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LETTER TO THE EDITOR

Delayed excretion of urinary metabolites
after styrene exposure: Fact or artifact?

Aromatic hydrocarbons with side chains
are mainly metabolized into aromatic
acids, eg, toluene into hippuric acid, xylene
into methylhippuric acid, and styrene into
mandelic acid (MA) and phenylglyoxylic
acid (PGA). In the case of toluene and xy-
lene the urinary excretion of the metabo-
lites has been shown to be fast, and their
maximum excretion rate has been found
to occur at the end of workday exposure
(6, 22). For styrene some authors (23, 24)
have emphasized, on the basis of their
findings, that the maximum excretion rate
of the urinary styrene metabolites, mainly
MA, has appeared to be strongly delayed
after the end of exposure. Such a finding
would cast doubt on the validity of the
traditional end-of-shift sampling time
which is very frequently used for biologi-
cal monitoring.

The purpose of this letter is not to dis-
cuss the best sampling time for the bio-
logical monitoring of workers exposed to
styrene — this has been done elsewhere
(14) — but rather to comment on some of
the points which have led the aforemen-
tioned authors to believe in a delayed ex-
cretion of the metabolites. In addition we
present some arguments and facts in order
to examine the extent to which such a
delay can be real or must be considered an
artifact.

A review of the literature on this sub-
ject reveals nine papers with information
or figures attesting to the presence or ab-
sence of a delayed excretion of the urinary
metabolites of styrene. Four of these pa-
pers (1, 17, 18, 23) mention a delay of up
to 8 h. The first three of these are based
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on colorimetric methods which are known
nowadays to be nonspecific and prone to
systematic blank errors. The only study
that has been made with the more specific
gas chromatographic method (23) draws
its conclusions from a statistically un-
satisfactory group of two exposed workers.
In addition the analytical results are
not fully consistent with current know-
ledge on the pharmacokinetics of styrene,
and they raise some methodological ques-
tions (considered later). Another paper
(24) uses indirect argumentation for a
delayed urinary MA excretion of 8 h by
referring to fig 2 of the publication of
Bardodej & Bardodejova (2). However,
upon examining that paper, one finds that
there has been a misinterpretation of the
time scale of fig 2 on page 208: the time
after the beginning of the exposure was
confused with the time after the end of
exposure. However, Bardodej & Bardo-
dejova are very clear, saying explicitly on
page 207 that “In inhalation experiments
the elimination maximum of mandelic acid
was observed at the end of exposure.”
Therefore much of the discussion made by
Wolf et al cannot be valid (eg, fig 4, page
328). None of the other authors who have
used gas chromatographic methods for
analysis (5, 8, 11, 15) have reported any
evidence for a significantly delayed uri-
nary elimination of MA.

As far as PGA is concerned, the situation
is much more complicated because deli-
cate problems are involved in PGA analy-
sis. For the gas chromatographic methods,
mainly two techniques have been used
for PGA derivatization: diazomethane
methylation and trimethyl sily (TMS) de-
rivatization. The use of diazomethane for
PGA analysis has been extensively studied
and discussed in our fist paper on styrene



(3). The conclusions drawn there have sub-
sequently been confirmed by other pub-
lications (12, 20).

We had demonstrated that the direct
methylation of PGA with an excess of dia-
zomethane leads to a varying proportion
of secondary methylation products, and
therefore using this reaction for analytical
work requiring high accuracy and preci-
sion is precluded. Indeed, if the diazometh-
ane derivatization product for PGA de-
scribed by Schaller et al (21) is compared
to the one obtained by Buchet et al (4),
who originally proposed this method for
PGA analysis, it becomes evident that
these authors have obtained different deri-
vatives although they used the same meth-
od. Schaller’s derivative is very likely the
methyl ester of PGA, and Buchet’s deriva-
tive must be a secondary derivative with
a higher molecular weight. This failure
to reproduce previous results shows clearly
the difficulties involved in the diazometh-
ane procedure, which can only be over-
come by special derivatization techniques
3, 12).

TMS derivatization has proved to yield
an unstable derivative with PGA. Nonre-
producible low yields of the corresponding
derivative (13) or no derivative at all (10)
have been obtained. This finding is con-
sistent with the results of Wilson et al (23)
which have already been mentioned. In
that work the PGA levels are generally
lower than expected, a finding in contrast
to current knowledge on the metabolism
and kinetics of styrene (the ratio MA/PGA
normally changes from 3 at the end of
the workshift to below 1 the next morn-
ing).

Moreover, the instability of PGA upon
standing in urine makes its reliable quanti-
tation rather difficult and requires a trans-
formation of PGA to a stable form prior to
gas chromatographic analysis. We have
therefore developed a procedure for PGA
which involves reduction to MA prior to
derivatization and gas chromatographic
analysis (13, 15).

As far as elimination kinetics are con-
cerned, we have made experimental hu-
man exposures using the reductive PGA
determination method and have observed
an elimination delay, with respect to the
end of the exposure, of about 2 h for the

maximum excretion rate. Since, in terms
of metabolism, MA is the precursor of
PGA and there is no evidence of a dif-
ference in renal excretion rates, the delay
for the maximum excretion of MA must
therefore be definitely shorter than 2 h.
In addition a simplified theoretical ap-
proach by mathematical simulation (7)
confirms these results.

A short delay in the excretion of toluene
and xylene in breath has been reported
after skin resorption (9, 16). A potential
contact of the hands with liquid styrene
at the end of the workday, as can occur
in industrial situations, could hypotheti-
cally lead to a small delay in the excretion
of metabolites. Special conditions such as
high exposure shortly before the end of
the workday could also explain some
delay. On the whole, however, the fact
that the metabolism of styrene is very
fast and that urinary excretion starts with-
in 1 h after the beginning of exposure (19),
as well as the points already discussed,
strongly support the conclusion that the
delayed excretion of MA reported in the
literature is unlikely to be real, and it
should hence be considered an artifact.

