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MULTIPLE CORRELATION MODEL FOR ESTABLISHING
THE ASSOCIATION BETWEEN ATMOSPHERIC AIR
POLLUTION AND MORBIDITY

R. Chuturkova, S. Popova*
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A characteristics of atmospheric air pollution during the period from 1980 till
1992 in the town of Beloslav, a settlement located in the immediate proximity of Devnya
industrial complex was prepared. The following parameters were examined: dust,
sulphur dioxide, sulphuric acid, hydrogen sulphide, nitric oxides, ammonia, chlorine,
and hydrogen fluoride. Annual indexes of pollution presented according to the Canadian
Indexing System exceeded considerably the hygienic standards concerning most
atmospheric air pollutants. During the whole period of observation the total index varied
between 3,22 and 8,28 one unit being the standard. The morbidity rate of the population
according to the registration files for children and adults was analyzed, too. Multiple
correlation and step regression analyses were applied to follow-up the influence of the
atmospheric air pollution on the morbidity. There were statistically reliable correlation
dependences between the atmospheric air pollution and the diseases of the respiratory,
nervous, alimentary and other systems.

Key-words: Atmospheric air pollution, indexes of pollution, morbidity, children,
adults, multiple correlation analysis, step regression analysis

non-specific defense forces, the
factors of cellular and humoral
immunity, etc. (3,4,14,16). An
increased morbidity rate of the

The effect of atmosheric
pollution on the morbidity of exposed
population is currently studied in the
whole world. There exist numerous

convincing data about the changed
resistance of the organism under the
influence -of the atmospheric air
pollution manifesting with a consi-
derable reduction of both specific and
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population concerning the respiratory
tract diseases such as acute bronchitis,
asthma, and emphysema was
registered and an association with the
atmospheric air pollution with sulphur
dioxide, nitric dioxide, fine-fraction
dust, and aerosols of sulphuric acid
was proved (7,8,12-15). An elevated
morbidity rate of ischemic heart
disease was also observed (11).



R. Chuturkova, S. Popova

The purpose of this study was to
assess the atmospheric air pollution in
the town of Beloslav located in the
immediate proximity of a region with
developed chemical industry and then
to analyze the correlation with the
morbidity of the population.

MATERIAL AND METHODS

A characteristics  of  the
atmospheric air poluution in the town
of Beloslav located 10 km far from
the Devnya industrial complex
presenting  with  well-developed
chemical industry was prepared. The
examination covered the period from
1980 till 1992. The following
parameters were assessed:  dust,
sulphur dioxide, sulphuric acid,
hydrogen sulphide, nitric oxides,
ammonia, chlorine, and hydrogen
fluoride. Canadian Indexing System
was used to evaluate these parameters

as the indexes of pollution were

calculated in their independent and
combined action (1,2,6,10). The
morbidity rates of the population
according to registration files in the
town of Beloslav during the same
period were analyzed as data” were
elaborated for both age groups -

children and adults. A total of 34
nosological units according to the . -

International  Classification . of
Diseases were selected. In order to
clarify the influence of atmospheric
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air polution on the morbidity of
population multiple correlation and
step regression analyses were applied.

RESULTS AND DISCUSSION

The results concerning the
atmospheric air pollution with dust
revealed that annual indexes remained
within the limits of 1,33 to 4,84 one
unit being the standard during the 13-
year period and indicated a relatively
constant level of dustiness in the
settlement near to the industrial
region (Fig. 1). Hydrogen fluoride
values were rather variable. Annual
indexes were very high in the
beginning of the period - between
8,11 for 1981 and 5,39 for 1983. Then
they decreased down to 2,77 and 3,47
for 1984 and for 1989, respectively,
and even under the standard in the
middle and the end of the period of
observation - between 0,2 and 0,55
during 1986-1988 and between 0,4
and 0,64 during 1991-1992. Annual
indexes of ammonia demonstrated a
slightly elevated pollution over the

.. standard in the early years (up to

1985) followed by gradual increase up
to 2,24 in 1987 and reaching the

. maximum of 4,07 in 1990. The

reduced values in the end of the

. period remained over the standard -
. between 2,43 for 1991 and 1,89 for

1992.
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Fig. 1. Atmospheric air pollution indexes of dust, hydrogen fluoride and ammonia

