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Exposure to acetone
Uptake and elimination in man
by Ewa Wigaeus, SSe, Stina Holm, SSc, Irma Astrand, MD

1

WIGAEUS E, HOLM S, ASTRAND 1. Exposure to acetone: Uptake and elimination
in man. Scand j work environ health 7 (1981) 84-94. Eight male subjects were exposed
to ·a<:'etone vapor on two occasions for 2:h d.n lIhe laboratory. On the jjirst iOccasion t'hey
wer,e ,exposed Ito about 1,300 mg/m 3 dumng r,est a'nd on the second occals'ion to about
700 mg/m3 during rest (30 min) and eX8l'cise at dJifferent work ]oads on a bicycle
ergometer (90 min). The total uptake of acetone was 0.6-1.2 g, 'and the r,elative uptake
was ,about 45 0/0. The concentration of acetone in alveol,ar air was 30-40 % of tihat
in ,the 'inspiratory air, and rl.t was not affected by exposure time or work 1oad. The
concentration of acetone in blood increased continuously wli.t'h inc,reased uptake during
exposure, and ,there was no 'tendency towarolS equili'briurn. 'I'he half-time of acetone in
alveolar air as about 4 h, and in venous and arterial blood it was about 6 and 4 h,
respectively. The 'h~ighest conceIllwatiions of acetone in urine were measur,ed 3-3.5 h
after exposure. The ,e)jminat~on of acetone v,ia the lungs corresponded to about 20 % of
the Itotal uptake. Only about 1 % of 'the uplta'ke was excreted via ur.ine.
Key terms: alveolar air, arterial blood, exercise, human, rest, urine, venous blood.

Acetone is a common solvent and extraction agent. It is used, eg, in the manufacture of pharmaceuticals and other chemicals and as a cleaning agent, eg, in styrene
work in the fiberglass boat industry.
Acetone is highly volatile, and its vapor
has an irritating effect on tlhe mucous
membranes of the eyes, nose, and throat.
The Swedish threshold fim'it value has
been set at 1,200 mg/m:3 (500 ppm) and is
primarily based on the irritant action of
the vapor. However, adverse effects from
acetone 'have been found at lower concentrations. Thus, a prolonged reaction
time was noted in workers exposed to
about 480 mg/m3 (200 ppm) (8), and physiological effects on the autonomic nervous
system were found when exposure ex1
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ceeded 600 mg/m3 (250 ppm) (13). The uptake and elimination of acetone have previously been studied, and a relative uptake
varying between 14 and 86 % has been reported (6, 10).
One reason for making acetone the subject of study at our laboratory was that
its chemical properties differ from the
properties of the solvents we have previously studied. The solubility of acetone
in water is infinite, and its blood/aIr partition coefficient is extremely high when
compared to that of many other solvents
(9, 12). Smalll amounts O'f acetone are also
endogenically formed in the body as a
product of normal fat metabolism.

Experimental design
The subjects were eight healthy men, 2228 a of age. In a cared'ul health examination
prior to exposure, they all proved to be
healthy, and none had ever had a disease
judged to be capable of influencing the
results of the present study.

that the load on the respiratory and circulatory organs was equivalent to about 50
W on a bicycle ergometer.
Table 1 lists the varia'bles studied and
the schedule used for the sampling and
registration during and after exposure
until the following morning.

The anthropometric measurements of
the subjects and the results of the pulmonary function tests and results from submaximal and maximal exercise tests on a
bicycle ergometer were all of normal
values (1).
Exposure was carried out after the initial examinations. The sUbjects were exposed to acetone via inspiratory air with
the aid of a valve and mouthpiece. Exposure lasted 2 h on two different occasions
at intervals of at least two months. On
the first occasion, 1!he subjects were exposed to an acetone concentration of approx:imately 1,300 mg/m3 during rest for
120 min (30 + 30 + 30 + 30 min) (series
1). On the second occasion, they were exposed to approximately 700 mg/m 3 at rest
for 30 min and during exercise on a bicycle ergometer for 90 min. The work
load of four subjects was 50 W (30 + 30 +
30 min) (series 2 a), and that of the other
four subjects was increased stepwise from
50 to 100 to 150 W (30 + 30 + 30 min)
(series 2 b).
A 4...;h monitored period of elimination
in the laboratory followed the exposure.
Physical activity consisted of a standardized mixture of rest and treadmill walking
(5 min every half hour). The treadmiH
velocity and inclination were selected so
Table 1. Variables studied at the laboratory and
during and after exposure.

