
Downloaded from www.sjweh.fi on March 29, 2024

 This work is licensed under a Creative Commons Attribution 4.0 International License.

Print ISSN: 0355-3140 Electronic ISSN: 1795-990X

Scand J Work Environ Health 1978;4(4):315-323 
https://doi.org/10.5271/sjweh.2694
Issue date: Dec 1978

Uptake,  distribution  and  elimination  of  styrene  in  man.
Concentration in subcutaneous adipose tissue.
by Engstrom J, Bjurstrom R, Åstrand I, Ovrum P

Key terms: adipose tissue; adipose tissue concentration; alveolar air;
body fat; concentration; distribution; elimination; exercise; exposure;
man; rest; styrene; subcutaneous adipose tissue; uptake

This article in PubMed: www.ncbi.nlm.nih.gov/pubmed/734392

https://www.sjweh.fi/issue/254
https://doi.org/10.5271/sjweh.2694
https://www.sjweh.fi/index.php?page=list-articles&author_id=5586
https://www.sjweh.fi/index.php?page=list-articles&author_id=5199
https://www.sjweh.fi/index.php?page=list-articles&author_id=5997
https://www.sjweh.fi/index.php?page=list-articles&author_id=5629
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=5758
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=5893
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=5398
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=5051
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=3514
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=5594
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=5891
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=775
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=52
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=2648
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=5397
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=170
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=5789
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=5430
http://www.ncbi.nlm.nih.gov/pubmed/734392
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Scand. j. work environ. & health 4 (1978) 315-323

Uptake, distribution and elimination of styrene
•m man

Concentration in subcutaneous adipose tissue

by JORGEN ENGSTROM, M.D., RASMUS BJURSTROM, B.Sc., IRMA ASTRAND

M.D., and PER OVRUM, M.Sc.1

ENGSTROM, J., BJURSTROM, R., ASTRAND, I. and OVRUM, P. Uptake, distribu
tion and elimination of styrene in man: Concentration in subcutaneous adipose tissue.
Scand. j. work environ. & health 4 (1978) 315-323. Seven male subjects were
exposed to 210 mg/m3 of styrene in inspired air during 30 min at rest and three
30-min periods of work on a bicycle ergometer at intensities of 50, 100 and 150 W.
The uptake in the organism was measured by the Douglas bag technique. The mean
uptake was 490 mg, corresponding to 63 % of the amount inspired. During the last
30-min period, the uptake ,in the organism was 5-6 times higher than during the
first period at rest. The elimination of styrene by the airways during 19 h after the
exposure was estimated to be about 3 Ofo of the amount retained in the body during
exposure. Needle biopsy of subcutaneous adipose tissue was performed on all the
subjects before exposure and 0.5, 2, 4 and 20-24 h a~ter the exposure. In addition,
four of the men were subjected to biopsies during the 1-2 weeks following exposure.
The concentration of styrene in adipose tissue was deteI1IIlined by gas chromatography
after evaporation into nitrogen at a high temperature. About 24 h after the exposure
the mean concentration of styrene in adipose tissue was on about the same level as
2-4 h after exposure, i.e., about 3.5 mg/kg. Retention of styrene in adipose tissue
was noticed as late as 13 d after the short exposure at a concentration in inspired air
corresponding to the Swedish threshold limit value. The estimated half-life of the
concentration of styrene in adipose tissue was 2-4 d. In spite of the rapid metabolism
of styrene, industrial exposure is considered to be accompanied by the risk of accu
mulation in adipose tissue because of the slow elimination rate.

Key words: adipose tissue concentration, alveolar air, body fat, exercise, exposure,
rest, styrene, uptake.

Styrene (vinyl benzene) is widely used in
the plastic industry, for example, in the
manufacture of recreational boats and
tanks. The compound is simultaneously
employed as a solvent and as the starting
point f.or polymerization.

