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Abstract

Background: Hydrogen sulfide (H,S) exhibits both physiological and toxicological roles in
the biological systems. Acute exposure to high levels of H,S is life threatening while long-
term exposure to ambient levels of H,S elicits human health effects.

Objective: To study the harmful effects of long-term exposure to low levels of H,S on human

blood cells.

Methods: 110 adult workers from Iran who were occupationally exposed to 0-90 ppb H,S
for 1-30 years were studied. The participants aged between 18 and 60 years and were ex-
posed directly or indirectly to sulfur compounds (exposed group). The origin of H,S was natu-
ral gas processing plants. A control group consisting of 110 males who were not in contact
with H,S was also studied. For all participants, hematological profile including total hemoglo-
bin and red blood cell count and sulfhemoglobin, methemoglobin levels were measured.

Results: Among all parameters evaluated in this study the mean methemoglobin and sulfhe-
moglobin levels were significantly higher among workers who were exposed to sulfur com-
pounds than the control group. Major differences throughout the study period for sulfhemo-
globinemia among exposed groups were observed.

Conclusion: Long-term exposure to even low levels of H,S in workplaces may have poten-

tial harmful effects on human health.
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Introduction

weetening of sour gas is a proce-
dure that takes place in natural gas
processing plants where hydrogen
sulfide (H,S) is removed from the natural
gas.' The level of H_S in the sour gas varies
from low concentrations to 85% and even
more. Harmful effects of H S on the hu-
man health have so far been described in

the literature. Acute exposure to high lev-
els of H_S is life threatening.>> Accumulat-
ing data indicated that acute exposure to
high levels of H_S elicit several organ tox-
icity leading to death including neurotox-
icity,® acute respiratory failure,” and even
death.89 Acute exposure to concentrations
below 50 ppm can cause eye and respira-
tory irritation; exposure to concentrations
higher than 500 ppm is lethal.** Despite
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the fact that endogenous H_S plays an im-
portant role in the central nervous system,
cardiovascular and immune systems,'3
long-term exposure to the ambient levels
of H,S can cause ophthalmic lesions,* and
malignant disorders,’> among other health
effects. Like hydrogen cyanide (HCN) poi-
soning, H,S toxicity is due to the inhibition
of mitochondrial cytochrome C oxidase.'¢-8
H,S also interferes with the normal func-
tion of some enzymes and proteins. It
seems that H_ S-induced methemoglobin-
emia is the potential mechanisms that res-
cue human and animals from the toxic ef-
fects of sulfides.’o>!

There are scarce information on chron-
ic effect of long-term exposure to ambi-
ent levels of H S on hematologic profile.
We therefore conducted this study to as-
sess changes in hematological parameters
including total hemoglobin level and red
blood cell count, as well as sulthemoglobin
and methemoglobin levels among a group
of workers who were exposed to ambient
levels of H S in natural gas processing
plants.

Materials and Methods

Participants

Using a cross-sectional design, we studied
110 Iranian male workers aged between
18 and 60 years who were occupationally
exposed to 0—90 ppb H_S for 130 years.
They were exposed directly or indirectly
to sulfur compounds (exposed group).
The origin of H S was natural gas process-
ing plants. The exposed group workers
were selected from sulfur recovery unit
(n=20), steam generation and distribution
unit (n=10), fuel gas system unit (n=10),
caustic soda unit (desulfurization) (n=20),
amine treating unit (n=20), gas plant unit
(n=20), and other departments (n=10). An
age-matched control group consisting of
110 males who were not in contact with H,S
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was also studied. They were selected from
driving department (n=20), telephone
department (n=10), sentry department
(n=10), operating department (n=10),
administrative department (n=25), and a
group of medical students (n=35).

This study was approved by the Ethics
Committee of Shiraz University of Medical
Sciences. Before the experiment, partici-
pants were informed of the objectives of
the study and gave consents to participate
in the study.

