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Objectives This human experimental study describes the mutual metabolic interaction between toluene,
trichloroethylene, and n-hexane.

Methods Eight healthy male volunteers were exposed to combinations of toluene (1.5 or 4 mg/min),
trichloroethylene (1.5 or 4 mg/min), and n-hexane (0.3 or 1.0 mg/min) for 60 min. End exhaled air
concentrations were measured before and up to 240 min after the start of exposure. The urinary excretion
of hippuric acid, o-cresol, trichloroethanol, trichloroacetic acid, and 2,5-hexanedione was measured before
and up to 270 min after the start of the exposures.

Results When the low dose rates were combined, the end exhaled concentrations were at or below the
detection limit, while an increase in the dose rate of toluene increased the area under the end exhaled air
concentration curve (AUC) of toluene, trichloroethylene, and n-hexane by factors of 44 (16—117)
[geometric mean and 95% confidence interval], 12.8 (4.1—40.0), and 2.2 (1.2—4.1), respectively.
Trichloroethylene, in turn, increased the AUC 5.0 (1.9—13.4), 25.8 (8.2—80.8) and 2.9 (1.6—5.4),
respectively, whereas the corresponding values for n-hexane were 1.9 (0.7—5.1), 1.5 (0.5—4.6), and 3.2
(1.8—5.9). An 18 (range 2—34)% decrease in hippuric acid was the only interaction measured in the
metabolite excretion. No correlation occurred between the individual measures of the end exhaled
concentrations or the excretion of metabolites.

Conclusions The study shows that the threshold for the flow-limited metabolism of the 3 solvents in
humans is exceeded at liver dose rates corresponding to inhalation exposure at occupational exposure

limits. At these levels there are metabolic interactions between the 3 solvents.

Key terms end exhaled air, flow limitation, metabolites.

Industrial exposures to combinations of solvents are very
common. Most of the solvents are metabolized in the liver,
the initial step being mediated by the cytochrome P450
(CYP) system (1). This system has a limited metabolic
capacity, and therefore interaction phenomena between the
different solvents are possible depending on the cytochrome
P450 isoenzymes involved.

Toluene, trichloroethylene, and n-hexane are well known
and widely used industrial solvents. The metabolism of the
substances is relatively well known. Toluene is mainly
oxidized in the side chain to benzoic acid and conjugated with
glycin to hippuric acid, while a minor fraction is oxidized in
the ring to cresols (2). Trichloroethylene is metabolized via
chloral hydrate to trichloroethanol and trichloroacetic acid
(3), while n-hexane is metabolized via both primary and
secondary alcohols to ketones and diketones, of which 2,5-

hexanedione, a well known neurotoxin, has been extensively
studied (4).

In a previous experiment we used gastrointestinal expo-
sure to study the metabolism of toluene and the interaction
between ethanol and toluene in humans (5). The results
showed that, at liver dose rates of 2 mg of toluene per
minute, the hepatic extraction ratio was very high but de-
creased sharply when the dose rate was increased to 6 mg/
min. This finding indicates that, between these dose rates,
there is a shift from flow-limited to enzyme-limited
metabolism. Ethanol given orally in very low doses had a
considerable and dose-related inhibitory effect on toluene
metabolism.

Our present study is an experiment using volunteers and
aimed at studying the mutual interactions between toluene,
trichloroethylene, and n-hexane in humans using dose rates
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to the liver comparable with those obtained by the inhalation
of concentrations at the actual Danish occupational exposure
limits [50 ppm for toluene, 30 ppm for trichloroethylene, and
50 ppm for n-hexane in 1992 (6)] in combination with light
exercise (50 W).

The hypotheses were that, for both trichloroethylene and
n-hexane, a shift from flow-limited to enzyme-limited
metabolism analogous to that of toluene is seen and for all
the substances this threshold is altered by a change in one or
both of the other substances (metabolic interaction). In
addition there may be mutual interaction on the excretion of
the metabolites of the 3 substances due to a competition for
common isoenzymes.

The study was approved by the Scientific Ethical Com-
mittee of Aarhus County, Denmark.

Material and methods

Experimental design

In 48 sessions 8 volunteers were exposed to the com-
binations of toluene (1.5 or 4 mg/min), trichloroethylene (1.5
or 4 mg/min), and n-hexane (0.3 or 1.0 mg/min) for 60 min.

