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Toluene concentrations in the blood and alveolar air of
workers during the workshift and the morning after
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ABSTRACT Occupational toluene exposure was studied during the workshift and the morning after
by the analysis of environmental air, alveolar air, and blood. Environmental toluene exposure was
measured by both continuous and instantaneous sampling. Instantaneous environmental toluene
concentrations correlated better with alveolar toluene concentrations (r = 0-94; n = 155) than with
blood toluene concentrations (r = 0-71; n = 52). Continuous environmental toluene concentrations
correlated better with blood toluene concentrations (r = 0-84; n = 65) than with alveolar toluene
concentrations (r = 0-52; n = 46). During the workshift and the morning after, blood and alveolar
toluene concentrations correlated significantly with each other (r = 0-75; n = 66 and r = 0-67; n
= 52). In a group of workers who were exposed to a mean environmental toluene concentration
of 146 ug/1 the concentrations of toluene in the alveolar air and blood the morning after were 3-2 ug/1
(SD = 1-7) and 27-5ug/l (SD = 12-7) respectively. With regard to the morning after toluene
determinations, blood concentrations correlated (r = 0-52; n = 52; p < 0-001) better than the
alveolar concentrations with the corresponding afternoon values (r = 0-36; n = 52; p < 0-01). The
decline of the toluene concentrations from the end of one workshift to the start of the next exposure
indicated a mean toluene half life of 3-8 hours in the alveolar air and of 4-5 hours in blood and
therefore the 17 hour interval between two consecutive workshifts was insufficient for the complete
elimination of absorbed toluene.

The metabolism of toluene and the urinary excretion sensitivity, are greatly influenced by exposure towards
of its metabolites in relation to exposure have been the end of the shift.”

extensively studied by industrial hygienists and Regarding  occupational toluene  exposure
occupational physicians. On the other had, little inter- Lauwerys reported that not enough investigations
est has been focused on the correlations of the concen-  have been performed to evaluate whether analysis of
tration of toluene in the plant atmosphere with its expired air (or blood) collected 16 hours after the end
concentration in breath and blood during the work-  of exposure—that is, before the next shift—can pro-
shift and the morning after (before a new exposure).  vide, as for benzene, an estimate of the magnitude of
Blood and alveolar toluene concentrations have been  the previous day’s intake of toluene.!® The purpose of
generally studied in individuals experimentally the present study has been to investigate whether the
exposed.! ~* With regard to the blood and alveolar analysis of the alveolar air and blood collected the
concentrations of toluene few data have been col- morning after the occupational toluene exposure (16
lected from workers occupationally exposed.®~!! hour after the end of exposure) may be reliably used

In the International Workshop on Toxicology of for evaluating previous exposure.

Benzene!? it was stated, with regard to the breath
sampling of benzene: “It is accepted that samples
taken immediately before a shift best reflect exposure
during the previous shift and earlier periods. Samples
taken at the end of work, though providing greater

Materials and methods

In workers employed in different workplaces (roto-
gravure, printing, shoe factories) we studied exposure
to toluene by examining environmental air, alveolar
Accepted 24 March 1985 air, and blood.
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Environmental air samples

Two different types of atmospheric samples, instanta-
neous and continuous, were collected. Continuous
samples were collected for the entire workshift (7
hours) by means of portable pumps (Dupont) and
charcoal tubes to estimate the exposure of 65 workers.
For each worker during the entire workshift, two sam-
ples were collected, each lasting three and a half hours.
The sampling flow rate was 1l/min. Gas chro-
matographic determination of toluene was carried
out, after desorption with carbon disulphide, accord-
ing to the NIOSH method.'# All 65 workers supplied
one blood sample, but not always one alveolar air
sample, at the end of the continuously tested work-
shift. Instantaneous environmental air samples were
taken from the breathing zone of each worker at the
place of the alveolar air sampling. Instantaneous envi-
ronmental sampling was carried out both at random
times during the workshift and at the end of work. A
total of 155 instantaneous environmental air samples
were collected simultaneously with the alveolar air
samples. Instantaneous environmental air samples
were collected into glass tubes similar to those used for
alveolar air, using a manual pump.

Alveolar air samples

Alveolar air samples were collected at random times
during the workshift and at the end of the workshift
from more than 100 workers. On the morning after, 52
workers supplied one alveolar air sample before the
start of the workshift. The alveolar air samples were
taken in the workplace during the shift and in the
plant infirmary the morning after. Alveolar air sam-
ples were collected into stoppered glass tubes with
screw caps at both ends, with an inside volume of
70 ml. After a normal inspiration, the workers gave a
forced expiration, keeping the glass tube between their
lips. The tube was immediately sealed with caps at the
end of the expiration. Until analysis, all the air sam-
ples were kept at a temperature of 60°C.

