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Increase in neuropsychiatric symptoms after
occupational exposure to low levels of styrene

Christer Edling, Helena Anundi, Gunnar Johanson, Kenneth Nilsson

Abstract
The results of this study suggest that exposure
to styrene below the current Swedish
permissible exposure limit of 20 ppm induces
neurotoxic effects expressed as an increased
number of neuropsychiatric symptoms.
Twenty men exposed to styrene at a plastics
factory participated. The reference group
included 20 non-exposed men matched for
age, working schedule, and physical work
load. Exposure to styrene during one workday
was assessed by personal air monitoring and
biological monitoring. To evaluate the
physical work load the pulse(heart) rate was
measured. One week before the study each
man completed a neuropsychiatric symptom
questionnaire containing 16 items. Also 17
questions regarding acute symptoms of local
irritation and symptoms of the central
nervous system were presented after the
psychometric tests were performed. The tests
were simple reaction time, colour word
vigilance, and symbol digit. A follow up with
regard to the symptoms among the exposed
men was done after their summer vacation,
about two to five weeks after their last expo-
sure. The mean eight hour time weighted
average (TWA) concentration of styrene in
air, measured by passive dosimetry was 8-6
ppm (range 0*04-50-4 ppm). The exposed men
had significantly more symptoms than the
referents although there were no significant
differences for the psychometric tests. At the
foliow up the exposed men reported fewer
symptoms. This study indicates that symp-
toms are earlier indicators of adverse effects
than complex tests and underlines the
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importance of regular follow up of people
exposed to styrene (and probably organic
solvents in general).

(British Journal ofIndustrial Medicine 1993;50:843-850)

Styrene is one of the most commonly used raw
materials for making plastics.' Occupational
exposure to styrene occurs during the production
of the monomer, in polymerisation plants, during
the fabrication of plastic products from monomeric
or partly prepolymerised styrene, and during the
transportation and handling of liquid styrene.
Styrene is taken up mainly through the lungs and is
readily soluble in the blood. The major part of the
absorbed styrene is biotransformed and the main
metabolites, mandelic acid and phenylglyoxylic
acid, are excreted in the urine.2

Styrene causes irritation of the mucous mem-
branes and is toxic to the central nervous system.3
Symptoms of fatigue, difficulties with concentra-
tion, and irritation have occurred among exposed
workers as well as "prenarcotic symptoms"-for
example, nausea, dizziness, and a drunken feeling.
Studies in exposure chambers have shown a
significant slowing in reaction time after exposure
to styrene. Studies of workers exposed to styrene in
the field have reported prolonged reaction times at
the end of the workshift and deterioration in
performance in other psychological tests. Most
studies in the exposure chamber, as well as those in
the field have been performed at relatively high
exposures styrene (more than 50 ppm) and have
not considered the improved occupational hygiene
standard during recent years. During the past
years, however, there have been some reports, with
conflicting results, of the neurotoxic effects at
exposures below 50 ppm. Edling and Ekberg4
reported no acute adverse effects on the central
nervous system among men exposed to concentra-
tions below 25 ppm when producing styrene based
sewage pipes. Triebig et aF conducted a cross
sectional field study of workers exposed to styrene.
These workers manufactured reinforced polyester
resin products such as boats, pipes, or containers.
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The authors concluded that occupational exposure
to styrene concentrations in air up to 100 ppm
causes neither acute nor chronic effects on the
central nervous system.
On the other hand, there are two positive

studies. Flodin et a16 examined workers exposed to
about 12 ppm styrene at a plant manufacturing
reinforced polyester boats and noted reversible
neurasthenic symptoms. Cherry and Gauterin7
found a mild sensory nerve conduction deficit
among people exposed to less than 50 ppm in four
factories manufacturing boats or vehicle panels.
Our present study was carried out to elucidate if

exposure to low concentrations of styrene (below
the current Swedish permissible exposure limit of
20 ppm = 90 mg/m3) causes neurobehavioural
effects or symptoms.

