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ABSTRACT

The article deals with the current issues of interconnection between public health and the quality of water resourc-
es. It was proposed to determine environmental safety areas in the basins of small rivers based on environmental
morbidity valuation. Four phases are herewith determined: hazard identification, exposure assessment, environ-
mental mortality rate assessment, decision-making regarding the need for implementation and water protection
measures. In order to assess the influence of the state of river quality on the health status of the population in the
certain administrative region, the impact factor of recreational water use was introduced. The risks related to or-
ganoleptic, sanitary and toxicological properties of water; epidemiological water hazard are considered.

Keywords: risk, water resources, morbidity, recreation, management in the sphere of public health and environment.

INTRODUCTION

Ensuring the sustainable society develop-
ment requires continuous improvement of man-
agement decisions. The proper information sup-
port is an important component of this process
[Kovshun et al. 2021]. The results of field re-
search need to be processed and interpreted to
become the basis for the justification of the ap-
propriate projects or measures aimed at improv-
ing the quality of the environment.

The deterioration of quality of the environ-
ment has a significant impact not only on the
health and demographic composition of the popu-
lation, but also on the living and socio-economic
conditions of people’s lives, having a negative
impact on the social infrastructure and the devel-
opment of the region’s economy. The water factor

largely determines the level of development of
the national economy [Savina et al. 2021a].

The analysis of a negative impact can be car-
ried out using different approaches. Thus, risk as-
sessment deserves special attention. Risk analysis
is seen to be a valuable tool for public health and
environmental decision-making. It is important
herewith to clearly define the nature, strengths
and limitations of the used analytical methods
and risk analysis methods in decision-making
process [Asante-Duah 2002, Savina et al. 2021b].

The relationship between public health and
the quality of water resources is being actively de-
veloped. For example, the impact of agricultural
activities and domestic pollution on water quality
in the river basin was studied by using the Water
Quality Index (WQI) and the Hazard Index (HI) to
assess trace elements in terms of public health risk.
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[Ustaoglu et al. 2020]. Considerable attention is
paid to the assessment of drinking water quality [Li
& Wu 2019, Khan et al. 2013, Prasad et al. 2021].

Public health risk assessment is an extremely
important task and an effective method for identi-
fying the environmental hazard areas. Determin-
ing a potential risk has the advantage of simplicity
compared to the traditional method of assessing
the risk to public health [Liu et al. 2013, Jena et
al], since it is focused on a specific environmen-
tal factor (in this case, water body quality) and it
is one of the features of a public health disorder.
Potential risk assessment allows analyzing the de-
gree of impact of the considered environmental
factor on the public health and choosing a set of
measures aimed at its minimization.

METHOD

Decision-making in the field of public health
and the environment requires the identification
of environmental safety areas, in particular, in
the small river basins. Therefore, it is expedient
to compare the level of environmental morbidity
within a certain administrative district, where pop-
ulation’s recreation in the small river basins takes
place, and the average level of environmental
morbidity within the region. This concept is based
on the public health risk assessment arising from
the impact of anthropogenic factors [Ahmed et al.
2018, McOliver 2009, Yalaletdinova et al. 2021].

Identification of environmental safety areas in
the basins of small rivers consists of four phases:
hazard identification, exposure assessment, en-
vironmental mortality rate assessment, decision-
making regarding the need for implementation
and water protection measures (Fig. 1)

Hazard identification implies taking into ac-
count those factors that can have an adverse ef-
fect on human health. Point sources of pollution
are the cause of water bodies pollution, namely,
wastewater discharges from industrial, munici-
pal and agricultural sources, as well as diffuse,
dispersed sources (runoff from urban areas, agri-
cultural land, etc.). Information on point sources
of pollution can be obtained from the monitoring
network (statistical reporting data in the 2-TP
form (air, water supply, wastes)). The calculations
results using standard methods enable estima-
tion of diffuse sources of water bodies pollution
[Wojcik & Pawlowska 2021, Wojcik et al. 2021,
Polishchuk et al. 2021].
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Exposure assessment involves identification of
the study area, sensitive population groups, expo-
sure route and exposure rates. The water resources
of'small rivers are most often used for recreation pur-
poses. Therefore, the recreation territories are stud-
ied areas. The exposure route is ingestion and skin
contact with water while swimming and bathing.

