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Neuroendocrine effects in printing workers exposed
to toluene

Bengt-Goran Svensson, Gun Nise, Eva Marie Erfurth, Hakan Olsson

Abstract
The effect of exposure to toluene on plasma
concentrations of testosterone, prolactin,
luteinising (LH) and follicle stimulating (FSH)
hormones was investigated in 47 rotogravure
printers (time weighted average air toluene
below 80 ppm; blood toluene concentration
post-shift 0-19-7-99 umol/l) and compared with
a reference group. Increasing exposure con-
centrations of toluene (concentrations <5 to
>45 ppm) were significantly associated with
decreasing plasma concentrations of LH (tau
= -0-21, p = 0 003) and testosterone (tau =

-0-25, p = 0-02). No correlation was found
between cumulative exposure (ppm x years)
and plasma hormone concentrations. The
associations with exposure were present even
when nine printers with heavy alcohol con-
sumption were excluded. The study indicates
an effect of low toluene exposure on the hypo-
thalamus-pituitary axis, with a secondary
decrease in testosterone secretion.

Toluene has, like many other organic solvents,
neurotoxic effects. Acute effects on the centralnervous
system (CNS) are well known'2 and residual CNS
damage is suspected after long term exposure to high
concentrations of toluene.'
Adverse effects of 2,5-hexanedione, which is the

neurotoxic metabolite of the industrial solvents n-
hexane and methyl n-butyl ketone, have been found
in the hypothalamus. It causes axonal degeneration
in the mamillary body and other parts of the hypo-
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thalamic area, as well as in other central and peri-
pheral nervous structures.4

Subacute exposure of rats to toluene, xylene, and
ethylbenzene can produce changes in dopamine and
noradrenaline concentrations and turnover in
various parts of the hypothalamus.56 In this area
catecholamine neurotransmission is important for
the regulation of pituitary hormone secretion.`7-0 To
investigate if the secretion of pituitary hormones was
affected in men exposed to toluene, the plasma
concentrations oftestosterone (P-Test), prolactin (P-
PRL), luteinising hormone (P-LH), and follicle
stimulating hormone (P-FSH) were measured and
compared with those of a reference group without
exposure to toluene.

Subjects and methods
SUBJECTS
Forty seven men from two rotogravure printing
companies and exposed to toluene have been studied.
One ofthe companies (A) is very modem and has low
exposure. The other (B) has an older printing hall
with higher toluene concentrations in the air. Most of
the printers have been exposed to toluene in printing
offices for many years. The mean duration of
employment was 18 4 (range 4-33) years for the 28
men from companyA and 14 5 (range 3-39) years for
the 19 men from company B.
Twenty three workers from a metal industry and

23 craftsmen from hospital workshops were used as
referents. None of these were exposed to organic
solvents.
The mean age for the exposed group was 44-4

(range 23-62) years, and for the referents 43-5 (range
20-61) years.
A thorough clinical examination was carried out on

each printer. Medical records from the local hospital,
questionnaires, and personal interviews were used to
obtain information on relevant life style and health
state. Individual alcohol consumption was estimated
carefully. Printers were regarded as "high alcohol
consumers" when one or more of the following
criteria were met: medical records indicating alcohol
related disease, the presence of significant ethanol
concentrations (> 0-5 g/l) in blood samples collected
during working hours, or estimated weekly alcohol
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consumption above 250 g. None of the printers were
on any medication known to interfere with liver
function or hormone concentrations.

EXPOSURE
Present exposure
Air concentrations of toluene were measured by
personal sampling with a technique described by
gvrum." Each working shift was followed for a week,
and about half of the members of the shift were
monitored each working day. The workers wore a
personal sampler, with which samples were contin-
uously taken from the ambient air at 30 minute
intervals. Consecutive samples were used to monitor
as much working time as possible. The sampler
(Linder Gaspirator, Instrument AB Lambda,
Sweden) collected air from the breathing zone, with
air flow maintained at a constant speed for 30 minutes,
through a Teflon capillary tube into a 30 ml all glass
syringe. The samples were immediately analysed
with a portable gas chromatograph (GLC, Varian,
type AID 511) with a flame ionisation detector.
Standard gases were prepared by adding known
amounts oftoluene to clean air. As calculated from 25
duplicate determinations (toluene concentrations of
67-335 mg/mi), the error of the method was 1 1% of
the mean value.
Area samples and spot samples from various