Material and methods
SUBJECTS
We invited all 23 men exposed to styrene at a
plastics factory to participate in this study. Twenty
(87%) accepted the invitation. The mean age of
the exposed workers was 38 (range 21-59) years
and they had been exposed to styrene during work
for between one and 25 years (mean nine). As a
reference group we chose 20 non-exposed men
matched with regard to age (±3 years), working
schedule, and physical workload. The men in the
reference group lived in the same area as the
styrene workers and worked in nearby industries-
namely, a dairy, a slaughter house, and repair
shops. The mean age for the referents was 41
(range 24-59) years and they had not been occupa-
tionally exposed to solvents.

ASSESSMENT OF EXPOSURE
Air sampling
We continuously recorded the concentration of air-
borne styrene in the breathing zone during one
workday (Tuesday, Wednesday, or Thursday) with
a mobile photoionisation detector (PID, Micro Tip
M-P 100, Photovac Inc, Ontario, Canada) carried
by the subject in a small backpack (total weight
about 3 kg). The instrument was calibrated daily
with a standard mixture of 100 ppm styrene in
nitrogen (AGA Specialgas, Liding6, Sweden). The
measurements were recorded as 15 second averages
during the entire working day.

Simultaneously, we performed whole day passive
air sampling in the breathing zone with active
carbon diffusion samplers (Organic Vapour
Monitor #3500, 3M, St Paul, Minnesota, USA).
Two samplers were placed in the breathing zone of
each subject. Analysis of styrene and other solvents
was performed by gas chromatography (Hewlett
Packard 5880A, Bentone packed column, nitrogen

as carrier gas, flame ionisation detection) after
desorption with 2 ml and subsequent dilution 1:10
with carbon disulphide (99% purity, J T Baker
Chemicals, Deventer, The Netherlands). The
method error of the styrene determination was 3%,
calculated as the standard deviation of the differ-
ences between 19 duplicate samples.

Biological sampling
We collected blood and urine samples immediately
before and after the workday of air sampling and
the following morning. The samples were obtained
in a room next to the factory but with no detectable
styrene in the air. About 10 ml of blood was
collected from the brachial vein in a sterile test tube
containing sodium heparin (Vacutainer). The blood
and urine samples were rapidly transferred to glass
vials that were immediately fitted with gas tight
teflon lined rubber caps and stored at -20°C until
required for analysis. The specimens were thawed
and analysed five to nine weeks after sampling.

Aliquots of 0-2 ml of blood or 2 ml of urine were
transferred to head space vials with a capacity of 22
ml. The contents of vials were allowed to equili-
brate at 37°C for 20 minutes before being assayed
for styrene by head space capillary gas chromato-
graphy (Perkin-Elmer 8700, Supelcowax 10
capillary column, nitrogen as carrier gas, flame
ionisation detection). The method errors were 4%
(60 duplicate samples) and 6% (59 duplicate
samples) for blood and urine respectively.

Mandelic acid and creatinine in the urine were
analysed by high performance liquid chromato-
graphy (Hewlett Packard 1090 LC, Spherosorb
ODS 2 column) according to a method described
by Ogata and Taguchi.8

In all chromatographic analyses peak identifica-
tion was performed by comparison of peak
retention times. Quantitative determinations were
carried out with standard curves prepared from
spiked samples.

Table 1 presents a summary of all the variables
used to characterise the exposure to styrene during
one workshift.

Physical work load
To evaluate the physical work load we measured
the pulse(heart) rate among the exposed subjects
and referents. The heart activity was monitored
with a computerised electrocardiograph (Sport-
Tester, PE 3000, Polar Electro, Kempele,
Finland). Heart rates were recorded as 1 minute
averages during the entire workday.

