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Drinking water is a leading environmental and hygienic factor that influences population health as it tends to contain
a lot of chemicals, both natural and anthropogenic in their origin.

Our research goal was to hygienically assess drinking water from underground water sources taken from centralized
water supply systems on Island Russiky.

Research object. We hygienically assessed quality of water supply on Island Russkiy (Primorye) in 2017-2019 as per
33 sanitary-chemical and 3 microbiological parameters at three stages: water from underground sources (120 samples);
water at pump stations (138 samples); water taken from distribution network (204 samples).

Data and methods. The first stage in hygienic assessment of drinking water was performed as per methodical guide-
lines provided by F.F. Erisman’s Federal Scientific Center for Hygiene «Assessment of sanitary-epidemiologic reliability of
centralized drinking water supply systemsy (MG 2.1.4-2370-08). The second stage involved calculating reflex-olfactor,
chronic non-carcinogenic and carcinogenic effects and integral assessment of drinking water taken from centralized water
supply systems as per chemical safety parameters (MG 2.1.4.0032-11).

Basic results. We detected that drinking water quality most significantly deteriorated as per its microbiological and
organoleptic parameters during transportation, and it made the greatest contribution into sanitary-epidemiologic ill-being of
centralized drinking water supply systems. We revealed that non-carcinogenic risks and reflex-olfactor impacts exceeded
their acceptable levels. Our analysis also revealed that physiologically insufficient iron contents and water turbidity were
priority factors that predetermined poor quality of drinking water. Chemical structure of drinking water didn’t cause any
significant threats for population health;, however, it is necessary to reconstruct water supply systems and eliminate defi-
ciency of macro- and micro-elements in drinking water due to additional sources of their supply.

Key words: underground source, pump stations, distribution network, iron, turbidity, reliability of water supply sys-
tems, Island Russkiy, risk assessment.

The impact of environmental and hygi-
enic factors of habitat on population health in
the current conditions of the society develop-
ment governs the need to improve the forms
and methods of risk assessment [1]. Establish-
ing causal links between public health and ex-
posure to environmental factors is the basis for
social and hygienic monitoring (SHM) — a sys-
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tem of continuous monitoring and assessment
of environmental factors, forecasting the de-
velopment of adverse effects and decision-
making to reduce risks to public health [2].
Identification of patterns in distributing the
resulting risk by time and territory gives an
opportunity to accumulate preventive activi-
ties before the rise of morbidity in the terri-
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tory where its occurrence probability is the
highest [3, 4]. At present, such patterns are
outlined in the methodology of risk assessment
for public health',

The importance of groundwater as a
source of drinking water supply has increased
in recent years, due to its several advantages
over surface sources. Groundwater is not sub-
ject to seasonal changes and is reliably pro-
tected from pollution in case of anthropogenic
disasters. Data from the state report «On the
state of sanitary and epidemiological well-
being in the Russian Federation in 2018y also
confirm the high quality of groundwater in
comparison with surface sources’. During
2013-2018, the share of surface sources in
the Russian Federation that do not meet sani-
tary and epidemiological requirements is at
least twice as high as the share of under-
ground sources.

Comparative analysis of water quality
from groundwater and surface sources based
on microbiological parameters both in the
Russian Federation (RF) and in the territory of
the Primorskiy Krai (PK), in particular, con-
firms the best protection of groundwater from
living organisms’ penetration’. However, in
terms of sanitary and chemical parameters, the
share of unsatisfactory samples taken from the
underground sources is higher (2018: RF —
25.8 %; PK — 18.2 %) than from the surface
sources (2018: RF —21.6 %; PK — 1.1 %).

The list of sanitary and chemical parame-
ters for drinking water that have a significant
impact on public health includes chemicals of
both natural and anthropogenic origin. In order
to assess the risk of their presence with respect

to drinking water, an oral route associated with
water supply as drinking water should be cho-
sen as the priority exposure scenario. Me-
thodical guidelines MG 2.1.4.0032-11 serve as
a supporting methodology for assessing the
risk of chemicals in drinking water to public
health®. They supplement the guidelines with
the criteria for the acceptable risk levels and an
algorithm for the formation of an overall or
integral assessment of its harmlessness.