operations were also collected with the same tech-
nique.
Venous blood samples from each printer were

taken on Monday pre-shift and twice on Thursday
(pre- and post-shift) in a working week and analysed
for toluene. These analyses were made with the head
space technique, using ethylbenzene as internal stan-
dard on a gas chromatograph (Varian model 3700)
equipped with flame ionisation detection. Standards
were made from venous blood by adding known
amounts of toluene. The detection limit was 0 05
jmol/l. The error of the method was 4%, for blood
toluene concentrations of 0-20 and 3-8 umol/l.
An average exposure concentration during work-

ing days was calculated for each printer. The bases
for these estimates were: (1) the numerous analyses of
individual atmospheric samples, especially from
those occasions (42 at company A; 31 at company B)
when workers were monitored for more than 75% of
a full working day of eight hours. (2) Detailed and
extensive information on working procedures and
working tasks for each worker obtained during the
two full working weeks spent by the study group in
each company. (3) Results from the analyses of
toluene in blood and knowledge of the association
between concentrations in air and blood'2 13 were used
to validate the results from the exposure estimates
and to check for possible dermal exposure.
The results from the estimates ofaverage exposure

for each worker made it possible to assign all except

one exposed subject into one of six different classes of
exposure, each with an estimated air concentration
(fig 1) (this differentiation was done by one ofus (GN)
without knowledge of the results of the hormone
analyses).

Historical exposure
Past exposure was evaluated from the results of the
measurements described above, study of all available
material concerning the working environments, and
through interviews with workers and foremen about
working conditions (the method used has been
described in detail earlier'4). Table 1 gives estimated
exposure concentrations in the past. Also, a
cumulative exposure index was calculated for each
subject as the sum of exposure concentrations x
duration of employment.

HORMONE ASSAYS AND LIVER FUNCTION TESTS
Venous blood samples were drawn from the exposed
subjects and the referents on a day in the middle of a
working week, between 10.00 am and 1.00 pm. A
part of each sample was sent to the Department of
Clinical Chemistry at the University hospital in
Lund for analysis of serum bilirubin concentrations
and alkaline phosphatase (S-ALP), y-glutamyl trans-
peptidase (S-GT), aspartate and alanine aminotrans-
ferase (S-ASAT and S-ALAT) activities by routine
clinical methods.
Plasma samples for the hormone analyses were

stored at -20°C. The P-FSH, P-LH, P-PRL, and
total P-Test were analysed in plasma with radio-
immunoassay (RIA) techniques."516 Samples from
exposed subjects and referents were mixed in each
analytical series. The normal reference ranges for P-
FSH, P-LH, P-PRL, and P-Test were 0-3-2-7 jg/l,
0-3-1-4 pg/l, 2-12 pg/l, and 6-30 nmol/l respectively.
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Figure I Plasma concentrations of luteinising hormone
(P-LH) for referents and subjects exposed to toluene,
assigned to six different classes of average exposure.
Approximate ranges of toluene in air (ppm) for each class
are indicated in parentheses.
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Table 1 Estimated historical exposure in the two companies
for different periods

Air concentration (ppm)

Year Company A Company B

1955 150 450
1956-57 450 450
1958-68 450 300
1969 250 300
1970-72 250 240
1973-74 160 240
1975-76 160 100
1977 160 65
1978-79 80 65
1980- 12 37

STATISTICS
Non-parametric statistical methods (Mann-Whitney
U-test, Kendall rank correlation coefficients (t)) were
used. Kendall partial rank correlation coefficients
(txyJ were used to study the influence ofage on dose-
response relations. Statistically significant denotes p
< 0 05 and p values are two tailed.

