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ABSTRACT Respiratory manifestations have been reported after exposure to hydroquinone and to
methionine. One hundred and three men in the same chemical plant were divided into three groups
according to their exposure and compared by questionnaire, respiratory functional tests with
methacholine then salbutamol challenges, and measurements of serum immunoglobulins G and E.
Group H included 33 workers exposed to hydroquinone, trimethyl-hydroquinone, and retinenehydroquinone. Group M included 15 workers exposed to methionine. Group C was a control group
of 55 workers. The prevalence of respiratory symptoms was higher in the two exposed groups. Before
challenges, pulmonary function values were significantly lower in groups H and M than those in
group C. The challenges induced significant variations in the three groups but these variations were
less pronounced in group M than in the other groups. The level of immunoglobulin G in group H
(m ± SD = 12-5 g/l ± 2 6) was significantly higher than in group C (10-6 g/l ± 2-4; p < 0 002). The
level of immunoglobulin E in group H (m = 140 IU/1) was also higher in group C (109 IU/l) but this
difference was not significant. These findings suggest that exposure to methionine and to
hydroquinone and its derivatives induce ventilatory impairment, perhaps by an immunological
mechanism.

Many chemicals may induce bronchial obstruction. In
the past three years three cases of dyspnoea with
airways obstruction after exposures to hydroquinone
and to methionine were observed in a chemical plant.'
A few cases of dermatitis were reported after exposure
to hydroquinone2"; no other case of toxicity or
of allergy after exposure to methionine has been
described.5
The aim of the present study was to compare the
effects of these occupational exposures with a control
group for (1) the prevalence of respiratory symptoms
and ventilatory impairment, (2) the variations in
pulmonary function after the inhalation of methacholine and salbutamol, and (3) the blood levels of
immunoglobulins G and E.
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Methods

The study population was composed of workers in a
large chemical plant engaged in the synthesis of
methionine and vitamins.
POPULATION

One hundred and three men worked in shifts for
continuous production. A three shift system was
operated. The first shift began at 0400 and finished at
1200, the second ran from 1200 to 2000, and the third
from 2000 to 0400. The shifts alternated each week.
The workers were divided into three groups according
to the exposure in their current job. Group H
included 33 workers exposed to hydroquinone,
trimethylhydroquinone and retinene-hydroquinone.
Group M included 15 workers exposed to methionine.
Group C was a control group and included 55 workers
of the same socioprofessional status in the same plant.
They were matched with the exposed groups before the
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PULMONARY FUNCTION TESTS

The subjects in groups H and M had a significantly
higher prevalence of cough induced by a smoky
tachograph Fleish No 3 (Spiromatic, MSR) which was atmosphere or by cold air than the controls. Cough at
calibrated daily. The forced expiration was followed work was also more frequent in the two exposed
groups. The other symptoms, smoking habits, and the
on an oscilloscope. At least three readings were
obtained with the worker seated and wearing a characteristics of the population did not differ signoseclip. The curve producing the largest sum of nificantly between the three groups (tables 1 and 2).
At T I all the pulmonary function values were lower
forced expiratory volume in one second (FEV,) and
forced vital capacity (FVC) were selected for analysis. in groups H and M than in group C (fig 1). The
The other standard pulmonary function parameters differences were significant in group H for FEVI;
maximal flow rate at 50%, 75%; forced expiratory
were recorded from this best maximal expiratory flow
volume curve: peak flow rate, forced expiratory flow
during the middle half of the FVC, maximal flow rate Table 1 Characteristics of the three groups: group C
at 25%, 50%, and 75% of exhaled FVC. All values control workers, group H workers exposed to hydroquinone,
were adjusted for age and height using regressions on group M workers exposed to methionine
the whole sample and normalised (m ± SD = 0 ± 1).
Group H Group M Group C p
All but three workers agreed to take part. For each
subject spiromatic measurements were performed Age (years, M SD) 390 8-4 392 69 40-1 81 NS
three times by the same experienced technicians: at Duration of employment 11-7 6-0 13 5 6-1 13 8 5 6 NS
(years M i SD)
least two hours after the beginning of the workshift
17 (51-5%) 10 (66-7%) 25 (45 4%) NS
No (%)
(Tl), just after inhalation of 200 ig of methacholine Smokers
9 (27 3%) 2 (13 3%) 17 (30 9%) NS
Ex-smokers No (%)
7(21-2%) 3 (20%) 13(236%) NS
(T2), and 15 minutes after the inhalation of 100 ig of Non-smokers No (%)
salbutamol (T3). The questionnaire was completed
between the inhalation of salbutamol and the third
measurement. The aerosol of methacholine was Table 2 Prevalence of symptoms in exposed workers and
delivered by an Aerosolan nebuliser (MSR). A storage controls
bell was filled with the methacholine aerosol
Group H Group M Group C
immediately before use. Each subject inhaled a fixed
volume from the bell through a mouth piece.6
No of workers
15
55
33

Measurement of pulmonary function was carried out
at the worksite using a computerised pneumo-