ASSESSMENT OF EFFECTS
Questionnaires
One week before the study each man completed a
questionnaire (Q16)9 containing 16 yes or no items
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Table 1 Variables used to characterise exposure to styrene during one workshift
Air monitoring in breathing zone (n = 18)
T-WA during whole 8 hour workshiftt and TWA of last 4 hourst, last 2 hour4, last hou4 and last 30 minutes of workshift (all ppm)
Maximum concentration during a whole workshift expressed as 15 second averages and as 15 minute moving averages (both ppm)*
Duration of excursions above 50 ppm (15 minute moving averages)*
No of 15 seconds excursions above 200 ppm4, above 100 ppm*, above 50 ppm4 and above 25 ppm4

Biological monitoring (n = 20)
Styrene in blood before workshift, at end of workshift, and before next workshift (all M)
Styrene in urine before workshift, at end of workshift, and before next workshift (all M)
Mandelic acid in urine before workshift at end of workshift, before next workshift (all mg/ml), before workshift corrected for

creatinine, at end of workshift, corrected for creatinine, and before next workshift, corrected for creatinine (all mg/g creatinine)

*Two men using respiratory masks were excluded.
tMeasured with diffusion sampler.
tMeasured with photoionisation detector.

relating to neuropsychiatric symptoms (table 2).
This questionnaire has previously been reported to
be sensitive to long term effects of exposure to
solvents.9 Also, 17 questions'0 regarding acute
symptoms of local irritation and central nervous

system symptoms were presented on a computer
screen after the psychometric tests were performed.
The subjects rated the present intensity of each
symptom on a six point scale. A follow up of the
exposed men was done after their summer vacation
some two to five weeks after their last exposure. At
this time we sent typewritten versions of the Q16
and the acute symptoms questionnaire to the men's
home address.

Psychometnic tests
Each exposed man was tested immediately before
blood and urine sampling, before starting work at
0700 in the morning and after leaving work at 1600
in the afternoon. The referents were tested before
and after work, at 0700 and 1600, respectively.
Half the men (exposed and referents) did their first
test before work and the other half their first test

after work to balance the potential effects of repeat-
ed training.

Three tests were taken from the Swedish
performance evaluation system (SPES)'0 developed
by the National Institute of Occupational Health,
Solna. The tests we used were simple reaction time,
colour word vigilance, and symbol digit.

Simple reaction time is a sustained attention task
measuring response speed to an easily discriminat-
ed but temporarily uncertain visual signal. The task
is to press a key on the key board as quickly as
possible in response to a red square presented on

the display. A total of 96 stimuli are presented
during six minutes at intervals varying between 2-5
and 5 0 seconds. The first minute serves as prac-
tice, after which performance capacity is assessed
for five minutes.

Colour word vigilance is a choice reaction time
task in which response selection is based on a
complex signal characteristic. It is a task of the
vigilance type as it requires a response only to a few
of the signals. The Swedish words for "red,"
"yellow," "white," or "blue" (all three letter words

Table 2 Results of Q 16 questionnaire among workers exposed to styrene and referents

No of workers with symptons
Exposed Referents Exposed atfolow up

Questionlsymptowm (n = 20) (n 20) (n 19)

1 Are you abnormally tired? 10 0 3
2 Do you have palpitations of the heart even when you don't exert yourself? 1 1 1
3 Do you often have painful tingling in some part of your body? 6 2 1
4 Do you often feel irritated without any particular reason? 1 1 4
5 Do you often feel depressed without any particular reason? 1 0 0
6 Do you often have problems with concentrating? 2 1 3
7 Do you have short memory? 8 6 6
8 Do you perspire without any particular reason? 3 1 5
9 Do you have any problem with buttoning and unbuttoning? 0 1 0
10 Do you generally find it hard to get the meaning from reading
newspapers and books? 1 2 1

11 Have your relatives told you that you have a short memory? 8 7 5
12 Do you sometimes feel an oppression in your chest? 2 2 2
13 Do you often have to make notes about what you must remember? 4 2 3
14 Do you often have to go back and check things you have done
such as turned off the stove, locked the door? 5 4 3

15 Do you have a headache at least once a week> 9 3 6
16 Are you less interested in sex than what you think is normal? 0 0 0
Mean (SD) 3-1 (2-9) 1-5 (1-8) 2-3 (2-4)
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Table 3 Mean performance in psychometrical tests and total symptoms score for acute symptoms before a shift and at end ofa
shift among workers exposed to styrene and referents

Exposed Referents
(n = 20) (n = 20)

