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any errors found to the Division of Environnental Health, Wrld Health
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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 infornmation 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 information may be considered in the event of
updati ng and re-eval uating the conclusions contained in the criteria
docunent s.
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ENVI RONMVENTAL HEALTH CRI TERI A FOR OXI DES OF NI TROGEN

A VWHO Task Group on Environnmental Health Criteria for Oxides of
Nitrogen met in Tokyo from 23 to 27 August 1976. Dr Y. Hasegawa,
Medi cal Officer, Control of Environmental Pollution and Hazards,
Di vi sion of Environnmental Health, WHO, opened the neeting on behal f of
the Director-Ceneral and expressed the appreciation of the
Organi zation to the Governnment of Japan for kindly acting as host to
the meeting. In reply the group was wel coned by Dr M Hashi not o,
Director-CGeneral of the Air Quality Bureau, Environment Agency, Japan.
The Task Group reviewed and revised the second draft criteria docunent
and nade an eval uation of the health risks from exposure to oxi des of
ni trogen.

The first and second drafts of the criteria docunent were prepared
by Dr G Freeman, Director, Department of Medical Sciences, Stanford
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Research Institute, Menlo Park, CA, USA The comments on which the
second draft was based were received fromthe national focal points
for the WHO Environnental Health Criteria Progranme in Bulgaria,
Canada, Czechosl ovaki a, Federal Republic of Germany, |ndia, Japan, New
Zeal and, Pol and, Sweden, the USA and the USSR, and fromthe Food and
Agriculture Organization of the United Nations (FAO, Rone, and the
Wor |l d Met eorol ogi cal Organization (WMD), Geneva. The col |l aboration of
these national institutions and international organizations is

grateful ly acknow edged.

The Secretariat also wi shes to acknow edge the nost val uable
col laboration in the final phase of the preparation of this docunent,
of Professor C. M Shy, School of Public Health, University of North
Carolina, NC, USA, Dr D. E. Gardner, Chief, Bionedical Research
Branch, Health Effects Research Laboratory, Environnmental Protection
Agency, Research Triangle Park, NC, USA, and Dr R G Derwent,
Envi ronnental and Medical Sciences Division, Atonic Energy Research
Est abl i shnent, Harwel |, Engl and.

Thi s docunent is based primarily on original publications |isted
in the reference section. Miuch valuable information nay al so be found
in other published criteria docunents (North Atlantic Treaty
Organi zation, 1973; US Departnent of Health, Education, and Wl fare,
1976; US Environnental Protection Agency, 1971a) and in the reviews on
oxi des of nitrogen by Cooper & Tabershaw (1966), Morrow (1975), and
Stern, ed. (1968). Details of the WHO Environnmental Health Criteria
Programme including sone terns frequently used in the docunents nmay be
found in the general introduction to the Environnental Health Criteria
Programme published together with the environnmental health criteria
docunent on mercury (Environmental Health Criteria 1, Geneva, Wrld
Heal t h Organi zation, 1976).

The follow ng conversion factors have been used in this docunent.?

nitric 1 ppm = 1230 pg/ n? car bon 1 ppm = 1150 pg/ n?
oxi de nmonoxi de

nitrogen 1 ppm= 1880 pg/n®  ozone 1 ppm = 2000 pg/ nt
di oxi de

ni trous 1 ppm = 1800 pg/nt  sul fur 1 ppm = 2600 pg/ nt
oxi de di oxi de
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@ Wien converting val ues expressed in ppmto ug/n?, the numbers
have been rounded up to 2 or, exceptionally 3 significant figures and,
in nost cases, concentrations higher than 10,000 pg/ n® have been
expressed in mg/ n?.

1. SUMVARY AND RECOVMENDATI ONS FOR FURTHER RESEARCH
1.1 Sunmary
1.1.1 Chenistry and anal ytical nethods

In the context of this criteria docunent, the term oxides of
nitrogen is understood to include nitric oxide (NO and nitrogen
di oxi de (NO)). Other oxides of nitrogen which exist in the
at nosphere are not known to have any biol ogical significance and have
not been referred to in this docunment. At the point of discharge from
man- made sources, the predom nant oxide of nitrogen is nitric oxide
which is readily converted to nitrogen dioxide by chenical reactions
in the atnosphere.

