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Study of some hepatic effects (induction and
toxicity) caused by occupational exposure to
styrene in the polyester industry

by Philippe Hotz, MD, Michel P Guillemin, PhD, Marc Lob, MD!

HOTZ P, GUILLEMIN MP, LOB M. Study of some hepatic effects (induction and
toxicity) caused by occupational exposure to styrene in the polyester industry. Scand
j work environ health 6 (1980) 206—215. This study describes an occupational health
survey carried out in the polyester industry in order to investigate the hepatic effects
caused by exposure to styrene. Fifty-seven workers underwent a medical examination.
They were submitted to blood and urine sampling for the determination of the degree
of exposure, by the analysis of urinary mandelic and phenylglyoxylic acids (styrene
metabolites), and the intensity of induction and/or hepatic effects, by the analysis
of urinary glucaric acid and plasma enzyme activities (gamma glutamyl transferase,
ornithine carbamoyl transferase, alanine aminotransferase, and aspartate aminotrans-
ferase). The results showed that styrene does not give rise to measurable autoinduction.
With regard to the hepatic tests, exposure to styrene caused an increase in the plasma
enzyme activities, a phenomenon illustrating a possible damaging effect on liver cells.
This effect appears with exposure below 100 ppm (time-weighted average).
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Styrene (vinyl-benzene) is considered to
be a hydrocarbon of relatively low toxic-
ity. However, results of studies of its
long-term effects on the hepatic cell are
diverse. In this study, we have attempted
to find possible hepatotoxic or inductive
effects caused by occupational exposure to
styrene.

“Enzyme induction is an adaptive in-
crease in the number of molecules of a
specific enzyme secondary either to an
increase in its rate of synthesis or to a
decrease in its rate of degradation [p 523]”
(3). It is interesting to detect an inductive
effect caused by styrene for two reasons.
First styrene could induce, ie, accelerate,
its own metabolism (autoinduction), which
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would thus have to be taken into account
when biological monitoring is interpreted
(11, 13, 25). Second an induction test could
be used as an exposure index since the
inductive effect often precedes the toxic
effect (20).

Currently there is no universal indicator
of enzyme induction by man which is both
easy to carry out and wholly reliable;
therefore we had to look to the literature
(10, 14, 18, 20) for the most suitable in-
duction test for the purpose of this study.
We chose to measure the urine concentra-
tion of glucaric acid.

With regard to the hepatotoxic effects
of styrene in occupationally exposed
workers, opinions vary (8, 15, 17). These
different opinions are at least partly due
to the following reasons: the variable com-
position of the groups of exposed and ref-
erence workers, insufficient knowledge
of individual styrene exposure levels, dif-
ferences in the examination methods, no
exclusion of subjects with liver disease



or drug consumption (which could affect
the biological tests).

In order to eliminate these causes of
error to the greatest extent possible, we
examined a homogeneous group of healthy
male workers, whose individual exposure
was estimated from the measurement of
the urinary concentration of mandelic and
phenylglyoxylic acids. We measured the
activities of aspartate aminotransferase
(ASAT, 2.6.1.1), alanine aminotransferase
(ALAT, 2.6.1.2), ornithine carbamoyl trans-
ferase (OCT, 2.1.3.3) and gamma glutamyl
transferase (yGT, 2.3.2.2). It is to be noted
that the latter two enzymes appear to be
more suitable than the transaminases for
detecting chronic hepatic disorders (1, 2, 4,
21, 22, 23, 28). Other advantages are that
they can be stored longer and are much
less sensitive to hemolysis and lipemia.

A general outline of the study and a
complete description of the different as-
pects of the medical survey have been
given elsewhere (7, 9).

Subjects and methods

Exposed group

The exposed group consisted of 57 men
selected from a group of 94 workers, all
exposed to styrene. These 57 subjects ful-
filled the following selection criteria: (i) no
hepatic or renal disease found in a clinical
examination and (ii) no drug consumption.