The set-up was a 2° factorial design with factors repre-
senting the 3 solvents each at 2 dose rates. Originally, the
study was planned as an incomplete block design with 4 ex-
posures allocated to each of 12 persons (7). However, 4 sub-
jects were able to carry through all 8 exposure combinations,
while the other 4 each went through 4 combinations. The
study design was therefore a combination of a complete de-
sign with 4 replications (persons) and an incomplete design
with 4 blocks. One effect in the design (interaction between
toluene and n-hexane) was therefore partially confounded by
the difference between the subjects (7).

Table 1 shows the 7 statistical effects which can be esti-
mated from the 23 factorial design, as well as the scheme for
calculating the effects from the combinations of exposure.

The setting of dose rates for toluene was based on the
results of our previous study (5), 1.5 mg/min being below
the dose rate where the liver can extract all the substance
while at 4.0 mg/min the capacity in some subjects may be
exceeded. In pilot exposures 2 mg of trichloroethylene and
1 mg of n-hexane per minute did not give measurable end
exhaled air concentrations. Therefore the dose rates of
trichloroethylene were set at 1.5 and 4.0 mg/min as an ana-
logue to toluene, while the dose rates of n-hexane were set at
0.3 and 1.0 mg/min due to the much lower Ostwald blood:air
partition coefficient (0.8 versus 15 and 10) and thereby to
lower liver dose rates at the same inhalation concentrations
(8,9).

Subjects

The 8 male subjects were between 22 and 28 (mean 24.0)
years of age. Their body weight ranged from 72 to 84 (mean
73.9) kg and their body mass indices from 20 to 25 (mean
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22.5) kg/m?. All § subjects were nonsmokers without any
history of liver disease or regular drug consumption, and
they were moderate users of alcohol (<40 g/week pure alco-
hol). Before entering the study, all the subjects went through
a medical examination including blood tests. All the tests, in-
cluding serum concentrations of alanine amino transferase,
aspartate amino transferase, bilirubin, alkaline phosphatases,
and coagulation factors II, VII and X (prothrombin time),
were all normal, and none of the subjects had hepatitis B an-
tibodies.

Before each exposure session the subjects had avoided
alcohol for the last 3 days and sports activities were avoided
within the last 24 hours. On the day of the exposure session
they were told to avoid milk and products containing benzoic
acid at breakfast. At least 7 days should have passed since
any acute illness or intake of medicine. The exposures of the
individual subjects were separated by at least 3 days.

Exposure

The solvents were given through a feeding tube (Flocare,
CHS, Nutricia, Vermeeren, The Netherlands) using a variable
laboratory pump, as in our previous study (5). The tube was
inserted through the nose to a depth of 110 cm and the posi-
tion in the stomach was controlled by auscultation during air
insufflation.

The 8 combinations of mixtures of the 3 solvents
(spectroscopy grade) were mixed before the start of the study
and kept refrigerated in sealed glass bottles until the day of
the individual experiment. The calculated amount of the

Tahle 1. Seven within-subject effects estimated in the 23 factorial
design. The second column shows the abbreviations used in
tables 2 to 4. The third column shows how these effects were
calculated from the different exposure combinations given to each
subject. The toluene - hexane interaction was estimated from the
four subjects exposed to the full series of exposure combinations.
[t, ¢, and h = high dosage of the exposure (4.0 mg/min for tolu-
ene and trichloroethylene, and 1.0 mg/min for n-hexane, - = low
dose rates (1.5, 1.5, and 0.3 mg/min, respectively]

Abbreviation  Calculation
Main effects
Toluene tol +1. +1c. +1t.h +tch
(4.0 vs 1.5 mg/min) -.. —.t. —..h —.ch
Trichlorosthylene tri —t.. +tc. =th +1tch
(4.0 vs 1.5 mg/min) -.. +.c. —.h +.ch
n-Hexane hex —t.. —fc. +th +1ich
(1.0 vs 0.3 mg/min) —... —. +.h+.ch
1. order interactions
Toluene - trichloroethylene tol - tri -t.. +tc. —=t.h +tch
4+... —.Cc. +..h —.ch
Toluene - n-hexane tol - hex ~t.. —tc. +t.h +1ch
+.. +.6. —..h —.ch
Trichloroethylene - n-hexane tri - hex +t. —tc. —t.h +1ch
+... —.c. —=.h+.ch
2. order interaction
Tolueng -trichloroethylene - tol - tri - hex +1.. ~tc. =t.h +1ch

n-Hexane -... +.c. +.h—.ch
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mixture was dissolved in 300 ml of a commercial tube
feeding product (Nutrison, Nutricia, Vermeeren, The Nether-
lands), and 0.4 ml of an emulgator (polysorbat 80) was
added.

