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Abstract. Assessment of correlation relationships between the level of mortality of the population of
Zhytomyr region of Ukraine from non-infectious diseases and sanitary-chemical indicators of safety and
quality of drinking water. Zablotska O.S., Kyrychuk I.M., Shcherba N.S., Nikolaieva I.M. The purpose of the
publication was to assess the strength and direction of correlation relationships between mortality rates from non-
communicable diseases of the population of Zhytomyr region of Ukraine and sanitary-chemical indicators of safety
and quality of drinking water. The need for this study was determined by the necessity to adjust existing and develop
new strategic approaches to the prevention of non-communicable diseases that depend on the level of chemical
contamination of drinking water. The study was conducted in 2016-2020. Standardized indicators of mortality from
non-communicable diseases (per 100,000 population) were analyzed. 25375 water samples were studied, among
them 8339 belonged to centralized and 17036 — to decentralized water supply. The strength and direction of
correlation relationships between population mortality rates from non-communicable diseases and the average
values of sanitary-chemical indicators of drinking water were determined by Pearson's linear correlation
coefficients and the Chaddock scale. The statistical significance of the correlation coefficients was determined by
Student's t-test. In the process of research work such methods as: bibliographic, medical and sociological,
retrospective, epidemiological, statistical, system analysis and generalization were used. Statistically significant
(p<0.05) strong direct correlations were found between mortality rates of the urban population of Zhytomyr region
from diseases of the circulatory system (100-199) (including myocardial infarction) (121-122), coronary heart
disease (120-125), of digestive organs (K00-K93) and average total iron and total hardness values; between nervous
system diseases (G00-G99) and average values of manganese in drinking water of centralized water supply, as well
as between mortality rates of rural population from diseases of the circulatory system (100-199) and average values
of total hardness, total iron and nitrates in drinking water of decentralized water supply. The urgent need to develop
new strategic approaches to improve the quality of drinking water in the region as one of the factors in the
prevention of non-communicable diseases has been proved.

Pedepar. Oninka xopessiniiiHux 38’ s13KiB piBHS CMepTHOCTI HaceneHHs JKuToMupcbKoi 061acTi Ykpainu Big
HeiHeKkIiHUX 3aXBOPIOBaHb i3 caHiTApHO-XIMIYHMMH NMOKA3HUKAMH 0e3MeYHOCTi Ta AKOCTI MUTHOI BOAM.
3a6aonbka O.C., Kupnuyk .M., lllep6oa H.C., Hixonaesa .M. Mema nybnixayii nonsieara 6 oyinyi cuiu i
HANpsAMY KOPeIAYIUHUX 36 S3KI6 MidC pDIGHAMU CMEPMHOCMI 6i0 HeIHpeKYiUHUX 3aX60pPI06AHb HACENIeHHS
Kumomupcokoi obaracmi Yrpainu ma canimapho-ximMiuHuMu NOKA3ZHUKAMU Oe3neyHoCmi ma AKOCmi NUMHOL 800U.
Ilompeba 6 ybomy 00CniONHCEeHHI 8UHAUANACA HEOOXIOHICMIO KOPEe2Y8AHHS ICHYIOUUX | pO3POOIeHHs HOBUX CMpa-
meziuHux nioxo0ie 00 npoQiraKmuKy HeiHQeKYIUHUX 3aX80PIOBAHb, 3ANEICHUX IO PIGHS XIMIUHO20 3A0pPYOHEHHS
numnoi 600u. [locniosxcenns nposoounocs npomszom 2016-2020 pp. Ilpoananizosano cmanoapmu3068aHi NOKAZHUKU
8uUnaokie cmepmuocmi HaceneHHs 6i0 HeiHgexkyilinux xeopob (na 100 muc. nacenenns). Busueno ximiunuu cxknao
25375 npo6 eoou, 3 Hux 8339 — yeumpanizoganoco i 17036 — neyeumpanizoganozo eodonocmavanus. Cuna i
HAnpam KOpenAyiiuHUX 368 s3Ki8 Pi6HI8 cMepMHOCMI HaceleHHs 810 HeiHeKYIUHUX X80p00 i3 cepeOHIMU 3HAYEHHAMU
CAHIMAPHO-XIMIYHUX NOKA3HUKIG y NUMHIL 800i 6CINAHO8II08ANUCA 30 Koehiyienmamu niHiliHoi kopenayii Ilipcona
ma wkanow Yeoooka. Cmamucmuuna 3sHauywicms Koegiyienmie Kopenayii usHauanacsa 3a t-Kpumepiem
Cmuiodenma. Y npoyeci 00cnioHuybkoi pobomu sukopucmano memoou. oiorioepa@iunuil, MeouKo-coyiono2iuHuil,
pempocnekmusHul, enioemiono2ivHuil, CmamucmuyHull, CUCMeMHO20 AHANI3y Ma Y3aealbHeHHs. Ycmanoeneno
cmamucmuyno 0ocmogipui (p<0,05) cunvHi npsmi KOperayiiuni 36 s3KU PIGHIE CMEPMHOCMI MICbKO20 HACENeHHS
Kumomupcokoeo peciony 6i0 xeopob cucmemu kpogoobdicy (100-199) (y m.u. — ingpapkmy mioxapoa (121-122),
iwemiunoi xeopobu cepys (120-125)) ma opeanie mpaenrenns (K00-K93) i3 cepeonimu 3uauenHamu 3aniza
3a2anbHO20 i 3a2a1bHOI dcopcmKrocmi; x8opob Hepeoesoi cucmemu (GO0-G99) — i3 cepeOHiMU 3HAYESHHAMU MAP2AHYIO
6 NUMHIL 800 YEHMPANI308AH020 8000NOCMAYAHHS, A MAKOHC MINC DIBHAMU CMEPMHOCMI CilbCbKO20 HACENeHHs
8i0 x80po6 cucmemu kposoobicy (100-199) i3 cepedHimu 3HAUEHHAMU 3A2ANbHOT HCOPCMKOCMI, 3A1i3A 342ANbHO20
ma Himpamia y NUmHil 600i HeYeHmMpaiz08ano2o 800onocmadanus. /Joeedero HazanoHy nompebdy 6 po3pooyi Houx
cmpameziyHux nioxo0ié 00 NOKpAWwjeHHs AKOCMI NUMHOI 800U 8 Pe2ioHi K 00H020 3 YUHMHUKIE NPOQiiakmuxu
HeiHeKYiliHUX X8OPOO HACENEHHS.