Reference group

For the estimation of OCT activity and the
urinary elimination of glucaric acid, ref-
erence values were necessary. We ob-
tained these by examining two different
groups composed of, respectively, 118
persons (for the OCT) and 36 (for the
glucaric acid). In each case, we studied
apparently healthy people. Details of
the selection of these groups and the
setting of the reference values have been
given elsewhere (9). The samples from
the reference groups were analyzed at the
same time as those from the exposed
workers.

Clinical examination and occupational
history

Each worker underwent a clinical exami-

nation voluntarily. Alcohol consumption
was estimated according to the questions
proposed by Rollason et al (23). The cre-
atinine clearance was calculated according
to the data given by Kampmann et al (12).
Obesity was evaluated according to the
Broca index (weight in kilograms/height
in centimeters minus 100).

Blood

Heparinated tubes were used for the blood.
Blood sampling was done while the sub-
jects were seated, in the morning before
the coffee break or before the lunch to
prevent lipemia.

The plasma was centrifuged as quickly
as possible, and in every case within 6 h
of sampling. Plasma specimens were stored
at 4° C (enzyme activity measurements) or
frozen, at the latest, within 12 h of sam-
pling (creatinine measurements). The
samples used to measure the transaminase
activities were not kept longer than 2—3 d,
those for OCT and yGT activity measure-
ments not longer than a week, and those
for blood creatinine measurements not
more than three weeks.

The measurement methods and ref-
erence values are given in table 1. As
the values for “normal” enzyme activity
vary widely (eg, from 3 to 10 U for OCT,
but from 0 to 28 U for yGT), all enzyme
activities were expressed as the percentage
of their respective upper reference value to
simplify the comparisons.

Urine samples

Ninety percent of the glucaric acid
analyses were done on urine samples taken
in the morning before the beginning of the
workshift, the remaining 10 %0 on samples
taken during the day. The samples were
frozen until analysis, which was carried
out a maximum of ten weeks later. The
presence of mandelic and phenylglyoxylic
acids does not interfere with glucaric acid
determination.

An analysis of the protein content of a
morning urine sample and a complete
urine examination, together with a second
analysis of the protein content of a sample
taken between 0900 and 1500, were carried
out within a few hours of the sampling.

The mandelic and phenylglyoxylic acid
content of three different urine samples
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taken between 0900 and 1500, were carried
out within a few hours of the sampling.
The mandelic and phenylglyoxylic acid
content of three different urine samples
taken over two consecutive days was esti-
mated. These samples were taken (a) on

day 1 before the beginning of the work-
shift, (b) on day 1 at the end of the work-
shift, and (c) on day 2 before the be-
ginning of the workshift.

To estimate the individual degree of ex-
posure to styrene, the following para-

Table 1. Measurement methods and reference values.

Test

Method used

Reference values

Ornithine carbamoyl
transferase

Aspartate aminotransferasea
Alanine aminotransferasea
Gamma glutamy! transferasea
Plasma creatinine

Glucaric acid

Creatinine in urine

Mandelic acid and
phenylglyoxylic acid

Proteins, blood, glucose,

urobilinogene, cetonic
compounds, pH

Bio-Mérieux (France,

Up to 10 U

number 6—145 1 & 6—147 1)

slightly modified

Boehringer automated method

Up to 20 U

{Mannheim) number 124 508

Boehringer automated method

Up to 17 U

{Mannheim) number 124 656

Boehringer automated method
{Mannheim) number 125 594
Boehringer automated method

Up to 28 U for males and 18 U
for females
< 106 umol/l for males

(Mannheim) number 124 192

Simmons et al (27)

Zender & Falbriand (29)

Guillemin & Bauer

Multistix (Ames-Diagnostika),

31.4 + 20.0 umol/24h (9) or
39.0b + 17.9 umol/24h (27)

(5)

Combur® (Boehringer Mannheim

number 10 081)

a2 Measurements carried out by the Central Laboratory of the University’'s Cantonal Hospital ir

Lausanne (CHUV).

b Nonsignificant difference; N = 26 in both cases.

