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Environmental and occupational exposure to benzene
by analysis of breath and blood
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ABSTRACT Benzene exposure of chemical workers was studied, during the entire workshift, by
continuous monitoring of workplace benzene concentration, and 16 hours after the end of the
workshift by the measurement of alveolar and blood benzene concentrations and excretion ofurinary
phenol. Exposure of hospital staff was studied by measuring benzene concentrations in the alveolar
and blood samples collected during the hospital workshift. Instantaneous environmental air samples
were also collected, at the moment ofthe biological sampling, for all the subjects tested. A group of34
chemical workers showed an eight hour exposure to benzene, as a geometric mean, of 1 12 ug/l which
corresponded, 16 hours after the end of the workshift, to a geometric mean benzene concentration of
70 ng/l in the alveolar air and 597 ng/l in the blood. Another group of27 chemical workers (group A)
turned out to be exposed to an indeterminable eight hour exposure to benzene that corresponded, the
morning after, to a geometric mean benzene concentration of 28 ng/l in the alveolar air and 256 ng/l
in the blood. The group of hospital staff (group B) had a benzene concentration of 14 ng/l in the
alveolar air and 269 ng/l in the blood. Instantaneous environmental samples showed that in the
infirmaries the geometric mean benzene concentration was 58 ng/l during the examination of the 34
chemical workers, 36 ng/l during the examination of the 27 chemical workers (group A), and 5 ng/l
during the examination of the 19 subjects of the hospital staff (group B). Statistical analysis showed
that the alveolar and blood benzene concentrations in the 34 workers exposed to 1 12 pg/l ofbenzene
differed significantly from those in groups A and B. It was found, moreover, that the alveolar and
blood benzene concentrations were higher in the smokers in groups A and B but not in the smokers in
the group of 34 chemical workers. The slope of the linear correlation between the alveolar and the
instantaneous environmental benzene concentrations suggested a benzene alveolar retention of
about 55%. Blood and alveolar benzene concentrations showed a highly significant correlation and
the blood/air partition coefficient, obtained from the slope ofthe regression line, was 7-4. In the group
of the 34 chemical workers no correlation was found between the TWA benzene exposure and the
urinary phenol excretion.

Exposure to benzene may induce leukaemia in man,' alveolar air and blood collected 16 hours after the end
and at present a lowering of its hygienic environmental of the workshift. The numerous data on the biological
limits is suggested by many national and international monitoring which have been reported previously were
authorities. Italian law forbids the use of benzene as an recently reviewed in a document of the Commission of
industrial solvent and allows it to be used only when its the European Communities.2 Frequently, these data
replacement with a suitable compound is chemically refer to benzene exposure concentrations higher than
impossible. 10 ppm (30 yg/l) and to investigations carried out on

In this practical context it was our aim to see if it is volunteers experimentally exposed under standard
possible to carry out biological monitoring of workers laboratory conditions. In our research we studied
exposed to benzene by measuring benzene in the exposure to benzene by comparing occupationally

exposed workers with non-occupationally exposed
Accepted 6 April 1987 individuals.
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Materials and methods

With reference to exposure to benzene 80 subjects,
split into three groups, were examined. The first group
included 34 workers employed in the production of
benzene in a chemical plant (workers). The second
group included 27 workers of the same plant but not
employed in the production ofbenzene (group A). The
third group included 19 subjects belonging to the staff
of a university hospital (group B) located in a different
town from that of the chemical plant.
With regard to the individual workers of the

chemical plant the exposure to benzene was monitored
continuously during the eight hours of the workshift
by means of charcoal tubes and portable pumps. The
morning after the monitored workshift, the workers
were examined in the infirmary of the plant by
collecting one sample ofalveolar air, blood, and urine.
At the same time as the alveolar and blood samples,
one instantaneous sample of the infirmary environ-
mental air was collected for each worker.
With regard to the individuals of the hospital staff

(group B) the examinations were carried out in the
infirmaries of the hospital wards. For each subject, one
alveolar and one blood sample were collected at an

unspecified time of the day. At the same time, one

instantaneous sample of the infirmary environmental
air was collected for each subject.