Venous blood samples

Blood samples were collected from 66 workers at the
end of the workshift (before leaving the workplace),
and from 52 workers the morning after. One instanta-
neous environmental air sample and one alveolar air
sample were generally collected with each blood sam-
ple. The blood samples, which were put in glass vials,
were analysed by a head space technique. Three milli-
litres of heparinised venous blood were injected into
12ml glass vials provided with a screw cap and a
Teflon membrane. For the analysis, 1 ml of the air
from the head space was injected, with a heated gas
tight syringe, into the gas chromatograph. The glass
vials were kept at 5°C during the journey from the
factories to the laboratory and then put in a room

heated at 37°C for two to three hours before analysis.

The concentrations of toluene was measured in the
air and blood samples using a C Erba Fractovap 2350
gas chromatograph, equipped with FID, steel column
(200cm x 2mm ID), packed with Apiezon L 10% on
Supelcoport 80-100 mesh; temperature: oven 130°C,
detector and injector 210°C; carrier gas: nitrogen; flow
rate: 20 ml/min.

Standard samples were obtained by adding known
amounts of toluene into glass bottles of about 51 pro-
vided with a perforable screw cap and Teflon mem-
brane. Standard samples were kept in the oven at 80°C
for at least one hour before testing. Samples of 1 ml
were injected into the gas chromatograph with a
heated syringe. The determination limit was 0-5 ug/l,
which corresponded to a peak of 1 mm of height.

All toluene determinations were carried out within
two to six hours of collection. As data usually were
not normally distributed, associations were measured
with the Spearman rank correlation coefficient.

Results

TOLUENE DETERMINATIONS DURING THE
WORKSHIFT

Figures 1-4 show the correlations between alveolar
and blood toluene concentrations and environmental
toluene concentrations; the mean, SD, and median of
the individual data are also shown. The Spearman
rank correlation coefficients were 0-87 (p < 0-001),
0-61 (p < 0-001), and 0-31 (p < 0-05) respectively
(figs 1-3).

An examination of figs 1-4 shows that the alveolar
toluene concentrations correlated with the instan-
taneous environmental toluene concentrations (fig 1:
r = 0-94) more strongly than with the environmental
toluene concentrations measured continuously during
the entire workshift (fig3: r = 0-52). On the other
hand, the blood toluene concentrations correlated less
well with the instantaneous environmental toluene
concentrations (fig 2: r = 0-71) than with the environ-
mental toluene concentrations measured con-
tinuously during the workshift (fig4: r = 0-84).

According to the slopes of the regression lines, the
ratio between alveolar (Ca) toluene concentrations
and environmental (Ci) toluene concentrations
(Ca/Ci) was 0-33—0-30 (figs 1 and 3); the ratio between
blood (Cb) toluene concentrations and environmental
toluene concentrations (Cb/Ci) was 2-1-2-6 (figs 2 and
4).

Alveolar and blood toluene concentrations mea-
sured at the end of exposure were found to correlate
significantly with each other (fig5: r = 0-76; n = 66;
p < 0-001). According to the slope of the regression
line, the ratio between blood and alveolar toluene
concentrations (Cb/Ca) was equal to 4-0 (fig5). The
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Figl Correlation between alveolar (Ca) and
environmental (Ci) toluene concentrations measured by
instantaneous samples collected at random times during
workshift and at end of exposure.

mean of the individual Cb/Ca ratios was 9-4 (SD =
11-4).

TOLUENE DETERMINATIONS THE MORNING
AFTER

Fifty two workers were examined both at the end of
the workshift and the morning after. Table 1 shows
that the mean alveolar toluene concentration
(3:2 ug/1) was similar to the mean environmental tolu-
ene concentration measured in the infirmary of the
factory (4-0 ug/l) where the morning after biological
samples were taken. The toluene concentrations
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Fig3 Correlation between alveolar toluene concentrations
measured by instantaneous samples collected at end of
workshift (Ca) and environmental toluene concentrations

measured by continuous samples collected during the seven
hours of entire workshift (Cic).
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Fig2 Correlation between blood (Cb) and instantaneous
environmental (Ci) toluene concentrations measured at end
of workshift.

ranged between 0-5 and 7 ug/l in the alveolar air and
between 0-5 and 7-6 ug/l in the infirmary atmosphere.

The morning alveolar toluene concentration
showed the best correlation with the instantaneous
environmental toluene concentration measured at the
end of the workshift (r = 0-45; n = 52; p < 0-001;
table 2). It corresponded, on average, to 4-7% (SD =
2:7%; range = 1-14%) of the afternoon alveolar tolu-
ene concentration.

