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SUMMARY:
The purpose of the research is to analyze the dynam-

ics of the basic atmosphere pollutants in the city of Varna
and the relation to pollution of atmosphere air with ozone,
sulfuric dioxide and nitrogen oxides as a risk factor, affect-
ing the frequency of hospitalizations with regards to acute
cardiovascular diseases in the city of Varna. A seasonal dy-
namics of the average diurnal concentration of basic atmo-
sphere pollutants was established. The relative risk of acute
myocardial infarct (AMI) increases to a statistically signifi-
cant value in the days of increasing of ozone concentration
with 5 and more µg/m3 , while concentration increase of ni-
trogen oxides does not increase the risk of AMI and ischem-
ic cardiac disease - unstable angina pectoris (IHD – unsta-
ble AP). The researched data indicates the early effect of
the ozone exposition and is related to the increased frequen-
cy of AMI-related hospitalizations for the same day. The sig-
nificantly low content of nitrogen oxides and sulfuric diox-
ide are a likely reason for not establishing a statistically sig-
nificant relation of the early effects of its effect to the acute
coronary incidents.
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INTRODUCTION:
Series of researches establish a relation between the

early and remote effects of pollution of atmosphere air in
the town of high concentration of urbanization and in-
creased risk of cardiovascular pathology /3-7, 9-13/. Our au-
thors indicate hydrogen sulfide, lead and nitrogen dioxide /
2-4/ as cardiac-toxic atmosphere pollutants. The most recent
researches are focused on the content of carbon oxide, ni-
trogen oxides, sulfur dioxide, ozone, lead aerosols and dust
– inhalable and respirable fraction in the atmosphere air as
an effective factor for the frequency of hospitalizations and
mortality rate due to acute myocardial infarct. /7, 10, 12, 13/.
The combined effect of these substances, as well as their
combination with the meteo-parameters, results in an alter-

ation of the heart effect and only the ozone effect is de-
scribed as relatively independent to the remaining toxic sub-
stances in case of a combined action. /8/

PURPOSE:
Analysis of the dynamics of the basic atmosphere

pollutants in the city of Varna; Research of the relation of
pollution of atmosphere air with ozone, sulfuric dioxide and
nitrogen oxides as a risk factor, affecting the frequency of
hospitalizations with regards to the acute cardiovascular
diseased in the city of Varna

MATERIAL:
Data from the Regional Inspection of Environment

and Waters (RIEW) in the city of Varna had been analyzed
with regards to the average daily values of concentrations
of the atmosphere pollutants and data of Intensive Clinic
of Cardiology, St. Marina University Hospital of the regis-
tered recently admitted patients as per days. A summer pe-
riod ranging from 01.07 to 31.08 and a winter period rang-
ing from 01.11 to 31.12 in 2005 had been examined. The prob-
ing collection had been conducted at two stationary points
in the territory of the city of Varna as a part of a system of
monitoring of air quality. The analysis includes hospitaliza-
tion solely of residents of the city of Varna.

METHODS:
A variation analysis had been used in the statistical

processing of data upon research of seasonality in the dy-
namics of concentrations of atmosphere pollutants. Using
a correlation and regression analysis the connection of the
atmosphere pollutants and the intensity of hospitalization
of acute myocardial infarct /AMI/, ischemic cardiac disease
/IHD/, rhythmic and conductive disturbances, chronic in-
tensified sinister cardiovascular insufficiency /CISCI/ has
been monitored. A logarithmic regressive model of descrip-
tion of the influence of ozone over the frequency of the AMI
cases has been used.
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RESULTS:
The cases of hospitalization of residents of the city

of Varna with regards to acute cardiovascular diseases for
the period of research are a total of 489, as 127 of them
(25,97%) have an AMI diagnosis, 129 (26,38%) unstable AP