Environmental problems are more often
addressed in large cities [5]. At the same time,
small settlements on the island territories that
are part of an urban district, but are remote
from the major water supply networks have
specific issues, often unrelated to the industrial
load, but having a significant impact on public
health [6-8]. For example, water supply on
Island Russkiy is carried out from the deep
well-water intakes, which provide drinking
water to small settlements (settlements of Eki-
pajniy, KET, Shigino, Rynda, Voyevoda,
Melkvodniy, Paris, Podnozhye, Tserkovnaya
Pad’). The rest of the settlements and objects
located on the island are supplied with water
from the surface sources. Ekipajniy, KET,
Shigino, Rynda are under surveillance within
the system of SHM.

Only half of the wells (8 out of 16),
where water is taken for Island Russkiy, are
not subject to surface contamination. Water
distribution networks are 59 % worn- out,
their condition requires technical improve-
ment, the condition of water pumping sta-
tions — operational’.

The purpose of the study is hygienic as-
sessment of drinking water from the under-

'R 2.1.10.1920-04. Guidance on Health Risk Assessment under the Exposure of Chemicals Polluting the Environment.
In: Yu.A. Rachmanin, G.G. Onishchenko, A.V. Kiselev [et al.] eds. Moscow, Federal Centre of the State Sanitary and Epidemi-
ological Surveillance of the Ministry of Health of Russia, 2004, 143 p. (in Russian).

2 On the State of Sanitary and Epidemiological Well-being in the Russian Federation in 2018: State report. Moscow, Fed-
eral Service for Surveillance over Consumer Rights Protection and Human Wellbeing, 2019, 254 p. (in Russian).

? On the Sanitary and Epidemiological situation in Primorskiy Krai in 2018: State report. Vladivostok, for Surveillance
over Consumer Rights Protection and Human Wellbeing in Primorskiy Krai, 2019, 343 p. (in Russian).

* MG 2.1.4.0032-11.2.1.4. Drinking water and water supply to populated areas. Integrated assessment of drinking water
of centralized water supply systems by the indices of chemical harmlessness: Methodical guidelines. Approved by the Chief
State Sanitary Doctor of the Russian Federation 31.07.2011. ConsultantPlus. Available at: http://www.consultant.ru/docu-

ment/cons_doc LAW_119675/(11.03.2020) (in Russian).

> Water supply and disposal plans of the Vladivostok city district for the period 2014-2025: Annex to the Decree of the
Vladivostok city administration dated 31.12.2013 N 3899. Garant: Information and Legal support. Available at:
http://base.garant.ru/30177683/53f89421bbdaf741eb2d1ecc4ddb4c33/ (11.03.2020) (in Russian).
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ground sources of the centralized water supply
systems in Island Russkiy.

To meet this purpose, we set and solved
the following tasks:

— to assess drinking water quality and wa-
ter physiological adequacy (the full-value con-
dition) at all stages of water supply in terms of
maximum concentrations of substances di-
vided by the limiting harmful indices;

— to give a qualitative assessment for the
ill-being degree of each block on a 4-rank
scale with the definition of priority elements
characterizing the sanitary-epidemiological
reliability of the centralized water supply
systemsé;

— to calculate and assess risks at oral in-
take of chemicals with drinking water charac-
terized by olfactory-reflexive (organoleptic),
non-cancerogenic and carcinogenic effects.

Data and methods. To assess sanitary-
epidemiological reliability of the centralized
water supply systems, 28 sanitary-chemical
and 3 microbiological parameters of drinking
water for 2017-2019 were analyzed. Qualita-
tive assessment of the ill-being degree for each
block on a 4-rank scale was carried out with
the determination of priority elements on the
basis of MR 2.1.4.2370-08. Individual factors
that form sanitary and epidemiological reli-
ability of the water supply system were identi-
fied through W index. The assessment was
carried out by 8 blocks (factors).

Samples were taken at different stages of
the water treatment system: in wells, at the
outlet of water pumping stations and from the
water stand-pipes in Island Russkiy in 4 set-
tlements (Shigino, Rynda, Ekipajniy, KET).
Chemical substances concentrations in drink-
ing water taken from the wells and at the outlet
of stations were determined by KSUE «Pri-

morskiy Vodokanal» (46 % of samples). The
enterprise collects, stores, treats and supplies
drinking water in the surveyed settlements.
Data on the drinking water quality taken from
the external water collection facilities (stand-
pipes) at the monitoring points were deter-
mined by FSUE «Center for Hygiene and Epi-
demiology in Primorskiy Krai» (44 % of sam-
ples). The results of 462 drinking water sam-
ples were analyzed using the following
techniques: microbiological, atomic absorption
with flame atomization, gravimetry, titrimetry,
potentiometry, fluorimetry, photometry and
gas chromatography.

