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Effect of alcohol on the kinetics of mandelic acid
excretion in volunteers exposed to styrene vapour
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ABsTRAcr The effect of a dose of alcohol on the kinetics of mandelic acid excretion in four
volunteers exposed to 220 mg/m3 styrene has been investigated under controlled exposure chamber
conditions. Ethanol inhibited the excretion of mandelic acid, so that the peak excretion was

delayed from the end of the exposure period until three hours afterwards. One hour after
administration of ethanol blood mandelic acid concentrations were 56% of the levels found during
the alcohol-free control exposure, and this was paralleled by a 15-fold rise in phenylethane 1,2 diol,
the metabolic precursor of mandelic acid. It is suggested that the inhibition of the oxidation of this
diol is related to the change in NAD+/NADH ratio produced by ethanol metabolism. The
implications of this ethanol effect on the interpretation of urinary mandelic acid excretion when
monitoring workers exposed to styrene are discussed.

It is now established that monitoring workers ex-
posed to styrene vapour is best accomplished by
measuring the excretion of mandelic acid in the
urine.1-5 The usefulness of mandelic acid determina-
tions depends on the time of taking the urine sample
after the end of the workshift.6 Several authors have
suggested end-of-shift sampling while others have
recommended next-morning samples."--

In an earlier study we reported a detailed investiga-
tion of the daily excretion of mandelic acid by two
technicians building glass-reinforced plastic boats
under model ventilation conditions.7 Both these
subjects showed maximum mandelic excretion sev-
eral hours (4-8 hours) after the end of exposure. The
time-lag was relatively constant for each individual
and not related to level of exposure. We suggested
that such a time lag in maximum excretion rates
required a modification of sampling strategy. Our
report of this time-lag in excretion has caused some
controversy. Guillemin and Bauer"2 reviewed those
papers reporting a time-lag and have contrasted these
reports with their experience that experiments with
volunteers under controlled exposure-chamber con-
ditions show that maximum excretion occurs at or
near the end of exposure. Since their publication we
have confirmed that under controlled exposure
chamber conditions maximum excretion of mandelic
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acid does occur at the end of the exposure period. On
the other hand, we have also found that a significant
proportion of industrial workers in the glass-re-
inforced plastic boat industry that we have studied in
detail show a delayed excretion of mandelic acid.
This difference in excretion kinetics between volun-
teers under controlled conditions, and workers
building glass-reinforced plastic boats requires ex-
planation. Among the factors considered was the
effect of the ingestion of alcohol. Alcohol affects the
metabolism of xylene, toluene, and trichloro-
ethylene."3-16 In this study we have investigated the
effect of alcohol ingestion on the excretion of man-
delic acid by volunteers under controlled exposure
conditions.

Methods

EXPOSURE CHAMBER
The exposure chamber (2.5 x 2-5 x 2.5 m) is built on
a slotted metal frame and walled with 5 mm Perspex
sheet. Air and solvent vapour are introduced at the
top of the chamber through 16 adjustable diffusers to
ensure a uniform distribution of solvent vapour
throughout the chamber. The extraction system
consists of 16 similar exit ports 12 cm below the
perforated steel floor. Clean air is introduced at 150
m3/h with temperature and humidity controlled at 23
± 0.5°C and 58 ± 2% respectively. The chamber is
equipped with a table, chairs, screens, and reporting
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Exposure
chamber

Fig 1 Solvent atmosphere generator and feed-back control system.

and monitoring equipment.
The styrene atmosphere is generated by introduc-

ing an air stream saturated with this solvent into the
clean air inlet ducting at a controlled rate. The
saturated air stream is produced by passing filtered
compressed air through 4 x 500 ml bubblers contain-
ing styrene, these being connected in parallel. This
concentrated styrene vapour is introduced into the
clean air stream in the ducting 1.5 m before the
chamber, and turbulence ensures complete mixing
before the combined air streams enter the chamber.
An automatic feedback system is used to monitor

and control the styrene concentration in the ducting
before it passes through the diffusers into the cham-
ber (fig 1). The air in the ducting is sampled through a
length ofPTFE tubing and is led to a flame-ionisation
detector (Perkin Elmer Fit). The output from the
detector is amplified and used to control a servodrive
motor operating an automatic valve in the air line
feeding the four bubblers.