1 Department of Occupational Health, Na
tional Board of Occupational Safety and
Health, Stockholm, Sweden.

Reprint requests to: Dr. Jorgen Engstrom, Na
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Basal results of alveolar air and blood
concentrations have been reported from
experimental exposure to styrene during
rest and exercise in this laboratory (2).
The alveolar concentration rose only to
about 25 °/0 of the concentration in the
inspired air when the rate of work was
successively raised to 150 W during con
stant exposure. The arterial concentra
tion increased considerably throughout the
entire 2-h exposure. It was concluded
that styrene was easily soluble in blood.
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Wolif et al. found styrene in subcuta
neous fat samples of 13 out of 17 empQoyees
who had been exposed to more than 5 ppm
of styrene within the previous 3 d in a
polymerization plant (22). The same
authors poiI1lted out that, although urine
metabolites 'and breath levels of styrene
are reported 'to be detectable fur less than
24 h after exposure, styrene was found in
subcutaneous fat for ,a's long a:s 3 d 'after
the most recent eJDPOSUre. The concentra
tions in adipose tissue l1anged from 0.1 to
1.2 mg/kg of fat.

The concentrations of methylene chlo
ride in subcutaneous adipose tissue after
experimental exposure were determined
in a previous study from this laboraitory
(8, 9). Methylene chloride is a vola-tile
solvent with a relMi~e'ly :poor affinity for
adipose tissue. Xylene, which is easily
soluble in blood and adipose tissue, has
also been studied (10). The purpose of the
present study was Ito measure the concen
trations of styrene in .adipose tissue after
standardized experimental eXiposure.

Great solubility in b100d and tissues and
a r~pid biotransformaItion present condi
tions resulting ,in great uptaike in the orga
nilsm. AlthQlUgh 31pp1"oximately 95 % of
the amount of styrene taken up in the
organism ts biotransformed and excreted
(4), !there ~s a potential r,isk of accumula
tion during industrial exposure, because
of the great solwbility of styrene in fat (17).
Since styrene and its metabolites have
been shown to have neurotoxic effects on
man (5, 11, 12, 14) and mutagenic (16, 21)
and teratogenic effects (20) and since an
increased incidence of chromosome ab
erations has been reported in people dur
ing long-term exposure (15), there is need

for methods to measure the accumulation
in the organism. Needle biopsy of subcu
taneous adipose tissue and gas chromato
graphic analysts of styrene concentrations
provide increased opportuntties for esti
mating the degree of indirect eXiposuTe of
seooitive organs, through release of the
'salvent f110m fat depots after exposure.

SUBJECTS, EXPERIMENTAL DESIGN
AND METHODS

The subjects were seven healthy men, 22
to 30 years of age. Tables 1 and 2 list
anthropometric data and results from pul
monary ,tests and exercise tests 0iIl a bi
cyole erglOtIIleter. [See Astrand et al. (3)
for details of the methods.] The amount
of body fat was cakulated according tQ
von Dobeln by means of underwMer
weighing and skeletal measurement (6, 7).

Exposure Ito styrene was performed with
the aid of a breathing v;alve and mouth
pi.f>ce. 'Dhe concentration in iIl'Spirntocy
air amounted to about 210 mg/ms (50 ppm)
throughout rtIhe entiTe exposure. Subjects
were eXiposed for 30 min at rest and for
three 30-mm periods dl\lI1ing exercise on a
bicycle ergometer at ~ntensities of 50, 100
and 150 W. Exposure was interrlllplted fur
20 min bef.ore the start of the physical.
exercise. The methods were basi~1y the
same as in previous solvent exper.iments
with respect to the administration of 'bhe
solvent, measurement of uptake in the
organism, and deteI1mination of the con
centI1ations in inspiratory, expiratory and
a'lveola:r air, and in arterial and venous
blood (3).