Results
PRESENT EXPOSURE
Air concentrations of toluene varied considerably
from day to day and even within a working shift (fig
2). On a "good" day concentrations could stay well
below the Swedish threshold limit value (TLV) for
toluene (80 ppm at the time ofthe sampling) during a
whole shift. On the other hand, a "bad" day could
mean air concentrations of more than 100 ppm on
several occasions.

The average measured air concentration for prin-
ters in company A was calculated as 11 ppm (range
between individual subjects for all sampling periods
1-108 ppm) and in company B at 47 ppm (range 6-
142 ppm). If only results from measurements cover-
ing more than 75% of a full working day were
considered, an exposure level above 25 ppm was
found only once in company A. The other results had
a median of 7 ppm. The corresponding results from
company B were none below 20 ppm, and about three
quarters of the results above 25 ppm (median 33
ppm). Using the estimated average exposure concen-
trations for each worker, all the workers from com-
panyA were placed in one ofthe three lower exposure
categories, whereas those from company B fell into
the higher three exposure categories.
Toluene concentrations in blood ranged from

0-05-083 imol/l pre-shift on Mondays and 0- 19-8-0
umol/l post-shift on Thursdays (table 2). Values for
the pre-shift on Thursdays were higher than those
for pre-shift on Mondays, indicating an accumula-
tion during the working week.

HISTORICAL EXPOSURE
A cumulative exposure index for toluene could be
estimated for 45 out of the 47 exposed subjects. The
median was 2896 ppm x years and the range 48-
11 216.

HORMONES
Influence ofpresent exposure
There was no statistically significant differences in P-
LH between exposed workers and referents (table 3;
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A "good" day

100 -

TLV

- TWA

A "bad" day

TLV

------TWA

Time (h)

Figure 2 The exposure to toluene for a printer in company B. TLV= Swedish threshold limit value; TWA = time weighted
average.

200 -

100 -

E
a
a

Ca-.C_

404

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.49.6.402 on 1 June 1992. D
ow

nloaded from
 

http://oem.bmj.com/


Neuroendocrine effects in printing workers exposed to toluene

Table 2 Toluene concentrations in pre- and post-shift blood samples (plmol/l)

Company A Company B

Monday Thursday Monday Thursday

Pre Pre Post Pre Pre Post

Median 0-21 0-31 0-8 0-07 0 40 2-70
Range 0-14-0-83 0 14-1-83 0-19-3-05 0-05-0 40 0-08-0-86 0-66-7-99

Table 3 Serum hormone concentrations (medians) in different age groups

Exposed workers Referents

LH FSH PRL Test LH FSH PRL Test
Age No (pg/ml) (pg/ml) (pg/ml) (nmol/l) No (pug/ml) (pg/ml) (pg/ml) (nmol/l)

<40 14 0 8** 0-4* 3.3 13 8 17 1 1 1 0 4-2 17-1
40-50 14 09 0.9 30 16-0 11 09 1-1 29 154
>50 19 1.0 1 2 2-5 15-9 18 0 9 1*2 3-2 15 1
All 47 09 09 30 15 8 46 10 1-1 3-2 16-0

*p < 0 05; **p < 0-01 when testing exposed workers v referents.

fig 1). When the groups were stratified for age, a

difference was found for P-LH in the youngest group
(< 40 years; p = 0 004; table 3).
When data from exposed workers and referents

were analysed together, there was a significant
negative association between estimated present
exposure and P-LH (tau = -0-21, p = 0 003; fig 1).
This association was more pronounced within the
exposed group (table 4). The association was not
significantly affected when the Kendal partial rank
correlation coefficient was calculated between present
exposure and hormone concentrations with age as the
variable kept constant (table 4).
No statistically significant difference was found in

P-FSH between printers and referents (table 3; fig 3).
A difference was, however, found in the age group
below 40 (p = 0 04; table 3). Rising present exposure
was associated with decreasing hormone concentra-
tions (tau = -0 17, p = 0-02; fig 3). In the group of
exposed workers only, this association was stronger
(table 4). When the influence of age was considered,
with calculation of the partial rank correlation coef-
ficient, the association between present exposure and
P-FSH was weakened (table 4). There was no

significant difference in P-PRL between exposed
workers and referents (table 3). P-Test in exposed
workers did not differ significantly from the referents
(fig 4; table 3). In the whole population under study,
we found a significant negative association between
present exposure and P-Test (tau = -0-15, p =

0-05; fig 4). The corresponding rank correlation
coefficient within the exposed group was stronger and
this correlation was not significantly affected when a

possible influence of age was considered (table 4).

