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Haykoei nogioomnenns

UDC 911.3 Sergey Sonko, Ddya Shiyan

THE STUDY OF POPULATION MORBIDITY BASED ON THE SPAT IAL DIFFUSE
MODELS IN OLD INDUSTRIAL REGION OF KRIVBASS

In the old industrial regions of Kryvbas iron-ore dia ecology-dependent morbidity of population pnésea substantial
problem. Its decision is possible by means of #tizal approaches and methods of society geograpte.possibility of application
and adaptation of spatial diffusions models for theearch of diseases spreading is investigatethénarticle. The analysis of
spreading the morbidity on the basis of the adaptediel of spatial diffusion and other methods atigih analysis is performed.
Approaches are worked out and the ecology-patheggistricting of the territory of Kryvbas is perfoeh.

Key words:old industrial region, ecology-dependent morbidéigatial diffusions, common ways of spreading diesaecol-
ogy-pathogenic region.

Cepziii Convko, Japva luan. JOC/AKEHHA 3AXBOPIOBAHOCTI HACEJIEHHA HA OCHOBI MOJIEJIEH
IIPOCTOPOBHX JJU®Y3IH B CTAPOIIPOMHCIOBOMY PET'TOHI KPHBBACY. YV cmaponpomucnosux pezionax, 00 sKkux
nanexcumo Kpusopizvruil 3anisopyonuii 6aceiin, eKon020-3a1eiCHa 3aX60pI0anicmy Hacenenns aenac icmomiy npobremy. Ii piwen-
HSL MOJCAUBE 3 OONOMO2010 MEOPEMUYHUX Ni0Xo0ie i Memodia cycninbHoi ceozpaii. ¥ cmammi docnidscena moxciugicms 3acmo-
cy8amHa i aoanmayii mooeneti npocmoposux Oudysiti 0na UEUEHH S PO3NOBCIOONCEHHS 3AX60PI06AHb. Bukonanuil ananiz posnoscio-
Ooicents 3axeoprosanocni 6 m. Kpueomy Po3i Ha ocHogi adanmoeanoi mooeni npocmopoeoi ou@ysii i inuux memooie npocmopo8ozo
ananizy. Po3pobneni nioxoou i BUKOHAHO eK0I020-2e0namozenHe pationysanns mepumopii Kpugbacy.

Kniouogi cnosa: cmaponpomuciosuii paiion, eKon020-3a1edlCHd 3aX80PI0GAHICMb, NPOCMOPO8i Oug)y3ii, 3aKkoHomMipHocmi
PO3N0BCI00IICEHHS X80POD, eKON020-2e0NAMO2EeHHULL PALIOH.

Cepzeii Convko, Japva Hluan. HCCIAEJOBAHHE 34A50JIEBAEMOCTH HACEJIEHHA HA OCHOBE MOJEJIEH
IIPOCTPAHCTBEHHBIX TH®®Y3HH B CTAPOITIPOMBILUIIEHHOM PETHOHE KPHBBACCA. B cmaponpombiuinenibix
pecuonax, x komopvim omuocumcs Kpusopoowcckuil dicene3opyonsiii baccetin, 3K01020-3a8UcuMas 3a0071e6aemMocmy HaceneHus
npedcmasniem cywecmeentylo npooremy. Ee peuienue 603mooicHo ¢ nomowpio meopemuyeckux nooxo006 u memooos oduecmeen-
Holl eeoepaguu. B cmambe uccne008ana 603MONCHOCHb NPUMEHEHU U A0anmayuy Mooeiell nPOCMPAaHCmEeHHbIX Ou@@ysuti 0is
uzyuenus pacnpocmpanenus saboneeanuil. Beinonnen amanuz pacnpocmpanenus sabonesaemocmu 6 2.Kpusom Poce ma ochose
aoanmupo8aHHol MOOeU NPOCMPAHCMBEHHOU Oupy3uu u opyeux Memoodos nPOCMpancmeenHo2o anaiusza. Paspabomaunst nooxo-
Obl U BLINOTHEHO IKOI020-2e0NAMO2eHHoe patioHuposanue meppumopuu Kpusbacca.