Test Session Mean (SD) Mean (SD)

Simple reaction time (ms) Before shift 245 (36) 243 (36)
End of shift 237 (30) 242 (37)

Colour word vigilance Before shift 532 (28) 509 (79)
End of shift 534 (39) 513 (45)

Symbol digit Before shift 2965 (516) 3101 (629)
End of shift 3022 (537) 3229 (927)

Acute symptoms Before shift 10-2 (8-3) 3-3 (3 5)
End of shift 10-4 (8 7) 3-1 (3 6)

in Swedish) are randomly presented on the screen.
The text can be written in any of the colours. The
task is to press a key as rapidly as possible when
there is a congruency between the meaning of the
word and the colour of the text. The interval
between consecutive stimuli is 2-2 seconds, and the
16 possible combinations of words in colour are
randomly distributed within each sequence of 16
stimuli. Thus the proportion of critical stimuli is
25%. A total of 256 items is presented. The
first 16 are practice trials and disregarded in the
analysis.

Symbol digit is a revised version of a traditional
test of perceptual speed. In one row there is a key
to this coding task, the pairing of symbols with the
randomly arranged digits 1 to 9. The task is to key
in as fast as possible the digits corresponding to the
symbols presented in random order in a second
row. Each item consists of nine pairs of randomly
arranged symbols and digits, and a total of 10 items
are presented. Performance is evaluated for the last
six items of the test.

Statistical evaluation
Differences between means were assessed with
Student's t test (one tailed) and the Wilcoxon
signed rank test (one tailed). Analyses of dose-
response relation were carried out with linear
regression analysis and Spearman's rank correlation
coefficient. The level of significance was set to 5%.

Results
The mean eight hour time weighted average
(TWA) concentration of styrene in air, measured
by passive dosimetry was 8-6 ppm (range 0Q04-
50*4 ppm). Also, there were small amounts of
acetone and toluene (16-4 mg/m3 and 1. 1 mg/m3
respectively, expressed as the arithmetic average of
the eight hour TWA samples from the 20 subjects.
The PID instrument showed a great variation in the
styrene concentrations over a working day (fig 1).
Concentrations over 50 ppm (the Swedish short
term value) expressed as 15 minute averages were

registered for nine persons. The highest peak for
styrene, 50 4 ppm, was registered for a man who
used respiratory protection.
None of the exposed men had high values of

styrene or mandelic acid in either blood or urine.
All measurements after the working day were well
below the biological exposure indices adopted by
the American Conference of Governmental
Hygienists. There was a good correlation between
the air measurements and the biological measure-
ments of exposure.

There was no apparent difference in physical
work load between the exposed men and the
referents as judged by the mean heart frequency,
which averaged 89 beats a minute in both groups.
Also, linear regression analysis and Spearman's
rank correlation showed no association between
physical work load (heart rate) and performance in
the psychological tests.

In both Q16 (table 2) and the acute symptoms
questionnaire (table 3) the exposed men reported
significantly more symptoms than the referents.
With regard to the acute symptoms the exposed
men had on average 10 symptoms compared with
three among the referents. This difference was
statistically significant (F(1/38) = 13-40, p =
0 0008) but there was no significant change in the
total number of reported symptoms among the
exposed men before and after work (F(1/38) =
0*001, p = 0-97). On the Q16 questionnaire the
exposed men had an average of 3 1 yes answers
compared with 1-5 among the referents (t(1/38) =
1-95, p = 0 029). Tiredness and headache were the
most frequent symptoms among the exposed men.

In the follow up about two to five weeks after the
latest exposure the exposed men reported fewer
symptoms. The average number of yes answers was
reduced from 3-1 to 2-3 on the Q16 (table 2) and
from 10-4 to 8-3 on the acute symptoms question-
naire (table 3). These differences were not statisti-
cally significant. There were some significant
correlations between exposure level and certain
symptoms as measured by the acute symptoms
questionnaire. Styrene exposure, expressed as the
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1000 1300 1600

Time of day
Figure 1 Styrene concentration in the breathing zone recorded with a portable photoionisation detector carried on the back by one
of the workers. (A) continuous set of 15 second averages as monitored by the instrument; (B) corresponding moving 15 minute
averages.

eight hour TWA concentration in the breathing
zone, correlated positively (p = 0 50, p = 0 04)
with an increase in number of symptoms from
before a shift to the end of a shift (fig 3). Peak
exposures, expressed as the total number of excur-

sions above 50 ppm styrene in the breathing zone,
correlated positively (p = 0-56, p = 0 036) with the
score of skin irritation at the end of a shift (fig 4).