The blood toluene concentration measured the
morning after was, on average, 275 ug/l, with a range
between 9 and 66 ug/l. It correlated with the afternoon
blood toluene concentration more strongly than with
any other afternoon toluene concentration (r = 0-52;
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Fig4 Correlation between blood toluene concentrations
measured in venous blood samples collected at end of
workshift (Cb) and environmental toluene concentrations
measured during the seven hours of entire workshift (Cic).
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Fig5 Correlation between alveolar (Cal) and blood
(Cb1) toluene concentrations measured at end of workshift.

n = 52; p < 0-001; table 2).

The morning blood toluene concentration corre-
sponded, on average, to 7-2% (SD = 3-1%; range =
2-15%) of the afternoon blood toluene concen-

Table 1
morning after
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tration. It also correlated significantly with the alveo-
lar toluene concentration measured at the same time
(r = 0:67; n = 52; p < 0-001; table 2). The mean of
the individual ratios between blood and alveolar tolu-
ene concentrations measured the morning after was
10-5 (SD = 7-6).

Discussion

Our data show that the alveolar toluene concen-
tration, measured during the workshift, correlated
significantly with the environmental toluene concen-
tration measured by instantaneous samples collected
simultaneously (figl: r = 0-94). It is interesting to
note that the alveolar toluene concentration, mea-
sured only at the end of the workshift, correlated with
the environmental toluene concentration measured
during the entire workshift (fig 3: r = 0-52). This last
correlation is a little surprising in the light of the
previous studies.!2!3 Nevertheless it must be pointed
out that in the present study the environmental tolu-
ene concentrations measured at the end of the work-
shift (by instantaneous samples) and during the entire
workshift (by continuous samples) were significantly
correlated (r = 0-56; n = 46; p < 0-001).

Concentrations of toluene (ug/l) in environmental air, alveolar air, and blood during the workshift and the

Ciil Cicl* Cal Cbl Cii2 Ca2 Cb2
Mean 201 146 72:0 412 40 32 27-5
SD 53 42 249 158 32 1-7 127
Range 77-308 36-215 21-134 89-765 0-5-7-6 0-5-7 9-66
Median 210 155 715 412 32 30 25-5

Ciil = Instantaneous environmental toluene concentration measured at end of workshift.

Cicl* =

Environmental toluene concentration measured continuously during entire workshift in 46 workers only (not in 52).

Cal = Alveolar toluene concentration measured at the end of workshift.

Cbl = Blood toluene concentration measured at end of workshift.

Cii2 = Instantaneous environmental toluene concentration measured in infirmary the morning after.

Ca2 = Alveolar toluene concentration measured the morning after.
Cb2 = Blood toluene concentration measured the morning after.

Table 2 Correlations between morning alveolar (Ca2) and blood (Cb2) toluene concentrations and afternoon toluene

concentrations

Ca2 = 0-010Cic  + 1§; r=028; n=46; p<0l; (rs =0-19; p=NS).
Ca2 = 0-014Cii + 03; r = 0-45; n=>52; p<0001; (rs = 0-42; p <0-01).
Ca2 = 0:024Ca + 14, r = 0-36; n=152; p<00l (rs = 0-42; p <0-01).
Ca2 = 0-004Cb + 14; r=042; n=52 p<00l; (rs = 0-45; p < 0-001).
Cb2 = 0-10Cic + 12; r = 0-36; =46; p < 0-05; (rs =0-26; p <0-1).
Cb2 = 0-07Cii +13; r = 0-30; n=>52; p <005 (rs=024; p<0l1).
Cb2 = 0-14Ca +17; r=027 n=152 p <005 (rs = 0-30; p < 0-05).
Cb2 = 0-04Cb + 10; r=0-52; n=>52; p<0-001; (rs =0-51; p < 0-001).
Cb2 = 5-1Ca2 +11; r=0-67; n=>52; p<0-00l; (rs = 0-73; p < 0-001).

In parentheses: rs = rank correlation coefficient.

Cic = Environmental toluene concentration measured continuously during entire workshift.

Cii = Instantaneous environmental toluene concentration measured at en

Ca = Alveolar toluene concentration measured at end of workshift.
Cb = Blood toluene concentration measured at end of workshift.

of workshift.



0 3

6 9 1215 0 3 6 9
Postexposure hours.

2 15

Fig6 Rate constants (K) of toluene decline in alveolar air
and blood, 17 hours after end of exposure: K1 = mean;

K2 = SD; K3 = range.

Alveolar concentration: K1 = —0-180/h (t/2 = 3-8h);

K2 = —0153:—0-230/h (t/2 = 4-5-3-0h);

K3 = —0116:—-0-271/h (/2 = 6-0-2-6 h).