INFLUENCE OF CUMULATIVE EXPOSURE
The cumulative exposure index for toluene was
significantly associated with P-FSH (tau = 0-31, p =
0 003). The Kendall partial rank correlation co-
efficient between P-FSH and the cumulative
exposure index (age kept constant) was 011, thus
indicating a large influence ofage upon the association
with cumulative exposure.
There was no association between P-LH, or P-

PRL, or P-Test on the one hand, and cumulative
exposure on the other.

Table 4 Kendall rank correlation coefficients (t) for the
different hormone concentrations with exposure and age
respectively and Kendall partial rank correlation coefficients
for exposure (t,.,) with the variable age adjustedfor

Exposedgroup

All (n= 47) Restrictedt
(n = 38)

P-LH/exposure -0 47*** -0-46***
P-LH/age 0.25* 0-24*
P-LH/exposure, age, t,,,z (0-42) (0-42)

P-FSH/exposure -0-27** -0-18
P-FSH/age 0 37*** 0-32**
P-FSH/exposure, age, t,,, (0-17) (0 08)

P-PRL/exposure 0-13 0-14
P-PRL/age -0-28** -0-26*
P-PRL/exposure, age, t,,,z (0-04) (0-12)

P-Test/exposure -0-25* -0-29*
P-Test/age 0 07 0-003
P-Test/exposure, age, t,, (0-24) (0-30)

*p < 0 05; **p < 0-01; ***p < 0-001.
tIn the "restricted group" heavy alcohol consumers are excluded.
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Figure 3 Plasma concentrations offollicle stimulating
hormone (P-FSH) for referents and subjects exposed to
toluene.

ETHANOL CONSUMPTION
Exclusion of nine subjects with a history of heavy
drinking from the exposed group did not affect the
relations between P-LH and P-Test on the one hand
and exposure on the other (table 4). There was no
longer any statistically significant correlation between
P-FSH and exposure in the exposed group when so
restricted.

Table 5 Resultsfrom tests of liverfunction (medians
ranges)

Exposedgroup

Referents All Restricted
(n= 46) (n= 47) (n= 38)

S-Bilirubin 12 12 12
(pmol/l) (4-55) (6-33) (6-33)
S-ALP 2 8"3 3-41 3.33
(ukat/l) (18-46) (16-63) (2-1-49)
S-GT 0.42 0.42 0.42
(jukat/l) (0-2-1-7) (0 2-48) (0 2-2 0)
S-ASAT 0-4 0-4 0-4
(ukat/1) (0-3-06) (0-2-1-7) (02-06)
S-ALAT 0-3 0 4 04
(pkat/l) (0-1-07) (0-1-1-8) (0-1-1-0)

'p = 00005; 2p = 005;3p = 0-002.
Results are medians; ranges in parentheses.
Heavy alcohol consumers are excluded from the "restricted
group".

(tau = 0-22, p = 0 03) when heavy drinkers were
included in the group; however, this correlation
disappeared when they were excluded. No other
correlations between present exposure and tests of
liver function were found. No associations existed
between cumulative exposure and tests of liver
function.

LIVER FUNCTION
The exposed subjects had higher S-ALP activity
(p = 0 0005) than the referents (table 5). The S-GT
activity was also slightly higher among the printers
(p = 0-05). Only the difference in S-ALP activity was
still significant (p = 0-002), when heavy drinkers
were excluded from the exposed group. No statis-
tically significant differences were found between
exposed workers and referents in S-ASAT and S-
ALAT activities. The S-ALAT activity correlated
significantly with present exposure concentrations
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Figure 4 Plasma testosterone concentrations for referents
and subjects exposed to toluene.

