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NOTE TO READERS OF THE CRI TERI A DOCUMENTS

Wil e every effort has been nade to present information in the
criteria docunments as accurately as possible wi thout unduly del ayi ng
their publication, nistakes m ght have occurred and are likely to
occur in the future. In the interest of all users of the environnental
health criteria docunents, readers are kindly requested to communi cate
any errors found to the Division of Environnental Health, Wrld Health
Organi zation, Geneva, Switzerland, in order that they may be incl uded
in corrigenda which will appear in subsequent vol unes.

In addition, experts in any particular field dealing with in the
criteria docunents are kindly requested to nake available to the WHO
Secretariat any inportant published infornmation that may have
i nadvertently been onitted and which nmay change the eval uation of
health risks from exposure to the environnental agent under
exam nation, so that the information may be considered in the event of
updati ng and re-eval uati on of the concl usions contained in the
criteria docunents.

ENVI RONVENTAL HEALTH CRI TERI A FOR HYDROGEN SULFI DE

A WHO Task Group on Environnmental Health Criteria for Hydrogen
Sul fide met in Geneva from24 to 28 March 1980. M G zoli ns,
Associ ate Manager, Environnental Health Criteria and Standards, opened
the meeting on behalf of the Director-General. The Task G oup revi ewed
and revised the second draft of the criteria docunment and made an
eval uation of the health risks from exposure to hydrogen sulfide.

The first and second drafts were prepared jointly by Dr T. H
M| by of the Environmental Health Associates, Inc., Berkeley, CA USA
and Dr R C. Spear of the Departnent of Bionedical and Environnental
Heal th Sciences, University of California, Berkeley, CA USA. The
coments on which the second draft was based were received fromthe
nati onal focal points for the WHO Environnental Health Criteria
Programme in Australia, Belgium Czechosl ovakia, Finland, Federal
Republic of Germany, Mexico, New Zeal and, Pol and, USA and USSR, and
fromthe International Labour Organisation, CGeneva, the International
Centre for Industry and Environnent, France, and the |nternational
Petrol eum I ndustry Environnental Conservation Association, London.
Comments were al so received from Professor M Katz (Canada) and
Professor R Lilis (USA). Sone comments were received after the second
draft had been prepared and were reviewed by the Task Group during its
nmeeting. These comments were fromthe national focal points for the
WHO Environnental Health Criteria Progranme in Japan and the United
Ki ngdom and from the Conm ssion of the European Conmuniti es,
Luxenbourg, and the International Union of Pure and Applied Chem stry,
London.

The col | aborati on of these national institutions, international
organi zations and individual experts is gratefully acknow edged.
Wthout their assistance this docunent could not have been conpl et ed.

Thi s docunent is based primarily on original publications listed
in the reference section. However, several recent publications broadly
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review ng health aspects of hydrogen sulfide have al so been used,
including those of the National Research Council, USA (1979) and N CsH
(1977).

Details of the WHO Environnental Health Criteria Progranme,
i ncluding sone of the terns frequently used in the docunents, can be
found in the introduction to the publication "Environnental Health
Criteria 1 - Mercury", published by the World Health O gani zati on
Geneva, 1976, now al so available as a reprint.

The foll owi ng conversion factors have been used in this docunent:
hydrogen sulfide: 1 ppm= 1.5 ng/n?, 1 ng/n? = 0.7 ppm

* *

Fi nanci al support for the publication of this criteria docunent
was kindly provided by the Departnent of Health and Human Services
through a contract fromthe National Institute of Environmental Health
Sci ences, Research Triangle Park, North Carolina, USA - a WHO
Col I aborating Centre for Environmental Health Sciences.

