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NOTE TO READERS OF THE CRI TERI A DOCUMENTS

Wil e every effort has been nmade to present information in the
criteria docunents as accurately as possible without unduly del ayi ng
their publication, nmstakes mght have occurred and are likely to
occur in the future. In the interest of all users of the environmental
health criteria docunents, readers are kindly requested to conmmuni cate
any errors found to the Division of Environnental Health, Wrld Health
Organi zation, Ceneva, 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 dealt with in the
criteria docunents are kindly requested to nake avail able to the WHO
Secretariat any inportant published information that may have
i nadvertently been onitted and which nmay change the eval uati on of
health risks from exposure to the environnmental agent under
exam nation, so that the infornation may be considered in the event of
updating and re-eval uation of the conclusions contained in the
criteria docunents.

VWHO TASK GROUP ON ENVI RONVENTAL HEALTH CRI TERI A FOR SULFUR OXI DES
AND SUSPENDED PARTI CULATE MATTER
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ENVI RONVENTAL HEALTH CRI TERI A FOR SULFUR OXI DES AND SUSPENDED
PARTI CULATE MATTER

A VWHO Task Group on Environnental Health Criteria for Sul fur
Oxi des and Suspended Particulate Matter nmet in Geneva from®6 to 12
January 1976. The neeting was opened by Dr B. H D eterich, Director,
Di vi sion of Environmental Health, who wel conmed the participants and
the representatives of other international organizations on behal f of
the Director-GCGeneral. Dr Dieterich briefly outlined the history and
pur pose of the WHO Environnmental Health Criteria Progranme and the
progress made in its inplenmentation, thanks to the active
col | aborati on of WHO Menber States and the support of the United
Nat i ons Envi ronnent Progranme (UNEP).

The Task Group reviewed and revised the second draft criteria
docunent and nmade an eval uation of the health risks from exposure to
t hese subst ances.

The first and second drafts were prepared by Professor B. G
Ferris, Jr, Harvard University School of Public Health, USA. The
comrents on which the second draft was based were received fromthe
nati onal focal points collaborating in the WHO Envi ronmental Health
Criteria Progranme in Belgium Bulgaria, Canada, Czechoslovakia, the
Federal Republic of Gernmany, G eece, Japan, New Zeal and, Pol and,
Sweden, USA, USSR and from the Food and Agriculture O ganization of
the United Nations (FAO, the United Nations Educational Scientific
and Cultural Organization (UNESCO), the United Nations |ndustrial
Devel opnent Organi zation (UNIDO), the World Meteorol ogi cal
Organi zation (WMD), the International Atom c Energy Agency (lAEA), and
the Conmi ssion of European Conmunities (CEC). Conments were al so
received fromProfessor H Antweiler and Dr B. Prinz (Federal Republic
of Germany), Professor K Biersteker and Dr R van der Lende
(Net herl ands), Professor F. Sawi cki (Poland), and Professor W W
Hol | and and Professor P. J. Lawmher (United Kingdonj.

The col |l aboration of these national institutions, international

Page 5 of 99



Sulfur oxides and suspended particulate matter (EHC 8, 1979)

organi zations and individual experts is gratefully acknow edged. The
Secretariat also wishes to thank Professor B. G Ferris, Jr and M R
E. Valler for their invaluable assistance in the final stages of the
preparati on of the docunent.

In view of the substantial amendments nade to the docunent
(particularly within sections 2 to 5) since the neeting of the Task
Group, a revised version was circulated to all nmenbers in February
1978. At the sane time, copies of a new y-produced review of the
health effects of particulate pollution (Holland et al., in press),
that had been submitted for consideration, were distributed to the
nmenbers. Comrents were sought on the draft of the criteria docunent

itself, and on any anendnments or additions considered necessary in
light of the new report. These comments, together with others received
fromthe International Petroleum | ndustry Environmental Conservation
Association, and the International Iron and Steel Institute, were then
considered by a small group consisting of the Chairman of the Task
Group neeting, the Rapporteur and sone nenbers of the Secretariat. The
alterations suggested (mainly within section 9) were circul ated again
to the original nmenmbers of the Task Group prior to publication