Blood concentration: KI = —0-155/h (t/2 = 4-5h);

K2 = —0-134:—0-186/h (t/2 = 5-2-3-7h);

K3 = —0-112:-0-230/h (t/2 = 6-2-3-0h).

According to the slope of the regression lines in
figs 1 and 3, the alveolar toluene concentrations corre-
sponded, on average, to 30-33% of the environmental
concentrations. In volunteers experimentally exposed
to toluene the alveolar toluene concentration was
found to be between 15% and 20%* and 23-28%* at
rest and during physical exercise of 50 W, between 31
and 34%* and 39-47%* of the environmental concen-
tration.

At the end of exposure, the concentration of tolu-
ene in blood was, on average, 2-1-2-6 times higher
than the environmental concentration (slopes in figs 2
and 4) and four times higher than the alveolar concen-
tration (slope in fig 5).

In a previous paper we reported an experimental
value of Cb/Ci and Cb/Ca ratios of 2:97 and 81
respectively.® In venous blood of volunteers exposed
to 300 ug/1 of toluene the Cb/Ci ratio ranged between
1-3 and 1-7 at rest, and between 2-6 and 4-0 during
physical exercise of 50 W.* The corresponding Cb/Ca
ratios were 4-8-6-6 at rest and 6-9-10-0 during exer-
cise. These are comparable with our findings.

The toluene concentration in the alveolar air sam-
ples collected the morning after was 3-2 ug/l similar to
that found in the air of the infirmary (4-0 ug/l) in
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which the workers provided the biological samples.
These findings suggest that the morning alveolar tolu-
ene concentrations were not due to toluene in the air
of the infirmary since for this to happen, the toluene
concentration should have been much higher than the
alveolar concentration (Ca/Ci = 0-3). It is more rea-
sonable to argue that the morning alveolar toluene
concentration expressed the respiratory elimination of
the toluene absorbed the previous afternoon, rather
than the absorption of the toluene in the infirmary.

On the other hand, it is impossible to say whether
the infirmary toluene concentration was completely
due to the pollution from the plant or, even partly, to
the toluene eliminated by the workers. Krotoszynski
et al reported that in urban populations the expired air
contained toluene with a mean concentration of
8-4ng/l (range 4-17-7ng/l) in 100% of the samples
studied.!® These findings clearly suggest that toluene
can be a ubiquitous pollutant but at a concentration
much lower than that which we found in the infirmary
and the morning alveolar air.

The toluene concentration measured in the alveolar
air collected the morning after corresponded to 4-7%
of that determined in the alveolar air at the end of
exposure, with a range between 1 and 14%. For the 17
hour interval between the end of work and the morn-
ing after, we can calculate a mean rate constant (k) of
respiratory toluene elimination equal to —0-180 an
hour, with a range between —0-116 and —0-271 an
hour (fig 6). This implies a mean half life of toluene in
alveolar air of 3-8 hours (SD = 0-7 h) with a range of
6-2-6 hours, respectively.

The morning blood toluene concentration corre-
sponded to 7-2% of the concentration measured at the
end of exposure, with a range 2% and 15%. It can be
calculated that during the 17 hour interval between
afternoon and the morning after, the rate constant of
toluene decline in blood ranged between —0-230 and
—0-112 per hour, with a mean rate constant of
—0-155 (fig 6).

The corresponding half lives ranged between 3 and
6-2 hours, with a mean of 4-5 hours (SD = 0-7h). As
may be seen these values are rather similar to those
calculated for toluene in alveolar air (mean 3-8 h;
range 2-6-6 h).

Conclusion

Our data showed that morning and afternoon blood
toluene concentrations correlated better than alveolar
toluene concentrations. Moreover, the blood toluene
concentrations measured at the end of the workshift
were highly correlated with the environmental toluene
concentration measured during the entire workshift.
Therefore, it seems from this that, in the evaluation of
occupational toluene exposure, the analysis of the
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blood samples collected the morning after gives a
more reliable index than the analysis of the alveolar
air collected at the same time. On the other hand
alveolar and blood toluene concentrations indicated a
similar clearance rate and half life.

In the group of workers studied the toluene concen-
trations found in the morning alveolar air and blood
suggest that the interval between two consecutive
workshifts is insufficient for the complete elimination
of the toluene absorbed during the workshift. This
means that occupational exposure to toluene
(146 ug/l; table 1) below the present TLV can lead to
accumulation. We must bear in mind that the half life
of toluene in fat tissue is about 1-5 days'®'6'7 and
therefore fat tissue can release toluene into the blood
stream for a long time after the end of exposure.

This work was in part supported by the Italian
National Council (CNR): finalised project on pre-
ventive and rehabilitative medicine, subproject SP5,
toxicological risk, grant No 83.0258056.
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