According to the UN Environment Assembly
(Nairobi, 2017) and the Lancet Commission on
pollution and health, chemical contamination of
drinking water is one of the main causes of non-
communicable diseases (NCDs) development in
population [4, 6, 11]. The share of deaths from
NCDs caused by long-term consumption of low-
quality drinking water is 22% in the world [11]. In
order to develop preventive measures for these
diseases, numerous attempts have been made to
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establish correlation relationships between indi-
vidual sanitary-chemical indicators (SCI) of
drinking water and NCDs of the population of
different regions of the planet [4]. In most cases,
the nature of such relationships is not fully
disclosed [11], due to the long latent course of
NCDs. The need to study the state of chemical
pollution of drinking water at the level of countries
and their administrative territories has been
identified as a prevention factor of NCDs [6].
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The purpose of the publication was to assess the
strength and direction in the correlation relationships
between the level of mortality from non-com-
municable diseases of the population of the united
territorial communities (UTC) of Zhytomyr region of
Ukraine and SCI of safety and quality of drinking
water. The need for this study was determined by
the necessity to adjust existing and develop new
strategic approaches to the prevention of NCDs,
that depend on the level of chemical pollution of
drinking water in the region.

MATERIALS AND METHODS OF RESEARCH

The study was conducted in 2016-2020 in nine
UTC (total area — 9341.2 km?, population in 2020 —
262203, each year the population decreased by 1-
2%). According to the data of inter-district depart-
ments of Zhytomyr Regional Laboratory Center of
the Ministry of Health of Ukraine, the chemical
composition of 25,375 water samples was studied (of
which 8,339 belonged to centralized and 17,036 — to
decentralized water supply). Using the sanitary-
chemical indicators (SCI) the share of deviations
(SOD) from SCI of Ukraine [2] was calculated as well
as the average absolute values of the SCI for which
deviations were observed, according to the seasons of
each of the five years of the study period (n=20) (AV)
and standard deviations (SD) from them, as well as
perennial AV of SCI (PAV) and SD from them.