The docurent has been based, primarily, on original publications
listed in the reference section. However, several recent reviews of
heal th aspects of sul fur oxi des and suspended particul ate matter have
al so been used including those by Katz (1969), Conmittee on the
Chal | enges of Mbdern Society (1971), Ogani zation for Economc
Cooperati on and Devel opnent (1965), Rall (1974), Task G oup on Lung
Dynam cs (1966), Task Group on Metal Accunulation (1973), US
Department of Health, Education and Welfare (1969a), US Environnent al
Protecti on Agency (1974), Wrld Health Organi zation (1976a), and Wrld
Met eor ol ogi cal Organi zation (1974).

The purpose of this docunent is to review and eval uate avail abl e
informati on on the biological effects of sul fur oxi des and suspended
particul ate matter including suspended sul fates and sul furic acid
aerosols, and to provide a scientific basis for decisions ainmed at the
protection of human health fromthe adverse consequences of exposure
to these substances in both occupational and general environnments.

Al t hough there are various routes of exposure, such as inhalation
ingestion (Wrld Health Organization, 1971, 1974) and contact wth
skin, attention in this report has been concentrated upon the effects
of inhalation of these substances, since this is the nost inportant
route of exposure. The discussion has also been limted to sul fur

di oxide, sulfur trioxide, sulfate ions, and particulate natter
primarily resulting fromthe conbustion of fossil fuels. The sulfate
i on has been considered in the variety of fornms in which it occurs in
the atnosphere, e.g., sulfuric acid and various sulfate salts.

The vast literature on these pollutants has been carefully
eval uated and sel ected according to its validity and rel evance for
assessi ng human exposure, for understanding the nechani sns of the
bi ol ogi cal action of the pollutants and for establishing environnental
health criteria, i.e., exposure-effect/response relationships in man.
Envi ronnent al consi derati ons have been linmted to elucidating the
pat hways | eading fromthe natural and man-nmade sources of these
substances to the sites of toxic action in the human organism The
non- human targets (plants, aninmals, ecosystens) have not been
consi dered unless the effects of their contami nati on were judged to be
of direct relevance to human health. For sinilar reasons, nuch of the
publ i shed i nformati on on the effects of these pollutants on
experinental animals has not been incl uded.

Detail s concerning the WHO Environnmental Health Criteria Programme
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including sone terns frequently used in the docurment nmay be found in
the general introduction to the Environnental Health Criteria
Programe published together with the environmental health criteria
docunent on nercury (Environmental Health Criteria 1, Mercury, Ceneva,
Wirld Health Organi zation, 1976), now al so available as a reprint.

The foll owi ng conversion factors have been used in the present
docunent : @

Sul fur dioxide 1 ppm = 2856 ug/ nt
Qzone 1 ppm = 2140 pg/ n?
Car bon nonoxi de 1 ppm = 1250 ug/ nt

@ \When converting val ues expressed in ppmto pg/nt, the nunbers
have been rounded up to 2 or, exceptionally, 3 significant figures,

and concentrations hi gher than 10 000 g/ n? have been expressed in

my/ nt.
1. SUMVARY AND RECOVIVENDATI ONS FOR FURTHER RESEARCH AND ACTI ON

1.1 Sunmmary
1.1.1 Chemstry and anal ytical nethods

Procedures in common use for the sanpling and deterni nation of
sul fur dioxide, sulfates, sulfuric acid, and suspended particul ate
matter have been discussed, noting their limitations and stressing the
need to specify the nethod of neasurenment when quoting results in
relation to studies on the effects of health.

Several alternative nethods, already in common use, can be
recommended for the determination of sulfur dioxide using manual ly
operated sanpling and, providing the extent of interference from other
pollutants is taken into account, results are reasonably conparabl e
with one other. A wide range of continuous automatic instrunents is
avai | abl e and, where the expense is justified, they can provide
addi tional information on short-termvariations in concentrations® of
sul fur di oxi de.

Met hods for the deternination of particulate sulfate do not
present any special problens, but, at present, there does not appear

to be any wholly satisfactory way of determ ning sulfuric acid
separately fromsulfates and other interrel ated conponents.
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