The studied parameters are divided by the
Limiting Harmful Index (LHI) according to
GN 2.1.5.1315-03. Epidemiological parame-
ters include total microbial number, total coli-
form bacteria and thermotolerant coliform bac-
teria). Sanitary and toxicological indices in-
clude nitrates, fluoride ion, arsenic, nickel,
lead, cobalt and cadmium. The organoleptic
ones include total iron, total manganese, mag-
nesium, color index, turbidity, copper and
aluminium. Iron and manganese affect the
color of water, magnesium, copper — the off-
flavour, aluminum — the turbidity. The list of
composite indices includes: permanganate
oxidation, hydrogen index, total hardness, dry
residue, multi-sulfur oil, surfactants, phenolic
index, zinc, calcium (optimal value: 60 mg/1)®.

Carcinogenic, non-carcinogenic and or-
ganoleptic risks at the stage of water consump-
tion were calculated to obtain an integral as-
sessment of eventual negative impact of water
on public health using MG 2.1.4.0032-11.2.1.4.
For the calculation of non-carcinogenic risk
from chemical exposure, 18 indices were se-
lected, for carcinogenic risk calculation — 7 in-
dices. The initial sampling was added with the

SMR 2.1.4.2370-08. Drinking water and water supply for residential areas. Assessment of the sanitary-epidemiological
reliability of the centralized drinking water supply systems. Approved by the Federal Service for Surveillance over Consumer
Rights Protection and Human Wellbeing, Chief State Sanitary Doctor of RF June 16, 2008. CODEX: electronic fund of legal
and normative and technical documentation. Available at: http://docs.cntd.ru/document/1200077721 (11.03.2020) (in Russian).

"GN 2.1.5.1315-03. Maximum Permissible Concentrations (MPC) of Chemicals in Water of Water Objects of Drinking
and Household and Cultural and Social Water Use. CODEX: electronic fund of legal and normative and technical documenta-
tion. Available at: http://docs.cntd.ru/document/901862249 (11.03.2020) (in Russian).

8 Gildenskiold R.S., Yastrebov G.G., Vinokur LL. Integrated determination of anthropogenic load on water bodies, soil,
atmospheric air in residential areas: Methodical guidelines of the State Committee for Environmental Protection of Russia.

Moscow, 1996, 35 p. (in Russian).
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substances of Hazard Class 1: chloroform
(MPC: 0.06 mg/l), tetrachloromethane (MPC:
0.002 mg/l), bromdichloromethane (MPC:
0.03 mg/l), tetrachloroethylene (MPC:
0.005 mg/l), and substance of Hazard Class 2:
strontium (MPC: 7 mg/l). The choice of addi-
tional indices is made based on the class of haz-
ard and carcinogenicity, and is relevant for
Class 2 water bodies of economic and drinking
water supply in the Primorskiy Krai, where dis-
infection is carried out by chlorination.

Maximum actual concentrations of sub-
stances were used to assess the reliability of
centralized water supply systems as well as the
physiological full-value condition of drinking
water. For the integral assessment of water or-
ganoleptic properties the maximum parameters
of 98 % probability were taken, for the as-
sessment of expected non-cancerogenic and
carcinogenic effects — the average annual con-
centrations of 95 % probability were used.

Carcinogenic risk assessment was per-
formed using the standard values: daily con-
sumption of 2 liters for exposure duration of
30 years and the average human weight in a
population of 70 kg.

Results and discussion. Population
coverage with the centralized water supply
in the settlements of Island Russkiy, accord-
ing to the data of the last population census
in 2010 and the annual data on population
using piped water provided by KSUE «Pri-
morskiy Vodokanal» for 2019, is estimated
as insufficient (92 % for permanent resi-
dents of the whole Island Russkiy). As a
result, the general characteristics of these
settlements are estimated as moderate by
the scale of sanitary-epidemiological reli-
ability of drinking water supply to popula-
tion, considering the absence of facts of ex-
ceeding the design capacity of water pump-
ing stations and interruptions in drinking
water supply (W; = 0.3).