Measurements

Toluene, trichloroethylene and n-hexane in end exhaled
air. End expiratory air samples were collected in 250-ml pre-
heated glass pipettes (5). Before the air sample was collected,
the subject made a maximal inspiration and held his breath
for 15 seconds. Including the duration of expiration gave a
total time of breathholding of about 25 seconds to achieve
equilibrium between the blood and end exhaled air. Samples
were taken before (0) as well as 30, 45, 60, 90, 150, and 240
minutes after the start of the exposure.

The concentrations of toluene, trichloroethylene, and
n-hexane were measured by gas chromatography-mass spec-
trometry after cryofocusing within 2 hours after the sampling.
With the use of preheated (45°C) 0.5- to 20-ml precision
sampling injection syringes (Pressure Lock series), air sam-
ples were taken from the pipettes and injected directly into
the heated sample container of a Tekmar model 5010 auto-
matic desorber during the desorption phase. The desorber
was connected to a HP 5930A-GC/MS machine containing a
Carbowax 20M 25-m capillary column, which was run at a
constant temperature of 40°C in a HP 5700 gas chromato-
graph. Masses from 46 to 110 were sampled in the online
program and stored. The identification of toluene, trichloro-
ethylene, and n-hexane in the mass chromatogram was based
on retention times and the appearance of masses 91, 95 and
57, respectively. The quantification was made by calculating
the area of these ion mass peaks. The analytical equipment
was calibrated with a standard gas [toluene 5.6 (SD 0.3) ppm,
trichloroethylene 7.3 (SD 0.4) ppm, and n-hexane 8.7 (SD
0.4) ppm] in synthetic air (AGA Stockholm, Sweden). The
detection limit for all the substances was the 0.5 ng equiva-
lent to an end exhaled concentration of 0.025 mg/m?,

Metabolites. The urine was quantitatively sampled in 5 pe-
riods, one before exposure and 60, 120 180, and 270 min
after the start.

Concentrations of hippuric acid and o-cresol were
measured by earlier described high-performance liquid
chromatographic methods (10). In the present study the de-
tection limit was 0.2 mmol/l for hippuric acid and
0.3 wmol/l for o-cresol. The analytical variation calculated as
the coefficient of variation between double measurements on
separate days of analysis was 6.7% for hippuric acid and
10.8% for o-cresol.

Trichloroethylene and the metabolites trichloroethanol
(TCE) and trichloroacetic acid (TCA) were analyzed by the
gas chromatographic method of Christensen et al with slight
modifications (11). The detection limits of TCE and TCA
were 0.5 and 0.2 pg/ml (0.034 and 0.012 mmol/l),
respectively, and the coefficient of variation of double
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measurements on separate days of analysis was 17% for
TCE and 11% for TCA. Within the same day the coefficients
of variation were 9.5 and 7.6%, respectively. All mea-
surements from the same subject were therefore analyzed
within the same day. The detection limit for trichloroethylene
was 0.1 plg/ml (0.006 mmol/l).

2,5-Hexanedione was analyzed by a method devel-
oped by van Engelen et al (12). The method was based
on the derivatization of 2,5-hexanedione without prior
acid hydrolysis with 0-2,3,4,5,6-pentafluorobenzyl) hydrox-
ylamine followed by liquid-liquid extraction with cyclo-
hexane followed by analysis on a gas chromatograph with an
electron-capture detector. The lower limit of quantification
was 0.05 pmol/l, and the values were calculated from double
measurements made on separate days with a coefficient of
variation of 4.7%.

Calculations

The areas under the end exhaled air concentration curves
(AUC) were estimated by the trapezoid rule without
calculation of the tail area. For the metabolites the excretion
rates in each period, as well as the total excretion from the
start of exposure, were calculated. In all the calculations, the
values below the detection limits were set at 0.5 times this
value.

Statistical analysis

The main outcome variables were the AUC for the 3 solvents
and the total excretion of the 5 different metabolites. An
analysis of variance was applied to the data for each of these
variables (7). The AUC data were log-transformed prior to
the analysis to ensure that the data complied with the
assumptions of homogeneity of variance.

