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ROGSTEDT B, AKESSON B, AXELL K, GULLBERG B, MITELMAN F, PER0 RW, 
SKERFVING S, WELINDER H. Increased frequency of lymphocyte micronuclei in 
workers producing reinforced polyester resin with low exposure to styrene. Scand j work 
environ health 9 (1983) 241-246. A new micronucleus method based on the analysis of 
lymphocytes with preserved cytoplasm revealed an increased frequency of micronuclei 
in 38 workers employed in a plant producing styrene-modified polyester resin as com- 
pared to the frequency in 20 referents (5.9 vs 3.6 %& The time-weighted average of the 
styrene concentration in the workroom air varied between 1 and 36 ppm (mean 13 ppm) 
during the last year and correlated well to low urinary levels of mandelic acid, which 
ranged from 9 to 316 mglg of creatinine (mean 65 mglg of creatinine). 
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After the mutagenic and carcinogenic 
properties of vinyl chloride were revealed, 
interest was focused on other related 
chemical compounds such as styrene. By 
now it is known that styrene and its 
metabolite styrene-7,8,-oxide have muta- 
genic andlor carcinogenic effects in dif- 
ferent test systems. For a review see the 
report of Norppa (9). 

The most important source of occupa- 
tional exposure to styrene is the produc- 
tion of styrene-modified fiberglass rein- 
forced unsaturated polyester resin. Earlier 

Department of Occupational Medicine, Cen- 
tral Hospital, Halmstad, Sweden. 
Department of Occupational Medicine, Uni- 
versity Hospital, Lund, Sweden. 
Department of Clinical Genetics, University 
Hospital, Lund, Sweden. 
Institute of Environmental Health, University 
of Lund, Sweden. 
Occupational Health Center, Ljungby, Swe- 
den. 
Wallenberg Laboratory, Biochemical and 
Genetic Ecotoxicology, Lund, Sweden. 

Reprint requests to: Dr B Hijgstedt, Department 
of Occupational Medicine, Central Hospital, 
S-301 85 Halmstad, Sweden. 

studies on workers occupationally ex- 
posed to styrene have shown increased fre- 
quencies of chromosome damage at ex- 
posure levels of 25-300 ppm as the 8-h 
time-weighted average (1, 3, 4, 7). In Swe- 
den the exposure levels have decreased 
considerably during the last few years. 

Micronuclei are thought to be indicators 
of either chromosome breaking events or 
failure of the spindle apparatus. In the 
investigations of Countryman & Heddle 
(2), Linnainmaa et a1 (61, Meretoja et a1 (7) 
and Norman et a1 (8) micronuclei in cul- 
tured lymphocytes have been analyzed in 
hypotonically treated cells. Since this 
treatment destroys the cytoplasm, the 
method seems to have certain cytological 
disadvantages. 

The aim of the present study was to 
investigate the effects of styrene at low 
levels of exposure by a new method for 
analyzing micronuclei in lymphocytes; the 
cell cytoplasm was preserved in order to 
increase the precision of determination. 
The methodological aspects of the new 
method will be discussed in a future pub- 
lication (Hogstedt, to be published). 



Material and methods 

Subjects 

The styrene-exposed group consisted of 38 
men working in a factory producing fiber- 
glass reinforced polyester resin (table 1). 
The referents were 20 male workers from a 
mechanical industry in the same town. 
The factory in which the exposed subjects 
worked manufactured unsaturated poly- 
ester from propylene and/or ethylene 
glycol with maleic and/or phthalic anhy- 
dride. Hydroquinone was used as an in- 
hibitor. This alkyd resin was mixed with 
styrene (70130 weightlweight). In the fac- 
tory it was cured by different peroxides 
(cyclohexanone or methyl ethyl ketone 
peroxide and/or benzoyl peroxide). The 
curing process was accelerated by the 

Table 1. Summary of data on the styrene-exposed 
subjects and the referents. 

Exposed group Reference group 
(N = 38) (N = 20) 

Mean Ranae Mean Ranae 

Age (years) 38.7 19-63 
Smokers (N) 17 
Exposure time (years) 7.9 1-23 
Time-weighted average 
of the styrene leveis 
in air in 1980 (ppm) 13 1-36 
Urinary mandelic acid 
levels in 1980 
(mglg creatinine) 65 9-316 
Micronuclei (%) 

In hypotonically 
treated cells 4.3 0.5- 18 
In cells with pre- 
sewed cytoplasm 

72 h 3.9 0-12 
96 h 5.9 1-13 

heating of cobalt naphthenate or dimethyl 
aniline. The final styrene-modified poly- 
ester could be treated by driLling or grind- - - 

ing. It could also be glued by epoxy or 
polyurethane resins. Some of the products 
were degreased with methylene chloride 
and sprayed with paints containing differ- 
ent types of organic solvents. Large 
amounts of acetone were used for cleaning 
tools. Pressing tools, which were heated to 
120" C, were prepared with release agents 
contaminated with minute amounts of 
benzene. 

Each subject was interviewed regarding 
occupational and medical history, espe- 
cially concerning viral infections, use of 
alcohol and drugs, smoking habits, and 
exposure to ionizing radiation and heavy 
metals. Seventeen of the exposed subjects 
and eight of the referents were smokers 
(table 1). 

Of the exposed subjects, 11 had had 
radiographic examinations during the last 
year, and 4 regularly took drugs (ibu- 
profen, hydrochlotiazid and atenolol, ami- 
tryptilin, and terbutalin). Five of the refer- 
ents had been examined radiographically, 
and three had a regular drug intake (ben- 
droflumethiazid, metoprolol, and anti- 
allergic drugs). 

One blood specimen and two urine sam- 
ples (morning and afternoon) were ob- 
tained from each subject on either of two 
days (Tuesday or Wednesday). 

Measurements of styrene in workroom 
air were made in close connection with the 
biological sampling. 

Table 2. Styrene levels in the workroom air on different sampling occasions. Only the values from 
1980 are 8-h time-weighted averages. In regard to dose estimations, see the section on individual styrene 
exposure. 

Styrene level (ppm) 
Type of 
work 1970 1975 1976 1977 1979 1980 -- 

Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range 

Hand lay-up 
1 130 30-320 44 7-93 27 2-49 21 17-24 41 8-71 16 15-16 
2 - - - - 34 24-60 - - 72 59-78 13 7-19 
3 - - - - - - - 6 3-8 

Spray-up - - 33 12-79 - - - - - - 9 7-13 
Press~ng - - - - - - - - - 15 4-36 
Cold presslng - 17 14-20 - - 31 1-78 - - 5 5-6 
Hot presslng of 
sheet mold~ng 
COm~oUnds - - - - 14 2-24 - - - 11 4-15 

Total sampling 
time (h) 12 64 - 44 - 31 - 66 - 307 - 

242 



Micronuclei in lymphocytes with preserved 
cytoplasm 

Five drops of whole blood were added to 
5 ml of McCoy's 5A medium with 20 '/c 

newborn calf serum (Flow laboratories). 
Two cultures were set up for each person. 
After incubation with 0.135 ml of phyto- 
hemagglutinin (Gibco) at 37" C for 72 and 
96 h the cells were centrifuged, the medium 
was removed, and the cells were resus- 
pended in an equal volume of medium, 
smeared on slides, air dried, and stained in 
May - Grkwald- Giemsa stain. The slides 
were coded and examined by one person 
with an oil immersion lens with a total 
magnification of 1,000 x. 

The lymphocyte cytoplasm stained blue, 
and these cells could easily be differen- 
tiated from other nucleated cells with seg- 
mentation or fragmentation of the nucleus. 
The micronuclei were of different sizes but 
had to be smaller than one-third of the 
main nucleus and had to be clearly 
separated from it. They were of almost the 
same structure and color as the main 
nucleus. 

Micronuclei in lymphocytes treated with 
hypotonic saline 

The cells were cultured for 96 h bv the 
same microculture technique as already 
described. Colchicin (0.1 pgiml) was added 
1 h before harvest since the preparations 
were also used for analyzing structural 
and numerical chromosome aberrations 
(Hogstedt, to be published). Hypotonic 
treatment was carried out with potassium 
chloride (0.075 mol/l) for 10- 15 min at room 
temperature, and the cells were fixed four 
times in methano1:acetic acid (3 : 1). The 
cells were spread on slides, air dried, and 
stained in 2 ',C Giemsa (Merck). The fre- 
quency of micronuclei was estimated from 
the scoring of 2,000 lymphocyte nuclei. 
Almost the same criteria as already given 
were used for the micronuclei. However, 
since the cytoplasm was lacking, the 
micronuclei had to be situated within two 
.nuclear diameters of the main nucleus. The 
preparations were coded and examined by 
the same observer with the same magnifi- 
cation as was used for the cells witk pre- 
served cytoplasm. 

Air styrene determinations 

The workroom air concentrations of 
styrene were determined for all types of 
work in close connection with the blood 
sampling in 1980. Altogether, 262 air 
samples were collected by stationary and 
personal sampling with a total sampling 
time of 307 h. The samples were analyzed 
either by an infrared spectrophotometric 
or a gas chromatographic method. The 
detection limit was below 1 ppm. Measure- 
ments had been done previously with a 
combustible gas indicator and reagent 
tubes (in 1970) and gas chromatographic 
methods (in 1975, 1976, 1977, and 1979). 
The levels found for the individuals in the 
study on different sampling occasions are 
shown in table 2. The measurements in 
1970- 1979 were performed during short 
times and only in spots where high ex- 
posure levels were expected. Only the 
results from 1980 are time-weighted 
averages for 8 h of exposure, and they 
refer directly to the individuals in the 
present study. 

Mandelic acid in urine 

Urine samples were obtained in the after- 
noon after 6 h of work (Tuesday and 
Wednesday) and on the following morning 
immediately after the subject awakened. 
Mandelic acid was determined by a high- 
pressure liquid chromatography method 
(10). The limit of detection was 5 mgll. The 
accuracy was checked by interlaboratory 
comparison. The levels of mandelic acid 
were related to the urinary creatinine 
levels (13). 

Relationship between styrene in air  and 
mandelic acid in the urine 

There was a statistically significant cor- 
relation between the measurements of 
mandelic acid in the afternoon and morn- 
ing urine (r = 0.73, N = 37, p = 0.002) and 
between these measurements and the 
levels of styrene in the workroom air at the 
time of.the investigation (r = 0.64, N = 37, 
p = 0.002, and r = 0.41, N = 37, p = 0.012, 
respectively). 

Individual styrene exposure 

For each worker approximate concentra- 
tions of styrene in the workroom air during 



the period 1970-1980 were estimated on 
the basis of occupational history and 
styrene levels in the plant. Thus we cal- 
culated the mean concentrations of the last 
one, three and ten years, as well as the ac- 
cumulated doses (parts per million x years) 
during the last three and ten years. During 
the last five years no one in this study had 
an exposure level exceeding a time- 
weighted average of 40 ppm. The mean 
time-weighted average level in the last year 
(1980) was 13 ppm (range 1-36 ppm) 
(table 2). 

Statistical analysis 

To evaluate the effects of styrene ex- 
posure, smoking, and age on the cytoge- 
netic variables, a multivariate analysis was 
performed (5). Since this type of analysis 
demands normal distribution of the 
variables, the values were transformed into 
logarithms to meet approximately this 
requirement. 

The styrene-exposed group of in- 
dividuals was divided into two groups. The 
first had been working not more than 
five years (N = 16) and thus had not been 
exposed to styrene levels exceeding 
a time-weighted average of 40 ppm. The 
second consisted of persons who had been 
exposed for more than five years (N = 22). 

The effect of exposure was also tested 
with the use of the different individual 
dose estimates mentioned in the section 
on individual styrene exposure, the values 
of mandelic acid in the morning and the 

FREQUENCY OF 
MICRONUCLEI (%o) 

afternoon urine samples, and the time of 
employment. 

In the analysis of correlation the Spear- 
man rank correlation coefficient was used 
(12). The statistical significance level used 
was p < 0.05. All tests were two-sided. 

Results 

There was a significant effect of styrene 
exposure on micronuclei in lymphocytes 
with preserved cytoplasm cultured for 96 h 
(p = 0.005) (table 1, fig 1) when other poten- 
tially influencing factors such as smoking 
and age were eliminated in the multivariate 
analysis. Even in individuals who had been 
working for only five years or less (N = 
16) and thus had never been exposed to 
styrene levels exceeding a time-weighted 
average of 40 ppm, there was a difference 
between the exposed and the reference 
group (means 6.3 vs 3.6 %, p = 0.028). 

In lymphocytes with preserved cyto- 
plasm cultured for 72 h and in hypotonical- 
ly treated cells the increase of micronuclei 
was not statistically significant (table 1, 
fig 1). 

In the study of dose-response rela- 
tionships between styrene exposure and 
micronuclei, the effects of the different 
individual dose estimates were analyzed 
separately for the exposure group. No 
such relationships were found between 
the different dose estimates, ie, exposure 
time, individual styrene air levels (during 
the last one, three, and ten years), the in- 
dividual accumulated doses (parts per 
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Fig 1. Frequency of micronuclei. 
(A = micronuclei in lymphocytes 
with preserved cytoplasm cul- 
tured for 72 h, 6 = micronuclei in 
lymphocytes with preserved cyto- 
plasm cultured for 96 h, C = 
rnicronuclei in hypotonically 
treated lymphocytes cultured for' 
96 h, closed squares = styrene- 
exposed smokers, open squares 
= styrene-exposed nonsmok- 
ers, closed circles = nonex- 
posed smokers, open circles = 
nonexposed nonsmokers) 



million x years in the last three and ten. 
years), or urinary mandelic acid levels 
(in the morning or afternoon) on one 
hand and the frequencies of micronuclei 
on the other. 

Discussion 

The main result of this investigation was 
the increase of micronuclei in lymphocytes 
with preserved cytoplasm after low ex- 
posure to styrene. Smoking and age, which 
were allowed for in the statistical analysis, 
also had significant effects on the fre- 
quencies of micronuclei (Hijgstedt, to be 
published). We have earlier shown an  
increased level of carcinogen-induced 
unscheduled deoxyribonucleic acid 
synthesis in blood specimens collected 
at the same time from the same group of 
individuals (1 1). 

The present exposure level (a mean of 13 
ppm during the last year) associated with 
cytogenetic effect is lower than in any 
published study of structural chromosome 
aberrations among styrene-exposed 
workers. The accuracy of the estimates of 
recent exposure is supported by low and 
correlated levels of styrene in the air and 
mandelic acid in the urine. The estimates 
of earlier exposure are probably not as 
accurate. However the information is 
sufficient to conclude that the mean 
exposure level did not exceed 40 ppm for 
any individual during the last five years. 
In  addition those individuals who had 
been working in the factory for less than 
five years showed a statistically significant 
effect for styrene. 

No dose-response relationship was 
found in this study between different 
individual dose estimates of styrene and 
micronuclei in lymphocytes. This lack of 
relationship was not surprising, as the dose 
range was rather narrow. In addition 
there was a lack of precision in the in- 
dividual dose estimates of the earlier 
years. Furthermore the effect might have 
been caused by a confounding factor in the 
work environment. Thus there were 
several chemical compounds with poten- 
tial mutagenic activity (see the Material 
and Methods section). It must be stressed 
however that styrene, because of its high 
vapor pressure, was the main pollutant in 
the workroom air. The hygienic standard 

for styrene in Sweden has recently been 
reduced to 25 ppm. Our results suggest 
that, from an international point of view, 
not even this very low level will supply full 
protection against cytogenetic damage. 

The present results are consistent with 
another study on the effect of low styrene 
levels (Nordenson, personal communica- 
tion) which revealed an increase of 
micronuclei in lymphocytes with pre- 
served cytoplasm and an increase of cells 
with aneuploidy but not an increase of 
structural chromosome aberrations. Our 
results, together with those of Nordenson, 
may suggest that exposure to styrene at a 
low level preferably causes disturbances of 
the spindle apparatus, but not necessarily 
chromosome breakage. 
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