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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 docunents as accurately as possible wi thout unduly del ayi ng
their publication, mstakes m ght have occurred and are likely to
occur in the future. In the interest of all users of the environnmenta
health criteria docunments, readers are kindly requested to communi cate
any errors found to the Division of Environnental Health, Wrld Health
Organi zation, Ceneva, Switzerland, in order that they nmay be incl uded
in corrigenda which will appear in subsequent vol unes.

In addition, experts in any particular field dealt with in the
criteria docunments are kindly requested to nake available 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 environnental agent under
exam nation, so that the information may be considered in the event of
updati ng and re-eval uation of the concl usions contained in the
criteria docunents.
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ENVI RONMENTAL HEALTH CRI TERI A FOR CARBON MONOXI DE

A VWHO Task Group on Environnental Health Criteria for Carbon
Monoxi de met in Geneva from1ll to 17 COctober 1977. Dr V.B. Vouk,
Chi ef, Control of Environnental Pollution and Hazards, opened the
neeting on behalf of the Director-CGeneral. The Task G oup revi ewed and
revised the second draft of the criteria document and nade an
eval uation of the health risks fromexposure to carbon nonoxi de.

The first and second drafts were prepared by Dr S.M Horvath of
the Institute of Environnental Studies, University of California,
Santa Barbara, USA. The comments on which the second draft was based
were received fromthe national focal points for the WHO Envi ronnent al
Health Criteria Programme in Bul garia, Canada, Czechoslovakia, France,
Net her | ands, Pol and, USSR, and USA and fromthe International Labour
Organi sation (ILO, Geneva, the Food and Agriculture Organization of
the United Nations (FAO, Ronme, the United Nations Educational,
Scientific and Cultural Organization (UNESCO), Paris, the United
Nati ons I ndustrial Devel opnent Organization (UNIDO), Vienna, the
Per manent Commi ssion and International Association on Cccupati onal
Heal th, the Comm ssion on Atnospheric Environnent, |nternational Union
of Pure and Applied Chemistry (1 UPAC), and fromthe Pan American
Sani tary Engi neering Center (CEPIS).

The col | aboration of these national institutions, international
organi zati ons and WHO col | aborating centres is gratefully
acknow edged. Wthout their assistance this docunment woul d not have
been conpl eted. The Secretariat w shes to thank, in particular,
Professor P.J. Lawther and M R E. Waller of the Medical Research
Counci | Toxicology Unit, St Barthol onew s Hospital Medical Coll ege,
London, and Dr G Wnneke of the Institute for Air Hygi ene and
Silicosis Research, Disseldorf, for their help in the scientific
editing of the docunent.

Thi s docunent is based prinmarily on original publications |isted
in the reference section. However, several recent publications broadly
review ng health aspects of carbon nonoxi de have al so been used
i ncludi ng those of the Conmi ssion of the European Conmunities (1974),
NAS/ NRC (1977), US Departnent of Health, Education and Wl fare (1970,
1972), and Conmittee on the Chall enges of Mydern Society (1972).

Details of the WHO Environnental Health Criteria Progranme,
i ncluding sone of the terns frequently used in the docunents, nay be
found in the introduction to the publication "Environnental Health
Criteria 1 -- Mercury" published by the World Health Organi zati on,
Geneva, 1976, and now avail able as a reprint.

The foll owi ng conversion factors® have been used in this docunent:
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car bon nonoxi de 1 ppm = 1145 pg/n? 1 pg/n? = 0.873 ppm
met hyl ene chloride 1 ppm= 3480 pg/n? 1 ug/n? = 0.288 ppm
ni trogen di oxi de 1 ppm= 1880 pg/n? 1 pg/n? = 0.532 ppm
ozone 1 ppm = 2000 pg/n? 1 pg/n? = 0.500 ppm
peroxyacetyl nitrate 1 ppm = 5000 pg/n? 1 pg/n¥ = 0.200 ppm

1 Torr = 1.333 x 102 pascals = 1 mrHg

& Al conversion factors for atnospheric pollutants refer to 25°C
and 101 kPa (1 atn) pressure.

1. SUMVARY AND RECOWVVENDATI ONS FOR FURTHER STUDI ES
1.1 Summary
1.1.1 Properties and anal ytical methods

Car bon nonoxide (CO is a colourless, odourless, tastel ess gas
that is slightly less dense than air. It is a product of inconplete
conbusti on of carbon-containing fuels and is also produced by sone
i ndustrial and biol ogical processes. Its health significance as a
contamnant of air is largely due to the fact that it forns a strong
coordi nation bond with the iron atom of the protohaem conplex in
haenogl obi n form ng carboxyhaenogl obin (HbCO and thus inpairs the
oxygen-carrying capacity of the blood. The dissociation of
oxyhaenogl obin is also altered by the presence in blood of
car boxyhaenogl obin so that the supply of oxygen to tissues is further
impaired. The affinity of haenogl obin for carbon nonoxide is roughly
240 times that of its affinity for oxygen; the proportions of
car boxyhaenogl obi n and oxyhaenogl obin in blood are | argely dependent
on the partial pressures of carbon nonoxi de and oxygen. Carbon
nmonoxi de i s absorbed through the lungs and the concentration? of
car boxyhaenogl obin in the blood at any tinme will depend on severa
factors. Wien in equilibriumw th anbient air, the carboxyhaenogl obin
content of the blood will depend mainly on the concentrations of
i nspired carbon nonoxi de and oxygen. However, if equilibrium has not
been achi eved, the carboxyhaenogl obin concentration will also depend
on the tine of exposure, pulnonary ventilation, and the
car boxyhaenogl obin originally present before inhalation of the
contam nated air. Formul ae exi st by which these estinmates can be nmde.
In addition to its reaction with haenogl obin, carbon nonoxi de conbi nes
wi th nyogl obin, cytochrones, and sonme enzymes; the health significance
of these reactions is not clearly understood but is likely to be of
| ess inmportance than that of the reaction of the gas w th haenogl obin.

Met hods avail abl e for the nmeasurenent of carbon nonoxide in

ambient air® range fromfully autonated nethods using the non-

di spersive infrared techni que and gas chromat ography to very sinple
sem quantitative manual nethods using detector tubes. Since the
formati on of carboxyhaenogl obin in man is dependent on many factors

& Throughout the docunent, the word concentration refers to mass
concentration, unless otherw se stated.

b Sel ected Methods of Measuring Air Pollutants, WHO Of f set
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Publication No. 24 (1976) published under the joint sponsorship of
the United Nations Environment Programe and the World Health
Organi zati on, Ceneva.

including the variability of anbient air concentrations of carbon
nonoxi de, carboxyhaenogl obi n concentrati ons shoul d be neasured rat her
than cal cul ated. Several relatively sinple nethods are avail able for
det erm ni ng carbon nonoxi de either by analysis of the blood or of

al veolar air that is in equilibriumwth the blood. Sone of these

nmet hods have been validated by careful conparative studies.

1.1.2 Sources of environnmental pollution

At present, the significance of natural sources of carbon nonoxide
for man is uncertain. Estimates of man-made carbon nonoxi de emni ssions
vary from 350 to 600 mllion tonnes per annum By far the nost
i mportant source of carbon nonoxide at breathing | evel is the exhaust
of petrol-powered notor vehicles. The enission rate depends on the
type of vehicle, its speed, and its node of operation. Oher sources
i nclude heat and power generators, some industrial processes such as
the carbonization of fuel, and the incineration of refuse. Faulty
donesti c cooking and heating appliances may be inportant sources that
are often overl ooked.

1.1.3 Environnental |evels

Nat ural background | evel s of carbon nonoxide are | ow
(0.01-0.9 ng/n? or 0.01-0.8 ppm. Carbon nonoxi de concentrations in
urban areas are closely related to notor traffic density and to
weat her and vary greatly with tine and distance fromthe sources. The
configuration of buildings is inportant and concentrations fal
sharply with increasing distance fromthe street.

There are usually well-marked diurnal patterns wth peaks
corresponding to the norning and evening "rush hours". Data from Japan
and the USA show that 8-h nean concentrations of carbon nonoxi de are
general ly less than 20 ng/nt (17 ppm). However, maxi mum 8-h nean
concentrations of up to 60 ng/nt (53 ppm) have occasional |y been
recorded. Much higher relatively transient peaks nay be observed in
still weather where there is traffic congestion, and high
concentrations can be found in confined spaces such as tunnels,
garages, and | oadi ng bays in which vehicles operate and in vehicles
with faulty exhaust systens. There may be relatively high pollution by
carbon nonoxi de in workplaces and in sone honmes wi th cooking and
heating appliances that are faulty or do not have fl ues.

By far the commopnest cause of hi gh carboxyhaenpgl obi n
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