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    the Director-General and expressed the appreciation of the 
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    Branch, Health Effects Research Laboratory, Environmental Protection 
    Agency, Research Triangle Park, NC, USA, and Dr R. G. Derwent, 
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        This document is based primarily on original publications listed 
    in the reference section. Much valuable information may also be found 
    in other published criteria documents (North Atlantic Treaty 
    Organization, 1973; US Department of Health, Education, and Welfare, 
    1976; US Environmental Protection Agency, 1971a) and in the reviews on 
    oxides of nitrogen by Cooper & Tabershaw (1966), Morrow (1975), and 
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    The following conversion factors have been used in this document.a

    nitric     1 ppm = 1230 µg/m3   carbon     1 ppm = 1150 µg/m3
    oxide                           monoxide 

    nitrogen   1 ppm = 1880 µg/m3   ozone      1 ppm = 2000 µg/m3
    dioxide 

    nitrous    1 ppm = 1800 µg/m3   sulfur     1 ppm = 2600 µg/m3
    oxide                           dioxide 
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a When converting values expressed in ppm to µg/m3, the numbers 
      have been rounded up to 2 or, exceptionally 3 significant figures and, 
      in most cases, concentrations higher than 10,000 µg/m3 have been 
      expressed in mg/m3. 

1.  SUMMARY AND RECOMMENDATIONS FOR FURTHER RESEARCH

1.1  Summary

    1.1.1  Chemistry and analytical methods 

        In the context of this criteria document, the term oxides of 
    nitrogen is understood to include nitric oxide (NO) and nitrogen 
    dioxide (NO2). Other oxides of nitrogen which exist in the 
    atmosphere are not known to have any biological significance and have 
    not been referred to in this document. At the point of discharge from 
    man-made sources, the predominant oxide of nitrogen is nitric oxide 
    which is readily converted to nitrogen dioxide by chemical reactions 
    in the atmosphere. 

        Nitric oxide and nitrogen dioxide can be measured separately or 
    collectively by manual or automated techniques. However, whereas a 
    certain analytical method can be quite reliable for one compound 
    ("chemiluminescence" for nitric oxide: "Saltzman method" for nitrogen 
    dioxide), difficulties may arise in the simultaneous monitoring of 
    both oxides. Gas-phase titration, permeation tubes, and gravimetric 
    standards have been used for the accurate calibration of these 
    analytical 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 volcanic action and by lightning 
    by far outweigh those generated by man's activities. However, as they 
    are distributed over the entire earth's surface, the resulting 
    background atmospheric concentrations are very small. 

        The major source of man-made emissions of oxides of nitrogen into 
    the atmosphere is the combustion of fossil fuels in stationary sources 
    (heating, power generation) and in motor vehicles (internal combustion 
    engines). Other contributions to the atmosphere come from specific 
    non-combustion industrial processes, such as the manufacture of nitric 
    acid and explosives. Indoor sources include smoking, gas-fired 
    appliances, and oil stoves. Differences in the nitrogen dioxide 
    emission of various countries are mainly due to differences in fossil 
    fuel consumption. 

        Worldwide emissions of oxides of nitrogen in 1970 were estimated 
    at approximately 53 million tonnes. 

    1.1.3  Environmental levels and exposures 

        The natural background concentration of nitrogen dioxide over land 
    areas is usually in the range of 0.4-9.4 µg/m3 (0.0002-0.005 ppm). 
    This concentration is 1-2 orders of magnitude lower than the 
    concentrations normally found in urban areas. Annual mean nitrogen 
    dioxide concentrations in urban areas throughout the world are 
    typically in the range of 20 90 µg/m3 (0.01-0.05 ppm), although it 
    is exceedingly difficult to generalize. 

        Data for shorter averaging periods show considerable variations 
    depending on meteorological and seasonal conditions and on the 
    proximity and nature of local sources of pollution. Generally, the 
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    highest monthly means of nitrogen dioxide levels in large urban areas 
    are about 60-110 µg/m3 (0.03 0.06 ppm), the highest daily means 
    136-400 µg/m3 (0.07-0.22 ppm), and the highest hourly values 
    240-850 µg/m3 (0.13-0.45 ppm). 

        In contrast with typical primary air pollutants, nitrogen dioxide 
    concentrations do not show consistent seasonal behaviour throughout 
    all urban areas of the world and are not necessarily highest during 
    the months of maximum photochemical activity. 

        Exposure from indoor sources such as home appliances and smoking 
    should not be underestimated. In the immediate proximity of domestic 
    gas-fired appliances, nitrogen dioxide concentrations of up to 
    2000 µg/m3 (1.1 ppm) have been measured. Tobacco smoke has been 
    reported to contain nitric oxide levels of about 98-135 mg/m3
    (80-110 ppm) and nitrogen dioxide levels of about 150-226 mg/m3
    (80-120 ppm), but these levels may fluctuate considerably with the 
    conditions of combustion. 

    1.1.4  Effects on experimental animals 

        Reversible and irreversible adverse effects may be caused by 
    exposure to nitrogen dioxide, depending upon the concentration, 
    length, and mode of exposure, the species of animal tested, and the 
    presence of infectious agents. 

        Morphological changes reported in a number of animal species 
    including the mouse, rat, rabbit, guineapig, and monkey, appeared to 
    be most prominent in the terminal bronchiolar and alveolar duct 
    epithelia. Exposure to about 470-1900 µg/m3 (0.25-1.0 ppm) resulted 
    in numerous pathophysiological changes including bronchitis, 
    bronchopneumonia, atelectasis, protein leakage into the alveolar 
    space, changes in collagen, elastin, and mast cells of the lungs, 
    reduction or loss of cilia and adenomatous changes. 

        At concentrations of 3800-47 000 µg/m3 (2.0-25 ppm) these 
    effects became more pronounced. The more sensitive ciliated 
    bronchiolar and type 1 alveolar lining cells were injured first and 
    were replaced by the proliferation of more resistant nonciliated 
    cells, and type 2 cells, respectively. Prolonged exposure resulted in 
    a reduction in diameter of small airways by exudate, hypertrophy of 
    the respiratory epithelium, and swelling of the basement membrane. 

        In studies on the effect of nitrogen dioxide on lung function, 
    increased respiratory rates were reported in rats exposed to 
    concentrations as low as 1500 µg/m3 (0.8 ppm). Reductions in both 
    diffusion capacity and peak expiratory flow rates were demonstrated in 
    beagles exposed to a combination of nitrogen dioxide at 
    1210 µg/m3 (0.64 ppm) and nitric oxide at 310 µg/m3 (0.25 ppm). 
    Biochemical changes included alterations in the action of several 
    pulmonary enzymes, in the lipid content of the lungs, in the stability 
    of pulmonary surfactant, and a decrease in the lung glutathione 
    levels. As the nitrogen dioxide concentration increased to 
    11-75 mg/m3 (6-40 ppm), the effects became more pronounced. 

        A number of extrapulmonary effects have been reported at nitrogen 
    dioxide concentrations of 560-3700 µg/m3 (0.3 to 2.0 ppm). 
    Examination of blood from exposed animals showed changes in the number 
    of circulating erythrocytes, in enzyme activity, and in antibody 
    titres. Within the range of these concentrations, effects were also 
    noted on the conditioned reflexes of the central nervous system 
    (600 µg/m3, 0.32 ppm) and on the endocrine and reproductive systems 
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