Knrouesvie cnosa. cmaponpomwiuieHHblii paiion, 9K01020-3a8UCUMAs 300071e6aeMOCMb, NPOCmMpancmeentvle oudgysuu,
3aKOHOMEPHOCU pACNPOCMpaneHuss bonesHell, IK01020-2e0NnamoeHHblil patioH.

Actuality. The health status of the population and hectares), it is characterized by a complex of jemols,
the increasing life expectancy of citizens aredinategic which have strong spatial expression and the swoluif
guidelines of any nations. A special place among th which depends largely on such purely geographiatd-c
objects of geographical study of disease belonghdo gories as «distance», «farness», «center», «peyyahe
old industrial regions («OIR»), as places of higimaen- The concept of «space» and «spatiality» are toawditly
tration of productive forces and the population.the in the subject area of society geography. Ecoldgica
city of Kriviy Rig, as the centre of OIR with thergth status, the spread of toxic substances, the developof
of more than 60 km and the population of about 650 ecologically dependent diseases in this list igidyf new
thousand people there is an extremely high conatortr problem, as it was always in the subject field @fdical
of giant mining plants (8 of 11 enterprises of Uke&). geography. In our opinion, the classical modelspzitial
Almost all enterprises, which are the main sourcks diffuse, entered into geography by T.Hegerstrasnanie
pollution, are located near residential areas. 8ferage  of the best way to study such spatial processetheas
annual emissions make up more than 700 tons pgr 1 s spread of morbidity. However, their use requirescigd
km. of the city territory, and 470 kg. per 1 inhabi, it theoretical ground and adaptation. In fact, inapplica-
is a direct consequence of morbidity and mortaility tion of methodological approaches and methods of so
creasing. This under-researched phenomenon ishidte p ety geography to the solution of the problem of inibr
nomenon of synergism. So, environmentally dependentity is the relevance and novelty of the proposesgaech.
diseases, «superimposed» on the traditional, craate Objects and methods of researchSince quanti-
qualitatively new complex effect. tative parameters characterizing the public heamtith the

Kriviy Rig, as an object of study, is also interest environment of Kriviy Rig are used in the work, weed
ing because in the former Soviet Union, it tookisag- statistical and mathematical methods, which gawe th
pointing second place (after Norilsk, Russia) ia kvel material for later application of traditional comative
of atmospheric air pollution. Has the situation ruped geographical analysis. A special place in the ntho
during the last 25 years? This is the questionatiswver logical tools of research belongs to GIS and casiplgic
to which may be of great interest to scientists. method, the need of their application is due tchsthar-

Due to the large area of the city (more than 40000 acteristics of the urban environment as:

- close relationship of the etiology and mass
© Sonko S., Shiyan D., 2015 emerging diseases with features of industrial aesl-r
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dential building area of the city;

ponents of the environment [1,2], in the last decdle

- the dependence of the dynamics of morbidity main priority is given mainly to the peculiarities the

from these geographical
«distance», «area»;

- spatial overlay of environmental factors on so-
cial, giving a new negative quality in the resultsgner-
gism;

- gpatial differentiation of specific diseases de-

categories as

«space»jnfluence of social and technological environme3l, [

which are the objects of study of social and geplojcal
Sciences. The main theoretical and methodological p
visions of geographical studies of morbidity trautially
are the following:

- the problem of morbidity of the population is

pending on demographic and geographical characterisnot determinated without reference to the territasy

tics of the city.

The source of information for study was a large
array of statistical data, in particular, the mdityi of the
population of the city of Kriviy Rig for the periolom
2005 to 2009, 54 diseases in section 239 of thaaaled
service districts. According to these indicatorsrivig
Rig was chosen not by chance, in 2010 it tookstne
ond place in Dnipropetrovsk region because of natybi
(21308,0 people per 10 thousand inhabitants). Takin
into consideration that the population, attachedne
medical service district (in accordance with retates
of the Ministry of health of Ukraine) is relativeltable
(approximately 2000 people), the absolute frequesfcy
diseases is representative assessment of morlfigity
converted to 2000 people).