The water intake facilities studied are op-
erated under the conditions of compliance with

the mode of source water sanitary protection
zones according to SanPiN 2.1.4.1110-02 (as-
sessed ‘satisfactory’ for all settlements by the
relevant scale, W,= 0)’. Laboratory control of
drinking water conditions is carried out in ac-
cordance with SanPiN 2.1.4.1074-01 (assessed
‘satisfactory’ for all residential locations by
the relevant scale, W;= O)10 )

For ranking the residential settlements, we
used rating scales for sanitary-epidemiological
condition of underground water supply sources
(W3), reliability of water treatment (Ws) and
drinking water transportation in centralized
water supply systems (Ws), as well as quality
of drinking water from a water-dispensing unit
(Ws) by LHI and physiological full-value con-
dition. The assessment results for sanitary and
epidemiological ill-being are presented in
points (Table 1).

The assessment of water quality from the
underground water supply sources showed that
there were no the above-limit values in terms
of hygienic standards for sanitary, chemical
and epidemiological parameters. All samples
were in line with the maximum permissible
values. The qualitative characteristics (W3) of
the assessment scale corresponded to the first
rank (permissible level).

The drinking water in all settlements had
a lower content of calcium, magnesium and
fluoride salts, and was characterized by low
mineralization and hardness. All parameters of
the drinking water physiological full-value
condition were below the optimal values. Con-
sumption of too «soft» drinking water without
taking the additional sources of calcium and
magnesium may be one of the risk factors for
cardiovascular diseases [9—11].

Despite the fact that fluorine is one of the
priority components of natural origin with a
high probability of detecting the MPCs excess
in the territory of the Primorskiy Krai, accord-
ing to SP 2.1.5.1059-01, the opposite phe-
nomenon was observed in the locations stud-
ied. Low fluoride concentrations in drinking

?SanPiN 2.1.4.1110-02. Sanitary protection zones of water supply sources and drinking water pipelines. Moscow, 2002,

11 p. (in Russian).

1SanPiN 2.1.4.1074-01. Drinking water. Hygienic requirements for water quality of centralized drinking water supply

systems. Quality control. Moscow, 2001, 62 p. (in Russian).
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Table 1

Assessment of sanitary-epidemiological reliability of centralized drinking water supply systems
and indices of physiological full-value condition of water mineral composition

=R= Sanitary and epidemiological reliability Physmloglcal. full-value copgh‘uon
E 8| o . . of water mineral composition o ot
5 8| 5 (score in points) Ca”'/Mg
< o| 8 (Cmax, mg/l)
23|~ Water quality 2t o mmole-eqv/l
7 @ . We Wo | TH | TDS F, [Mg"| Ca
at certain stages
W; 0 (Permissible) 22| 211.0 05 |182| 16.6 0.8
H . .
a Ws 0 (Permissible) | 4 5 (0.75+0.3)%* | 0.84 2.0 | 205.0 03 [109| 213 1.2
Wg [1.65 (0.3+0.3+1.05)* 1.2 94.1 0.1 | 96| 255 2.0
Wi 0 (Permissible) 2.1 | 221.0 04 |134| 187 1.2
< ..
\W% o bl 1.8 | 207.0 02 | 61| 216 2.6
2 [ Ws | O@ermissible) | 575103+ | 083
[a7
Ws |1.6 (0.3+0.25+1.05)* 1.1 | 1055 02 | 38| 213 54
> | W3 0 (Permissible) 22 | 187.0 04 |[146| 178 1.0
g —
E Ws 0 (Permissible) 105 (0.75+0.3)%* | 0.83 22 | 208.0 03 [103| 18.0 1.5
= Wg | 1.6 (0.3+0.25+1.05)* 1.1 | 1063 02 |10.1] 200 1.7
o | W3 0 (Permissible) 1.3 | 1050 02 | 43| 180 2.7
En Ws 0 (Permissible) | 0.95 (0.75+0.2)** | 0.79 | 1.6 | 202.0 02 | 49| 75 1.0
| Wy 1.5 (0.140.35+1.05)* 09 90.5 02 | 36| 145 5.0
Optimal value: MR 2.1.4.2370-08 (TH, TDS, F),
SanPiN 2.1.4.1116-02"! (Ca*" Mg™) 1.5-7]|200-500 |0.8—-1.5| 5-65|25-130 —

Note:

* — organoleptic + physiological full-value condition + microbiological;
** — microbiological + organoleptic (sum of points in terms of LHI);

*** _ W4 — transportation;
W;— water source quality;

Ws— water treatment (water quality at the pumping station outlet);
Ws — water quality from the distribution network;

W,y — overall composite index;
TH — total hardness;
TDS — total dissolved solids.

water increase the risk of caries development.
Calcium along with fluorides is an important
protective factor against caries. Their com-
bined protective effect has been proven in sev-
eral analytical studies'” [12, 13].