AIR SAMPLING
Continuous environmental samples were collected for
the entire workshift (eight hours) by means ofportable
pumps and charcoal tubes to estimate the exposure of
the chemical workers both employed and not
employed in the production of benzene. The sampling
flow rate was 1 1/min. Gas chromatographic deter-
mination of benzene was carried out according to the
NIOSH method.3

In the infirmaries instantaneous environmental air
samples were taken from the breathing zone of each
individual at the place he was during the alveolar and
blood sampling. Environmental samples were col-
lected in stoppered glass tubes with screw caps at both
ends and an inside volume of 250 ml, by manual
pump.

Alveolar air samples were collected in glass tubes
similar to those used for environmental air. Each
individual subject after a normal inspiration gave a

forced expiration keeping the glass tube between the
lips. The tube was immediately sealed with the two
caps after the end of the expiration.

BLOOD SAMPLING
Ten millilitres of venous blood taken from each
individual were injected into 12 ml glass vials contain-
ing one drop of ethylenediaminetetra-acetate (EDTA)

solution and provided with a screw cap. For the
analysis in the laboratory 5 ml of the blood sample
were injected into the 250 ml glass tubes described
above. The glass tubes were put in a hot room at 37°C
for at least one hour and the blood analyses were
carried out by means of a head space technique.

Before sampling, all the glass tubes used for
environmental, alveolar, and blood analyses were kept
for one night in an oven at 100°C and then washed
with a flow of "zero degree air" for five minutes.

URINE SAMPLING
Only the workers employed in the production of
benzene provided a sample ofurine in the morning and
at the end of the workshift. Urinary phenol was
measured by the colorimetric method using 4-amino-
antipyrine as a reagent. Urinary phenol concentra-
tions were adjusted at the specific gravity of 1024.

GAS CHROMATOGRAPHY
The glass tubes were connected by a six port valve to a
loop of 50 ml. The air contained in the glass tubes was
transferred to the loop by a gentle suction of about
100 ml. Subsequently, the contents of the loop were
transferred to a cryogenic trap made as follows: a
stainless steel tube of 10 cm with an internal diameter
of 0 3 mm and with a U bend containing 3 mg of
Tenax in the central portion. The Tenax trap was kept
at -10°C in an ethylene glycol bath during the air
sample transfer from the loop to the trap. After the
loading ofthe cryogenic trap a splitter valve was closed
and the air flow was connected only with the capillary
column of a gas chromatograph. The transfer from the
trap to the capillary column was made by a flash
heating (300°C in 2 5 seconds) of the trap which was
connected to an electrical circuit of three volts and 40
amperes.
Apart from the cryogenic trap, all the tubing from

the loop to the connection with the capillary column
was maintained at 80°C to avoid solvent condensation
on the tube walls.
A Hewlett Packard 5890 gas chromatograph

equipped with silica capillary column of cross linked
5% phenyl-methyl-silicone 0 17 p thickness, 50 m
long, and with 0-32 mm ID was used for benzene
quantification. The initial column temperature was
held constant for seven minutes and then programmed
from 80°C to 140°C at 15°C/min. Carrier: purified
helium, flow 0-8 ml/min. A Hewlett Packard 5970B
mass selective detector (quadrupole) was used for
benzene identification.

STATISTICAL ANALYSES
As the individual groupings were sometimes small and
the distributions not always normal, the Wilcoxon-
Mann-Whitney test was used to compare the environ-
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mental, alveolar, and blood benzene concentrations
among the individual groups. The Spearman test (rank
correlation coefficient: rs) was used for the corre-
lations between the environmental and biological
data. The linear regression was studied when the
Spearman test was statistically significant.
A test was considered statistically significant when

p < 005.

Results

In the group of 34 workers employed in producing
benzene the geometric mean of the workshift benzene
exposure measured by the continuous personal sam-
pling (Cic) was 1 12 pg/l with a range of 0- 1-7-4 pg/l
(fig 1). In the group of 27 non-exposed workers
employed in the same plant (group A) continuous
personal sampling showed that the eight hour
exposure was 0-1 pg/l in only four subjects. In the
remaining 23 subjects of the group (group A) the eight
hour exposure was indeterminable (or lower than
0-1 Pg/l).

