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Biological monitoring of workers exposed to acetone

in acetate fibre plants

Akihiro Fujino, Toshihiko Satoh, Tohru Takebayashi, Hiroshi Nakashima, Haruhiko Sakurai,
Toshiaki Higashi, Hiroshi Matumura, Haruo Minaguchi, Toshio Kawai

Abstract
Concentrations of acetone in urine, alveolar
air, and blood were measured by gas chroma-
tographywithflameionisation detectionfor 110
subjects occupationally exposed to acetone
(mean 372 ppm) in three factories. Significant
relations were found between the time weigh-
ted average environmental concentration and
the concentration in the biological samples.
The strongest correlation was between the
concentration of acetone in urine and the
degree ofexposure (r = 0-71, 95°% CI 064-0 77).
This suggests that urinary acetone concentra-
tion is the best biological index ofoccupational
exposure to acetone.

Acetone is widely used in industry and is considered
to be one of the less toxic solvents. It is known,
however, that acetone can irritate the mucous mem-
branes ofthe eyes, nose, and throat because ofits high
volatility,' and it has physiological effects on the
human autonomic nervous system at exposures
above 250 ppm.2 Water/air and blood/air partition
coefficients for acetone are extremely high,3 but
solubility in fat and oil is low.' Most inhaled acetone
vapour is absorbed through the lungs and many
studies have been made of its pharmacokinetics
(uptake, distribution, and elimination."' About
20% is eliminated via the lung and only about 1% is
excreted in urine.'0

Recently, many researchers have reported sig-
nificant relations between exposure and urinary con-
centrations for various solvents."`'6 These results
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suggest that the urinary concentration of some
solvents is useful as a biological index ofoccupational
exposure. Although urinary concentration can be
used in biological monitoring as an index of exposure
to acetone,'5 7 it is not yet clear whether other indices
are more appropriate and we know ofno field studies
on the relation between the environmental concen-
tration and the concentration in urine, alveolar air,
and blood.
The purpose of the present study was to inves-

tigate the most appropriate biological index of
exposure to acetone. We studied workers while at
their jobs and quantified the relation between the
environmental concentration in the breathing zone
and three biological indices of exposure. Using these
data, we tried to derive the acetone concentrations in
urine, alveolar air, and blood corresponding to the
environmental threshold limit value (TLV) as pro-
posed by the American Conference ofGovernmental
Industrial Hygienists (ACGIH),'8 and the acceptable
concentration as established by the Japan Associa-
tion of Industrial Health.'9

Subjects and methods
Figure 1 shows the schedule for sampling environ-
mental acetone, urine, alveolar air, and blood. The
subjects were 110 male workers on triple shift
operations, aged 18 to 56 (mean 37-6), who worked in
three acetatefibremanufacturingplantswith different
amounts of exposure. All had been exposed to
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Figure 1 Schedule for monitoring exposure to acetone. The
arrows indicate the times at which environmental acetone was
measured. The letters indicate collection of urine (U),
alveolar air (A) and blood (B) samples.
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Gas chromatographic conditions for measuring acetone concentrations

Exposure Urine Alveolar air, blood

Instrument GC-Mini 2 (Shimadzu) GC-15A (Shimadzu) FGC-1 10 (Fuji Chemical)
Column Gaskuropack 54 (GL science) 10% SBS-100 on Shimalite TPA BX100, 60/80 mesh

80/100 mesh 60/80 mesh
Column size I m x 3mmID 4-1 m x 3-2 mm ID I m x 3mmID
Column temp 170-C 60°C 901C
Detector FID FID FID
Carrier gas Nitrogen Nitrogen Nitrogen

ID = Internal diameter; FID = flame ionisation detector.

acetone; no workers were exposed to other solvents.
The average duration ofexposure to acetone was 14-9
(range 0 5 to 34 3) years. Of these subjects, 70 7%
were drinkers and 747% were smokers. The
physical demands of work were similar in all three
factories. Samples of urine and alveolar air were
collected before work and within five minutes of the
end of work on two consecutive days. Blood samples
were collected just before work on the first day and
after work on the second day. In total 440 urine and
alveolar air samples and 220 blood samples were
taken. The amount of exposure to acetone for each
subject was measured over eight hours of exposure
with a personal passive gas monitor (liquid passive
sampler) developed by Minaguchi et al.' This
sampler uses water as an absorbent, and does
not require desorption to determine vapour concen-
tration.

ANALYSIS OF URINE
Samples were immediately transferred from paper
cups to glass vials and frozen. The acetone concentra-
tion in urine (AcU) was measured by directly inject-
ing urine supernatant into a gas chromatograph (GC-
15A; Shimadzu) with flame ionisation detection. The
creatinine concentration and the specific gravity of
urine were determined by colorimetry and refrac-
tometry respectively.

ANALYSIS OF ALVEOLAR AIR AND BLOOD
After collection, alveolar air samples were kept at
60°C in a constant temperature oven. Blood samples
were kept in an incubator at 37°C for one hour. The
acetone concentration in alveolar air (AcA) was
measured by directly injecting alveolar air into a gas
chromatograph (FGC-1 10; Fuji Chemical), and the
concentration in blood (AcB) was measured by the
vapour liquid equilibrium method with the same gas
chromatograph.