±

BIOLOGICAL DATA
Samples of venous blood were

Chronic cough
Cough in a smoky atmosphere
Asthma
Eczema
Hay fever
Work related symptoms

collected from the 33
workers exposed to hydroquinone and from 44 control
subjects at a separate time from the pulmonary
function measurements. Several measurements were *p

<

0-05; **p

<

±

±

±

±

±

±

7%
33%
13
0%
27%
27%

9%
16%
2%*
20%
18%
7%***

0%

42%**
3%
30%
36%*

24%***

0 01; ***p < 0-001.
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study on age and were not exposed to any significant done: blood cells, erythrocyte sedimentation rate,
air contaminants in the plant.
glutamyl transpeptidase, alkaline phosphatase, and
immunoglobulins G and E. Serum immunoglobulin E
QUESTIONNAIRE
concentrations were determined by the radioA questionnaire was completed by trained inter- immunosorbent technique (RIST, Phadebas) perforviewers. It contained questions on individual charac- med as recommended by Pharmacia Diagnostics AB,
teristics such as age, height, weight, race, medical Uppsala. The immunoglobulin E concentrations are
history, and work history in the plant and before reported in international units (IU/l).
employment in the plant. Non-smokers were defined
STATISTICAL ANALYSIS
as having a lifelong abstinence from smoking and exsmokers as those who had ceased smoking completely Standard descriptive statistics were used to represent
at least six months before the study. The questions on responses. Chi-squared tests were used with 2 x 2
respiratory symptoms ofthe British Medical Research contingency tables to determine whether relations
Council's standard questionnaire on chronic bron- shown between such variables were statistically signichitis were translated and questions related to symp- ficant. Analysis of variance was used to examine the
toms arising during work or as a result of acute relation of respiratory symptoms, work exposure, and
smoking to pulmonary function.
exposure to fog, fumes, or wind were included. The
questionnaire, tested before the study, took about 15
minutes to complete.
Results
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Fig 1 Mean pulmonary function values according to exposure. Values are adjustedfor age and height:
observed-predicted values/residual SD. *p < 0-01; **p < 0 001.
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Fig 2 Evolution ofpulmonaryfunction challenge with methacholine then salbutamol.
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flow during the middle half of the FVC; and in group hyperreactivity induced by the occupational exposure;
M for maximal flow rate at 25%. All these significant
a higher dose may induce severe bronchospasm
differences remained after adjustment for tobacco among asthmatic patients.
consumption.
The choice depends on the aim of the study: the
The pharmacological tests induced similar varia- determination of subgroups of hyperreactive subjects
tions in the exposed and the control groups. The flow among one population needs higher doses. A
rates decreased slightly after the inhalation of metha- comparison with control subjects may be performed
choline and increased after the inhalation of sal- with lower doses, even if some hyperreactive patients
butamol (fig 2). These variations between TI T2 and are misdiagnosed.
between T2 T3 were significant. They were less
Several mechanisms are probably involved in the
pronounced in group M than in the other groups.
allergic manifestations induced by occupational
The level of immunoglobulin G in group H exposures. In some patients an increase of specific
(m ± SD = 125 g/l ± 2-6)washigherthaningroupC immunoglobulins G and E has been shown for
(10-6 g/l ± 2 4). This difference is significant isocyanate,9'° hexahydrophthalic anhydride," and for
(p < 0 002). The level of immunoglobulin E in group trimellitic anhydride.'2 By contrast, no relation was
H (m = 140 IU/1) was also higher than in group C (109 found between byssinosis and serum concentrations of
IU/l) but this difference was not significant. The other total immunoglobulins E,'3 but the mechanism of
laboratory data were similar in both groups.
byssinosis is not yet clear and is probably not mediated
by immunoglobulin E.
Discussion
In conclusion, (1) exposure to hydroquinone and its
derivatives and to methionine induces ventilatory
The prevalence of respiratory symptoms was higher in impairment, (2) the results of the study justify the use
the two exposed groups than in the control group. The of challenge tests in epidemiological surveys to
symptoms were also different in the two exposed differentiate the prevalence of bronchial hyperreacgroups: the prevalence of allergic symptoms was tivity among exposed and non-exposed groups of
higher in group H whereas the prevalence of chronic workers, and (3) the higher levels of immunoglobulins
respiratory symptoms was higher in group M. G and E among workers exposed to hydroquinone
Moreover, the bronchodilator test showed a better and its derivatives needs to be assessed by measuring
reversibility of the impairment of the respiratory specific antibodies.
function in group H than in group M. So it seems that
hydroquinone, or its derivatives, induces intermittent We thank Mrs E Leib, J de Palmas, B Najac, and M
dyspnoea and reversible obstruction as an allergic Korobaeff for technical help and Miss C Dufour and
response whereas methionine dust induces chronic Mrs MJ Degrave for the typing and the figures. We
cough and airway obstruction-industrial bronchitis. also thank Mrs M Bidet, B Gaillot, M Ligocki.
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