In accordance with the occupational exposure and
the habit of smoking of the examined subjects the
results of benzene determinations in the infirmary
atmosphere, in the alveolar air, and blood were
grouped as shown in tables 1-3. The instantaneous
environmental benzene concentration measured in the
plant infirmary (Ci; table 1) was higher during the
examination ofexposed workers (GM = 58 ng/l) than
during the examination of non-exposed workers

5000
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Table 1 Concentrations of benzene (ng/l) in environmental
air (Ci) of the plant and hospital infirmaries

Ci (ng/l)

No Md GM Mn CL SD Range

Exposed: 34 89 58 93 25 70 2-255
Non-smokers 18 112 62 101 39 78 10-227
Smokers 16 85 53 83 33 61 2-255

Non-exposed
(group A): 27 38 36 55 20 50 5-203

Non-smokers 11 23 27 34 15 22 5- 70
Smokers 16 64 45 70 31 59 9-203

Non-exposed
(group B): 19 3 5 12 10 21 1- 75

Non-smokers 8 3 5 13 17 21 1- 62
Smokers 11 4 5 11 14 21 2- 75

Non-exposed
(groups A + B): 46 19 16 37 14 46 1-203

Non-smokers 19 20 13 25 12 24 1- 70
Smokers 27 12 19 45 22 55 2-203

All: 80 36 28 60 15 63 1-255
Non-smokers 37 25 27 62 23 68 1-227
Smokers 43 54 28 60 18 60 2-255

Md, median; GM, geometric mean; Mn, mean; CL, confidence limit;
SD, standard deviation.

Table 2 Concentrations ofbenzene (ng/l) in the alveolar air
(Ca) of the chemical workers and hospital staff

Ca (ng/l)

No Md GM Mn CL SD Range

Exposed: 34 73 70 92 27 77 14-377
Non-smokers 18 66 64 83 30 61 14-230
Smokers 16 76 76 103 50 93 16-377

Non-exposed
(group A): 27 30 28 41 15 37 1-171

Non-smokers 11 24 17 25 14 20 1- 77
Smokers 16 42 41 53 22 41 8-171

Non-exposed
(group B): 19 25 14 29 14 28 1-106

Non-smokers 8 2 3 6 6 8 1- 25
Smokers 11 34 38 45 18 27 10-106

Non-exposed
(groups A + B): 46 30 21 36 10 34 1-171

Non-smokers 19 11 9 17 9 19 1- 77
Smokers 27 41 40 50 14 36 2-171

All: 80 43 35 60 14 62 1-377
Non-smokers 37 28 23 49 19 55 1-230
Smokers 43 54 51 69 20 67 3-377

Md, median; GM, geometric mean; Mn, mean; CL, confidence limit;
SD, standard deviation.,,gill..I I I ....I... ..- I ..I I III I

100 100 ioo
Cic (ngr/l)

Fig 1 Correlation between workshift benzene exposure
(Cic) and blood benzene concentration (Cb) measured 16
hours after end of workshift (Cb = 0 176 Cic + 503; r =
0-42; No = 34; p < 0-05); (Cic: median = 1050 ng/l;
geometric mean = 1120 ng/l; mean = 1600 ng/l; SD =
1500; range = 100-7400).