Estimates and 95% confidence intervals for main effects
(effect of the change of dose rate of the 3 solvents on the
outcome) and interactions were used to summarize the results
of the analysis of variance (7). For the AUC data the main
effects and interactions are expressed as a proportional
change; thus an effect is significant at a 5% level if 1 is not
included in the 95% confidence interval. For the excretion
data the main effects and interactions are presented as a
percental change, and an effect is significant at a 5% level if
0 is not included in the 95% confidence interval.

Furthermore, to evaluate the time course of the effects of
the 3 solvents on the end exhaled concentrations and the
excretion of the metabolites, separate analyses of variance
were performed on data from each sampling time. The end
exhaled concentrations were log-transformed prior to the
analysis.

Results

Estimates of the main effects and interactions for the AUC
of the end exhaled concentrations and the total excretion of
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Table 2. Main effects and interactions of the exposure on the area under the curve (AUC) of the end exhaled toluene concentrations and
the total excretion of hippuric acid and o-cresol expressed as the proportional change in the exhaled air concentrations and the

percentage of change in the metabolite excrstion.

Effect Toluene in exhaled air Hippuric acid in urine 0-Cresolin urine
Proportion 95% Percentage 95% Percentage 95%
confidence of change confidence of change confidence

interval interval interval

tol 43.7 16.4—116.7 47 31—63 72 47—97

tri 5.0 1.9—134 -4 —20—12 1 -14—36

tol - tri 0.9 0.3—2.4 0 -16—16 -1 —26—24

hex 1.9 0.7—5.1 -18 ~34— -2 -1 —26—24

tol - hex 1.8 0.5—5.9 2 -18—21 -1 ~41—20

tri - hex 1.6 0.6—4.3 8 -8—24 20 -5—45

tol - tri - hex 0.7 0.3—1.9 -4 -20—12 17 —8—42

Mean 49,35 mg/m® . min® 2237 pmol 1.66 pmol

SD between subjects 2.56 mg/m3 - min® 469 pmol 0.42 pmol

Residual mean square error

within subjects 5.67 mg/m3 . minb 637 pmol 0.73 pmol

a See table 1.
b Geometric values.

Table 3. Main effects and interactions of the exposure on the area under the curve (AUC) of the end exhaled trichloroethylene
concentrations and the total excretion of trichloroethanol and trichloroacetic acid expressed as the proportional change in the exhaled air
concentrations and the percentage of change in the metabolite excretion.

Effect Trichloroethylene in exhaled air Trichloroacetic acid in urine Trichloroethanol in urine
Proportion 95% Percentage 95% Percentage 95%
confidence of change confidence of change confidence
interval interval interval
tol 12.8 41—40.0 14 ~21—48 12 -10—21
tri 25.8 8.2—380.8 12 —23—47 50 34—65
tol - tri 1.5 0.5—4.6 -5 -40—30 0 -15—16
hex 21 0.7—6.7 19 —23—62 -3 -18—13
tolf - hex 13 0.3—5.2 30 -5—65 3 ~16—22
tri - hex 1.4 0.4—43 ) -41—29 -7 ~23—8
tol - tri - hex 0.9 0.3—29 -4 -20—12 -3 -18—13
Mean 25.24 mg/m?® . min® 4.57 pmol 83.2 pmol
SD between subjects 2.55 mg/m? - min® 1.87 pmol 7.3 pumol
Residual mean square error
within subjects 7.54 mg/m3 - mint 2.82 pmol 38.5 ymol

@ See table 1.
b Geometric values.

metabolites of each substance are shown in tables 2—4. The
average time course of the end exhaled concentrations and
the excretion rates of the 3 main metabolites in relation to the
main effects are shown in figures 1—3.

Before the exposure the end exhaled concentrations of
all the substances were below the detection limits. When the
subjects were exposed to the low dose rates of the 3
substances, the end exhaled concentrations of all the
substances were very low. When the dose rate of any of the
3 substances was increased, the end exhaled concentrations
increased during exposure to a maximum 0—30 min after
the end of the exposure, decreasing thereafter to values close
to the detection limits 180 min after the end of exposure.
There was a considerable variation in the concentrations of
toluene, ranging from O to 29 mg/m?, trichloroethylene, from
0to 46 mg/m?, and n-hexane, from 0 to 29 mg/m’.