According to the statistical directories of the
Department of Health of Zhytomyr Regional State
Administration, standardized mortality rates (per
100,000 population) from NCDs were studied.
NCD names were suggested according to the
International Classification of Diseases, 10th
revision (ICD-10). The strength and direction of
correlation relationships were determined by
Pearson's linear correlation coefficients (r) and the
Chaddock scale. The statistical significance of r
was determined by Student's t-test [1].

In the process of research the following methods
were used: bibliographic, medical-sociological,
retrospective, epidemiological, statistical, system
analysis and generalization [1]. Statistical analysis
was performed by means of Microsoft Excel 2019
software (license number H2R4K-G3WDH-
WYJQ9-IDX6H-HCKDZ). The research is in
accordance with the principles of bioethics,
enshrined in the Helsinki Declaration.

RESULTS AND DISCUSSION

The results of the analysis of sanitary-chemical
researches have shown that during the last years there
is a steady tendency to deterioration of the quality of
the chemical composition of drinking water in Zhy-
tomyr region. There is a heterogeneity in the
distribution of SOD from the norm for SCI safety and
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quality of drinking water in the studied UTC. For
instance, the SOD in drinking water of centralized
water supply increased significantly in 2020,
compared to 2016, in Narodytska (from 46.6% to
91.5%), Yemilchynska (from 38.5% to 84.2%) and
Ovrutska (from 24.9% to 71.7%) UTC, as well as in
the region as a whole (from 21.8% to 39.6%).
Improvement of drinking water quality in terms of
sanitary-chemical indicators was recorded only in
Baranivska and Radomyshlska UTC, where SOD
decreased from 54.7% to 30.0% and from 80.7% to
43.6%, respectively.

In the drinking water of decentralized water
supply, SOD by SCI increased significantly in Naro-
dytska (from 11.1% to 56.3%) and Ovrutska (from
33.4% to 50.5%) and decreased only in Baranivska
UTC (from 58, 5% to 30.4%).

In the studied samples of drinking water of
centralized water supply the deviations from the norm
by SCI were: total iron, total hardness and man-
ganese, and in drinking water of decentralized water
supply they were: total iron, total hardness and
nitrates. SOD by SCI differed significantly in the
drinking water of some UTC.

The analysis of mortality rates of the urban popu-
lation of the studied UTC showed an increase in 2020
(compared to 2016) of mortality rates from circulatory
system diseases (I00-199) (including myocardial
infarction (I121-122) and coronary heart disease (120-
125) and digestive system diseases. The significant
increase of mortality rates from myocardial infarction
(I21-122) was recorded in Novograd-Volynska UTC
(from 9.7 to 16.3 per 100 thousand population), from
coronary heart disease (120-125) — in Olevska and
Ovrutska UTC (from 363.9 to 622,6 and from 408.9 to
642.2 per 100 thousand population, respectively).

In 2020, compared to 2016, the death rate of the
rural population from myocardial infarction (I121-
122), coronary heart disease (120-125) and digestive
system diseases (K00-K93) increased. A signi-
ficant increase in mortality rates from myocardial
infarction (I21-122) and coronary heart disease
(I20-125) was observed in Narodytska UTC (from
0.0 in 2016 to 15.3 in 2020 per 100 thousand
population, respectively).

The process of finding correlations between the
mortality rates of the population of Zhytomyr
region from classes and certain nosological forms
of NCDs and AV of SCI of the quality and safety
of drinking water was guided by the premise that
the urban population supplies drinking water of
centralized and rural — of non-centralized water
supply. The results of calculations of Pearson's
linear correlation coefficients (r) between the stu-
died indicators are given in Tables 1, 2.

163



IIPODI/IAKTUYIHA MEJUI]HHA

Table 1

Correlation coefficients (r) (p<0.05) of mortality rates from NCDs of the urban population
of the studied UTC of Zhytomyr region of Ukraine and AV of SCI of safety and quality
of drinking water of centralized water supply

. Coefficients of linear correlation (r) with AV of SCI in the studied UTC
Mortality from
NCD
total iron total hardness manganese
C00-D48 0.53 (Baranivska) 0.54 (Baranivska) -
E00-E90 - - -
G00-G99 - - 0.55 (Malynska),
0.82 (Pulynska)
K00-K93 0.76 (Ovrutska) 0.76 (Ovrutska), 0,46 (Novograd-Volynska)
0.48 (Pulynska)
N00-N99 - - -
100-199 0.79 (Novograd-Volynska) 0,82 (Ovrutska), -
0.79 (Novograd-Volynska)