For analysis of the collected statistical informa-
tion in MS Exel, as well as in Mdpfo Professional
made graphs, charts, thematic and integrated niegis t
show various trends in the morbidity of populatipo)-
lution, establish links between the distance tdicstary
sources of pollution and morbidity, help to estsibicen-
ter of outbreaks of ecologically dependent diseases

The object of our study is the old industrial regio
of Krivbass in which there is a high level of eagitmally
dependent diseases of the population. The subfebeo
research is the spatial characteristics of the jatipa
morbidity in the city of Kriviy Rig. The aim of thiwork
is to identify spatial characteristics of the paiign
morbidity in the city of Kriviy Rig using the metHol-
ogy of socio-geographical researches. To achieie th
goal the following tasks were solved:

- analysis of previous studies of morbidity from
positions of social geography;

- explore the possibility of applying and adapting
models of spatial diffuse to study the spread sédses;

- analysis of the spread of morbidity in Kriviy Rig
on the basis of an adapted model of spatial diffusind
other methods of spatial analysis.

even in the early works of this direction mappingthod
is used;

- the spread of disease in the form of epidemic,
epizootic and epifitotic into a certain geograpiodel,
«center-periphery» [4], as well as in the classadets
of the centre places and diffusion of innovations T
Hegerstrand [5].

Therefore, on the level of industrial megalopolis
in the OIR two models can «work» at the same time:

1. Industrial enterprise with stationary sources of
pollution («center») plus the area affected by éhas-
sions («periphery»), forming elementary concenti&:
tribution of morbidity.

2. The focus/foci of contamination as the primary
cause of morbidity (source «innovations») plus dahea
that is experiencing the impact of pollution (thEead
of diseases due to diffusion processes succedsigesy.

In large industrial centers, such as Kriviy Rig ipdi

cally (explosive) activity of a stationary source ab-
served, because the emissions of the enterprisescar
evenly distributed during the days, months, andces
of the year.

The widest application of models of contagious
diffusion (the spread of infectious diseases assalt of
contacts) have been found in medical geography.ilBut
our case, this model is not suitable, becausettbgy
of ecologically dependent diseases is not chaiaetbr
by contagious [6]. The studying process of diffasif
environmental pathology, rather reminds a cascading
diffusion, but within a large industrial city it @ifficult
to find those levels of the spatial hierarchy, nefd to in
the classical theory, and through which any phemame
«passes» from the top to the down.

In our case, similar innovations (environmentally
dependent diseases) are being «formed» in the GMR f
some time. While the root and the main object el
sion are not diseases, but the certain qualitynefren-
ment which belongs to the individual (in our casen-

Methodological base of the research was the maincentric) plots the geographical space. Then ecopath

approaches of theoretical and applied geograplouish
in the works of P.l.Baklanov, M.A. Glazovskaya,
S.A. Kurolap, S.M. Malkhazova, D.V. Nikolaenko,

ogy, «stratifies» on this space and in its distidou
overlaps partially with its ecological charactedst
Thus, diffusion of environmentally dependent

V.S. Tikunov, V.O. Shevchenko, T.Hegerstrand and diseases has both characteristics the diffusiordisf

other scientists.

The results of research and discussiorOld in-
dustrial region is a holistic territory, formed thg a
long historical period as a result of specific ty# na-
ture management under the influence of the intenact
between landscape, economic and social conditeoms,
which is characterized by profound changes in @ei-n
ral environment that adversely affect the healtust of
the population.

But, scientists have been recently interesteden th
impact on the morbidity of predominantly naturalreo

64

placement (but without the «fading» of primary talhd
extensions. Under the characteristic the diffusibrex-
tension is neither «contagious» nor «cascade». rAppa
ently, we can talk about intermittent explosive waf
diffusion, whereby ecopathology spreads from cefis
pollution (under the circumstances of their permoalcti-
vation — «explosions»), losing its activity frometbentre
to the periphery (like waves after the explosiontbe
water surface). However, verification of this asgtion
requires the use of more accurate, in particulathey
matical methods.
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Examining possible options of the mathematical
formalization of the process of periodic explosivave
diffusion, we came to the conclusion that the st to
describe this process is with the help of polyndrdea
pendence. Possible statistical model here may ke a
gression equation describing the dependence ditibe-
lute frequency of the specific disease from theatise
to the point of air quality monitoring.

