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Further to the recomendati ons of the Stockhol m United Nations
Conf erence on the Human Environnent in 1972, and in response to a
nunber of World Health Assenbly resol utions (WHA23. 60, WHA24. 47,
WHA25. 58, WHA26.68) and the recomnmendati on of the Governing
Council of the United Nations Environnent Programme (UNEP/ GC/ 10, 3
July 1973), a programre on the integrated assessnent of the health
effects of environmental pollution was initiated in 1973. The
programe, known as the WHO Environnental Health Criteria Programe,
has been inplenented with the support of the Environnent Fund of
the United Nations Environnent Progranme. |In 1980, the Environnental
Health Criteria Programme was incorporated into the International
Programme on Chemnical Safety. The result of the Environnental
Health Criteria Programme is a series of criteria docunments.

A VWHO Task Group on Environnental Health Criteria for Chlorine
and Hydrogen Chloride met in Geneva from?22 to 26 February 1982.
Dr M Mercier, Mnager, International Programe on Chemical Safety,
opened the neeting on behalf of the Director-Ceneral. The Task
Group reviewed and revi sed the second draft of the criteria
docunent and rmade an eval uation of the health risks from exposure
to chlorine and hydrogen chlori de.

The first and second drafts of the criteria docunment were
prepared by Dr R R Cook, Dr R J. Kociba, and Dr R R Langer of Dow
Chem cal USA. The comments on which the second draft was based
were received fromthe national focal points for the WHO
Envi ronmental Health Criteria Programe in Australia, Bulgaria,
Canada, Czechosl ovaki a, Federal Republic of Gernany, Finland,
Greece, India, Italy, Japan, Norway, Poland, Thailand, the United
Ki ngdom the USA, and the USSR, and fromthe United Nations
Envi ronnment Programre, the International Labour O ganisation, the
I nternati onal Agency for Research on Cancer, the International
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Uni on of Pure and Applied Chem stry, and the European Council of
Chem cal Manufacturers' Federations.

The col | aborati on of these national institutions, internationa
organi zati ons, and WHO col | aborating centres is gratefully
acknow edged. Wthout their assistance, this docunment woul d not
have been conpleted. The Secretariat w shes, in particular, to
thank Dr R R Cook for his help in the final scientific editing of
the docunent.

Thi s docunent is based prinmarily on original publications
listed in the reference section

Details of the WHO Environnental Health Criteria Progranme,
including definitions of sone of the ternms used in the docunents,
may be found in the general introduction to the Enivronnental
Health Criteria Programe, published together with the
environmental health criteria docunent on nercury (Environnenta

Health Criteria | - Mercury, Geneva, Wrld Health O ganization
1976) and now avail able as a reprint.
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1. SUMVARY AND RECOMIVENDATI ONS FOR FURTHER STUDI ES
1.1. Sunmmary

1.1.1. Sanpling and anal yti cal nethods

A variety of nethods are available for collecting and
concentrating airborne chlorine and hydrogen chl oride, using
either liquid or solid absorbents. Analysis is carried out using
colorinetric and potentionetric nmethods. Various nodifications of
these techni ques have resulted in the devel opnent of direct reading
instruments. However, nost of these nonitoring methods are cunber-
sone and non-specific. The choice of analytical procedure depends
on the atnosphere to be sanpled, the anal ytical tools avail able,
and the sensitivity and accuracy needed.

1.1.2. Sources and pat hways of exposure

The nmaj or sources of exposure to chlorine and hydrogen chloride
that are of significance for human health are found in industry.

Bot h chl orine and hydrogen chloride are corrosive to nobst construction

materials, as well as tissue, and cl osed process systens are used
to contain the compounds. Exposure mainly occurs as a result of
pl ant mal function or through accidental rel eases.

Though gaseous chl ori de speci es have been detected in the
at nosphere, specific identification has not been possible.
Chlorides are natural constituents of fossil fuels, and
organochl ori des have been added to prenium grades of gasoline,
but this use has decreased in recent years.

While the main use of chlorine is in the production of
chl ori nated hydrocarbon solvents and internedi ates for polyvinyl
chl oride and pol yglycols, large quantities are also used in the
bl eachi ng of pulp and paper. Another application of chlorine is in
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the disinfection of water.

Hydrogen chloride (HO) is a by-product of hydrocarbon
chl orination and dehydrochl orinations. Mich of the hydrogen
chl oride produced is consuned by the chenical industry. Large
quantities are also used in the pickling of steel. Acidification
of oil wells with hydrogen chloride, to increase the flow, is
rapidly increasing. Smaller anpbunts are used for adjusting the pH
in the treatnent of water

Qccupati onal exposure to both chlorine and hydrogen chloride
has | ong been regul ated by consensus guides and by governnent al
standards. Since both nmaterials are gases at normal tenperature
and pressure, exposure of workers is usually limted to inhalation

1.1.3. Experinental aninal studies on the effects of chlorine

Under physiol ogical conditions (pH 7.4, 37 °C), chlorine reacts
with water to produce hypochl orous acid. There is evidence to
suggest that chlorine and chlorides produce oxygen radicals.

El emental chlorine, hypochl orous acid, hydrogen chloride, and
oxygen are all thought to contribute to the biological activity.
Apparently, hypochl orous acid can penetrate the cell wall,
disrupting its integrity and perneability, and by reacting with

sul fhydryl (SH) groups in cysteine, can inhibit various enzynmnes.
Since chlorine can be distributed throughout the entire respiratory
tract, these effects follow a similar distribution

From data selected to represent the overall single and repeated
i nhal ation toxic effects of chlorine in animals (Table 1), it can
be seen that a single exposure for 30-60 mn to concentrations in
the range of 368-2900 ng/nt (127-1000 ppn) caused death in various
species of aninmals. A single exposure of several hours to a chlorine
concentration of 29-87 ng/nt (10-30 ppnm) induced definite adverse
effects, including high nortality rates, in rodent species tested.
Repeat ed exposure to chlorine concentrations of 2.9-26 ng/nt (1-9
ppm), for a period of several weeks to months, induced dose-rel ated
pul nonary and ot her adverse effects. A level of 2 ng/n® (0.7 ppm
was reported to be a "no-observed-adverse- effect” level, for
rabbits and gui nea-pigs, repeatedly exposed to chlorine through
i nhal ati on.

In studies designed to evaluate the effects of chlorine

exposure on resistance to di sease, repeated exposure to 261 ng/n?
(90 ppm for 3 h/day, during a 20-day period, had a greater effect

on rats with spontaneous pul monary di sease (SPD) than on those that
wera eneri fiec nat hnnen- freeal QPR A hi nher mrtalityv rate and a
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