Table 1. Characteristics of Pollutants and Meteorology Over the Study Period

Percentiles
Mean SD Minimum Maximum 10th 25th 50th 75th 90th

O3, µg/m3 21.15 10.8 4.76 45.07 7.6 11.1 19.9 30.4 34.7
NO, µg/m3 22.3 19.9 0.03 95.15 4.5 11.2 15.5 27.4 50.9
NOx, ppm 26.2 17 4.9 94.04 11 16.2 21 29.4 50.9
NO2, µg/m3 31.4 13.7 6.8 81.8 15.5 21.0 29.3 40.1 49.8
SO2, µg/m3 40.3 5.5 31.9 58.5 34.3 36.6 39.4 42.1 48.5
NMHC, mg/m3 1.9 1.9 0 8.12 0 0 1.6 3.3 4.9
CH4, µg-C/m3 1.9 0.5 0.5 2.6 1.2 1.5 1.9 2.4 2.6
THC, mg/m3 4.5 1.4 1.6 8.6 2.6 3.5 4.3 5.6 6.3
CO, mg/m3 1.13 0.4 0.5 2.2 0.6 0.8 1.1 1.4 1.5
Benzol, µg/m3 1.5 1.4 0 5.1 0 0.03 1.4 2.6 3.6
PM10, µg/m3 0.09 0.03 0.01 0.18 0.05 0.07 0.09 0.1 0.15
Max. temperature, °C 23.5 1.8 20 27.3 21 22.2 23.5 24.4 26.8
Min. temperature, °C 6.39 4.2 -2.2 13.9 -0.26 2.6 8 9.7 10.9
Humidity, % 76.5 8.9 50.8 96 64.5 71 77 83.3 87.5
Pressure, mbar 1009.5 7.2 992 1030 1001.4 1005 1008 1014 1021
GSRadiation, W/m2 324.1 280 63.5 713 82.5 92.1 113.8 669.4 698
Study period include July, August, November and December 2005.

and 77 (15,74%) heart failure.
Table 1 indicates the basic characterizations of atmo-

sphere pollutants and meteo-parameters of the research pe-
riod. The concentrations of all substances do not exceed
the active quotas.

A statistically significant seasonal dynamics of pol-
lution with regards to almost all conducted indications with

the exception of carbon oxide, sulfuric dioxide and total hy-
drocarbons had been established.

TABLE 2. Variables with seasonal dynamic

Variables Mean Summer Mean Winter P
O3 29.5 12.2 0.000
NMHC 4.02 0.73 0.000
H2S 0.006 0.001 0.000
NH3 0.04 0.03 0.000
Temperature 23.5 6.4 0.000
NO 10.2 34.9 0.000
NO2 18.1 21.1 0.015
NOx 16.5 36.3 0.000
PM 0.08 0.1 0.003
PM10 49.8 65.0 0.000
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Variables Mean Summer Mean Winter P
CO 1.18 1.00 0.075
SO2 40.78 39.8 0.314
Humidity 70.9 82.4 0.000
Pressure 1006 1013 0.000
AMI 1.27 0.82 0.018
IHD 0.84 1.23 0.049

We found a tendency of the frequency of hospital-
izations with regards to AMI of increasing in the summer
months, when the concentration of ozone, non-methane hy-
drocarbons, ammonia and hydrogen sulfide had been in-
creased. As far as the ozone dynamics are concerned, cor-

relation connections with the meteo-parameters (temperature
Spearman’s Rank Coefficient 0,746) and excessively nega-
tive correlation with nitrogen oxides had been established.
(Table 3.)

Table 3. Spearman’s Rank Coefficients Between Mean Daily Meteorological and Air Pollutant Variables

Variables Spearman’s Rank Coefficients
O3 – NOx / CH4 / PM10 / -0,775(**) / -0,417(*) / -0,360(**)
O3 – NMHC / H2S 0,597(**) /  0,623(**)
O3 - Humidity/ WS / Temp / Pressure -0,458(**) / 0,461(**) / 0,746(**) / -0,344(**)
NOx – O3 / NMHC / H2S -0,775(**) /  -0,433(**) / -0,457(**)
NOx – CH4 / THC / PM10 0,726(**) / 0,397(**) / 0,428(**)
NOx - Humidity/ WS / Temp / Pressure 0,318(**) / -0,540(**) / -0,529(**) / 0,325(**)
SO2 – CH4 / NMHC / THC 0,480(**) / 0,453(**) / 0,646(**)
SO2 – GS Radiation/ WS / Temp / Pressure 0,336(**) / -0,195(*) / 0,366(**) / -0,192(*)

**  Correlation is significant at the 0.01 level (2-tailed).
*  Correlation is significant at the 0.05 level (2-tailed).

The chemical and physical air parameters in the city
of Varna correlate with the frequency of some acute cardio-
vascular diseases and establish a risk for the population
health.(Table 4.) AMI correlates to its fullest extent to the

level of fine particulates in the winter months, non-meth-
ane hydrocarbons and nitrogen oxides, as well as air tem-
perature and humidity.