Table 2. Normality tests of the distributions.

p-value

i iati Before loga- I

Variable Abbreviation rithmic trans- Atfrt:r'; ;fo()%?r::tp;xc
formation

Mean of the total metabolite
concentration on days 1 & 2 TM3 0.09 0.83
Mandelic acid (end of shift) MAES 0.02 0.80
Ornithine carbamoyl transferase oCT 0.1 0.60
Aspartate aminotransferase ASAT 0.06 0.25
Alanine aminotransferase ALAT 0.04 0.73
Gamma glutamyl transferase yGT 0.31 0.63
Glucaric acid (uzmol/l) — 0.13 —
Glucaric acid (umol/24 h) GA 0.07 —
Glucaric acid (umol/I/kg) — 0.47 —
Glucaric acid (umol/mmol creatinine) — 0.78 —
Plasma creatinine — 0.24 —
Creatinine clearance — 0.99 —
Broca index — 0.65 —

a2 The normality of the distribution was tested

with the test of Kolmogorov-Smirnov. The p-value

represents the significance level for the difference between the theoretical and observed dis-

tribution.
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meters were used: (i) mandelic acid con-
centration in a urine sample taken on day
1 at the end of the workshift (MAES) and
(ii) total metabolite concentration (TM) in
urine samples taken in the morning before
the beginning of the workshift.

The TM, ie, the sum of the mandelic
and phenylglyoxylic acid concentrations,
was determined in the urine samples taken
on day 1 (TM1) and day 2 (TM2). The TMs
correlate better with styrene exposure
than the MAES (6). Treatment and con-
servation of the urine samples have been
discussed in another report (5).

Internal quality control was carried out
according to the usual rules (22).

Statistics were calculated with stan-
dard programs for the chi-square, Pearson
or Spearman correlation coefficient, the
one- to threeway variance analysis, and the
Kolmogorov-Smirnov test (19). Nonsig-
nificance was at the 5 %o probability level.
When the deviation from a normal distri-
bution was large, a logarithmic transfor-
mation was performed (table 2), but this
procedure hardly changed the significance
level of the results. OCT activity measure-
ments were carried out in one laboratory
and the yGT, ASAT and ALAT activity
measurements in another. Neither of these
laboratories was aware of the other’s re-

sults, and the urinary metabolite concen-
trations were known only after the clinical
and paraclinical examinations had been
completed.

Results

General remarks

Industrial hygiene surveys showed that,
with the exception of styrene exposure, the
occupational environment was compar-
able in the ten factories visited. In addi-
tion, the occupational history did not
reveal any particular element likely to
bias the results of our study. Symptoms
and signs pathologically related to the
digestive and urinary system were looked
for. The results for the digestive system
are presented in table 3. In relation to the
urinary system (history of renal disease,
isolated wurinary symptoms, complete
urinalysis, plasma creatinine and calcu-
lated clearance), there was no abnormality
likely to alter the results.

The distribution of workers in the dif-
ferent classes formed according to the
duration of exposure is given in table 4.

An examination of these results shows
that the group under study was fairly
homogeneous and that neither styrene

Table 3. Clinical examination of the digestive system.

Relative frequency (%) of
workers with disturbances2

Symptom or Numbt_ar of
sign valid . Possible occupa-
responses Nanaecupational tional origin

origin (at least partly)

Loss of appetite 57 2 5

Weight fluctuations 57 0 0

Food intolerance 57 4 0

Alcohol intolerance 55 2 4

Digestive disturbances 56 6 0

Nausea 54 6 7

Vomiting 56 0 0

Irregular feces 55 9 0

Right hypocondrium painful

(palpation) 57 16

Previous history of

icterus. (obstructive or

parenchymatous) 54 6

a2 In every case, the total number of valid responses and the relative frequency (number of cases
as the percentage of the absolute number of responses or valid examinations) is given.

b On the basis of occupational history.

