..3., the limitations of this study include an undefined control
group, uncertainties involving the time of reflex reaction and sphallograph
testing (i.e., blood toluene levels may have declined significantly if the
workers were examined before or after the work shifts), and the use of an
apparently unvalidated device (sphallograph) for the detection of slight distur-
bances of muscular coordination.

The other studies that do report effects at equal or higher levels of
exposure can be challenged for various reasons, The report of "nervous hyper-
excitability™ in 6 of 11 exposed to 200 to 800 ppm toluene for “many years"
(Parmegglani and Sassi, 1954) does not seem to be characteristic of toluene
intoxication. This report is from the Italian litgrature, however, and a fnll
text translation has not yet been made available for this review., The Capellini

and Alessio (1971) study, whiszh associated stupor, nervousness, and inscmnia
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with occupational axposure to 250 (210 to 300) ppm toluene for several years,
involved only a single worker. The "organié psychosyndrome” diagnosed by
Munchinger (1963) in workers exposed to 300 and 430 ppm toluene for 18 and
12 years, respectively, i{s supported by the results of Rorschach tests and
Knoepfel's 13-€rror tasts. Because Munchinger did not use a control group, -
howevar, che-‘uei.lity of this study is limited. The changes in EEG response to :

photic aﬁimlation that were reportad by Rouskova (1975) in workers exposed %o B
>250 ppm toluene for an average of 13.5 }ears alao involved ex;:csure to unspeci-
filed levels of 1,1,1-trichloroethane. Thus, the 'Lntemntati.on of the dia-‘
crepancies between the study by Suhr (1975) and these other reports is problema-
tie. Conaider;ng the relatively well documented CNS effacts of single exposurgs'
to toluene at lavels above 200 ppm (Section 18.1.1,) and the effects noted by'
Wilson (1943) at comparabls levels for much shorter periods of time, it would
seed imprudent to accept the.Suhr (1975) data as a "no-observed-effact lavel™ for
human risk assessment.

An altermative approach could be to use the study dy Capellini and Alessio
(1971) in which no CNS or liver effects were notad in a group of 17 workers
occupationally exposed to 125 (80 to 16Q) ppm toluene for "diverse years." In
‘addition to the problems of small sample size, failure to precisely define the
duration of exposure, and lack of a control group, the use of this study is
compromised dy reports of effects in two other groups of workers at lower levels
af toluene exposure., Matsushita and coworkers (1975) reported impaired per-
formance in neurological and muscular function tests in a group of 38 female
shoemakers who had been exposed to 15 to 200 ppm tolusne for an average of
3 years and 4 months. In addition, 19 of 38 axposed women, compared to 3 of 16 in
the control group, complained of dysmenorrhea. The second group of workers was

composed of 100 car painters who had been occupationally exposed to an averags of
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30.6 ppm toluenme for an average of 14.8 years. As reportad by Hanninen and
coworkers (1976) and Seppalainen and coworkers (1978), the exposed workers had a
greater incidence of CNS symptoms and impaired performance on tests for intelli-
gence and memory, as well as for visual and verbal ability. Both of tne‘stddies
on th;s group of uorkers used control groups of approximately 100 unexposed
individuals. The majcr problem with the reports of adverse affects on the female
shoemakers and male car painters is that bdoth grogps were exposed to other
potentially toxic agents. The female shoemakars were exposed to "slight" levels
of gasoline (Matsushita et al., 1975) and, as detailed in Table 11-3, the male
car painters were exposed to sgveral other organic solvents.,

The subchronic and chronic data on experimental mammals are of only limited
use in helping to resolve the uncertainties in the human data. Jenkins and
coworkers (1970), and CIIT (1980) report no-observable~effect levels (NOEL3) in
experimental mammals 1085 ppm (8 hours per day, 5 days per week for § weeks) and
300 ppm (6 hours per day, 5 days per week for 2§ months), respectively. For
reasons discussed in detail in Section 12.1.2., the CIIT study is not considered
appropriate for human risk assessment; interpretation of this study is compli-
cated by the absence of quality assurance throughout the study, the use of an
inappropriate strain of rats for study of myelotoxicity, and the fact that the
highest leval tested was not a maximum tolerated dese. As discussed above in
this section, a NOEL of 1085 ppm i3 contradicted by human experience, suggesting
that humans are more sensitive than experimeantal mammals to toluene exposure.
Similarly, ﬁhe continuous~axposure NOEL of 107 ppm for‘90 days in rats, guinea
pigs, dogs, and monkeys (Jenkins et al., 1970) does not, in itself, negate the

concerns with effects reported in humans at lower lavels,
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18.3. ORAL EXPOSURES |

Vary little information is available on tﬁe écuta, subchronie, or chronic
‘effects of toluene in experimental mammals. As summarized in Table 12-1, acute
oral LDsOs in adult rats range from 5500 mg/kg ﬁo 7530 mg/kg. U;ing the cubed
root of the bedy weight ratics for intarspecies conversion (U.S. EPA, 198Q¢;
Freireich ot al., 1966; Rall, 1969), an approximate lethal dose for humans can be
estimated at 983 mg/kg (5500 mg/kg « (70 kg + Q.4 kg)1/3).‘ The conversion
factor, as used here, assumes that humans are more sensitive than rats, which, as
digcusaed above, is consi#tent with the available data on inhalation exposure.
‘This escimate‘ot the approxim#te-lethal dose is also consistent with the report -
by PFrancone and Braier (1954) that leukemia patients were able to tolerate
' cumulétive doses of up to 130,000 mg of toluéne given over Q 3 week period
(approximately 88 mg/kg/day).

The only subchronic oral data ars reported in the study by Wolf and
coworkers (1956), indicating a NOEL in rats at 590 mg/kz/day, given five days per

weeik for six months.

18.4, DERMAL EXPOSURES

‘ Studies on the dermal toxicity of toluene are not adequata for guantitative
risk assessment. Quaiitatively, the little information that is available sug-
gests that moderate dermal contact with liquid toluene (i.e., exposure of human
fbrea:m skin to toluene for 1 hour on 6§ successive days) may cause skin damage
but does not result in ovart signs of toxicity (Malten et al., 1968). Similarly,
the acute and subehronic data on toluene exposure in experimental mammals do not
suggest that toluene is a potent toxicant on dermal contact. A method for
quantitatively using such data to estimate equivalent human dose-response réla;

tionships, however, has not bdeen fully formulatad or validated.
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As discussed in Section 13.1.,'exposure to toluene vapor results in relatively

little dermal absorption compared to absorption across the lungs.
18.5. RESPONSES OF SPECIAL CONCERN

18.5.1. Carecinogenicity. CIIT (1980) concluded that exposure to 30, 100, or
300 ppm toluene for 24 months did not produce an increased inecidence of
neoplastic, proliferative, inflammatory, or degenerative lesions in Fischer 344
rats; however, the high spontaneous incidence (16%) of mononuclear c¢ell leukemia
in aging Fischer 344 male rats has been reported by Coleman and coworkers (1977),
suggescing that this strain may bde Lnapﬁropriate for the study of a chemical that
might be myeldcoxici Also, the design of the study has been deemed inadequate in
that the highest level tested was not 2 minimum lethal dose (Powers, 1979).

Other st;dies suggest that toluene is not carcinogenic when applied topi-
cally to the shaved skin of animals. Toluene is used extensively as a solvent
for lipophilic chemicals being tested for carcinogenic potential; negative
control studies employing 100% toluene have not eliéited carcinogenic effacts.
Also, no evidencs of a promoticn effect was noted when toluene was painted om the
skin of mice twice weekly for 20 weeks following initiation with T7,12-dimethyle
benz~-{a] -anthracene (Frei and Stephens, 1968; Frei and Kingsley, 1968).

The above data are not adequate for assessing the potential carcinogenicity
of toluene with great assurance and they cannot bde used for supporting carcino=-

genicity as a valid bioclogic endpoint in quantitative risk assessment.
18.5.2. Mutagenicity. Toluene has yielded'negative'results in a battery of

microbial, mammalian cell, and whole organism test systems as indicated in the

following:
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Differential Toxicity/DNA Repair Assays
Escherichia coli
Salmonella typhimurium

Reverse Mutation Testing
‘Salmonella tyohimurium (Ames test)
Escherichia coll WP2 assay
Saccharomyces cersvisiae D7

Mitotic Gene Conversion/Crossing Over
Saccharomyces cerevisiae D4, D7

Thymidine Kinase Assay
L5178Y mouse lymphoma cells

Micronucleus Tast
mouse

Deminant Lathal Assay
mouse

Sistar-Chromatid Exchange
cultured CHO cells
human lymphocytes in vitro
human lymphocytes in x;gg}(workers)

In ﬁne-ﬂussian literature, chromosome aberrations were reported in the boné
marrow cells of rats exposed subcutaneously (Dobrokhotov, 1972; Lyapkalo, 1973)
and via inhalation (Dobrokhdtov and Einkeev, 1977) to toluene. These findings
were not corroborated in a Litton Biocnetics, Inc. (1978b) study in rats following
intraperitoneal injection, in cultured human lymphocytes exposed to toluene
in vitro (Germer-Smidt and Friedrich, 1978), or in lymphocytes from workers
chronically exposed to toluene (200 to 400 ppm, Forni et al., 197%; 7 to 112 ppm
toluene, Maki-Paakanen ét al., 1980). Differences in doses employed may
account, at least in part, for these conflicting results. Funes-Cravioto et al.
(1977) did report an excess of aberrations in the lymphocytas f{rom 14 printars
exposed to TWA concentrations of 100 to 200 ppm for 1 to 16 years, but it is
probable that part of the exposure was to benzene-contaminated toluems. Also,

the number of workérs was small in this study.
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18.5.3. Teratogenicity. Toluene was reported in a recent abstract from NIEHS to
induce cleft palates at a level of 1.0 m/kg (approximately 866 mg/kg) following
oral exposure to mice on days § to 15 of gestation (Nawrot and Staples, 1979).
.Thi; effept reportedly did not appear to be due merely to a general retardation
in growth rate. Levels of 0.3 and 0.5 md/kg (approximately 260 and 433 mg/kg)
toluene had no taratogenic affact, but the number of mice exposed and number of
fetuses examined were not stated. Nawrot and Staples (1979) also noted a
.significant increase in embryonic lecbﬁlity at all dose levels and a significant
reduction in fetal weight at the tﬁo higher dose levels. No frank signs of
maternal toxicity were seen at any dose level; however, at the highest dose,
decreased matermal Qeisbt gain was reported in mice exposed on day; 12 to 15 of
gestation. A completae copy of this report has not been made available for review
but has been submitted for publication. |

Three other studies have concluded that tolueme is not teratogenic in mice
(Budak and Ungvary, 1978) or rats (Hudak and Uﬁsvary, 1978; Litton Bionetics,
1978b; Tatrai et al., 1980) following inhalation exposure. Hudak and Ungvary
(1978} and Tatrai et al. (1980) have noted, however, an increased incidence of
skeletal anomalies and signs of retarded skeletal development in the rats that
wera not considered malformations as such. Embryotoxicity was alsc indicated by
low fetél weights in mice and some rats (Hudak and Ungvary, 1978). At the high
exposure levels in the study by Budak and Ungvary (1978), increased matarnal
mortality was noted in rats (399 Pﬁm, 24 hours/day, days 1 %o 8) and mice
(399 ppm, 24 hours/day, days 6 to 13). No increased mate}nal mortality was noted
by either Rudak and Ungvary (1978) or Tatrai et al. (1980) at lower exposure
levels in rats (266 ppm, 8 hours/day, days i to 21; 266 ppm, 28 hours/day,
days 7 to 14) or mice (133 ppm, 24 hours/day, days 6 to 13). Ia the study by
Litson Bionetics, Inc. (19780b), no signs of matarnal toxicity ware noted in rats

exposed to 100 or 400 ppm, § hours/day, on days 5 to 15 of gestatiocn.
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The extrapolation of these results to define potential numan risk i3 an
uneertain process., The doss that produced cleft palates in mice on oral expo-
sure, 366 mg/kg, is only slightly higher than the NOEL in rats, 590 mg/kg/day.

Although inhalation axposure to toluene have not been shown ﬁo be tara=-
togenie, enbryotoxiéity i3 an endpoint of corcern. The effects noted in rats and
mice at the high exposure level (400 ppm) in the study by Budak and Ungvary
(1978) may be of limitad use in human risk assessment because of the occumncé
of matarnal mrf;ality-. The lowest affect level not associated with matermal .
mortality was 133 ppm, 24 hours/day, on days 6 to 13, .which caused low fetal
weights :Ln. mice. No fatal eoffects were notad in the study dby Litton Biocnetics,
Inc. (1978b), however, when rats were exposed to 100 ppm or 400 ppm, § hours/day', ‘
on days 6 to 15 of gestation, or in the Tatrai et al. (1980) study when rats were
continuously exposed to 266 ppm toluene on days 7 to 14. As is »the case with
oral exposure studies, a quantitative approach for using this type of data in

human risk assesament has not been validatad.

1816



REFERENCES

Abou~el-Makarem, M.M. et al. (1967). 3iliary excreticn of foreign compounds.
Benzene and its derivatives in the rat. Biochem. J. 105:1269-1274,

ACCIR (American Conference of Govermmental Industrial HSygienists) (1979). Docu-
mentation of the Threshold Limit Values for Substances in Workrocom Air, 3rd
ed., 1971, with supplements through 1976. Cinecinnati, QH: ACGIH, p. 348.

ACCIH (American Conference of Governmental Industrial Hygienists) (1980).
Threshold Limit Values for Chemical Substances and Physical Agents in the
Workroom Environment with Intended Changes for 1980. Cincinnati, OH:
ACGIH, pp. 30.

Adams, R.M.; Crocker, T;D.; and Thanavibulchai, N. (1980). An Economic Assess-
ment of Air Pollution Damages to Selected Annual Crops in Southern
Califernia. U.S. Environmental Protection Agency, Washingtom, DC, 27 pp.

A.D, Little (1981). Exposure Assessment of priority pollutants: Toluene. Draft
report prepared by Arthur D. Little, Inc., Cambridgs, MA, for the U.S.
Eanvironmental Protaction Agency, Research Triangle Park, NC.

Al-Gailany, K.A.S.; Bouston, J.B.; and 3Bridges, J. W. (1978). The role of
substrate lipophilicity in determining Type 1 microsomal P85S0 binding
characteristics. Biochem. Pharmacol. 27(5):783-88.

Alha, A.; Rorte, T.; and Teahw, M. (1973). - Solvent sniffing death. Z.
Rechtsmed. 72:299-305.

Altenkireh, J.; Mager, J.; Stoltenburg, G.; Helmbreecht, J. (1977). Toxic poly-
neuropathies after saniffing a glue thinner. J. Neurol. 214(2):137-52.

Altshuller, A.P.; Lonneman, ¥W.A.; Sutterfield, F.D.; and Kopezynaki, S.L.
(1871). Hydrocarbon compesition of the atmosphere of the Los Angeles
Basin--1967. Enviren. Sei. Tech. 5:1009.

Altwicker, E.R.; Whitby, R.A.; and Stasiuk, W.N. (1977). Ambient hydrocarbon
levels at two elevated and some street level sites. Proc. Int. Clean Air
Congr., 4th. Taken from: Chem. Abst. 88:141039q, 1978.

Ancona-Alayon, A. (1975). Occupational koilonyehia from organic solvents.
Contact Dermatitis 1:367-269.

Amsel, L.P. and Levy, G. (1969). Drug biotransformation interactions in man.
II. A pharmacokinetic study of the simultaneous conjugation of bdenzoic and
salicylic acids with glyecine. J. Pharm. Sei. 58(3):321-326.

Anderson, G.Z.; Liu, C.S.; Holman, H.Y.; and Killus, J.P. (1980). Human Exposure
to Atmospheriec Concentrations of Selected Chemicals, Publicatioen No.
unavailable. Prepared by Systems Applications, Inec., San Rafael, CA, under
Contract No. EPA 63-02-3066. U.S. Environmental Protection Agency,
Research Triangle Park, NC.

=1



Andersson, K.; Fuxe, K.; Toftzard, R.; Nilsen, Q.G.; Sneroth, P.; and Gustafsson,
J.A. (198Q). Toluene-induced activation of certain hypothalamic and
median-eminence catecholamine nerve-tarminal systems of the male-rat and
its effects on anterior pituitary hormone secretion. Toxicol. Letters
5(6):393-398. .