Table 4. Spearman’s Rank Coefficients Between Mean Air Pollutant Variables and Hospital Rates

Variables Spearman’s Rank Coefficients
AMI – NMHC 0,230(*)
AMI – NO / NOX -0,226(*) / -0,207(*)
AMI – Humidity / Temperature -0,217(*) / 0,184(*)
AMI – NO (Month of July) -0,437(*)
AMI – PM2,5 (November / December) 0,467(*) / -0,621(**)
AMI – Humidity (Winter) -0,263(*)
IHD – Temperature / GSRadiation  (Summer) 0,258(*) / 0,252(*)
**  Correlation is significant at the 0.01 level (2-tailed).
*  Correlation is significant at the 0.05 level (2-tailed).
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The association of Main Gas Pollutants (ozone, ni-
trogen oxides and sulfuric dioxide) with AMI and ischemic
cardiovascular disease – unstable angina pectoris (unsta-
ble AP) had been presented in Table 5. As per the details of

the logarithmic regression model, the concentration of ozone
and nitrogen oxides indicate a relation with those diseases,
but the concentration of sulfuric dioxides does not indicate
a statistical signification.

Table 5. Correlation and Logarithmic Regression Coefficients on Association between Concentration of Air Pollut-
ants and Occurrence of AMI and Ischemic Heart Disease

Pollutant / Spearman’s Sig R ANOVA ANOVA
Disease  RC  SRC  F Sig B Beta T Sig
O3 / AMI 0,167 0,068 0,183 4,101 0,045 0,334 0,183 2,025 0,045
O3 / IHD 0,218 0,017 0,180 3,934 0,050 0,339 0,180 1,983 0,050
NOx / AMI 0,207 0,023 0,267 9,113 0,003 0,498 0,267 3,019 0,003
NOx / IHD 0,146 0,109 0,156 2,955 0,088 0,290 0,156 1,719 0,088
SO2 / AMI 0,056 0,536 0,081 0,804 0,372 0,677 0,081 0,897 0,372
SO2 / IHD 0,017 0,859 0,042 0,218 0,641 0,363 0,042 0,467 0,641

The relative risk of AMI increases its statistic signif-
icance in the days of increasing of ozone concentrations
with 5 and more µg/m3, while increase of nitrogen oxides
concentration does not increase the risk of AMI and unsta-
ble AP. (TABLE 6)

The concentration of nitrogen or sulfuric oxides in
our research does not indicate increase of the risk of AMI,
which is most probably due to the low, below the quota val-
ues of the pollutants.

DISCUSSION:
The established lack of seasonality in the dynamics

of average daily concentrations of sulfuric dioxide contra-
dicts to results from 10 years ago, when this pollutant indi-
cated a seasonal dynamics of high values through the win-
ter months. /1, 5/ One of the probable reasons for this is
change of technology of heating of residential buildings.

The concentrations of nitrogen oxides are similar to
the levels from the period 1989 – 1991 and 3-4 times lower
than the values of the interval 1992-1994. /1/ The seasonal
dynamics in 1999 had indicated a reliable increase of levels
throughout the mild period /5/, while our results indicate
winter peaks.

The correlation factors between the nitrogen oxides
and the AMI frequency we have established are relatively
low. Our researches do not find correlation between myo-
cardial infarcts and IHD and a combined activity of SO2 +
NOx with R 0.79 and R 0,76, as well as of IHD with the si-
multaneous activity of SO2+H2S and SO2+HF respectively
with R 0,81 and R 0,74. Concentrations of pollutants, quot-
ed in the researches, however exceed the norms 6,3 to 9,2
times. Besides, those authors research the morbidity of pop-
ulation of an industrially developed region, which does not

exclude professional exposition of the researched contin-
gent./9/

Our results once again prove the fact atmosphere
pollution is only one of the numerous risk factors, partici-
pating in formation of cardiovascular morbidity. The signif-
icance of this risk factor is determined by the overall influ-
ence on the population, resulting in a significant popula-
tion effect.

The relation we presented between AMI and unsta-
ble AP to the ozone pollution levels and lack of relation to
the levels of nitrogen and sulfuric oxides had been estab-
lished by French authors /11/, although they quote signifi-
cantly higher concentrations of ozone 74,8 µg/m3, as well
as nitrogen oxides 31,4 µg/m3.

The lack of relation of the concentrations of nitro-
gen or sulfuric oxides to AMI in our research is most likely
due to the content way below the norms of the pollutants.
Examinations, establishing a significant relation, quote in-
dices increased 2 to 3 times. (Rome: NO2=86.0 µg/m3; Hong
Kong: NO2=53.5 µg/m3, SO2=14.5 µg/m3; London: NO2=61.2
µg/m3, SO2=20.6 µg/m3; Denver: SO2=15.2 µg/m3)./10/

CONCLUSIONS:
A seasonal dynamics of the concentrations of the ba-

sic atmosphere pollutants had been established.
The researched data indicates that the early effect of

the ozone exposition is related to the increased hospitaliza-
tion frequency with regards to AMI for the same date.

The relatively low content of nitrogen oxides and
sulfuric dioxides is probably the reason not to find statisti-
cally significant relation between the short-term effects and
the acute coronary incidents.