References

1. Astrand I, Kilbom A, Ovrum P, Wahl-
berg I, Vesterberg O. Exposure to styrene:
1. Concentration in alveolar air and blood
at rest and during exercise and metabo-
lism. Work environ health 11 (1974) 69—85.

2. Bardodej Z, Bardodejova E. Biotransfor-
mation of ethyl benzene, styrene and alpha-
methylstyrene in man. Am ind hyg assoc
j 31 (1970) 206—209.

3. Bauer D, Guillemin M. Human exposure
to styrene: I. The gaschromatographic de-
termination of urinary phenylglyoxylic
acid using diazomethane derivatization. Int
arch occup environ health 37 (1976) 47—
55.

4. Buchet JP, Lauwerys R, Roels H, Defeld
JM. Evaluation de Dlexposition des tra-
vailleurs au styréne par le dosage de ses
métabolites urinaires: les acides mandéli-
que et phénylglyoxylique. Arch mal prof
méd trav sécur soc 35 (1974) 511—516.

5. Caperos JR, Humbert B, Droz PO. Expo-
sition au styréne: II. Bilan de I’absorption
de P'excrétion et du métabolisme sur des
sujets humains. Int arch occup environ
health 42 (1979) 223—230.

6. Cohr KH, Stokholm J. Toluene: A toxi-
cologic review. Scand j work environ
health 5 (1979) 71—90.

159



10.

11.

12.

13.

14.

15.

160

. Droz PO. Contribution a la recherche

d’indices biologiques d’exposition aux solv-
ants: Détermination de leur coefficient de
partage et étude de leur comportement
dans l'organisme a l'aide de modéles de
simulation. Doctoral thesis. University of
Neuchatel, Switzerland 1978.

Engstrém K, Hirkonen H, Kalliokoski P,
Rantanen J. Urinary mandelic acid concen-
tration after occupational exposure to sty-
rene and its use as a biological exposure
test. Scand j work environ health 2 (1976)
21—26.

Engstrom K, Husman K, Riihimiki V. Per-
cutaneous absorption of m-xylene in man.
Int arch occup environ health 39 (1977)
181—189.

Engstrom K, Rantanen J. A new gas chro-
matographic method for determination of
mandelic acid in urine. Int. arch occup
environ health 33 (1974) 163—167.

Fields RL, Horstman SW. Biomonitoring
of industrial styrene exposure. Am ind hyg
assoc j 40 (1979) 451—459.

Flek J, Sedivec V. Simultaneous gas chro-
matographie determination of urinary man-
delic and phenylglyoxylic acids using di-
azomethane derivatization. Int arch occup
environ health 45 (1980) 181—188.

Guillemin M, Bauer D. Human exposure to
styrene: II. Quantitative and specific gas-
chromatographic analysis of urinary man-
delic and phenylglyoxylic acids as an index
of styrene exposure. Int arch occup environ
health 37 (1976) 57—64.

Guillemin M, Bauer D. Biological moni-
toring of exposure to styrene by analysis
of combined urinary mandelic and phenyl-
glyoxylic acids. Am ind hyg assoc i 39
(1978) 873—879.

Guillemin M, Bauer D. Human exposure to
styrene: III. Elimination kinetics of wuri-
nary mandelic and phenylglyoxylic acids
after single experimental exposure. Int

16.

17.

18.

19.

20.

21.

22.

23.

24,

Michel P Guillemin, PhD,

arch occup environ health 44 (1979) 249—
263.

Guillemin M, Murset JC, Lob M, Riquez
J. Simple method to determine the effi-
ciency of a cream used for skin protection
against solvents. Br j ind med 31 (1974)
310—3186.

Horiguchi S, Teramoto X, Kiyota I, Endo J.
Daily variations in the amounts of man-
delic, phenylglyoxylic and hippuric acids
excreted in the urine of styrene workers.
Jpn j ind health 16 (1974) 228—229.
Ikeda N, Imamura T. Evaluation of hip-
puric, phenylglyoxylic and mandelic acids
in urine as indices of styrene exposure. Int
arch occup environ health 32 (1974) 93—
101.

Leibman KC. Metabolism and toxicity of
styrene. Environ health perspect 11 (1975)
115—119.

Lhoest G, Buchet J P, Lauwerys R, Mercier
M. Identification by GC-MS analysis of
several diazomethane derivatives of phenyl-
glyoxylic acid, an urinary metabolite of
styrene. Pharm acta helv 51 (1976) 237—
242,

Schaller KH, Gossler K, Bobst HP, Va-
lentin H. Gaschromatographische Methoden
zur Bestimmung von Styrol im Blut sowie
Mandelsdure und Phenylglyoxilsiure im
Urin. Arbeitsmed Sozialmed Praventivmed
11 (1976) 24—26.

Sedivec V, Flek J. The absorption, meta-
bolism and excretion of xylenes in man.
Int arch occup environ health 37 (1976)
205—217.

Wilson HK, Cocker J, Furnell CJ, Brown
RH, Gompertz D. The time course of man-
delic and phenylglyoxylic acid excretion in
workers exposed to styrene under model
conditions. Br j ind med 36 (1979) 235—
237.

Wolf MS, Lorimer WV, Lilis R, Selikoff
1J. Blood styrene and urinary metabolites
in styrene polymerisation. Br j ind med
35 (1978) 318—329.

and Daniel

Bauer, PhD

Institute of Occupational Medicine and
Industrial Hygiene

University of Lausanne

Route de la Clochatte

CH-1052 Le Mont-sur-Lausanne
Switzerland



