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Abstract. An urgent practical task, the study of approaches to determining the environmental
safety of drinking water supply, is considered in the article. The author has analyzed various
Ukrainian and international methodological approaches to determining the environmental safety of
drinking water supply. It has been found that the most effective is the use of environmental risk
assessment, which appears to be the main tool for environmental safety assessment. On the basis of
the analyzed methods, the complex one, which is expressed in the form of the algorithm for
determining the environmental safety of drinking water supply, has been created.
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Introduction Building algorithms for assessing the impact of a negative factor
on the environment or its components is a common practice in environmental,
technical, mathematical research, as it allows to identify, classify and structure
factors, determine the level of risk manifestation of negative consequences, and
therefore assess the level of danger and make necessary decisions.

The advantages of using algorithms for assessing environmental safety are
reflected in the works [1-7]. In these works, algorithms are presented in the form of
block diagrams for assessing environmental safety and risks of the impact of various
chemicals on ecosystems and their subsystems, as well as living organisms that live
in this environment and are directly affected.

Taking into account the experience of previous scientists, we propose to assess
the environmental safety of drinking water supply using algorithms.

It is worth noting that the ecological safety of drinking water supply (ESDWS)
is understood as a state of drinking water supply, in which the safety ranges of the
risk of negative effects are established, while minimizing adverse effects on
ecosystem components, primarily on humans, provided that the necessary
scientifically reasonable economic and energy costs are used.

Main part In our study, the determination of the environmental safety of
drinking water supply was carried out through calculations of the environmental risk
as the main tool for assessing environmental safety in general, using methods [8,9],
combined into a comprehensive approach that takes into account carcinogenic and
non-carcinogenic effects, where the range of safety of factor effect is ultimately
determined.

The goal of environmental safety is to reduce morbidity, mortality, to increase
the duration and quality of human life. The quality of drinking water is one of the
main factors of impact on a human in the systems of environmental safety of drinking
water supply. It depends on the initial quality of water of the water supply source,
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water treatment technology, technical condition of water supply networks, etc.

Absolute achievement of this goal is possible with the constant control and
monitoring of sources of influence and factors which disrupt the state of ecological
systems. In the case of environmental safety of drinking water supply, the first stage
of control should be carried out by the state and organizations responsible for
collecting data on the state of water bodies that are sources of water supply. At the
same time, it is important to continuously monitor those enterprises that discharge
wastewater and to introduce new approaches to water intake, which will consist in
permitting its implementation, downstream of the discharge site. Thus, there will be a
natural process of stimulating enterprises to improve the quality of treatment of
wastewater, which, when mixed with water, will immediately become a new resource
for production.

From the point of impact of the level of environmental safety of drinking water
supply on a human, it is most effective to conduct the assessment through the quality
of drinking water, but the ACL coefficient and methodological approach to
comparing the values of monitoring data and standard are considered to be ineffective
due to the lack of understanding of the impact mechanism, the manifestation of harm
in case of exceeding the standardized value. The most effective tool, which at this
stage of development of scientific research as for the assessment of the impact of
anthropogenic activities on the human body, is environmental risk. Figures 1-3 show
the algorithms for determining the environmental safety of drinking water supply -
block diagram 1 and environmental risk assessment - block diagram 2 for
carcinogenic effects, block diagram 3 for non-carcinogenic.

The block diagram 1 (fig. 1) is a universal tool for assessing ESDWS. At the
first stages of the assessment, after the establishment of the affecting factors on the
object of study, the collection and analysis of monitoring and statistical data begins.
After the formation of the database, the intermediate indicators of the average annual,
average daily doses of the values, which are necessary for further calculations, are
determined.

One of the main stages of the algorithm is the stage "Determination of the
environmental risk of carcinogenic and non-carcinogenic", the calculations are
performed using block diagram 2 (fig. 2) [8] and block diagram 3 (fig. 3) [9], which
are mandatory components of the assessment of ESDWS. After establishing the
values of environmental risks, if necessary, modeling and/or forecasting is carried
out, which will allow to predict a change in the trend of the indicator in the future, or
to create a statistical series, in the case of absence of real monitoring data.

In the process of establishing the risk limit, the range of impact safety for
indicators, which will be determined by the limits, 1s determined:

0.00001 <R:<0.00001 - for carcinogenic impact factors;
0.16< R,< 0.02 - for non-carcinogenic impact factors.

The novelty of the proposed method of determining the level of environmental
safety of drinking water supply is that as a result of the assessment we will obtain not
just a number which will show the excess of the ACL standard for a particular
substance in drinking water, but a complex value that will characterize the impact on
a human.
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Fig. 1. Algorithm for determining the environmental safety of drinking water

supply

Ending and conclusions

The final step towards establishing the level of ESDWS is the assessing of the
risk limits, namely, within the range - "safely", outside the range "dangerously". To
reduce conceptual confusion, for clarity and intelligibility of wording, we suggest
using only two levels of safety assessment - "safe" and "dangerous" for assessing
ESDWS. In the case of a safe assessment result, the system and its components are in
a state of sustainable development. In the case of a hazardous one, it is necessary to
take a number of urgent measures, ranging from determining the nature of the

consequences of the

hazard, making decisions

on replacing technologies,

management and economic costs, completing with reassessing the risks until a “safe”

result 1s achieved.
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C - Concentration of a toxic substance
(mg/dm? or pg/dm?)
VW - Volume of drinking water consumed per day (dm®)
BW - Body weight (kg)
5F; - The magnitude of the carcinogenic risk potential
for oral intake of a particular carcinogenic compound
(kg/mg-day or kg/ug-day)
ADD - Average daily dose of harmful substance
(mez/'ke of substance. ma/ke)