Andreua; L.S.; Lee, E.W.; and Kocsis, Jod. (1975). Effects of toluene on the
disposition of benzene in the mouse. Pharmacol. 17(2):500..

Andrews, L.S.; Lee, E.W.; Witmer, C.M.; Koesis, J.J.; and Sayder, R. (1977).
Effects of toluens on the metabolism, disposition and hemopoistic toxicity
of (3H)benzene. Biochem. Pharmacol. 77(4):293-300.

Angerer, J. (1979). Occupational chronic exposure to organic solvents. VII.
Metabolism of toluene in man. Int. Arch. Occup. Eaviron. Health
43(1):63-67.

Anthony, R.M.; Bost, R.0.; Thompsonm, W.L.; and Sunshine, I. (1978). Paraldehyde,
toluene, and methylene chloride analysis by headspace gas chramatography.
J. Anal. Toxicol. 2:262-264.

Aranka, H.; Zsuzsa, B.:; and Gyoergy, U. (1975). (Experimental study of the
hepatotoxic effect of toluol. I. Histological and histochemical studies.]
Morphol. Igazsagugyi Orv. Sz. 15(3):209-17. (Ia Hung.)

Astrand, I. (1975). Uptake of solvents in the blood and tissues of man. 4
review. Scand. J. Work Environ. Health 1(4):199-218.

Astrand, I.; Ehrner-3amusel, H.; Xilbem, A.; and Ovrum, P. (1972). Toluene
exposure. I. Concentration in alveolar air and blood at rest and during
exercise. Work Environ. Health 72(3):119-30.

Atkinson, J.H., and Newth, F.H. (1968). Microbiological transformation of
: hydrocarbons. Microbiol., Proc. Conf. §8:35-45.

Atkinson, R., et al. (1978). Rate constraints for reaction of OH radicals and
ozone with cresols at 300 + 13K, J. Phys. Chem. 82:2759. (Cited in
Syracuse Research Corporation, 1980.)

Baker, A.B., and Tichy, F.Y. (1953). The effects of the organic solvents and
industrial poisonings on the central nervous systenm. Proc. A4ssoc. for
Research in Nervous and Mental Disease 32:475-505.

Bakke, O.M., and Scheline, R.R. (1970). Hydroxylation of aromatic hydroecarbons
in the rat. Toxicol. Appl. Pharmacol. 16:691-700.

Bakke, T., and Skjoldal, H.R. (1979). Effects of toluene on the survival,
respiration, and adenylate system of a marine isoped. Mar. Pollut. Bull,
10(8):111-15, -

Ball, H. (1976). Some new aspects in air pollutants analysis of hydrocarbons by
automatic gasechromatography. Z. Anal. Chem. 282:301-30S.

R=2



Banfer, W. (1961). [Studies on the effect of pure toluene on the blood picture
of photogravure printers and helper workars.] Zentralbl. Arbeitsmed.
11:35-40. (In Ger.) (Cited in NIOSH, 1973.)

Bansagi, J. (1968). [Effect of toluene on the phagocytic activity of white blood
cells in printers.] Munkavedelem 14:26-8. (In Hungarian; sumarized in
Chem. Abst. §9:895u4ua, 1968.)

Barash, V.A. (1957). The influence of some mineral and organic substances on
methane farmentation in sewage sludges. Vsesoyuz. Nauch.-Issledovatel.
Inst. Vodosnabshen., Kanalizats., Gidrotekh. Socoruzhenii 1 Inzhener.
Gidrogeol., Materialy Soveshchaniya, pp. 105=14,

Barman, M.L.; Siegel, N.B.; Beedle, D.B.; and Larson, R.K. (1964). Acute and
chronic effects of glue sniffing. Calif. Med. 100:19-22. :

Barnes, G.E. (1979). Solvent abuse: A review. Int. J. Addict. 18:1-26.
Bass, M. (1970). Sudden sniffing death. J. Amer. Med. Assoe. 212:207S.

Batchelor, J.J. (1927). The relation toxicity of benzol and its higher homo=
lOSuGS. Am- Jc HYS. 1:276"98-

Battig, K., and Grandjean, E. (1964). Industrial solvents and avoidance condi-
tioning in rats. Arch. Environ. Health 9:745-49.

Bayly, R.C. et al. (1966). The metabolism of cresols by species of Pseudomonas.
Biochem. J. 101:293-301.

Beck, T. and Poschenrieder, B. (1963). Experiments concerning the action of
toluene on the microflora in soils. Platn Soil 18:386-357.

Bellar, T.A.; Budde, W.L.; and Eichelberger, J.W. (1979). The identification and
measurement of volatile organic compounds in aquecus environmental samples.
In: Monitoring Toxic Substances. ACS Symposium Serias, pp. 49-82.

Bellar, T.A., and Lichtenberg, J.J. (1979). Semiautomated headspace analysis of
drinking waters and industrial waters for purgeable volatile organic come
pounds. In: Measurement of Organic Pollutants in Water and Wastewatsr,
ASTM STP 686. Van Hall, C.E., editor. Philadelphia, PA: American Society
for Testing and Materials, pp. 108=129.

Bennett, R.H., and Forman, H.R. (1980). Hypokalemic pericdic paralysis in
chronic toluene exposure. Archives of Neurology 37(10):673.

Benville, P.E., Jr., and Korm, S. (1977). The acute toxicity of six monocyelic
aromatic crude oil components to striped bass (Morone saxatilis) and bay
shrimp (Crago franciscorum). Calif., Fish Game §3(4):204-209.

Bergman, K. (1978). Application of whola-dody autoradiography to distribution

studies of organic solvents. Int. Symp. Control Air Pollut. Work. Environ.
Pt. 2, pp. 128-39.

R-3



Bergman, K. (1979). Whole-body autoradiography and allied tracer techniques in
distribution and elimination studies of some organic solvents. Scand. J.
Work Environ. Health. 5:263 pp.

Berry, W.0. (1980). A comparative study of the uptake of toluene dy bluegill,
sunfish Lepomis macrochirus and crayfish QOrconectas rusticus. Enviren.
POllut. 80«:109‘19.

Berry, W.0., and Brammer, J.D. (1977). Toxicity of watar-soluble gasoline frac-
tions to fourth-instar larvae of the mosquito Aedes aegyoti L. Eaviren.
Pollut. .13(3):229-34.

Berry, W.0.; Brammer, J.D.; and Bee, D.E. (1978). GUptake of wa;:er-saluble
gasoline fractions and their effect on oxygen consumption in aquatic stages
" of the mosquito (Aedes aegypti L.). Eaviron. Pollut. 15(1):1-22,

Berry, W.0., and Fisher, J.W. (1979). Transfer of toluene 8¢ trom mosquito
larvae to bluegill sunfish. Bull. Eaviren. Contam. Toxicol. 23(6):733=36.

Bertsch, W.; Anderson, E.; and Holzer, G. (1975). Tracs analysis of organic
volatiles in water by gas chromatography-mass apectronetry with glass
capillary colums. J. Charemategr. 112:701-718.

Blundo, R. (1978). The toxic effects of the watar soluble fractions of No. 2
fuel oil and of three arcmatic hydrocarbons on the debavior and survival of
barnacle larvae. Coatrib. Mar. Sei. 21:25-37. ’

Bolger, M. (1981). Private communication from detween M. Greenburg, ECAQO, EPA
and M. Bolger, Toxicologist, Foocd and Drug Admiunistration, Washington, DC,
April 13, 1981 .

Bonnet, P; Raoult, G.; and Gradiaki, D. (1979). Lethal conmcentration 50 of main
aromatic hydrocarhons. Arch, Maladies Prof., de medicine du travail at de
Securite Sociale 40(8-9):805-310.

Boor, J.W., and Hurtig, 8.I. (1977). Peraistent cerebellar ataxia after exposure
to toluene. Ann Neurol. 2(5):44Q-42.

Bos, R.P.; Brouns, R.M.E.; Van Doorn, R.; Theuws, J.L.G.; and Henderson, P.T.
(1981). Non-mutagenicity of toluene, o=, m-, and p-xylene, o-msthylbenzyl
alcochol and o-methylbenzyl sulfate in the Ames assay. Mutat. Res.
88(3):273-279.

Bradsher, C.X. (1977). Toluene. In: McGraw-Hill Encyclopedia of Science and
Technology, 4th ed. New York: MeGraw-Hill Book Co., Vol. 13, pp. .

Braier, L. (1973). Coumparative study of isocyclic hydrocartons in animals and in
man. Haematologica 58(7-8):491-500. .

Bray, H.G.; Thorpe, W.V.; and White, K. (1951). Kinetic studies of the meta-
bolism of foreign organic compounds. Biocchem. J. 148:88-96.

R4



Srenniman, G.R.; Anver, M.R.; Hartung, R.; and Rosenberg, S.H. (1979). Effects
of outboard motor exhaust emissions on goldfish (Carassius auratus). J.
Environ. Pathol. Toxicol. 2(6):1267-281.

Brenniman, G.; Hartung, R.; and Weber, W.J., Jr. (1976). A continuocus flow
bicassay method to evaluate the affects of outboard motor exhausts and
selectad aromatic toxicants on fish. Water Res. 10(2):165-69.

§ridie, A.L. et al. (1979). BOD and COD of some petrochemicals. Water Research
13:627-30.

Briggs, G.A. (1970). Some Recent Analyses of Plum Rise Observations. Proc. of
International Air Pollution Conference, December 1970, Washington, D.C.
(Cited by Anderson et al., 1980.)

Bringmann, G., and Kuhn, R. (1959). The toxic effects of waste water on aquatic
bacteria, algae, and small crustaceans. Gesundheis-Ingerieur §g:115.
(Cited in McKee and Wolf, 1963.)

Bringmann, G., and Zuhn, R. (1976). Comparative results of the damaging effects
of water pollutants against bacteria (Pseudomonas putida) and blue algae
(Microcystic aerugincsa). Gas-Wasserfach, Wasser-Abwasser 117(9):41-13,

Bringmann, G.; Gottfried, ; and Kuhm, R. (1977). Limiting values for the
damaging action of water pollutants to bacteria (Pseudemonas putida) and
green algae (Scenedesmus guadricauda) in the cell multiplication innibitien
test. 2. Wasser Abwasser Forsch. 10(3-4):87-98.

Bringmann, G., and Ruhn, R. (1978). Grenzwerte der Schadwirking wasser-
gefahrdender stoff gegen blaualgen (Microcystis aeruginosa) und grunalgen
(Scenedesmus guadricauda) in zellvermehrungschnemmtest. Yom Wasser
_5_0: us-éo . .

Bringmann, G., and Ruhn, R. (1980). Bestimmung der biologischen schadwirkung
wassergefahcdender stoffe gegen protozoen., II. Baktarinpreasendse cilia-
ten. 2. Wasser Abwasser Forsch. 13(1):26=31.

Broda, P.; Bayley, S.; Duggleby, C.J.; Worsey, M.J.; and William, P.A. (197T).
Plasmid-coded degradation of toluene and xylenes in soil pseudomonads. 1In:
Plasmids. Medical and theoretical aspects. Mitsuhashi, S., Rosival, L.,
and Kremery, V., eds. Berlin: Springer-Verlag KG., pp. 403-406.

Brodowski, P.T.; Wilson, N.B.; and Scott, W.J. (1976). Chromatographic analysis
of gaseous products from pyrolysis of organic wastes with a single columm.
Anal. Chem. 48(12):1812-813.

Brookshire, D.S.; d'Arge, R.C.; Schulze, W.D.; and Thayer, M. (1979). Methods
for valuing aesthetics and health effects in the south ccast air basin: An
overview. Paper presented at the 72nd Annual Meeting of the Air Pollution
Control Association, June 24-28, 1979, Cincinnati, OH, 27 pp.

Brown, A. (1957). Alterations of plaque morphology in some caliphages. J.
Bacteriol. 73:585-587.



Brown S.L.; Chan, F.Y.; Jones, J.L.; Liu, D.H.; MeCaledb, K.E.; Mill, T.; Kapios,
K.N.; and Schendel, D.E. (1975). Research Program on Hazard Priority
Ranking of Manufactured Chemicals, Phase Il--Final Report, chemicals 1-20.
Prepared by Stanford Research Institute, Menlo Park, CA. Natiomal Science
Foundation, Washington, D.C. Available from: National Technical Informae
tion Service, Springfield, VA (NTIS PB 263 161).

Browning, B. (1965). Toxicity and Metabolism of Industrial Solvents. New York:
Elsevier Publiashing Co., pp. 86=76.

- Brucimer, J.7., and Peterson, R.G. (19768). Evaluation of toluense toxicity uti-
lizing the mouse as an animal model of human solvent abuse. Pharmacol.
18(2):284.

Bruckner, J.V., and Peterson, R.G. (1978). Effect of repeated exposure of mice
and rats to concentrated toluene and acsetone vapors. Toxicol. Appl.
Pharmacol. 45(1):359.

Bruckner, J.V., and Petarson, R.G. (1981a). Evaluation of toluene and acetons
inhalant abuse., I. Pharmacoleogy and pharmocodynamics Toxicol. Appl.
Pharmacol. (In pma.) '

Bruckner, J.V., and Peterson, R.G. (1981b). Evaluation of toluene and acetone
: inhalant abuse. II. Model development and toxicology. Toxicol. Appl. -
Pharmacol. (Ia press.) :

Buckstaeg, W. (1942). The effect and mode of action of toluene on thae bactarial.
eell. Zentr. Bakt. Parasitenk. 105:209-13. ‘

Burger, R.M. (1971). Toluene-treatad Escherichia coli replicata only that DNA
which was about to be replicated in vivo. Proe. Nat. Acad. Sei.

68(7):2124-126. |

Burger, R.M., and Glaser, D.A. (1973). Effect of nalidixic acid on DNA replica-
tion by toluenee-treated Escherichia coli. Proc. Nat. Acad. Sci.
70(7):1955=958. :

Burghardt, E., and Jeltes, R. (1975). Gas chromatographic determinaton of aroma-
tic hydrocarbons in air using a semi-automatic prsconcentration method.
Atmos. Environ. 9:935-940.

Buswell, J.A., and Jurtshuk, P. (1969). Microbial oxidation of hydrocarbons
measured by oxygraphy. Appl. Mikrobiol. §4:215-22.

Caldwell, R.S.; Caldarone, E.M.; and Mallen, M.H. (1976). Effacts of a Seawatar-
soluble Fraction of Cook Inlet Crude 04l and its Major Aromatic Components
on Larval Stages of the Dungeness Crab, Cancer magistar dana. In: Fate and
Effects of Pstroleum Hydrocarbon in Marine Organisms and Ecosystems.
Pergamon Preass, NI, pp. 210-220.

Cameron, G.R.; Paterson, J.L.H.; de Saram, G.S.W.; and Thomas, J.C. (1938). The

toxicity of some methyl derivatives of benzene with special reference to
pseudocumene and heavy coal-tar naphtha. J. Path. Bact. 46:95-107.

R-6



Canady, W.J.; Robinson, D.A.; and Colby, H.D. (1978). Partition model for
hepatic cytochrome P-dSQ0-aydrocarbon complex formation. Biochen,
Pharmacol. 21(21):3075-78.

_Capellini, A., and Alessio, L. (1971). [The urinary excretion of hippuric acid
in workers exposed to toluene.] Med. Lavoro §2:196-201. (Ia Ital.)

Caperos, J.R., and Fernandez, J.G. (1977). Simultaneous determinaton of toluene
and xylene metabolites in urine by gas chromatography. 3rit. J. Ind. Med.
34:229-233.

Carlson, R.M.; Carlson, R.E.; Kopperman, H.L.; and Caple, R. (1975). Facile
incorporation of chlorine into aromatic systems during aqueous chlorination
processes. Environ. Seci. Technol. 9(7):674-675.

Carlsson, D., and Lindquist, T. (ﬁ977). Exposure of animals and man to toluene.
Scand. J. Work, Environ. Health 3(3):135-43. Taken from: Chem. Abst.
88:115931p, 1978.

Carpenter, C.P.; Geary, D.L., Jr.; and Myers, R.C. (1976). Petroleum hydrocarbon
toxicity studies. X. Animal and human response to vapors of 'S0 Thinmer.'
Toxicol. Appl. Pharmacol. 36(3):427-42.