121-122 0.93 (Novograd-Volynska) 0.94 (Novograd-Volynska) -
120-125 0.50 (Novograd-Volynska), 0.49 (Novograd-Volynska), -

0.74 (Olevska), 0.89 (Ovrutska)

0.90 (Ovrutska)

Tables 1 and 2 do not include linear correlation
coefficients, which indicate weak correlations
(r<0.30), which is explained by their statistical
insignificance caused by a small sample of our study
(n=20) (p>0.05). The lack of such data somewhat
limited, but did not significantly affect the conclu-
sions, because to establish the likelihood of existing

causal links between two series of studied indicators,
to predict the probability of increasing values of one
of the series of variables due to their growth in
another, to determine the mechanisms for adjusting
value indicators of one of the series of variables by
changing the values of the other in the linear
correlation analysis the value of ¥>0,70 is used [1].

Table 2

Correlation coefficients (r) (p<0.05) of mortality rates from NCDs of the rural population
of the studied UTCs of Zhytomyr region of Ukraine and AV of SCI of safety and quality
of drinking water of decentralized water supply

. Coefficients of linear correlation (r) with AV of SCI in the studied UTC
Mortality from
NCD
total iron total hardness nitrates
C00-D48 0.50 (Radomyshlska) 0.61 (Radomyshlska) 0.40 (Radomyshlska)
E00-E90 - - 0.57 (Radomyshlska)
G00-G99 - - -
K00-K93 0.70 (Ovrutska) - -
N00-N99 - - -
100-199 0.60 (Narodytska) 0.47 (Malynska), 0.81 (Yemilchynska),
0.72 (Radomyshlska) 0.61 (Narodytska) 0.71 (Radomyshlska)
121-122 0.96 (Narodytska) 0.95 (Narodytska), 0.92 (Yemilchynska)
0.45 (Radomyshlska)
120-125 0.67 (Radomyshlska), 0.87 (Narodytska) 0.48 (Yemilchynska),
0.61 (Ovrutska), 0.66 (Radomyshlska)
0.86 (Narodytska)
Notes: r>0.70 — strong correlations; r>0.30 —<0.70 - correlations of moderate strength; "-" — no statistically significant correlations were found (p>0.05).
164 Ha ymosax niyensii CC BY 4.0
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Despite the fact that long-term consumption of
poor quality drinking water is only one factor in the
formation of NCDs and mortality from them in the
simultaneous impact of genetic, medical, social,
behavioral and other determinants on the health of the
population, we can conclude on the basis on our cal-
culations (Tables 1, 2), that there is a high probability
of causal relationships between the studied indicators.

The effect of high concentrations of total iron in
drinking water on the morbidity and mortality of
people from NCDs has been and is the subject of
study by many scientists around the world, including
Ukraine. The existence of a direct correlation with
morbidity and/or mortality from malignant neo-
plasms (C00-D48) [5], diseases of the nervous (G0O-
G99), urogenital (N00-N99), circulatory (100-199),
endocrine system, disorders of eating and metabolic
systems (E00-E90) and of digestive organs (KO0O-
K93) has been proved on the example of different
countries and their administrative territories [7]. No
statistically significant effect of iron on the morbidity
and mortality of the Finnish population from
myocardial infarction was revealed (121-122) [9].

Our results correlate with previous studies on the
presence of a strong direct correlation between the
AV of total iron in drinking water of centralized and
decentralized water supply and the mortality rates of
the studied UTC of Zhytomyr region from digestive
organ diseases (K00-K93) (with PAV£SD total iron -
0.81120.1558 mg/dm® and more), and also of the
circulatory system (I00-199), including the myo-
cardial infarction (121-122) and the coronary heart
disease (120-125) (with PAV£SD of the total iron —
0, 3672+0.0673 mg/dm’® and more).

The existence of a direct correlation between the
moderate strength AV of total iron in drinking water
and the mortality rates of urban (with total iron
PAV£SD of 0.5922+0.1161 mg/dm®) and of rural
(with total iron PAV+SD of 0.6683+0.2400 mg/dm”*)
population from malignant neoplasms (C00-D48)
was established.