Finally, peak exposures, expressed as the maximum
15 second average styrene concentration in the
breathing zone, correlated positively (p = 0-66, p =

0-013) with sensations of unpleasant taste at the
end of a shift.
The simple reaction time test (table 3) showed

no significant difference between the exposed and
non-exposed groups (F(1/38) = 0-21, p = 0 60).
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Before shift

0 1 2 3

At end of shift

- * Exposed
0-- Non-exposed

4 5 0 1 2 3 4 5

One minute time block One minute time block
Figure 2 Average simple reaction time in workers exposed to styrene and non-exposed referents before shift and at end ofshift.

This lack of difference remained even when com-

paring the results before and after work and during
each one minute time block during the five minute
long test period (fig 2). Also, no dependence on
exposure was found in the group of workers
exposed to styrene with respect to simple reaction
time at the end of a shift, or change in simple reac-
tion time during a shift.
The colour word vigilance test (table 3) indicat-

ed a somewhat prolonged reaction time for the
exposed group when compared with the referents;
however, this difference was not statistically signifi-
cant (F(1/38) = 2-69, p = 0 11). A tendency for an

exposure dependent increase in reaction time in the
colour test vigilance was also found in the workers

0

0

O ZDE
.

QO
0 0

t S-0.0

E 0
WI

Co
4-.

C- 4-
.

CD
C-0

C-,

exposed to styrene. Five of the exposure variables
determined with the photoionisation instrument
correlated positively with an increase in reaction
time during a shift. The exposure variables were
TWA during the whole eight hour work shift (p =
0 05, n = 18, Spearman rank correlation test) and
of the last four hours of a shift (p = 0 05, n = 15),
number of 15 second excursions above 25 ppm
(p = 004, n = 18) and above 50 ppm (p = 0 04,
n = 18), and duration of excursions above 50 ppm
(15 minute moving averages) (p = 0 04, n = 15). In
the symbol digit test (table 3) the exposed men had
shorter reaction times compared with the referents
but the difference was not statistically significant
(F(1/38) = 0-83, p = 0-37).
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Figure 3 Relation between exposure to styrene and increase in
total score for symptoms during the shift. The exposure is
expressed as the eight hour TWA styrene concentration in the
breathing zone, and was measured with diffusion samplers.
The Spearman rank correlation test indicates a positive
correlation (n = 18, p correctedfor ties = 0 58, p = 0 017).
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Figure 4 Relation between peak exposure to styrene during a
shift and score ofskin irritation at the end of a shift. The peak
exposure is expressed as the total duration ofexcursions above
50ppm styrene in the breathing zone, and was measured with
a portable photoionisation detector. The Spearman rank
correlation test indicates a positive correlation (n = 15,
p correctedfor ties = 0-56, p = 0-036).
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Discussion
This study showed no differences in the psycho-
metric tests when men occupationally exposed to
0-04-50 4 ppm styrene were compared with
matched non-exposed referents. The results
suggest, however, that even exposures below the
present Swedish permissible exposure limit of 20
ppm might induce neurotoxic effects expressed
as an increased number of neuropsychiatric
symptoms.
A cross sectional study design may have certain

drawbacks due to selection processes, work organi-
sation, and the number of available employees,
thereby limiting the validity of the study. The most
obvious drawback is a possible underestimation of a
true effect because people with pronounced
symptoms or effects have left their jobs-that is, a
health based selection of workers.
The result of a quasiexperimental study might be