Carpenter, C.P. et al. (1976). Petroleum hydrocarbon toxicity studies. XIII.
Animal and human response to vapors of toluene concentrate. Toxicol. Appl.
Pharmacol. 36:473-90.

Carpenter, C.P., Shaffer, C.B., Weil, C.S., and Smyth H.F., Jr. (1944), Studies
on the inhalation of 1,3-dutadiene; with a comparison of its narcotic affact
with benzol, toluol, and styrene, and a note on the elimination of styrene
by the human. J. Ind. Hyg. Toxicol. 26:69-78.

Carpentar, C.P., and Smythe, H.F. (1946). <Chemical burns of the rabbit cornea.

Chambers, C.W. et al. (1963). Degradation of aromatic compounds by phenol=
adapted bdacteria. J. Water Pollut. Cont. Fed. 35(12):1517-528.

Chemical Industry Institute of Toxicology (CIIT) (1980). A twenty=-four month
inhalation toxicology study in Fischer<344 rats exposed to atmospheric
toluene. Executive Summary and Data Tables. October 15, 1580.

Chiantella, A.J.; Smith, W.D.; Umstead, M.E.; and Johnson, J.E. (1966). Aromatic
hydrocarbons in auclear submarine atnosphere. Amer. Ind. Hyg. Assoce. J.

Chiba, R. (1969). Sudden death from thinner. Nichidai Igaku Zasshi 28:982-998.
Taken from: Chem, Abst. 72:64867g, 1969.

Caristiansson, G., and Karlsson, B. (1957). "Sniffing" - berusningssatt bland
barn. Svensk Lakartidn 54:33. (In Swedish; cited in Press and Done, 1967b.)

R-7



Cier, H.E. (1969). Toluene. In: Kirk-Othmer Encyclopedia of Chemical Tech-
nology, 2nd ed. Standen, A., editor. New York: John Wiley and Somns, Inec.,
Yol. 20, p. 528.

Cieslinska, A.; Kowal-Glarczak, B.; Xuczynska-Sekieta, K.; Malolepszy, J.; and
- Wrzyszez, M. (1969). [Serum iron and copper levels in subjects with chronic
toluene exposure.] Pol. Tyg. Lek. 2&-18&8—850. (In Pol.)

w:a, M.B. (1946). %ntricular fibrillation induced by hydrocarbons and
epinephrine. J. Ind. Hyg. Toxicol. 28:151.

Caiou, C.T.; Freed, V.H.; Schmddins, D.¥.; and Xohnert, R.L. (1977). Partition
coafficient and bdiocaccumulation of selectad organic chemicals. Eaviron.
Sei. Technol. 11(5):475-578.

Chovin, P., and Lebbe, J. (1967). Chromatography of aromatic hydrocarbons. I. -
The detarmination of zas chromatography of arcmatic hydrocarbons in the air
of working envircnments. Occup. Health Rav. 19(1-2):3=10. '

Qlaus, D., and Walkar, N. (1964). The decomposition of toluene by soil bacteria.
J. Gen. Microbiol. 36:107-22.

Colotla, V.A.; Bautish, 3.; Lorsnzana-Jimenez, M.; and Rodriguez, R. (1979).
Effacts of solvents on schedule-concmued behavior, Neurobehaviorial
Toxicol. 1(1):113-118,

Contreras, C.M.; Gonzalez-Estrada, T.; and Zarabozo, D. (1979). Petit mal and
grand mal seizures produged by toluene or benzene intoxication in the cat.
~ Electroencephalogr. Clin. Neurophysiol. 46(3):290-301.

Coombs, M.M.; Shatt, T.3.; and Croft, C.J. (1973). Correlation between carcino-
genicity and chemical structurs in cyclopenta(a]phenanthrenes. Cancer
Research 33:832-37. _

Currier, H.B. (1951). Herbdicidal properties of benzene and certain methyl deri-
vatives. Hilgardia 20(19):383-4Q6.

Dalhamn, T.; Edfors, M.-L.; and Rylander, R. (1968a). Mouth absorption of
various compounds in cigarette smoks. Arch. Environ. Health 16(6):831-35.

Dalhamn, T.; Edfors, M.L.; and Rylander, R; (1968db). Retention of cigarstta
smoka components in human lungs. Arch. Environ. Health 17:786-748.

Daly, J.; Jerina, D.; and Witkop, 3. (1968). Migration of deuterium during
hydroxylation of arcmatic substratas by liver aicroscmes. I. Iafluence of
ring substituents. Arch. Biochem. Biophys. 128(2):517-27.

Davies, J.S.; Westlake, D.W.S. (1979). Crude oil utilization by fungi. Can. J.
Microblol. 25(2):146-56.

Dean, B.J. (1978). Genetic toxicology of benzens, toluene, xylenes, and phenols.
mtato R“o ﬂ:75‘97-

R-8



Dechev, G.D., and Damyanova, A.A. (1977). Funetional investigation of bacterial
composition of active sludge. Bulgarska Akademiiana Naukite. Doklaly
Bolgarskoi Akndemiia Nauk. 30(10):1475-478,

Degani, J.G. (1943)., - Studies of the toxicity of ammunition plant Qastes to
fishes. Am. Fish Soc. Trams. 73:45-51.

Delaunay, A.; Lebrun, J. Fouequier, E.; and Wang, H.-S. (1950)., Action and
mechanism of action of toluene and related compounds on the permeability of
blood capillaries. Compt. Red. Soc. Biol. 144:58-9.

De Smet, M.J.; Kingma, J.; and Witholt, B. (1978). The effect of toluene on the
structure and permeability of the outer and cytoplasmic membranes of
Escherichia coli. Biochim. Biophys. Acta 506(1):64-80.

Deutscher, M.P. (1974). Preparation of cells permeable to macromolecules by
treatment with toluene. The tRNA nucleotidyltransferase., J. Bacteriol.
118(2) :633-639.

de Vera, E.R.; Simmoas, 3.P.; Stephens, R.D.; and Storm, D.L. (1980). Samplers
and Sampling Procedures for Hazardous Waste Streams, Publication Neo.
EPA=600/2-80=018. Prepared by California Dept. of Health Services,
Berkeley CA under Grant No. R804692010. Municipal Environmental Research
Lab, U.S. EPA, Cineinmati, OH, Jan. 1980.

Dilling, W.L. (1977). Interphase transfer processes., II. Evaporation rates of
chloro methanes, ethanes, ethylenes, propanes, and propylenes from dilute
aqueous theoretical predictions. Environ. Sei. Technol. 11(4):405-U09.

Divincenzo, G.D., and Krasavage, W.J. (1974). Serum orniﬁhine carbamyl transe
ferase as a liver response test for exposure to organic solvents. Am. Ind.
Hyg. Assoc. J. 35:21-9.

Doak, S.M.A. et al. (1976). The carcinogenic response in mice to the topical
application of propane sultone to the skin. Toxicology §:139.

Dobrogosz, W.J., and DeMoss, R.D. (1963). Induction and repression of
L=Arabinose isomerase in Peaediococcus pentosaceus. J. Bacteriol.
85:1350-365.

Dobrokhotov, V.B. (1972). The mutagenic influence of benzene and toluene under
experimental conditions. Gig. Sanit. 37:36-39. (In Russian; evaluation
based on an English translation provided by tae U.S. EPA.)

Dobrokhotov, V.B., and Enikeev, M.I. (1975). Mutagenic effect of benzene,
toluene, and a mixture of these hydrocarbons im a chroanic experiment. Gig.
Sanit. 1:32-4. (In Russian with English summary; evaluation based on an
Znglish translation provided by the U.S. EPA.)

Dowty, B.J.; Antoine, S.R.; and Laseter, J.L. (1979). Quantitative and qualita-
tive analysis of purgeable organics by higheresolution gas chromatography
and flame ionization detection. In: Measurement of Organic Pollutants in
Water and Wastewater, ASTM ST? 686. Van Hall, C.W., sditor. FPhiladelphia,
PA: American Society for Testing and Materials, pp. 24-35.

R-9



Dragosics, B.; Ferenci, P.; Pesendorfer, F.; and Wewalka, F.G. (1976). Gamma-
glutamyltranspeptidase (GGTP): Its relationship to other enzymes for diag-
nosis of liver disease. Progress in Liver Disease 3:436-U49.

Drozd, J.; Novak, J.; and Rijks, J.A. (1978). Quantitative and qualitative head-
space gas analysis of parts per billion amounts of hydrocarbons in water. A
study of model systems by capillary-column gas chromatography with splite
less sample injection. J. Chromatogr. 158:471-U482.

Dunstan, VQH-"QE‘QL- (1975). Simulation and inhibition of phytoplankton growth
by low molecular weight hydrocarbons. Mar. Biol. 31:305-310.

Dutkiewicz, T., and Tyras, H. (1968a). The quantitative astimation of toluene
" skin absorption in man. Arch. Gewerbepath Gewerbtehyg. 24:253-57.

Dutkiewicz, T., and Tyras, H., (1968b). Skin absorption of toluene, styrene, and
xylene by man. 3Brit. J. Ind. Med. 25(3):243.

Eadie, J.M.; Mann, S.0.; and Oxford, A.E. (1956). Survey of physically active
organic infusoricidal compounds and their soluble derivatives with special
referencs %o their action on the rumen microbial system. J. Gea Microbisl.

. _13.: 122'330 i - .

Egle, J.L., and Gochberg, B.J. (1976). Respiratory retention of inhaled toluene
and benzene in the dog. J. Toxicol. Environ. Health 1(3):531-38. ‘

£1-Dib, M.A., et al. (1978). Role of adsorbents in the removal of soluble
arcmatic hydrocarbons from.drinking water. Water Res. 12:1131. (Cited in
Syracuse Research Corporation, 1980.) ‘ '

El Masri, A.M.; Smith, J.N.; and Williams, R.T. (1958). Studies in detoxifica-
tion. The metabolism of alkylbenzenes, n-propylbenzene, and a-butylbenzene
with further observations on ethylbenzene. Biochem. J. £4:50-5.

Elovaara, £.; Hemminki, K.; and Vainio, H. (1879). Effacts of methylene
chloride, trichlorcethane, trichloroethylene, tetrachloroethylene and
toluene on the development of chick embryos. Toxicology 12(2):111-19.

Elovaara, E. et al. (1979b). Effects of methylene chloride, trichloroethane,
trichlorcethylene, tetrachlorcethylene and toluene an the development of
chick embryos. Toxicology 12(2):111.

Engstrom, K.; Husman, K.; and Rantanen, J. (1976). Measurement of toluene and
xylene metabolites by gas chromatography. Iant. Arch. Occup. Enviren.
Health 36(3):153-60.

Erben, R. {1978). Effacts of some petrochemical products on the survival of
Dicranophorus forecipatus 0. F. Muller (Rotatoria) under -laboratory condi-
tions. Verein Limnol. 20:1988-991.

Esposito, G.S., and Jacobs, B.W. (1977). Chromatographic determination of aro-
matic hydrocarbons in ambient air. Amer. Ind. Hyg. Assoc. 38:401-407.

R=10



Evans, E.L., and Mitchell, A.D. (1980). An Evaluation of the Effect of Toluene
on Sister Chromatid Exchange Frequencies in Cultured Chinese Hamster Ovary
Cells. Prepared by SRI Internationa, Menlo Park, CA, under Contract No.
68-02-2947 for the U.S. Eavironmental Protection Agency, Research Triangle
Park, NC.

Fabre, R. et al. (1955). Recherches toxicalogiques sur les solvents de remplace-
ment du benzenede. Archives Maladies Professionalles de Medicine du
Travail et de Securite Sociale 16:197-215. (Cited in Bergman, 1979.)

Faillace, L.A., and Guynn, R.W. (1976). Abuse of organic solvents. Phycho-
somatics 17(4):188-89.

Fan, D.P., and Cardner-Eckstrem, H.L. (1975). Passage of a membrane protein
through the walls of toluene-treated Bacillus megaterium cells. J. Bact.
123:717=23. :

Faustov, A.S. (1958). Toxicity of aromatic hydrocarbons. I. Comparative
toxiecity of scome aromatic hydrocarbons. II. Scme problems of the toxic-
hygienic properties of aromatic hydrocarbons. Trudy Voronezh. Med. Inst.
35:2u47-255, 25T7-262.

Faustov, A.S. (1967). The detarmination of standard levels of toluene in indus-

Federal Register (1979). Purgeable Aromatics--Method 602. Federal Register
B4(233):694T4-9478,

Ferguson, 7T.; Harvey, W.F.; and Hamilton, T.D. (1933). An inquiry into the
relative toxicity of benzene and toluene. I. Hyg. 33:547-57S.

Fett, E.R.; Chrigtoffersen, D.J.; and Sayder, L.R. (1968). Routine detemination
of benzene, toluene, ethylbenzene and total aromatics in hydrocarbon sole
vents by a combinatien of liquid and gas chromatography. J. Gas Chromatogr.
§:572-576.

Fischman, C.M., and Oster, J.R. (1979). Toxic effects of toluene. A new cause
of high anion gap metabolic acidosis. J. Am. Med. Assoec. 281(16):1713-715.

Fluck, E.R. et al. (1976). Evaluation of a DNA polymerase-deficient mutant of E.
coli for the rapid detection of carcincgens. Chem. Biol. Inter. 15:219.

Fodor, G.G.; Schlipkoetar, E.W.; and Zimmermann, M. (1973). The Objective Study
of Sleeping Behavior in Animals as a Test of Behavioral Toxieity. In:
Adverse Effects of Environmental Chemicals and Phychotropic Drugs. Quanti-
tative Interpretation of Funetional Tests. Germany: Elsevier Science
Publisning Co. Vol. 1, pp. 115=«123.

Forni, A.; Pacifico, E.; and Limonta, A. (1971). Chromosome studies in workers
exposed to benzene or toluene or both. Arch. Environ. Health 22(3):373-78.

Fowle, J. (1981). Draft report on mutagenicity of toluene. Prpared for the

Reproductive Effects Assessment Group, Office of Health and Envircnmental
Assessment, U.S. EPA. s

R=11



Fracchia, M.; Pierce, L.; Graul, R.; and Stanley, R. (1977). Deéorpeion of
organic solvents from charcoal collection tubes. Amer. Ind. Hyg. Assce. J.

Francone, M.P., and Braier, L. (1954). ([The basis for the substitution of
benzene by the higher homologues in industry.] Med. Lavoro 45:29-32. (In
Ital.) , | 4

Fraser, D.A., and Rappaport, S. (1976). Health aspects of the curing of synthe=
tic rubbers. Environ. Health Perspect. 17:45-53. : :

Frei, J.V., and Kingsley, W.F. (19638). OQbservations on chemically induced
regressing tumors of ‘zouse epidermis. J. Natl. Cancer. Inst. 41:1307-313.

Frei, J.V., and Staphens, P. (1968). The correlation of promotion of tumor
growth and of induction of hyperplasia in epidermal two-stage carcino-
genesis. Brit. J. Cancer 22:83-92.

Freireich, E.J.; Geban, E.A.; Rall, D.P.; Schmidt, L.H.; and Skipper, H.E.
(1966). Quantitative comparison of toxicity of anticancer agsnts in mouse,
rat, hamster, dog, monkey, and man. Cancer Chemother. Rep. 50:219.

Friborska, A. (1973). Some cytochemical findings in the peripheral white blood
cells in workers exposed to toluene. Folia Haematol. (Leipzig.) 99:233.
(Cited in NRC, 1980.)

Funasaka, R.; Ose, Y.; and Sato, T. (1975). Offensive odor of fish from the
Niagara River. III. Arcmatic hydrecarbons as one of the offensive-odor
substances., Eisei RKagaku 21(2):93-100. Taken from: Chem. Abst.
83:173356n, 1975. :

Funes-Craviota, F. et al. (1977). Chromosome aberrations and sister-chromatid
exchange in workers in chemical laboratories and a rotoprinting factory and
in children of women laboratory workers. Lancet. 2:322.

Gait, A.J. (1967). Heavy Organic Chemicals. Oxford, Engiand: Pergamon Press,
Ltd., 249 pp.

Gamberale, F., and Hultengren, M. (1972). Toluene aexposure. II. Phaycho=-
physiological functions. Work Environ. Health 9(3):131-39.

Geller, I.; HBartmann, R.J.; Randle, S.R.; and Gause, E.M. (1979). Effects of
acetone and toluene vapors on sultiple schedule performance of rats. Pharm,
Biochem. Behavior 11:395-399.