7

64

0 gt 448
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

| X SO, wH,SO, aH,S|

Fig. 2. Atmospheric air pollution indexes of sulphur dioxide, sulphuric acid, and hydrogen
sulphide
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Concerning the pollution with
sulphur dioxide it was established that
abnormally high indexes were found
out during the first half of the period
only - between 1,57 for 1980 and 3,58
for 1985 (Fig. 2). During the second
half of the period the indexes varied
about the standard or even consi-
derably below it - down to 0,28 for
1992 and 0,10 for 1991. The pollution
indexes of hydrogen sulphide were
abnormally high for almost all the
years - e. g., 1,77 for 1984 and 1,85
for 1985. In the early years and then
in 1987-1990 these indexes were low
- between 0,29 and 0,92. The indexes
of hydrogen sulphide were
considerably higher reaching their
maximum in the beginning of the
period (5,97 for 1980 and 6,31 for
1984). They decreased but remained
abnormal in the rest years - up to 3,64
for 1986 but down to 0,50 and 0,83
for 1987 and 1990, respectively.
Annual indexes of nitrogen oxides
(nitric oxide and nitric dioxide) and
chlorine were significantly lower than
the standard and testified to a low
pollution level. The simultaneous
presence of different atmospheric air
pollutants necessitated the elaboration
of a complex assessment of the
atmospheric air using a total pollution
index (Ip). It was demonstrated that

independently of the registered low
concentrations of some atmospheric
pollutants during the whole period of
observation the total index

84

significantly exceeded the hygienic
standard and varied between 3,22 and
8,28. It represented an important
parameter providing a real idea of the
atmopheric air pollution and thus it
was currently used by numerous
investigators (2,5).

These results testified to a
rather high level of atmospheric air
pollution in the town of Beloslav
located in the immediate proximity of
the region with intensively developed
chemical industry. This location in a
territory complicated by physico-
geographic peculiarities contributed
to this pollution level, too. The town
of Beloslav is at sea-level and
surrounded by plateaus high up to 300
m which is sufficient for the harmful
emissions of the chemical works of
Devnya industril complex to hold at
the ground layer. Prevailing breeze
circulation and comparatively
frequent Western and North-western
winds exert their influence as they
transport the chemical pollutants to
the town of Beloslav. It was evident
that there existed a tendency towards
reduction of the atmospheric air
pollution concerning the following
indexes: sulphur dioxide, hydrogen
sulphide,  sulphuric  acid, and
hydrogen fluoride. The reasons could
be looked for in the decreased
exploitation of the production
capacities of Devnya industrial
complex and in the realized
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Fig. 3. Multiple correlation between atmospheric air pollution and morbidity rate in adults

reconstructions and improvements in
the chemical works.

The results from the multiple
correlation and regression models
demonstrated that there existed
statistically ~ significant correlation
dependences (r = 0,7 + 0,9 at 0,001 <
p <0,01) between the atmospheric air
pollution with nitric oxides, sulphur
dioxide, sulphuric acid, dust, chlorine,
hydrogen fluoride, on the one hand,
and the chronic bronchitis, asthma,
pneumoniae, acute upper respiratory
tract infections, diseases of the
nervous and alimentary systems,

hypertension, ischemic heart disease,
thyroid gland disease, skin diseases,
and neoplasms (Figs. 3 and 4). These
correlations were more outlined in the
adult population than in the children.
Some equations of regression in both
age groups were presented.

1. Adults

Thyroid gland diseases:
Y= 27,7 = 1’48-Xdust - 1,1 1 'XNO +

1,34.Xp, +0,8.Xcp, + 0,68.Xg0, -
0,92 X11,504 - 0:37-XNi
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CHILDREN
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Fig. 4. Multiple correlation between atmospheric air pollution and morbidity rate in children

9. DISEASES OF SKIN AND
SUBCUTANEOUS TISSUE

Hypertension:
Y =438,31 - 1,13.XNo +

0’42'XH2504 + 0,26.XH25 + O,] I'XI()
+ 2’94‘XNH3 - 3719'Xdust - 2’16'XSO2

Chronic bronchitis:
Y = 58,88 + 1,28 Xy,504 - 0,69.XyE -

1,2.XN02 - 0’37'XSOZ + 0’82‘Xdust +
0’38'XCL2 + 0’39'XNH3 + 0’35'XIO

Alimentary tract diseases:
Y = 537,64 - 0’9'XN02 + 0’32'XSOZ
+0,41.XNps3 - 0,23 XyE + 0,44. Xy
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= 0,21 'XNO + 0’12‘XHZSO4 -
0,36.Xps