Methods

To form the acetone/air mixture, compressed air was allowed to pass through
two wash-bottles containing acetone. The
acetone vapor obtained was then diluted
with air in a mixing box until the desired
concentration was attained. The acetone
concentration in inspiratory air (taible 2)
was continuously monitored with a hydrocarbon anallyzer (Scott model 116).
A device was built to prevent acetone
from rbeing lost in fue gas phase because of
condensation in the system during the
collection of expiratory air. It consisted
of a metal tube, thermostatically maintained at 37°C with the aid of a heating
coil wound around it, connected to the
expiratory side of the respiratory valve.
Expiratory air was collected continuously. It was passed alterrrately into an ordinary Douglas bag and a smaner bag made
of polyester-laminated aluminum foil
a schedule for the sampling and registration

Schedule

Variable
During exposure
Acetone concentration
Inspiratory air
Expiratory air
Alveolar air
Arterial blood
Venous blood

}

Continuous
2-3 times/Douglas bag
Every 5th min and more
frequently at the start
of exposure and a new
work load

Urine
Heart rate
Electrocardiagram
Pulmonary ventilation

Every other minute
Every 5 min
Continuously with the
Douglas-bag technique

Respiratory rate

3 times/Douglas bag

Oxygen uptake

After exposure

0-16 min: 3 times/Douglas bag
(a total of 6--7 sampling occasions)
0-16 min: 1, 3, 5, 10 and 15 min; 16 min
- 2 h: every 15 min; 2-4 h: every 30 min;
4-20 h: alveolar air samples after 10 h
and 20 h and capillary blood samples
after 20 h
All urine samples were collected until the
following morning
0-16 min: continuously with the Douglasbag technique; 16 min-4 h: for 5-min
periods each hour at rest and during
treadmill walking, with a Wright respirometer

At the end of each
3O-min period
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placed in a metal box thermostatically
maintained at 37°C. The aluminum bag
was evacuated with a pump via a gas
meter.
~he air samples were taken with a gastight syringe via a membrane in conjunction with evacuation, and the acetone
concentration was assayed by gas chromatograpfrly.
The air volume in the Douglias bags was
measured with a spirometer, and the air
volume in the foil bags (about 6 1) was

Table 2. Acetone concentration (time-weighted

average for the entire period of exposure) in
inspiratory air and the variation during each experimental session in the different experimental
series. The variation in each experimental session was calculated as the difference between
the highest and lowest concentration. The mean
values ± the standard errors are given.
Intraexperiment
variation
(mg/m 3)

Concentration in
inspiratory air
(mg/m 3)

Series

1,309 ± 43.4
712 ± 15.8
737 ± 10.2

1

2a
2b

mg/mi"l " Uptake
40
given

19.6 ± 7.3
26.7 ± 10.9
20.1 ± 8.4
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Fig 1. The amount of acetone administered and
taken up and the percentage (horizontal boldface line) of the uptake during each Douglasbag period for a representative subject in series
2b. The acetone concentration in inspiratory air
averaged 722 mg/m 3 • The exposure was performed with the subject at rest (30 min) and
during exercise with a stepwise increased work
load, ie, 50, 100 and 150 W (30 + 30 + 30 min)
(1.2 9 of the 2.6 9 of the acetone administered
was taken up in the body).
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added. Pulmonary ventilation was calculated for each Douglas-bag period.
The acetone concentration in the expired
air was ca1culated as the time-weighted
average for the concentration in the two
to three 'foil bags filled during the same
period. The amount of acetone taken up
was calculated as 1Jhe d'ifference between
the amount inspired and expired during
the period (':fig 1).
The oxygen and carbon dioxide concentration in expiratory air was analyzed
(Beckman OM-ll and Beckman LB-2, respectively) in the last Douglas bag during
each 30~min period, and oxygen uptake
was calculated.
The acetone concentration in alveolar
air was analyzed wli1!h a gas chromatograph after sa:mpl'ing with a gas-tight
syringe from an outlet in the respiratory
valve. Inspiration and expiration were
registered with a thermistor, located in the
inspiratory valve and connected to an osci'lloscope, and samples were taken after
a normal exhalation. Before and after
exposure, the samples were either collected
in glass tUibes (about 35 ml) or, when a
Wright respirometer was employed, in the
same way as during exposure.
Blood and urine samples (approximately
0.5 and 1.0 ml, respectively) were analyzed by gas chromatography us'ing a headspace technique. The samples were equilibrated with air at 37°C for 20 min in gastight bottles with accurately determined
volumes tapproxfumate~y 15 ml) and fitted
with screw caps containing aluminum
foiled rubber septums. Headsplace air
(0.5 ml) was withdrawn with a gas-tight
syringe and analyzed !by gas chromatography. The concentration of acetone in
blood and uI'line was calculated from the
headspace concentration, and the partition
coefficient detemnined between b'lood or
urine and air for each indiV:id'llal on the
two exposure occasions.
The partition coe'1lficients and the endogenic acetone concentrations were de'termined from identical incubations of control blood or urine before each exposure.
To each control saunple, a known amount
of acetone dilluted with a 0.9 Ofo saline solution had been added. The acetone concentration in the alir phase was plotted as
a function of the concentration in the liquid phase. Tlhe ratio was linear for the

concentration range in question, 1-60 mg/
kg (0.017-1.0 mmol/kg). The partition
coefficient and endogenic concentration
were calculated from the equation for the
straight line (fig 2).
The gas chromatographic analyses were
carried out with Perk'in Elmer FIl, F30
and F33 models, an equipped with a flame
ionization detector. For the analysis of
expired air, a 1-'IIl long statinless steel
column was used, packed with 8 Ofo CaI1bowax 1540 on Ohromosor'b W 80-100 mesh.
The column temperature was 50 G C, and
the £low rate of the carrier gas nitrogen
was 25 ml/min. klveolar air was analyzed
at 90')C with a 2-'IIllong glass column packed with 6 0 10 polyphenylether on Tenax.
The flow rate of the carrier gas nitrogen
was 30 ml/min. A 0.3-m long stainless steel
column, packed with Porapac Q, with a
nitrogen carrier gas flow of 25 ml/min
and a column temperature of 130 a C, was
employed for the blood and urine assays.
The amount of acetone expired after the
exposure was calculated for the first 16
min in the same way as during the exposure, ie, with the Dougilas-'bag technique.
Thereafter, and until the following morning, the amount of expired acetone was
calculated as the product oJ alveolar ventilation and alveolar concentration. Alveolar ventilation (VA) during the first 4 h
after exposure was calculated from the
formula VA = VI' - deadspace X respiratory rate (VE = total ventilation measured
with a Wright respirometer; deadspace
was set at 150 m 3 ; respiratory rate was
counted during the same period). For the
next 16 h alveolar ventilation was set at
101/min for the first 6 hand 5 l/min for
the last 10 h. The expired quantity in milligrams per minute was plotted versus
time in a diagram. A fitted curve was
drawn, and the area under the curve was
measured with a planimeter.

Results

During the exposure, the uptake of acetone was about 45 010 (39-52 010) o:f the
amount administered. Table 3 and fig 3
list the total and relative uptake of acetone in the three series. At an increased
work load and with an attendant increase

in pulmonary ventilation (table 4), the
amount of acetone administered naturally
increased. The amount taken up increased
as the quantity supplied was increased
(fig 3), and no significant change in relative uptake was noted (table 3 & fig 1).
The total uptake averaged 0.6 g in series 1,
0.7 g in series 2a, and 1.2 g in series 2b
(table 3).
Table 3 and fig 4 show the acetone concentration in alveolar air and arterial and
venous blood. The endogenic acetone concentration in alveolar air averaged 1.7 ±
0.5 mg/rn:l (= mean value and standard
deviation; henceforth all values are given
this way unless otherwise specified). The
alveolar acetone concentration increased
during the f1irst minute of exposure from
the endogenic level to 30-40 010 of the
concentration in inspiratory air. It then
remained rellatively constant throughout
the entire exposure, both during rest and
exercise (fig 4 & ta'ble 3). 'I1he ratio between relative uptake and the alveolar
concentration as a percentage of the concentration in the inspiratory air correlated
well with the ratio found for solvents
previously studied (fig 5).
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Fig 2. A representative standard curve for the
determination of one SUbject's partitition coefficient between blood (mg/kg) and air (mg/l) and
the endogenic concentration in blood. Regression line: y = mx + b (= 3.86x + 5.39 a); y =
acetone concentration in headspace (mg/m 3 );
x
(AA - AH)/AB [mg/kg] where AA = amount
of acetone administered (mg), AH
total quanamount of blood
tity in headspace (mg), AB
3
(kg). Partition coefficient: K = 10 /m (= 259 3 ).
Endogenic concentration: E = b/m [mg/kg] (=
1.4 mg/okg 3). Deviation from the line (SO)
± 1.1; r = 1.00.

=

=

=

=

a Result from the line illustrated in the figure.
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Table 3. Experimental data during exposure to acetone at rest and during exercise; The amount of
acetone taken up (U), the relative uptake of acetone (R) and the concentration of acetone in alveolar air, arterial and venous blood at the end of each 30-min period. Series 1: exposure at rest
(30 + 30 + 30 + 30 min) to an average of 1,309 mg/m 3 ; series 2a: exposure at rest (30 min) and
at 50 W on a bicycle ergometer (30 + 30 + 30 min) to an average of 712 mg/m 3 ; series 2b: exposure at rest (30 min) and at 50, 100 and 150 W on a bicycle ergometer (30 + 30 + 30 min) to an
average of 737 mg/m 3 • The mean values ± the standard errors of the means are given (series 1:
N = 8; series 2a and 2b: N = 4). (1 mg = 0.017 mmol)

Series

Period
of
time
(min)

Acetone concentration
U
(mg)

R

Alveolar
air
(mg/m 3 )

("!o)

Arterial
blood
(mg/kg)

Q.--- 30
30- 60
6Q.--- 90
90-120
Q.---120

146
148
142
144
580

± 9
± 9
± 8
± 9
± 32

43
43
44
44
44

±
±
±
±
±

1
1
2
2
1

497
515
500
503

±
±
±
±

48
27
25
23

7.1
9.6
12.5
14.8

±
±
±
±

0.4
0.3
0.4
0.4

2a

Q.--- 30
3Q.--- 60
60- 90
9Q.---120
Q.---120

91
208
216
206
721

±
±
±
±
±

12
10
14
16
50

43
46
45
43
44

±
±
±
±
±

2
2
3
2
2

258
244
231
256

±
±
±
±

28
19
20
16

4.4
8.8
12.7
16.9

±
±
±
±

2b

3Q.--- 60
6Q.--- 90
90-120
Q.---120
Q.--- 30

228
339
471
1,153
115

± 5
± 9
± 19
± 37
± 6

46
46
46
46
44

±
±
±
±
±

0
1
2
1
1

325
249
234
262

±
±
±
±

33
14
14
22

4.8
9.0
15.9
25.4

±
±
±
±

Venous
blood
(mg/kg)
4.3
6.6
8.4
9.9

±
±
±
±

0.5
0.5
0.4
0.6

0.4
0.4
1.1
1.8

3.6 ±
7.5 ±
11.8 ±
15.3±

0.3
0.7
1.6
1.6

0.3
0.3
1.0
1.2

3.2
6.2
12.2
21.9

0.3
0.5
0.7
0.4

±
±
±
±

Table 4. Physiological variables during exposure to acetone at rest and during exercise. Series 1;
exposure at rest (30 + 30 + 30 + 30 min) to an average of 1,309 mg/m 3 ; series 2a: exposure at
rest (30 min) and at 50 W on a bicycle ergometer (30 + 30 + 30 min) to an average of 712 mg/m 3 ;
series 2b: exposure at rest (30 min) and at 50, 100 and 150 W on a bicycle ergometer (30 + 30 +
30 min) to an average of 737 mg/m 3 • The mean values ± the standard errors of the means are
given (series 1; N = 8; series 2a and 2b: N = 4). (1 mg = 0.017 mmol)

Series

Period
of time
(min)

Work
load
(W)

Heart rate
(beats/min)

Q.--- 30
30- 60
60- 90
9Q.---120

0
0
0
0

69
68
65
64

2a

0- 30
3Q.--- 60
60- 90
9Q.---120

0
50
50
50

2b

0- 30
3Q.--- 60
6Q.--- 90
9Q.---120

0
50
100
150

88

±
±
±
±

V02

VE BTPS

(I/min)