Geller, I.; Randle, S.; and Hartmann, R. (1978). Effects of acetone and toluene
on fixed-ratio, fixede-interval responding in the rat. Pharmacol. Biochen.
Behav. 20(3):404.

Gellman, V. (1968). Glue sniffing among Winnipeg school children. Can. Med.
Asscc. J. 98:411-13.

R=12



Gerarde, H.W. (1956). Toxicological studies on hydrocarbons. II. A comparative
study of the affect of benzene and certain mono-alkylbenzenes on hemo-
poiesis and bone marrow metabolism in rats. Arch. Ind. Health 13:468-74.

Gerarde, H.W. (1959). Toxicological studies on hydrocarbons. III. Arch., Ind.
Health 19:4Q3-18.

Gerarde, H.W. (1960). Toxicology and Biochemistry of Aromatic Hydrocarbons. New
York: Elsevier Publishing Co., pp. 141=50.

Gerarde, H.W., and Ahlstrom, D.B. (1966). Toxicologic studies on hydrocarbons.
XI. Influence of dose on the metabolism of mono-n-alkyl derivatives of
benzene. Toxic. Appl. Pharm. 9:185-190.

Cerner-Smidt, P., and Friedrich, U. (1978). The mutagenic effect of benzene,
toluene and xylene studied by the SCE technique. Mutat. Res. 58(2-3):313.

Gibson, D.T. (1971). Microbial oxidation of aromatic hydroearbons. Crit. Rev.
Microbiol. 1(2):199-223.

Gibson, D.T. (1975). Microbial degradaﬁion of hydrocarbons. In: The Nature of
Seawater: Report of the Dahlem Workshop on the Nature of Seawater,
Goldberg, E.D. (ed.), Berlin, pp. 667-896. (Cited in NRC, 1980.)

Gibson, D.T.; Bensley, M.; Yoshioka, H.; and Mabry, T.J. (1970). Oxidative
degradation of aromatic hydrocarbons by microorganisms. III. Formation of
(+)=cis=2,3=dihydroxy«i-n-aethyl-d,f-cyclohexadiene from toluene by
Pseudomonas putida. Biochem. 3(7):1626-630.

Gibson, D.T.; Koech, J.R.; Schuld, C.L.; and Kalio, R.E. (1968a). Oxidative
degradation of aromatic hydrocarbons by miceroorganisms. I. Enzymatie
formation of catechal from benzene. Biochem. 7(7):2653.

Gibson, D.T.; Koch, J.R.; Schuld, C.L.; and Xalio, R.E. (1968b). Oxidative
degradation of arcmatic hydrocarbons by microorganisms. II. Metabolism of
halogenated aromatic hydrocarbons. Biochem. 7(11):3795-802.

Gibson, D.T., and Yeh, W.X. (1973). Microbial degradation of arcmatic hydro-
carbons. Microbiol. Degradation 01l Poll., Workshop, pp. 33-38.

Gilette, J.R. (1959). Side chain oxidation of p-nitrotoluene: I. Enzymatic
oxidation of p-nitrotoluene. J. Biol. Chem. 234:139-143.

Gleason, M.N.; Gosselin, R.E.; Hodge, H.C.; and Smith, R.P. (1969). Clinical
Toxicology of Commercial Products: Acute Poisoning, 3rd ed. Baltimore, MD:
Williams and Wilkins Co., pp. VI.1-132. (Cited in Slimak, 1980.)

Goto, I.; Matsumura, M.; and Inoue, N. (1973). Toxic polyneuropathy due to glue
sniffing. J. Neurol. Neurosurg. Psychiat. 37(7):848-53.

Grabski, D.A. (1961). Toluene sniffing producing cerebellar degeneration. Am.
J. Psychiatry 118:461-62.

R-13



Grant, W.M. (1962). Toxicology of the eye. Springield, IL, Charles C. Thomas,
pPp. S4ld5, (Cited in NIOSH, 1973.)

Gray, P.H.B., and Thormton, H.C. (1928). Soil bacteria that decompose certain
aromatic compounds. Zbl. Bakt. (Abst. 2) 73:74. (Cited in Claus and
Walker, 1964.)

Greenburg, L.; Mayers, M.R.; Heimann, K H.; and Moskowitz, 3. (1942). The Effects
of exposure to toluene in industry. J. Amer. Med. Assoc. 118:573-578.

Grob, K., and Grob, G. (1971). Gas-liquid chromatographic/mass spectrometric
invaestigation of C organic compounds in an urban atmosphere. J.
Chromatogr. 62:1- 13 ?eited in Syracuse Research Corporation, 1980.)

Grob, XK., and Zurcher, F. (1976). Stripping of trace organic substances from
water: Equipment and procedure. J. Chromatogr. 117 285-294 .,

Guillemin, M.; Murset, J.C.; Lob, M.; and Riquez, J. (1974). Simple method to
detarmine the efficiency of a cream used for skin protection againat sol-

Gusev, I.S. (1965). Reflective effects of zicroconcentrations of bdenzene,
toluene, xylene and their comparative assessment. Hyg. Sanit. 30:331-35.

CGusev, I.S. (1967). Comparative toxicity of benzene, toluene and xﬁrlene. Biol.
Deistvie Gig. Znachemie Atmos. Zagryaznenii 10:96-108. Taken from: Chem.
Abst. 69:17T11e, 1967. :

Hanninen, H.; Eskelinen, L; Husman, X.; and Nurminen, M. (1976). Behaviocral
affects of long-term exposure to a mixture of organic solvents. Scand. J.
Work Environ. Health 2(4):280-55.

Hansen, N.; Jensen, V.B.; Appelquist, H.; and Moreh, E. (1978). The uptake and
release of petroleum hydrocarbons. by the uarine mussel Mytilus edulis.
Prog. Water Technol 10(5-§):351-59.

Harris, E.K. (1959). Confidence limits for the LCS50 using the moving average-
angle method. Bilometrics 15:428-432, (Cited in Pickering and Henderson,

1966).

Hayden, J.W.; Peterson, R.G.; and Bruckner, J.V. (1977). Toxicology of toluene
(methylbenzene): Review of current literature. Clin. Toxicol.
11(5):549-59.

Hein, H. (1954). Bakteriolagiscne Untersuchungen ait neomycin und aebacetin.
Arznemittel-Forschung 4:282-287.

Helliwell, M., and Murphy, M. (1979). Drug-induced neurological disease

R-14



dendry, D.G. (1979). Reactions of arcmatic hydrocarhbons in the atmosphere.
Herron, J.T.; Huie, R.E.; and Hodgeson, J.A., eds. Chemical Kineties Data
Needs for Modeling the Lower Troposphere: Proceedings of a Workshop held at
Reston, VA, May 15«17, 1978. NBS Special Publication 557. U.S. Dept. of
Commerce, NBS, Washington, DC. Pp. 85-91. (Cited in Syracuse Research
Corporation, 1980.)

Herzenberg, L.A. (1959). Studies on the induction of deta-galactosidase in a
cryptic strain of Escherichia coli. Biochimica et Biophysica Acta
31:525-39.

HBester, N.E., and Meyer, R.A. (1979). A sensitive technique for measurement of
benzene and alkylbenzenes in air. Environ. Sci. Technol. 13(1):107=-109.

HBiggins, I.J. et al. (1980). New findings in mecnane-utiliiing bacteria high-
light their importance in the biosphere and their commercial potential.
Nature 286:561.

Hirokawa, T. (1955). Studies on cné poisoning by benzol and its homologues III.
Experimental studies on the sexual differences of blood picture. Jap. J.
Med. Sci. Biol. 8:279-81. :

Hollifield, H.C.; Breder, C.V.; Dennison, J.L.; Roach, J.A.; and Adams, W.S.
(1980). Container-derived contamination of maple syrup with methyl meth-.
acrylate, tcocluene, and styrene as determined by headspace gas-liquid
chromatography. J. Assoc. Off. Anal. Chem. §3:173-177.

Holmberg, P.C. (1679). Central-nervous-system defects in children born to
mothers exposed to organic solvents during pregnancy. Lancet 2:177-79.

Bolzer, G.; Oro, J.; and Bertsch, W. (1976). Gas chromatographic-mass spectro=-
metric evaluation of exhaled tobacco smoke. J. Chromatogr. 126:771-8S.

Holzer, G.; Shanfield, H.; 2Zlatkis, A.: Bertsch, W.; Juarez, P.; Mayfield, H.;
and Liebich, H.M. (1977). Collection and analysis of trace organic emis-
sions from natural sources. J. Chromatogr. 142:755=764.

Horiguehi, S., and Inoue, K. (1977). Effects of toluene on the wheel-turning
activity and peripheral blood findings in mice - an approach to the maximum
allowable concentration of toluene. J. Toxicol. Sei. 2(4):363=-72.

Hoshino, M.; Akimoto, H.; and Okuda, M. (1978). Photochemical oxidation of

’ benzene, toluene, and ethylbenzene initiated by hydroxyl radicals in the
gas phase. Bull. Chem. Soc. Japan 51:718-724. Taken from: Chem. Abst.
88:169346v, 1978.

Hudak, A.; Bors, Z.; Ungvary, G.; and Folly, G. (1976). Reversibility and
interaction with hepatic regeneration of toluene induced liver injury.
Acta Morphol. Acad. Sei. Hung. 2U8(1-2):153-66.

Hudak, A.; Szeberenyi, S.; Molnar, J. Cseh, I.; Suveges, M.; Folly, G.; Manyai,

S.; and Ungvary, G. (1978). Effect on liver of chronic exposure to toluene
and ethanol in rat. Acta Physiol. Acad. Sei. Hung. 51(1-2):128.

R-15



Hudak, A., and Ungvary, G. (1978). Embryotoxic effects of benzene and its methyl
derivatives: Toluene and xylene. Toxicology 11:55.

Ideda, M. (1974). Reciprocal metabolic inhibition of toluene and trichloro-
ethylene in vivo and in vitro. Iat. Arch. Arbeitsmed. 33(2):125-30.

Ikeda, T., and Miyake, . (1978). Decreased learning in rats following repeated
exposure to toluene: Preliminary report. Toxicol. Laett. 1(4):235-39.

Ikeda, M., and Ohtsuji, H. (1967). Significance of urinary hippuric acid deter-
mination as an index of toluene exposure. Brit. J. Ind. Med. 26:244-46.

Tkeda, M., and Ontsuji, H. (1969). Significance of urinary hippuric acid detar-
mination as an index of toluene exposurs. Brit. J. Ind. Med. 26(3):284-46.

Ikeda', M., and Ohtsuji, H. (1971). Phenobarbital-induced protecticn against
toxicity of toluene and benzene in the rat. Toxicol. Appl. Pharmacol.
20(1) :30-43. :

Ikeda, M.; Ohtsuji, H.; and Imamura, T. (1972). Ia vivo suppression of benzene
and styrene oxidation by coadministered toluene in rats and effects of
phenobarbital. Xenobiotica 2(2):101=-106.

Imagura, T., and Ikeda, M. (1973). Lower fiducial limit of urinary metabolita
level as an index of excessive axposure to industrial chemicals. 3Brit. J.
Ind. Med. 30:289-92.

~ Ishida-Ichimasa, M. (1978). Degradation of lipids in yeast (Saccharomyces
cersvisiae) at the early phass of organic solvent-induced autolysis.
Agric. Biol. Chem. 142(2):247-51. Taken from: Chem. Abst. 88:16u482uq, 1978.

Ishikawa, T.T., and Schmidt, H., Jr. (1973). Foreced turning induced by toluene.

Isidorov, V.A.; Zenkevich, I.G.; and Ioffe, B.V. (1977). Investigation of new
sorbents for the gas-chromatographic-mass-spectrometric determination of
traves of volatile organic compounds in the atmosphere. Translated from
Doklady Akademii Nauk SSSR 235(3):618-621. Available from: Plenum
Publishing Corporation, New York.

Jackson, R.W., and DeMoss, J.A. (1965). Effects of toluene on Sscherichia coli,
J. Bacteriol. 30(5):1420-425. '

Jacoby, G.A.; Rogers, J.E.; Jacod, A.E.; and Hedges, R.W. (1978). Transposition
of Pseudomonas toluene-degrading genes and expression in Eacherichia coll.
Nature 274(5667):179=80.

Jamison, V.W.; Raymond, R.L.; and Hudson, J.0. (1969). Micrebial hydrocarbon
cooxidation. III. 1Isolation and characterization of an alpha.,.alpha.'-
dimethylecis,cis-muconic acid-producing strain of Nocardia cornallina.

- -Appl. Microbiol. 17(6):853-56.

R-16



Jefcoate, C.R.E., et al. {1969). Oxidation of some bdenzenoid compounds by
Fenton's reagent and the ultraviclet irradiation dy hydrogen peroxide. J.
Chem. Scc. B.: 1013. (Cited in Syracuse Research Corporation, 1980.)

Jenkins, L.J., Jr.; Jones, R.A.; and Siegel, J. (1970). Long-term inhalation
screening studies of benzene, toluene, o-xylene, and cumene on experimental
animals. Toxicol. Appl. Pharmacol. 16:818-23. .

Jenkins, T.F.; O'Reilly, W.F.; Murrmann, R.P.; Leggett, D.C.; and Collins, C.I.
(1973). Analysis of Vapors Emitted from Military Mines. Report No. CRREL-
SR-193, Cold Regions Research and Engineering Lab, Hanover, NH, September
1973.

Jermini, C.; Weber, A.; and Grandjean, E. (19768). Quantitative determination of
various gas-phase components of the side-stream smoke of cigarettes in the
room air as a contribution to the problem of passive smoking. Int. Arch.
Occup. Environ. Health 36:169-81.

Johansson, I. (1978), Determination of organic compounds in indoor air with
potential reference to air quality. Atmos. Environ. 12:1371-377.

Junhnke, I., and Ludemann, D. (1978). Results of research with 200 chemiecal
compounds on acute fish toxicity with the golden orfe test. Z.f. Wasser-und
Abwasser-Forschung 11(5):161-164.

Jungeclaus, G.A.; Games, L.M.; and Hites, R.4.- (1976). Identification of trace
organic c¢ompounds in tire manufacturing plant wastewaters. Anal. Chenm.
48(13):1894-896.

Jungelaus, G.A.; Lopez-Avila, V.; and Hites, R.A. (1978). Organic compounds in
an industrial wastewater: A cage study of their environmental impact.
Environ. Sci. Technol. 12(1):88-96.

Raplan, D.L., and Hartenstein, R. (1979). Problems with toluene and the deter-
aination of extracellular enzyme activity in soils. Soil Biol. Biochenm.
11(4):335-38.

Raubisch, N.; Daly, J.W.; and Jerina, D.M. (1972). Arene oxides as intermediates
in the oxidative metabolism of arcmatic compounds. lsomerization of
methyl-substituted arene oxides. Biochem. 11:3080-88.

Kauss, P.B., and Hutchinsen, T.C. (1975). Effects of water-soluble petroleum
components on the growth of Chlorella vulgaris. Environ. Pollut.
9(3):157-174.

Keane, J.R. (1978)., Toluene optic neuropathy. Ann. Neurol. 4(4):390.

Kelly, T.W. (1975). Prolonged cerebellar dysfunection asscciated with paint
sniffing. Pediatrics 56:605-606.

Renley, R.A.; Davenport, J.E.; and Hendry, D.G. (1978). Hydoxyl radical reac-

tions in the gas phase. Products and pathways for the reacton of OH with
toluene. J. Phys., Chem. 82:1095-1096.

R=17



Keplinger, M.L.; Lanier, G.E.; and Deichmann, W.3. (1959). Effe2ets of enviren-
mental temperature on the acute toxicity of a number of compounds in rats.
Toxicol. Appl. Pharmacol. 1:156-61.

Khinkova,;L. {1974). Experimental data on the toxicity of some organic solvents
used in the furniture industry. Tr. Inst. Khig, Okhr. Tr. Prof. Zabol.
22(1):133-140. Taken from: Chem. Abst. 88:11703, 1978.

Kim, N.X. (1981). Air pollution evaluations using risk assessment methodology.
Air Pollut. Contr. Assoc. 31(2):120-122.

Kimura, E.T.; Ebert, D.M.; and Dodge, P.w. (1971). Acute toxiecity and limits of
solvent residue for sixtaen organic solvents. Toxicol. Appl. Pharmacol.
19(4):699-704., Taken from: Chem. Abst. 75:13913%u, 1971.

