












Neurotoxic effects of styrene: further evidence

Table 6 Proportion with sensory nerve conduction velocity
deficit among those wearing masks or drinking alcohol

Mask Alcohol

At least At least
Seldom or half the Seldom or once a
never time never week

Workplace exposure
(environmental study):
< 50 ppm 31-6% 00% 45 5% 10-5%

19 9 1 1 19
51-100 ppm 50 0% 40 0% 50 0% 44-4%

10 5 6 9
> 100 ppm 80-0% 667% 83-3% 62-5%

5 9 6 8
Overall 44-1% 34-8% 56-5% 30-6%

34 23 23 36

The size of the partial correlation of area with
conduction velocity was much reduced after adjust-
ment for the wearing ofa mask and current consump-
tion of alcohol and the correlation no longer reached
statistical significance (r=0- 17, p = 0 11). No such
reduction was seen in the partial correlation with
reaction time and neither current alcohol consump-
tion nor the consumption of alcohol in the previous
24 hours reduced the relation between Monday
morning excretion of mandelic acid and slowing in
reaction time (partial correlation, accounting for
alcohol = 0-34).

ONSET AND REVERSAL OF NERVOUS SYSTEM EFFECTS
Peripheral nervous system
Onset-Five workers had been exposed to more

than 100 ppm of styrene for less than four weeks and
so were excluded from the main analysis. None of
these was found to have any deficit in sensory
conduction velocity. Fourteen workers had been
exposed to more than 100 ppm for longer than four
weeks. Of these, ten had one or more deficits. The
mean SSS for the newly exposed workers was 0-56
(SD = 0-22) and for those employed more than one
month - 053 (SD = 0-81). This difference is unlikely
to be due to chance (t=2 90, p < 0 02). No clear
pattem for the rate of onset was seen beyond one
month; three out of four of those exposed for one to
three months had a sensory nerve deficit; the figures
for four to six months were three out offour and from
seven to 12 months four out of six.
Reversal-Eleven male workers from factory B

were laid offor re-assigned to work without exposure
to styrene. Of these, only two had been exposed to
high levels (> 100 ppm) both at the time of initial
assessment and continuously to lay off. Six had been
exposed to less than 50 ppm throughout and three to
less than 50 ppm at the time ofinitial test but to more
than 50 ppm between the initial assessment and lay
off. The mean change in SSS was compared for the
two highly exposed to lay off and the six exposed at
low levels. There was no significant difference in the

SSS score of the two groups of workers (high
exposure = 0-17, low exposure = 0-56, p = 0 34)
during continuous exposure; the difference was,
however, in the expected direction with the more
exposed having the lower score. Inspection of the
change in 55S between continuous exposure and
after lay off showed that the previously highly
exposed men had improved their score more (0-57,
SD=0-75) than the less exposed whose score had
declined somewhat (- 095, SD = 0-45). Despite the
small numbers, this difference is statistically sig-
nificant (t= 3-59, p < 0 02) and results from a mean
improvement of about 2 m/sec on each of the three
sensory nerves for these two workers laid off after
high exposure.

Reaction time
Onset-Five workers had been exposed to more

than 100 ppm for less than four weeks at the time of
their initial reaction time measurement. Their mean
RT score, adjusted for age, was 23 m/sec slower than
expected. The mean (O-E) score for those employed
for at least one month at those high levels was 9 m/sec
better than expected (t= 1-86, p= 0-06).
Reversal-Twenty eight workers from factory B

completed the reaction time test during continuous
exposure and again after their holiday. The extent of
change in reaction time between the two occasions
was not significantly related to environmental
measures or to the area under the excretion curve
during continuous exposure; the largest correlation
was with area (r= 0 13, p = 0-27). Nevertheless, the
five workers at this factory in whom mandelic acid
had been detected preshift at the time of the initial
reaction time test had a slower reaction time than
other workers during continuous exposure; this
group also improved more when measured after the
holiday (table 7). Themean age ofthe two groups was
similar (mandelic acid detected, 36-8 years, none
detected, 35-9 years).

Table 7 Mean reaction time during continuous exposure
and on returnfrom holiday (factory B only) by mandelic
acid present in preshift urine