Table 1. Body height, body weight, estimated amount of body fat and the results of pulmonary
function tests of seven male subjects aged 22 to 30 years. (Mean values and standard errors)

Body
height
(em)

182±2.5

Body Estimated Vital Residual
MVVr b

weight weight of capacity volume FEvO/oa
(1/min)(kg) body fat (1) (1)

(kg)

78.0±2.3 10.8±2.1 6.2±0.2 1.5±0.1 83±2 207±8

a FEvo/o == forced expiratory volume for 1 s as the percentage of vital capacity.
b MVVr == maximal voluntary ventilation at a free rate.
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Table 2. Results of seven male subjects from exercise tests on a bicycle
ergometer. (Mean values and standard errors)

Work Heart rate VE BTPsa V02 STPDb Blood lactate
load concentration
(W)

(beats/min) (l/min) (l/min) (mmol/l)

50 93 ± 4 23.3 ± 1.7 0.98 ± 0.03 1.7 ± 0.2
100 112 ± 4 35.7 ± 2.3 1.49 ± 0.03 2.3 ± 0.4
150 136 ± 5 49.2 ± 3.8 2.03 ± 0.06 3.6 ± 0.6
maximal
work 190 ± 4 151.8 ± 7.4 3.71 ± 0.22 14.7 ± 1.1

a VE BTPS = pulmonary ventilation at body temperature and pressure,
saturated with wa1er vapor.

b V02 STPD = oxygen uptake at OoC, 760 mm Hg, dry.

Food intake and physioal activity were
standardized ,a:liter exposure. Subjects had
lunch after 1 hand perfoNned physical
exeI1cise for 5 min of every 15-min period
durmg Ithe fimt 4 h following exposure.
The exercise was pediomned on a treadmill
at a wo~k rate resulting in an oxyg'en up
take of about 1 l/min.

The Istyrene conceilitrations in alveolar
air were foUowed for about 19 h after
exposure, and rtlhe oorresponding expi:red
amounts were estimated. The mean
amount of 'StYJrene ,eXipired in the firnt 4 h
after exposure was measured. In the first
20 min the lamount was oontinuously mea
sured with the Douglas bag technique. Pul
monary venlti~atilQn was then measured for
5-min pedods with the Wright respiro
meter (MedilShie'ld Harlow Essex eM 195
AB, England), and the respiratory rate
was estimated. A total of 10 such mea
surements, evenly spread out in time up
to 4 hafter 'exposure, were made. The
measurements were made alternately dur
ing rest and durmg exercise. The amount
of styrene expi:red was calculated as the
product of alveOlar venltilation and alveo
lar concentration. Alveolar ventilation
(\IA) was calculated aocording to the fol
lowing formula:

VA = \TE- dead space X respiratory rate,

where \TE = total ventilation, dead space
= 150 ems. The mean values for ventila
tion (\TE) and respiratory rate during rest
and eX'ercise, respectively, were calculated
for each individual and then for the seven
subjects as a gl"OUp. The mean value for

------~._--

the concentration in the alveola;r air of
the Iseven subjects at different times W1a!S

plotted in a diagram, and a curve was
drawn by hand. The mean amourrut of
styrene eXipired by the subjects was cal
culated ]or each 5..min pedod. The calcu
lation was based on the mean value for
\TA and for the mean ·alveolar concerubra
tion estimated :lior eaoh 5-min period on
the hasis of the drawn curve (fig. 1).

The mean amount of styrene expir,ed by
the seven lsubjects during rflhe £ollowing
15 h (the rest of the afternoon and the
night) was estimated. In the calcu~ation

an alveolar ventilation of 8 l!min was
used for the 5 afternoon hours and of 5
lImin for the 10 night hours. The mean
of ,the alveolar concenrtnation Wlas plOitted
against time, and a rectilinear decay over
time was assumed !to occur. The amount
of expil'ed styrene was calculated in the
same manner as :flor the filiSt 4 h as the
product of laJlveolalr ventilation and alveo
lar conoentl'latiJon.