209



Table 4. Duration of exposure to polyester.
(Number of valid responses 57)

Relative frequency of workers

Duration of : 0
exposure in each class (%)
rounded to Present duration

nearest num- of exposure “Total” duration

ber of years in factory of exposure2
0 14 12
1 19 17
2 9 7
3 5 4
4 9 9
5 7 7
6—10 32 30
11—20 5 14

a2 Total duration of exposure = total number
of years (calculated from the whole occupa-
tional life) of exposure in the polyester in-
dustry.

resorption, metabolism and excretion nor
the biological tests can be affected by sex
differences, drug consumption, or hepatic
or renal diseases. It is to be noted that
more than 50°% of the workers stay less
than 5 a in the polyester industry.

The main statistical parameters
given in table 5.

are

Urinary concentrations

Mandelic and phenylglyoxylic acid. The
workers excreted, on an average, the same
amount of metabolites on day 1 as on day
2 (nonsignificant difference between both
days). In addition, the individual TM1 and
TM2 correlated well (N = 48, r = 0.82, p
0.01). We have therefore calculated the
average (TM3) of these two individual
values. This average and the MAES have
been used as the exposure index. From
table 5 it can be seen that the degree of
exposure varied considerably.

A preliminary evaluation (7) showed
that the amount of styrene inhaled is the
determining factor in the formation and
elimination of mandelic and phenyl-
glyoxylic acid. The relationship between
the creatinine clearance (calculated) and
the amount of metabolites excreted (cor-
rected or not by the creatinine) was
slightly significant, but the correlation
coefficients were too small to be of statis-
tical importance (at the most: N = 44,
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r =—0.26, p<0.05). Last there was no
statistically significant relationship be-
tween TM3 or MAES and nationality,
amount of tobacco or alcohol consumption,
present or total length of exposure, or the
Broca index.

Glucaric acid

Opinions vary as to what unit should be
used to express glucaric acid elimination.
We have thus systematically used the
following units in the statistical evalua-
tions, micromoles per liter, micromoles per
liter per kilogram of body weight, micro-
moles per micromole of creatinine, and
micromoles per 24 h. In the last case, the
calculations were based on the following
formula: excretion in ymol/24 h = (X/Y) X
Z, where X is the glucaric acid concen-
tration in micromoles per liter, Y the
creatinine concentration (mol/l) in the
urine sample used to establish the glucaric
acid concentration, and Z the theoretical
amount (mol) of creatinine eliminated
during 24 h, taking into account sex, age
and weight (12). The results vary only
very slightly, as a function of the unit
chosen, and, as the unit micromoles per
24 h is theoretically the most correct, the
results have hereafter been expressed in
this unit only.

The different variance analyses (uni-
and multivariate) did not show a signifi-
cant statistical relationship between the
excretion of glucaric acid and the con-
sumption of tobacco or alcohol, the present
or total length of exposure, or the degree
of exposure.

Study of blood enzyme activity

From the results of the correlation coeffi-
cients and of the bivariate (exposure level
and alcohol consumption) or trivariate (ex-
posure level, alcohol consumption, length
of exposure), it was seen, first, that the OCT
and ALAT activities correlated better than
the yGT and, especially, the ASAT activi-
ties with the degree of styrene exposure.
Second, the correlation between the TMS3
and the enzyme activities was much better
than the correlation between the MAES
and the enzyme activities (table 6). It
should be remembered that the exposure
was shown to correlate better with the
TM3 than with the MAES (6). Third, the



degree of exposure had a greater effect
after correction for alcohol consumption.
This phenomenon, described by Lorimer
et al (17) in their study of yGT activity
in workers exposed to styrene, was much
less pronounced in our study for this
enzyme than for the OCT and ALAT ac-
tivity. Fourth, if the total duration of ex-
posure is replaced by the Broca index, the
OCT variance improves slightly (from 30
to 36 %s). Finally, the relationships between

enzyme activity and exposure duration
(present or total) were never significant.
The main results of the variance analysis
are shown in table 7.