biased due to selection of workers who participate.
We invited all exposed workers to participate and
20 out of 23 (87%) took part. This participation
rate is of such size that the results could not be
explained by selection bias. Another problem is to
control the systematic effects of learning and
circadian rhythms. In this study we used a cross
over design when testing for performance effects.
Half of both exposed workers and referents were
assessed before and then after, and half after and
then before work.
The exposed and non-exposed groups were

comparable with regard to sex, age, and physical
work load. To evaluate the work load is important
as the uptake of styrene is greatly enhanced by an
increased physical work load. The physical work
load might also influence the results of the psycho-
metric tests. Differences in physical work load
might account for differences in results between
various studies reporting neurotoxic effects or lack
of effects of styrene despite similar concentrations
of styrene in air. In our study there was no differ-
ence in physical work load between the exposed
men and the referents, as judged by the whole day
average heart rate. Also, linear regression analysis
found no association between heart rate and
performance on the psychometric tests.

Previous studies with Q16 on non-exposed
referents have reported an average number of
symptoms between 2-0 and 3.9.41112 The average
of 1-5 in our study indicates that the workers in the
reference group may have been healthier than the
average population. This would exaggerate the
differences between the two groups. On the other
hand, studies reporting effects of exposure6 1' have
found greater average symptom frequencies among
exposed workers (between 4-7 and 10-4) than
found in our study. These studies were conducted
in other areas of Sweden and it is possible that

characteristics of the local population contributed
to the differences between different studies. For
example, the groups in our study might be less
sensitive to negative environmental factors or less
willing to report symptoms. Such local conditions,
however, would seem to prevail for both exposed
and referent workers in a given study.
The referent workers were told that their results

would be compared with those for a group of
workers exposed to solvents. It is possible that this
knowledge biased their rating of symptoms. The
referent workers may have under-reported their
symptom frequency based on beliefs about associa-
tions between symptom alternatives and exposure
to solvents.

In the section of the computer based question-
naire dealing with acute symptoms, we instructed
the subjects to respond on the basis of currently
experienced symptoms and to answer spontaneous-
ly. Instructions for completing Q16 did not specify
currently experienced symptoms; nor was spon-
taneity requested. Group differences were signifi-
cant for both questionnaires. The consistency in
the results leads us to conclude that the beliefs of
the referent workers had little influence upon the
reported frequency of symptoms.
Our results accord with those of the study by

Flodin et at and suggest that exposure to styrene
below 12 ppm may induce reversible neurasthenic
symptoms. On the other hand the results contradict
earlier findings by Edling and Ekberg,4 who found
that exposure to styrene below 25 ppm did not
cause adverse effects on the central nervous system.
The conclusion was based on the answers to Q16
and a test of simple reaction time. On average the
men in that study had two positive answers out of
16 compared with 3-1 in the present study. This
difference could be due to difference in age (mean
age 30 years in that study v 38 years in our study)
and in mean exposure time, which was 2-5 years in
the previous study and nine years in our present
study. Of course, there is a strong intercorrelation
between age and exposure time. The general
experience is that an exposure time of about nine
years or more is needed for solvent induced sub-
acute or chronic neuropsychiatric disorders.'3

For performance tests, the statement that expo-
sures below 25 ppm causes no effects still seems
valid. This statement is supported by the findings
of Triebig et al5 who used several neurobehavioural
tests and found no differences between non-
exposed men and men exposed to styrene up to
100 ppm. Regarding neuropsychiatric symptoms
Triebig and colleagues used the Q16 but did not
present any results. However, they stated that pre-
narcotic symptoms such as dizziness, nausea or
headache during or after work were observed only
among those exposed to more than 100 ppm.
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There were no differences in numbers of symp-

toms among the exposed men before and after
work on the questionnaire intended to reveal acute
effects but there was a non-significant decrease in
the number of symptoms in the questionnaire
follow up of the exposed men. Our interpretation is
that styrene may have induced reversible subacute
effects, and that recording of symptoms is more

sensitive than psychometric tests. This is supported
by the findings of positive correlations between
exposure during a shift and symptoms, although
these correlations, as shown by figs 3 and 4 must be
interpreted with caution. An important question is
whether the work tasks on the study day are repre-

sentative of the work situation. We found a high
correlation between all exposure measurements
including that between the personal air samples and
the biological samples taken before the day of air
sampling. These correlations suggest that the
persons exposed to high concentrations of styrene
during the study day normally had a high exposure

situation, and vice versa. This interpretation is
supported by the general observation that each man
was occupied with his own primary work tasks with
little variability during the years.