Nitric oxide and nitrogen di oxi de can be nmeasured separately or
col lectively by manual or autonated techni ques. However, whereas a
certain analytical nethod can be quite reliable for one conmpound
("chemi [ um nescence" for nitric oxide: "Saltzman et hod" for nitrogen
dioxide), difficulties may arise in the sinultaneous nonitoring of
bot h oxi des. Gas-phase titration, perneation tubes, and gravinetric
st andards have been used for the accurate calibration of these
anal yti cal procedures.

1.1.2 Sources of oxides of nitrogen

On a global scale, quantities of nitric oxide and nitrogen dioxide
produced naturally by bacterial and vol canic action and by |ightning
by far outweigh those generated by man's activities. However, as they
are distributed over the entire earth's surface, the resulting
background at nospheric concentrations are very small.

The maj or source of man-nmade enissions of oxides of nitrogen into
the atnobsphere is the conbustion of fossil fuels in stationary sources
(heating, power generation) and in notor vehicles (internal conbustion
engines). O her contributions to the atnosphere cone from specific
non- conbusti on industrial processes, such as the manufacture of nitric
aci d and expl osives. |Indoor sources include snoking, gas-fired
appl i ances, and oil stoves. Differences in the nitrogen di oxi de
em ssion of various countries are mainly due to differences in fossi
fuel consunpti on.

Wor | dwi de eni ssions of oxides of nitrogen in 1970 were esti nated
at approximately 53 mllion tonnes.

1.1.3 Environmental |evels and exposures

The natural background concentration of nitrogen di oxi de over |and
areas is usually in the range of 0.4-9.4 pg/n? (0.0002-0.005 ppn).
This concentration is 1-2 orders of nmagnitude |ower than the
concentrations nornmally found in urban areas. Annual nean nitrogen
di oxi de concentrations in urban areas throughout the world are
typically in the range of 20 90 ug/n? (0.01-0.05 ppm), although it
is exceedingly difficult to generalize.

Data for shorter averagi ng periods show consi derabl e variations

dependi ng on net eorol ogi cal and seasonal conditions and on the
proximty and nature of |ocal sources of pollution. Generally, the
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hi ghest nonthly means of nitrogen dioxide levels in |arge urban areas
are about 60-110 pg/n? (0.03 0.06 ppn), the highest daily neans
136-400 upg/ n? (0.07-0.22 ppm), and the highest hourly val ues

240-850 pg/ nt (0.13-0.45 ppm.

In contrast with typical primary air pollutants, nitrogen dioxide
concentrations do not show consi stent seasonal behavi our throughout
all urban areas of the world and are not necessarily highest during
the mont hs of maxi mum phot ochem cal activity.

Exposure from i ndoor sources such as hone appliances and snoking
shoul d not be underestimated. In the inmediate proxinity of donmestic
gas-fired appliances, nitrogen dioxide concentrations of up to
2000 pg/n? (1.1 ppm) have been neasured. Tobacco snmoke has been
reported to contain nitric oxide |evels of about 98-135 ng/n?

(80-110 ppm) and nitrogen dioxide |evels of about 150-226 ng/n?t
(80-120 ppn), but these levels may fluctuate considerably with the
condi tions of conbusti on.

1.1.4 Effects on experinental aninals

Reversible and irreversi bl e adverse effects may be caused by
exposure to nitrogen dioxide, depending upon the concentration
| ength, and nbde of exposure, the species of animal tested, and the
presence of infectious agents.

Mor phol ogi cal changes reported in a nunber of animal species
i ncluding the nouse, rat, rabbit, guineapig, and nonkey, appeared to
be nost prominent in the term nal bronchiolar and al veol ar duct
epi thelia. Exposure to about 470-1900 ug/n? (0.25-1.0 ppn) resulted
i n numerous pat hophysi ol ogi cal changes including bronchitis,
bronchopneunoni a, atel ectasis, protein | eakage into the alveolar
space, changes in collagen, elastin, and nmast cells of the |ungs,
reduction or loss of cilia and adenonmat ous changes.

At concentrations of 3800-47 000 ug/n’ (2.0-25 ppn) these
ef fects becane nore pronounced. The nore sensitive ciliated
bronchi ol ar and type 1 alveolar lining cells were injured first and
were replaced by the proliferation of nore resistant nonciliated
cells, and type 2 cells, respectively. Prolonged exposure resulted in
a reduction in dianmeter of small airways by exudate, hypertrophy of
the respiratory epithelium and swelling of the basenment menbrane.

In studies on the effect of nitrogen di oxide on Iung function,

increased respiratory rates were reported in rats exposed to
concentrations as | ow as 1500 pg/n? (0.8 ppn). Reductions in both
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