The effect of styrene on the hepatic
tests can also be seen in a comparison of
two subgroups of workers exposed to dif-
ferent solvent concentrations (table 8). The
subjects of subgroup Al excreted less than
0.292 mol/mol of creatinine (390 mg of
TM3/g of creatinine), which corresponds

Table 5. Means and standard deviations of parameters measured for the workers.

Number of

Variable workors Mean *+ SD

Age (a) 57 355 + 102
Weight (kg) 57 72.0 + 10.0
Height (m) 57 172 £ 01

Broca index 57 1.01 £ 0.12
Specific gravity of urine 53 1,021.7 £ 3.2
Creatinine (plasma) (umol/l) 52 919 + 126
Clearance (ml/mn per 1.73 m?) 52 90.8 + 146

TM3 [mmol/mol of creatinine (mg/g of creatinine)]a 48 174.2 + 2.0 (2328 + 2.7)
MAES [mmol/mol of creatinine (mg/g of creatinine)]® 48 343.0 £ 2.9 (461.3 + 3.9)
Glucaric acid (umol/24 h) 55 484 + 355
Ornithine carbamoy! transferase (% of “normal”

upper limit) 56 63.3 + 17.3
Aspartate aminotransferase (% of “normal”

upper limit) 55 459 *+ 14.0
Alanine aminotransferase (%o of “normal”

upper limit) 55 446 + 247
Gamma glutamyl transferase (% of “normal”

upper limit) 57 60.0 + 39.2

a Geometric mean of the total average metabolite concentration before the beginning of the work-

shift. The arithmetric mean (* SD) was 275.3 *+ 266.3 mmol/mol

mg/g of creatinine).

of creatinine (367.8 + 355.8

b Geometric mean of the mandelic acid at the end of the workshift. The arithmetric mean (+ SD)
was 734.2 * 946.1 mmol/mol of creatinine (987.4 £ 1,272.4 mg/qg).

Table 6. Correlations (Spearman) between the degree of exposure and enzyme activities.

Ornithine Aspartate Alanine
carbamoyli amino- amino- Gamma fglutamyl
transferase transferase transferase transierase
Total metabolite
concentrationa
r 0.42 — 0.40; 0.30
N 47 — 46 48
p 0.002 > 0.1 0.003 .02
Mandelic acidb
r (0.23) — (0.19) —
N 47 — 46 —
p (0.06) >0.1 (0.10) >0.1

a Urine specimens taken before the beginning of the workshift, average of two consecutive days.
b Urine specimens taken at the end of the workshift on day 1.
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Table 7. Variations of enzyme activities as a function of the degree of exposure, alcohol con-

sumption and the Broca index. (OCT = ornithine carbamoyl transferase, ALAT = alanine amino-
transferase).
e i v v v
| memer gt ES s or Meofees i
Enzyme :::?Km)? exposure consumption Broc?p)mdex variance Inferactions
(N = 44) (p) (p) explained
OCT 61.7 % 1:—104 1:+ 44 1:+4.4 0.001 not significant
2:+ 59 2:—28 2:—441 36 %
3:+ 59
(0.003) not significant  (0.04)
ALAT 40.7 %o 1:— 91 1:+6.0 1:—09 0.10 not significant
2:+ 09 2:—36 2:+09 19 %
3:+ 82
(0.07) not significant not significant
Column 1I: mean recalculated from the logarithmic mean for the 44 subjects with no missing

data in the variance analysis. The units are expressed as the percentage of the upper limit of
the reference values.

