Izvorni znanstveni ¢lanak ISSN 0351-0093
Original scientific paper Coden: MEJADG6 42 (2012) 3-4

Correlation between atmospheric air pollution by ntrogen dioxide
meteorological parameters and the number of patiestadmitted to the
Emergency Department

Korelacija izme@u atmosferskog zaganja zraka dusikovim dioksidom, meteoroloSkim
parametrima te brojem pacijenata primljenim u hitzaijel

Sanja Pintari¢, Ivan Zeljkovi ¢, Tomislava Bodrozé-Dzakié, Mislav Vrsalovié,
Drazen Zekanovi, Hrvoje Pintari ¢

Summary

In recent years there has been more awareness thieoimpact of air pollution on the incidence of
acute and chronic diseases. The aim of this stual/tev evaluate the correlation of certain metegiotd
factors, the concentration of nitrogen dioxide gNit the air and the number of patients who weraitidd
in the Emergency Department of Internal Medicinest& milosrdnice University Hospital Center in
Zagreb, over the period of two years. The total Ineimof patients was 44,245. The study took into
consideration the observed meteorological parasdtemperature, atmospheric pressure, atmospheric
moisture) during the cooler and warmer periodshefytear and the nitrogen dioxide concentrationgagur
the study period. The results showed that the tataiber of patients coming to the Emergency Departm
was the largest in summer. The correlation of timaler of patients admitted to the Emergency Departm
with meteorological conditions and air pollutiorrg@eters showed that the total number of patientke
Emergency Department was proportionally higher witfher temperature (r = 0.164, p < 0.001), higher
concentration of nitrogen dioxide (r = 0.219, p .801) and inversely proportional with the averagéyd
moisture (r = -0.116, p = 0.002) and the averaglg damospheric pressure (r = -0.096, p = 0.00%king
account of the time of the year, more patients vaeimitted in the Emergency Department in the summer
months, especially during days when the value bgeén dioxide was high (r = 0.569, p < 0.001)wad
as when the temperatures were high (r = 0.1950068). According to these results, there is a rieed
further research into the importance of the phataubal processes and their impact on human health,
especially on chronic patients.
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Sazetak

Posliednjih godina sve je viSe saznanja o utjezagaienosti zraka na pojavnost akutnih i kegrih
bolesti. Cilj ovog istrazivanja je procjena ovistigsojedinih meteoroloSkih parametara, koncenteacij
dusikovog dioksida (N& u zraku i broja bolesnika koji su se javili u it sluzbu Interne klinike
Klini¢koga bolnékog centra Sestre milosrdnice u Zagrebu u vremenskazdoblju od dvije godine.
Ukupno je pregledano 44.245 bolesnika. U obzir zetipromatrani meteoroloSki parametri (temperatura
tlak zraka i vlaga zraka) tijekom toplijeg i hlaghy dijela godine, te koncentracije duSikovog did&s
tijekom razdoblja préenja. Rezultati pokazuju kako je ukupan broj balesRkoji se javljaju u Hitnu sluzbu
najveii ljeti. Ukupan broj bolesnika koji su se javili Hitnu sluzbu proporcionalno je &ies ve&om
temperaturom zraka i ¥em koncentracijom duSikovog dioksida, a obrnutopproionalan s prosjaom
dnevnom vlagom u zraku i atmosferskim tlakom. Uzirfiau obzir doba godine, ¢eje broj pacijenata
primljen u Hitnu sluzbu tijekom ljetnih mjeseci,adto u danima kada je razina duSikovog dioksida bi
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visoka (r = 0,569, p < 0,001) i kada su tempeeahile visoke (r = 0,195, p = 0,008). Navedeni Itatiu
ukazuju na potrebu za daljnjim istrazivanjem valinfagokemijskih procesa i njihovacinka na ljudsko
zdravlje, osobito u krotnih bolesnika.

