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The paper presents the results of assessing the carcinogenic risk to public health
from consuming drinking water contaminated with priority chemicals at the level of
their hygienic standards. A comparative analysis of SanPiN 1.2.3685-21 “Hygienic
Standards and Requirements for Ensuring the Safety and (or) Harmlessness of Envi-
ronmental Factors for Humans” and repealed SanPiN 2.1.4.1074-01 “Drinking Wa-
ter and Water Supply to Populated Areas. Drinking Water. Hygienic Requirements
for Water Quality of Centralized Drinking Water Supply Systems. Quality Control”
valid since March 01, 2021, is carried out. Maximum allowable concentrations of
carcinogenic chemical substances and values of slope factors and risk potential
factors have been analyzed. A comparative analysis of SanPiN 1.2.3685-21 that is
currently in force and the US EPA “2018 Edition of the Drinking Water Standards
and Health Advisories Tables” has been conducted. The average daily intake doses
of each studied substance in drinking water at the level of maximum permissible
concentrations were determined. It has been found that, despite the tightening of
standards for some substances, the content of many carcinogens in water at the
maximum allowable concentrations or below can lead to high values of potential
carcinogenic risk, and a list of activities is needed to complement the current stan-

dards regarding the quality of water.
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PUCK JJ151 3I0POBbSI
HACEJIEHUS OT 3ATPSI3HEHUS MUTHLEBOII
BOJIbl KAHIIEPOTEHHBIMY XUMHUYECKUMHU
BELIECTBAMHU B CUCTEMAX
LIEHTPAJIN30BAHHOI'O BOJIOCHABKEHUS

K.JO. Muxaiinuuenxo, A.H. Kypoamosa, K.A. Canacap ®@aopec,
JLII. Ilozopenwuii, 3.E. Konosanosa, A.M. Casuu

B pabome npedcmasnenvt peynvmamul 0OyeHKU KAHYEPOLEHHO20 PUCKA O
300p08bsL HACENEHUs OM NOMPeONeHUs. NUMbeBol 800bl, 3A2PAZHEHHOU NPUOPU-
MEeMHbIMU XUMUYECKUMU el ecmEamu Ha YPOGHEe UX 2USUCHUYECKUX HOPMAMUBOE.
IIposeden cpasnumenvuwiil ananuz CanlluH 1.2.3685-21 «l'ueuenuueckue Hopma-
muevl u mpebosanusa K obecneuenuro b6ezonachocmu u (unu) 6e3epeoHocmu 0
yenogexka ghakmopoe cpedvt ooumarusiy u CanlluH 2.1.4.1074-01 «ITumvesas 600a
u ooocHabdIcenue HaceneHHbIX nynkmos. [umvesas soda. I ueuenuyeckue mpebo-
6AHUSL K Ka¥ecmey 600bl YeHMPATUZ08AHHBIX CUCEM NUMbEBO2O B00OCHADIICEHUS.
Koumponws kauecmeay, oeticmsyowezo ¢ 1 mapma 2021 2o0a. Ilpoananuzuposarvl
npeodervHo 00Ny CmuMble KOHYEHMPAyul KaHyepoSeHHbIX XUMULECKUX 8euecms U
3Hauenus Kodghpuyuenmos yKioua u pakmopos nomenyuanbhozo pucka. I[lpose-
OeH cpasHumenvruill ananus oeticmeyrougeco CanlluH 1.2.3685-21 u cmanoapmos
nUmMveoll 600bL U CAHUMAPHBIX peKOMeHOayull Aeenmemea no oxpame oKpyscao-
weitl cpeovt CILIA 3a 2018 200. Onpedenenvt cpednecymounvle 003bl NOCHYNILe-
HUSL KAdc0020 UCCTIe0YeMO20 Geujecmed 6 NUmMsvegyio 600y Ha YPOGHe NpeoeibHO
00nYCMUMbIX KOHYEeHmMpayuu. Ycmanoeneno, 4mo, HecCMomps Ha yacecmoyenue
HOPMAMUBO8 HA HEKOMOPbIE 8elyecn8d, COOepIICAHe MHOSUX KAHYEPO2EHO8 6
600¢ 6 NPedebHo OONYCMUMbBIX KOHYSHMPAYUAX UTU HUIICE MOJCEm NPUGOOUMb K
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6bICOKUM 3HAYEHUSM NOMEHYUATLHO2O KAHYEPOLEHHO20 PUCKA, U He0OX00UM nepe-
YeHb Meponpusmul, OONOIHAIOWULL CYUeCmEYOWUL CIAHOAPMbL KA4ecmed 800bl.