Column Iil: the degree of exposure [estimated by the mean of the total metabolite concentration on
days 1 and 2 (TM3)] increases from subgroup 1 to subgroup 3. Each subgroup contained one-third
of the total exposed group. Subgroup 1:TM3 < 0.112 mol/mol of creatinine; subgroup 3: > TM3 0.273
mol/mol of creatinine. The results shown in columns lll, IV, and V indicate the fluctuations in ac-
tivity compared with the general mean on one hand, and the significance level (in parentheses)

for the effect of this factor as an isolated case on the other.

Column 1V: subgroup 1, irregular alcohol consumption; subgroup 2, daily consumption.
Column V: the limit between these two subgroups corresponded with the median.

Column VI: shows the significance of the three factors taken together and the percentage of the
total variance of enzyme activity explained by these three factors as a whole.

a Effect means the difference between the considered group (1,2 and 3 or 1 and 2) and the gen-
eral mean. For example, the workers in the lowest exposure group would theoretically have an
OCT activity of 51.3 % and those in the highest exposure group a corresponding value of 67.6 %o.

This difference is significant at p = 0.003.

to a styrene exposure of less than 50 ppm.
In subgroup A2, the workers excreted
more than 0.292 mol/mol of creatinine (390
mg of TM3/g of creatinine), and two-thirds
of them less than 0.599 mol/mol of cre-
atinine (800 mg/g of creatinine) (which
corresponds to a styrene exposure of 50—
100 ppm). The results of the hepatic tests
were, on the average, better in subgroup
Al than in A2.

A comparison of the distribution of the
enzyme activities of both subgroups
showed that the whole distribution for
OCT, ALAT and yGT was shifted towards
higher values from subgroup Al to A2,
which is illustrated for OCT in fig 1. This
shift shows that the higher average activ-
ities of the latter group were due to a tend-
ency of the entire group and they were not
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influenced by the small minority of
workers more significantly affected. There-
fore, a higher degree of exposure 1o
styrene would give rise to increased en-
zyme activities. Although there were not
many enzyme activities outside of the ref-
erence range (pathological values), the
possibility that styrene is hepatotoxic
cannot be ruled out for two reasons. First
of all, a selection of the workers with the
better liver tests, as described by Zielhuis
(30), could take place. Such selection could
explain the fact that many workers leave
the factory after a short time (table 4).
Second the upper reference values for the
enzyme activities might be too high. In
fact our reference group shows a bimodal
enzyme activity distribution, which was
observed by Rosalki et al (24) too. These



Table 8. Enzymatic activities and exposure.

. Enzyme
Metabolites (% of “normal” upper limit)
Ornithine Aspartate Alanine Gamma
Subgroup Mol/mol of Ma/ carbamoyl amino- amino- glutamyl!
creatinine 9/9 trans- trans- trans- trans-
ferase ferase ferase ferase
A1 [TM3 < 0.292 mol/mol of creatinine (390 mg/g)]2
Mean 0.114 152.7 59.3 45.0 38.5 52.1
SD 0.074 98.2 154 14.0 14.2 39.9
N 30 29 29 29 30
R + NS * NS
A2 [TM3 > 0.292 mol/mol of creatinine (390 mg/g)]a
Mean 0.544 726.2 67.8 45.0 55.0 64.9
SD 0.255 340.3 204 15.2 36.9 40.7
N 18 18 17 17 18
A1 [MAES < 0.818 mol/mol of creatinine (1,100 mg/g)]P
Mean 0.278 374.0 63.5 45.2 446 53.9
SD 0.244 328.0 205 154 299 38.2
N 34 33 33 33 34
*Ex NS NS NS NS
A2 [MAES > 0.818 mol/mol of creatinine (1,100 mg/g)]®
Mean 1.842 24771 62.7 439 448 704
SD 1.104 1,485.3 7.7 9.2 13.5 435
N 14 14 14 14 15

a Metabolic excretion expressed as the average of the total metabolites (mandelic and phenylgly-
oxlic acid) concentration on day 1 and 2 (TM3). Urine samples taken before the beginning
of the workshift. A TM3 excretion of << 0.292 mol/mol of creatinine (390 mg/g) corresponds
to a styrene exposure of less than 50 ppm.