1
Determination of ADD
ADD = (Ccx VW) = BW

b

Risk determination
R.=35F.- ADD

. Approbation of
Safe for 10f=R. =104 Y¥=0.047 In (x) + 0,328 > ptl;Je model
health

Representativeness of the
model by the correlation
determination coefficient

Fig. 2. Algorithm for determining potential carcinogenic risk

DATA BASE

v

C - concentration of the substance in drinking
water, (mg/dm?)
ACL — admissible concentration limit (mg/dm®)
K — safety factor
{for all substances - 10, for lead - 3)

l

Risk determination
Rac=1-exp (In (0.84) = ACL =K =C

‘l‘ Determination of the risk limit:

Safe fox 0,022R;:20.02-0,16 Rec =0.02-0,16 — satisfactory: |
health Rec =0,16-0,50 — unsatisfactory

Re: =0,50- dangerous;
Rac =1 — extremely dangerous.

Fig. 3. Algorithm for determining potential non-carcinogenic risk

References:

1. Akimov V. A. Fundamentals of risk analysis and management in natural and
man-made spheres/ V. A. Akimov, V. V. Lesnyh, N. N. Radaev. — M.: Business
express, 2004. — 352 p.

2. Voitenko L.V. The concept of integrated water quality assessment for
different types of water consumption using the Harrington desirability function/
Voitenko L.V., Kopilevich V. A., Strokal M. P. — K.: Bioresources and nature

ISSN 2663-5712 53 www.sworldjournal.com



~ =
SWorldJournal [ssue 6 / Part 7 { Ve
S

management: chemistry. — Volume 7, # 1-2, 2015. — P. 25-36. — [Electronic resource]

- Access mode: http://irbis-

nbuv.gov.ua/cgibin/irbis nbuv/cgiirbis 64.exe?C21COM=2&I121DBN=UJRN&P21

DBN=UJRN&IMAGE FILE DOWNLOAD=I1&Image file name=PDF/Zp 2019 1
S.pdf

3. Bardina D. A. Development of an algorithm for assessing the risk to public
health when exposed to chemicals that pollute drinking water/ D. A. Bardina, P. G.
Mikhailova. — Advances in chemistry and chemical technology. Volume XXIX,
Moscow: 2015, # 4 — P. 57-59. — [Electronic resource] - Access mode:
https://cyberleninka.ru/ article/v/razrabotka-algoritma-otsenki-riska-zdorovyu-
naseleniya-pri-vozdeystvii-himicheskih-veschestv-zagryaznyayuschih-pitievuyu-
vodu

4. Bezsonov, Ye. M. Determining the level of ecological safety of the region by
the method of toxic-energy response of biotic components of aquatic ecosystems: The
dissertation on competition of a scientific degree of the candidate of technical
sciences on a specialty 21.06.01 “Ecological safety". Lviv: Natsionalnyi universytet
«Lvivska politekhnikay, 2018.

5. Dobrovolskyy V. V. Ecological risk: assessment and management: textbook
[text] / V. V. Dobrovolskyy. — Mykolaiv: PMBSSU, 2010. — 216 p.

6. Krysinska D. O. Algorithm for determining environmental risk in the system
of ecological safety of drinking water supply/ D. O. Krysinska, N. O.
Voskoboynikova // Natural water resources of the Carpathian region. Problems of
protection and rational use. Proceedings of the Thirteenth International Scientific and
Practical Conference: a collection of scientific articles. — Lviv, 2014. — P. 29-32.

7. Orel S. M., Malovanyy M. S., Orel D. S. Assessment of ecological risk.
Impact on human health [textbook]. — Lviv, publishing house LPNU, 2013. — 224 p.

8. Order of the Ministry of Health of Ukraine of October 21, 2005 N 545 On
approval of guidelines "Assessment of carcinogenic risk to public health from the
consumption of chlorinated drinking water" — [Electronic resource] - Access mode:
http://mozdocs.kiev.ua/ view.php?id=4448.

9. Methodical recommendations of 05/30/1997 RF No. 2510 / 5716-97-32
"Comprehensive hygienic assessment of the degree of tension in the medical and
ecological situation in various territories, caused by toxicant pollution of the
population's  environment" —  [Electronic resource] - Access mode:
http://www.lawrussia.ru /texts/legal 744/ doc 744a 498x 422 .html.

Anomauin. B cmammi po3ensioaemvcs akmyaibHa NpaKmudHa 3a0a4a — 6UBYeHHs NioxXooie
00 GU3HAYEHHS eKONIO2IUHOI 6e3neKu NUMHO20 8000NOCMAYAHHA. ABMOPOM NPOAHANI308AHO Di3HI
VKPAIHCbKI | MINCHAPOOHI MemoOu4Hi nioxoou 00 BUSHAYEHHSI eKONO02IYHOI Oe3nexku NumuHoz2o
s6o0onocmauanus. Bcmanoeneno, w0 Haubitbw egeKmusHuM €  BUKOPUCMAHHA — OYIHKU
eKON02IUHO020 PUBUKY, AKUU NOCMAE 20J06HUM IHCMPYMEHMOM OYIHKU eKoloziunoi besnexu. Ha
OCHO8I NPOAHANI308aHUX MEMOOUK CMBOPEHO KOMMNIEKCHY, AKA SUPAXCeHa ) 6UNA0i aneopummy
BUBHAYUEHHSL eKOI02IUHOT Oe3neKu NUMHO20 6000NOCMAYAHHS.

Knwuoei cnosa: exonoziuna 6esnexa, numue 6000NOCMAYAHHSA, €KOIOIYHUL PUSUK, NUMHA
6004, MexXHIYHA 600a, 0YAIbHI CUCMEMU, AlI2OPUMM OYIHIOBAHHSI.
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