Reaction time

Mandelic acid Continuous Post-
detected exposure holiday

No (n = 23) Mean 272-0 278-0 - 6-0
SD 29-7 28-9 25-2

Yes (n = 5) Mean 309 9 290-6 + 19-6
SD 23-8 40-6 22-3

Overall (n = 28) Mean 278-8 280-0 - 1-5
SD 28-9 31-0 24-8

Difference between
groups t=2-6* t=0-8 t=2-1*

*p < 0-05 (two tailed).
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Discussion
The first objective of this study was to confirm, in a
sample including highly exposed workers, whether
or not styrene had effects on either central or
peripheral nervous functioning. It appears that
exposure to styrene is indeed associated with slowing
in sensory, but not motor, nerve conduction velocity.
This slowing is not severe when compared with
clinical norms but the proportion with mild slowing
increases with intensity ofexposure. On each ofthree
nerves measured, workers exposed above 100 ppm
had a mean conduction velocity that was approxi-
mately 92% ofthat in men exposed to 50 ppm or less;
this reduction in capacity could not be attributed to
age. Effects on the central nervous system were also
seen; the mean reaction time was slower in those
workers whose urine still contained mandelic acid
despite the weekend break from exposure. In these
workers the mean reaction time was 309 9 m/sec,
10% slower than that expected'for age.
These results are similar to those reported

previously. Rosen found a slowing of approximately
8% in sensory conduction velocity when he com-
pared the most exposed group with normal con-
trols.'2 Cherry et al found a slowing of 10% in
Monday morning reaction time when exposed work-
ers were compared with non-exposed."' The present
study, however, has sufficient numbers to demon-
strate that the association with styrene is unlikely to
be due to chance.
The second objective was to examine the relation

between the rate of uptake and clearance of styrene
and neurotoxicity.

It was previously suggested that failure to clear
styrene during the weekend might result from
individual differences in the capacity to metabolise
styrene, and that those slow to clear would, for this
reason, be at increased risk of damage to the nervous
system.'6
The results presented here are, to some degree,

consistent with this hypothesis. Firstly, as previously
observed those with mandelic acid in their urine on
Monday morning had a slower reaction time.'6
Secondly, the time of peak excretion was somewhat
later in those with slowing in sensory nerve conduc-
tion velocity, particularly for those exposed to more
than 100 ppm. On the other hand, the lack of any
relation between the slope of the excretion curve
(having allowed for exposure) and neurotoxic effect
argues against the notion that saturation of the
enzyme reactions involved in styrene metabolism
was more frequent among those with nervous system
deficit than in those without.

It is clear both from this study and from earlier
reports that several potentially measurable factors,
such as physical effort or body fat, influence the
relation between environmental measures of styrene
and both body burden and pattern of excretion. In

the present study allowance for such factors did not
fully explain the relation between pattern of elimina-
tion and neurotoxic effect. It may be that more
precise estimates of these factors, or inclusion of
others, would help to answer the question as to
whether or not individual differences in metabolism
are important. In practical terms it is evident that risk
assessment for each worker or group of workers
cannot adequately take account of every potential
modifying factor. Even where a factor, such as
alcohol intake (which presumably operates through
P-450 enzyme induction23) may reduce risk it may not
be politic (or useful) to attempt to assess its
prevalence. Biological monitoring ofexposure, as has
long been recognised, can provide an integrated
estimate ofthe net result of these different influences
on the body burden of the worker, without exact
knowledge of the contribution made by each factor.
The third objective was to investigate the time

course of neurotoxic effect and to this end the work
force at the largest factory was followed up for 12
months.
Nerve conduction measurements on five newly

exposed workers suggest that no measurable slowing
takes place in the first few weeks of high exposure.
Removal from exposure appears to be associated with
increased sensory conduction velocity, but this result
was based on only two highly exposed workers. Such
changes would, however, be consistent with im-
provements in function seen some months after
removal from exposure to solvents known to affect
the peripheral nervous system-for example,
methyl-n-butylketone.u
The time course of effects on the central nervous

system appears to be more acute; those with recent
high exposure had reaction times that were much the
same (or slower) than those exposed for many weeks.
Any slowing in reaction time associated with delayed
excretion of mandelic acid appears to be largely
reversed within four weeks and possibly within a few
days.
Thus although achievement of the third objective

was limited by small numbers with changing
exposure during the working year, it does appear that
the time course of the effects on the peripheral and
central nervous systems may differ, with effects on
the central nervous system apparently reflecting
acute overload during the previous week and effects
on the peripheral nervous system being associated
with repeated high exposures over a period of at least
four weeks.
Taken together, these results have implications for

monitoring those at risk. Strict observance of an
environmental exposure limit of 50 ppm or below,
with use of a suitable mask, would reduce to a
minimum the proportion of workers at risk of
neurotoxic effect either from high intake or slow
elimination. With higher exposure limits there may
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be greater need for biological monitoring. The
results of this study suggest that choice of this
monitor needs special care. End of shift urine sam-
ples may consistently underestimate the risk of those
with highest exposure. Where exposure guidelines of
more than 50ppm are in place, monitoring ofdelayed
elimination should provide a better indication of
those at risk of the mild and probably reversible
neurotoxic effects of styrene shown in this paper.

This study was funded by the Institut de recherche
en sante et s&urite du travail du Quebec. The
analyses of urinary metabolites and passive diffusion
monitors were carried out under the direction of
Jocelyne Cousineau and Daniel Drolet of the
Institute. Much of the material reported here was
used by Denyse Gautrin in partial fulfilment of the
requirements for a doctoral thesis.
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