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Pollutant Type: Gaseous Pollutants

Pollutant Name: Nitrogen Dioxide (NO2)

Description of the metric

Nitrogen dioxide (NO2) is an important gaseous air pollutant as it is directly linked with a number of ad-
verse effects on human health (see below). In addition, NO2 plays an important role in the formation of
tropospheric ozone (03) and is a precursor of nitrates which contribute to atmospheric fine particulate
matter. As other N-compounds it contributes also to the eutrophication of soils and waters.

NO?2 is directly emitted from various sources but also formed in the atmosphere from reaction of nitro-
gen monoxide (NO) with 03. NO2 can on the other hand photolyse to form NO and ozone, resulting in a
cycling between NO and NO2 in the troposphere during daytime at time scales of minutes (Jacob, 1999).
Consequently, current European legislative standards control the emissions of nitrogen oxides (NOx, the
sum of NO and NO2) rather than of NO2.

The most important emission sector for NOx in Europe is transportation followed by combustion in pow-
er plants and industry. Commercial, residential and other stationary combustion sources and agricultural
activities are other important sources of NOx (see EMEP emission data, available from
http://www.emep-emissions.at/emissiondata-webdab).

Concentrations of NO2 are usually reported in pg/m3 using the respective molar masses of 46 g/mol.
Concentrations are reported with reference to standard pressure of 101,3kPa and standard temperature
of 293 K.

Health Relevance

Adverse health effects of ambient NO2 have been reported through many epidemiological studies. Many
studies reported short-term respiratory effects including the increase of respiratory symptoms, asthma
exacerbations in children and adults, and increases in related emergency visits and admissions as well as
respiratory mortality (Anderson et al. 1997; Anderson et al. 1998; Sunyer et al. 1997; Katsouyanni et al.
2001; Stieb et al. 2002; Galan et al. 2003; Peel et al. 2005; Samoli et al. 2006; Chiusolo et al. 2011; Tra-
muto et al. 2011; Mann et al. 2010). There is evidence that NO2 exposure increases symptoms and af-
fects the infection defense mechanism among asthmatics (Mortimer et al. 2002). There are also reports
on the effects on the cardiovascular system and increases in cardiovascular admissions and mortality
(Burnett et al. 1999; Metzger et al. 2004; Samoli et al. 2006; Chiusolo et al. 2011; Felber Dietrich et al.
2008), but not all evidence is consistent (Schwartz et al. 1997; Roemer et al. 1998). Recently there have
been reports from Spanish cohorts associating prenatal exposure with decreased fetal growth (Estarlich
et al. 2010; Estarlich et al. 2011). Several long-term studies assessed the effects of NO2 and reported
effects on asthma incidence in children (Simons et al. 2011), lung function decrements in children
(Gauderman et al. 2004) and adults (Schindler et al. 1998), cardiac autonomic dysfunction (Felber Die-
trich et al. 2008) and mortality (Hoek et al. 2002; Nafstad et al. 2004; Filleul et al. 2005) but the results
across studies are not consistent (Forastiere et al. 2006).
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In spite of the evidence, there is skepticism on whether the NO2 health effects are causal or are reflect-
ing effects from other traffic related pollutants and in particular particles with which NO2 concentrations
are highly correlated in time and space. NO2 results have been more inconsistent compared with the
ones reported for particles and are also more dependent on the lag times examined as well as the sus-
ceptibility of the population. Evidence from toxicological studies suggests that there are NO2 effects in
animals concerning lung metabolism, emphysema like structural changes, lung function, airway inflam-
mation, bronchial hyperresponsiveness and decrease in host defense against pulmonary infections
(Becker & Soukup 1999; Pathmanathan et al. 2003; Forastiere et al. 2006; Hodgkins et al. 2010;). There is
some evidence that NO2 acts synergistically with ozone or PM from controlled exposure human studies
(Gong et al. 2005). These can be considered in favour of independent NO2 effects but most have detect-
ed effects at higher than ambient level concentrations. However Koehler et al. 2011 demonstrated geno-
toxicity and DNA alterations at NO2 exposure of 200ug/m3 on nasal epithelial cells.