Blood Parameters Analysis

Two mL of venous blood was taken from
each participant and collected in an EDTA
glass tube. The concentrations of methe-
moglobin, sulfhemoglobin, total hemoglo-
bin and red blood cell count were measured
according to previously described meth-
ods.2>23 Briefly, blood samples was divided
into three aliquots and kept on ice during
the experiment. One aliquot was analyzed
by an automated hematology analyzer
(KX-21N™) to measure red cell count and
total hemoglobin. The second aliquot was
used to measure methemoglobin. Methe-
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moglobin concentration was determined
in hemolysates in 37 mM phosphate buffer
at pH 7.3 at 560, 576 and 630 nm wave-
length according to previously described
method.?> The last aliquot was used to
measure sulfhemoglobin level according
to the Bagarinao and Vetter method.23
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Figure 1: Mean methemoglobin and sulfhemoglobin concen-
trations in the study group with various lengths of exposure.
Error bars represent SD. Note the graph has two vertical axes.
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Table 1: Parameters measured in the study. Values are mean (SD).

Control group (n=110) p value

0.92 (0.26) <0.001

0.05 (0.01) <0.001

15.6 (0.8) 0.125

5.21 (0.35) 0.677
Statistical Analysis

All results are expressed as mean (SD).
The two studied groups were compared
with two-tailed Student's t tests. A p value
<0.05 was considered statistically signifi-
cant.

Results

Exposed workers had a significantly
(p<0.001) higher mean methemoglo-
bin concentration than the control group
(Table 1). The length of exposure did not
have any significant effect on the methe-
moglobin level in the exposed group (Fig
1). The mean sulthemoglobin concentra-
tion was significantly (p<0.001) lower in
the exposed group compared to the con-
trol (Table 1). Those who were exposed be-
tween 11 and 15 months had a significantly
(p<0.001) lower sulthemoglobin level than
others (Fig 1). The studied groups had no
significant differences in terms of hemo-
globin level and red cell counts (Table 1).

Discussion

We found that chronic exposure to ambi-
ent levels of H_S in natural gas processing
plants induces methemoglobinemia and
sulfhemoglobinemia in workers. The expo-
sure, however, does not have any signifi-
cant effects on total hemoglobin and red
cell counts.
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Figure 2: Direct and indirect methemoglobin (Met-Hb) formation after H,S exposure. Activation of the NADPH
oxidase (NOXs) systems or inhibition of mitochondrial respiration can result in H,O, formation in white blood cells.
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The diffusible H,O, can cross the red cell membrane and induce methemoglobinemia.

Human has historically been exposed to
the naturally emitted H S mostly from the
geothermal and volcanic eruptions, from
the industrial processes and concentrated
animal farming operations. In addition,
H,S is endogenously produced in the body
at very low concentrations and suggested
to be an important signaling molecule in
the physiological pathways.”> HS is ab-
sorbed rapidly by inhalation and distrib-
uted throughout the body and metabolized
via oxidation, methylation and reaction
with metalloproteins.>

We think that the observed increase in
methemoglobin concentration might be
a developmental adaptation mechanism
that would protect human beings and ani-
mals from the lethal toxicity of sulfur and
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similar compounds.*** H_S interacts with
a number of enzymes and macromolecules
such as hemoglobin, myoglobin and cyto-
chrome C oxidase.'®25 It seems that inter-
action of H,S with hemoglobin is a way for
its elimination from the circulation and
protects mitochondria against H S tox-
icity.?® It is well known that inhibition of
cytochrome C oxidase can lead to forma-
tion of reactive oxygen spices (ROS)?*” and
exposure to high levels of H S can cause
oxidative stress.?® We believe that the met-
hemoglobin formation after H S exposure
is either through oxidative stress or a re-
sult of interaction between H_S and hemo-
globin (Fig 2). Activation of the NADPH
oxidase systems or inhibition of mitochon-
drial respiration® leads to formation of a

Cyt b5 or Met-Hb
reductase
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lot of H O,. The diffusible H O, produced
by white blood cells can then cross the red
cell membrane and induce methemoglo-
binemia (Fig 2).