The adipose tissue biopsies were per
fomned in tlle upper laJteI'lal gluteal quad
rant after intracutaneous anesthesia with
a 1 Ofo HdoClain solutiJOln (Xy'locain, Astra).
The needle 'WaIS lance-shaped and the di
mensiions were 2.0 X 80 mm (KN 1480 W,
Mediplast AB). The needle was connected
via a Luer-Ldk to a 50-cc syringe with a
glass bar,rel and plunger (B-D Yale, Bec
ton, Didkinson & Co.) [See Engstrom Wld
BjuI1strom (10) fO'r details of the method.]

Adipose tissue specimens were taken
proor to e:x;posure in order to reveal sub
stances interfering with the solvent anal
yses. Biopsies were also performed 0.5,
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Fig. 1. Concentration of styrene
in alveolar air and the calcu
lated amount expired per min
ute by the subjects for 5-min
periods during exercise (with
an oxygen uptake of about 1 1/
min) and at rest. Mean values
for seven subjects during 4 h
after 2 h of exposure to about
210 mg/ms in inspiratory air
(at rest and during exercise at
intensities up to 150 W).

2, 4, and 20-24 h after exposure. Six of
the subjects were subjected to double
biopsies on one occasion after 2 or 4 h.
When the second sample was taken, the
needle was inserted into the same skin
puncture, but its direction was changed
180°.

The study was extended in time for four
subjects. Thus, adipose tissue specimens
were taken from two subjects 7 dafter
exposure, from one subject after 7, 9 and
13 d and from one subject 8 and 11 dafter

30ml 45-50°C

150°C

Fig. 2. Diagram of the evaporation unit.
Nitrogen from a bag at atmospheric pressure
is drawn over the specimen in an evaporation
chamber into a motor-operated gas-tight glass
syringe.
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exposure. The materia'! comprised a total
of 48 bi[opsy specimens.

In addition to the [aforementioned double
determinations, white adip<>se tissue from
rat was assayed so that the error of the
method in solvent assays could be esti
mated. In the study, to be published by
Carlsson, one rat was exposed to 50 ppm of
14C-Iabeled styrene in inspiratory air for 4
h and sacrificed immediately following ex
posure. An adipose tissue specimen was
divided into eight subspecimens, two of
whiCh were analyzed by liquid scintilla
tion counting and six by the gas chroma
tographic method of the present study.

The styrene concentmtions in the adi
pose tissue of the subjects were determined
a1iter evaporation of the solvent at 150°C
into nitrog.en which was continuously ex
changed. The gas was coHected in 30-ml
glass sy;ringes and assayed with gas chro
matography. The evap<>ration lasted 60
min. The operation of the ev·ap<>ration
unit is illustrated in fig. 2. Details of the
method have already been presented iIIl
another report (10). The ana'lytica[ con
ditions wereaJs follows: column: SCOT
stainless steel column (Perkin Elmer), 15 m
long with an internal diameter 6f 0.5 mm.;
stationary phase: carbowax "400"; carrier
gas: nitrogen with a flow rate of 5 ml/min;
tempemture: column 90°C, injection block
and detector 150°C. The styrene contents



were determined from the chromatogram
with ,the aid of air ,samples oootainmg
known solvent concentrations.

Liquid scintillation counting of 14C-la
beled styrene in adipose tissue of rat was
performed according to the as yet unpub
lished method of Carlsson.

RESULTS

The mean ,amounts of styrene supplied
and talk,en up during the various periods
of exposure are listed in table 3. The
amount of .styrene ta:ken up in the orga
nism rose f.rom an average of about 40 mg
during the first 30-min period at rest to
210 mg during the final per,iod, Le., during
the 150-W exercise period. Thus uptake
was 5-6 times greater during heavy work
thalIl at1: rest. Av'erage uptalke for the en
tire 2-h period of exposure amounted to
490 mg. The relarti'V'e uptaike declilned
from laboUit 70 % of the amount supplied
at rest rt:o 60 % at the end of the last 30
min period; it averaged 63 Ofo Tor the entire
exposure. The uptake per Wogram of
body weight amounted to 6.3 ± 0.5 mg
(mean ± SD). 'Dhus the differences be
tween the seven subjects were relatively
slight in this respect.