At the third stage of identification of environ-
mental safety areas in the small rivers’ basins, a
“dose-response” relationship model is formed.
To this end, it is necessary to analyze the quali-
tative state of the water body and determine the
substances that exceed the maximum permis-
sible concentrations (MPC). An expert group puts
forward a hypothesis about the potential danger
emergence or increase of the existing level of en-
vironmental morbidity (affected organs and sys-
tems, the severity of changes at different exposure
rates) [Obertyukh et al. 2021, Gursky et al 2021].

At the fourth stage, public health risk profile in
the recreational water use of small rivers is given.

The aim of the article is to develop a risk as-
sessment methodology for the use of small rivers
for recreation in quantitative and qualitative terms.

PRACTICAL REALIZATION

To do a comprehensive assessment of the cur-
rent state of the public health, it is proposed to
use a morbidity index related to recreational wa-
teruse [11, 12].

We consider the assessment of the public health
risk when using small rivers for recreation on the
example of the administrative division of Ukraine.

To assess the morbidity caused by the use of
small rivers for recreation, data on acute intesti-
nal diseases, salmonella infections, dysentery, vi-
ral hepatitis and leptospirosis should be studied,
since these diseases can occur when swimming in
polluted water bodies.

For each type of listed diseases, the calcula-
tion of the morbidity index according to formula
2.1 was developed:

ZT

= (1)

If

where: I} — index of the i-th type of the average

level of environmental morbidity in » —

administrative region;

Z" — the number of cases of the i-th disease

in the r-administrative region;

N" — the population in 7 — administrative

region.
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The calculation of the morbidity index for the
abovementioned diseases and the index of environ-
mental morbidity rate in the administrative districts
of the region is carried out according to the formula:

xilr

where: I — index of environmental morbidity rate
in r — administrative region;
I' — index of i-" environmental morbidity
rate in r — administrative region;
i — the number of analyzed disease cases
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Figure 1. Logical diagram of the process of environmental safety areas identification in the basins of small rivers
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In addition to swallowing water or entering
harmful substances through the skin when swim-
ming or bathing in water bodies, the cause of in-
fectious diseases may be the consumption of food
or water that does not meet sanitary and hygienic
standards. Therefore, it is necessary to determine
the weighting coefficients in relation to samples
exceeding the MPC (K1, K2, K3) to the total
number of samples (N1, N2, N3) analyzed by lo-
cal regional bodies of sanitary-epidemiological
service for domestic and drinking water supply
(L;1), the qualitative state of water bodies (L;2)
and food (L;3) according to formulas 3 and 4:

Ly=— 3)

Ll+ L2 + L3 =1 (4)

where: L1 — the weight coefficient for domes-
tic and drinking water supply in r — ad-
ministrative region;
L2 —the weight coefficient for recreation-
al water use in r — administrative region;
L3 —the weighting factor for food products.

It enables to identify the administrative districts
with unfavorable sanitary and epidemiological mor-
bidity by calculating the coefficient of the environ-
mental morbidity index exceeding, taking into ac-
count the weight coefficients according to formula 5:

L X L,2

= 5
T IXL2 ©)

where: K, — the coefficient of the environmen-
tal morbidity index exceeding in r — ad-
ministrative region;
I — denotes the environmental morbid-
ity index in the whole region;
L2 — the weight coefficient for recreation-
al water use in the region.

When K-> 1, the state of public health in the
r-administrative region raises concerns over the
poor condition of water bodies that are used for
recreation, and then management decisions are to
be made to implement a set of measures in the
field of health care and restoring natural value of
water bodies.

In order to assess the impact of the qualitative
state of the j-th river on the health status of the
population in the r-th administrative region, it is
proposed to introduce the coefficient of influence
of recreational water use (m), which can be calcu-
lated by the formula 6:
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J
m = f (6)
where: m — the impact coefficient of recreation-
al water use of the j-th small river on
the public health;
Lj — is the length of the studied j-th small
river in the r-th administrative region, m;
L — the total length of rivers in the r-th
administrative region, m.

Then the coefficient of the environmental
morbidity index exceeding in the j-th river will be
determined as the following:

Kj = m; X K (7)

Three components are usually calculated,

when assessing risk [13]:

e risk related to the organoleptic properties of
water;

e risk related to the sanitary and toxicological
properties of water;

e risk related to the epidemiological danger of
water.

The risk related to the organoleptic properties
of water involves risk assessment in terms of col-
or, hydrogen, smell and taste, and other indicators
in accordance with their effect on the organoleptic
water properties.