Kira, S. (1977). Measurement by gas ohﬁomatography of urinary hippuric acid and
methylhippuric acid as indices of toluene and xylene exposure. Brit. J.
Ind. Med. 34(4):305-309. Taken from: Chem. Abst. 88:84137¢, 1978.

Kirgkhart, B. (1980). Micronucleus Test on Toluene. Prepared by SRI
‘International, Menlo Park, CA, under Contract No. 6§8-02-2947 for the U.S.
Environmental Protection Agency, Research Triangle Park, NC.

Kitagawa, M. (1956). Studies on the oxidaticn mechanism ot methyl group. J.
Biochem. (43(8):553-63.

Knox, J.¥W., and Nelson, J.R. (1966). Permanent encephalopathy from taluene

fLobal, V.M.; Gibson, D.T.; Davis, R.E.; and Garza, A. (1973). (-ray determina-
tion of the absolutes stereochemistry of the initial oxidation product
formed from toluene by Pseudomonas putida 39/D. J. Amer. Chem. 3oc.
95(13) 482048421,

Koga, K. (1978). Distribution, metabolism and excretion of toluene in mice.
Folia Pharmacol. Jpn. T4(6):687-98.

Koga, K., and Ohmiya, Y. (1978). Potentiation of toluene'toxicity by hepatic
enzyme inhibition in mice. J. Toxicol. Sei. 3(1):25-9.

Kojima, T., and Kobayashi, d. (1975). Toxicological study on toluene poisoning
by inhalation. Toluene poisoning in the hypoxic atmosphers. Nippon Hoigzaiku
Zasshi 29(2):82-7. (Cited in NRS, 1980.) ‘

Konietzko, H.; Keilbach, J.; and Drysech, X. (1980). Cumulative effects of daily
toluene exposure. Int. Arch. Occup. Environ. Health U46(1):53-58.

Kopeznski, S.L. et al. (1972). Photochemistry of atmospheric samples in Los

Angeles. Environ. Sci. Technol. 6:342. (Cited in Syracuse Research
Corporation, 1980.)

R-18



Korn, S.; Moles, D.A.; and Rice, S.D. (1979). Effects of temperature on the
median tolerance limit of pink salmon and shrimp exposed to toluene,
naphthalene, and Cook Inlet crude oil. Bull. Environ. Contam. Toxicol.
21(4-5):521-25,

Korobkin, R. et al. (1975). Glue sniffing neuropathy. Arch. Neurol. 32:158-62.

Kowal-Gierczak, B.; Kuczynska-Sekieta, K.; Cieslinska, A.; Wrzyszcz, M.; and
Malolepszy, J. (1969). [Some bicchemical tests in subjects occupationally
exposed to toluene.] Pol. Tyg. Lek 24:1682-685. (In Pol.)

Kroeger, R.M.; Moore, R.J.; and Lehman, T.H. {1980). Recurrent urinary calculi
associated with toluene sniffing. J. Urol. 123(1):89-91,

Krivanek, N., and Mullin, L.S. (1978). Comparison of conditioned avoidance and
unconditioned reflex tests in rats exposed by inhalation to carbon
monoxide, 1,1,1,-trichloroethane, toluene, or ethanol. Toxicol. Appl.
Pharmacol. 45(1):357-58.

Kronevi, T.; Wahlberg, J.; and Holmberg, B. (1979). Histopathology of skin,
liver, and kidney after epicutaneous administration of five industrial sol-
vents to guinea pigs. Environ. Res. 19(1):56-69.

Laham, S. (1970). Metabolism of industrial solvents. Ind. Med. 39:237-40.

Lahmann, E.; Seifert, B.; and Ullrieh, D. (1977). The Pollution of Ambient Air
and Rain Water By Organic Components of Motor Vehicle Exhaust-Gases, Proc.
Int. Clear Air Congr., Uth, pp. 595-97.

Lange, A. et al. (1973a). Serum immunoglobulin levels in workers exposed to
benzene, toluene, and xylene. Inter. Arch. fuer Arbeitsmedizia
31(1):27-44,

Lange, A. et al. (1973b). Leukocyte agglutinins in workers exposed to benzene,
toluene and xylene. Int. Arch. Arbeitsmed. 31:45-50.

LeBlanc, G.A. (1980). Acute toxicity of priority pollutants to water flea
(Daphnia magna). Bull. Environ. Contam. Toxicol. 24:684-691.

Lee, R.L. et al. (1972). Petroleum hydrocarbons: Uptake and discharge by the
marine mussel Mytilus edulis. Science 177:344-146.

LeGore, R.S. (1974). The Effect of Alaskan Crude 0il and Selected Hydrocarbon
Compounds on Embryonic Development of the Pacific Oyster Crassostrea gigos.
Ph.D. Dissert, Univ. Wash. 190 pp. (Cited in U.S. EPA, 1980.)

Leonard, M.J. et al. (1976). Effects of the motor vehicle control program on
hydrocarbons in the central Los Angeles-atmosphere. J. Air Pollut. Cont.
Assoc. 26:359. (Cited in Syracuse Research Corporationm, 1980.)

Leung, T.S., and Bulkley, R.V. (1979). Effects of petroleum hydrocarbons on

length of incubation and hatching success in the Japanese Medaka. Bull.
Environ. Contam. Toxicol, 23:236-243.

R-19



Levinthal, C. et al. (1962). Reactivation and hybridization of reduced alkaline
phosphataae. Proc. Nat. Acad. Sci. 48:1230-237.

Lewis, P.W., Patterson, D.W. (1974). Acute and chronic effects of the voluntary
inhalation of certain commercial volatile solvents by Juveniles. J. Drug
Issues 4(2):162-75.

Lijinsky, W., and Gareia, H. (1972). Skin carcinogenesis tests of hydrogenated
derivatives of anthracene and other polynuclear hydrocarbons. Z.
Krebstorsch. Klin. Omkol. 77:226. (Cited in U.S. EPA, 1980.)

Lindenbérg, B.A.; Massin, M.; and Gauchat, G. (1957). Cytolysis of yeast caused
by narcotics considered as an indifferent physical phencmenon. Compt.
Rend. Soc. Biol. 151:1369-372. Taken from: Chem Abst. 52:13858d, 1958.

Linder, R.L.; Lerner, S.E.; and Wesson, D.R. (1975). Solvent saniffing: A
continuing problem among youth. Proc. West Pharmacol. Soc. 18:371-74.

Lindstroem, K. (1973). Psychological performances of workers expoied to various
solvents. Work Environ. Health 10(3):151-55. .

Lingg, R.D.; Melten, R.G.; Ropfler, F.C.; Coleman, W.E.; and Mitchell, D.E.
(1977). Quantitative analysis of volatile organic compounds by GC-MS. J.
Amer, Water Works Assoc. §9(11, pt. 1):605=12.

Liss, P.S., and Slater, P.G. (1974). Flux of gases across the air-sea inerfacs.
Nature 247:181-184.

Litt, I.F.; Cohen, M.I.; Schonberg, S.X.; and Spigland, I. 1972. Liver disease.
{in the drug-using adolescent. J. Pediatr. §1:238-42.

Litton Bionetics, Inc. (1978a). Mutagenicity Evaluation of Toluene. Final
. Report. Submitted to the American Petroleum Institute, Washington, D.C. in
May 1978. LBI Project No. 20847. Litton Biocnetics, Inc., Kensington, MD.

150 pp.

Litton Biocnetics, Ine. (1978h). Teratology Study in Rats. Toluene. Final
Report. Submitted to the American Petroleum Ianstitute, Washingten, D.C. in
January 1978. LBI Project No. 20698-4. Litton Bionetics, Inc., Keansington,
MD. 17 pp-.

Litton Bionetiecs, Ine. (1981). Mutagenicity Evaluation of Toluene--Mouse
Dominant Lethal Assay. Final Report. Submitted to the American Petroleum
Institute, Washingtom, D.C. in January 1981. L3I Project No. 21141-05.
Litton Bionetics, Inec., Kensington, MD. 15 pp.

Longley, E.0.; Jones, A.T.; Welch, R.; and Lomaev, 0. (1967). Two acute toluene
episodes in merchant ships. Arch. Enviroa. Health 14:481-37,

Lonneman, W.A.; Bellar, T.A.; and Altshuller, A.P. (1968). Aromatic hydro=

carbons in the atmosphere of the Los Angeles Basin. Eaviron. Sci. Technol.
2(11):1017-1020.

R-20



Louw, C.W., and Richards, J.F. (1975). A simple directly combine& gas chromato-
graphic-infrared spectrometric system for identification of low molecular
weight hydrocarbons. Appl. Spectrosc. 23:15-24,

Lurie, J.B. (1949). Acute toluene poisoning. S. Africa Med. J. 23:233-36.

Lutin, P.A.; Cibulka, J.J.: and Malaney, G.W. (1965). Oxidation of selected
carcinogenic compounds by activated sludge. Purdue Univ., Eng. Bull, Ext..
Ser. 118:131=145,

Lyapkalo, A.A. (1973). Genetic activity of benzene and toluene. Gig. Tr. Prof.
Azbol. 17:2u-28. (In Russian with English summary; evaluation based on an
English translation provided by the U.S. EPA.)

Mackay, D., and Leinonen, P.J. (1975). Rate of evaporation of low-solubility
contaminants from water bodies to atmosphere. Environ. Sci. Technol.
9:1178-1180.

Mackay, D., and Wolkeff, A.Q. (1973). Rate of evaporation of low-solubility
contaminants from water bodies to atmosphere. Environ. Sci. Technol.
7:611. (Cited in Syracuse Research Corporation, 1980.)

Maki-Paakkanen, J. et al. (1980). Toluene exposed workers and chromoscme aberra-
tions. Jour. Toxicol. Environ. Health 6:775.

Malaney, G.W., and McKinney, R.E. (1966). Oxidative abilities of benzene-
acclimated activated sludge. Water Sewage Works 113(8):302-309.

Malin, G., and Lying-Tunell, J. (1980). Cerebellar dysfunction related to
toluene sniffing. Acta Neurol. Scand. §2(3):188.

Malm, G., and Lying-Tunell, U, (1980). Cerebellar dysfunction related to toluene
sniffing. Acta Neurol. Scand. $2:188-190,

Malten, K.E.; Spruit, D.; and deKeizer, M.J.M. (1968). Horny layer injury by
solvents. Berufsdermatcsen 16:135-147.

Mann, H. (1975). The golden orfe test: German proposal for testing the action
of chemical compounds on fish. Vom Wasser 44:1-13,

Mann, H. (1976). Comparative acute toxicity testing of water pollutants and
wastewater with the golden orfe fish test: Experimental results from three
ring tests. Z.f. Wasser-und Abwasser-Forschung 9:105=109.

Mara, S.J.; So, E.C.; and Suta, B.E. (1979). Uses, Sources, and Atmospheric
Emissions of Alkylbenzene Derivatives, Final Report. Prepared by SRI
International, Menlo Park, CA, under Contract No. 68-02-2835. u.s.
Environmental Protection Agency, Research Triangle Park, NC.

Marion, C.V., and Malaney, G.W. (1964), Ability of activated sludge micro-
organisms to oxidize aromatic organic compounds. Proc. Indus. Waste Conf.
18:297-308. '



Massengale, O.N.; Glaser, H.H.; LeLisvre, R.E.; Dodds, J.B.; and Klock, M.E.:
(1963). Physical and psychologic factors in glue sniffing. N. Engl. J.

Matsui, S. et al. (1975). Activated sludge degradability_of organic substances
in the waste water of the Kashima petroleum and petrochemical industrial
complex in Japan. Prog. Water. Technol. J:645-49.

Matsumura, M.; Snove, N.; and Ohnishi, A. (1972). Toxic polyneuropathy due to
glue sniffing. Clin. Neurol. 12:290-296.

Matsumoto T.; Takeuchi, Y.; Tanaka, T.; and Maeda, K. (1971). Experimental

- studies on the chronie toluene poisoning. 3. Effects of toluene exposure

on blood and organs in the rats. Sangyo Igaku. Jap. J. Indust. Health
13:501-506. _

Matsushita, T. White, K.P.; and Sneoka (1971). Chromosome replication in
toluenized Bacillus subtilis cells. Nature New Biol. 232:111-114. (Cited
in Winston and Matsushita, 197S.) :

Matsushita, T. et al. (1975). Hematological and neuro-muscular response of
workers exposed to low concentration of toluene vapor. Ind. Health 13:115.

Matunar, F.C.; Trattner, R.B.; and Cheremisinoff, P.N. (1978). The absorption of
organic compounds by wet scrubbing methods. Adv. Instrum. 331:307-314.

McAuliffe, G.D. (1976). Dispersal and Alteration of 0il Discharged on a Water
Surface. In: Fate and Effects of Petroleum Hydrocarbons in Marine Eco-
systems and Organisms, Wolfe, D.A. (ed.). Pergamon Press, London, pp. 363~
372.

McAuliffe, C.D. (1977). Evaporation and solutiocn of C. to .. nydrocarbons from
crude oils on the sea surface. Wolfe, D.A., éﬂ. fgke and Effects of
Petroleum Hydrocarbons in Marine Organisms and Ecosystems. Pergamon Press,
New York, pp. 368-372. (Cited in Syracuse Research Corporation, 1980.)

McLaughlin, J. et al. (1964). Toxicity of fourteen volatile chemicals as mea-
sured by the chick embryo method. Am. Ind. Hyg. Assoc. Jour. 25:282.

McLaughlin, R.S. (1936). Chemical burns of the human cornea. Am. J. Ophthalmol.
29:1355-362. ’

McNichol, A.L., and Miller, R.C. (1975). Biological activity of Ty DNA syne-
thesized in toluene treated Escherichia coli cells. J. Virol. 15:479-483.

The Merck Index: An Encyclopedia of Chemicals and Drugs, 9th ed. (1976).
Windholz, M., editor. Rahway, NJ: Merck and Co., Ine., pp. .

Michon, S. (1965). [Disturbance of menstruation in women working in an
atmosphere polluted with aromatic hydrocarbons.) Pol. Tyg. Lek.
20:1547-649. (In Polish with English summary.)

Miller, R.C.; Taylor, D.M.; McKay, K.; and Samith, H.W. (1973). Replication of Ty
DNA in Escherichia coli treated with toluene. J. Virol. 12:1195-1203.

R-22



Ministry of Labour (1966). Methods for the Detection of Toxic Substances in Air,
Booklet No. 4: Benzene, Toluene and X{ylene, Styrene, London: Her
Majesty's Stationery Qffice, pp. 1=12.

Mitchell, R.; Fogel, S.; and Chet, I. (1972). Bacterial chemoreception.
Important ecological phenomenon inhibited by hydrocarbons. Water Res.
6(10):1137-140. Taken from: Chem. Abst. 78:53571d, 1973.

Moles, A. (1980). Sensitivity of parasitized Coho salmon fry to crude oil,
toluene and naphthalene. Am. Fish. Soe., Trans. 109(3):293.

Morrow, J.E.; Gritz, R.L.; and Rirton, M.P. (1975). Effects of some components
of crude oil on young Coho salmon. Copeia 2:326-31.

Mortelmans, K.E., and Riceio, E.S. (1980). In vitro Microbiological Gentoxicity
Assays of Toluene. Prepared by SRI International, Menlo Park, CA, under
Contract No. 68-02-2947 for the U.S. Environmental Protection Agency,
Research Triangle Park, NC.

Morvai, V.; Albert, X.; Tolnai, A.; and Ungvary, G. (1978). Cardiovascular
affacts of long-term alcohol and toluene poisoning. Acta Phys. Acad. Sei.

Morvai, V., and Ungvary, G. (1979). Effects of simultaneous alcohol and toluene
poisoning on the cardiovasoular system of rats. Toxicol. Appl. Pharmacol.
50(3):381-89.

Morvai, V.; Hudak, A,; Varga,’U.B. (1976). 356 changes in benzene, toluene and
xylene poisoned rats. Acta Med. Acad. Sei. Hung. 33(3):275-36.

Moses, R.E;, and Richardson, C.C. (1970). Replication and repair of DNA in cells
of Escherichia coli treated with toluene. Proc. Nat. Acad. Sei. §7:674-81.

Moss, A.H.; Gabow, P.A.; Kaehny, W.D.; Goodman, S.I.; and Haut, L.L. (1980).
Fanconi's syndrome and distal renal tubular acidosis after glue sniffing.

