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ABSTRACT
This study is destined to show the relationship that exists between atmospheric pollution from automobile origins
and the cases of hospital admissions for cardiovascular causes (ACV) and pulmonary infections (AP) in Annaba,
Algeria. Health data and parameters related to air pollution were measured from 2013 to 2015. These parameters
were studied in terms of the climate data in the region. Our results showed that the levels of pollutants generated by
road traffics increase with medium temperatures. Meanwhile, during the warm days ( ≥ 20 °C) a clear relationship
between NO2 “Nitrogen dioxide”, NOx “Nitrogen oxides”, stroke and pulmonary diseases. This does not seem to be
the case during the cold days (≤ 20 °C). This study proves that temperatures and rates from automobile pollutants
are indeed responsible for the increasing rate of hospital admissions for cardiovascular and respiratory causes.
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INTRODUCTION
Many epidemiological studies around the world highlight the close association between the dail variations of air
pollution and mortality associated with cardiovascular and respiratory diseases [32-11-16]. However, very little
research has been undertaken in Algeria [7-31-45].
Automobiles are the primary source of air pollution in the cities, especially in urban areas. Recent studies [25-37-34]
show the existence of a high risk of mortality associated with peaks of short term pollution particularly affect people
with cardiovascular disease and pulmonary infections.
Thus, if air pollution is responsible for the high mortality rates due to cardiovascular and respiratory diseases in
many countries around the world the phenomenon should be monitored. Cases of patients admitted with
cardiovascular diseases and pulmonary infections should be taken into account [3-46].This parameter is expressed
by the numbers of admission in hospitals; it is currently an important indicator of air pollution.
“Hospital admissions” parameter becomes a data base for impact assessment of air pollution in short term. Thus, the
association between air pollution and respiratory and cardiovascular diseases has been an area of important research
particularly in recent years; the role played by air pollution in the cardiovascular and respiratory diseases genesis
was recently another parameter subject to much research in this field [28-30-12-35].
Today, only a small number of countries in Africa does not disclose the necessary epidemiological indicators, as
well as, the needed tangible and reliable data that can help evaluate the impact of pollution which sometimes
prevents the use of classical methods of environmental epidemiology needing measures of indices, collected in a
prolonged period of no less than three years [19-9-39-14].
Located in North Africa, Algeria is an example used to illustrate the situation observed currently in developing
countries for a whole variety of reasons among which are: the demographic explosion in the country, strong
urbanization, and a considerable industrialization especially the one in coastal fringes and highlands that represent
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20% of the national territory area where almost more than 80% of the population reside and substantially all the
industry is based [26-5-8].
This type of research is still not fully covered in the developing countries and especially in Algeria. This study has
two stages. first, it analyzes the links between short term levels of certain air pollutants and hospital admissions for
respiratory and cardiovascular causes among residents of the region of Annaba (East –Algeria) which is the fourth
city in the country in terms of population density. Second, it explores the relationship between exposure to air
pollution and temperatures in Annaba. The study period covers 2 years from 2013 to 2015 and it includes Annaba
and the nearby suburbs (El Bouni, Sidi Amar and El Hadjar).
MATERIALS AND METHODS
Our research project is interested at first hand, with the variations in the numbers of certain air pollutants related to
climatic parameters and on the other hand, the cases of hospital admissions for cardiovascular and respiratory causes
at the Central Hospital of Annaba between the years 2013/2015. The data presented in this research paper was
examined and collected on a monthly basis for a period of 24 months.
Study Area
The study was set up in downtown Annaba as well as in two of the major suburbs of the city, Sidi Amar and El
Boubni. Situated in the eastern part of Algeria, between the altitudes 36° 30’ North, 37° 30’ North and the
longitudes 07° 80’ East and 08° 40’ East.
Annaba extends on an area of 1412 km2 with a population of about 600,000 inhabitants. Despite its touristic aspects
the city also has some major industrial infrastructures (Arcelor Metal, Fertial, The Industrial Zone Meboudja and
Industrial Zone Pont Boucher), commercials (zone of commercial activities of El Bouni and many other commercial
centers and malls located downtown) and universities (University Pole of Sidi Amar, University Pole of Sidi
Achour, and University Pole of El Bouni).This entire infrastructure amplifies the city’s road traffic and thus threats
its environmental quality.
Climatological Parameters
The weather- climate- in Annaba is sub humid with an annual average of precipitation of 650 mm and an average
temperature of 20 °C. For the estimation of the various levels of atmospheric pollutants we established some
climatic parameters at different target places of the study area. Meteorological data (temperatures and humidity) has
been collected for a period of ten years (2005-2015) at the Salines Meteorological Station.
Parameters of Pollution indicators
The collection of information related to atmospheric pollution is done near by the network monitoring the quality of
air SAMA SAFIA. This network located in different points of dense road traffic. It functions automatically in a
continuous manner using methods of detections by chemiluminescent recognized by the international standards [181-49-2-13]. The installation of that network allowed us to set up a regular monitoring of NO2, NOx, and SO2
emissions for a period of two years (2013-2015) this monitorial aimed to undertake a study of the spatiotemporal
variations of these pollutants.
Health Community
The health data used for this study were hospital admissions. Patients were those admitted at the Central Hospital of
Annaba to cardiovascular pathologies (CVP) or pulmonary diseases (DP). Only admissions of residents in the study
area were taken into account. The study focused on the average rate of admissions and deaths for both types of
pathologies.
RESULTS
The Evolution of atmospheric pollutants and the climatic data during the study period are regrouped
Table 1. Evolution of the average annual atmospheric pollutants during the study period 2013-2015.
Study years
SO2 (µg/m3)
NOx (µg/m3)
NO2 (µg/m3)
Average Temperatures °C
Average of Humidity (%)

2013-2014
64,75
28,43
22,47
24,2
75,83
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2014-2015
61,15
31,16
25 ,74
28,08
76,33

Norms
20 (µg/m3)
30 (µg/m3)
40 (µg/m3)
-

in table 1.
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We notice that the rates of SO2 since 2013 and until 2015, have lowered respectively from 64,75 to 61m15 µg\m3
though the rates are still higher than those set by the W.H.O (20 µg\m3) (Tab.1). As for the rates of NOx, a
successive raise was observed during the study period when it went from 28,43 µ g\m3 in 2013-2014 to 31,16 in
2014-2015 and they came inferior to those standards of the W.H.O.
The figures (1) and (2) prove evidence the effects of temperatures on the number of deaths and admissions
registered in Annaba between the years 2013-2015.
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Fig 1. The influence of temperatures and the annual average of admissions caused by respiratory and cardiovascular diseases in
Annaba, Algeria (2013-2015).
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Fig 2. The influence of temperatures and the annual average of deaths caused by respiratory and cardiovascular diseases in Annaba,
Algeria (2013-2015).
Table 2: Relationship between the average changes in temperature, the concentration of pollutants and cardiopulmonary admission at
Annaba, Algeria (2010-2013).
Study Period (in years)
Norms
Pollutants (µg/m3) 2013-2014 2014-2015
SO2
96.7
63
20 (µg/m3)
NO2
23
32.4
40 (µg/m3)
NOx
32
35,2
30 (µg/m3)
ACV
1310
1262
≥ 20°C
AP
1063
1024
DCV
114
110
DP
37
34
DT
151
144
SO2
55.7
46.9
20 (µg/m3)
NO2
11,5
10.8
40 (µg/m3)
NOx
10.6
8.87
30 (µg/m3)
ACV
459
377
≤ 20°C
AP
374
336
DCV
26
24
DP
17
12
DT
43
36
NB : (DT): Total deaths, ACV: Cardiovascular Admission, AP: Pulmonary Admission, DP: Death Pulmonary, DCV: Death Cardiovascular.
Temperature (°C)
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This last shows a clear and close relationship between the raise of temperatures higher than 20 °C and the rates of
admissions. In other words, whenever the temperature exceeds 20 °C, it influences with avery important way (three
times higher) the rates of admissions and deaths.
Table two is a comparison of the average values of temperature variations, the concentration of pollutants and
hospital admissions for cardiovascular diseases (stroke) and Pulmonary infections (P) at the Central Hospital of
Annaba.
From the table above, we can identify a relationship between the intervals of temperatures (≥ 20 °C and ≤ 20 °C)
and the levels of recorded pollutants. The results show that variations of SO2, during the study period do not appear
to be associated whit variations in temperature and during 2 years of study. However, recorded variations in NO2
and NOx show that the average rates of NO2, increases during the years of study.
For temperatures ≥ 20 °C, the comparison between the two intervals of temperature, shows that the obtained values
in NO2 were almost two times higher in 2013/2014, as for the years 2014/2015 they were three times higher . As for
the values obtained for NOx the results came as follows: 2013/2014 three times higher.2014/2015 four times higher.
As for hospital admissions for cardiovascular diseases (stroke) and pulmonary (AP), a significant increase for
temperatures ≥ 20 °C, which is always much higher than that observed at temperatures ≤ 20 °C and both for ( ACV)
than for (AP) but with a significant difference for stroke. Regarding the average rate of death for stroke and AP,
there is also where the highest rates are recorded for the intervals of temperatures ≥ 20 °C with a difference reaching
values 3 times higher compared to values obtained always with intervals temperatures ≤ 20 °C.
DISCUSSION
Our research project is one of the first studies on short-term effects of air pollution related to climatic parameters,
using the parameters “hospital admissions” for cardiovascular and respiratory causes.
Our results show that the numbers of NOx registered in Annaba match those set by the World Health Organization
(30 µg/m3). As for the rates of NO2 they remain inferior _ lower_ to those set by the W.H.O ( 40 µg/m3). Yet, the
numbers of SO2 registered in the study area are literally four times higher than those of the W.H.O (20 µg/m3).We
have also noted that during the two years (2013/2015) where atmospheric pollution was high, were the only ones
that coincided with the best parameters in terms of accumulation of pollutants (humidity 77, 33%) which confirms
the results linked to [33-21].
The results have also shown that pollutants were influenced and affected by climatic parameters especially,
temperatures and humidity [38-4-29].
The rates of SO2 registered are alarming and much higher than those recorded at work. These high rates are
associate with those generated by big complexes located in Annaba Arcelor Metal and Fertial and engendered new
varieties of pollutants that can be more aggressive and more dangerous. In effect, a previous work showed that the
two complexes mentioned above, emit a high range of pollutants that exceeds, largely, the rates set by the W.H.O
[6-48-27].
As for the slightest reduction of values in SO2 during a period of two years was probably linked to the demolition of
the phosphates unit and the installation of catalyst at the complex of Fertial, thus the stoppage of the coking -ovenplant and the high furnaces of the iron and steel complex Arcelor Metal, Annaba [43- 44 –20 -40]. Thus, the density
of road traffic in Annaba is inevitably the primary source of air pollution particularly nitrogen oxides and particular
combinations (NOx, NO2, PM 2,5 and 10). That last makes it hard for Annaba to prevent the pollution and joins the
other Algerian cities, like Algiers, Oran, and Constantine [15-24-8-45].
Concerning the study of the effects of pollution on public health, our epidemiological investigations clearly show
with evidence a close relationship between the raise in numbers of vehicles and pollutants which generate
temperatures ( higher than - superior- 20) and the number of admissions of patients at both services of Cardiology
and Pneumonology strongly support the observations linked to [36-10-22] and confirm the work realized through
[17-23-41-47-42], which has showed the existence of a relationship between climatic parameters, atmospheric
pollutants generated by exhaust pipe gases (SO2, NOx, NO2 and the particle in suspension) and the cardio
respiratory diseases especially pneumonia.
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CONCLUSION
Our study shows the different combinations that exist between pollutants of diverse origins and their dangerous and
deep Impacts on the environment as well as on public health.
REFERENCES
[1] Adame, J.A., Notario, A., Villanueva, F., Albaladejo, J. Application of cluster analysis to surface ozone, NO2
and SO2 daily patterns in an industrial area in Central–Southern Spain measured with a DOAS system.Science of
the Total Environment. 2012. 429, 281–291.
[2] Ancelet, T., Perry,K., Davy,William, J. Sources of particulate matter pollution in small New Zealand city.
Atmospheric Pollution Research. 2014. 5, 572–580.
[3] Backes, C.H., Nelin, T., Gorr, M.W., Wold, L.E. Early life exposure to air pollution: how bad is it? Toxicology
Letters. 2013. 216, 47‐53.
[4] Bei, N.F., Li, G.H., Zavala, M., Barrera, H., Torres, R., Grutter, M., Gutierrez, W., Garcia, M., Ruiz–Suarez,
L.G., Ortinez, A., Guitierrez, Y., Alvarado, C., Flores, I., Molina, L.T. Meteorological overview and plume transport
patterns during Cal–Mex 2010. Atmospheric Environment. 2013. 70, 477–489.
[5] Belhout H. Evaluation de la pollution atmosphérique. Etude des particules fines en site urbain à Alger. Thèse de
magistère. Ecole Nationale Polytechnique. 2010. 74 pages.
[6] Borrego, C., Carvalho, A., Sa, E., Sousa, S., Coelho, D., Lopes, M., Monteiro, A., Miranda, A.I. Air quality
plans for the northern region of Portugal: Improving particulate matter and coping with legislation, in Advanced Air
Pollution, InTech, Rijeka. 2011. pp. 137–159.
[7] Boughedaoui M. Etude des émissions polluantes issues du trafic routier en Algérie. Thèse de Doctorat d’Etat.
Ecole Nationale Polytechnique. Alger. 2008. 200 pages.
[8] Boumedris Z. Utilisation de la bio-indication lichenique Méthode d l’I.P.A pour l’évaluation de la pollution
atmosphérique dans la région de Annaba. Est Algérie. Thèse de Doctorat en Toxicologie. Université Badji Mokhtar
Annaba. 2014. 151 pages.
[9] Carbonell, L.T., Mastrapa, G.C., Rodriguez, Y.F., Escudero, L.A., Gacita, M.S., Morlot, A.B., Montejo, I.B.,
Ruiz, E.M., Rivas, S.P. Assessment of the Weather Research and Forecasting Model implementation in Cuba
addressed to diagnostic air quality modeling. Atmospheric Pollution Research. 2013. 4, 64–74.
[10] Caserini, S., Pastorello, C., Gaifami, P., Ntziachristos, L. Impact of the dropping activity with vehicle ageon air
pollutant emissions. Atmospheric Pollution Research. 2013. 4, 282–289.
[11] Chowdhury, Z., Campanella, L., Gray, C., Al Masud, A., Marter–Kenyon, J., Pennise, D., Charron, D.,
Zuzhang, X. Measurement and modeling of indoor air pollution in rural households with multiple stove
interventions in Yunnan, China. Atmospheric Environment. 2013. 67, 161–169.
[12] Costa, S., Ferreira, J., Silveira, C., Costa, C., Lopes, D., Relvas, H., Borrego, C., Roebeling, P., Miranda, A.I.,
Paulo Teixeira, J. Integrating health on air quality assessment–review report on health risks of two major European
outdoor air pollutants: PM and NO2. Journal of Toxicology and Environmental Health, Part B Critical Reviews.
2014. 17, 307–340.
[13] Di Carlo, P., Aruffo, E., Biancofiore, F.,Busilacchio, M., Pitari, G., Dari–Salisburgo,C., Tuccella, P., Kajii, Y.
Wildfires impact on surface nitrogen oxides and ozone in Central Italy. Atmospheric Pollution Research. 2015. (6)
29--35.
[14] Dragomir, C.M., Constantin,D.E., Voiculescu,M., Georgescu,L.P., Merlaud,A., Roozendael, M.V. Modeling
results of atmospheric dispersion of NO2 in an urban area using METI–LIS and comparison with coincident mobile
DOAS measurements. Atmospheric Pollution Research. 2015. (6) 503-510.
[15] Fadel D., Oularbi A., Djemai R et Laifa A. Estimation qualitative de la pollution atmosphérique globale
de la région de Skikda (Nord-est algérien) par l’utilisation des lichens épiphytes. Colloque international
Environnement et transports dans des contextes différents, Ghardaïa, Algérie. 2009. 16-18 fév.Actes,
ENP ed., Alger, 31-34.
[16] Fossati, S., Baccarelli, A., Zanobetti, A., Hoxha, M., Vokonas, P.S., Wright, R.O., Schwartz, J. Ambient
particulate air pollution and microRNAs in elderly men. Epidemiology. 2014. 25, 68–78.
[17] Fukuda, K., Hider, P.N., Epton, M.J., Jennings, L.C., Kingham, S.P. Including viral infection data supports an
association between particulate pollution and respiratory admissions. Australian and New Zealand Journal
of Public Health. 2011. 35, 163–169.
[18] Giannouli, M., Kalognomou, E.A., Mellios, G., Moussiopoulos, N., Samaras, Z., Fiala, J. Impact
of European emission control strategies on urban and local air quality. Atmospheric Environment. 2011. 45, 4753–
4762.
[19] Gilliam, R.C., Godowitch, J.M., Rao, S.T. Improving the horizontal transport in the lower troposphere with four
dimensional data assimilation. Atmospheric Environment. 2012. 53, 186–201.

122

Terfaya Moncef et al
Int J Med Res Health Sci. 2016, 5(7):118-124
______________________________________________________________________________
[20] Grara N., Atailia A., Boucena M., Berrabbah H. and Djebar M. R. Stress oxydatif des poussières
du complexe sidérurgique d’Annab (Nord-Est algérien) chez l’escargot Helix aspersa.Environ., Risque Santé. 2012.
11 (3), 221-229.
[21] Grundstrom, M.,Tang, L., Hallquist, M., Nguyen,H., Chen,D., Pleijel,H. Influence of atmospheric circulation
patterns on urban air quality during the winter. Atmospheric Pollution Research. 2015. 6, 278 –285.
[22] Huang, R.J., Zhang, Y.L., Bozzetti, C., Ho, K.F., Cao, J.J., Han, Y.M., Daellenbach, K.R., Slowik, J.G., Platt,
S.M., Canonaco, F., Zotter, P., Wolf, R., Pieber, S.M., Bruns, E.A., Crippa, M., Ciarelli, G., Piazzalunga, A.,
Schwikowski, M., Abbaszade, G., Schnelle–Kreis, J., Zimmermann, R., An, Z.S., Szidat, S., Baltensperger, U., El
Haddad, I., Prevot, A.S.H. High secondary aerosol contribution to particulate pollution during haze events in China.
Nature. 2014. 514, 218 – 222.
[23] Hudda, N., Eckel, S.R., Knibbs, L.D., Sioutas, C., Delfino, R.J., Fruin, S.A. Linking in–vehicle ultrafine
particle exposures to on–road concentrations. Atmospheric Environment. 2012. 59, 578–586.
[24] Kerbachi R., Boumechhour F., Arrar J and Boughedaoui M. « Pollution de l'air par les particules acides
à Alger et influence de l'aérosol marin », Pollution Atmosphérique. 2010. N° 204, 453-459.
[25] Kim, K.H., Jahan, S.A., Kabir, E. A review on human health perspective of air pollution with respect
to allergies and asthma. Environment International. 2013. 59, 41–52.
[26] Laïd Y ., Atek M., Oudjehane R., Filleul L., Baough L., Zidouni., Boughedaoui and Tessier J.F. Impact
sanitaire de la pollution de l’air par les PM10 dans une ville du sud : le cas d’Alger. Int J Tuberc Lung Dis. 2006. 10
(12) : 1406-1411.
[27] Lee, J.H., Wu, C.F., Hoek, G., de Hoogh, K., Beelen, R., Brunekreef, B., Chan, C.C. Land use regression
models for estimating individual NOx and NO2 exposures in a metropolis with a high density of traffic roads
and population. Science of the Total Environment 2014. 472, 1163–1171.
[28] Leung, T.F., Ko, F.W., and Wong, W.W. Role of pollution in the prevalence and exacerbations of allergic
diseases in Asia. Journal of Allergy and Clinical Immunology. 2012. 129, 42–47.
[29] Lokhande,S., Doggali,P., Rayalu,S., Devotta,S., Labhsetwar, N. High catalytic activity of Pt–Pd containing
USY zeolite catalyst for low temperature CO oxidation from industrial off gases. Atmospheric Pollution Research.
2015. (6) 589 -595.
[30] Loupa, G. Case study: Health hazards of automotive repair mechanics: Thermal and lighting comfort,
particulate matter and noise. Journal of Occupational and Environmental Hygiene.2013. 10, D135–D146.
[31] Maizi,N. Alioua,A. Tahar, A. The use of inferior plants as bio-indicators of automobile lead pollution
in area of Annaba. Environ. Sci. 2010. 1 (4): 2512-266.
[32] Mann, C.J. Observational research methods– cohort studies, cross sectional studies, and case–control studies.
African Journal of Emergency Medicine. 2012. 2, 38 – 46.
[33] Michelot N. L’influence des topoclimats sur la pollution de l’air aux particules dans le sud –Ouestdes Alpes –
Martimes. Thèse de Doctorat en Géographie, option : Climatologie. Université de Nice Sophia, Antipolis, France.
2014. 417 pages.
[34] Miranda, A., Silveira,C., Ferreira, J., Monteiro,M., Lopes,D.,Relvas, H., Borrego,C., Roebeling, P. Current air
quality plans in Europe designed to support air quality management policies. Atmospheric Pollution. 2015. (6) 434 443.
[35] Mukerjee, S ., Smith,L., Brantley, H., Stallings, C., Neas, L., Kimbrough,S., Williams,R. Comparison
of modeled traffic exposure zones using on-road air pollution measurements. Atmospheric Pollution Research.
2015.. 6, 82–87.