The mean alveolar concentration of sty
rene at the end of the first 30-min period
was 16 Ofo of the concentrati'On in inspira
tory air and 23 Ofo at the end of the final
period. These relative concentTations (x)
displayed a relationship to :the correspond-

ing pel1ceniage of uptake (y) according to
the equation y = - 0.86x + 79.3 (1). Gase
ous styrene was found to obey the same
rules for uptake in the lungs as the other
solvents studied in this laboratory, with
the exception of butanol.

Thearteria!l concentration rose succes
siV'ely as the wor1k load irncveased for the
three subjects in whom the concentrations
were determined. The mean values were
1.2 mg/kg (range 0.9-1.5) a1; the end of
the first period and 3.2 mgfkg (range 2.0
4.9) at the end of the final period of exer
oise. 'I1hie raMo between the concentrations
in al1tenal hlood and alveolar air amounted
to 47, 70, and 80, respectively. The con
centration in the periphera:l venous blood
of these 1hree SUlbjects rose from an aver
age of 0.2 mg/kg to 2.9 mg/kg (range 1.8
4.5) art; the corresponding 1imes.

'nle mean values for the concentrations
in alveolar air and for the amount of sty
rene expired during the first 4 h after
exposure are shown iJn fig. 1. The amount
of styrene eliminated via expiratory air
was about 2 Ofo of the amount taken up.
The amounts were about twice as great
per uni1; of time during the periods 00 the
treadmill as during the rest periods. An
additi'ODJaJl calculated mean amount of only
2 mg was expired during the following
15 h, Le., dUring the vest of the afternoon
and dUl'ing the night. '.r.he total mean
amount lexpired during 19 h after exposure
was 2.6 Ofo of the amount retained during
eXiposure. The ooncentratiolIl in alveolar
air was near the iimit of detection 19 h
a:llter exposure.

Table 3. The amounts of styrene supplied and taken up by seven subjects
at rest and during exercise. (Mean values and standard errors)

Amount Amount Uptake in °/0 ofExposure a supplied taken up
(mg) (mg) amount supplied

1 57 ± 5 39 ± 2 70 ± 2
2 146 ± 6 95 ± 2 66 ± 2
3 229 ± 7 145 ± 4 64 ± 2
4 355 ± 17 210 ± 8 59 ± 2

1--4 777 ± 24 490 ± 12 63 ± 1

a 1 =Exposure at rest for 30 min, 210 mg/m3; 2 = exposure at 50 W, 30
min, 210 mg m3; 3 = exposure at 100 W, 30 min, 210 mg/m3 ; 4 = exposure
at 150 W, 30 min, 210 mg/m3•
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Fig. 3. Concentration of styrene in the sub
cutaneous adipose tissue of seven subjects in
the first 24 h after 2 h of exposure to about
210 mg/m3 in inspiratory air (at rest and
during exercise at intensities up to 150 W).
Mean values and standard errors are stated.

There was a linear relationship between
the amount of styrene taken up per kiLo
gram of body weight and the concentra
tions of styrene in alveolar air 0.5 and 2 h
aLter exposure. The oorrelation coefficient
was 0.68 and 0.80, respectively. No corre
lation was found between the amount
taken up and concentraltiolllS in alveolar
air later in the decay phase.

The mean weight of the 48 adipose tissue
specimens from the subjects was 54.6 mg
(range 8.8-137.7 mg). The whole amount

of evaporated styrene from the specimen
was obtained in the first 30-min syringe
in 31 of the 41 speoimens taken after expo
sure. A small paI'lt, i.e., 4.8 ± 1.8 % (mean
± SD) of the total evaporated amount was
obtained in the neXit 30 min in 10 cases.