Munchinger, R. (1663). Der nachweis central nervoser storungen bei losungsmitt
elexponierten Arbeitarn. Excerpta Medica Series, Madrid; 16-21 2(62):687-
89. '

Mungikar, A.M., and Pawar, S.S. (1976). The effect of toluene, phenobarbital and
J=methylcholanthrene on hepatic microsomal lipid peroxﬁdation. Curr. Seci.
45(1):22-4.

NAS (National Academy of Sciences) (1977). Drinking Water and Health. Safe
- Drinking Water Committee, Advisory Centar on Toxicology, Assembly of Life
Sciences, National Research Council, National Academy of Sciences,
Washington, DC, p. 939. Available from: Printing and Publishing 0ffice,
National Academy of Sciences, 2101 Constitution Ave., Washington, DC 20418,

National Cancer Institute (1978). Bicassay of aniline hydrochloride for

possible carcinogenicity. NCI-CG-TR-130. National Institute of Health,
Bethesda, MD 20014, DHEW Publ. No. (NIE) 78-1385.

R=23



National Cancer Institute (1979a). Biocassay of 2,5-Dithicbiurea for Possible
Carcinogenicity. National Institute of Health, DHEW Publ. No. (NIH)
79-1387.

National Cancer Ianstitute (1979b). Bicassay of 3J-Nitro-p-acetophenetide for
Possible Carcinogenicity. National Institute of Health, DHEW Publication
NO. (m) 79-1388. -

Nawrot, P.S., and Staples, R.E. (1979). Embryo=fetal toxicity and tertogenicity
of benzene and toluene in the mouse. Teratology 19:41A. (abstract)

Neff, M.J.; Anderson, J.W.; Cox, B.A.; Laughlin, R.B.; Rossi, S.3.; and Tatem,
H.E. (19768). Effects of petroleum on survival, respiration, and growth of
marine animals., Proc. of the Symp. Amer. Univ., Washington, DC.

Nei, N.; Epatsu, T.; and Terui, G. (1973). Microbiclogical decomposition of:
phenols. IV. Oxidation of arcmatic compounds by phenole-utilizing yeasts.
Hakiko Kogaku Zasshi 5i:1=-11. Taken from: Chem. Abst. 78:946392, 1973.

Neligan, R.E.; Lecnard, M.J.; and Bryan, R.J. (1965). The gas chromatographic
determination of arcmatic hydrocarbons in the atmosphers. Reprint of paper
presented to the Division of Watar, Air, and Waste Cheamistry, American
Chemical Sociaty, Atlantic City, NJ, September 12-17, 1965, 2 pp.

Nestmann, E.R.; Lee, G.G.-H.; Matula, T.I.; Douglas, G.R.; and Mueller, J.C.
(1980). Mutagenicity of constitutents identified in pulp and paper mill
effluents using the Salmonella/mammalian-microsome assay. Mutat. Res.
79:203=12.

Nimmo, P.M., and Fishdburm, P.J. (1977). The characterization of odours by gas
chromatography. In: Analytical Techniques in the Determinatiocn of Air
Pollutants: A Symposium. Clean Air Society of Australia and New Zealand,
pp. 4448, _ '

NIOSH (National Instituta for Occupational Safety and Health) (1973). Criteria
for a Recommended Standard. Occupaticnal Exposure to Toluene. Final
Report. Contract No. HSM-99-72-118. Available through NTIS, NTIS No. PB-
222-219/8, 108 pp. .

NICSH (Nationmal Institute for Occupational Safsty and Health) (1977). Toluene.
In: NICSE Manual of Analytical Methods, 2nd edition, Part II. Standards
Completion Program Validated Methods, Vol. 3. NICSH Publication No.
TT=157-C, pp. 383=1 to 383-8. U.S. Dept. of Health, Education, and Welfare,
Public Health Service, Caentar for Disease Control, NIOSH, Cincinnati, OH.

Nomiyama, K., and Nomiyama, H. (1973%a). Respiratory retention, uptake and excree
tion of organic solvents in man. Benzene, toluene, n-hexane, trichloro-
ethylene, acetone, ethyl acetate and ethyl alcohol. Int. Arch. Arbeitsmed.
32(1-2):75-83. A :

Nomiyama, X., and Nomiyama, H. (1978b)., Respiratory elimination of organic

solvents in man. Beazene, toluene, n-hexane, trichlorcethylene, acstone,
ethyl acetate and athyl alcohol. Iat. Arch. Arbeitsmed. 32(1-2):85-91.

R-24



Nomiyama, K., and Nomiyama, H. (1978). Three fatal cases of thinner-sniffing,
and experimental exposure to toluene in human and animals, Int. Areh.
Occup. Environ. Health 41(1):55-64.

Nozaka, J., and Kusunose, M. (1968). Metabolism of nydrocarbons in micro-
organisms. I. Oxidation of pexylene and toluene by cell-fres enzyme
preparations of Pseudomonas aeruginosa. Agr. Biol. Chem. 32(8):1033-1039.

Nozaka, J., and RKusunose, M. (1969). Metabolism of hydrocarbons in microe-
organisms. II. Degradation of toluene by cell-free extracts of Pseudomonas
mildenbergii. Agr. Biol. Chem. 33(6):962-64.

NRC (National Research Council) (1980). The Alkyl Benzenes. Committee on Alkyl
Benzene Derivatives, Board on Toxicology and Environmental Health Hazards;
Assembly of Life Sciences, National Research Council. Washington, DC:
National Academy Press.

NT? (National Toxicology Program) (1981). Chemicals on standard protocol.
Bethesda, MD: NTP, Carcinogenesis Testing Program. Available from:
Technical Information Rescurces Branch, Carcinogenesis Testing Prograsm,
NT?, Landow Bldg., Rm. A306, Bethesda, MD 20205.

Bunes, P., and Benville, P. (9979). Uptake and depuration of petroleum in the
manila clam, Tapes semidecussath Reeve., Bull. Environ. Contam. Toxicol.
21(6):719-26., ' . '

0'Brien, E.T.; Yecman, W.B.; and Hobdby, J.A.E. (1971). Hepatorenal damage from
toluene in a "glue sniffer." Brit. Med. J. 2:29-30.

Q'Brien, J.R. et al. (1979). Interactiorn of oxides of aitrogen and aromatic
hydrocarbons under simulatsd atmospheric conditions. Chapter 131, {in
Grosjean, D., ed. Nitrogenous Air Pollutants; Chemical and Biological
Implications, Ann Arbor Science Publishers, Inc., Ann Arbor, MI. Pp. 189«
220. (Cited in Syracuse Research Corporation, 1980.)

Ogata, M.; Asahara, H.; and Saeki, T. (1975). Sampling and analysis of some
aromatic, aliphatic and chlorinated hydrocarbon vapours in air: A gas-
liquid chromatographic and colorimetric method. Int. Arch. Arbeitsmed.

Ogata, M., and Fujii, T. (1979). Urinary excretion of hnippuric acid and
n-methylhippuric acid after administration of toluene and m-xylene mixture
to rats. Int. Arch. Occup. Environ. Health. 43(1):45-31.

Ogata, M., and Miyaki, Y. (1973). Identification of s3ubstances in petroleum
causing objectionable odor in fish. Water Res. 7:1493-1504.

Ogata, M., and Miyake, Y. (1978). Disappearance of aromatic hydrocarbons and
organic sulfur compounds frem fish flesh reared in crude oil suspension.
Water Res. 12(12):1041-U44,

Ogata, M., and Sﬁgihara, R. (1977). An improved direct colorimetric method for
the quantitative analysis of urinary hippuric acid as an index of toluene
exposure. Acta. Med. Okayama 31:235-242.

R-25



Ogata, M.; Takatsuka, Y.; Tomokuni, K.; and Muroi, K. (1971). Excretion of
hippuric acid and m- or p-methylhippuric acid in the urine of persons
exposed to vapors of tolusne and @- or pexylene in an exposure chamber and
in worikshops, with specific reference to repeated exposures. Brit. J. Ind.
Med. 28(4):382-85.

Ogata, M.; Tomokuni, K.; Takatsuka, Y. (1970). Urinary excretion of hippuric
acid and m- or p-methylhippuric acid in the urine of persons exposed to
vapors of toluene and m- or p-xylene as a test of exposure. Brit. J. Ind.
Med. 27(1):43-50. '

ch, S.J., and Kim, J.M. (1976). Giant axonal swelling in "huffer’s” neuropathy.
Arch. Neurol. 33(8):583-36. _

Ohmori, S. st al. (1975). The metabolism and accumulation of petroleum compo-
nents in fish, the side chain oxidation of p=nitrotoluene and p-nitrobenzyl
alcohol in liver homogenates of the rat and esel, Physiol. Chem. Physics
1: nn‘ °

Oliver, J.S., and Watson, J.M. (1977). Abuse of solvents 'for hicks’': A review
of 50 cases. Lancet 1(8002):88-4.

Ovrum, P; Hultengren, M.; and Lindquist, T. (1978). Exposure to toluene in a
photogravurs printing plant. Concentration in ambient air and uptake in the
body. Seand. J. Work, Environ. Health 4(3):237-45.

Pacseri, I., and Emszt, G. (1970). Medical aspects of the exposure to toluol.
Munkavedelem 16:41-8. (In Hungarian; cited in NIOSH, 1973.)

Pagnotto, L.D., and Lieberman, L.M. (1967). OUrinary hippuric acid excretion as
‘an index of toluene exposure. Amer. Ind. Hyg. Assoc. J. 28:129-34,

Parmeggiani, L., and Sassi, C. (1954). (Qccupational risk of toluene: Environe
mental studies and clinical investigations of chronic intoxication.] Med.
Lavoro 45:574-83. (In I%al.)

Pawar, S.S.; Mungikar, A.M.; and Makhija, S.J. (1976). Phenobarbital induced
effact on pulmonary and hepatic microsomal ethylmorphine N-demethylase and
lipid peroxidation during oral intoxication of organic solvents in rats.
Bull. Environ. Contam. Toxicol. 15(3):357-65.

Pellizzari, B.D. (1979). Information on the Characterization of Ambient Organic
Vapors in Areas of High Chemical Pollution. Control No. 68-02-2721, Health
Effects Research Lab, Qffice of Research and Development, U.S. Environe
mental Protection Agency, Research Triangle Park, NC2, p. 134. (Cited in
Syracuse Research Corporation, 1980.)

Pellizzari, E.D.; Bunch, J.E.; Berkley, R.E.; and McRae, J. (1976). Determina-

tion of trace hazardous organic vapor pollutants in ambient atmospheres by
gas chromatography/mass spectrometry/computer. Anal. Chem. 48:803-307.

R=26



Peterson, R.G., and Bruckner, J.V. (1978). Measurement of toluene levels in
animal tissues. In: Voluntary Inhalations of Industrial Solvents. C.W.
Sharp and Carrol, L.T., editors. Rockville, MD: Nat. Inst. Drug Abuse
24:33-42,

Perry, R.A.,; Atkinson, R.; and Pitts, J.N., Jr. (1977). KRinetics and mechanism
of the gas phase reaction of OH radicals with aromatic hydrocarbdons over the
temperature range 296-473°K. J. Phys. Chem. §1:296-304,

Praender, F.X. (1976) Analytic Methods Developed. ESE Notes 12(4):u-5,

Praffli, P.; Savolainen, H.; Ralliomaki, P.L.; and Ralliokoski, P. (1979).
Urinary oecresol in toluene exposure. Scand. J. Work Eaviron. BHealth
5(3):286-89.

Pickering, Q.HB., and Croswell, H. (1966). Acuta toxicity of some important
petrochemicals to fish. J. Watar Pollut. Contr. Fed. 38(9):1419-429,

Pickering, Q.H., and Henderson, C. (1968). Acute toxicity of some important
petrochemicals to fish. J. Water Pollut. Coatr. Fed. 38(9):1419-1429.

Pilar, S., and Graydon, W.F. (1973). Benzene and toluene distribution in Toronto
atmosphere. Environ. Sci. Technol. 7(7):628-631.

Piotrowski, J. (1967). [Quantitative estimate of the absorption of toluene in
people] Med. Pracy 18.213-223. (In Pol.) (Cited in NIOSH, 1973.)

Pochon, J., and Lajudie, J. (1948). Action of certain antiseptics on the normal
microflora of the soil. Compt. Rend. 226:2091-52.

Poel, W.E. (1963). Skin as a test site for the bicassay of carcinogens and
carcinogen precursors. Natl. Cancer Inst. Monogr. 10:611.

Pohl, K., and Schmilde, T. (1973). [Serum concentration and performance changes
following repeated inhalation of eleven taechnical organic solveats.]
Blutalkohol 10:95-120. (In Ger.)

Potera, G.T. (1975). The Effects of Benzene, Toluene, and Ethyl Benzene on
Several Important Members of the Estuarine Zcosysten. Diss. Abstr. B
36(5):2010.

Powars, D. (1965). Aplastic anemia secondary to glue sniffing. N. Engl. J. Med.
273:700-702.

Powers, M.B. (1979). Memorandum for the Record from the NTP Chemical Selection
Group, Toxicology Branch, CGT, DCCP, Nationmal Institute, Washington, D.C.,
May 25, 1979.

Premel-Cabic, A.; Cailleux, A.; and Allain, P. (1974). [Identification and

quantification by gas chromatography of fifteen organic solvents in the
bloed.] Clin. Chim. Acta 56:5-11. (In Fr.)

R=27



Press, E., and Done, A.K. (1967a). Solvent sniffing. Physiologic effects and
community control measures for intoxication from the intentional inhalation
of organic solvents. I. Pediatrics 39:451.

Press, E., and Done, A.K. (1967b). Solvent sniffing. Physiologic effects and
comaunity control measures for intoxication from the intentional inhalation
of organic solvents. II. Pediatrics 39:611.

Price, X.S.; Waggy, G.T.; and cgnway, R.A. (1978). Brine shrimp bicassay and
seawater BOD of petrochemicals. J. Water Pollut. Cont. Fed. 46(1):63-77.

Pryor, G.T.; Bingham, L.R.; and Howd, R.A. (1978). Behavioral toxicology in rats
of a aixture of solvents containing substances subject to inhalation abuse
by humans. Toxicol. Appl. Pharmacol. #5(1)252.

Public Health Service (1980). Smoking, Tobacco and Health' A Fact Book. U.S.
Dept. of Health and Bumn Servicea, Public Health Service, Office on Smoking
and Health.

Pyykko, K.; Tahti, H.; and Vapaatalo,” 8. (1977). Toluene concentrations in
: various tissues of rats after inhalation and oral administration. Arch.
Toxicol. 38:169~76. Taken from: Chem. Abst. 88:45927r, 1978.

Quick, A.J. (1931). The conjugation of benzoic acid in the urine. J. Biol.
Chem. 92:65=85. ' - g

Rall, D.P. (1969). Difficulties in extrapolating the results of toxicity studies
in laboratory animals to man. Environ. Res. 2:360-367.

Ra'wlinga, G.C., and Samfleld, M. (1979). Textile plant wastewatar Gtoxicity.
Eaviron. Sei. Technol. 13(2):160-64, "

Raitta, C.; Husmann, K.; and Tessavainen, A. (1976). Lens changes in ecar
painters exposed to a mixture of organic solvents. Albrecht ¢. Graefes
Arch. Ophthal. 200(2):149-56.

Reid, F.H. and Halpin, W.R. (1968). Determination of halogenated and aromatic
hydrocarbons in air by charcoal tube and gas chromatography. Amer. Ind.

Reisin, E.; Teicher, A.; Jaffe, R.; and Eliahou, H.E. (1975). Myoglobinuria and
renal failure in toluene poisoning. Brit. J. Indust. Med. 32(2):163-64.

Reynolds, E.S. (1972). Comparison of early injury to liver endoplasmic reticulum
by halomethanes, hexachloroethane, benzene, toluene, Dbromobenzene,
ethionine, thicacetamide, and dimethylaitrosamine. Biochem. Pharmacol.
21(19):2555-261. :

Riihimaki, V., and Pfarfli, P. (1978). Percutaneous absorption of solveant vapors
in man. Scand. J. Work Environ. Health U4(1):73-85.

Riihimaki, V. (1979). Conjugation and urinary excretion of toluene and m-xylene
metabolites in a man. Secand. J. Work Environ. Health 5(2):135-42.