Kniouegvie cnosa: xanyepocenHuiil puck, numvesas 800d; Kavecmeo 600bl,
VPOBeHb 3a2PAZHEHUsL; KAHYEPO2eHb

Jna yumuposanusn. Muxaiinuuenxo K. 1O., Kypbamosa A. 1., Caracap @nopec
K.A., Hozopenviii [I.11., Konosanosa D.E., Casuu A.M. Puck 015 300posbs nacene-
HUSL OM 302PAZHEHU NUMBbEGOU 800bl KAHYEPOLCHHbIMU XUMUYCCKUMU 8eUjeCmea-
MU 8 cucmemax YeHmpanuso8annozo sodocnabcenus // Siberian Journal of Life
Sciences and Agriculture. 2023. T. 15, Ne4. C. 291-306. DOI: 10.12731/2658-6649-
2023-15-4-291-306

Introduction

Negative impact of carcinogenic chemicals on the quality of drinking
water and public health. The aquatic environment is one of the leading envi-
ronmental entities with the largest share of health risks. According to the World
Health Organization, approximately 75% of human diseases are caused precise-
ly by the consumption of poor-quality water [5] and the use of water that does
not meet hygienic standards for domestic purposes.

Providing the population with drinking water is one of the most import-
ant factors that characterize sanitary-epidemiological well-being. Despite the
fact that the discharge of technologically polluted wastewater is decreasing,
the quality of centralized water supply sources does not improve [9]. That is
why among the 17 sustainable development goals specified in the “Agenda for
Sustainable Development” [15] and the report “On Human Development in
the Russian Federation,” there is the goal of “clean water and sanitation” [6].
Ensuring the safety of the drinking water supply is one of the main tasks of the
Russian Federation, which is reflected in the Federal Project “Clean Water”
within the National Project “Ecology,” which has been implemented in Russia
since 2019.

The quality of drinking water consumed by the population is a risk factor for
the development of not only toxic but also carcinogenic effects. An important
factor in preserving the health of the population of the country is the identifica-
tion and elimination of the adverse effects of drinking water on the human body.

The question of the standards for substances with carcinogenic effects is
particularly controversial since many carcinogenic substances do not have a
threshold dose, and even a small number of their molecules can potentially
disrupt the structure of human deoxyribonucleic acid (DNA) and subsequently
cause oncological diseases.
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Therefore, it is reasonable to assume that the levels of maximum permissible
concentrations (MPC) for some substances in the Russian regulatory framework
may be associated with high values of the potential carcinogenic risk.

Within this work, we used the Health Risk Assessment Methodology widely
known abroad and used in Russia for more than ten years [1] and assessed the
risk of oncological diseases in the population consuming drinking water con-
taining some carcinogenic substances on the level of their maximum permissi-
ble concentrations for a long time.

For almost 20 years, hygienic standards for drinking water were regulat-
ed by SanPiN 2.1.4.1074-01 “Drinking Water and Water Supply to Populated
Areas. Drinking Water. Hygienic Requirements for Water Quality of Central-
ized Drinking Water Supply Systems. Quality Control” [4]. New standards
prescribed in SanPiN 1.2.3685-21 “Hygienic Standards and Requirements for
Ensuring the Safety and (or) Harmlessness of Environmental Factors for Hu-
mans” [1] came into force on March 01, 2021. Despite the lower MPC values
for some substances we analyzed (e.g., benzene, vinyl chloride, 1,2-dibro-
mo-3-chloropropane, dichloromethane, arsenic, lead), standards still could not
provide an acceptable maximum level of carcinogenic risk for the population
consuming drinking water contaminated with these substances.