Use of methemoglobin as an antidote to
hydrogen-cyanide poisoning has been sug-
gested since long ago;2*2° methemoglobin-
emia protects cytochrome C oxidase from
H,S, hydrogen-cyanide and azide toxic-
ity.30’31

Despite a high level of methemoglobin
and sulfthemoglobin in those chronically
exposed to H_S at workplace, there were
no significant differences between the two
studied groups in terms of other parame-
ters measured. This observation was simi-
lar to that reported earlier.3* Formation of
methemoglobin and sulthemoglobin is ir-
reversible. Sulfhemoglobinemia and met-
hemoglobinemia due to the air pollution
have been documented.33 It has also been
reported that ingestion of inorganic sulfate
in drinking water can induce sulfhemoglo-
binemia and methemoglobinemia without
alteration in the total hemoglobin concen-
tration.3+

In conclusion, it seems that long-term
exposure to even acceptable concentra-
tions of H,S at workplace is a potential risk
for human health. Therefore, re-consider-
ation in workplace exposure limits for H_ S
is warranted.

Acknowledgments

This work was supported by Shiraz Uni-
versity of Medical Sciences, Shiraz, Iran.

Conflicts of Interest: None declared

References

1. Baker RW. Future directions of membrane gas
separation technology. Industrial & Engineering
Chemistry Research 2002;41:1393-411.

2. Yalamanchili C, Smith MD. Acute hydrogen sulfide

10.

11.

12.

13.

15.

16.

toxicity due to sewer gas exposure. Am J Emerg
Med 2008;26:518 e5-7.

Hoidal CR, Hall AH, Robinson MD, et al. Hydrogen
sulfide poisoning from toxic inhalations of roofing
asphalt fumes. Ann Emerg Med 1986;15:826-30.

Gunn B, Wong R. Noxious gas exposure in the out-
back: two cases of hydrogen sulfide toxicity. Emerg
Med (Fremantle) 2001;13:240-6.

Smilkstein MJ, Bronstein AC, Pickett HM, Rumack
BH. Hyperbaric oxygen therapy for severe hydrogen
sulfide poisoning. J Emerg Med 1985;3:27-30.

Snyder JW, Safir EF, Summerville GP, Middleberg
RA. Occupational fatality and persistent neuro-
logical sequelae after mass exposure to hydrogen
sulfide. Am J Emerg Med 1995;13:199-203.

Doujaiji B, Al-Tawfiq JA. Hydrogen sulfide exposure
in an adult male. Ann Saudi Med 2010;30:76-80.

Shivanthan MC, Perera H, Jayasinghe S, et al. Hy-
drogen sulphide inhalational toxicity at a petroleum
refinery in Sri Lanka: a case series of seven survi-
vors following an industrial accident and a brief
review of medical literature. J Occup Med Toxicol
2013;8:9.

Gabbay DS, De Roos F, Perrone J. Twenty-foot fall
averts fatality from massive hydrogen sulfide expo-
sure. J Emerg Med 2001;20:141-4.

Guidotti TL. Hydrogen sulfide: advances in under-
standing human toxicity. Int J Toxicol 2010;29:569-
81.

Whiteman M, Le Trionnaire S, Chopra M, et al.
Emerging role of hydrogen sulfide in health and dis-
ease: critical appraisal of biomarkers and pharma-
cological tools. Clin Sci (Lond) 2011;121:459-88.

Szabo C. Hydrogen sulphide and its therapeutic
potential. Nat Rev Drug Discov 2007;6:917-35.

Bhatia M. Hydrogen sulfide as a vasodilator. /UBMB
Life 2005;57:603-6.

. Lambert TW, Goodwin VM, Stefani D, Strosher L.

Hydrogen sulfide (H2S) and sour gas effects on
the eye. A historical perspective. Sci Total Environ
2006;367:1-22.

Lewis RJ, Schnatter AR, Drummond |, et al.
Mortality and cancer morbidity in a cohort of
Canadian petroleum workers. Occup Environ Med
2003;60:918-28.

Dorman DC, Moulin FJ, McManus BE, et al.
Cytochrome oxidase inhibition induced by acute
hydrogen sulfide inhalation: correlation with tissue
sulfide concentrations in the rat brain, liver, lung,

wwuw.theijoem.com Vol 6, Num 1; January, 2015



A. Saeedi, A. Najibi, A. Mohammadi-Bardbori

17.