(group A: GM = 36 ng/l). In the hospital infirmaries
the instantaneous benzene concentration was, as a
geometric mean, 5 ng/l. The differences in environ-
mental benzene both between exposed and non-
exposed individuals and between groups A and B were
statistically significant (table 4). No statistical
difference was found in the instantaneous environ-
mental benzene concentrations between smokers and
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Table 3 Concentrations of benzene (ng/l) in blood (Cb) of
the chemical workers and hospital staff

Cb (ng/l)

No Md GM Mn CL SD Range

Exposed: 34 553 597 789 220 629 135-2655
Non-smokers 18 503 607 793 298 598 175-2203
Smokers 16 556 586 785 304 683 135-2655

Non-exposed
(group A): 27 299 256 307 71 181 91- 825

Non-smokers 11 188 196 225 82 122 91- 438
Smokers 16 367 308 363 105 197 92- 825

Non-exposed
(group B): 19 262 269 392 156 323 49-1136

Non-smokers 8 127 116 127 45 54 49- 191
Smokers 11 578 497 584 201 300 109-1136

Non-exposed
(groups A + B):46 283 262 342 74 250 49-1136

Non-smokers 19 166 157 184 52 109 49- 438
Smokers 27 458 374 453 104 263 92-1136

All: 80 405 371 532 111 500 49-2655
Non-smokers 37 299 303 480 173 519 49-2203
Smokers 43 465 442 576 150 485 92-2655

Md, median; GM, geometric mean; Mn, mean; CL, confidence limit;
SD, standard deviation.

non-smokers of all the groupings considered (table 4).
The geometric mean ofthe alveolar benzene concen-

tration (measured 16 hours after the end of the
workshift; table 2:Ca) was 70 ng/l in the 34 exposed
workers, 28 ng/l in group A (workers), and 14 ng/l in
the hospital staff (group B). The alveolar benzene
differences were statistically significant between the
groups of exposed and non-exposed individuals,
and between all the groups of smokers and non-

smokers, apart from the 34 exposed workers (table 4).
Between groups A and B no statistically significant
difference was found with regard to the alveolar
benzene concentration (table 4).
The geometric mean of blood benzene concentra-

tion (table 3: Cb) was 597 ng/l in the 34 exposed
workers, 256 ng/l in group A, and 269 ng/l in the
hospital staff. The blood benzene differences between
exposed and non-exposed individuals and between
smokers and non-smokers showed a trend similar to
that reported for the alveolar benzene concentrations
(table 4). Generally, both the alveolar and the blood
benzene concentrations were higher in the smoker
than in the non-smoker groups, except for the case of
the 34 exposed workers (tables 2 and 3).

Table 4 Results of the Wilcoxon-Mann- Whitney test on the concentrations ofbenzene in the infirmary air (Ci), alveolar air
(Ca), and blood (Cb)

Ci Ca Cb

z p Z p Z p

Exposed: non-exposed group A 2.10 < 005 3 72 < 00001 3 96 < 00001
Exposed: non-exposed group B 495 < 00001 4 25 < 00001 2-63 < 001
Exposed: non-exposed group A + B 4-02 < 00001 4-73 < 00001 405 < 00001
Group A:group B 4 38 < 00001 1-22 NS 0-36 NS

Exposed/smokers:non-smokers 0-76 NS 0 73 NS 0 03 NS
Group A/smokers:non-smokers 1 33 NS 2-37 < 001 1-97 < 005
Group B/smokers:non-smokers 0 74 NS 3 38 < 0001 3 22 < 001
Group A + B/smokers:non-smokers 090 NS 407 < 00001 3-84 < 00001
All/smokers:non-smokers 0 14 NS 20 < 005 2 18 < 005

Table 5 Correlations between alveolar (Ca) and environmental (Cic;Ci) benzene concentrations

Spearman test

Y= bx + a r No p rs p

Exposed: Ca = 002 Cic +66 0-32 34 NS 0 34 < 005
Ca = 034 Ci +61 031 34 NS 049 < 001

Non-exposed groups A + B: Ca = 045 Ci + 20 061 46 < 0001 0-52 < 0001
Non-smokers Ca = 045 Ci + 6 0 59 19 < 001 0-72 < 0001
Smokers Ca = 038 Ci +33 0 58 27 < 0001 045 < 005

All: Ca = 050 Ci +30 0 51 80 < 0001 0-63 < 0001
Non-smokers Ca = 0-57 Ci + 14 071 37 < 0001 074 < 0001
Smokers Ca = 042 Ci +44 037 43 < 005 0-52 < 0001