(I/min)

4
4
4
4

0.31
0.31
0.32
0.31

±
±
±
±

0.02
0.02
0.02
0.01

9.1
9.2
8.9
9.1

±
±
±
±

0.5
0.5
0.5
0.4

79
102
105
107

± 7
± 10
± 11
± 10

0.34
0.92
0.98
0.96

±
±
±
±

0.03
0.01
0.03
0.04

10.3
22.5
24.5
24.4

±
±
±
±

1.2
0.8
0.7
0.8

64
82
110
142

±
±
±
±

0.39
0.93
1.45
2.10

±
±
±
±

0.04
0.01
0.01
0.02

12.2
23.7
35.3
50.1

±
±
±
±

0.5
0.7
0.7
1.0

2
1
5
6

Fig. 3. The amout of acetone
supplied and taken up during inhalation exposure at
rest and during exercise. The
mean values for eight subjects (series 1) and four subjects (series 20. and 2b) are
given.

ACETONE
40

Series 2b
Exp. 737mg;m'

Series 28
Exp. 712I'rYiJ/mJ

n

given

n uptake
3C

20

,r...•

10

'.T

',4

.,,_1t.',

o

30

I---REST - - - I 1-llEST--!--50-!
WATTS

WO'TS Yo.lAJ"TS Wo\TTS

Blood cone.

Alveolar

~,:,,~

~SO+lOO-+'50-I

25mg/k g

ACETONE

.........
0"-

Fig 4. The acetone concentration in alveolar air, arterial
blood, and venous blood
during exposure to acetone
at rest and during exercise.
The mean values for eight
subjects (series 1) and four
subjects (series 2a and 2b)
are given. The regression
lines were calculated for
each 3D-min period. (1 mg/kg
0.017 mmol/kg)
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Fig 5. The uptake of solvent in the lungs as
the percentage of the amount supplied in
relation to the quotient between the concentrations of alveolar and inspired air. The uptake
was continuously measured for 3D-min periods,
and
the
corresponding
concentrations
in
alveolar air were based on values at the end of
each 3D-min period. Each symbol represents a
mean value of four to eight subjects. The
equation of the regression line was calculated
on the basis of 58 such mean values. The number of exposed subjects was as follows: 14 for
methylene chloride, 15 for trichloroethylene, 4 for
both aliphatic and aromatic white spirit, 7 for
styrene, 12 for xylene, 7 for toluene, and 8 x 2
for acetone (altogether about 80 sUbjects).
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The endogenic acetone concentration in
blood averaged 1.3 ± 0.6 mg/kg (0.022 ±
0.010 mmoVkg). The acetone concentration in arterial and venous blood increased
throughout the exposure in all series (fig
4). The veno-us blood concentration paralleled the arteriiaiJ. blood concentration but
was on a somewhat lower level (fig 4).
There was no sign of any equilibrium between the acetone concentrations in inspiratory air and in blood, and the acetone concentration increased in step with
the increased amount taken up (fig 6). The
arterial blood concentrations at the end
of exposure averaged 15, 17 and 25 mg/lkg
(0.25, 0.29 and 0.44 mmol/kg), in series
1, 2a and 2b, respectively.
The ratio between the endogenic concentration in blood '(mg/lkg) and alveolar
air (rog/l) averaged 765. At the end otf exposure the ratio between the acetone con-

Art8riaI cone.
25 mg/kg

ACETONE

0_'

• Series 2.
• Ser1ea 2b

20

'5

o

'0

•

o.

oo!:----t-------:,!::"o------:,!;;"sUptake mgj kg

Fig 6. The acetone concentration in arterial blood
in relation to uptake per kilogram of body weight
during exposure to acetone at rest and during
exercise. Series 1: exposure at rest (30 + 30 +
30 + 30 min) to an average of 1,309 mg/m 3 ;
series 2a: exposure at rest (30 min) and 50 W
on a bicycle ergometer (30 + 30 + 30 min) to an
average of 712 mg/m 3 ; series 2b: exposure at
rest (30 min) and 50, 100 and 150 W on a bicycle
ergometer (30 + 30 + 30 min) to an average of
737 mg/m 3 • Each value represents the mean
value for eight subjects (series 1) and four subjects (series 2a and 2b) at the end of each 30min period. Regression line: y = 1.43 x + 2.96;
N = 12; r = 0.99; SO = ± 0.86. (1 mg/kg =
0.017 mmol/kg)