Despite the importance of the topic under consideration, there is a lack of
scientific work and research on assessing the risk of dependencies between the
level of drinking water contamination and the population’s health. However, in
the risk analysis, the main hygienic principle is implemented: preventing threats
to humans and making targeted, managerial decisions that lead to a reduction
in costly financial preventive measures. These factors have determined the rel-
evance, purpose, and objectives of the work.

This work aims to identify the compliance of the hygienic standards for drink-
ing water approved in Russia with the acceptable level of carcinogenic risk estab-
lished by the World Health Organization for some chemicals with carcinogenic
effects. The following tasks were set and solved in the work to achieve this goal:

* Identify chemicals with a carcinogenic effect that are a priority for drink-
ing water (the list of investigated carcinogenic chemicals was given in
subsection 1.2 of this work);

* Determine the average daily intake of each of the investigated substanc-
es into the human body when they are in drinking water at the level of
maximum permissible concentrations;

» Calculate and assess the risks to public health during the oral route of
ingestion of chemicals with carcinogenic effects at the level of their
maximum permissible concentrations;



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne4, 2023 295

* Conduct a comparative analysis of existing SanPiN 1.2.3685-21 “Hy-
gienic Standards and Requirements for Ensuring the Safety and (or)
Harmlessness of Environmental Factors for Humans” and the invalid
SanPiN 2.1.4.1074-01 “Drinking Water and Water Supply to Populat-
ed Areas. Drinking Water. Hygienic Requirements for Water Quality of
Centralized Drinking Water Supply Systems. Quality Control.”

Carcinogenic chemicals polluting the aquatic environment. Among the
priority carcinogenic pollutants of water in centralized drinking water supply
systems, there are substances whose intake is associated with a source of water
supply and contamination of drinking water in the process of water treatment
or its transportation.
Currently, almost all water sources are exposed to technogenic impacts of
varying intensity, which increases the overall health risk and human vulnera-
bility due to changes in the water factor.
The list of carcinogenic chemicals in drinking water studied in this work was
compiled on the basis of the analysis of the following documents:
» SanPiN 2.1.4.1074-01 that have expired on March 01, 2021;
» SanPiN 1.2.3685-21 currently valid;
* document of the Environment Protection Agency (US EPA) “2018 Edi-
tion of the Drinking Water Standards and Health Advisories Tables” [11];

 list of agents (mixtures) carcinogenic, likely carcinogenic, and possibly
carcinogenic to humans, which is developed by the International Agency
for Research on Cancer [16].

In this work, the individual lifelong carcinogenic risk was assessed for the fol-
lowing carcinogenic chemicals polluting the drinking water: 1,1-dichloroethene,
1,2-dibromo-3-chloropropane, 1,2-dichloroethane, acrylamide, benz(a)pyrene,
benzene, beryllium, bromodichloromethane, bromoform, vinyl chloride, hexa-
chlorobenzene, dibromochloromethane, dichloromethane, arsenic, lead, styrene,
carbon tetrachloride, tetrachlorethylene, trichloroethylene, and chloroform.

It should be noted that the health effects of carcinogenic substances in drink-
ing water include various forms of cancer, adverse reproductive outcomes, dis-
eases of the respiratory system, circulatory system, nervous system, and other
health disorders [14].

Basis for assessing the quality of drinking water and associated health
risks. When assessing the individual carcinogenic risk throughout the entire
life, the Risk considers its generally recognized classification into four risk
ranges in accordance with Guideline P 2.1.10.1920-04 [2]:

* Risk < 1x10-6: includes levels of risk that are perceived by all people

to be very low and which do not differ from everyday risks. These risks
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do not require any additional measures to reduce them, and the levels of
such risks are subject to only periodic monitoring;

e 1x10-6 < Risk < 1x10-4: the maximum permissible level of risk. At this
level, many hygienic standards (foreign and recommended by international
organizations) have been established. For drinking water, the WHO uses;

* 1x10-5 as an acceptable risk. Such levels of risk should be constantly mon-
itored; in some situations, additional measures are required to reduce them;

e 1x10-4 < Risk < 1x10-3: an acceptable level of risk for occupational
groups and an unacceptable level of risk for the general population. If such
a risk appears, it is recommended to carry out special health measures;

» Risk>1x10-3: a level of risk unacceptable for the population and occu-
pational groups. In this case, it is necessary to give recommendations to
the persons who make decisions on taking emergency remedial measures
to reduce the risk.