In the studied drinking water samples
taken from wells, the ratio of Ca®" and Mg*"

ion concentrations (expressed in mmol-eq./l)
was significantly lower in the three settlements
than in drinking water passing through the wa-
ter supply network. This was due to an in-
crease in soluble calcium compounds and a
decrease in the number of magnesium ions
during the transportation of water to consumer.

"' SanPiN 2.1.4.1116-02. Drinking water. Hygienic requirements for the quality of water packaged in containers. Quality

control. Moscow, 2002, 22 p. (in Russian).

12 SanPin 2.1.5.1059-01. Hygienic requirements for groundwater protection against pollution. Moscow, 2001, 14 p.

(in Russian).
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In terms of such indices, as total hardness,
total mineralization and fluorine, there was a
tendency to decreasing concentrations during
transportation through water supply network.

At the water pumping stations outlet, the
analysis results for the drinking water samples
(Ws) met hygienic standards which speaks of
the proper water treatment and consistency of
drinking water composition on the way from
the water supply source to the pumping sta-
tions and before entering the distribution net-
work. Water treatment improves drinking wa-
ter quality in terms of such organoleptic indi-
ces, as iron and turbidity.

The analysis results for the quality of
drinking water taken from the distribution
network (stand-pipes) occasionally did not
meet hygienic standards for microbiological
and organoleptic parameters (in Table 1 these
indices are included in the assessment of water
quality from the distribution network — Ws).
Physiological deficiency of water, in terms of
general mineralization («extremely highy ill-
being degree for all locations), overall miner-
alization and fluoride concentrations («moder-
ate» for one third of locations and «high» — for
Shigino settlement) contributed to the sanitary
ill-being of the drinking water.

The ill-being degree in terms of microbi-
ological parameters by the scale of sanitary-
epidemiological reliability of drinking water
transportation in the centralized water supply
systems was assessed as «extremely unsatis-
factory» (>10 % of unsatisfactory samples) for
all networks studied. According to organolep-
tic indices, when calculating the above-limit
MPC’s values multiplicity factor of the maxi-
mum concentrations, the qualitative assess-
ment was defined as «extremely unsatisfac-
tory» for one third of settlements and «moder-
ate» — for Shigino settlement.

The quality parameter of the drinking wa-
ter from the distribution network (Ws) by the
scale of sanitary and epidemiological ill-being
for water was closer to the «high» pollution
characteristics (rank 3" out of 4 possible
ones), taking into account the contribution co-
efficients of each limiting index (overall, or-
ganoleptic, sanitary-toxicological, epidemiol-

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

ISSN (Eng-online) 2542-2308

ogical and physiological full-value condition
of mineral composition).

Having assessed the sanitary and epide-
miological reliability of the drinking water
transportation (Wg), we can speak about the
increase in the share of non-standard samples
in terms of organoleptic and microbiological
LHI. According to the scale of sanitary-
epidemiological ill-being of drinking water
transportation, the qualitative characteristic of
pollution was defined as «moderate» in all
residential settlements.

It should be noted a significant increase in
maximum concentrations of iron and turbidity
of water in the distribution network due to its
transportation from the pumping station to the
water stand-pipe (Figure).

c

Total iron, mg/l

Rynda  Ekipajniy

Shigino

Turbidity, mg/I

I
Rynda  Ekipajniy

KET Shigino
Source WPS outlet B Stand-pipe

Figure. Concentration of total iron and turbidity
in drinking water of the centralized water supply taken
from underground sources, at a pumping station and
from a distribution network

This pattern was observed not only in the
studied locations of the Island Russkiy, but
also on other territories of the region, the Rus-
sian Federation subjects and beyond [14-18].
Iron content above 1 mg/l deteriorates or-
ganoleptic properties of water, it becomes tur-
bid, colored in yellow-brown color, it has a
characteristic metallic flavor, mucus is formed

33



V.D. Bogdanova, P.F. Kiku, L.V. Kislitsyna

on the pipes walls, typical for iron bacteria.
Such water has an adverse effect on skin, caus-
ing dryness and itching.