Discussion
The evaluation of present and past exposure is
probably reasonably adequate. The workers were
observed during a full work week, and measurements
of toluene concentrations in air during that week
were fairly extensive. The blood toluene concentra-
tions measured repeatedly pre- and post-shift sup-
port the air measurements.'2 13 Thus the overall
individual index ofpresent exposure is well founded.
The average exposure was well below the Swedish

TLV of 80 ppm. Although some workers were
occasionally exposed to higher concentrations, none
had a constant time weighted average (TWA)
exposure above the TLV.
The evaluation of past exposure is, of course, less

reliable. For the period from the mid 1960s and later,
however, the evaluation is fairly well founded.
Regarding earlier periods, the estimates may be less
accurate, although probably not deviating from the
true values by more than a factor of two. Thus the
individual estimates of cumulative exposure are
probably adequate for the possible error not to be the
main explanation of their lack of association with
hormone concentrations.
The present data show effects of exposure upon

some hormone concentrations, although no statis-
tically significant differences were found in any ofthe
hormone concentrations between the total exposed
and referent groups. This may depend upon varia-
tions in age and intensity of exposure. Thus younger
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members ofthe exposed group had significantly lower
P-LH, P-FSH, and P-Test than the correspondingly
young referents. This may be due to a modifying
action of age. As the younger members of the work
forces at the two companies were more exposed to
toluene than the older ones, it may also be simply an
effect of the intensity of exposure, which varied
considerably within the exposed group. This
problem was tackled by analysis of partial rank
correlation coefficients. For P-FSH, there was an
influence of age, which indicates effect modification.
For P-LH and P-Test, the main association was with
exposure; age was less important.
A difference was found in tests for liver function

between exposed subjects and referents. The dif-
ference in S-GT activity could hardly be attributed
to exposure to toluene.'" More likely, it indicates
differences in drinking habits between the two
groups. As chronic alcohol consumption could
produce effects on hormones similar to those we
found,'9 alcohol could be a confounding factor. The
observed effects on P-LH and P-Test were not
affected, however, by the exclusion ofheavy drinkers,
and, therefore, we believe that these effects are related
to exposure to toluene.
No associations were found between the effects

seen and cumulative exposure, whereas a relation did
exist with present exposure, which may indicate that
these toluene related effects are acute or subacute
ones. We do not know whether they are reversible.
The combination of low P-LH and P-Test with

rising exposure indicates an effect somewhere in the
CNS or hypothalamus-pituitary axis. A primary
effect on the testes, with aprimary decrease in P-Test,
would result in rising P-LH and P-FSH (a lesion in
the cortex with secondary effects on the hypo-
thalamus-pituitary axis cannot be ruled out).
Exposure to another organic solvent, styrene, has

been associated with neuroendocrine effects'0 mainly
on PRL concentrations in occupationally exposed
women. Toluene has been reported to cause men-
strual disturbances,2' which might be in accordance
with our findings. We have not seen any other reports
on endocrine effects in occupationally exposed
humans; however, it is well known, that certain drugs
such as marijuana, and barbiturates affect the hypo-
thalamic nervous pathways that control the secretion
of gonadotrophins.'9
Some organic solvents, including toluene, have

been shown to affect dopamine and noradrenaline
turnover within various parts of the hypo-
thalamus.522 Several hormones, including FSH, LH,
and PRL, are controlled by dopaminergic systems.
An interference of toluene or of its metabolites with
the activity of these systems might explain the
effects.23
The exposed workers had higher S-ALP activity

than the referents and this difference still existed

when heavy drinkers were excluded from the exposed
group. Thus there is a possibility that this increase
might be associated with exposure to toluene. This is
in accordance with another study on the effects of
exposure to a mixture of organic solvents,24 in which
toluene was the most frequently occurring, and
where the exposed workers had significantly higher
S-ALP.

The study was supported by a grant from the
Swedish Work Environment Fund. The Staff of the
Department of Occupational Medicine at Malmo
General Hospital made the scrupulous clinical
examinations of the printers. Valuable technical
assistance was given by Ms Ingalilll Sandell RN and
Ms Eva Jonasson RN.
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