Risk based on the color index is determined
according to Equation §:

P.=-333+
+ 0.067(C — Background + 20) ®)

where: Background denotes the natural color of
water, obtained from long-term observa-
tions, and is specific for a given season;
C — the current color of water (in degrees
of color);
P, — associated with probability (risk) in
accordance with the laws of normal prob-
ability distribution.

The following equations can be used to deter-
mine the risk by pH factor:

P. =4 -pH,whenpH <=7 )

P.=—11+pH,whenpH > 7 (10)

where: K3 — the safety factor equal to 100 for
substances with a pronounced probabil-
ity of long-term effects and 10 for other
substances.
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The risk related to the epidemiological
water hazard

The epidemiological risk is calculated de-
pending on indicators such as coli index, en-
terococcus index and coliphage index, using the
following risk dependences on the following
indicators:

Risk = 2.894 —2.94-1075 -
-X; +7.93-107%-
X, +2.77-107%X;

(11)

where: X; —the number of lactose-positive Esche-
richiacoliin 1 liter of waterin a water body;
X>— an index of enterococci;
X3—an index of coliphages;
Risk — the probability (%) that the water
in a water body can be epidemiologically
dangerous.

Thus, the health risk related to the organolep-
tic and sanitary-toxicological properties of water,
as well as the risk related to the epidemiological
water hazard, is calculated separately, then the
total risk is determined according to the rule of
probabilities multiplication, where the multiplier
is not the values of the health risk, but the values
characterizing the probability of its absence:

Riskgm = 1 — (1 — Risk1) X

x (1 — Risk2) ... (1 — Riskn) (12)

where: Riskg,m — the total potential risk to public
health;
Risk1, .., Riskn — the potential risk of ex-
posure to a particular pollutant.

When interpreting the obtained values of the
potential risk to public health, it is proposed to
use the following rank scale (Table 1):

Since the reaction of the body to environ-
mental pollution may appear after some time, and
morbidity rate level is non-linear, one of the most

Table 1. Dependence of the effects severity on the risk
rate to public health

Risk Severity of effects
0.9-1.0 Very severe effects
0.6-0.89 Severe acute effects
0.5-0.59 Threshold acute effects
0.2-0.49 Severe chronic effects
0.1-0.19 Threshold chronic effects
0.06-0.09 Reactions of supersensitive subgroups
0-0.05 Minimal risk levels and rates

serious problems in assessing the impact of the
qualitative state of the environment is to deter-
mine the acceptability of the risk to public health,
that is, how dangerous its increase is at the exist-
ing level of incidence. It is possible to determine
risk acceptability in combination with a compre-
hensive assessment of public health.

The main disadvantage of the public health
risk assessment system is its anthropocentric ap-
proach, that is, focusing only on maintaining hu-
man health, its adaptive capabilities to the natural
environment, while the state of ecosystems is not
taken into account.

At the same time, dynamic control over the
quantitative results of assessing the acceptability
of a potential health risk enables risk manage-
ment authorities (in the field of nature protection
and health care) to raise the issue of revising the
current permissible exposure levels and develop
specific measures to prevent or reduce risk, taking
into consideration various factors: environmental,
economic, social, political.

CONCLUSIONS

Having limited funding, decision-making
on effective management of natural resources in
small river basins is of great importance. Eco-
nomic activities carried out in the basins of small
rivers have a more significant impact on the state
of their ecosystems compared to medium and
large rivers. The proposed method to identify and
rank the problematic situations of water use in
small river basins in terms of the acceptability of
a potential risk to public health will enable the de-
termination of the priority of environmental and
recreational activities.

When developing a strategy for the revival of
small rivers, it is necessary, first of all, to identify
the environmental hazard areas. Thus, the eco-
nomic analysis of the recreational water should
be based on risk assessment. The appropriate
ranking analysis of negative and positive factors
makes it possible to give recommendations on the
restructuring of the catchment area, taking into
account the environmental hazard areas.

The established dependencies of the severity
of environmental consequences deepen the study
of the properties of the river systems function-
ing, which is the justification for increasing the
rationality of the economic use of water, land, and
forest resources within the small river ecosystem.

275



Journal of Ecological Engineering 2023, 24(8), 271-276

REFERENCES

1.

Ahmed, W., Hamilton, K.A., Lobos, A., Hughes,
B., Staley, C., Sadowsky, M.J., Harwood, V.J. 2018.
Quantitative microbial risk assessment of micro-
bial source tracking markers in recreational water
contaminated with fresh untreated and secondary
treated sewage. Environment international, 117,
243-249.