In terms of the overall composite index
(Woy), the ill-being degree of drinking water
supply can be considered as «moderate»
(0 <Wy, <1)in all settlements.

The overall index defined the network in
Shigino settlement as the most satisfactory
drinking water supply system, despite the fact
that drinking water there is the least physiologi-
cally full-valued by its mineral composition. As
the research results show, microbiological and
organoleptic indices make the most significant
contribution to the assessment of sanitary-
epidemiological reliability of water supply sys-
tems in these settlements. As a result, the share
of non-standard samples in the distribution
network increased compared to those registered
at the outlet of the pumping station.

The priority type of impact, when calcu-
lating the integral health risk for the popula-
tion consuming drinking water from the distri-
bution network, is the olfactory-reflex effect,
which prevails in all water supply systems un-
der study (Table 2). The leading indicator in
assessing the organoleptic effects of exposure
to maximum concentrations of 98 % probabil-
ity of such water consumption is iron in three
settlements, and turbidity (Shigino settlement).

The intrinsic uncertainty responsible for
reliability and validity of risk assessments at
the dose-effect stage is the lack of sensitivity
in laboratory techniques for such indicators as
aluminium, zinc, multi-sulfur oil, nickel, tetra-
chloroethylene, tetrachloromethane, arsenic
and cadmium. Due to the fact that it was not
possible to determine the exact data on these
substances actual concentration taking into ac-
count the methods used, and thus did not guar-
antee the calculations objectivity for non-
carcinogenic and carcinogenic risks, it was de-
cided not to use them for risk assessment. It
should be noted that the established concentra-
tions of these substances at the lower limit of
methods sensitivity were the values from
0.001 MPC - for zinc to 0.3 MPC — for tetra-
chloromethane. According to the uncertainty
analysis, the final list of criteria considered in
risk assessment is given in Table 3.

Non-cancerogenic risks did not exceed the
acceptable value for certain selected parame-
ters. The total non-cancerogenic risk in drinking
water consumption exceeded the permissible
level (0.05) in KET settlement due to the unac-
ceptably high concentration of total iron. In the
concentrations detected, iron can have an irritat-
ing effect on mucous membranes, cause
changes in skin, affect hematopoietic and im-
mune systems and peripheral blood parameters.

Table 2

Overall indices for the quality of drinking water from the distribution network

Residential settlement | Risk type | Value by total score | Risk to acceptable value | Overall index

OR 0.70 7.04

KET NCR 0.06 1.12 8.60
CR 0.000004 0.45
OR 0.40 3.99

Rynda NCR 0.04 0.76 5.13
CR 0.000004 0.38
OR 0.38 3.76

Ekipajniy NCR 0.04 0.82 5.06
CR 0.000005 0.47
OR 0.13 1.25

Shigino NCR 0.03 0.61 2.42
CR 0.000006 0.56

Notes:

OR — organoleptic risk;
NCR - non-carcinogenic risk;
CR — carcinogenic risk.
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Table 3
Results of risk assessment by criteria taken into account
Non-cancerogenic risk assessment results
Criteria taken into account Cos o, HP Cos o, HP Cos o, HP Cos o, HP
Iron, mg/l 0.75 0.04 0.43 0.02 0.26 0.02 0.46 0.03
Manganese, mg/l 0.02 | 0.003 | 0,02 | 0.004 | 0.02 0.003 | 0.03 0.01
Nitrates, mg/1 3.58 | 0.001 | 3,36 | 0.001 | 5.38 0.002 | 4.90 | 0.002
Cobalt, mg/1 0.02 | 0.003 | 0.02 | 0.004 | 0.02 0.003 — —
Magnesium, mg/1 10.08 | 0.004 | 13.22 | 0.01 3.88 0.001 4.74 | 0.002
Copper, mg/1 0.02 | 0.003 | 0.02 | 0.003 | 0.011 | 0.002 | 0.04 | 0.006
Fluorine, mg/1 0.16 | 0.001 | 0.17 | 0,002 | 0.17 0.002 | 0.17 | 0.002
Lead, mg/l 0.002 | 0.004 | 0.004 | 0.001 | 0.002 | 0.003 |0.001 | 0.002
Chloroform, mg/I 0.012 | 0.004 | 0.01 | 0.003 | 0.03 0.008 | 0.01 | 0.003
Bromdichloromethane, mg/l | 0.003 | 0.002 | 0.002 | 1.3-10” | 0.004 | 0.002 | 0.003 | 0.002
Strontium 0.3 |7.510°]0.280 | 7.0-10° | 0.010 | 2.5-10° | 0.180 | 4.5:-10”
Results of organoleptic risk assessment
Criteria taken into account Conos oPpP Coos opP Cros opP Crnog OP
Color,° 14.4 0.01 11.5 0.01 14.1 0.01 15.9 0.01
Turbidity, mg/1 7.76 0.14 3.15 0.01 4.0 0.02 3.92 0.02
pH, unit 7.71* | 0.005 | 7.55* | 0.003 | 7.0* 0.001 | 7.31* | 0.001
Iron, mg/1 1.74 0.7 0.97 0.38 0.5 0.13 1.01 0.4
Manganese, mg/l 0.02 | 1.9-10° | 0.05 |2.0-10° | 0.04 | 7.9-10" | 0.06 | 3.6:10~
Cancerogenic risk assessment results
Criteria taken into account Cos o, KP Cos9, KP Cos 9, KP Cos o, KP
Lead, mg/l 0.002 | 1.2:10° | 0.004 | 2.2-10° | 0.002 | 8.7-107 | 0.001 | 7.4-10”
Chloroform, mg/l 0.01 [9.2:107] 0.01 |7.7-107 | 0.03 | 1.9:10° | 0.01 |8.1-107
Bromdichloromethane, mg/l | 0.003 | 2.4-10° | 0.002 | 1.8-10° [ 0.004 | 2.8-10° | 0.003 | 2.2-10°

Notes:

Cumos —maximum concentrations of 98 % probability;

Cys o, —average annual concentrations of 95 % probability;

«—» — cobalt concentration less than test sensitivity threshold (less than 0.01 mg/1);
* — average value for hydrogen indicator is taken.

Carcinogenic risks to public health from
exposure to chemicals from the drinking water
supplied to the distribution network did not
exceed the acceptable level (0.00001) both for
the indices considered separately and for their
cumulative effect.

According to the data of the integrated as-
sessment for the drinking water quality from the
distribution network, it was found that for all
objects the overall indices did not correspond to
the permissible value, which is associated with
exceeding the levels of acceptable risk for olfac-
tor-reflex effects (for all residential settlements)
and non-carcinogenic risk (for KET).

The deterioration pattern of the drinking
water quality from the centralized water supply
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systems for population, is caused by the chemi-
cal composition, affecting mainly its organolep-
tic properties and is widespread [19, 20]. In
general, the chemical composition of the drink-
ing water studied does not pose a threat to pub-
lic health, however, it is necessary to recon-
struct water supply systems and correct the lack
of macro- and microelements in drinking water
through additional sources of their supply, in-
cluding food and food additives.

Conclusions:

— the sanitary-epidemiological assessment
of water from the centralized household and
drinking water supply systems on the Island
Russkiy showed that the highest contribution
to the water quality is made by the non-
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compliance with hygienic norms for organo-
leptic parameters in terms of iron and turbid-
ity, as well as microbiological indices;

— it was shown that deterioration of the
drinking water quality occurs in the process of
its transportation from water pumping station
to disposable device;

— calculation of an overall index for the
drinking water of the centralized household
and drinking water supply systems in terms of
chemical harmlessness allowed for differentia-
tion the water hygienic quality by settlements;

— the non-carcinogenic risks from total
exposure to substances exceeded the permissi-
ble values in one of the centralized water sup-
ply systems owing to total iron;

— the carcinogenic health risks for popula-
tion from the exposure to chemicals from the
drinking water supplied to the distribution

network did not exceed the permissible level
both for certain indices considered separately,
as well as for their total impact;

— in order to improve the sanitary reliabil-
ity of the centralized water supply systems, it
is necessary to reconstruct water supply sys-
tems in the Island Russkiy, which will give an
opportunity to preserve the composition con-
sistency of the natural water from the source to
the point of consumption;

— physiological ill-being of water detected
should be adjusted with food and nutritional
additives to meet the average daily require-
ment of a body for macro- and microelements.
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