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Fig 5 Mass spectrum of phenylethane-1,2-diol di TMS

derivative.

first experimental period. After ingesting ethanol,
however, all four subjects showed a drop in the rate
of mandelic acid excretion at the next sample. This
fall continued for the next two hours, and the
excretion of mandelic acid only started to rise in the
fourth sample taken after taking alcohol. The peak
excretion of mandelic acid occurred on average six
hours after taking alcohol and three hours after the
end of exposure. The time of this peak excretion
ranged in the different subjects from two to four
hours after the end of exposure. The mean total
mandelic acid excreted during the 14-hour observa-
tion periods was 999 + 83 umoles during the styrene-
only study and 881 * 147 pmoles after taking
alcohol. This 12% difference probably would have
been eliminated if measurements had been continued
over a longer period. The mean rate of urinary
mandelic acid excretion in the first hour after expo-
sure was reduced to 51% (range 22-69%) by taking
alcohol.

Measurement of blood alcohol concentrations one
hour after administration gave a mean value of 62 mg/
100 ml (range 59-71). Blood samples were also taken
at this time during both periods of exposure to
estimate blood mandelic acid concentrations. In the
blood samples taken one hour after ethanol ingestion
asecond prominent peak with a mass fragment of 179
m/z was detected. This material had a shorter reten-
tion time (198 s) than the TMS derivation of mandelic
acid (222 s) and was present only in trace amounts in
the blood samples taken during the styrene-only
exposure. Comparison of the retention time of this
peak with those of authentic samples of various
styrene metabolites measuring at specific ion mass
179 allowed identification of the peak as phenyl-
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Fig 6 Effect of alcohol on blood mandelic acid and
phenylethane 1,2 diol concentrations after exposure to
styrene. Results are presented as mean *1 standard
deviation for the four volunteers.

ethane-1,2 diol, the direct metabolic precursor of
mandelic acid (fig 5). Both mandelic acid and
phenylethane diol concentrations were measured
using m-hydroxybenzoic acid as the internal stan-
dard. The administration of ethanol reduced
circulating mandelic acid concentrations to an aver-
age of 56% of those present in the first styrene
exposure, and this was paralleled by a 15-fold in-
crease in phenylethane-diol concentration (fig 6).

Discussion

This study was instituted to explain the delayed
excretion of mandelic acid after the cessation of
exposure to styrene seen by ourselves and others in
workers in the glass-reinforced plastic boat indus-
try.2 " The results presented here confirm that under
model conditions of exposure to styrene the maxi-
mum urinary excretion of mandelic acid occurs at or
near the end of the exposure period. The administra-
tion of alcohol half-way through the exposure,
however, inhibits styrene metabolism to a great
extent, and this does not return to normal until
several hours later when blood alcohol concentra-
tions have fallen considerably. In this study the effect
of the temporary inhibition in styrene metabolism is
to move the peak excretion of mandelic acid to three
hours after the end of the exposure period. This
delayed pattern of excretion is similar to that we
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reported after our study of two technicians working
under controlled ventilation conditions. In that study
the two technicians were seconded from their parent
industrial company and retained their normal work
habits. We have now established that this included a
midday intake of beer.

The measurement of mandelic acid excretion un-
der the controlled conditions of this present study
allows comparison with kinetic parameters reported
by other authors: Guillemin and Bauer” reported
that excretion of mandelic acid followed biphasic
kinetics. The first fast phase had a t} of approxi-
mately 3-9 hours. This figure was derived from a
limited number of samples taken during the early
postexposure period and is consistent with the half-
life of 2-8 hours for the early fast phase found in this
study. On the other hand, Engstrom et al' collected
three postshift samples and found half lives in the
order of 6-9 hours. The limited size of our experi-
ment does not allow detailed calculation of the
kinetics of mandelic acid production once the effects
of ethanol inhibition have disappeared, but the data
appear to show a resumption of similar rates of
mandelic acid production three hours after ethanol
ingestion. The dose of ethanol given produced blood
alcohol concentrations of about 60 mg/100 ml, a
figure within the legal maximum allowed for driving a
motor vehicle in the United Kingdom. Thus the dose
given was within the possible range of intake in
industrial workers, but probably higher than average
midday intake. Interestingly a proportion of a group
of glass-reinforced plastic workers we studied
showed a lag in the excretion of mandelic acid—we
did not, however, ask for details of the midday
alcohol intake of this group.

