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Exposure to hydrogen sulphide and respiratory
function

P Jappinen, V Vilkka, 0 Marttila, T Haahtela

Abstract
A study was carried out to assess possible
effects of low concentrations of hydrogen
sulphide on respiratory function. The cohort
comprised 26 male pulp mill workers (mean
age 40 3, range 22-60 years) with a daily
exposure to hydrogen sulphide in the work-
place, and 10 volunteers, who had asthma
(three men, mean age 40 7, range 33 to 50 years,

and seven women, mean age 44 1, range 31 to 61
years). The respiratory function of the pulp
mill workers was monitored by measuring
forced vital capacity (FVC), forced expiratory
volume in one second (FEV1), and bronchial
responsiveness after at least one day off work
and at the end of a workday. Bronchial res-

ponsiveness was tested by challenge with his-
tamine. The 10 asthmatic subjects were

exposed in laboratory conditions to 2 ppm of
hydrogen sulphide for 30 minutes in an

exposure chamber. Airway resistance (Raw)
and specific airway conductance (SGaw) were

assessed by a body plethysmograph, and the
ventilatory capacities were measured with a

flow volume spirometer. No significant chan-
ges in respiratory function or bronchial res-

ponsiveness related to exposure to hydrogen
sulphide in the pulp mill workers were found.
In the asthmatic subjects, Raw was increased
by 26.3% and SGaw was decreased by 8-4% on

average after exposure to hydrogen sulphide.
These changes were not statistically signifi-
cant. In two subjects, however, changes were

greater than 30% in both Raw and SGaw,
indicating bronchial obstruction. It is con-
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cluded that exposure for a relatively short time
to hydrogen sulphide concentrations appreci-
ably higher than those existing in ambient air
do not cause noticeable effects on respiratory
function.

Although sulphur dioxide is known to impair res-
piratory function,"2 few data exist about the effects of
hydrogen sulphide in this respect. Hydrogen sul-
phide, however, is a potential hazard of the work-
place in many areas, for instance, the pulp and oil
industries. Hydrogen sulphide and other organic
sulphur compounds such as methyl mercaptan are
emitted from pulp mills into the ambient air, causing
nuisance and health effects among the general
population.3 The adverse effects of high hydrogen
sulphide concentrations exceeding the maximum
workplace concentration of 10 ppm are known to
some extent,4 but there is a scarcity of information on
possible respiratory or other effects caused by low
hydrogen sulphide concentrations existing at work-
places or in ambient air around industrial sources.
We carried out a study to find out if low concentra-

tions of hydrogen sulphide affect respiratory func-
tion. This was accomplished, firstly, by assessing the
respiratory function of pulp mill workers exposed to
low prevailing concentrations of hydrogen sulphide
at their workplace and, secondly, by exposing volun-
tary subjects with bronchial asthma to a known low
concentration ofhydrogen sulphide under laboratory
conditions.

Subjects
WORKERS EXPOSED TO HYDROGEN SULPHIDE
This group comprised 26 male pulp mill workers
(mean age 40 3, range 22 to 60 years) with daily
exposure to hydrogen sulphide usually below the
maximum permitted concentration in the workplace
of 10 ppm. The subjects were questioned by a nurse
about their smoking habits (10 smokers) and
previous allergies-namely, asthma, hay fever, atopic
dermatitis (five cases). A skin prick test was perfor-
med on each subject using 12 common allergens to
indicate possible atopic disposition (five atopic
subjects).
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ASTHMATIC SUBJECTS FOR EXPOSURE TO HYDROGEN

SULPHIDE IN THE LABORATORY

The group consisted of 10 subjects, three men (mean
age 40 7, range 33-50 years) and seven women (mean
age 44-1, range 31-61 years). They had had bronchial
asthma5 for one to 13 years (mean 3 7 years) and had
been using medication. Patients with severe asthma
were not included in the study because a period of
two days without taking drugs was recommended
before the exposure to hydrogen sulphide. The
stability of the asthma was assessed by monitoring
PEF values twice daily at home with a peak flow
meter (Spira, Respiratory Care Centre, Hameenlin-
na, Finland) for at least one week before the study.
The study design was accepted by the ethical com-
mittee of the hospital and consent was obtained from
each subject.