The mean concen1Jl'!atican in the double
specimens, taken from six subjects 2 to 4 h
after exposure, amounted to 3.9 mg/kg.
The ooncentmtions ranged from 1.2 to
8.1 mg/kg. The intmpair mean difference
was 2.2 mg/kg, and the standard devia
tion of the diffeI'ence was 1.9 mg/kg.
Student's t-test disclosed no significant
dif£erence between the concerutrations in
samples 2 'and 1 (p > 0.4).

The mean weight of 'the six subspeci
mens of white adipose tissue from one rat
analyzed by gas chromatography WaJS

36.6 mg (range 15.2-62.6 mg). Aocording
to this gas chromatographic method the
mean value for the styrene eoncen'tI1ation
amounted to 20.8 mg/kg (SD = ± 3.4 mg).
The concentration ,in the two subspecimens
assayed by Mquid scintil1a:tion counting
was 19.7 and 20.2 mg/kg, respectively.

In :Dig. 3 the mean values are given for
the styrene concentrations in ,adipose
tissue of sUlbjeotsat different rbhnes during
the first 24 h after exposure. The con
cenrtratLoilis welle on about the same level

Table 4. Styrene concentration in adipose tissue of four subjects up to 13 dafter
2 h of expOSUI1e to 210 mg/m3 in inspiratory air (at rest and during exercise).

Styrene concentration in adipose tissue (mg/kg)Subject and
anthropometric
data

30mln 2 h 4 h about 7 d
21 h

8 d 9 d lld 13 d
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1. 4.9
Height 178 cm
Weight 76.6 kg
Body fat 15.2 kg

2. 2.0
Height 176 em
Weight 75.5 kg
Body fat 14.8 kg

3. 1.3
Height 190 cm
Weight 84.9 kg
Body fat 17.7 kg

4. 0.3
Height 177 cm
Weight 86.6 kg
Body fat 12.8 kg

6.6

1.5

1.2

2.1

2.3

2.6

2.4

2.2

3.5

1.6

2.8

1.3

0.6

1.0

0.2

0.3

0.4

0.1

0.07
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Fig. 4. Concentration of styrene in subcuta
neous adipose tissue of four subjects from 1 to
13 dafter 2 h of exposure to about 210 mg/
m3 in inspiratory air (at rest and during
exercise at intensities up to 150 W).

-3

-2

during ,the whole period, i.e., 4.5-3.5 mgt
kg.

The height, weight, estimated amotlJIll!;
of body f,at ·and the styrene concentration
in the adipose tissue of four subjects are
listed. in table 4. Styrene was detectable
in adipose tissue up to 13 d after the 2-h
exposure.

In fig. 4 the logarithms for the con
centrations 1 to 13 d after exposure are
plotted. a,gainst time. In the two cases
w~th three and five observatoons, respec
tively, the concentrations displayed an
e:lq)Onentiall decline. If this was the case
for all foW" subjects, the half-lHe for the
concentr1litions in adipose tissue was 2.2 to
4 d. The subject who had the largest esti
mated amount of body fa,t had the longest
styrene half-life.

DISCUSSION

T.he present study confirms preV'ious re
sults, Le., that styrene is highly soluble
in blood and tissues. As in previous
investigations entailing constant eJq>osure
in the 'Labor1litory, :the styrene concentra
tion in artedal blood !"lose continuoUSlly.
No equilibrrium developed between arteriail
blood and alveolar air during 2 h of ex
posure, and the quotient l"IOSe succes
sively. The present study also disclosed
that 'the uptaike in the lungs increased
sha11ply as exercise intensity increased.