18.

19.

20.

21.

22.

23.

24.

25.

wwuw.theijoem.com Vol 6, Num 1; January, 2015

and nasal epithelium. Toxicol Sci 2002;65:18-25.

Cooper CE, Brown GC. The inhibition of mitochon-
drial cytochrome oxidase by the gases carbon mon-
oxide, nitric oxide, hydrogen cyanide and hydrogen
sulfide: chemical mechanism and physiological
significance. J Bioenerg Biomembr 2008;40:533-9.

Khan AA, Schuler MM, Prior MG, et al. Effects of
hydrogen sulfide exposure on lung mitochondrial
respiratory chain enzymes in rats. Toxicol App!
Pharmacol 1990;103:482-90.

Smith RP, Gosselin RE. Hydrogen sulfide poisoning.
J Occup Med 1979;21:93-7.

Affonso EG, Polez VL, Correa CF, et al. Blood param-
eters and metabolites in the teleost fish Colossoma
macropomum exposed to sulfide or hypoxia. Comp
Biochem Physiol C Toxicol Pharmacol 2002;133:375-
82.

Torrans EL, Clemens HP. Physiological and biochem-
ical effects of acute exposure of fish to hydrogen
sulfide. Comp Biochem Physiol C 1982;71:183-90.

Van Kampen EJ, Zijlstra WG. Spectrophotometry of
hemoglobin and hemoglobin derivatives. Adv Clin
Chem 1983;23:199-257.

Bagarinao T, Vetter RD. Sulfide-hemoglobin interac-
tions in the sulfide-tolerant salt marsh resident, the
California killifish Fundulus parvipinnis. Journal of
Comparative Physiology B 1992;162:614-24.

Agency for Toxic Substances and Disease Registry
(July 2006). "Toxicological Profile For Hydrogen
Sulfide". 2012:154, Available from www.atsdr.cdc.
gov/toxprofiles/tp.asp?id=389&tid=67 (Accessed
May 12, 2014).

Jappinen P, Tenhunen R. Hydrogen sulphide poison-
ing: blood sulphide concentration and changes in

26.

27.

28.

29.

30.

31.

32.

33.

34.

haem metabolism. Br J Ind Med 1990;47:283-5.

Jandorf BJ, Bodansky O. Role of methemoglo-
binemia in protection against and treatment of
inhalation poisoning by HCN and CNCI. Fed Proc
1946;5:184.

Eghbal MA, Pennefather PS, O'Brien PJ. H2S cyto-
toxicity mechanism involves reactive oxygen spe-
cies formation and mitochondrial depolarisation.
Toxicology 2004;203:69-76.

Helmy N, Prip-Buus C, Vons C, et al. Oxidation of
hydrogen sulfide by human liver mitochondria.
Nitric Oxide 2014;41:105-12.

Moore SJ, Norris JC, Walsh DA, Hume AS. Antidotal
use of methemoglobin forming cyanide antagonists
in concurrent carbon monoxide/cyanide intoxica-
tion. J Pharmacol Exp Ther 1987;242:70-3.

Smith RP, Gosselin RE. The Influence of Methemo-
globinemia on the Lethality of Some Toxic Anions.
li. Sulfide. Toxicol App! Pharmacol 1964;6:584-92.

Smith L, Kruszyna H, Smith RP. The effect of methe-
moglobin on the inhibition of cytochrome c oxidase
by cyanide, sulfide or azide. Biochem Pharmacol
1977;26:2247-50.

Savic M, Siriski-Sasic J, Djulizibaric D. Discom-
forts and laboratory findings in workers exposed
to sulfur dioxide. Int Arch Occup Environ Health
1987;59:513-8.

Baskurt OK, Levi E, Caglayan S, et al. Hematological
and hemorheological effects of air pollution. Arch
Environ Health 1990;45:224-8.

Digesti RD, Weeth HJ. A defensible maximum for
inorganic sulfate in drinking water of cattle. J Anim
Sci 1976;42:1498-502.

25