90

centration in blood and in alveolar air was
about 30 in series 1, 70 in series 2a and
100 in series 2'b. During the manHared
elimination period the ratio was about
400, 380 and 340 in series 1, 2a and 2b,
respectiveiJ.y. The mean value of the individual blood/air partition coefficients (mg'
kg-1j.mg· 1-1) for acetone determined in
vitro was 275 ± 14 at 37°C.
Fig 7 shO'ws the concentrations in alveolar air, blood, and urine after the end of
exposure. During the first 5 min after exposure, the concentration dropped rapidly
in the alveolar air samples (fig 7). The
concentration measured 5 min after exposure only amounted to about 8 % of
the concentration at the end of exposure
in series 1. The corresponding values in
series 2a and 2b were 17 and 24 0/0, respectively. The concentration declined relatively slowly thereafter. Four hours
later it had dropped to 3 % in series 1,
to 10 % in series 2a, and to 15 % in series
2b. The half-time for acetone in alveolar
air, based on concentrations measured
from 5 min to 9 h after exposure, averaged
4.3 ± 1.1 h (N = 15 X 3; r = -0.98 ± 0.01;
SD = + 0.082 ± 0.006).
Table 5 presents the amount of acetone
excreted via the lungs and kidneys. In
series 1, the subjects eX'p'ired about 70 mg
of acetone dur'ing the first 4 h after exposure. The corresponding quantities for
series 2a and 2Jb were 80 and 150 mg. Fro>m
the 4tih to the 20th hour after exposure,
the subjects expired a further 50, 80 and
200 mg'in series 1, 2a and 2Jb, respectively.
The acetone concentration in blood
dropped relatively slowly (fig 7). Two
hours after concluded exposure, the arterial concerrtraVion was arbout 70 % and the
venous concentration about 80 % of the
concentration at the end of exposure. The
half-time (0-2 h after exposure) for acetone in arterial blood averaged 3.9 ± 0.7 h
(N = 10 X 3; r = - 0.94 ± 0.02; SD =
± 0.045 ± 0.01'5). The half-time in venous
blood {Q--4 h after exposure) averaged
6.1 ± 0.7 h (N = 14 X 3; r = - 0.95 ±
0.03; SD = ± 0.042 ± 0.016).
'Dhe ind~vidual urine/air partition coefficients (mg' kg-1/mg' 1-1) that were used
for the headspace determination averag'ed
325 ± 14 and the mean endogenic acetone
concentration in urine was 1.4 ± 1.1 mg/kg
(0.024 ± 0.019 mmoVkg). The highest ace-

tone concentration in urine appeared 33.5 h after exposure and was then at the
same !level as tlhe h'ighest concentration in
venous blood (fig 7). This occurrence supports results of other studies indicating
that the excretion of acetone by the kidneys appears to be the result of simplle
diffusion (4, 14). In series 1, the subjects
excreted an average of 8.5 mg via the
urine. In series 2a and 2b, 8.5 mg and
13.4 mg, respectively, were excreted via
the urine (ta1ble 5). In the morning, about
20 h after exposure in aU series, the acetone concentration in the alveolar air, and
in the blood and urine, had dropped to the
endogenic level. Excretion via the lungs
and kidneys, corrected for endogenic acetone, was calculated to be about 16, 20
and 27 % of the amount taken up in series
1, 2a land 2b, respectively (table 6). Excretion via the urine was only equivaflent to
about 1 % of the total uptake.
The errors of the methods and analyses
are presented in table 7.
Fig 7. The concentration of acetone in alveolar
air, blood and urine at the end of exposure and
after concluded exposure up to the following
morning. Series 1: exposure at rest (30 + 30 +
30 + 30 min) to an average of 1,309 mg/m 3 ; series 2a: exposure at rest (30 min) and 50 W on a
bicycle ergometer (30 + 30 + 30 min) to an
average of 712 mg/m 3 ; series 2b: exposure at
rest (30 min) and 50, 100 and 150 W on a bicycle
ergometer (30 + 30 + 30 min) to an average of
737 mg/m 3 • The concentrations represent the
mean values for eight subjects (series 1) and
four subjects (series 2a and 2b). (1 mg/kg
0.017 mmol/kg)
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Discussion
A lIigh affinity for blood (ie, a large blood!
air partition coefficient) is one important
factor leading to a high initial relative
uptake when solvent vapor is inhaled (3,
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Table 5. Excretion of acetone (mg) via the lungs and kidneys during different periods of time following inhalation exposure to acetone. Series 1: exposure at rest (30 + 30 + 30 + 30 min) to an
average concentration of 1,303 mg/m 3 ; series 2a: exposure at rest (30 min) and at 50 W on a bicycle
ergometer (30 ± 30 ± 30 min) to an average concentration of 712 mg/m 3 ; series 2b: exposure at
rest (30 m.in) and at 50, 100 and 150 W on a bicycle ergometer (30 + 30 + 30 min) to an average
concentration of 737 mg/m 3 • The mean values ± the standard errors are given (series 1: N = 8;
series 2a and 2b: N = 4). (1 mg = 0.017 mmol)
Postexposure period
Series