The concentrations of mandelic acid in blood
samples taken one hour after alcohol ingestion were
only 56% of the corresponding levels in the styrene-
only exposure. Similarly, the combined urinary
excretion of mandelic acid during the hour preceding
and the hour after this venepuncture was reduced to
47% of the amount excreted during the correspond-
ing period in the styrene-only exposure. This perhaps
indicates a parallelism between circulating con-
centrations and urinary excretion. The evidence of
greatly increased phenylethane diol concentrations
in blood suggests that inhibition of styrene metabo-
lism is the major effect rather than a modification of
renal clearance mechanisms.

The change in ratio between blood mandelic acid
and phenylethane diol is evidence that inhibition of
styrene metabolism by ethanol occurs at the
oxidative conversion of the diol to mandelic acid.
This is most likely a consequence of the great change
in NAD*/NADH ratio seen in the liver during
ethanol metabolism. Ethanol metabolism takes

priority over fatty acid oxidation and gluconeo-
genesis is inhibited. Hepatic metabolism is very much
redirected towards ethanol oxidation even at mod-
erate intake levels.” It is important to realise the
great molar excess of ingested ethanol over inhaled
styrene under these conditions. The average dose of
ethanol in our study was about 750 mmol, while the
total output of mandelic acid was only about 1 mmol.

Interaction between ethanol and solvent metabo-
lism has been reported for xylene, toluene, and
trichloroethylene.’>* Using controlled exposure
chamber conditions, Miiller ez al* showed a delay in
the conversion of trichloroethylene to trichloro-
ethanol and trichloroacetic acid. The shift in the peak
excretion of trichloroacetic acid was of a similar
magnitude to that seen in this study. Other authors
have shown that administration of ethanol increases
blood concentrations of xylene and toluene. No
doubt these effects are also due to ethanol swamping
hepatic pathways of oxidative metabolism.

From this study it may be seen that spuriously low
concentrations of mandelic acid may be obtained as
estimates of styrene uptake if there is ethanol inges-
tion during the working day. The mandelic acid
concentration in our ‘“‘end-of-shift” sample after
ethanol was less than 30% of the value we obtained in
the first non-alcoholic “shift.” A discrepancy of this
extent is enough to reduce any correlation between
uptake and excretion if an unknown proportion of
the work-force being investigated is taking alcohol
during the study period, and will make it difficult to
make judgments concerning individuals in routine
occupational health practice.

Two alternative approaches can be suggested to
deal with this problem in routine monitoring. Either
the work-force should be asked to refrain from
alcohol on the day when sampling takes place or
urine sampling should continue from start of shift
until retiring for the night. The figures presented here
show that the total mandelic acid excreted during the
whole working day is little affected by ethanol
administration.

In retrospect this study illustrates the importance
of parallel studies using both controlled exposure
chamber conditions and actual working practice
conditions. Astrand® has pointed out that there is
need to allow for work effects on the uptake of
solvent: here we show that any study attempting to
duplicate working conditions must take account of
potential exposure to alcohol.

© Crown copyright.

References

! Engstrdm K, Hirkonen H, Kalliokoski P, Rantanen J. Urinary
mandelic acid concentration after occupational exposure to


http://oem.bmj.com/
http://group.bmj.com/

Downloaded from oem.bmj.com on February 13, 2012 - Published by group.bmj.com

80

styrene and its use as a biological exposure test. Scand J Work
Environ Health 1976;2:21-6.

2 Astrand I, Kilbom A, Ovrum P, Wahlberg I, Vesterberg O.
Exposure to styrene. I. Concentration in alveolar air and blood
at rest and during exercise and metabolism. Work Environmen-
tal Health 1974;11:69-85.

3 Wolff MS, Lorimer WV, Lilis R, Selikoff 1J. Blood styrene and
urinary metabolites in styrene polymerisation. Br J Ind Med
1978;35:318-29.