Klju &ne rijedi: NO,, zagdivaci zraka, meteoroloSki uvjeti, pacijenti u Hitnojizbi
Med Jac201z2:4C(3-4):97-101

Introduction height of 3 meters and data were taken from the
National Monitoring Station Zagreb — 1 (Environmen
Recent studies and reviews have shown that ttal Protection Agency). The concentrations of other
environmental and air pollution have important shoraeropollutants: sulfur dioxide (SJ particles of
term and long-term effects on human hedftithe dimensions ~10 micrometers or less (@Mand
exposure to aeropollutants (particulate matter suh0 ozone (Q) were also measured by the National
(PMy), particulate matter < 2.6m (PM,s), nitrogen Monitoring Station Zagreb — 1. The statistical sl
dioxide (NO2), sulfur dioxide (SO2), carbon monaxid of SG,, PMy, and Q was carried out in order to
(CO), ozone (@) is directly related with higher mor- exclude the synergistic effect on the number aeptt
bidity and mortality and with a higher number dfigrets  in the ED.
examined in the Emergency Department (ED). The average atmospheric temperature (°C),
The exact pathophysiological mechanisms respoaverage values of atmospheric pressure (hPa) and
sible for the acute and chronic effects of aercelative atmospheric moisture (%) were based on the
pollutants have not been cleared yet, however, soidata collected by the Meteorological and Hydro-
of the possible mechanisms could include inflanlogical Service of Croatia.
mation, changes in the function of the autonomic
nervous system and vascular dysfunctibn. Statistics
Nitrogen dioxide (N@ is an adverse aerosol
widespread worldwide because it has a high number The mean values of individual variables were
of natural and artificial origins. Because its miass tested by nonparametric Mann-Whitney test which
higher than air mass, NQprecipitates in the lower included two samples and a non-parametric analysis
layers of the atmosphere. Due to that fact, itris 0f Kruskal-Wallis ANOVA for multiple samples. The
easily accessible inhalant toxXif. correlation between the number of patients and each
The aim of this study was to evaluate thof the meteorological variables and air pollutioasw
correlation of certain meteorological parametertested by non-parametric Spearman’s rank corre-
temperature (°C), atmospheric pressure (hPa)jveelatlation.
atmospheric moisture (%) and the concentration of A value of p < 0.05 was considered statistically
NO, (ug/n?) in the air, with the number of patientssignificant. Statistics 6.0 was used for statidtica
who were admitted in the Emergency Departmem@nalysis.
(ED) over a period of two years.
Results
Patients and methods
During the period between July 2008 and June
In the study period between July 2008 and Jur2010 there were 44,245 patients at the Emergency
2010 there were 44,245 patients in the EmergenDepartment of Internal Medicine, Sestre milosrdnice
Department of Internal Medicine, Sestre milosrdnicUniversity Hospital Center. The largest number of
University Hospital Center. The number of patientgdmitted patients was recorded in summer amounting
was increased by 20% in July and August due to th@ 11,689 patients (26.4%).
summer migration of the population to the sea coast The average daily number of patients admitted in
The total number of patients was compared with tithe ED was 60 (range 29-96). The highest total mumb
meteorological conditions and the concentration ©f patients examined in ED was in spring amourtiing
NO, in the air during the observed period and durin63.5 patients (range 39-83) per day. (Table 1)
all seasons. The seasons were determined by weatheThe highest concentrations of h@ere observed
conditions and not by calendar division (winter e-D in winter (130.4ug/n?), while the lowest concentra-
cember to February, spring = March to May, summertions of NQ were recorded in spring (36g/nT)
June to August, autumn = September to November). (Picture 1). The average daily concentrations o NO
The concentration of NOwas measured daily were the lowest in summer 31uf/nt and highest in
using the method of chemical luminescence at tlautumn 44.7ug/m?® (p < 0.001).
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Table 1 Number of patients examined in ED i ™
the period of Jul008 to June 2010 according tc ...
seasonsNe of patients examined in summer wa
corrected by 20%) 5
Tablica 1. Broj pacijenata ispitanih u ED u razdjobl 0 =
od srpnja2008 do lipnja 2010, prema godiénjim%
dobima (Broj pacijenata ispitanih u ljetu je bio§
z