Compound Toxicological References Epidemiological  in- | References
Information formation
NO2 Effects on lung me- Becker & Soukup | Short-term increase | Anderson et al. 1997;
tabolism, emphyse- 1999; Hodgkins et | in respiratory symp- | Sunyer et al. 1997;
ma like structural al. 2010; toms, asthma exacer- | Katsouyanni et al.
changes, lung func- Forastiere et al. bations in children | 2001; Stieb et al.
tion, airway inflam- 2006 and adults, increases | 2002; Peel et al.
mation, bronchial in related emergency | 2005; Samoli et al.
hyperresponsiveness visits and admissions | 2006; Chiusolo et al.
and decrease in host and respiratory mor- | 2011
defense against pul- tality. Short-term
monary infections increase in cardiovas-
cular admissions and
mortality
Genotoxicity and Koehler et al. | Emergency room | Anderson et al. 1998;
DNA alterations in 2011 visits for acute res- | Galan et al. 2003;
human nasal epithe- piratory symp- Tramuto et al. 2011;
lium Mann et al. 2010;

toms, asthma exca-
cerbation in chil-
dren

Weinmayr et al. 2010

Prenatal exposure | Estarlich et al. 2010,
affects fetal growth Estarlich et al. 2011

Long-term effects on | Schindler et al. 1998;
asthma incidence in | Hoek et al. 2002;
children, lung func- | Nafstad et al. 2004;
tion decrements in | Gauderman et al.
children and adults; | 2004; Filleul et al.
cardiac autonomic | 2005; Forastiere et

dysfunction in sus- | al. 2006; Felber
ceptible groups and | Dietrich et al. 2008;
mortality Simons et al. 2011
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EC legislation, limit values (EU Directive 2008/50/EC)

Averaging period Limit value Date by which limit value
is to be met
One hour 200 pg/m? (not to be exceeded 1 January 2010
more than 18 times in a calendar
year)
Calendar year 40 pg/m? 1 January 2010

Reference method for determination of the metric

The reference method for NO2 is based on the catalytic conversion of NO2 into NO and subsequent de-
termination of NO by the chemiluminescence signal resulting from the reaction of nitrogen monoxide
with ozone(EN14211:2005 “Ambient air quality — Standard method for the measurement of the concen-
tration of nitrogen dioxide and nitrogen monoxide by chemiluminescence”). The method is described in
detail in the AirMonTech Technology Description File for NO2.

References

Anderson HR, Spix C, Medina S, Schouten JP, Castellsague J, Rossi G, Zmirou D, Touloumi G, Wojtyniak B,
Ponka A, Bacharova L, Schwartz J, Katsouyanni K. Air pollution and daily admissions for chronic ob-
structive pulmonary disease in 6 European cities: results from the APHEA project. Eur Respir J 1997;
10:1064-71.

Anderson HR, Ponce de Leon A, Bland JM, Bower JS, Emberlin J, Strachan DP. Air pollution, pollens and
daily admissions for asthma in London 1987-92. Thorax 1998; 53: 842-48.

Aguilera |, Garcia-Esteban R, Iiiiguez C, Nieuwenhuijsen MJ, Rodriguez A, Paez M, Ballester F, Sunyer J.
Prenatal exposure to traffic-related air pollution and ultrasound measures of fetal growth in the
INMA Sabadell cohort. Environ Health Perspect. 2010 May;118(5):705-11.

Becker S, Soukup JM. Effect of nitrogen dioxide on respiratory viral infection in airway epithelial cells.
Environ Res. 1999 Aug;81(2):159-66.

Burnett RT, Cakmak S, Brook JR, Krewski D. The role of the particulate size and chemistry in the associa-
tion between summertime ambient air pollution and hospitalization for cardiorespiratory diseases.
Environ Health Perspect 1997; 105: 614-20.

Chiusolo M, Cadum E, Stafoggia M, Galassi C, Berti G, Faustini A, Bisanti L, Vigotti MA, Dessi MP,
Cernigliaro A, Mallone S, Pacelli B, Minerba S, Simonato L, Forastiere F. Short Term Effects of Nitro-
gen Dioxide on Mortality and Susceptibility Factors in Ten ltalian Cities: the EpiAir Study. Environ
Health Perspect. 2011 May 17. [Epub ahead of print]

Estarlich M, Ballester F, Aguilera |, Fernandez-Somoano A, Lertxundi A, Llop S, Freire C, Tardén A, Baster-
rechea M, Sunyer J, Ifiiguez C. Residential exposure to outdoor air pollution during pregnancy and
anthropometric measures at birth in a multicenter cohort in Spain. Environ Health Perspect. 2011
Sep;119(9):1333-8.

Felber Dietrich D, Gemperli A, Gaspoz JM, Schindler C, Liu LJ, Gold DR, Schwartz J, Rochat T, Barthélémy
JC, Pons M, Roche F, Probst Hensch NM, Bridevaux PO, Gerbase MW, Neu U, Ackermann-Liebrich U;

Page 3 of 5



AirMonTech

Background Information on
M Air Pollutants and Air Quality Metrics

Air Pollution Monitoring Technologies
for Urban Areas

SAPALDIA Team. Differences in heart rate variability associated with long-term exposure to NO2.
Environ Health Perspect. 2008 Oct;116(10):1357-61.

Filleul L, Rondeau V, Vandentorren S, Le Moual N, Cantagrel A, Annesi-Maesano |, Charpin D, Declercq C,
Neukirch F, Paris C, Vervloet D, Brochard P, Tessier JF, Kauffmann F, Baldi I. Twenty five year mortal-
ity and air pollution: results from the French PAARC survey. Occup Environ Med 2005; 62: 453-60.

Forastiere F, Peters A, Kelly F, Holgate ST. Nitrogen dioxide. In: WHO air quality guidelines. Global up-
date, 2006.

Galan |, Tobias A, Banegas JR, Aranguez E. Short-term effects of air pollution on daily asthma emergency
room admissions. Eur Resp J 2003; 22:802-8.

Gauderman WJ, Avol E, Gilliland F, Vora H, Thomas D, Berhane K, McConnell R, Kuenzli N, Lurmann F,
Rappaport E, Margolis H, Bates D, Peters J. The effect of air pollution on lung development from 10
to 18 years of age. New Engl J Med 2004; 351: 1057-67.

Gong H Jr, Linn WS, Clark KW, Anderson KR, Geller MD, Sioutas C. Respiratory responses to exposures
with fine particulates and nitrogen dioxide in the elderly with and without COPD. Inhal Toxicol 2005;
17:123-32.

Hodgkins SR, Ather JL, Paveglio SA, Allard JL, LeClair LA, Suratt BT, Boyson JE, Poynter ME. NO2 inhalation
induces maturation of pulmonary CD11c+ cells that promote antigenspecific CD4+ T cell polariza-
tion. Respir Res. 2010 Jul 26;11:102.

Hoek G, Brunekreef B, Goldbohm S, Fischer P, van den Brandt PA. Association between mortality and
indicators of traffic-related air pollution in the Netherlands: a cohort study. Lancet 2002; 360: 1203-
9.

Jacob, D.J. (1999). Introduction to Atmospheric Chemistry, Princeton University Press, Princeton, New
Jersey.

Katsouyanni K, Touloumi G, Samoli E, Gryparis A, Le Tertre A, Monopolis Y, Rossi G, Zmirou D, Ballester
F, Boumghar A, Anderson HR, Wojtyniak B, Paldy A, Braunstein R, Pekkanen J, Schindler Ch, Schwartz
J. Confounding and effect modification in the short-term effects of ambient particles on total mor-
tality: results from 29 European cities within the APHEA2 project. Epidemiology 2001, 12: 521-31.

Koehler C, Ginzkey C, Friehs G, Hackenberg S, Froelich K, Scherzed A, Burghartz M, Kessler M, Kleinsasser
N. Ex vivo toxicity of nitrogen dioxide in human nasal epithelium at the WHO defined 1-h limit value.
Toxicol Lett. 2011 Nov 10;207(1):89-95.

Mann JK, Balmes JR, Bruckner TA, Mortimer KM, Margolis HG, Pratt B, Hommond SK, Lurmann FW, Tager
IB. Short-term effects of air pollution on wheeze in asthmatic children in Fresno, California. Environ
Health Perspect. 2010 Oct;118(10):1497-502.

Metzger KB, Tolbert PE, Klein M, Peel JL, Flanders WD, Todd K, Mulholland JA, Ryan PB, Frumkin H. Am-
bient air pollution and cardiovascular emergency department visits. Epidemiology 2004; 15: 46-56.