The concentration of styrene in the chamber is
monitored continuously using a Miran 1A infrared
spectrophotometer. An independent monitoring and
calibration system using a syringe injection standard
atmospheric system17 and a second Perkin Elmer F1t
gas chromatograph fitted with automatic gas sam-
pling and switching valves, is used to monitor the
chamber and standard atmosphere alternately (fig 2).
The styrene concentration throughout the chamber
remains constant over a six-hour period (coefficient
of variation is typically 3%). The Analar styrene used
to establish the atmosphere was checked for purity
using gas chromatography-mass spectrometry.

VOLUNTEERS
Four men aged between 39 and 45 volunteered for
this study. Their heights ranged between 1-64 and

S270,-

220-

E

C

Stondord Chamber

/ II

t K K
10

K K
20

K K
30

Tirme (minutes)

Fig 2 Alternate automatic gas-chromatographic
measurement of exposure chamber and standard
atmosphere styrene concentrations.

1-80m and their weights between 64 and 86 kg. They
were informed of the details of the experimental
programme and were given a full clinical examina-
tion. Blood was taken for clinical chemistry and a
haematological screen. The subjects were non-
smokers and were asked to refrain from taking
alcohol for 12 hours before and after the study. The
exposure project was approved by the ethical
committee of the Brent and Harrow Area Health
Authority,18 and the project adhered to the protocol
agreed with the committee.

EXPOSURE
The chamber was stabilised with a concentration of
styrene vapour of 220 ± 5 mg/m3. The volunteers
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entered at 0900 and left at 1500, and produced
samples of urine at hourly intervals from 0900 until
2300. They were instructed to empty their bladders
completely at each voiding. Blood samples were
collected at 1300 for ethanol determination (2.5 ml
blood-fluoride oxalate container) and for the
measurement of mandelic acid and other styrene
metabolites (5 ml-EDTA container). Each volun-
teer was exposed on two separate occasions at least
two days apart: the exposure details were the same
except that on the second occasion they received
ethanol (0-45 g ethanol/kg body weight-that is, 1.5
ml vodka/kg body weight in orange juice) at 1200.

ANALYTICAL METHODS
Urinary mandelic acid was measured by gas chro-
matography as its trimethylsilyl (TMS) derivative on
a 3% OV1 column. The mandelic acid was extracted
from urine at pH 1 into diethyl-ether and silyla-
ted with N-methyl-trimethylsilyl-trifluoracetamide
(MSTFA) at room temperature for five minutes.
These measurements were controlled using the

laboratory's routine quality control procedures and
standards for this analytical method (CV = 4%).
Blood mandelic acid and phenylethane 1,2 diol

were extracted directly from blood, after acidifica-
tion to pH 1 with 1M HCI. The extract was silylated
with MSTFA and analysed on a 25 m methylsilicone
capillary column at 140°C with a VG 16F gas
chromatograph mass spectrometer and 2035 data
system. The silylated metabolites were detected and
quantitated using the selected ion monitoring tech-
nique.
Blood alcohol was measured by head-space gas

chromatography (10% Carbowax 1500 column,
Perkin Elmer Sigma 4 gas-chromatograph with HS6
head-space sampler).

Results

The mean hourly excretion of mandelic acid by the
four subjects during both experimental periods is
presented in fig 3. In the first exposure without
alcohol administration urinary mandelic acid excre-
tion increased throughout the exposure period and
declined exponentially afterwards (t' = 2-8 h) (fig 4).
In two subjects the maximum excretion occurred
during the last hour of exposure and in the other two
in the first hour after exposure. No subject had any
mandelic acid detectable in their urinary samples
taken before entering the styrene atmosphere.

During the second exposure, urinary excretion of
mandelic acid increased during the first three hours
of exposure as in the previous session. The mean total
excretion of mandelic acid during the first three hours
of this second exposure was within 8% of that of the
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Fig 3 Effects of alcohol on urinary excretion of mandelic
acid in four subjects. Results are presented as mean ±1
standard deviation for the four volunteers.
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Fig 4 Exponential fall in excretion of mandelic acid
after exposure to styrene vapour.
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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 tmoles 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
a second 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-

E Phenylethane-1,2-diol

[] Mandelic acid

Styrene orny Styrene alcohol

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 I 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'2 reported
that excretion of mandelic acid followed biphasic
kinetics. The first fast phase had a ti 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 aP 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.'9 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.'1'6 Using controlled exposure
chamber conditions, Muller et al'6 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. Astrand2O 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.
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