Cic, environmental concentration measured continuously during workshift; Ci, instantaneous environmental concentration measured in
infirmaries.
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Table 6 Correlations between blood (Cb) and alveolar (Ca) benzene concentrations

Spearman test

Y= bx + a r No p rs p

Exposed: Cb = 74 Ca +104 0-91 34 < 0001 085 < 0001
Non-exposed (groups A + B): Cb = 48 Ca -141 064 46 < 0-001 0-80 < 0-001
Non-smokers Cb = 3 8 Ca + 117 0-64 19 < 0 01 0-66 < 0 01
Smokers Cb = 37 Ca -120 0 50 27 < 001 064 < 0001

All: Cb = 7 1 Ca +104 0-89 80 < 0001 0-84 < 0-001
Non-smokers Cb = 7-5 Ca + 108 0-80 37 < 0-001 0-86 < 0001
Smokers Cb = 65 Ca +123 091 43 < 0001 076 < 0001

Table 7 Correlations between blood (Cb) and environmental (Cic;Ci) benzene concentrations

Spearman test

Y= bx + a r No p rs p

Exposed: Cb = 0 18 Cic +503 042 34 < 005 0-48 < 001
Cb = 2-1 Ci +592 0-24 34 NS 034 < 005

Non-exposed (groupsA+B): Cb = 07 Ci -315 0-13 46 NS 017 NS
Non-smokers Cb = 15 Ci + 147 0-32 19 NS 0-36 NS
Smokers Cb = - 01 Ci +458 002 27 NS 0-16 NS

All: Cb = 2-8 Ci +360 0-36 80 < 001 0-39 < 0001
Non-smokers Cb = 40 Ci +288 053 37 < 0001 059 < 0001
Smokers Cb = 1-5 Ci +488 018 43 NS 0-12 NS

Cic, environmental concentration measured continuously during workshift; Ci, instantaneous environmental concentration measured in
infirmaries.

Since, with reference to the biological benzene
concentrations, group A and the non-smokers in the
group of the exposed workers were not statistically
different (table 4) from group B and smokers respec-
tively, these four groups were not taken into con-
sideration individually for the correlation analysis
(tables 5-7). According to the Spearman test, all the
groups considered showed a significant correlation
between alveolar and environmental concentrations
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and between blood and alveolar concentrations but
not between blood and environmental benzene con-
centrations.
With reference to the main groups underlined in

table 5, group A + B was found to show the best linear
correlation between the alveolar (Ca) and the environ-
mental (Ci) benzene concentrations (r = 0 61). The
slope of the regression line between alveolar and
environmental benzene concentrations in this group
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Fig 2 Correlation between alveolar (Ca) and infirmary
(Ci) benzene concentrations in subjects ofgroup A + B with
no occupational exposure (Ca = 0 45 Ci + 20; r = 0-6; No
= 46;p < 0001).
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Fig 3 Correlation between alveolar (Ca) and infirmary
(Ci) benzene concentrations in all the subjects studied with
and without occupational exposure (Ca = 0 50 Ci + 30; r
= 0S5050; No = 80; p < 0-001).
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Fig 4 Correlation between blood (Cb) and alveolar (Ca)
benzene concentrations in occupationally exposed workers
(Cb = 74 Ca + 104;r = 091);No = 34;p < 0001).
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Fig 5 Correlation between blood (Cb) and alveolar (Ca)
benzene concentrations in all subjects studied with and
without occupational exposure (Cb = 7 1 Ca + 104; r =

089); No = 80;p < 0001).
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A + B was 0 45, suggesting an alveolar benzene reten-
tion (1-Ca/Ci) of 55%. In the group of the 34 exposed
workers no linear correlation was found between
alveolar benzene concentrations and the environ-
mental benzene concentrations measured both during
the workshift (Cic) and in the infirmary (Ci). Figures 2
and 3 show the correlations between alveolar and
infirmary benzene concentrations in group A + B and
in all the data together.

Table 6 shows that the correlation between blood
and alveolar benzene concentrations was higher in the
exposed workers (r = 0-91) than in all the data
together (r = 0-89) and in group A + B (r = 0-64). The

r slope of the regression line between blood and alveolar
00 benzene concentrations, which corresponds to the Cb/

Ca partition coefficient (solubility coefficient of ben-
zene in blood) was 7-4 in the exposed workers and 4 8
in group A + B. Figures 4 and 5 show the correlations
between blood and alveolar benzene concentrations in
the 34 occupationally exposed workers and in all the
data together.

According to the Spearman test (table 7), blood
benzene concentration correlated significantly with
the infirmary benzene concentrations (Ci) in all the
data together, and both with the workshift exposure
(Cic) and the infirmary benzene concentration (Ci) in
the group of the 34 exposed workers. A significant
linear correlation (r = 0 42) was found between blood
and the workshift exposure (Cic) in the 34 exposed
workers and between blood and infirmary benzene
concentrations (Ci) in all the data together (r = 0 36)
and in the non-smokers (r = 0-53) of this grouping.
The urinary excretion of phenol in the 34 exposed

)0 workers was 12 mg/I (SD = 7) in the morning and 18
mg/I (SD = 10) at the end of the workshift. Figure 6
shows that the urinary phenol excretion did not
correlate with the mean eight hour benzene exposure.
The same figure shows that the urinary excretion of
phenol was, in six workers, higher in the morning than
at the end of the workshift.

Discussion

* Our data shows that the workshift be'nzene exposure
(Cic), as a geometric mean value, was 1 12 ig/l in the

t * I H I group of 34 workers who were employed in producing
4 6 8 benzene, and practically indeterminable in the group

Cic (Pg/l) of 27 workers (group A) not so employed. Moreover,
our data show that benzene was determined in all the
environmental air samples collected both in the plant
infirmary and in the hospital infirmaries. Particularly,
table I shows that the pollution of benzene was higher

n workshift benzene exposure in the plant infirmary than in the hospital infirmaries.
rcretion (difference between The presence of benzene in the plant infirmary, and
ft and morning after) in especially in the hospital infirmaries, suggests that
kers. benzene must be considered a ubiquitous pollutant.
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Fig 7 Variations ofalveolar benzene concentration during
and after smoking one cigarette in some smokers ofhospital
staff.
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Fig 8 Simulation on mathematical model'9 ofvariations of
blood benzene concentration during and after benzene
exposure of1-5 mg/m3 lasting eight hours. Thick (black) bar
shows geometric mean and geometric standard deviation of
blood benzene concentrationsfound by us in 34 chemical
workers occupationally exposed to benzene.

This observation agrees with several recent studies
that have reported that benzene may be detected in
indoor air, outdoor air, in hospital, and in the breath
of the general public."8 All these data suggest that the
ubiquitous benzene exposure is lower than I pg/l,
more precisely in the order of ng/l. The values of 204
and 510 ng/l are the maximum benzene concentrations
reported in the environmental atmosphere without
any connection with occupational situations.4" Ben-
zene concentration was found normally higher in
indoor air than in outdoor air.
The alveolar and blood benzene concentrations

measured in the group of the 34 exposed workers were
higher (GM = 70 and 597 ng/l respectively) than in

group A (GM = 28 and 256 ng/1) and group B (GM =
14 and 269 ng/l). Statistical analysis showed that, with
reference to the alveolar and blood benzene concentra-
tions, a significant difference existed between exposed
workers and workers of group A (table 4) but not
between group A and group B. The lack of a
statistically significant difference between the two
groups A and B suggests that these two groups have to
be considered similar with reference to the benzene
exposure. Since an occupational exposure was not
measurable in group A, it seems reasonable to think
that the biological benzene concentrations in groups A
and B should be due to the ubiquitous benzene
exposure.