povetan za 20%) N - E

Total Ne of patients =

Ukupan broj pacijenata ; —— Median
o Medijan
Total /Ukupno 44 245 (100%) B 25%-75%
; ; . . L Min-Max
Spring /Proljece 11 561 (26.1%) Spring  Summer Autumn Winter
Proljece  Ljeto Jesen  Zima
Summer Ljeto 11 689 (26.4%) oi LA NEE )
icture 1 Average oncentrations
Autumn /Jesen 10503 (23.8%) according to seasons
Winter /Zima 10 492 (23.7%) Slika 1. Prosjéne NO2 koncentracije

prema godisnjim dobima

In winter the temperature median was 2.6 °C (-7 especially during the days when the value of, N@s
to 14.5), in summer 22.5 °C (13.3 to 28.5), while ihigh (r = 0.569, p < 0,001), (Picture 2), as welixdnen
spring and autumn the medians of atmospherttemperatures were high (r = 0.195, p = 0.008)s It i
temperature were almost equal, 13.4 °C in sprih@ (- interesting that the spring weather conditions roit
to 26.5) and 13.8 °C in autumn (1.0 to 25.4) (p present statistically significant factors assodiatéth
0.001). Relative atmospheric moisture was the Isighe¢he frequency of appearance of patients in the ED,
in winter, 78.9% (43.6 to 94.0) and the lowest itemperature (p = 0.438), moisture (p = 0.113), air
spring, 60.7% (37.7 to 91.4) (p < 0.001). (Table 2) pressure (p = 0.268), where as high concentratibns

The correlation of the daily number of patientNO, proved to be a significant parameter (r = 0.293, p
admitted to the ED with air pollution parametersl an< 0.001). During autumn, the increased number of
meteorological conditions suggested that the totpatients examined in the ED inversely correlatetth wi
number of patients in the ED was proportionallthe atmospheric pressure (r = -0.146, p = 0.046) an
higher with a higher concentration of N® the air, proportionally correlated with high concentratiarfs
(r = 0.219, p < 0.001) higher temperature, (r 68,1 NO, (r = 0.189, p = 0.026). Likewise, during the
p < 0.001) and inversely proportional with the ager winter months the atmospheric pressure inversely
daily moisture (r = -0.116, p = 0.002), and therage correlated with the increased number of patients in
daily atmospheric pressure (r = -0.096, p = 0.00¢he ED (r = -0.174, p = 0.019), where as the,NO
Taking into account the time of the year, moregoaii  concentrations correlated proportionally (r = 0,325
were admitted in the ED during the summer month< 0.001).

Table 2 Values of meteorological characteristicoeting to seasons
Tablica 2.Vrijednosti meteoroloskih karakteristika prema gmgiim dobima

Temperature Rel. moisture Pressure
Ne of days Temperatura Relativna vlaga Tlak
Broj dana Median (range) Median (range) Median (range)
Medijan (raspon) Medijan (raspoh Medijan (raspon)

Total /Ukupno 730 13.4 (-7.9-28.5) 68.9 (37.7-95.3) 9966(— 1020)
Spring /Proljece 184 13.8 (-1.2-26.5) 60.7 (37.7-91.4) 9986 — 1009)
Summer Ljeto 184 22.5 (13.3-28.5) 61.5 (41.0-89.5) 9984 (— 1004)
Autumn /Jesen 182 13.4 (1.0-25.4) 73.5 (44.4-95.3) 9989(91013)
Winter /Zima 180 2.6 (-7.9-14.5) 78.9 (43.6 —94.0) 9971(9 1020)
Kruskal-Wallis ANOVA p <0.001 p <0.001 p < 0.001
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108 bations of angina pectoris are explained by a plessi
prothrombotic and proatherosclerotic influence of
NO.,. These results confirmed the results of the study
conducted in five European cities; Augsburg,
Barcelona, Helsinki, Rome and Stockholm that had
shown a strong influence of aeropollutants on the
morbidity and mortality of cardiovascular patients
(higher incidence of heart attacks, angina pegtoris
arrhythmias, heart failure and stroké¥).