Using standard software (MS Excel, graphics of
the specific disease is obtained (Fig.1). From suali
analysis of trend lines, each of the graphs shdws t
more than 50% of the total number of patients iscen-
trated at distances up to 15 km from IMP (item rtami
ing pollution). It is established that the greatdspend-
ence (determination) on the quality of the air baisi
observed for diseases of the circulatory system £R2
0.47 - 0,49); ischemic heart disease (R2 = 0.50.5@
in); hypertension (R2 = 0,45 - 0,49); respiratoisedses
(R2 = 0,30 - 0,50); diseases of the digestive sygRe2
= 0,43 - 0,49). Much less dependence was estallisine
the musculoskeletal system (R2 = 0,17 - 0,25),tgani

rinary system (R2 = 0,15 - 0,23) and tumors (R2G410
0,08). However, despite the extremely small valags
the coefficient of determination for tumors, thiogp of
diseases has the greatest degree of risk to ldettaare-
fore, even a weak manifestation depending on tiwe en
ronmental situation is important.

The necessity of taking into account even the low
coefficients of determination is reasoned by ttet fhat
the etiology of oncological diseases is not fuliyasti-
gated because of its complex characteristics, digrgn
on many factors. However, with high probability,ist
proved that the "start" to complex physiologicabgr
esses of oncopathology is given by a certain qualit
the environment [7].

The data shown in Fig.1, indicate that the highest
frequency of diseases (including cancer), is oleskat
distances from 5 to 10 km from the point of quatibn-
trol of atmospheric air (which are located in tleehse
area, the area of stationary pollution sourcesnadistrial
enterprises) to medical service districts. It is tharac-
teristic that variance depends from this distance.

The dependence of the frequency of the oncological diseases from the distance to the point of air quality monitoring.(2009)

The equation of polynomial regression

y=-0.0377x% + 1.3361x + 37.609
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2
§ 120
o 100
= e g
2 80 ﬁ¢
b,
L‘g 60 R 00'* ?
5 40 3 e
ER I IR B S R
=
o
é’ 0 5 10 15 20 25 n 35 40

The distance from the monitoring point to the medical service district

The dependence of the frequency of the blood circulatory system diseases from the distance to the point of air quality monitoring.(2009)
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Figure 1. Regression models of the diseases depecelérom the distance to the point of air quality |
monitoring (2009)
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The analysis of all built regression models shows
that the dependence of the incidence of speciBeatie
groups from environmental factors, in particulang t
condition of atmospheric air, in most cases, gaiteu-
rately is described by a polynomial of the secoadrde
with significant coefficients of determination. hi
makes it possible to justify certain conclusions aec-
ommendations for the prevention of harmful influerd
environmental factors on population health.

The statistical models indicate that between dis-
ease incidence and environmental factors on thitotsr
of Kriviy Rig there is a reliable relationship withim-
biguous probabilistic in nature, but surely provitige
fact of the harmful environmental impact of urbavie
ronment on health. Apparently, it gives the rightsay
that in OIR Krivbass ecologically dependent incickeis
widespread and the dynamics of which is most ctyrec
described by the model of periodic explosive walbteid
sion.

genic areas on the example of a group of oncolbgica
diseases, as the most dangerous to human lifeiG¢n-
tral residential area. In the area (correspondiags&-
ganskiy inner-city area):

- there is no such a concentration of industrial en
terprises as in the southern industrial areas.

- it is the largest residential area, home to more
than 250 thousand people (1/3 of the total numbéne
city's population), the majority of whom work aetken-
terprises of the southern industrial areas of ihg and
who were under the influence of all the negativetdes
of metallurgical, mining and other hazardous indest
for a long time.