Toluene and its metabolites. An increase in exposure to
toluene significantly increased the end exhaled toluene con-
centration in all the samples during and after the exposure,
the result being a 44-fold increase in the AUC (table 2). There
was a significant effect of trichloroethylene on the toluene
concentration in the samples at 30, 45, 60, 150, and 240 min,
while the effect of n-hexane was only significant at 45 and
60 min (figure 1). There was no significant second or higher
order interactions.

The excretion of hippuric acid corresponded to 125% of
the ingested dose of toluene before and 70% after correc-
tion for preexposure excretion of hippuric acid. The differ-
ence in hippuric acid excretion between the high and the
low toluene dose rate was 1.06 mmol, or 65% of the
change in toluene dose. An increase in the n-hexane dose
rate decreased the hippuric acid excretion by 18%, the main
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Tahle 4. Main effects and interactions of the exposure on the area
under the curve (AUC) of the end exhaled n-hexane concentra-
tions and the total excretion of 2,5-hexanedione expressed as the
proportional change in the exhaled air concentrations and the
percentage of change in the metabolite excretion.

Effect? n-Hexane 2,5-Hexanedione
in exhaled air inurine
Proportion 95% Percentage  95%
confidence of change confidence
interval interval
tol 2.2 1.2—4.1 -5 -57—46
tri 2.9 1.6—5.4 =31 -83—20
tol - tri 1.8 1.0—3.3 -1 -52—51
hex 3.2 1.8—5.9 83 31—135
tol - hex 2.0 0.9—41 1 ~63—64
tri - hex 2.6 1.4—4.7 -3 -55—49
tol - tri - hex 2.0 1.1—-3.7 -28 -80—23
Mean 2.09 mg/m3 - minb 0.22 pymol
SD between
subjects 1.64 mg/m? . min® 0.10 pmot
Residual mean
square error
within subjects 2.91 mg/m® - min® 0.20 ymol

2 See table 1.
b Geometric values.

effect occurring within the first 120 min after the start of
exposure.

The o-cresol excretion corresponded to 0.092% of the
toluene dose. There was no effect of either trichloroethylene
or n-hexane.

Trichloroethylene and its metabolites. An increase in the
trichloroethylene dose rate led to an increase in the end ex-
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haled concentration in all the samples, and the AUC was in-
creased by a factor of 26 (table 3). There was a significant
effect of toluene in the samples from 45 to 120 min and a
significant effect of n-hexane in the samples 45 and 60 min
after the start of the experiment (figure 2).

No trichloroethylene could be detected in urine. The TCE
excretion corresponded to 6.8% of the trichloroethylene dose,
while the excretion of TCA corresponded to 0.45% of the
dose. There was no effect of either toluene or n-hexane on
the 2 metabolites. As the only metabolite, TCA was highly
dependent on the time between exposures. This effect could
be detected in all the samples before, during, and after the
exposure. Only when this variable was included in the
analysis was the effect of trichlorethylene on TCA excretion
significant.

n-Hexane and its metabolites. The end exhaled concen-
trations of n-hexane were much lower than those of the other
substances. The concentrations only exceeded the detection
limit in the samples between 45 and 90 min and only when
the high dose rate of n-hexane was combined with the high
dose rate of one of the other substances. This occurrence
gave rise to several significant effects, including the main ef-
fects of all 3 substances and interactions.

The excretion of 2,5-hexanedione corresponded to
0.052% of the n-hexane dose. There was no effect of either
toluene or trichloroethylene.

Variation between subjects. For the 8 subjects the average
total hippuric acid excretion varied from 13% to 97%

n-Hexane
1.0 vs. 0.3 mg/min

mg/m®

-60 0 60 120180240

min

Umol/min

Figure 1. Estimates of the three main
exposure contrasts — toluene, trichloro-
ethylene, and n-hexane — on the end
exhaled air concentration of toluene and
the urinary excretion of hippuric acid. In
each subchart the heavy line shows the
average time course of the concentrations
o and excretion rates at the high dose rate
-60 0 60 120 180 240 levels while the thin line shows the values
min at the low dose rate.




Figure 2. Estimates of the three main
exposure contrasts — toluene, trichloro-
ethylene, and n-hexane — on the end
exhaled air concentration of trichloro-
ethylene and the urinary excretion of
trichloroethanol. In each subchart the
heavy line shows the average time course
of the concentration and excretion rates
at the high dose rate levels, while the thin
line shows the values at the low dose rate.