Since the in vitro blood/air 'and fat/air
partition coefficients and the degree of
metabolism are of rohe same magnitude for
styrene and xylene (10), a comparison of
the present resuLts and findings in previ
ous ,ex;perianentaJl eXjposure .to xylene {I, 10)
beoomes a subj'ect of rnterest. '.Dhe sub
jects referred to in ,the xylene experiment
were exposed. exaClbly liike the subjects
in the present LSty!rene series, i.e., during
2 ih and both at rest and during increasing
exercrse in1ensities. The subjects in the
xylene series were exposed to 435 mglm3

in J.nspirntory air, whereas the subjects
in the styrene series were exposed to
210 mg/m3, Le., a concentration half as
great. The uptake !tn the org,anism of
xylene and styrene, ,respectively, was
proportionaNy of about the same size,
averagmgabout 1,000 and 500 mg, respec
tively. The decline m the ooncentrntion

in adipose ,tissue was slow for both sub
stances w~thout an~ significant change in
the mean vaJlues for the groups in the
first 24 h. After about 1 d the mean con
centration in adipose tissue amounted to
8.1 mg/kg for the cited xylene group and
to 3.5 mgfkg in the styrene series. Thus,
the ratio between the concentootions in
adipose tissue was on about the same level
a's the ratio between the exposure levels.

The 'total amount of styrene in the fat
depots of the body was calculated on the
basis of the concentrations in individual
specimens and on the assumption that
these speci:mens were representaJtive of
the fat depots. In add[tion, it was sup
posed that the fat content in the adipose
tissue ,a,veI1a,ged 80 010 (13). The rough
calculation on the basis of these assump
tions gave a mean value of 40 mg of
styrene ,in adipose rbissue about 24 h after
exposure, Le., about 8 % of the styrene
taken up in ihe organism. The corre
sponding V'alue for the group of subjects
in the xylene experiment was only 5 010.
HoweVler, the Jlat depots of the xylene
group were on the aver,age half as large
as in the styrene group.

The o'bserViation that the e'lianination of
the sdlvent through resp~ra1;ion increased
sharply even in light physica'l exercise
means that leisure-time physical exercise
can be recommended to people eXjposed
to solvents. However, this aotivtty is
probably of modest significance after ex
posure to 'Styrene since most of the sub-
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stanre is eliminated by means of biotrans
formation. On the other hand, physical
exercise should be capable of reducing
elimination time considerably aTter ex
posure ,to solvents eliminated mainly via
the lungs.

SeppaHiinen .and Harkonen reported
abnormal ,el,ectroencep'halographic findings
in 24 0J0 of 96 workers subjected to long
term exposure to styrene (19). The work
ers were examined at least 20 h after
concluded ex:posure. The authors felt that
the changes could not be regarded as acute
effects after ,this period of time. The
present study, in which the styrene con
centrations in adipose tissue failed to
undergo any major ,change the first 24 h
after exposure, gives cause for question
ing this conclusion. Some indirect ex
posure of internal organs, such as the
nervous system, still continues after 24 h
by means of release from adipose tissue.
The half-lives of styrene and its meta
bolites in the central nervous system
of man ,are unknoW!Il. Ex,trapOilaJtions
cannot be made from adipose tissue in
respect to the concentrations and haJf
lives of sty,rene in the fat-rich centra[
newoUiS sy1stem of man. The latter has
a different lipid oomposition and probably
a different rtissue!blood ooefficient than
adipose tissue, .om to mentilQn differing
blood perfUISion conditions. In rats,
however, Savolainen and Pfiiffli have
observed a \Strong correlation between the
concentrations of styrene monomer in
perinephric adipose tissue and in brain
after long-term exposure (18). In man
there is cause rflo suspect that the elimina
tion of styrene from the central nervous
syrstem is islower than is the case for a
solvent with a Lower fat/blood coefficient.

It was 'Sul"<prising to find styrene in
adipose tissue up to as much as 13 dafter
a brief exposure at a concenrtration of
50 ppm in in5piratory air, i.e., ;the current
Swedish threshold limit value. Indus1Jdal
exposure is often of longer duration and
oan produce concentratiom> in inspiratory
air corresponding to the threshold limit
value. The concentmtions in adipose
tissue might ,therefore be higher in many
employees -in factories in whioh styrene
is processed than in the subjects of this
study. There is reason to suspect that
elimination after industrial exposure >takes
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much longer than two weeks. Therefore,
the need for field studies appears to be
justified.
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