2. Children

Acute bronchitis:
Y =765,58 + 2,78 XNos - 1,73 Xgust

- 1’29'XNH3 - 0’73'XNO +
O,65.XH2804 - 0,71 'XIO

Pneumonia:
Y = 340,39 + 2,76.XN0; - 1,54 XNH3

-0,94.Xcp, - 0,59.Xs0, - 1,05.Xy, -
0,98 Xgust
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Asthma:
Y =56,02 - 1,14 X3 - 1,02.Xy,5 +

0,85 X0 - 0,92 Xyr

Single linear correlation (9) was
used in order to clarify the effect of
the atmospheric air pollution on the
morbidity in some investigations.
However, the method of multiple
correlation and step regression
analysis enabled the study of the
combined action of the atmospheric
pollutants on the morbidity rate of the
population exposed. These results
indicated the presence of an enhanced
risk for the population in the town of
Beloslav. There exists an obvious
necessity for more profound investi-

gations in this field. The awareness of

the health status of single population
groups could serve as a basis for the
adequate organization of the medical
aid, appropriate decision making and
in the last reckoning for the
achievement of a stable human health.

CONCLUSIONS

1. Annual pollution indexes
for most pollutants exceeded signi-
ficantly the hygienic standards in the
town of Beloslav.

2. There was a tendency to-
wards improvement of the atmo-
spheric air pollution in the town of
Beloslav of the following parameters:
sulphur dioxide, sulphuric acid,
hydrogen sulphide, and hydrogen
fluoride. This was determined by the
lower exploitation of the production
capacities of Devnya industrial comp-
lex and by the already performed
reconstructions and modernizations in
the chemical works.

3. Multiple correlation and re-
gression models revealed statistically
significant correlation dependences
between the atmospheric air pollution
and the diseases of the respiratory, '
nervous, and alimentary systems, the
haemopoietic organs, the skin and the
neoplasms as well.

4. These correlations were more
outlined for the adults than for the
children.
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MHoxecTBeH KopelalMoHeH Moje] 32 YCTAHOBABAHE HA BPb3KaTa
MeXx1y 3aMbpPCABAHETO Ha aTMoc(epHUs BB3AYX U 3200/151€eMOCTTA

P. YUytypkoga, C. [lonoBa*

Hayuonanen yenmup no xueuena, meouyuncka exonozus u xpaunene - Cogpus,
Qunuan Bapua u *Kameopa no coyuanna meOuyuna u GuoCmamucmuxa,
Meouyuncku ynugepcumem - Bapna

Pesiome: M3roTBeHa e xapakTepUCTHKa Ha 3aMbpCABAHETO Ha aTMOC(EpHUs Bb3AYX 3a
neprona ot 1980 mo 1992 r. B rp. benocnas - cenuiue, pasnonokeHo B HENOCPEACTBEHA
6ausoct a0 JleBHeHCKus MpoMuLieH koMmeke. M3cnenBanu ca cieHUTE NOKa3aTeNlu:
npax, cepeH JIByOKHC, CApHa KHCENHUHA, CEPOBOAOPO/, a30THH OKHCH, aMOHSK, XJ10p H
¢nyoposomopoa. 'oaMIIHMTE HHAEKCH Ha 3aMbpCABaHE, MPEACTABEHH MO KaHaACKara
MHAEKCOBa CHCTEMA, 3HAUYHTEIHO NPEBUILABAT XMIMEHHHUTE XOPMH 3a MO-rosMara 4acT
ot atMocdepHuTe 3aMmbpcuTead. CyMapHUAT HHAEKC Bapupa oT 3,2 no 8,28 npu Hopma
eAMHMUa 3a uenus nepuoa Ha HabGmopenue. [IpoyueHa e u 3abosnsemoctra mno
0o0pbLIaEMOCT Ha HACEeNeHHETO 3a MEAMLMHCKA MOMOLL MpH JAeua M Bb3pacTHU. 3a
npociieisBaHe Ha BIHAHHETO Ha aTMOC(EpPHOTO 3aMbpCciABaHE BbpXY 3abosiseMocTTa ca
M3MO0A3BaHH MHOXKECTBEH KOPEJIALIMOHEH U CTHNKOB PErPECHOHEH aHANH3H. Y CTaHOBEHH
€a CTaTMCTHYECKH AOCTOBEPHH KOPENALMOHHH 3aBUCHMOCTH MEXIY 3aMbPCABAHETO Ha
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aTMocepHHs Bb3AyX W OojecTHTe Ha AMXaTesiHaTa, HEPBHATA, XPAHOCMMJIaTENHaTa H
JIpYrH CHCTEMH.
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