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Biological monitoring of styrene metabolites in blood

by Agneta L6f, MSc, Ebba Lundgren, Eva-Marie Nydahl, Marianne Byfait Nordqvist PhD!

LOF A, LUNDGREN E, NYDAHL E-M, BYFALT NORDQVIST M. Biological monitoring of styrene
metabolites in blood. Scand J Work Environ Health (1986) 70—74. Ten men occupationally exposed to
styrene in two glass-fiber reinforced plastics factories were studied during three consecutive workdays.
The mean external exposure level was 99 mg/m?3. The total pulmonary uptake of styrene was estimated
from measurements of the styrene concentration in inspired air, the pulmonary ventilation, and the relative
uptake. A gas chromatographic method based on electron capture detection was used to quantify styrene
glycol, as well as styrene-7,8-oxide, in blood. The concentration of styrene glycol appeared to be linearly
related to the preceding uptake of styrene. When the uptake during 5 h immediately before the blood
sampling was considered, the correlation coefficient (r) obtained the value of 0.90. The concentration
of styrene-7,8-oxide was at the detection limit of 0.02 umol/! in most samples. A weaker correlation between
the concentration of styrene in blood and the uptake during the hour immediately preceding the blood
sampling was obtained (r=0.71).
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Unsaturated polyester resins are commonly used in the
manufacturing of glass-fiber reinforced plastics. These
resins contain about 40 % styrene as a reactive diluent.
Lamination by hand is a common work practice. Dur-
ing this procedure the evaporation of styrene is con-
siderable, and as much as 10 % of the styrene can
evaporate into the workroom air. During the lamina-
tion process styrene can also be converted to styrene-
7,8-oxide in the presence of organic peroxides and air
(10, 18).

The major metabolic pathway for styrene is the for-
mation of styrene-7,8-oxide (phenyloxirane) by the
microsomal cytochrome P-450 system. Styrene-7,8-
oxide is hydrated to styrene glycol (1-phenyl-1,2-
ethanediol) by epoxide hydratase. Styrene glycol can
either be conjugated with 8-glucuronic acid or oxidized
to mandelic acid and phenylglyoxylic acid, which are
the two main urinary metabolites of styrene in
man (20).

The biological monitoring of workers exposed to or-
ganic solvents has gained increasing attention, as air
samples do not account for individual variation in
work load or physiological factors of importance to
the internal exposure. Assessments of occupational ex-
posure to styrene have dealt with the measurement of
unaltered styrene in blood, in subcutaneous fat, and
in expired air (1, 5, 6, 8, 19, 22) or the excretion of
metabolites in urine (20). The measurement of styrene
in blood or expiratory air is of small practical im-
portance, as most of the styrene in the body is elimi-
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nated very rapidly. Consequently the concentration of
styrene depends to a great extent on the conditions of
exposure immediately preceding the collection of spec-
imens. Due to the efficient metabolism of styrene to
mandelic and phenylglyoxylic acid and the rapid ex-
cretion thereof, the concentration of these acids in the
urine immediately after the workshift or in the morning
after the exposure are usually used to estimate the
average internal exposure. The minor metabolite,
4-vinylphenol, can also be used for biological moni-
toring, and this metabolite may be of particular toxi-
cologic importance (17).

The present study was carried out to analyze the mu-
tagenic and carcinogenic metabolite styrene-7,8-oxide
and its hydrated product styrene glycol in blood after
occupational exposure to styrene. An attempt to cor-
relate the concentration of styrene glycol to the up-
take of styrene was also undertaken.

Subjects and methods

Characteristics of the subjects

Ten healthy men occupationally exposed for 1 to 29
years were studied (table 1). They worked at two fac-
tories manufacturing glass-fiber reinforced plastics.
Five of the workers were smokers, and the daily
average consumption of ethanol was less than 50 g.
None of the subjects was on medication.

Styrene concentration in inspired air

Plant 1 (Sweden). Air from the breathing zone of
workers in plant 1 was sampled with a passive dosi-
meter (3M Brand organic vapor monitor 3500). The
adsorbed styrene was eluted with carbon disulfide and



analyzed by gas chrqmatography (10 % carbowax 400
on chromosorb W, 2.0 m, 90°C, nitrogen flow 30
ml/min, flame ionization detector, Varian 3700). The
error of the gas chromatographic method was =3 %.

Plant 2 (Switzerland). Air samples were collected in
charcoal tubes. Styrene was desorbed from the char-
coal with carbon disulfide containing toluene as the
internal standard and analyzed by gas chromatography
(Apiezon, 2.8 m, 2 min at 70°C, to 110°C at 10°C/min,
3 min at 110°, nitrogen flow 30 ml/min, Perkin El-
mer model 3). The error of the gas chromatographic
method was +5 %.

Styrene uptake

Pulmonary ventilation was measured with a Wright
respirometer (Medishield Harlow, Essex CM 195 AB,
England). Measurements were performed during the
various phases of work and during the breaks. The du-
ration of the different periods was measured. For the
different subjects and the separate workdays the up-
take was calculated as the product of styrene concen-
tration in inspired air, pulmonary ventilation, and
relative uptake.? From experimental exposure of
preexposed volunteers the relative uptake was assumed
to be 63 % (A Lof et al, to be published). In plant
1 the uptake measurements were restricted to periods
of 1, 2, and 5 h prior to the times of blood sampling,
while in plant 2 the uptake of styrene was measured
during the whole workday.

Styrene concentration in blood

Blood from a brachial vein was sampled in a room
separate from the work area to avoid contamination.
At plant 1 samples were taken before work at 0700 and
immediately after exposure at 0900 and at 1200. At
plant 2 the blood samples were taken at the end of the
workday between 1700 and 1800.

For the analysis of styrene in blood (plant 1), sam-
ples of 1 ml were equilibrated with air at 37°C for 20
min in citrate-treated headspace bottles. Headspace air
was analyzed for styrene by gas chromatography (3 %
SE-30 on chromosorb GAW, 2.0 m, 130°C, nitrogen
flow 20 ml/min, flame ionization detector, Perkin El-
mer F 33). The error of the headspace method was es-
timated to be =7 %. For further details see the report
of Wigaeus et al (21).

Styrene 7,8-oxide and styrene glycol
concentration in blood
Styrene-7,8-oxide and styrene glycol in blood were

analyzed after an extraction procedure. Styrene-7,8-
oxide was extracted with hexane (Merck, analytical

2 Relative uptake (%) = 100 x (C;, — C.,)/C,,, with C;,=the
solvent concentration in inspired air and C,, =the solvent
concentraton in expired air.

Table 1. Characteristics of the subjects.

Plant 1 Plant 2
(N=6) (N=4)
Mean Range Mean Range

Age (years) 35 25—42 38 25—51
Weight {kg) 77  69—105 84 64—114
Height (cm) 177 170—180 176 167—181
Exposure time (years) 10 7—12 15 1—29
Smokers (N) 3 . 2

grade) and then styrene glycol with ethyl acetate
(Merck, analytical grade). Conjugated styrene glycol
was hydrolyzed by B-glucuronidase type H-1 (Sigma)
in 0.07 M acetate buffer pH 5.0 at 37°C overnight.
Acidification with sulfuric acid (0.5 M) converted
styrene-7,8-oxide to styrene glycol, which was deri-
vatized with pentafluorobenzoyl chloride (Aldrich
98 %) and analyzed by a gas chromatographic tech-
nique based on electron capture detection (3). Allyl-
benzene glycol was used as an internal standard.

In the determination of styrene-7,8-oxide and non-
conjugated styrene glycol the gas chromatographic
conditions were as follows: 3 % SE-30 on chromosorb
GAW-DMCS, 2.0 m, 220°C, nitrogen flow 50 ml/min,
Carlo Erba FTV 2350. Styrene-7,8-oxide was also
analyzed on a capillary column, as was conjugated
styrene glycol after hydrolysis (BP-1-0.25, 0.2 mm X 12
m, 230°C, helium flow 1.5 ml/min, Carlo Erba FTV
2350). The detection limit was 0.02 pmol/l for
styrene-7,8-oxide and conjugated styrene glycol and
0.08 pmol/1 for free styrene glycol. The error of the
method was +15 % for styrene glycol at concentra-
tions below 1 pmol/1.

Statistical treatment

The calculation of the error of the method was based
on the differences between double determinations and
expressed as the percentage of the mean value. Linear
regression lines were calculated with the method of the
least square fitting.

Results and discussion

During the 3 d of study the styrene concentration in
the breathing zone of the 10 subjects varied between
5 and 371 mg/m? with an average level of 99 mg/m?
[plant 1: 44 (SD 21) mg/m?; plant 2: 182 (SD 86)
mg/m’]. The internal exposure to styrene took place
mainly in the morning.