DETERMINATION OF THE EXPOSURE CONCENTRATION
The time weighted average (TWA) ofthe concentra-
tion of acetone to which each subject was exposed
(Acex) was measured with the liquid passive sampler.
After sampling, 2 pl of the liquid was injected into a
gas chromatograph (GC-Mini2; Shimadzu).

The table shows the gas chromatographic condi-
tions for the analysis of AcU, AcA, AcB, and Acex.

Results
The average values for AcU, AcA, and AcB before
exposure on the first day were 2A44 mg/l (SD 5-61),
2-95 ppm (SD 7 06), and 3 80 mg/l (SD 7 07)
respectively. These values were considered to be
unaffected by other factors, such as drinking alcohol,
which contribute to the acetone concentration in
samples.
TheAcU was strongly correlated with theTWA of

the Acex for all the subjects occupationally exposed
to acetone vapour on the first day (correlation co-
efficient(r) = 0-71,95% confidenceinterval(95% CI)
0-64-0 77) (fig 2). We used the uncorrected value for
AcU becausS doing so resulted in a higher correlation
coefficient than using the values corrected for specific
gravity or creatinine concentration.
A significant relation was also found between Acex
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Figure 2 Relation between exposure to acetone (Acex) and
acetone concentration in urine (AcU) at the end of work on
days land2 (p < 0001).
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Figure 3 Relation between exposure to acetone (Acex) and
acetone concentration in alveolar air (AcA) at the end of
work on days I and 2 (p < 0-001).

andAcAonthefirstday(r = 0-65,95% CI 0-57-0 72)
(fig 3).
A close relation between AcB and the correspond-

ing Acex also existed on the second day of the day
shift (r = 0-65, 95% CI 0-53-0-75) (fig 4).
Also a significant relation existed between AcA and

AcB on the second day (r = 0170,95% CI 0-59-078)
(fig 5).
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Figure 4 Relation between exposure to acetone (Acex) and
acetone concentration in blood (AcB) at the end ofwork on
day 2 (p < 0-001).

The AcU values corresponding to Acex values of
750 ppm and 200 ppm were 76-6 mg/l and 21-6 mg/i
respectively. The AcAs corresponding to those Acex
values were 177 ppm and 56-2 ppm and the corres-
ponding AcB values were 118 mg/l and 414 mg/l
respectively.

Discussion
In the present study we used samples of urine,
alveolar air, and ambient air that were collected on
two consecutive days; due to constraints imposed by
working in the plants we could only take blood
samples on the second day.

Recently, biological mronitoring has been widely
adopted for the evaluation of amount of exposure.
The ACGIH has proposed biological exposure in-
dices, and biological monitoring of several solvents
including xylene, stylene, and toluene is required by
law in Japan. The possibility ofbiological monitoring
of acetone has been examined in many studies, but
such monitoring is not required by law.
The main aim of the present research is to deter-

mine the most appropriate biological index of
acetone. Therefore, we quantified the relation be-
tween Acex and three biological indices of acetone
exposure, AcU, AcA, and AcB.
The Acex was closely correlated with all three of

these. In particular, the strongest correlation was
between Acex and AcU (r = 0-71). This correlation
did not improve by correctingAcU either for specific
gravity of the urine or for the urinary creatinine
concentration as found for other solvents.'2 1316
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Figure S Relation between acetone concentration in alveolar
air (AcA) and acetone concentration in blood (AcB) at the
end ofwork on day 2 (p < 0 001).
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Some previous studies have shown a significant
relation between TWA environmental concentra-
tions of acetone and AcU, AcA, and AcB,l 10 1517 2122
but all except two" 17 ofthose studies were performed
in the laboratory. Our results were obtained from
many subjects (n = 110) after occupational exposure.
The present results indicate that AcU is more
suitable than AcA or AcB as an index of biological
exposure because it was more strongly correlated
with Acex. This is probably because urine is contin-
uously produced and accumulated (in the bladder),
unlike alveolar air and blood. In fact, there was a
close correlation between AcA and AcB (r = 0 70).
The acetone concentrations corresponding to the

TLV (750 ppm)'8 were 76-6 mg/l for AcU, 177 ppm
for AcA, and 118 mg/l for AcB. The values corres-
ponding to the acceptable concentrations according
to the criterion set by the Japan Association of
Industrial Health (200 ppm)'9 were 21-6 mg/l for
AcU, 56-2 ppm for AcA and 41-4 mg/l for AcB.
These values are higher than those given in previous
reports.' 610 Pezzagno et alreported that differences in
physical demand changed AcU after experimental
exposure.'" This may explain some of the difference
between our results and those published previously.
We cannot expect a perfect correlation between the

Acex and biological indices because ofmany relevant
variables. These include pulmonary ventilation, fluc-
tuation of exposure, physique, metabolism, and
alcohol consumption.

In summary, of the three biological indices of
acetone exposure examined in this study, the one
with the strongest correlation to Acex was AcU.
Urine can be collected quickly, the procedures are
non-invasive and simple. We therefore believe that
the concentration in urine could be the most
appropriate indicator of exposure to acetone.
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