- in close proximity to residential areas (zone
transfer) there are enterprises of South industoan-
plex, comprising: Europe's largest metallurgicaanpl
«Arcelor Mittal» with a full metallurgical cycle dna
coke-chemical plant, that regularly emits the nplgti
compounds, such as oxides of sulphur, nitrogerozar

Subsequent analysis of the research problem is toand benzapiren and phenols into the atmosphesepe |

establish the abnormal manifestations of the imzddeof
specific disease groups within urban districts, vKri
Rig. In simplified form it is advisable to deterraithe
criteria for the identification of anomalies, ag ttatio of
the frequency of the disease on individual medszat
vice district to the average value across the Hoitgr
area. Then plots with a criterion value, more tharnill
geographically identify anomalous (eco-geopatha)ez
In MS Ecxel this task is accomplished by constructing
the radar chart.

Consider the allocation of ecological geopato-

cement plant and two powerful mining and processing
plants (SOMC and NKOMK), which are the main
sources of air dustiness.

Paired analysis of radar charts and related karto-
diagramms with certain medical areas (Fig.2) gdee t
ability to spatially localization of carcinogenic@ma-
lies. And doing similar research procedures inaatlas
of the city gave the option of using the analyticedthod
of surfaces Maplnfo professional to obtain 3-D imad
oncoanomalies (Fig.3).

Spatial localization of oncoanomalies in the
Central residential arca.

years

— 2005
—2006
2007
2002

—20049.

Figure 2. Spatial localization of oncoanomalies the Central residential area

The logical conclusion of any geographical stud-
ies of disease is a medical-geographical zonindarge
cities it is usually complicated by a weak spatiantifi-
cation of modern (mostly urban) environment of egner
ing diseases, «blur» etiology of their occurreringgen-
sity and rapidity of the pace of modern societyisTdn-
courages the development of new scientific appresich
to zoning, requiring some modification of the ttaatial
concepts of medical-geographical area.

In our opinion, the positioning problems of mor-
bidity in a narrower (coverage), and wider (by sabj

66

area) context can be described by the concept @f ec
geopathic area. You must take into account thrpesty
of diseases:

- environmental illness: occupational diseases,
cancer, congenital disorders, genetic defectsrgidis,
anaemia, endemic diseases

- social diseases: infectious and parasitic disgase
diseases of the digestive system, chronic obstmicti
pulmonary disease, tuberculosis, cirrhosis, aldehol
diseases of the blood;

- synergistic disease: increased frequency of al-
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lergic diseases, abnormalities in mental and physic
development, outbreaks of respiratory disease, frgth
guency of endocrine diseases, notable secondaryimm
nodeficiency, the frequency of chronic pathologiéthe
digestive system and kidneys.

However, due to discussions the final classifica-
tion of diseases to one or another group we belibige
division to be rather conditional, but sufficielt $how
the spatial pattern of their distribution in thedst area.

The term «eco-geopathic zone» (zoning), assumes tha
the spatial manifestation of environmentally rediatis-
eases in certain areas, because in the trangitiatatrger
scale [8] (medical service district within a larggy),

you can study the dynamics of all kinds of diseaaed
especially, the occurrence of which depends on-envi
ronmental conditions, changed by economic actwitie

[9].

Figure 3. Oncological diseases in 3 D. The highéstel of oncoanomalies is observed in Saksaganritist

Eco-geopathic zone is a geographically holistic

continuum component of urbogeosystem, with a pre-

districts: with the prevalence of morbidity amongple
ogically dependent neoplasm (mainly benign neoptasm

dominance of anthropogenic landscapes transfornged b of the skin and mammary gland), occupational disgas
certain endogenous and exogenous material andyenerg(associated with metallurgy, coking by product Isdu

flows, determining the incidence of urban populatio
environmentally sensitive, socially deterministimda
synergistic disease.

The logical result of the generated ideas which
was made by us is ecology-geopathic zoning of eéheé-t
tory of Kriviy Rig, in which in addition to thesegi-
dence rates demographic characteristics of the laopu
tion, remoteness from stationary sources of palhyti
particularly residential and industrial developmestto-
nomic and geographical position of the city wereeta
into account.

There are only 4 eco-geopathic zones in the terri-

tory of the city:

tries, the cement industry); among synergistic doen
crine system diseases, nervous system diseaseas@és
of organs of digestion (mainly gastritis and duatign
allergic (mostly allergic rhinitis), diseases oéthenitou-
rinary system (mainly kidney infections, kidney rete
and urinary tract infections), and nervous system.