Comparing the PAV£SD above, we can conclude
that the human circulatory system is more sensitive to
the negative effects of total iron than other systems.

No correlations have been identified between the
AV of total iron in drinking water and the mortality
rates from endocrine diseases, eating and metabolic
disorders (E00-E90), diseases of nervous (G00-G99)
and urogenital systems (NO0-N99) in contrast to
previous studies.

The data presented in scientific publications on the
correlation of total hardness in drinking water and
morbidity and mortality rates from diseases of the
circulatory system (100-199) are ambiguous: both
direct [4] and inverse [10] correlation has been found.
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A strong inverse correlation was found with the levels
of morbidity and mortality from myocardial infarc-
tion (121-122) and coronary heart disease (120-125)
[9, 13] and malignant neoplasms (C00-D48); the
direct correlation exists with mortality rates from
diseases of the digestive system (K00-K93); both —
direct and reverse with diseases of the genitourinary
system (N0O-N99) [3, 11, 12].

In our study, we found only direct correlations
between the AV of total hardness and mortality rates
from the diseases of the circulatory system (100-199)
(with PAV+SD of total hardness in centralized
drinking water — 4.9760+0.3222 mmol/dm® and
11.2350+1.5068 mmol /dm® in non-centralized water
supply), and also of system of digestive organs of the
urban population (K00-K93) (with PAV£SD of total
hardness in drinking water of the centralized water
supply — 7.8397+0.5964 mmol/dm?). No correlations
were found between the AV of total hardness in
drinking water of decentralized water supply and
mortality rates from diseases of the digestive system
of the rural population (K00-K93), which is explained
by the predominance of the influence of other deter-
minants of health in rural areas, primarily quality
nutrition, physical activity, etc.

In contrast to previous studies, a strong direct
correlation was found between the AV of total
hardness of non-centralized drinking water and the
mortality rates of the rural population from malignant
neoplasms (C00-D48) (with the PAV£SD of total
hardness of 10.4065+2.5564 mmol/dm®) and direct
correlation of moderate strength with the mortality
rates of the urban population from these diseases
(with the PAV£SD of total hardness of
6.0598+0.5590 mmol /dm?).

No correlations were found between mortality
rates with the diseases of the genitourinary
(N00-N99), nervous (G00-G99) and endocrine
systems, eating and metabolic disorders (E00-E90).

It has been established that the human circulatory
system is the most sensitive to the negative effects of
total hardness in drinking water.

Numerous studies on the effects of manganese in
drinking water on public health have shown a strong
direct correlation with morbidity and/or mortality from
malignancies (C00-D48) [5], endocrine diseases,
eating and metabolic disorders. E00-E90) [13],
nervous (G00-G99), urogenital (N00-N99), circulatory
systems (100-199) and digestive organs (K00-K93) [7].

As our calculations show (Table 1), a strong direct
correlation between the AV of manganese in drinking
water of centralized water supply and urban mortality
rates exists only for diseases of the nervous system
(G00-G99) (for the PAV+SD of manganese of
0.1796+0.0499 mg/dm?). If the PAV+SD of
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manganese in drinking water of centralized water
supply is 0.04961+0.0076 mg/dm’ there is a direct
correlation of moderate strength between the
studied indicators.

In contrast to previous studies by scientists around
the world the existence of direct moderate strength
correlations between manganese indices in drinking
water and urban population mortality from the
diseases of the digestive system (K00-K93) (with the
PAV=+SD of manganese 0.0750+0.0092 mg/dm®) has
been proved. No correlations were found between
mortality from malignancies (C00-D48), diseases of
the endocrine system, eating and metabolic disorders
(E00-E90), circulatory (100-199) and urogenital
system (N00O-N99).

The problem of the impact of nitrates on public
health is especially relevant for rural areas, where the
quality of drinking water is mainly not controlled by
well owners. Studies in this area examined not only
the correlation between increased nitrate concen-
trations (NO*) (>50.0 mg/dm*) and NCD mortality
rates, but also low and medium concentrations, as the
WHO recommended standard was set to prevent
pediatric methemoglobinemia without consideration of
other negative consequences for public health [14].
There is a strong direct correlation between different
concentrations of nitrates in drinking water and the
mortality rates of rural population from malignant
neoplasms (C00-D48), namely: >10.0 mg/dm’— cancer
of the colon and rectum [14], medium levels of nitrates
— with malignant neoplasms of the bladder [8]. Strong
direct correlations have been established between high
nitrate concentrations and morbidity and mortality rates
from genital (NOO-N99) [11] and endocrine system
diseases, eating and metabolic disorders (E00-E90) —
hypothyroidism and type 1 diabetes [14].