As a theoretical basis for assessing the risk of danger to the population con-
suming drinking water contaminated with carcinogenic chemicals, Methodolog-
ical Recommendations MR 2.1.4.0032-11 “Integral Assessment of Drinking
Water from Centralized Water Supply Systems in Terms of Chemical Safety
Indicators” were used [1]. The method we used to assess the level of carcino-
genic risk is detailed in the next section. The research results are also presented
in the subsequent sections of this work.

Materials and methods

A non-threshold method was used in this work to assess the level of carcino-
genic risk [2]. First of all, the LADD (Lifetime Average Daily Dose) indicator —
the average daily lifetime dose of the substance — was calculated to assess the
risk. The LADD indicator is based on the use of information on the values of
threshold concentrations, which are determined in the course of experimental
studies aimed at developing regulations for the maximum content of harmful
substances in environmental objects.

The Risk indicator — the likelihood of a threat to human life or health or a
threat to the life or health of future generations caused by the impact of envi-
ronmental factors [10] — was calculated using a linear model since the calculat-
ed levels of water pollution by carcinogenic chemicals were at the MPC level:

Risk = SF ,x LADD, (1)
where: SFO (Oral Slope Factor) — slope factor, risk potential factor (a measure
of additional individual risk or the degree of increase in the likelihood of an
adverse effect), (mg/(kg x day))™.
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The Risk indicators were studied within this work and calculated using the
MPC values of some chemicals with carcinogenic properties given in SanPiN
2.1.4.1074-01, SanPiN 1.2.3685-21, the document of the United States Envi-
ronment Protection Agency (US EPA) “2018 Edition of the Drinking Water
Standards and Health Advisories Tables”, and the values of the indicator of
the carcinogenic risk potential factor given in Guideline P 2.1.10.1920-04
(Table 1).

Table 1.
Maximum permissible concentrations of carcinogenic chemicals and values
of the slope factor, the potential risk factor for SFO [1; 4; 7; 125 13]

Maximum permissible con-
Chemi Registra- centrations (MPC) mg/ | SE,,
. emical| . - - (mg/
No. Indicator formula |HOM MUM-| SanPiN | SanPiN (kg x
berCAS | 2.14. | 12, |USEPA| gy
1074-01 | 3685-21
1 | 1,1-dichloroethene | C,H.CL, | 156-59-2| 0.03 0.03 | 005 | 059
o [LZmdibromo-3-chlo-\ - C.H- 1 o5 15 ¢ | 001 | 0001 |0.0002] 7
ropropane Br.Cl
3 | 1,2-dichloroethane | CH,Cl, | 107-06-2 | 0.003 0.003 | 0.005 | 0.091
4 Acrylamide CHNO| 79-06-1 0.01 0.0001 [0.0005| 4.5
5 Benz (a) pyrene C, H, [ 50-32-8 |0.000005| 0.00001 [ 0.0002| 7.3
6 Benzene CH, | 71-43-2 0.01 0.001 | 0.005 | 0.055
7 Beryllium Be |7440-41-7| 0.0002 | 0.0002 | 0.004 4.3
8 Br"ﬁgﬁgﬁi"m' CHBICL| 75-27-4 | 0.03 | 0.03 | 0.08 | 0.062
9 Bromoform CHBr, | 75-25-2 0.1 0.1 0.08 |0.0079
10 Vinylchloride CH.CI | 75-01-4 0.05 0.005 | 0.002 1.9
11 | Hexachlorobenzene | C.Cl. | 118-74-1 0.01 0.001 | 0.001 1.6
1 | Dibromochloro- 1, ooyl 124481 003 | 003 | 008 | 0.084
methane 2
13 | Dichloromethane | CH,Cl, | 75-09-2 7.5 0.02 0.005 | 0.0075
14 Arsenic As  |7440-38-2| 0.05 0.01 0.01 1.5
15 Plumbum Pb  |7439-92-1| 0.03 0.01 0.015 | 0.047
16 Styrene CH, [100-42-5 0.1 0.02 0.1 0.03
17 | Tetrachloromethane| CCI, | 56-23-5 | 0.006 0.002 | 0.005 | 0.13
18 | Tetrachlorethylene | C,Cl, |127-18-4| 0.005 0.005 | 0.005 | 0.052
19 | Trichloroethylene | C HCI, | 79-01-6 | 0.005 0.005 | 0.005 | 0.011
20 Chloroform CHCI, | 67-66-3 0.2 0.06 0.08 | 0.0061
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It is important to note that in the Russian regulatory framework, hygienic
standards for most chemical carcinogens were established without consideration
of their carcinogenic effect. The existing MPC levels for some substances may
be associated with high values of the potential carcinogenic risk.