Metabolite excretion expressed as mandelic acid measured from urine samples taken at the
end of the workshift (MAES). An MAES excretion of < 0.818 mol/mol of creatinine (1,100
mg/g) corresponds approximately to a styrene exposure of less than 50 ppm.

* p<0.05 ** p<0001, + p<0.10, NS = not significant (Differences between subgroups A1
and A2).
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Fig 1. Percentage of workers in each ornithine carbamoyl transferase activity class. [Subgroup

At: styrene exposure below about 50 ppm, subgroup A2: styrene exposure above about 50 ppm
(details in text)]
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authors think that the higher modality
might have resulted from the inclusion of
apparently healthy people in whom en-
zyme levels reflect minor liver damage.
In the present study, the enzyme activity
distribution of subgroup Al resembled
that of the lower mode of the reference
group. We think that the increased
activities in subgroup A2 are related to
minor liver damage with apparently no
clinical trouble. These higher activities in
subgroup A2 cannot be explained by
alcohol intake, drug consumption, or
present liver disease.

Discussion and conclusions

The correlation between the urinary me-
tabolites and styrene exposure will be in-
terpreted in a future report. It needs only
to be noted that the TM3 exposure index
is relatively approximate. It would be more
appropriate to calculate the average of
several determinations throughout the
year.

We found that slightly more glucaric
acid was eliminated by the exposed
workers. If this phenomenon is due fo
an induction process, the effect is certainly
very weak, since there is no correlation
between glucaric acid elimination and the
length or intensity of exposure to styrene.
It should be noted that this slight increase
could also be due to our reference values.
[Those proposed by Simmons et al (27)
would have given no difference]. This
difference between our reference values
and those given by Simmons et al can
quite easily be explained, and we have
discussed elsewhere the different causes
of error which must be taken into account
(lack of truly correct units, slight dif-
ference between the regression line of the
exposed workers and that of the reference
group, possible circadian variations, too
few subjects in the reference group, etc).
Therefore the biological tests are not
biased by autoinduction, and the glucaric
acid concentration cannot be used as an
exposure index for workers using styrene.
Furthermore, it should be borne in mind
that glucaric acid is by no means a specific
exposure test for styrene.

The question of an assumed hepatotoxic

214

effect of styrene exposure on man cannot
be answered yet because further study of
reference values is needed and nothing is
known about the evolution of enzyme
activities in the numerous workers who
leave the industry.

The increase of the yGT activity ob-
served by Lorimer et al (17) could be due
to either a “hepatotoxic” or an inductive
effect of styrene, since the yGT is in-
ductible. The glucaric acid elimination
and the OCT and ALAT activity measure-
ments seem to confirm that a “hepatotoxic”
action occurs.

The Broca index effect tends to lower
enzyme activity for fatty people. This
phenomenon could be explained by deposi-
tion in the adipose tissue and consequently
by a decrease in the concentration in the
blood, which would be greater for obese
than for thin subjects.

The inclusion of the two subjects who
were found, in the clinical examination, to
be suffering from hepatic or digestive
problems, probably not of occupational
origin, would increase the tendency de-
scribed for the hepatic tests. These two
workers were in fact in factories where
exposure to styrene was important.

Lindstrom et al (16), on the basis of
psychological tests, and Seppéildinen &
Hérkonen (26), on the basis of electro-
encephalographic recordings, arrived at
the conclusion that exposure to styrene
could have possibly dangerous effects even
at concentrations in the ambient air of
less than 100 ppm. This study arrives at
the same conclusion on the basis of hepatic
tests. Therefore, a threshold limit wvalue
of 100 ppm is not as safe as previously
supposed.
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