Some studies indicate that long-term exposure to

Number of patientsBroj pacijenata

20 e traffic-related air pollution may contribute to the
N development of COPD with possibly enhanced
o 0 20 2 40 £ = susceptibility in people with chronic diseases,
NO; pg/n? especially asthma and diabet®sAlso, there is a
Picture 2. Correlation in number of patients ~ @ssociation between hospital admissions for COPD
in ED and NQ concentration in summer; with NO2 as well as other air pollutants, such as

Spearman's rank correlation: (r = 0.569, p < 0.001)0zone (@), PM-10, PM-2.5, S@ especially during

Slika 2. Korelacija broja pacijenata u ED i NO  the winter seascgﬁ’. _
koncentraciji u lietu; Spearmanov rang korelacije  Linares et al's study from Madrid has proved that
(r = 0.569, p < 0.001) the increase of air temperature leads to the iserea

the number of patients admitted in the ¥D.

Likewise, the increase of air temperature has &m ev
Discussion stronger impact on the increase of mortality from

circulatory and respiratory diseases. These results

The aim of this study was to provide answers tSuggest that people die more during heat waves and

questions whether air pollution by N@ different before they can be admitted to the ED. This
weather conditions is related to the number dnformation is crucial for the implementation of
patients admitted in the ED. prevention plans before the arrival of the heateyav

mixture of gases, liquids and particulate matteictvh in order to reduce mortality. o
are, according to epidemiological studies, conmecte  The results show that NOwas a statistically

with a higher incidence of acute and chronic iraernSignificant variable that appeared in all four sess
diseases. Inhalation of air pollutants interferéth w and affected the number of admitted patients. Even

the heart activity and causes various types the smallest increase of M€oncentrations caused a
arrhythmia and an increased tendency to thrombosfise in the number of patients in the ED.

affects the blood pressure and accelerates theThe highest concentration of MN@ere measured
atherosclerotic proce&< during autumn and winter, probably due to the

Numerous studies that were conducted in majincreased use of motor vehicles and their exhaust

European and American cities have shown a negatgases. Nevertheless, the influence of ,NO
impact of aeropollutants (P PMys, NO,, SO, CO, con_centratlon on the ad_mlr?s_lon acute and _chronlc
0,)** and meteorological conditions on the cardigPatients to the ED was significantly more noticeabl
function and the function of the autonomic nervoul SUmmer than in winter due to higher values of ai
systent'21* A thorough investigation into the effecttémperature. Despite the average low values of NO
of NO, on human health and the connection betweconcentration in summer, especially in days when th
the concentrations of NOn the air and the daily concentrations of NDwas higher, the number of

admission of patients in the ED has not been chrriPatients in the ED was significantly higher. The
out. earlier mentioned synergistic effect of the inceehs

Our results showed that the number of patients @ temperature and NGn the coagulation system
the ED was directly dependent on the concentratiomight be the reason for this phenomenon. Due to
of NO, in the air throughout the observed period. ~ increased respiration rate and sweating, people are

Due to the possible interference of N@ith the MOre prone to dehydration because of fluid logsidFI
autonomic nervous system, a high number of patier'OSS increases blood viscosity and heart rate aistd
had palpitations and the feeling of increased heid_ecreases cardiac input. The combination of dehydra
rate. The higher incidence of heart attack andexaction and the procoagulant effect of Néould be the
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cause of exacerbations of various internal diseag®s Ruidavets JB, Cournot M, Cassadou S, Giroux M,

(cardiovascular, pulmonary, thrombosis, etc.)

The limitations of our study were related to the

uncertainty of the impact of N(zoncentrations on

patients with certain diagnoses in the overafl

internistic diagnoses. In our opinion such a study
could provide information about particular riskq
groups that are vulnerable to the elevated congentr
tions of NQ.