No associations have been found between average
nitrate concentrations in decentralized drinking water
and mortality rates from diseases of the nervous
(G00-G99), circulatory (100-199) and digestive
system (K00-K93) [14].

The results of our studies indicate the presence of
direct correlations of moderate strength between the
AV of medium concentrations of nitrates in drinking
water and mortality rates of the rural population from
malignant neoplasms (C00-D48) and diseases of the
endocrine system, eating and metabolic disorders
(E00-E90) (with PAV+SD 34.4195+10.4276 mg/dm’).
In contrast to previous studies, strong direct correlations
have been found between the mortality rates of the rural
population from circulatory system diseases (100-199),
including myocardial infarction (121-122) and coronary
heart disease (120-125) and AV of medium concen-
trations of nitrates in drinking water (with PAV+SD
34.4195+10.4276 mg/dm’ and more).
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No correlations were found between the AV of
medium concentrations of nitrates in decentralized drin-
king water and the mortality rates of the rural population
from diseases of the nervous (G00-G99), digestive
(K00-K93) and urogenital systems (N00-N99).

As it can be seen from Tables 1 and 2, the most
problematic UTC in Zhytomyr region, which show
strong direct correlations between mortality rates
from NCD and the AV of SCI of the quality and
safety of drinking water are Novograd-Volynska,
Ovrutska (centralized water supply), Narodytska and
Radomyshlska (decentralized water supply). Accor-
ding to our calculations, despite the low intensity of
the influence of chemical components in drinking
water on public health, further deterioration of its
quality in these regions will lead to a directly pro-
portional increase in mortality rates from NCDs. To
prevent such consequences, it is necessary to
strengthen control over the chemical composition of
drinking water in the region and develop additional
measures to purify it from excessive amounts of total
iron, total hardness, manganese and nitrates.

It is worth using the experience of other countries
and to publish on public websites of departments of
ecology and natural resources of various admini-
strative territories of Ukraine, including — Zhytomyr
region, information on levels of SCI in drinking
water, possible health risks due to consumption of
drinking water with significant SOD from the defined
standards, methods and frequency of testing the
quality of drinking water of decentralized water
supply, its purification at home, the list of organi-
zations that provide advice on this issue.

CONCLUSION

1. During 2016-2020, in the drinking water of the
centralized water supply of Zhytomyr region of Ukraine
there was recorded a significant share of sanitary and
chemical indicator deviations of total iron, total
hardness and manganese, and decentralized water
supply — of total iron, total hardness and nitrates. The
distribution of average values of the data of sanitary-
chemical indicators in the drinking water of the studied
united territorial communities is inhomogeneous.

2. Statistics shows that mortality rate from non-
communicable diseases — of circulatory system (I00-
199) (including — myocardial infarction (121-122) and
coronary heart disease (120-125) and digestive organs
(K00-K93) among the urban population, as well as
from myocardial infarction (I21-122), coronary heart
disease (120-125) and digestive organs (K00-K93)
among the rural population increased during the
indicated period in Zhytomyr region.

3. Strong direct correlations have been found
between average values of total iron and total
hardness in drinking water of centralized water
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supply and mortality rates of urban population from
diseases of the circulatory system (I00-199) and
digestive organs (K00-K93); between manganese and
diseases of the nervous system (G00-G99), as well as
between the average values of total iron, total
hardness and nitrates in drinking water of decen-
tralized water supply and mortality rates of the rural
population from diseases of the circulatory system
(100-199) (including — myocardial infarction (I21-
122) and coronary heart disease (120-125)).

4. An increase in the mortality rate of the
population of the united territorial communities of
Zhytomyr region of Ukraine from non-communicable
diseases can be predicted under the condition of
further consumption of low-quality drinking water.
Therefore, there is an urgent need to develop new
strategic approaches to improve the quality and safety

of drinking water as one of the factors in the
prevention of non-communicable diseases.
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