Methods
The spirograms of the pulp mill workers were

obtained with a dry wedge spirometer (Vitalograph
Ltd, England). In the laboratory exposure test,
airway resistance (Raw), specific airway conductance
(SGaw), and the flow volume loop were determined
by a body plethysmograph (Gould, Holland). The
measurements were accomplished in that order
before exposure to hydrogen sulphide and 30 min-
utes after exposure. The values presented by Viljan-
en et al,6 derived from a Finnish general population,
were used as predicted normal values for forced
expiratory volume in one second (FEV1), forced vital
capacity (FVC), Raw, and SGaw.
To test the bronchial responsiveness of the pulp

mill workers, each subject was challenged twice; after
a holiday or at least one day offfrom work, and at the
end of a workday when there had been noticeable
odour of hydrogen sulphide at the workplace. The
histamine challenges were performed at the company
health station near the workplace. The subjects were
not exposed to accidentally high concentrations of
hydrogen sulphide during the period of study
(March 1987 to April 1989).
The histamine challenge test was performed by

administering histamine diphosphate aerosol in ten
tidal breaths with a No 40 de Vilbiss nebuliser (De
Vilbiss Co, Somerset, PA), at increasing concentra-
tions (0 1, 0 2, 0 4, 0-8, 1-6, and 3 2%), until a fall of
15% in FEVI was achieved or the maximum
histamine diphosphate concentration of 3 2% was

reached. Two selected nebulisers were in use, with an
output of 0-092 and 0 115 ml aerosol per min at an

airflow rate of 51 per min. The threshold concentra-
tion was designated PC,5. The test was started with
ten breaths from aerosol containing physiological
sodium chloride. The two challenges were made at
the same time ofday to exclude possible confounding
by diurnal variations in ventilatory function.

Possible differences between FVC, FEV,, or PC,,

recorded in the two histamine challenge tests were
assessed for all subjects and also for the following
subgroups: (1) subjects exposed to measurable
hydrogen sulphide concentrations (minimum 1
ppm); (2) those exposed workers who smoked; (3)
those exposed workers who had previous allergies or
bronchial asthma, and (4) the five atopic subjects
with a positive reaction in the skin prick test.
The concentrations of hydrogen sulphide in the

workplace were measured with an electrochemical
continuous analyser (Sulfipac, Dragerwerk AG,
Lubeck) by a trained hygienist just before the second
histamine challenge test. The detection limit of the
analyser was 1 ppm. The concentrations ofhydrogen
sulphide varied due to process conditions. Most
measurements were between 2 and 7 ppm, with a
range of 1 to 11 ppm. Even when the hydrogen
sulphide concentration was below the detection limit
of 1 ppm and thus not measurable with the analyser
used, a definite odour of hydrogen sulphide was still
present.

For the laboratory test, two asthmatic subjects
were exposed simultaneously for 30 minutes to a
hydrogen sulphide concentration of 2 ppm, which is
one fifth of the Finnish maximum allowable work-
place concentration of 10 ppm. The exposure was
performed in a tile walled sealed exposure chamber
with a volume of about 10 m'. During controlled
exposure, there was a constant oxygen flow of 2 1 per
min into the chamber, as well as a sufficient flow of
hydrogen sulphide to maintain its concentration at
2 ppm. The concentration was monitored contin-
uously with a sulphur dioxide analyser (Thermo
Electron Instruments, model 43A) connected to a
converter (Thermo Electron Instruments, model
CDN-101) that transformed hydrogen sulphide into
sulphur dioxide at 840°C. The analyser was
calibrated according to the ISO/DIS standard 6249'
with a permeation calibrator (Thermo Electron Ins-
truments, model 360). The test gas, at a concentra-
tion of 10 ppm, was provided in laminated plastic
bags by the research institute of Enso-Gutzeit Oy,
and hydrogen sulphide was supplied to the chamber
using a plastic tube.

For the histamine challenge test, the means and the
standard errors ofthe means (SEMs) for the observa-
tions, and the differences between the means of
observations in each group were calculated. The
statistical significance of the possible differences was
assessed using the t test for paired samples. For the
hydrogen sulphide exposure test, the statistical sig-
nificance of the possible differences between the first
and second measurements was assessed using the t
test for paired samples.