Mortimer KM, Neas LM, Dockery DW, Redline S, Tager IB. The effect of air pollution on inner city children
with asthma. Eur Resp J 2002; 19:699-705.

Nafstad P, Haheim LL, Wislgff T, Gram F, Oftedal B, Holme I, Hjermann |, Leren P. Urban air pollution and
mortality in a cohort of Norwegian man. Environ Health Perspect 2004; 112: 610-15.

Pathmanathan S, Krishna MT, Blomberg A, Helleday R, Kelly FJ, Sandstrom T, Holgate ST, Wilson SJ, Frew
AJ. Repeated daily exposure to 2 ppm nitrogen dioxide upregulates the expression of IL-5, IL-10, IL-
13, and ICAM-1 in the bronchial epithelium of healthy human airways. Occup Environ Med. 2003
Nov;60(11):892-6.

Peel JL, Tolbert PE, Klein M, Metzger KB, Flanders WD, Todd K, Mulholland JA, Ryan PB, Frumkin H. Am-
bient air pollution and respiratory emergency department visits. Epidemiology 2005; 16: 164-74.
Roemer W, Hoek G, Brunekreef B, Haluszka J, Kalandidi A, Pekkanen J. Daily variations in air pollution and
respiratory health in a multi-centre study: the PEACE project. Pollution effects on asthmatic children

in Europe. Eur Resp J 1998; 12: 1354-61.

Page 4 of 5



AirMonTech

Background Information on
M Air Pollutants and Air Quality Metrics

Air Pollution Monitoring Technologies
for Urban Areas

Samoli E, Aga E, Touloumi G, Nisiotis K, Forsberg B, Lefranc A, Pekkanen J, Wojtyniak B, Schindler C, Niciu
E, Brunstein R, Dodic Fikfak M, Schwartz J, Katsouyanni K. Short-term effects of nitrogen dioxide on
mortality: an analysis within the APHEA project. Eur Respir J. 2006 Jun;27(6):1129-38.

Schindler C, Ackermann-Liebrich U, Leuenberger P, Monn C, Rapp R, Bolognini G, Bongard JP, Brandli O,
Domenighetti G, Karrer W, Keller R, Medici TG, Perruchoud AP, Schéni MH, Tschopp JM, Villiger B,
Zellweger JP. Associations between lung function and estimated average exposure to NO2 in eight
areas of Switzerland. The SAPALDIA Team. Swiss Study of Air Pollution and Lung Diseases in Adults.
Epidemiology 1998; 9:405-11.

Schwartz J. Air pollution and hospital admissions for cardiovascular disease in Tucson. Epidemiology
1997; 8:371-7.

Simons E, To T, Dell S. The population attributable fraction of asthma among Canadian children. Can J
Public Health. 2011 Jan-Feb;102(1):35-41.

Stieb DM, Judek S, Burnett RT. Meta-analysis of time series studies of air pollution and mortality: effects
of gases and particles and the influence of cause of death, age and season. J Air Waste Manag Assoc
2002; 52: 470-84.

Sunyer J, Spix C, Quénel P, Ponce-de-Leén A, Ponka A, Barumandzadeh T, Touloumi G, Bacharova L,
Wojtyniak B, Vonk J, Bisanti L, Schwartz J, Katsouyanni K. Urban air pollution and emergency admis-
sions for asthma in 4 European cities: the APHEA project. Thorax 1997; 52: 760-5.

Tramuto F, Cusimano R, Cerame G, Vultaggio M, Calamusa G, Maida CM, Vitale F. Urban air pollution and
emergency room admissions for respiratory symptoms: a case-crossover study in Palermo, Italy. En-
viron Health. 2011 Apr 13;10:31.

Weinmayr G, Romeo E, De Sario M, Weiland SK, Forastiere F. Short-term effects of PM10 and NO2 on
respiratory health among children with asthma or asthma-like symptoms: a systematic review and
meta-analysis. Environ Health Perspect. 2010 Apr;118(4):449-57.

Author(s): Christoph Hueglin Empa, Switzerland
Robert Gehrig Empa, Switzerland
Co-author(s) Evi Samoli NKUA, Greece
Klea Katsouyanni NKUA, Greece
Last revision: 30.03.2012

Page 5 of 5