We calculated the LADD indices for each investigated carcinogenic chem-
ical using the MPC values fixed in various regulatory documents (Table 1) and
the values of the lifetime carcinogenic risk to public health (Table 2).

Table 2.
Values of lifetime carcinogenic risk
Carcinogenic risk value (Risk)
) calculated using the MPC value outlined
No. Indicator Chemical in the following document
formula SanPiN SanPiN

2.1.4.1074-01{12.3685-21| USEPA
1 |1,1-dichloroethene CHCL | =7.6x10* | =7.6x10* | ~1.3x10°

2 |!,2-dibromo-3- CHBrCl| =3x10° | ~3x10* | =6x10°

chloropropane 35T

3 |1,2-dichloroethane C,H,Cl ~1.2x10° | =1.2x10° | =2x10°
4 |Acrylamide CHNO | =19x10° | =1.9x10° | =9.6x10°
5 |Benz (a) pyrene C H, ~ 1.5x10° | =3x10° | =6.3x10°
6 |Benzene CH, ~2.4x107 ~2x10° | =~1.2x107°
7 [Beryllium Be ~3.7x10° | =3.7x10° | = 7.4x10*
8 |Bromodichloromethane CHBrCl, | =~8x10° ~8x10° | =2.1x10*
9 |Bromoform CHBr ~3.4x10° | =3.4x10° | =2.7x10°
10 |Vinylchloride CHCI | =4.1x10° | =~4.1x10* | = 1.6x10*
11 [Hexachlorobenzene C.Cl, ~6.9x10* | =6.9x10° | =6.9x10°
12 |Dibromochloromethane | Br,CHCI | ~1.1x10* | = 1.1x10* | =2.9x10*

13 |Dichloromethane CHCL, | =24x10° | =6x10° | =2x10°
14 |Arsenic As ~3.2x10° | =6.4x10* | = 6.4x10*

15 |Plumbum Pb ~ 6x10% ~2x10% ~3x10°
16 |Styrene CH ~1.3x10* | =2.6x10° | =~ 1.3x10*
17 |Tetrachloromethane Cccl, ~3.3x10° | =1.1x10° | =2.8x10°
18 |Tetrachlorethylene C,Cl, ~1.1x10° | =1.1x10° | = 1.1x10°

19 |Trichloroethylene C,HCI, ~2x10°¢ ~2x10°¢ ~2x10°¢
20 |Chloroform CHCI ~52x10° | = 1.6x10° | =2.1x10°

The research results are presented in the following sections of this work,
and their assessment is given.
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Results

As part of the work, the MPC values of some carcinogenic chemicals were
studied based on examining the existing and expired SanPiNs and a document
from the US Environment Protection Agency. The average daily lifetime dose
of the LADD substance and the likelihood of a threat to human life or health
caused by exposure to chemicals with a carcinogenic effect, Risk, were calcu-
lated using the MPC and SFO values.

As indicated in subsection 1.3 of this work, its classification into four risk
ranges is considered in assessing the carcinogenic risk [3; 8]. Table 3 shows the
values of the risk range determined based on the obtained calculated Risk values.