[36] Reboul, C., Thireau, J., Meyer, G., Andre, L., Obert, P., Cazorla, O., Richard, S. Carbon monoxide exposure in
the urban environment: An insidious foe for the heart? Respiratory Physiology & Neurobiology. 2012. 184, 204–
212.
[37] Rivera,C., Stremme,W., Barrera,H., Grutter, M., Garcia–Yee, J., Torres–Jardon,R., Ruiz–Suarez, L.G. Spatial
distribution and transport patterns of NO2 in the Tijuana – San Diego area. Atmospheric Pollution Research. 2014.
(6) 191-201.
[38] Sang, X.F., Chan, C.Y., Engling, G., Chan, L.Y., Wang, X.M., Zhang, Y.N., Shi, S., Zhang, Z.S., Zhang, T.,
Hu, M. Levoglucosan enhancement in ambient aerosol during springtime transport events of biomass burning smoke
to Southeast China. Tellus Series B–Chemical and Physical Meteorology. 2011. 63, 129–139.
[39] Sarwar, G., Xing, J., Godowitch, J., Schwede, D., Mathur, R. Impact of RACM2 Halogen Chemistry and
Updated Ozone Deposition Velocity on Hemispheric Ozone Predictions, in Air Pollution Modeling and its
Application XXIII, edited by Steyn, D., Mathur, R., Springer International Publishing, Switzerland. 2014.
pp 247–251.
[40] Serradj, M., Boumedris, Z.E., Djebar, M.R et Tahar, A. Réponse d’antioxydants chez Flavoparmelia caperata
(L.) Hale à la pollution atmosphérique au niveau de deux zones urbaine et semi-urbaine dans la région d’Annaba
(Est de l’Algérie). Pollution atmospherique. 2014. N 221.

123

Terfaya Moncef et al
Int J Med Res Health Sci. 2016, 5(7):118-124
______________________________________________________________________________
[41] Shao, L.Y., Hu, Y., Wang, J., Hou, C., Yang, Y.Y., Wu, M.Y. Particle– induced oxidative damage of indoor
PM10 from coal burning homes in the lung cancer area of Xuan Wei, China. Atmospheric Environment. 2013. 77,
959–967.
[42] Song X., Shao, L., Yang, S., Song, R., Sun, L., Cen, S. Trace elements pollution and toxicity of airborne PM10
in a coal industrial city. Atmospheric Pollution Research. 2015. (6) 469-475.
[43] Tadjine A. Toxicité des poussières rejetées par le complexe sidérurgique d’Annaba sur quelques paramètres
hématologiques du lapin Europeus. Environnement, Risques et santé. 2007. 3, 209-215.
[44] Terfaya M., Rouabhi R., Djebar M.R., Berrebah H. Relationship between air pollution generated by traffic
emissions and cardiopulmonary disease in Annaba (Algeria). American – Eurasian Journal of Toxicologic Sciences.
2009.(1):01-06.
[45] Terfaya M., Djebar M.R., Grara N., Berrabah H. Air pollution generated by traffic emissions
and Cardiopulmonary disease in Annaba (North- Eastern of Algeria). Jokull Journal. 2015. Volume 36. 118-125.
[46] Vodonos, A., Friger, M., Katra, I., Avnon, L., Krasnov, H., Koutrakis, P., Schwartz, J., Lior, O., Novack, V.
The impact of desert dust exposures on hospitalizations due to exacerbation of chronic obstructive pulmonary
disease. Air Quality, Atmosphere & Health. 2014. DOI: 10.1007/s11869–014–0253.
[47] Ward–Caviness, C., Kraus, W.E., Blach, C., Haynes, C., Dowdy, E., Miranda, M.L., Devlin, R., Diaz–Sanchez,
D., Cascio, W.E., Mukerjee, S., Stallings, C., Smith, L.A., Gregory, S.G., Shah, S.H., Hauser, E.R., Neas, L.
Hypertension and peripheral vascular disease are associated with traffic–related air pollution
in a
cardiac catheterization cohort. 2014. 75, 265–269.
[48] WHO (World Health Organization). Health Risks of Air Pollution in Europe – HRAPIE Project:
Recommendations for Concentration– Response Functions for Cost–Benefit Analysis of Particulate Matter, Ozone
and Nitrogen Dioxide, Report of WHO Regional Office for Europe, Copenhagen. 2013. 60 pages.
[49] Zhong, K., Yang, F., Kang, Y.M. Indoor and outdoor relationships of CO concentrations in natural ventilating
rooms in summer, Shanghai. Building and Environment. 2013. 62, 69–76.

124