Figure 3. Estimates of the three main
exposure contrasts — toluene, trichloro-
ethylene, and n-hexane — on the end
exhaled air concentration of n-hexane,
and the urinary excretion of 2,5-hexane-
dione. In each subchart the heavy line
shows the average time course of the
concentration and excretion rates at the
high dose rate levels, while the thin line
shows the values at the low dose rate.

of the toluene dose after correction for preexposure excre-
tion, while the excretion of o-cresol varied between 0.04%
and 0.13% of the dose. TCE varied from 6.0% to 7.9%, and
the TCA excretion from 0.19% to 0.84% of the dose of
trichloroethylene. 2,5-Hexanedione varied from 0.021%
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to 0.132% of the n-hexane dose. There was no statisti-
cally significant correlation between the individual excre-
tions of the different metabolites or between the end exhaled
concentrations and the metabolite excretion of the 3 sub-
stances.
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Discussion

In accordance with our previous study, this study showed
that the hepatic extraction ratios or “first pass” effect of all
the substances were very high but with a relatively well de-
fined threshold. The exact level of this threshold cannot be
calculated, but a change in the dose rate of any of the sub-
stances increased the end exhaled concentration of all 3 sub-
stances, and therefore the threshold is probably close to the
lowest combined dose rate given.

At least toluene and trichloroethylene had an abundant ef-
fect on the end exhaled concentrations of the other substanc-
es, while the effect of n-hexane was smaller, probably be-
cause of the lower dose rate.

Quantitatively, measured by the change in urinary ex-
cretion of the metabolites, these dramatic effects on end ex-
haled concentrations reflect metabolic inhibition of only a few
percent, and the only significant inhibition was the effect of
n-hexane on the excretion of the main toluene metabolite,
hippuric acid. A lengthening of the exposure period and
thereby an increase in the total dose, however, may give rise
to more significant interactions on the excretion of meta-
bolites.

The rate-limiting step in the metabolism of the 3 sub-
stances is probably the initial hydroxylation mediated by the
cytochrome-P450 system. Several different isoenzymes may
be involved. For toluene CYP2E1 and CYP2B6 are involved
in the side chain oxidation (resulting in hippuric acid) but
not in the ring oxidation to o-cresol, where the primary en-
zyme in the rat is CYP2A1/2 (13). The oxidation of trichlo-
roethylene to chloral hydrate is primarily catalyzed by
CYP2E] (14, 15), although other isoenzymes are involved,
too. The hydroxylation of n-hexane is less well described. It
is probably mediated both by a member of the CYP2B fami-
ly (16) and by CYP2E1 (17).

CYP2E1 may therefore be the key enzyme, having the
lowest K. This would imply a considerable inducibility of
solvent metabolism by alcohol, at least in dose rates
exceeding the threshold of flow-limited metabolism, Tardif
et al (18) have shown that ethanol induces the metabolism of
inhalation of 400 ppm xylene in volunteers, while there was
no effect at 100 ppm. In light of the results of our study,
their results can be interpreted as an inducibility seen only
when the flow limitation is exceeded.

The considerable differences in the metabolite excretion
rates between the low and high dose rates of all the solvents
indicate that the metabolism of the solvents was far from
saturated. This phenomenon probably also explains the
individual variation and the lack of correlation between the
different measurements for the same person. The sharp in-
crease in end exhaled air concentrations as the dose rates in-
crease may be caused by a zoning or heterogeneity in the
liver and thereby by a concentration gradient in hepatic
sinusoid from the portal area to the central vein, which is also
seen in other enzyme systems (19). Another possible model
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is the “parallel-tube” or sinusoidal perfusion model of liver
metabolism (20).

The practical implication of our study on the evaluation
of the exposures to mixtures of solvents in workplaces is the
need to take into account interaction phenomena. The
interactions are highly dose dependent and therefore of less
importance at concentrations below the actual occupational
exposure limits. This result is in accordance with studies of
toluene and xylene where exposures to 50 ppm toluene and
40 ppm xylene did not interfere with each other, while expo-
sures at about 100 ppm of the 2 substances did (12, 21).
However the mutual inhibition of toluene, trichloroethylene,
and n-hexane was much smaller than the inhibition of low
and moderate oral doses of ethanol on toluene and trichlo-
roethylene; this finding is of considerable importance for the
biologically effective dose (5, 22).
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