1. SUMVARY AND RECOVVENDATI ONS FOR FURTHER STUDI ES
1.1 Summary
1.1.1 Properties and anal yti cal methods

Hydrogen sulfide is a colourless gas with a characteristic odour
that is soluble in various liquids including water, alcohol, ether
and solutions of am nes, alkali carbonates, and bicarbonates. It can
undergo a nunber of oxidation reactions to yield principal products
consi sting of sulfur dioxide, sulfuric acid, or elenental sulfur.
Reaction rates and oxidation products depend on the nature of the
oxi di zi ng agent.

The nethyl ene blue colorinetric method has acceptable specificity,
accuracy, and sensitivity for hydrogen sulfide determ nations, and is
generally recogni zed as a standard anal ytical procedure. It has been
used successfully, in automatic continuous nonitoring, but
sophi sticated nmai ntenance facilities and highly trained technicians
are required for this nethod. Gas chronmatography coupled with flame
photometric detection is an alternative method for hydrogen sul fide
determnation, either as a | aboratory nethod or for continuous
nonitoring in stationary field settings.

Most of the direct-reading nethods of hydrogen sul fide
determnation in the occupational environment are susceptible to
various forns of interference. However, nethods enploying chem ca
detector tubes appear to be useful in occupational settings, where
hazardous | evel s of hydrogen sul fide can occur. Under these
conditions, reliability and accuracy conpensate for a certain | ack of
specificity.

1.1.2 Sources of hydrogen sulfide

Hydrogen sulfide is one of the principal conpounds involved in the
natural cycle of sulfur in the environnent. It occurs in volcanic
gases and i s produced by bacterial action during the decay of both
pl ant and animal protein. It can also be produced by bacteria through
the direct reduction of sulfate. Significant concentrations of
hydrogen sul fide occur in sone natural gas fields and in geothernally
active areas.
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Hydrogen sul fide can be forned whenever el enental sulfur or
certain sul fur-containing conpounds cone into contact with organic
materials at high tenperatures. In industry, it is usually produced as
an undesirabl e by-product, though it is an inportant reagent or
intermedi ate in sone processes. Hydrogen sul fide occurs as a
by- product in: the production of coke from sul fur-containing coal, the
refining of sulfur-containing crude oils, the production of carbon
di sul fide, the manufacture of viscose rayon, and in the Kraft process
for produci ng wood pul p.

1.1.3 Environnental |evels and exposures

Though concentrations of hydrogen sulfide in urban areas nmay
occasional ly be as high as 0.050 ng/n? (0.033 ppm) with averaging
times of 30 min-1 h, they are generally (bel ow 0.0015 ng/ n?

(0.001 ppm). Peak concentrations as high as 0.20 ng/nt (0.13 ppm

have been reported in the nei ghbourhood of point sources. In a
geothermal area, 1-h mean concentrations of up to 2 nmg/n? (1.4 ppm
have been observed. When hydrogen sul fide was accidentally released in
an incident in Poza Rica, Mxico, in 1950, the nunber of deaths that
foll owed indicated that exposure |evels probably exceeded

1500- 3000 ng/ n? (1000- 2000 ppm) .

It is believed that workers are not usually exposed to hydrogen
sul fide concentrati ons above the occupational exposure limts of
10-15 ng/n? (7-10 ppm) (8-h time-wei ghted average) adopted by nany
governnents. There are, however, nunerous reports of accidental
exposures to concentrations that have ranged from 150 ng/nt
(100 ppm) to as high as 18 000 ng/nt (12 000 ppm). Such nmssive
exposures to hydrogen sul fide have resulted either fromleaks in
i ndustrial gas streans containing high | evel s of hydrogen sulfide or
fromthe slow, insidious accunulation of hydrogen sulfide in | owlying
areas. The second case nmay ari se when hydrogen sul fide of biogenic
origin is generated fromsuch sources as sewage di sposal plants and
cesspool s.