It was suggested by the analysis of the data
previously reported2 that an eight hour exposure to
30pg/l (10 ppm) of benzene produces a benzene
concentration in breath of around 360 ng/l (0-12 ppm)
16 hours after the end of exposure. According to these
data the concentration of benzene that may be found
the morning after in the breath is equal to 1-2% of the
exposure concentration. The geometric mean concen-
tration of 70 ng/l of benzene found in the alveolar air
of workers exposed to 1 12 ig/l, allow us to calculate
that, 16 hours after the end of exposure, the alveolar
benzene concentration was equal to 6-2% of the
environmental exposure.
The alveolar and blood benzene concentrations

were found to be significantly higher in the smokers
than in the non-smokers of groups A and B (tables 2-
4). It was found that the level of benzene was,
generally, higher in smokers' homes than in non-
smokers.8 These findings agree with the high content of
benzene in cigarette smoke.W" For demonstrative
purposes we show in fig 7 the variations of the alveolar
benzene concentrations during and after the smoking
of one cigarette in some smokers of the hospital staff.

In the smokers of the group of the 34 exposed
workers the alveolar and blood benzene concen-
trations did not statistically differ from those found in
the non-smokers (table 4). These findings suggest that
in the group ofexposed workers the smoking effect on
the biological benzene concentrations disappears
because it is overwhelmed by the level of the
occupational benzene exposure. Since the smoking
effect did not disappear in groups A and B, it may be
assumed that the effect ofsmoking on the alveolar and
blood benzene concentrations is visible and recognis-
able when the environmental benzene exposure is low,
but it is unrecognisable when the benzene pollution
increases. An examination of the data in table 5 shows
that in the group of 34 exposed workers the alveolar
benzene concentration did not correlate with the
infirmary benzene concentration, whereas in the non-
exposed subjects (group A + B) it correlated with the
infirmary benzene concentration (r = 0-61).
Moreover, the data in table 6 show that the alveolar
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benzene concentration correlated better with the
blood benzene concentration in the 34 exposed
workers (r = 0-91) than in the non-exposed group
A + B (r = 0-64). These results seem to suggest that the
alveolar benzene concentration reflects the infirmary
benzene pollution in group A + B. On the other hand,
the fact that in the 34 exposed workers the alveolar
benzene concentration did not correlate with the
infirmary benzene concentration but, on the contrary,
correlated highly with the blood benzene concentra-
tion suggests that the alveolar benzene concentration
in the 34 workers reflects mainly the previous after-
noon exposure and the body burden of benzene in the
tissues and not the infirmary benzene pollution.

In the non-exposed group A + B (table S and fig 2)
the slope of the regression line between alveolar and
infirmary benzene concentrations was 0 45, suggesting
an alveolar benzene retention of 55%. Previous data
suggest a pulmonary benzene retention of47-50%.'2'5
The correlation between blood and alveolar ben-

zene concentrations in the 34 exposed workers (table 6
and fig 4) showed that the slope of the regression line,
which corresponds to the ratio between the blood and
the alveolar concentrations (Cb/Ca), was equal to 7 4.
It is interesting to note that the blood/alveolar
partition coefficient of the benzene, experimentally
determined "in vitro," was found to be equal to 64-
7-84-that is, similar to that found by us (7 4).

Finally, our results show that occupational
exposure to benzene (Cic) correlated with blood
benzene concentration (fig I and table 7) but not with
alveolar benzene concentration (table 5). According to
the slope of the regression line between blood concen-
tration and workplace exposure (fig 1) the benzene
concentration found in the blood the morning after
turns out to be 17 6% of the previous workshift
exposure. Figure 8 shows the blood benzene concen-
trations determined according to a mathematical
model'9 during and after an eight hour environmental
exposure of 1-5 pg/l. As may be seen in this figure, 16
hours after the end of the exposure the blood benzene
concentration is 10-20% of the benzene exposure
considered. This result is similar to that (17 6%)
obtained by us in the occupationally exposed workers.
No correlation was found between workshift benzene
exposure and urinary phenol excretion measured both
in the morning and at the end of the workshift (fig 6).
As regards the urinary phenol excretion it is already
well known that benzene exposure lower than 5 ppm
(15 yg/l) produces an amount of phenol that may
be overwhelmed inside the upper limit of the
urinary excretion (20 mg/l) due to the physiological
metabolism.220
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