The styrene concentration in venous blood was only
measured in subjects working at plant 1 and was 0.5
(SD 0.1) umol/1 at the start of the workdays. The best
correlation (r=0.71) between the styrene concentra-
tion in blood and the uptake of styrene was, as ex-
pected, seen when the uptake measurement was con-
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Figure 1. Concentration of styrene in the venous blood of six subjects (plant 1) in relation to the uptake of styrene measured

during 1 h immediately before the blood sampling (r=0.71).
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Figure 2. Concentration of nonconjugated styrene glycol in the venous blood of 10 subjects (plant 1 and 2) in relation to the
uptake of styrene measured during 5 h immediately before the blood sampling (r =0.90).

fined to 1 h immediately preceding the blood sampling
(figure 1). Due to the rapid metabolism of styrene and
its distribution to adipose tissue (21) the concentration
of styrene in blood mainly reflects the exposure im-
mediately preceding the sampling of the blood speci-
men.

The concentration of nonconjugated styrene glycol
in blood increased with the preceding uptake of styrene
(figure 2). We have earlier shown a linear increase in
the concentration of nonconjugated styrene glycol
throughout an experimental exposure to styrene for
2 h at 300 mg/m? (21). In that study we also found
a high interindividual variation in the blood concen-
tration of nonconjugated styrene glycol, as well as
styrene, after similar uptake, which was attributed to
differences in metabolic clearance. In spite of this oc-
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currence the obtained correlation coefficient between
nonconjugated styrene glycol and styrene uptake dur-
ing the preceding 5 h (r =0.90) was acceptable. It was
comparable to that reported for the correlation
between mandelic acid and phenylglyoxylic acid ex-
creted in the urine and the uptake or air concentra-
tion of styrene (2, 4, 7, 9, 11, 12, 13, 14). An equiva-
lent correlation (r =0.91) was seen between the total
amount of styrene glycol and the preceding uptake.
The amount of styrene glycol conjugated with 3-glu-
curonic acid was 51 (SD 24) %. At plant 2 a good cor-
relation was also obtained when the uptake was mea-
sured for 4, 6, 7, and 8 h, respectively, immediately
before the blood sampling.

Changes in the level of the physical activity of the
workers, as well as large fluctuations of the styrene



concentration in the air, may introduce errors in the
uptake estimates of styrene. As a consequence the cor-
relation between styrene glycol and the real uptake may
be higher than what was obtained in the present in-
vestigation. One drawback to the use of styrene glycol
in blood as a monitor of styrene exposure is the elimi-
nation half-time of nonconjugated styrene glycol of
approximately 50 min (A Lof et al, to be published).
Therefore the measured blood concentration of styrene
glycol will be lower than expected from the uptake if
the exposure mostly occurs in the beginning of the up-
take monitoring.

In biological monitoring the relatively short half-
time of styrene glycol could lead to an underestima-
tion of the previous exposure to styrene. The reverse
could happen if the exposure mainly occurs immedi-
ately before the blood sampling. Urinary metabolites
are often used to demonstrate earlier exposure to
styrene. However, these methods generally do not give
any indication of the health hazards involved. The
analysis of styrene glycol in blood may be of particular
toxicologic importance, as glycol itself has been
pointed out to be a central nervous system depressant
(16), and it can also be assumed to reflect the levels
of its carcinogenic precursor styrene-7,8-oxide.

The concentration of styrene-7,8-oxide was at the
detection limit of 0.02 pmol/l in most samples. Only
in one blood sample a somewhat higher concentration
(0.04 pmol/1) was found. That observation was made
in a sample from the worker with the highest uptake
of styrene during the last 5 h of exposure and the high-
est blood concentration of nonconjugated styrene gly-
col, which indicates a possibility to analyze styrene-
7,8-oxide in blood from workers exposed to high con-
centrations of styrene. (See references 15 and 21.)

In conclusion, it appears that the analysis of styrene
glycol in blood sampled at the end of the workday or
earlier during the day may be one way to estimate the
internal exposure to styrene earlier during the same
day. Either the free styrene glycol or the sum of free
and conjugated styrene glycol can be correlated to the
uptake. The method for the former has the advantage
of being analytically simpler as it is not necessary to
cleave the conjugated styrene glycol. The advantage
of the latter is an increased sensitivity. The influence
of varying exposure on the blood level of styrene gly-
col with time needs to be investigated further.
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