Lungs
Kidneys
0-16
min

1
2a
2b

5.9
6.2
11.8

± 0.8

± 0.4
± 0.6

16-240
min
63
74
138

±

9

± 12

± 33

240-1,200
min
48
77
197

±

7

± 21

± 55

Total
0-1,200
min
117
157
347

± 17

± 33
± 88

Total
0-1,200
min
8.5
8.5
13.4

± 1.5
± 1.5
± 0.8

Lungs

+ kidneys

Total
0-1,200
min
125
166
360

± 18
± 33
± 89
91

12). As the exposure time is prolonged, the
magnitude of uptake is also influenced
by the release of solvent from the blood
by tissue uptake, biotransformation, and
excretion. Acetone has a very large blood/
air partition coefficient [218 (5), 239 (9)
and 245 (12) have been reported in other
studies], which should result in a large
iniitial relative uptake. Therefore, it seems
remarkable 1Jhat only about 45 % of the
acetone administered was taken up in the
body when the initial relative uptake of

the aromatic substances styrene and xylene, the blood/,air part'ition coefficients of
whiCh are about 10 times lower (12), was
about 70 % in similar studies (2, 7). As the
relative uptake of acetone stayed at a
constant low level during the whole exposure period, saturation of the blood
could not be the limiting factor.
The fat/air partition coefficient (eg, 0011
air) is relatively large for most aromatic
hydrocarbons, for example, benzene 492,
toluene 1,471 and styrene 5,465 (12). This

Table 6. Total excretion of acetone via lungs and kidneys after the deduction of endogenic ex0.017 mmol)
cretion. The mean values ± the standard errors of the means are given. (1 mg

=

Series

Lungs (mg)

1
2a

88
134

2b

304

± 15
± 28
± 82

Kidneys (mg)

6.8
7.2
12.2

± 1.3
± 1.0
± 1.0

Total (mg)

95
141
316

% of uptake

± 16

16
20
27

± 28
± 83

±2
±4
±7

Table 7. Tabulation of the errors of the methods and analyses and the intra- and intersubject variations.

Variable

Acetone concentration
Expiratory air
Alveolar air
Respiratory valve
Glass tube
Relative uptake

Partition coefficient
Blood/air
Urine/air
Endogen concentration
Blood, urine

Acetone concentration
Urine

92

Calculation

Number of
samples

Error SD as % of
the mean value

Difference between two gas samples
from the same foil bag before and after
exposure

49 x 2

0.8 a

Difference between two consecutive
samples, one experimental occasion
Difference between two consecutive
samples after exposure
Difference between two consecutive
bags, one experimental occasion
Individual difference between series 1
and 2
Variation in the group (mean value for
series 1 and 2)

17 X 2

7.4 a

31 X 2

10.6 a

14 X 2

3.2 a

8x2

8.1 a

2 X8

8.0 b

Individual difference between series 1
and 2
Variation in the group (mean value for
series 1 and 2)

8X2

blood
3.7 a

urine
5.1 a

2X8

4.2 b

4.4 b

Individual difference between series 1
and 2
Variation in the group (mean value for
series 1 and 2)