Asante-Duah, D.K. 2002. Public health risk assess-
ment for human exposure to chemicals. London:
Kluwer Academic, 6.

Gursky, V., Kuzio, 1., Lanets, O., Zinko, Y., Nosko,
P, etal. 2021. Determination of the optimal param-
eters of the driver of a resonance vibratory stand
for diagnostics of dampers. Mechatronic Systems
1. Applications in Transport, Logistics, Diagnostics
and Control. Taylor & Francis Group, CRC Press,
Balkema book London, New York, 17-28.

Jena, R., Pradhan, B., Beydoun, G., Al-Amri, A., So-
fyan, H. 2020. Seismic hazard and risk assessment:
areview of state-of-the-art traditional and GIS mod-
els. Arabian Journal of Geosciences, 13, 1-21.

Khan, S., Shahnaz, M., Jehan, N., Rehman, S., Shah,
M.T., Din, I. 2013. Drinking water quality and hu-
man health risk in Charsadda district, Pakistan.
Journal of cleaner production, 60, 93—101.

Kovshun, N., Radko, A., Moshchych, S., Syrotyn-
ska, A., Zhydyk, I. 2021. Information support of
nature management and environmental protection in
Ukraine. Earth and Environmental Science, 915(1),
12-31.

Li, P, Wu, J. 2019. Drinking water quality and pub-
lic health. Exposure and Health, 11(2), 73-79.

Liu, H.C., Liu, L., Liu, N. 2013. Risk evaluation
approaches in failure mode and effects analysis: a
literature review. Expert systems with applications,
40(2), 828-838.

McOliver, C.C. 2009. Recreational water contact as
a risk factor for Cryptosporidium exposure among
persons with HIV/AIDS in Baltimore, Maryland.
The Johns Hopkins University.

10. Obertyukh, R., Slabkyi, A., Polishchuk, L.K., An-

drukhov, S., Nykiforova, L.E., et al. 2021. Method

276

I1.

12.

13.

14.

15.

16.

17.

18.

of project calculation of hydroimpulsive device
for vibroturning with an incorporated cycle spring
pressure pulse generator. Mechatronic Systems 1.
Applications in Transport, Logistics, Diagnostics
and Control. Taylor & Francis Group, CRC Press,
Balkema book London, New York, 1-16.

Polishchuk, L., Mamyrbayev, O., Gromaszek, K.
2021. Mechatronic Systems II. Applications in Ma-
terial Handling Processes and Robotics. Taylor &
Francis Group, CRC Press, Balkema book, Boca
Raton, London, New York, Leiden.

Prasad, G., Reshma, A.S., Ramesh, M.V. 2021. As-
sessment of drinking water quality on public health
at Alappuzha district, southern Kerala, India. Mate-
rials Today: Proceedings, 46, 3030-3036.

Savina, N.B., Slyusarenko, N.V., Yakobchuk,
M.S., Gromaszek, K., Smailova, S., Muslimov,
K. 2021. Using of entropy at estimation business
risks. International Journal of Electronics and
Telecommunications, 67(2).

Savina, N., Kovshun, N., Kostrychenko, V., Vo-
ronenko, M., Koval, V. 2021. Bayesian networks
application to forecast the national economies de-
velopment taking into account the water factor.
Earth and Environmental Science, 915(1), 012—033.

Ustaoglu, F., Tepe, Y., Tas, B. 2020. Assessment
of stream quality and health risk in a subtropical
Turkey river system: a combined approach using
statistical analysis and water quality index. Ecologi-
cal indicators, 113, 105815.

Wojcik, W., Pavlov, S., Kalimoldayev, M. 2021.
Mechatronic Systems I. Applications in Transport,
Logistics, Diagnostics and Control. Taylor & Fran-
cis Group, CRC Press, Balkema book, London, New
York.

Wojcik, W., Pawlowska, M. 2021. Biomass as Raw
Material for the Production of Biofuels and Chemi-
cals. Taylor & Francis Group, CRC Press, Balkema
book, London, UK.

Yalaletdinova, A.V., Kantor, E.A., Galimova, Y.O.
2021. Drinking-water quality risk assessment based
on parameters with organoleptic (taste and odor)
effects observed in water from surface water intake
and infiltration water intake facilities. Earth and En-
vironmental Science, 670(1), 012-046.