According to the WHO recommendations regarding the quality of drinking
water, the value of 1x10-5 was chosen as the value of the acceptable carcino-
genic risk. After the analysis of the data obtained, it can be seen that most values
go beyond the designated limit, even despite the fact that many MPC values
have been tightened since March 01, 2021. In Table 3, indicators exceeding the
established norm are highlighted in dark color.

Table 3.
Assessment of the level of risk to public health due to consumption
of drinking water contaminated with carcinogenic chemicals

Assessment of the significance of
_ Chemical carcinogenic risk, Risk
No. Indicator formul (risk range)
ormula - -
SanPiN SanPiN US EPA
2.1.4.1074-01) 1.2.3685-21
1 |1,1-dichloroethene C,H.Cl 3 3 4
2 |1,2-dibromo-3-chloropropane | C.H Br Cl 4 3 2
3 |1,2-dichloroethane C,H,ClL 2 2 2
4 |Acrylamide CHNO 4 2 2
5 |Benz (a) pyrene C H, 2 2 2
6 [Benzene CH, 2 2 2
7 |Beryllium Be 2 2 3
8 |Bromodichloromethane CHBrCl, 2 2 3
9 |Bromoform CHBr 2 2 2
10 [Vinylchloride CH.CI 4 3 3
11 [Hexachlorobenzene C.ClL, 3 2 2
12 |Dibromochloromethane Br,CHCI 3 3 3
13 |Dichloromethane CH,CI, 4 2 2
14 |Arsenic As 4 3 3
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15 [Plumbum Pb 2 2 2

16 [Styrene CH 3 2 3

17 |Tetrachloromethane CCl, 2 2 2

18 |Tetrachlorethylene C.Cl, 2 2 2

19 |Trichloroethylene C,HCI, 2 2 2

20 [Chloroform CHCI, 2 2 2
Discussion

Based on Table 2 “Values of lifetime carcinogenic risk” and Table 3 “As-
sessment of the level of risk to public health due to consumption of drinking
water contaminated with carcinogenic chemicals,” we can note that with the
introduction of SanPiN 1.2.3685-21, in which MPC standards were tightened,
carcinogenic risk values have consequently decreased for the following indi-
cators: 1,2-dibromo-3-chloropropane, acrylamide, vinyl chloride, hexachloro-
benzene, dichloromethane, arsenic, and styrene.

The number of indicators exceeding the established norms has decreased: for
the dichloromethane indicator, the MPC value was tightened in comparison with
SanPiN 2.1.4.1074-01 [3] and SanPiN 1.2.3685-21 [1]; therefore, the carcino-
genic risk for the public health for the dichloromethane indicator has decreased.

For the benzene indicator, despite MPC tightening, carcinogenic risk has not
changed, and the MPC index does not exceed the established norm in compar-
ison with SanPiN 1.2.3685-21 [1] and SanPiN 2.1.4.1074-01 [3].

On the basis of Table 3 “Assessment of the level of risk to public health due
to consumption of drinking water contaminated with carcinogenic chemicals,”
carcinogenic risk values of other indicators have not changed when compared
to SanPiN 1.2.3685-21 [1] and SanPiN 2.1.4.1074-01 [3].

After comparing currently effective SanPiN 1.2.3685-21 [1] with the US
EPA regulations in force in the USA, we should note that the public health risk
from the consumption of drinking water contaminated with carcinogenic chem-
icals is higher in accordance with the US EPA, and some indicators exceed the
established norm in the US EPA system.

Conclusion

As a conclusion, it can be noted that in SanPiN 1.2.3685-21 introduced on
March 01, 2021, the MPC values for some substances analyzed (e.g., benzene,
vinyl chloride, 1,2-dibromo-3-chloropropane, dichloromethane, arsenic, and
lead) decreased, which indicates the tightening of requirements for the quality
of drinking water, but these measures are not enough. In this regard, the fol-
lowing activities are proposed:
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» Establishing maximum permissible concentrations of carcinogenic
chemicals at a level that would provide an acceptable maximum level
of risk for the population when they consume drinking water;

» Conducting an in-depth assessment of aspects of existing problems and
establishing the degree of their priority in relation to other hygienic, en-
vironmental, social, and economic problems;

* Preparing and implementing regulations governing the issues of drinking
water quality assurance.
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