In summary, this study supports the impression
that symptoms are earlier indicators of adverse
effects than complex tests, which underlines the
importance of regular follow ups of people exposed
to styrene (and probably organic solvents in gener-

al). The importance of screening for symptoms is
underlined by the findings in a follow up study of
workers who had reduced their exposure to sol-
vents.14 In that study those with symptoms alone
experienced improvement in certain symptoms
(depression, concentration difficulties, and lack of
initiative) compared with workers with symptoms
and impairment of psychometric test performance.
Monitoring symptoms among workers exposed to
styrene would seem to be an important task for
occupational health services in their aim to prevent

adverse effects of occupational exposure.
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Carter, Lena Ernstgard, Asa Lundin, Tommy
Backstr6m, and Aage Johansson. The study was
supported by a grant from the Swedish Work
Environment Fund.

Requests for reprints to: Dr Christer Edling.

1 Tossavainen A. Styrene and occupational exposure in the
plastics industry. Scand J Work Environ Health 1978;4(suppl
2):7-13.

2 Liebman KC. Metabolism and toxicity of styrene. Environ
Health Perspect 1975;11:115-9.

3 Vainio H. Styrene. Nordic Expert Group for Documentation
of Occupational Exposure Limits. Arbete och Halsa
1990:49;1-41. (In Swedish).

4 Edling C, Ekberg K. No acute behavioural effects of exposure
to styrene: a safe level of exposure? Br Y Ind Med
1985;42:301-4.

5 Triebig G, Lehrl S, Weltle D, Schaller KH, Valentin H.
Clinical and neurobehavioural study of the acute and chron-
ic neurotoxicity of styrene. BrJIndMed 1989;46:799-804.

6 Flodin U, Ekberg K, Andersson L. Neuropsychiatric effects of
low exposure to styrene. BrJIndMed 1989;46:805-8.

7 Cherry N, Gautrin D. Neurotoxic effects of styrene: further
evidence. Bry Ind Med 1990;47:29-37.

8 Ogata M, Taguchi T. Simultaneous determination of urinary
creatinine and metabolites of toluene, xylene, styrene, ethyl-
benzene and phenol by high performance liquid chromatog-
raphy. IntArch Occup Environ Health 1988;61:131-40.

9 Axelson 0, Hogstedt C. On the health effects of solvents. In:
Zenz C, ed. Occupational medicine. Principles and practical
application. Chicago London: Year Book Medical Publishers
Inc, 1988:775-84.

10 Gamberale F, Iregren A, Kjellberg A. SPES: The computer-
ized Swedish Performance Evaluation System. Arbete och
Hdhsa 1989:6:1-77. (In Swedish).

11 Anshelm Olsson B. Effects of organic solvents on behavioural
performance of workers in the paint industry. Neuro-
behavioural Toxicology and Teratology 1982;4:703-8.

12 Hogstedt C, Hane M, Agrell A, Bodin L. Neuropsychological
test results and symptoms among workers with well-defined
long-term exposure to lead. BrJIInd Med 1983;40:99-105.

13 Flodin U, Edling C, Axelson 0. Clinical studies of psycho-
organic syndromes among workers with exposure to
solvents. Am3' Ind Med 1984;5:287-95.

14 Edling C, Ekberg K, Ahlborg G, et al. Long term follow up of
workers exposed to solvents. BrJ3Ind Med 1990;47:75-82.

Accepted 19 October 1992

850

copyright.
 on M

ay 23, 2023 by guest. P
rotected by

http://oem
.bm

j.com
/

B
r J Ind M

ed: first published as 10.1136/oem
.50.9.843 on 1 S

eptem
ber 1993. D

ow
nloaded from

 

http://oem.bmj.com/