1.1.4 Effects on experinental animals

In experimental aninals, the effects of high doses of hydrogen
sul fide and hi gh doses of cyanide are very simlar. Cyanide inhibits
the enzyme cytochrome ¢ oxidase [EC 1.9.3.1] & thereby
interfering with tissue use of oxygen to the point where netabolic
demands cannot be net. Hydrogen sulfide also exhibited an inhibitory
action on a purified preparation of cytochrome c¢ oxidase.

Results of studies on a nunber of aninal species including canary,
rat, guineapig, cat, dog, and goat showed that inhalation of hydrogen
sul fide at a concentration of 150-225 ng/nt (100-150 ppm
resulted in signs of local irritation of eyes and throat after nmany
hours of exposure; at 300-450 ng/nt (200-300 ppm), eye and mucous
nmenbrane irritation appeared after 1 h inhalation and slight genera
effects after prolonged inhal ation; at 750-1050 ng/n? (500-700 ppn),
local irritation and slight system c signs appeared within 1 h and

& The nunbers within brackets follow ng the nanmes of enzynes are

those assigned by the Enzyme Comm ssion of the Joint | UPAC |1 UB
Commi ssi on on Bi ochem cal Nonencl at ur e.

death after several hours; at 1350 ng/n? (900 ppn), serious systemc
effects appeared in less than 30 mn and death within 1 h; at
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2250 ng/ n? (1500 ppn), collapse and death occurred within 15-30 min;
and, at 2700 ng/nf (1800 ppn), there was inmediate col |l apse with
respiratory paralysis, and death. There is little information on the
effects on experinental animals of long-term |owlevel exposure to
hydrogen sul fi de gas.

1.1.5 Effects on nan
1.1.5.1 Ceneral toxicological considerations

Hydrogen sulfide is both an irritant and an asphyxiant gas. Its
direct irritant action on the noist tissues of the eye produces
kerat oconjunctivitis, known as "gas eye". Wen inhal ed, hydrogen
sul fide exerts an irritant action throughout the entire respiratory
tract, although the deeper structures suffer the greatest damage. A
consequence nmay be pul nbnary oedenma. At concentrations of
1500- 3000 ng/ n? (1000- 2000 ppm), hydrogen sulfide gas is rapidly
absorbed through the lung into the blood, which initially induces
hyper pnoea (rapid breathing). This is followed by respiratory
inactivity (apnoea). At higher concentrations, hydrogen sulfide exerts
an i nmedi ate paral ysing effect on the respiratory centres. Death due
to asphyxia is the certain outcone, unless spontaneous respiration is
re-established or artificial respiration is pronptly provided. This
sequence of events represents the nost inportant toxic effect of
hydr ogen sul fi de.

Acut e hydrogen sulfide intoxication can be defined as the effects
froma single exposure to nmassive concentrations of hydrogen sul fide
that rapidly produce signs of respiratory distress. Concentrations
exceedi ng about 1500 ng/ n? (1000 ppm) produce such acute effects.
Subacut e hydrogen sulfide intoxication is the termapplied to the
effects of continuous exposure for up to several hours to
concentrations ranging from 150 to 1500 ng/n? (100-1000 ppn). In
this range of exposure, eye irritation is the nost comonly observed
ef fect. However, sone reports have indicated that the threshold for
eye irritation occurs after several hours of exposure to hydrogen
sul fide at levels of 16-32 ng/nt (10.5-21.0 ppm). Pul nbnary oedenam
may be a nore inportant and potentially fatal conplication of subacute
hydrogen sul fide intoxication. Chronic intoxication is a largely
subj ective state characterized by fatigue and believed by sonme to be a
consequence of intermttent exposure to hydrogen sulfide
concentrations of 75-150 ng/nt (50-100 ppm). Not all research
wor kers accept the existence of such a condition

The characteristic "rotten egg" odour of hydrogen sulfide is well
known. The threshold of perception of this odour varies considerably

ERR B | R [T R Y T R,

S P |

TR EER, Fe RS HHEA 4RI T :

https://www.yunbaogao.cn/report/index/report?reportld=5 30810