8X2

57 a

89 a

2X8

50 b

76 b

Difference between three samples from
the same urine portion

29 X 3

2.8 c

phenomenon should facilitate their passage through the two thlin layers of epithelial and endotlhelial memibranes which
separate the alveoli from the capillaries.
The fat affinlty of acetone, which has been
reported to be 86 (12), is much lower. This
low affinity may affect the passage of
acetone through the memlbrane and possibly be one of the explanations for the unexpected results.
However, the extremely high water af:lJinity of acetone compared to the affinity
of the aforementioned aromatic hydrocarbons is surely one factor contributing to
the difference in relative uptake. When
the relative uptake of substances witlh
particularly large water/air coefficients
(such as ethanol and acetone) is compared
to the uptake of substances more soluble
in fat, an inverse relationship is found between relabive uptake and the blood/air
partJibion coefficient (10). Relative uptake
is calculated as the difference between the
inspired and expired amount of sdlvent in
relation to the inspired quantity. A high
degree ad' solubility in water results in the
dissolution of some solvent in saHva and
mucous membranes on the way to the
alveoli, whJich would then be reached by
a concentration less than that in the inspiratory air. The mucous memibranes of
the mouth and throat are well vascularized, and there is prOlbably a certain
amount of uptake in these tissues. However, this uptake is not likely to represent
a significant portion of total uptake since
the epithelial layer is much thicker in
these areas than Jin tlhe alveoli and the
blood/water partition coefficient is also
less than one (9, 12).
Once in the alveoli, almost all of a
substance highly solub'le in blood shou(lld
enter the bloodstream as long as saturation of the blood and/or membrane permeability does not hinder this entry. Thus,
alveolar air Should be relatively low in
acetone concentration (11). The low acetone concentration, the h'igh humidity,
and the continuous air circulation are
ideal conditions for the displacement of
equilibrium so that acetone can be released from the mucous membranes and
pass out of the body with expiratory aliI'.
This situation may cause someWhat higher
analyzed values of acetone concentration
in the expJiratory samples and give a lower

relative uptake than anticipated by the
mechanisms a'£fecting the reloative uptake
from the alveolii to the bIloodstream.
The 'acetone concentration in alveolar
air rernalined constant at 30-40 % of the
concentration in inspJiratory air throughout
the entire exposure and was, thus, independent of total uptake. However, the alveoloar air concentration (y mg/m3 ) following exposure displayed a linear correlation with previous uptake (x mg/kg of
body weight). One hour after the exposure
the following relationship was ()IbtaJined:
y = 3.7x + 1.3; N = 15; I' = 0.89; SD =
± 7.2.
The acetone concentration in blood increased linearly as uptake increased (fig
6) and, thus, showed no tendency to equilibrate with the concentration in inspiratory
air. The acetone concentration in artedal
blood (y mg/kg) during exposure was linearly correlated With uptake (x mg/lkg of
body weight, y = lAx + 3.0; N = 12;
I' = 0.99; SD =
± 0.85) (fig 6). 'I'he Mood
concentration after the end of exposure
was also closely correlated to previous
total uptake. When the arterial bllood
concentration (y mg/ikg) 1 h after the exposure was plotted as a function of total
uptake (x mg/kg of body weight), the
following linear relationship was obtained:
y = O.77x + 6.49; N = 15; I' = 0.97; 3D
= ± 1.1. Therefore an arterialized capillary sample during or after exposure
coUld be used as a b'iological sample in the
estimation of the magnitude of uptake.
The arteriovenous acetone difference was
strikingly larger in ser'ies 1 than in series
2a and 21b. One conceivable explanation
may be that acetone is more readilly distr~buted to certain tissues when a person
is at rest than when he is carrying out
physical work.
In previous studies of about 10 solvents
in our laboratory, the excretion curves
for artel'ial and venous blo<ld already
intersecte'd about 5 min after exposure
(2, 3), but in this study the concentration
in venous blood stayed lower or equal to
the arterial concentration during the 2 h
of arterial blood monitoring. 'I'h'is is a
rather remarkable result since the concentration should be higher in venous
blood a short while after exposure because
of excretion from organs to venous blood.
The fact that the arterial concentration
93

remained higher could be due to a continued admlinistration of acetone released
from the mucous membranes of the respiratory tract and saliva even after the
conclusion of exposure.
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