R-28



fcbinson, E. et al. (1973). Nonurban, nonmethane low molecular weight hydro-
carbon concentrations related to air mass identification. J. Geophys. Res.
78:5345. (Cited in Syracuse Research Corporation, 1980.)

Roche, S.M., and Hine, C.H. (1968). The tertogenicity of some industrial chemi-
cals. Toxicol. Appl. Pharmacol. 12:327.

Roubal, W.T.; Stranaham, S.I.; and Malin, D.C. (1978). The accumulation of low
molecular weight aromatic hydrocarbons of c¢rude oil by c¢cho salmon -
(Oneorhynchus kisutch) and starry flounder (Platichthys gtellatus). Arch.
Eaviron. Contam. Toxicol. 7:237-244.

Rouskova, V. (1975). Photic stimulation in early diagnosis of the effects of
some harmful industrial substances on the central nervous system. Int.
Arch. Arbeitsmed. 34(4):283-99.

Russel, P.A. (1977). Denver Air Pollution Study--1973. Proc. of a Symposium,
Vol. II. Final Report, January 1974-June 1976. Report No. EPA/600/9-
7T7/001. NTIS No. PB=26U4216. Atmospheric Chemistry and Physics Div., Denver
Research Lab., Colorado EZnvirommental Sciences Research Lab., Research
Triangle Park, NC. (Cited in Syracuse Research Corporation, 1980.)

Ryan, J.P., and Fritz, J.S. (1978). Determination of trace organic impurities in
water using thermal desorption by XAD resin. J. Chromatogr. Seci.
16:488-492,

Sabalitschka, T., and Preuss, J. (1954). -Action of toluene on bdbactaeria. Deut.
Apoth.-Ztg. ver. Suddeut. Apoth-Ztg. 94:1226-1228,

Santodonato, J.; Basu, D.; and Howard, P.H. (1978). Health Effects Asscciated
with Diesel Exhaust Emissions, Literature Review and Evaluation. EPA Publ.
No. EPA<600/1-78<063. Prepared for U.S. EPA, HERL, NC.

Sasa. M.; Igarashi, S.; Miyazaki, T.; Miyazaki, K.; and Nakano, S. (1978).
Equilibrium disorders with diffuse brain atrophy in long-term toluene
sniffing. Arch. Otorhinolarngol. 221(3):163-69.

Sato, A.; Fukiwara, Y.; and Nakajima, T. (1974). Solubility of benzene, toluene
and mexylene in various body fluids and tissues of rabbits. Jap. J. Ind.
Health 16(1):30.

Sato, A., and Nakajima, T. (1978). Differences following skin or inhalation
exposure in the absorption and excretion kinetics of trichloroethylene and
toluene. 3Brit. J. Ind. Med. 35:43-9.

Sato, A., and Nakajima, T. (1979a). Partition coefficients of some arcmatic
hydrocarbons and ketones in water, blood and oil. Brit. J. Ind., Med.

Sato, A., and Nakajima, T. (1979b). Dose-dependent metabolic interaction

between benzene and toluene in vivo and in vitro. Toxicol. Appl. Pharmacol.
48(2):249-56.

R-29



Sato, A., and Nakajima, T. (1978). Differences following skin or inhalation
exposure in the absorption and exeretion kinetics of trichloroethylene and
toluene. Brit. J. Ind. Med. 35(1):43-3,

Sato, A.; Nakajima, T.; Fujiuara, f.; and Hirosawa, K. (1974). Pharmacokinetics
of benzene and toluene. Int. Arch. Arteitsmed. 33(3):169-82.

Satran, R., and Dodson, V. (1963). Toluene habitation - report of a case. N.

Saunders, J.R. (1977). Degradative plasmids. Nature 269:470.

Saunders, R.A.; Blachly, C.Hd.; Koracina, R.A.; Lamontagne, R.A.; Swinnerton,
J.W.; and Saalfeld, F.E. (1975). Identification of volatile organic conta=-
ainants in Washington, D.C. municipal water., Water. Res. 99:1143-145,

Sauer, T.C., Jr. et al. (1978). Volatile liquid hydrocarbons in the surface
waters of the Gulf of Mexico. Mar. Chem., 7:1-16. (Cited in Syracuse
Research Corporation, 1980.)

Savolainen, H. (1978). Distridution and nervous systam binding of intraperi-
toneally injected toluene. Acta Pharmacol. Toxicol. 43(1):78-80.

Savolainen, H. (1977). Some aspects of the mechanisms by which industrial
solvents produce neurotoxic effascts. Chem.-Biol. Intaeract. 18(1):1-10.

Savolainen, H., and Seppalainen, A.M. (1979). Biocchemical and physiological
affects of organic solvents on rat axon membranes isolatad by a new teche
nique. HNeurotoxicol. 1/2:U67-7T.

Schneider, W.; Frohne, J.C.; and Bruderrecik, H. (1978). Determination of hydro-.
carbons in the parts per 10” range using glass capillary columns coated with
aluminum oxide. J. Caromatogr. 155:311-327,

Scholz, R.; Schmitz, H.; Bucher, T.; and Lampen, J.0. (1959). Effect of aystatin
on yeast. Bicchem. Z. 331:71-86.

Segev, N.; Miller, C.; Sharon, R.; and Ben-Ishai, R. (1973). Exicision repair of
ultraviolet radiation damage in toluene treated Escherichia coli. Biochenm.
Biophys. Res. Commun. 53(4):1242-245. Taken frem: Chem. Abst. __:62056nm,

Seifert, B., and Ullrich, D. (1978). Determination of organic pollutants by gas
chromatography after cryogenic sampling. Stud. Envirom. Sci. 1:69-72.

Seppalainen, A.M.; Husman, K.; and Martenson, C. (1978). Neurophysiological
effects of long-term exposurs to a mixture of organic solvents. Secand. J.
Work Environ. Health 4(Y4):304-14. Taken from: Chem. Abst. 90:156383w,
1979.

Sessa, T. (1948). Histopathology in experimental chronic touene poisoning.
Folia Med. (Naples) 31:91-105. Taken from: Chem. Abst. 42:1662b, 1948.

R-30



Sexton, K., and Westberg, H. (1980). Ambient nydrocardbon and ozone measurements
downwind of a large automotive painting plant. Environ. Sci. Technol.
14:329. (Cited in Syracuse Research Corporation, 1980.)

Shelford, V.E. (1917). An experimental study of the effects of gas waste upon
fishes with special reference $o stream pollution. Bull. Ill. State Lab.
Nat. Hist. 11: . ‘

Sherwood, R.J. (1976). Ostwald solubility coefficients of some industrially
important substances. Brit. J. Ind. Med. 33(2):106-107.

Shigeta, S.; Aikawa, H.; Misawa, 'T.; and Kondo, A. (1978).  Effect of single
exposure to toluene on Sidman avoidance response in rats. J. Toxicol. Sei.
3(4):305-12.

Shirabe, T.; Tsuda, T.; Terao, A.; and Araki, S. (1974). Toxiec polyneuropathy
due to glue-sniffing: Report of two cases with a light and electron-
microscopic study of the peripheral nerves and muscles. J. Neurol. Sei.
21(1):101=13,

Silva, M.T,.; Sausa, J.C.F.; and Balassa, G. (1978). Ultrastructural effects of
chemical agents and moist heat on Bacillus subtilis. I. Effects on vegetae
tive cels. Am. Microbiol. 129B:363-375. (Cited in NRC, 1980.)

Singh, H.G. et al. (1979). Atmospheric Measurements of Selected Toxic Organie
Chemicals. Interim Report prepared for U.S. EPA, Research Triangle Park,
NC, by SRI, Menlo Park, CA. (Cited in Syracuse Research Corporation, 1980.)

Skinner, C.E. (1972). Role of algae in the deterioration of decorative and
marine paints. FATIPEC Cong. 11:421-427.

Skjoldal, H.R., and Bakke, T. (1978). Relationship between ATP and energy charge
during lethal metabolic stress of the marine isopod Cirolana borealis. J.
Bioln Cheﬂl. 32(10) :3355-3561

Sloof, W. (1978). Biological Monitoring Based on Fish Respiration for Continuous
Water Quality Control. In: Agquatic Pollutants. Transformation and Bio=
logical Effects, Hutzinger, 0., and Safe, S. (eds.), Pergamon Press.
Yoel. 1, pp. 501-506.

Sloof, W. (1979). Detection limits of a biological monitoring system based on
fish respiration. Bull. Envireon. Contam. Toxicol. 23(4-5):517-23.

Smith, J.N. et al. (1954). Studies in detoxication, S55. The metabolism of
alkylbenzenes. a/Glucurcnic acid excretion following the administration of
alkylbenzenes; b/Elimination of toluene in the expired air of rabbits.
Biochem. J. 56:317-20, :

Smith, R.V., and Rosazza, J.P. (1974). Microbial models of mammalian metabolism.
Aromatic hydroxylation. Arch. Biochem. Biophys. 161:551-538.

Smolik, R. et al. (1973). Serum complement level in workers exposed to denzene,
toluene and xylene. Int. Arch. Arbeitsmed. 31:2U3-47.

R-31



Smoyer, J.C.; Shaffer, D.E.; and DeWitt, IL.L. (1971). A program to sample and
analyze air pollution in the viecinity of a chemical reclamation plant.
Inst. Environ. Sci. Tech. Meet., Proc. 17:339-4S.

Smyth, H.F., Jr.; Carpenter, C.P.; Welil, C.S.; Pozzani, U.C.; Striegel, J.A.; and’
Nycum, J.S. (1969). Range-finding toxicity data. VII. Amer. Ind. Hyg.

Smyth, H.F., Jr.; Weil, C.S.; West, J.S.; and Carpentar, C.P. (1969). EZxplora-
tion of joint toxic action: Twenty-seven industrial chemicals intubated in
rats in all possible pairs. Toxicol. Appl. Pharmacol. 14(2):340-47.

Sayth, B.F., and Smyth, H.F., Jr. (1928). Inhalation experiments with certain
lacquer solvents. J. Ind. Hyg. 10:261-T1.

Snow, L.; MacNair, P.; and Casto, B.C. (1981). Mutagenesis testing of toluene in
Salmonella strains TA100 and TA98. Report prepared for the U.S. EPA by
Northrup Services, Inc., P.0. Box 12313, Research Trianglae Park, NC 27709.

Sokol, J., and Robinson, J.L. (1963). Glue sniffing. %s_térn Medicine 4:192.

Sollenberg, J., and Baldsten, A. (1977). Isotachophorstic analysis of mandelic
acid, phenylglyexylic acid hippuric acid and methylhippuric acid in urine -
arfter occupational exposurs to styrene, toluene and/or xylene. Je
Caromatogr. 132(3):869-76. :

Sontheiner, H. (1980). Experience with riverbank filtration along' the Rhine
River. J. Amer. Watar Works Assoc. 72:386-390.

Southworth, G.R. (1979). The role of volatilization in removing polycyelic
aromatic hydrocarbons from aquatic environments. Bull. Environ. Contanm.
Toxicol. 21:5Q07-514.

Speck, B., and Moeschlin, S. (1968). Effect of toluena, xylene, chloramphenicol,
and thiouracil or bone marrow. Experimental autoradiographic study with
thymidine-3H. Schweiz. Med. Wochenschr. 38(%2):1634-586.

Srbova, J., and Teisinger, J. (1952). Absorption and elimination of toluene in
man. Arch. Ind. Hyg. Occup. Med. 6:462. .

Srbova, J., and Teisinger, J. (1953). Metabolism of toluene. Pracov. Lek.
5:259-263. Taken from: Chem. Abst. 49:3418e, 1955.

Staphens, E.R. (1973). Hydrocarbons in Pollutad Air: Summary Report Coordinat-
ing Research Council Report CRC-APRAC-CAPA-5-68-~1, NTIS No. PB-230993.
Statewide Air Pollution Research Center, Univ. of Califormia, Riverside,
CA. (Cited in Syracuse Research Corporation, 1980.)

Stokinger, H.E., and Woodward, R.L. (1958). Toxicologic methods for estabe
lishing drinking water standards. J. Amer, Water Works Assoc., April, 1998.

Stormer, K. (1908). Uber die wirkung des schwefaekkohlenstoffs und ahnlicler

stoff auf den boden. 2Zbl. Bakt. (Abst. 2) 20:282. (Cited in Claus and
Walker, 1964.)

R-32



Stoss, F.W., and Haines, T.A. (1979). The effects of toluene on embryos and fry
of the Japanese medaka Orvzias latipes with a proposal for rapid determina-

tion of maximum acceptable toxican concentration. Environ. Pollut.
20(2):139-48,

Su, G., and Wurzel, K.A. (1981). A regulatory framework for setting air emission
limits for noncritaria pollutants. J. Air Pollut. Contr. Assoc. 31(2):160=-
162. ' ‘

Subramanian, V.; Sugumaran, M.; and Vaidyanathan, C.S. (1978). Double hydroxy-
lation reactions in microorganisms. J. Indian Inst. Sei. §0(8):173-78,

Suhr, E. (1975). Comparative Investigation of the State of Health of Gravure
Printers Exposed to Toluene. Gesellschaft zur Forderung des Tiefdrucks
E.V., Weisbaden, Federal Republic of Germany. 92 pp.

Sullivan, C.W., and Volcani, B.E. (1976). Role of silican in diatom metabolism.
VII. Silicic acid-stimulated DNA synthesis in toluene permeabilized cells
of Cylindrothica lusiformis. Exptl. Cell Res. 38:23-30.

Sutton, C., and Calder, J.A. (1975). Solubility of alkylbenzenes in distilled
water and seawater at 25sC. J. Chem. Zng. Data 2=(3):320=- .

Suzuki, T,; Shimbo, S.; and Nishitani, H., (1974). Muscular atrophy due to glue
sniffing. Int. Arch. Arbeitsmed. 33(2):115-23.

Svirbely, J.L.; Dunn, R.C.; and Von QOettingen, W.F. (1943). The acute toxicity
of vapors of certain solvents containing appreciable amounts of benzene and
toluene, J. Ind. Hyg. Toxicol. 25:366-73. Taken from: Chem. Abst.
39:4979, 1945,

Svirbely, J.L.; Dunn, R.C.; and Von OQettingen, W.F. (1944}, J. Ind. Hyg.
To icol. 26:37-46. Taken from: Chem. Abst. 38:4696, 1944,

Syracuse Research Corporation (198Q). Hazard Assessment Report on Toluene. 1st
Draft. Prepared for U.S. Enviroamental Protection Agency, Research
Triangle Park, NC. .

Syrovadko, 0.N. (1977). Working conditions and health status of women handling
organosilicecus varnishes c¢ontaining toluene, Gig. Tr. Prof. 2Zabol.
12:15-9.

Szadkowski, D.; Pett, R.; Angerer, J,; Manz, A.; and Lehnert, G. (1373). Chreonic
solvent exposure at work. II. Harmful material levels in blood and excre-
tion rates of metabolites in urine with the importance of environmental
eriteria for toluene exposed printers. Int. Arch. Arbeitsmed.
31(4):265.76.

Szadkowski, D. et al. (1976). Evaluation of occupational e posure to toluene.
Medizinische Monatsschrift. 30(1): e

Taher, S.M.; Anderson, R.J.; McCartney, R.; Popvitzer, M.M.; and Schrier, R.W.

(1974). Renal rubular acidosis associated with toluene sniffing. N. Engl.
J. Med. 290:765-68.

R-33



Tahti, H.; Ruuska, J.; and Vapaatalo, H. (1977). Toluene tokicity studies on
rats after 1| week inhalation exposure. Acta Pharmacol. Toxicol. 41(4):78.

Takenaka, S.; Tawara, S.; Ideta, T.; Okajima, T.; and Tokuomi, H. (1972). A case
with polyneuropathy due to glue-sniffing. Clin. Neurol. 12:747.

Takeuchi, Y. (1969). Experimental studies on the toluene poisoning--chiefly on
the findings of peripheral blood and adrenal gland. Ind. Health 7:31-45.

Takeuchi, Y., and Hisapaga, N. (1977). The neurotoxicity of toluene: EEG
changes in rats exposed to various concentrations. Brit. J. Ind. Med.
34(4):318-24,

Takeuchi, Y., and Suzuki, H; (1975). Change of convulsion threshold of the rat
exposed to toluene. Indust. Health 13:109-14.