4 Caperos JR, Humbert B, Droz PO. Exposition au styréne. Int
Arch Occup Environ Health 1979;42:223-30.

5 Harkonen H, Kalliokoski P, Hietala S, Hernberg S. Concentra-
tions of mandelic and phenylglyoxylic acid in urine as indicators
of styrene exposure. Work Environmental Health 1974;11:
162-9.

6 Guillemin MP, Bauer D. Biological monitoring of exposure to
styrene by analysis of combined urinary mandelic and
phenylglyoxylic acids. Am Ind Hyg Assoc J 1978;39:873-9.

7 Wilson HK, Cocker J, Purnell CJ, Brown RH, Gompertz D. The
time course of mandelic and phenylglyoxylic acid excretion in
workers exposed to styrene under model conditions. Br J Ind
Med 1979;36:235-7.

8 Fields RL, Horstman, SW. Biomonitoring of industrial styrene
exposures. Am Ind Hyg Assoc J 1979;40:451-9.

? Guillemin MP, Bauer D, Hotz PA, Lob M, Greuter WF.
Monitoring of styrene exposure in the polyester industry. Scand
J Work Environ Health 19784 ,suppl 2:14-21.

10 Elia VJ, Anderson LA, Macdonald TJ, Carson A, Buncher CR,
Brooks SM. Determination of urinary mandelic and phenyl-
glyoxylic acids in styrene exposed workers and a control
population. Am Ind Hyg Assoc J 1980;41:922-6.

Wilson, Robertson, Waldron, and Gompertz

1 Guillemin MP, Bauer D. Human exposure to styrene. Int Arch
Occup Environ Health 1979;44:249-63.

12 Guillemin MP, Bauer D. Delayed excretion of urinary metabolites
after styrene exposure: fact or artifact? Scand J Work Environ
Health 1980;6:158-60.

13 Elovaara E, Collan Y, Pfiffli P, Vainio H. The combined toxicity
of technical grade xylene and ethanol in the rat. Xenobiotica
1980;10:435-45.

14 Sato A, Nakajima T, Koyama Y. Effects of chronic ethanol
consumption on hepatic metabolism of aromatic and chlorin-
ated hydrocarbons in rats. BrJ Ind Med 1980;37:382-6.

15 Sato A, Nakajima T, Koyama Y. Effects of acute and chronic
ethanol consumption on the in vivo and in vitro metabolism of
some volatile hydrocarbons. In: Gut I, Cikrt M, Plaa GL, eds.
Industrial and envir tal xenobiotics. New York: Springer-
Verlag, 1981.

16 Miiller G, Spassowski M, Henschler D. Metabolism of trichloro-
ethylene in man. III. Interaction of trichloroethylene and
ethanol. Arch Toxicol 1975;33:173-89.

17 Health and Safety Executive. Methods for the determination of
hazardous substances. Generation of test atmospheres of organic
vapours by the syringe injection technique. London: HSE, 1981.
(MDHS 3.)

18 Denham MJ, Foster A, Tyrrell DAJ. Work of a district ethical
committee. Br Med J 1979;ii:1042-5.

9 Lehninger AL, McKusick VA, Santora PB. Proceedings of the
conference on genetic and biochemical variability in response to
alcohol. Alcoholism: Clinical and Experimental Research
1981;5:435-51.

2 Astrand I. Uptake of solvents in the blood and tissues of man. A
review. Scand J Work Environ Health 1975;1:199-218.



http://oem.bmj.com/
http://group.bmj.com/

Downloaded from oem.bmj.com on February 13, 2012 - Published by group.bmj.com

Effect of alcohol on the kinetics of
mandelic acid excretion in
volunteers exposed to styrene
vapour.

H K Wilson, S M Robertson, H A Waldron, et al.

Br J Ind Med 1983 40: 75-80
doi: 10.1136/0em.40.1.75

Updated information and services can be found at:
http://oem.bmj.com/content/40/1/75

These include:

Email alerting  Receive free email alerts when new articles cite this article.
service Sign up in the box at the top right corner of the online
article.

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.bmj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://oem.bmj.com/content/40/1/75
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://oem.bmj.com/
http://group.bmj.com/