Results
WORKERS EXPOSED TO HYDROGEN SULPHIDE
Among the exposed subjects as a whole (n = 26), no

825



Jappinen, Vilkka, Marttila, Haahtela

Table I Changes in respiratory function in subjects (n = 26) exposed to hydrogen sulphide at their workplace

Before exposure (B) After exposure (A)

Variable Mean (SEM) Mean (SEM) Difference (A-B) p Value

FVC (1) 4-94 (0-14) 5-00 (0-14) 0 06 0-42
FVC (1o predicted) 94-4 (2-2) 95-4 (2-3) 1-0 0 39
FEV, (1) 4-10 (0-12) 4-06 (0-12) -0-04 0 27
FEV, (0o predicted) 95 0 (2 1) 94 1(2 1) -0 9 0-28

Table 2 Changes in respiratory function in asthmatic subjects (n = 10) exposed to 2 ppm of hydrogen sulphide for thirtyminutes

Before exposure (B) After exposure (A)

Variable Mean (SEM) Mean (SEM) Difference (A-B) p Value

FVC (1) 3-85 (0 29) 3-85 (0 30) 0 0 94
FVC (% predicted) 96-4 (5-1) 96-1 (5 2) -0.3 0 72
FEV, (1) 3 00 (0 23) 2 99 (0-24) 0 00 1 00
FEV, (% predicted) 89-9 (4 1) 89-6 (3-9) -0.3 0-80
FEF2575 (I/s) 2-58 (0-28) 2-62 (0-31) 0-03 0-75
Raw (kPasl-') 0-12 (0-01) 0 14 (0-02) 0-03 0-06
Raw (% predicted) 74-1 (9 2) 93-2 (14-0) 19.1 0-08
SGaw (kPa-'s-') 3-97 (0 49) 3-58 (0-52) -0 40 0-17
SGaw (% predicted) 208 9 (25 5) 188-0 (26-4) -20-9 0 15

statistically significant changes in pulmonary func-
tion were found, assessed byFVC and FEVy (table 1),
or in bronchial responsiveness, assessed by the
histamine challenge test. In the first challenge,
performed without exposure, PCG5 was more than
3-2% in 23 cases. In the other three cases, PCG5 was
2-8%, 3 0%, and 3-2%. In the second histamine
challenge, performed after hydrogen sulphide
exposure, PC15 was more than 3-2% in 24 cases (1 6%
and 2-8% in the others). The subject with PC15 of
1-6% had dyspnoea and cough after the challenge
and bronchial asthma was diagnosed subsequently.
When analyses were performed on the subjects

with measurable (1 ppm or more) concentrations of
hydrogen sulphide (n = 16), on smokers (n = 6), on
workers with previous allergies (n = 4), and on
atopic subjects (n = 5), no statistically significant
changes in respiratory function were found.

ASTHMATIC SUBJECTS EXPOSED TO HYDROGEN SULPHIDE
All subjects experienced the odour of hydrogen
sulphide as very unpleasant at the start of exposure,
but rapidly became accustomed to it. The subjects
also sensed nasal and pharyngeal dryness at the start.
Three out of 10 subjects complained of headache
after exposure.
There were no notable changes in the mean FVC,

FEV1, and forced expiratory flow (FEF,175%) values
after exposure to hydrogen sulphide in subjects with
asthma (table 2). The Raw value was slightly
decreased in two and increased in eight subjects, the
range of the difference being from -5 95% to
+137 78%. On average, there was an increase of

26 3% in Raw. The mean of Raw was increased by
25% after exposure (table 2), but this increase was
not statistically significant and did not result in
clinical symptoms.
The SGaw value was decreased in six and

increased in four subjects. On average, a decrease of
8-4% in SGaw, with a range from -57 7% to
+28 9% occurred (table 2), but the change was not
statistically significant. When assessing the changes
in Raw and SGaw, however, it should be noted that
in two subjects there were changes of over 30% in
both Raw and SGaw, indicating bronchial
obstruction.