Tarsh, M.J. (1979). Schizophreniform psychosis. caused by sniffing toluens. J.
Soc. Occup. Med. 29(4):131-33.

Tatrai, E.; Hudak, A.; and Ungvary, G. (1979). Simultaneous efréct on the rat-
liver of baenzene, toluena, zylens and CCL4. Acta Physiol. Acad. Sei. Hung.
53(2):261. . ,

Tausson, W.0. (1929). Uber die oxydation der benzolkohlenwaserstoffs durth
- bakterien. Planta 7:735. (Cited in Claus and Walker, 1964.) -

Taylor, D.C., and Harris, W.S. (1970). Glue sniffing causes heart block in mice.
Science 170:866-68. ' .

Thayer, M., and’Schulze, W.D. (1980). An Examination of Benefits and Costs of
Achieving Ambient Standards in the South Coast Air Basin. U.S. Eaviron-
mental Protection Agency, Washiagton, DC,

Thomas, R.E., and Rice, S. D. (1979). The eaffect of exposure tamperatures on
oxygen consumption and opercular dreathing rates of pink salmon fry exposed
to toluene, naphthalene, and water-soluble fractions of Cook Inlet crude
oil and No. 2 fuel oil. Mar. Pollut. 79:39-52.

Thompson, L.M., and Macleod, R.A. (1974). Biochemical localizﬁtion of alkaline
phosphatase in the c¢ell wall of a marine pseudomonad. J. Bacteriol.
117(2) :819-825.

Tokunaga, R.; Takahata, S.; Onoda, M.; Ishi-i, T.; Sato, K.; Hayashi, M.; and
Ikeda, M. (1978). Evaluation of the aexposure to organic solvent mixture.
Comparative studies on detsction tube and gas-liquid chromatographic
methods, perscnal and stationary sampling, and urinary metabolite detar=-
mination. Int. Arch. Arbeitsmed. 33:257-267.

Tommaso, S. (1948). Histopathology in experimental chronic toluene poisoning.
Folia Med. 31:91-105. Taken from: Chem. Abst. 42:1662b, 1948.

Toutant, C., and Lippmann, S. (1979). Fetal solvents syndrome (letter). Lancat
1(8130):1356.

R-34



Towrighi, J.; Gonatas, N.X.; Pleasure, D.; Cooper, H.S.; and McCree, L. (1976).
Glue sniffer's neuropathy. Neurology 26:238-U3.

Trevisan, A., and Chiesura, P, (1978). <Clinical research on the hepatotoxicity
of tolueme. Ital. J. Gastroenterology 10(3):210.

Tsuzi, K. (19%8). Convulsion caused by phenol compounds, Kumamoto Med.
9:152-164. Taken from: Chem. Abst. 51:9909g, 1957.

Turner, D.B. (1969). Workbook of Atmospheric Dispersion Estimates. U.S. Dept.
of Health, Education, and Welfare, Revised, 1969. (Cited in P. Walker,
1976.)

Tute, M.S. (1971). Principles and practice of Haasch analysis: A guide to
structure-activity correlation for the medicinal chemist. Adv. Drug Res,
5:1« .

Twibell, J.D., and Home, J.M. (1977). Novel method for direct analysis of
hydrocarbons in crime investigation and air pollution studies. Nature
.2-65:71 1‘7130

Umberger, J.C., and Fioresse, F.F. (1963). Colorimetriec method for hippuric

Ungvary, G.; Hudak, A.; Bors, Z.; and Folly, G. (1975). The effect of tolusne on
the liver assayed by quantitative morphological methods. Exp. Mol. Pathol.
25(1):49-59.

Ungvary, G.; Hamori, J.; and Hudak, A. (1975). (Experimental study of the
hepatotoxic effect of toluol., II. Electron microscopic and electron histo=
chemical studies.] Morphol. Igazsagugyi Ory. Sz. 15(%):256-63.

Ungvary, G.; Manyai, S.; Tatrai, E.; Szeberenyi, S.; Cseh, R.J.; Molnar, J.; and
Folly, G. (1980). Effect of toluene inhalation on the liver of rats--
dependence on sex dese and exposure time. J. Hyg., Epidemiol., Microbiol.,
Immunol. 24:242-252.

U.S. Department of Commerce (1979). Statistical Abstract of the United States,
100th ed., National Data and Guide to Sources, Bureau of the Census.

U.S. Department of Health, Zducation, and Welfare (1977). National Occupaticnal
Hazard Survey, Vol. III. Survey Analysis and Supplemental Tables. U.S.
Dept. of Health, Sducation, and Welfars, National Institute of Occupational
Safety and Health, Div. of Surveillance, Hazard Evaluations, and Field
Studies, Cineinnati, Ohio, p. Ui8.

U.S. EPA (U.S. Environmental Protaction Agency) (1975a). New Qrleans Area Water
Supply Study. Analysis of Carbon and Reain Extracts. Prepared by the
Analytical Branch, Southeast Enviroen. Res. Lab., Athens, GA, for the lower
Mississippi River Branch, Surveillance and Analysis Divisioen, Region VI,
(Cited in Syracuse Research Corporation, 1980.)

R-35



U.S. EPA (U.S. Environmental Protectiocn Agenéy) (1975b). Preliminaryv Assessment
of suspended Carcinogens in Drinking Water. Report to Congress,
Wwashington, D.C. (Citad in Syracuse Research Corporation, 1980.)

U.S. £PA (U.S. Environmental Protection Agency) (1977). HNational Organic Monie
toring Survey, General Review of Results and Methodology: Phases I-III.
(Cited in Syracuse Research Carporation, 1980.) :

U.S. EPA (U.S. Environmental Protection Agency) (1979a). Chemistry Laboratory
Manual for Bottom Sediments and Elutriate Testing. 7.3. Znvironmental
Protaction Agency, Chicago, IL. Available from: National Technical Infor=-
mation Sarvice, Springfield, VA (NTIS PB 294-596).

G.S. EPA (U.3. Environmental Protesection Agency) (1979b). Fate of Priority
Pollutants in Publicly Owned Treatment Works--Pilot Study, Publication
No. EPA 44Q/1-79=30Q. Performed by Feiler, Burns and Roe Industrial
Services Corp., Paramus, NJ. : _

U0.S. EPA (U.S. Environmental Protection Agency) (1980). Ambient Water Quality
' Criteria for Toluene. Publication No. EPA440/5-30-07S. U.S. Environmental
Agency, Washington, D.C. _

U.3. EPA (U.S. Environmental Protection Agency) (1980). STORET Water Quality
Information System, Getober, 1980.

U.3. EPA (U.S. Enviromnmental Protection Agency) (1980a). Priority Pellutant
Frequency Listing Tabulations and Deseriptive Statistics. Memo from D.
Neptune, Analytical Programs to R.B. Schaffer, Director of Effluent Guide-
lines Div., January, 1980. (Cited in Slimak, 1980.)

0.3. EPA (U.S. Environmental Protection Agency) (1980b). Velatile Organic Com-
pound (VOC) Species Data Manual, 2nd ed., Publication No. EPA-450/4-30=015.
0ffice of Air, Noise, and Radiation, Office of Air Quality Planning and
Standards, Research Triangle Park, NC.

J.3. EPA (U.S. Environmental Protection Agency (1980¢). Guidelines and Method-
ology for the Preparation of Health Effect Assessment Chapters of the
Ambient Water Quality Criteria Documents. U.S. EPA, Eavironmental Criteria
and Assessment Office; O0Office of Health and Environmental Assessment;
0ffice of Research and Development, Cincinnati, OH, Noveamber 28, 1980.

USITC (United States Intaermational Trade Commission) (1979). Synthetic Organic
Chemicals: United States Production and Sales, 1978, USITC Publicaticn
1001, USITC, Washington, D.C. 20436.

Van Doorn, R.; Bos, R.P.; and Brouns, R.M.E. (1980). Effect of toluene and
xylenes on liver glutathione and their urinary excretion as mercapturic
acids in the rat. Arch. Toxicol. 43(4):293-304.

Yan Ert, M.D.; Arp, E.W.; Harris, R.L.; Symons, M.J.; and Williams, T.M. (1980).

Worker exposures to chemical agents in the manufacture of rubber tires:
Solvent vapor studies. Amer. Ind. Hyg. Assoc. J. 41:212-19.

R=36



Veith, G.D. et al. (1979). Measuring and estimating the bioconcentration factor
of chemicals in fish. J. Fish Res. Board Can. 36:91. (Cited in Syracuse
Research Corporation, 1880.)

Verschueren, X. (1977. Handbook of Environmental Data on Organic Chemicals. New
fork, NY: Van Nostrand Reinhold Company, pp. 592-596.

Veulemans, H., and Masschelein, R. (1978a). Experimental human exposure to
toluene., I. Factors influencing the individual respiratory uptake and
elimination. Int. Arch. Occup. Environ. Health 42(2):91-103. Taken from:
Chem. Abst. 90:133618n, 1979.

Veulemans, H., and Masschelein, R. (1978b). Experimental human exposure to
toluene. II. Toluene in venous bdlood during and after exposure. Int.
Arch. OQccup. Environ. Health 142(2):105-17. Taken from: Chem. Abst.
90:181040q, 1979. :

Veulemans, H., and Masschelein, R. (1979). Experimental human exposure to
toluene. III. Urinary hippuric acid excretion as a measure of individual
solvent uptake. Int. Arch. Occup. Environ. Health 43(1):53-62.

Veulemans, H.; Van Vlem, E.; Janssens, H.; and Masschelein, R. (1979). Exposure
to toluene and urinary hippuriec acid excretion in a group of hellorota-
gravure printing workers. Int. Arch. Occup. Environ. Health 44(2):99-107.

Vitenberg, A.G.; Stolyarov, B.V.; and Smirnova, S.A. (1977). Gas-chromato-
graphic determination of traces of aromatic nydrocarbons and alcohols in
water by the equilibrium vapor analysis method. Vesta, Leaningr. OUniv.,
Fiz. Xhim. 3:132-139.

VYon Oettingen, W.F.; Neal, P.A.; and Donahue, D.D. (1982a). The toxicity and
potential dangers of toluene--Preliminary report. J. Amer, Med., Assoc.
m:579-8“ °

Von OQettingen, W.F.; Neal, P.A.; Donahue, D.D.; Svirdely, J.L.; Baernstein,
H.D.; Monaco, A.R.; Valaer, P.J.; and Mitchell, J.L. (1942b). The Toxieity
and Potential Dangers of Toluene, with Special Reference to 1%3 Maximal
Permissible Concentration. U.S. Public Health Serv. Pub, Health Bull.
No. 279, 50 pp.

Wagner, R. (1914). Ubver benzol dakterien. Z. Gar Physiol. 4:289. (Cited in
Claus and Walker, 1964.)

Wahlberg, J.E. (19768). Percutaneous toxicity of solvents. A comparative inves-
tigation in the guinea pig with benzene, toluene and 1,1,2-trichloroethane.
Ann. Occup. Hyg. 19(2):115-19. Taken from: Chem. Abst. 86:66415w, 1977.

Walker, P. (1976). Air Pollution Assessment. of Toluene, Publication No. MIR-
7215. Prepared by the Mitre Corp., McLean, VA, under Contract No. 68-02-
1495, U.S. Environmental Protection Agency, Research Triangle Park, NC.
Available from: National Technical Information Service, Springfield, VA
(NTIS PB 256-735). (Cited in Syracuse Research Corporatiocn, 1980.)

R-37



Wwallen, I.E.; Green, W.C.; and Lasater, R. (1957). Toxicity to Gambusia affinis
of certain pure chemicals in turbid waters. Sewage I[ndust. Wastes
29(6):695=T11.

Walter P.V.; Maslyn, R.T.; Sbaffer, G.P.; and Daniels, C.A. (1977). Glue
sniffing: The continuing amenace. Drug Forum 5(3):193-97.

Watson, J.M. (1979). Glue snirfing. Two case reports. Practitioner
222(1332) :845-47. :

Weast, R.C., editor (1977). CRC Handbook of Chemistry and Physics, S8th ed.
Cleaveland, OH: Chemical Rubber Co., pp.

Wei, K.S., and Adelman, A.H. (1969). The photooxidation of toluene. The role of
an excited charge-transfer complex. Tetra. Lett. 38:3297. (Cited in
Syracuse Research Corporation, 1980.)

Weisenberger, B.L. (1977). Toluene habituation. J. Occup. Med. 19(8):569-70.

Wilezok, T., and Biemiek, G. (1978). OUrinary hippuric acid concentration after
occcupational exposure %o toluene. Brit. J. Ind. Med. 35(4):330-34.

Williams, P.A., and Worsey, M.J. (1976). Ubiquity of plasmids in coding for
toluene and xylene metabolism in s0il bacteria: Evidencs for the existence
of new TOL plasmids. J. Bacteriol. 125(3):818-28.

Wilson, J.T.; Enfleld, C.G.; Dunlap, W.J.; Crosby, R.L.; Foster, D.A.; and
Baskin, L.8. {1980). Transport and Fata of Selected Organic Pollutants in a
Sandy Soil. Updatad manusceript from Robert S. Kerr, Eavironmental Research
Laboratory, U.S. Environmental Protection Agency, Ada, OK. (Cited in A.D.
Little, Ine., 1981.)

Wilson, R.H. (1943)., Toluene poiscning. J. Amer. Med. Assoc. 123:1106.

Winek, C.L., and Collom, W.D. (1971). Benzene and toluene fatalities. J. Qecup.

Winek, C.L.; Wecht, C.H.; and Collom, W.D. (1968). Toluene fatality from glue
sniffing. Penn. Med. 71:81.

Winneks, G.; Zastka, J.; and Fodor, G.G. (1976). Psychophysiological Effects of
Low Level Exposure to Trichloroethylene and Toluene. In: Proceedings of
the 2nd Intermational Industrial and Eavironmental WNeurology Congress,
Prague, Czachoslovakia, 1974, (Xlimkova-Deutschova, E. and Lukas, E., eds.)
Univerzita Karlova Praha, p. 78.

Winston, S., and Matsushita, T. (197S). Permanent loss of chromosome initiaticn
in toluene-treated Bacillus subtilis cells. J. Bacteriol. 123:921-927.

Withey, R.J., and Hall, J.W. (1975). Joiat toxic action of perchlorcethylene
with benzene or toluene in rats. Toxicology 8(1):5-15.

R-38



Woiwode, W.; Wodarz, R.; Drysch, K.; and Weichardt, H. (1979). Metabolism of
toluene in man: Gas chromatographic determination of o-, ®-, and p-cresol
in urine. Arch. Toxicol. U3:93-98.

Woldringh, C.L. (1973}, Effects of toluene and phenethyl alcohol on the ultra-
structure of Escherichia coli. J. Bacteriol. 114(3):1359-1361.

Wolf, M.A. et al. (1956). Toxicological studies of certain alkylated benzenes
and denzene. Arch. Ind. Health 14:387.

Worsey, M.J., and Williams, P.A. (1975). Metabolism of toluene and xylenes by
Pseudcmonas putida (arvilla) mt-2. Evidence for a new function of the TOL
plasmid. J. Bacteriol. 128(1):7-13.

Worsey, M.J.; Franklin, F.C.H.; and Williams, P.A. (1978). Regulation of the
degradative pathway enzymes coded for by the TOL plasmid (pWWO) from
Pseudomonas putida mt-2. J. Bacteriol. 134(3):757-64.

Wyse, D.G. (1973). Deliberate inhalation of volatile hydrocarbons: A review.
Can. Med. Assoc. J. 108:71-4,

Yanaoka, Y., and Terumi, T. (1977). OQrganic matter in kraft pulp mill effluent
in Hiro Bay. Nippon Kagaku Ikaishi No. 10:1554.559,

Yano, K., and Nishi, T. (1980). pKJI, a naturally occurring conjugative plasmid
coding for toluene degradation and resistance to Streptomycin and sulfona-
mides. J. Bacteriol. 1%3(2):552.

Young, L.Y., and Mitchell, R. (1973). Negative chemotaxis of marine bacteria to
toxic chemicals. Appl. Micro. 25(6):972-375.

Yushkevich, L.8., and Malipheva, M.V, (1975). Study of the bone marrow as an
index of experimentally-induced poisoning with chemical substances (such as
benzene and its homologs). Sanit. Toksikol. Metody Issled. Gig. 36: .
(Cited in U.S. EPA, 1980.)

/-39