3. Central residential zone has 84 medical service
districts (about 168000 people) Saksaganskiy amd th
southern part of the Oktyabrskiy districts with yae
lence of disease: social diseases (infectious analsjiic
diseases, diseases of the digestive system, chatmic
structive pulmonary disease, cirrhosis, diseaseshef
musculoskeletal system (mainly rheumatoid and salt

1. South mining zone includes 31 medical service arthritis), blood diseases, diseases of the orgasgght

districts (about 62,000 people) Ingulets and paftthe
Central inner-city districts: with the prevalencienoor-
bidity among ecologically dependent - tumors (vt
advantage of Oncology diseases of the ovary analsbre
cancer) and respiratory diseases (mainly chronist du
bronchitis, laryngitis and tracheitis), among syisic -
allergic (mainly diseases of the upper respiratoagt),
diseases of the genitourinary system (mainly cloroni
pielonefrit, cystitis, diseases of the prostatend)a and
nervous system.

2. Southern metallurgical zone, consisting 76
medical service districts (about 152 000 peoplelgbo
sevskiy, Dzerzhinskiy and parts of the Central rrrity

67

and hearing, among synergistic - allergic, nervand
mental diseases, endocrine diseases, chronic diseds
the digestive system and kidneys.

4. Northern mining-industrial zone consists of 63
medical service districts (about 126000 people)
Ternivskiy and the Northern part of the Oktyabrsai
ministrative districts with prevalence of morbidity
among ecologically dependent - fragmentary marsfest
tion of diseases neoplasms (with a predominandeeef
nign tumors of the ovary), allergic diseases argpira-
tory diseases; some social diseases such as liveo-c
sis, chronic obstructive pulmonary disease, injand
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poisoning; some synergistic diseases such as dis@ds ogy of diseases characteristic of OIR, includingngs
the nervous system, salt and rheumatoid arthritis. models of spatial diffusion;

Conclusion. As a result of the research: - made eco-geopathic zoning of the territory of

- established territorial peculiarities of the dyma  Kriviy Rig, emitting the corresponding anomalies of
ics and causes of morbidity of the population depen morbidity.

on the state of environment in micro protrusionglef - improved socio-geographical approach to the

medical sites within, Kriviy Rig; classification of diseases prevalent in the OIRvif@m-

- developed and tested social geographic researchmental, social, synergistic disease) depending hen t
methodology of problems of morbidity in the OIR whi complex socio-economic and environmental charasteri
made it possible to ascertain the distribution gobl- tics of separate parts of its territory.
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Summary

Sergey Sonko, Dariya Shiyan. THE STUDY OF POPULATION MORBIDITY BASED ON
THE SPATIAL DIFFUSE MODELS IN OLD INDUSTRIAL REGION OF KRIVBASS.

The average annual emissions make up more thator@@er 1 sg. km. of the city territory, and 4% ger 1
inhabitant, it is a direct consequence of morbiditg mortality increasing in Kriviy Rig.

The aim of this work is to identify spatial charxistics of the population morbidity in the city éfiviy Rig us-
ing the methodology of socio-geographical researcimeparticular analysis of the spread of morkiditKriviy Rig on
the basis of an adapted model of spatial diffusion.
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It is set, that in OIR (old industry regions) ofirass ecologically dependent incidence is widesghrand the
dynamics of which is most correctly described by thodel of periodic explosive wave diffusion. Pbksistatistical
model here may be a regression equation descrthinglependence of the absolute frequency of theifepdisease
from the distance to the point of air quality monitg. Paired analysis of radar charts and relktgtbdiagramms with
certain medical areas gave the ability to spatialtalization of carcinogenic anomalies.

So, the positioning problems of morbidity in a waver (coverage), and wider (by subject area) carter be
described by the concept of eco-geopathic areaeTdre only 4 eco-geopathic zones in the terriddjpe city:

As a result of the research developed and testdl gpeographic research methodology of problemsiafbid-
ity in the OIR which made it possible to ascertdia distribution and typology of diseases charéstierof OIR, in-
cluding using models of spatial diffusion.

Key words: old industrial region, ecology-dependent morbidggatial diffusions, common ways of spreading
diseases, ecology-pathogenic region.
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