According to these results, there is a need for

further research into the importance of the photdl.
chemical processes, and of other aeropollutants, an
their impact on a patient’'s health, especially on
chronic patients.

References

12.

Meybeck M, Ferrieres J. Ozone air pollution is
associated with acute myocardial infarction. Ciatioh.
2005;111:563-9.

Metzger KB, Tolbert PE, Klein M, et al. Ambient air
pollution and cardiovascular Emergency Department
visits. Epidemiology. 2004;15:46-56.

. Clauss R, Mayes J, Hilton P, Lawrenson R. The

influence of weather and environment on pulmonary
embolism: pollutants and fossil fuels. Med Hypotwes
2005;64:1198-201.

Sunyer J, Spix C, Quenel P, et al. Urban air poltut
and emergency admissions for asthma in four Euro-
pean cities: The APHEA project. Thorax. 1997;52:
760-3.

Kleinman MT, Davidson DM, Vandagriff RB, Caiozzo
VJ, Whittenberger JL. Effects of short-term expesur
to carbon monoxide in subjects with coronary artery
disease Arch Environ Health. 1989;44:361-9.

13. Hesterberg TW, Bunn WB, McClellan RO, Hamade

Touloumi G, Katsouyanni K, Zmirou D, et al. Short-
term effects of ambient oxidant exposure on maytali

a combined analysis within the APHEA project. Air
Pollution and Health: a European Approach. Am J
Epidemiol.1997;146:177-85.
Lipsett MJ, Ostro BD, Reynolds P, et al. Long-term
exposure to air pollution and cardiorespiratoryedsse

in the California teachers study cohort. Am J Respj 5
Crit Care Med. 2011;184:828-35.

Qian Z, Lin HM, Stewart WF, et al. Seasonal pattern
the acute mortality effects of air pollution. J Alifaste
Manag Assoc. 2010;60:481-8.

Colais P, Serinelli M, Faustini A et al.; Gruppoqg
collaborativo EpiAir. Air pollution and urgent hatgd
admissions in nine ltalian cities. Results of thpAft
Project. Epidemiol Prev. 2009;33:77-94.

Chan CC, Chuang KJ, Su TC, Lin LY. Association, 7
between nitrogen dioxide and heart rate variabifitgt
susceptible population: Eur J Cardiovasc PreveraliReh
2005;12:580-6.

Jacobs L, Emmerechts J, Hoylaerts MF, et al. Traffi
pollution and oxidized LDL. PLoS One. 2011;6:16-20.
Tenias JM, Ballester F, Rivera ML. Association
between hospital emergency visits for asthma and ai
pollution in Valencia, Spain Occup Environ Med.
1998;55:541-7.

AK, Long CH, Valberg PA. Critical review of the
human data on short-term nitrogendioxide (NO2)
exposurre: evidence for N@o-effect levels: Crit Rev
Toxicol. 2009;39:743-81.

14. Clayton GD, Clayton FE, eds. Patty’s industrial

hygiene and toxicology. Toxicology 3dition. New
York, NY: John Wiley & Sons, 1994

. Hoek G, Brunekreef B, Fischer P. The association

between air pollution and heart failure, arrhythmia
embolism, thrombosis, and other cardiovascularesaus
of death in a time series study. Epidemiology.
2001;12:355-7.

. Kramer U, Herder C, Sugiri D, et al. Traffic-reldtair

pollution and incident type 2 diabetes: resultsifrihe
SALIA cohort study. Environ Health Perspect.
2010;118:1273-9.

. Ko FW, Tam W, Wong TW, et al. Temporal relation-

ship between air pollutants and hospital admissions
chronic obstructive pulmonary disease in Hong Kong.
Thorax. 2007;62:780-5.

18. Linares C, Diaz J. Impact of high temperatures on

hospital admissions: comparative analysis with ipres/
studies about mortality (Madrid). Eur J Public Hieal
2008;18:317-22.

101



102