Discussion
Although the effects of high concentrations of
hydrogen sulphide on the body, including the res-
piratory system, are well known,4 virtually no infor-
mation exists about the effects of low concentrations.
As it is practically impossible to arrange controlled
experimentation on subjects using the low hydrogen
sulphide concentrations usually found in ambient
air, subjects in our study were exposed to a hydrogen
sulphide concentration of 2 ppm. This concentration
can be produced and measured fairly accurately, and
is still only a fifth of the maximum permitted
workplace concentration. Furthermore, it is close to
concentrations usually found in well equipped kraft
pulp mills without any accidental leaks.8
Other malodorous sulphur compounds are also

found in kraft pulp mills and in their vicinity, so that
exposure to pure hydrogen sulphide is virtually non-
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existent. Concentrations of methyl mercaptan may
be as high or even higher than those of hydrogen
sulphide,8 with dimethyl sulphide and dimethyl
disulphide being found at a lower concentrations.
The effects of these compounds on man are not
adequately known, although the effects of all
malodorous sulphur compounds at the cellular level
are thought to be similar.

Relatively short term exposure at the workplace
did not cause noticeable effects on respiratory func-
tion of pulp mill workers. The subjects sensed the
odour, but rarely had other subjective symptoms.
Testing bronchial responsiveness by inhaled hista-
mine is a well known method with good
reproducibility.9 It should be noted, however, that
it was not possible to assess the effects of long term
exposure to hydrogen sulphide on respiratory func-
tion in this study. Furthermore, a healthy worker
effect certainly exists and its magnitude cannot be
estimated.
When asthmatic subjects were exposed in con-

trolled conditions to 2 ppm ofhydrogen sulphide for
30 minutes, no significant changes in respiratory
function occurred. The airway resistance increased
somewhat after exposure, but it was not reflected in
the subjects' clinical condition. Hydrogen sulphide
concentrations in the workplace can be momentarily
much higher than 2 ppm, and it is not possible to
predict on the basis of this laboratory study what
kind of symptoms asthmatic subjects could have at
higher concentrations.

Inhalation of noxious gases is a well recognised
cause of exacerbation of asthma." 12 Sulphur dioxide,
unlike ozone or nitrogen oxide, has a bronchocon-
strictive effect of a dose dependent type, at least when
inhaled during exercise." Sulphur dioxide and ozone
increase bronchial responsiveness in both asthmatic
and non-asthmatic subjects in laboratory con-

ditions.'3 These gases are of a strongly irritant
nature, which suggests that the increased airway
responsiveness may be a consequence of an acute
inflammatory response." 15

Malodorous sulphur compounds existing in
ambient air have been shown to cause mucosal and
conjunctival irritation even at low concentrations,3
and thus somewhat stronger respiratory effects were
expected to occur in this study than were found.
Hydrogen sulphide dissociates at neutral pH to a

hydrogen sulphide anion, which is a strong base and
thus causes mucosal irritation.4 The main effect of
hydrogen sulphide on the cellular level is inhibition
of the enzyme cytochrome oxidase at the end of the
mitochondrial respiratory chain.'6 This inhibition of
the energy metabolism-probably affecting mucosal
nerve endings-may explain why practically no res-

piratory effects were noticed in our study, either
among asthmatic subjects or among pulp mill work-
ers, despite the irritant nature of hydrogen sulphide.

Because natural gas, with a very low sulphur
content, is used as the energy source by the local
industry, sulphur dioxide concentrations in the
ambient air of South Karelia are low; in Imatra, in the
vicinity of the pulp mills, 24 hour average sulphur
dioxide concentrations have been under 30 pg/m3.17
It is unlikely, therefore, that exposure to sulphur
dioxide in ambient air has affected the findings.

In our study, an exposure for a relatively short time
to hydrogen sulphide concentrations at least 10 times
higher than those usually found in the ambient air
caused only minor respiratory effects among asth-
matic subjects. In two out of 10 subjects, however,
there were changes of over 30% in both Raw and
SGaw as a sign of bronchial obstruction. It was also
found that hydrogen sulphide concentrations in the
workplace lower than the threshold limit value of
10 ppm do not cause noticeable respiratory effects in
non-asthmatic workers. As the material was limited,
the results of our study should be considered as
preliminary and further studies are warranted. To
our knowledge, this is the first study of the effects of
hydrogen sulphide on respiratory function utilising
exposure to the gas in the laboratory.
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