/ J of IMAB, 2006, vol. 12, issue 1 / http://www.journal-imab-bg.org   37

Address for correspondence:
Dr. Teodora Dimitrova
Department of Hygiene and Disaster Medicine
Medical University of Varna
55 Marin Drinov Str.; 9002 Varna, Bulgaria
Phone: +359/52/344 521; Fax: +359/52/335 301
E-mail: tvd@mnet.bg

1. Áîæèëîâà Â, Çëàòàðîâ È, Òåí-
äåíöèè â çàìúðñÿâàíåòî íà àòìîñ-
ôåðíèÿ âúçäóõ â ãð. Âàðíà, Ãîä. Ñá.
ÈÌÀÁ, êí. 1, 1995, 137-138;

2. Íèêèôîðîâ Á, Áîÿäæèåâà Í, Çà-
áîëÿåìîñòòà íà íàñåëåíèåòî â
Ñîôèÿ êàòî îòðàæåíèå íà òåðèòî-
ðèàëíèòå îñîáåíîñòè íà àòìîñôåð-
íîòî çàìúðñÿâàíå íà ãðàäà, Ïðîá-
ëåìè íà õèãèåíàòà, 18, 1993, 10-19;

3. Íèêèôîðîâ Á, Áîÿäæèåâà Í,
Õèãèåíà è çäðàâåîïàçâàíå, 34, 1991,
1, 52-57;

4. Íèêèôîðîâ Á, Õèãèåííî - åïè-
äåìèîëîãè÷íè è òîêñèêîëîãè÷íè
ïðîó÷âàíèÿ íà ðèñêîâîòî çíà÷åíèå
íà àòìîñôåðíîòî çàìúðñÿâàíå â ÍÐÁ
çà âúçíèêâàíåòî è ðàçïðîñòðà-
íåíèåòî íà ñúðäå÷íî - ñúäîâèòå çà-
áîëÿâàíèÿ, Äîêò. Äèñ Ñ 1988;

5. Ðîìàíîâà Õð., Âúðáàíîâà Ã.,
Ïåòðîâà Ê. è äð., Ïðîó÷âàíå íà
çäðàâíèòå è åêîëîãè÷íè ïðîáëåìè â
ðàéîíà íà Äåâíåíñêèÿ ïðîìèøëåí
êîìïëåêñ ïðè àâàðèéíè ñèòóàöèè çà

ïåðèîäà 1983-1995ã, Ñá. äîêëàäè îò II
Íàö. íàó÷íî-òåõíè÷åñêà êîíôå-
ðåíöèÿ ñ ìåæäóíàðîäíî ó÷àñòèå
„Åêîëîãèÿ è çäðàâå”, 1996, 353-356

6. ×óòóðêîâà Ð., Áîæèëîâà Â., Èç-
ñëåäâàíå íà àòìîñôåðíîòî çàìúð-
ñÿâàíå â íÿêîëêî ðàéîíà íà ãðàä
Âàðíà, VII Íàöèîíàëåí êîíãðåñ ïî
Õèãèåíà, 2000;

7. Brook RD, Franklin B, Cascio W.
et al, Air pollution and cardiovascular
disease: a statement for healthcare
professionals from the Expert Panel on
Population and Prevention Science of
the American Heart Association, Cir-
culation, 2004; 109: 2655-2671;

8. Ballester F, Rodríguez P, Iñígu-
ez C, Air pollution and cardiovascular
admissions association in Spain: re-
sults within the EMECAS project J
Epid Comm Health 2006; 60: 328-336

9. Chuturkova R, Tosheva M, In-
vestigation of the correlation between
atmospheric air pollution and inci-
dence rate in an area with developed

chemical industry and a settlement in
its proximity, AP(SP) of IMAB book 2,
1996, 366-369

10. Poloniecki J. D, R. W. Atkinson,
A. P. de Leon,  Daily time series for
cardiovascular hospital admissions
and previous day’s air pollution in
London, UK, Occupational and Envi-
ronmental Medicine, 1997, 54, 535-540

11. Ruidavets, J-B; Cournot, M,
Ozone Air Pollution Is Associated
With Acute Myocardial Infarction, Cir-
culation, 111(5), 2005, 563-569

12. Sunyer J., Ballester F., Le Ter-
tre A, The association of daily sulfur
dioxide air pollution levels with hos-
pital admissions for cardiovascular
diseases in Europe (The Aphea-II
study), Eur Heart Journal 2002, 24 8,
752-760

13. Wong TW, TS Lau, TS Yu, Air
pollution and hospital admissions for
respiratory and cardiovascular diseas-
es in Hong Kong, Occ Env Medicine,
1999, 56, 679-683

REFERENCES:


