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63.2% of drinking water samples taken over 2011-2015 in Khakass Republic were characterized with dangerously 

high Аa levels; it was caused by natural 234U, 238U radionuclides. Such carcinogenic dangerous substances as cadmium, 
lead, arsenic, beryllium, and chromium, were also found in the samples, though their concentration did not exceed maximum 
permissible one. Individual risks of such stochastic effects as malignant neoplasms caused by natural radionuclides con-
tained in drinking water vary in different administrative districts in the republic. The range is from 3,14х10-6 to 7,81х10-6 

cases per year; collective risks are 0,013-0,288 cases per year for corresponding population size. Individual carcinogenic 
risks caused by content of carcinogenic chemical substances in drinking water vary in different administrative districts in the 
republic within the range from 5,29 х10-5 to 1,04х10-4 cases per year; collective risks are 0,88-2,704 cases per year for cor-
responding population size. 

Total population carcinogenic risks caused by content of carcinogenic chemical substances and natural radionuclides 
in drinking water over the observations period amounted to the following values: Altaiskiy district (2,903 per 26000 people), 
Beyskiy district (1,123 per 18500 people), Bogradskiy district (0,98 per 15000 population), Shirinskiy district (2,63 per 
27100 people), Ordzhonikidzevskiy district (1,178 per 11900 population), Ust-Abakanskiy district (2,79 per 41100 popula-
tion). 

Drinking water contribution into primary oncologic morbidity of population amounted to 0.5-1% in administrative dis-
tricts of the republic. And today, in relation to that, implementation of any measures aimed at lowering carcinogenic risks 
caused by drinking water is not obligatory. But still, as seismic activity in the republic has been considered rather high over 
the last 5 years, laboratory monitoring of household water supply as per radiation safety and carcinogenic risks assessment 
are carried out as planned.  
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 Introduction. The issue of qualitative 

drinking water supply to population becomes 
more vital every year due to depletion of fresh 
water resources, considerable anthropogenic load 
on surface water ponds and underground water-
bearing horizons, water contamination with 
chemicals including carcinogenic ones [2–
4,7,9,16,17]. Drinking water quality and safety 
exert significant influence on population health. 
And in relation to that an existing assessment 
system based on the principle of water 
“conformity / inconformity” to hygienic standards 
cannot be considered efficient. And a new integral 
system assessing qualitative and quantitative 
characteristics of harmful influence on population 
health and based on risk assessment methodology 
is becoming more widely used [1,8,10–12,14,15]. 

Research devoted to risks of carcinogenic and 

non-carcinogenic effects caused by drinking water 
containing chemical pollutants was accomplished 
in a number of Russian regions. It determined un-
acceptable risk levels exceeding maximum permis-
sible population health risk [2,3,4,9,16].  

Vasilevskiy et al (2015) examined drinking 
water in Krasnoyarsk region and assessed carcino-
genic risks caused by drinking water containing 
carcinogenic chemicals (arsenic, lead, cadmium, 
chromium, beryllium, chlorine-organic compounds 
and others); they stated that total carcinogenic in-
dividual risks varied in settlements of different 
types. Thus, they amounted to 25,47х10-5 in big 
cities; to 46,18х10-5 in average-size towns, to 
48,42х10-5 – 59,88х10-5 in countryside settlements.  
Arsenic, chromium, aldrin, atrasin, heptachlorine 
and brominedichlorinemethane make the greatest  
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contribution into total carcinogenic individual risks 
[4]. 

Zavodova (2014) determined such carcinogen-
ic substances as lead, cadmium, and chromium, in 
drinking water in Saransk in her work. As per her 
calculation results, individual risk varied within 
1х10–5–1х10–7 range.  Average total carcinogenic 
risks in Saransk amounted to 5,7х10–5. Population 
carcinogenic risks (PCR) amounted to 17 cases (to-
tal city population is 297.9 thousand people) [6].  

Total individual carcinogenic risk for popula-
tion health caused by chemical contamination of 
drinking water was 8,5х10-5 in Omsk region. Arse-
nic accounted for 80.5% of this carcinogenic risk 
value [16]. 

Carcinogenic risks for population health in ru-
ral districts of Irkutsk region caused by chemical 
contamination of underground sources water 
amounted to 1,56х10-5-2,1х10-5 for 22,2 thousand 
rural inhabitants. The main carcinogenic substances 
were arsenic (56.3-100% contribution), hexavalent 
chromium (29.9-35.8% contribution) [2]. 

Drinking water was assessed in Tuymazinskiy 
district settlements in Bashkortostan. Total individ-
ual carcinogenic risks for population health caused 
by chemical substances in drinking water (chromi-
um, cadmium, DDT, 2.4 dimethylpentane, lindane) 
varied within 3.5х10-5 – 1.6х10-4 range. Carcinogen-
ic risk was caused by lindane exposure (CR was 
3.4х10-5–1.2х10-4) and chromium exposure (CR 
equal to 1.5х10-5 – 2.9х10-5) [3]. 

Research accomplished in Novosibirsk showed 
that drinking water quality lowered after purification 
at pump and filter stations as carcinogenic risk 
grew; it was due to chlorine-organic substances con-
tent. Still, carcinogenic effects risks did not exceed 
acceptable levels (0.00001). We should note that 
non-carcinogenic effects risks decrease after water 
treatment [17].   

Research goal. Our goal was to assess car-
cinogenic risks for the population of Khakass Re-
public caused by drinking water intake, and to de-
termine if any measures aimed at risk reduction 
were necessary. 

 
Research tasks. Our tasks were to accomplish 

hygienic assessment of drinking water in Khakass 
Republic as per radiological parameters and car-
cinogenic chemicals content. We also had to calcu-
late annual effective dozes of internal irradiation 
caused by natural radionuclides contained in drink-
ing water. Other tasks were to assess carcinogenic 
risks for population health caused by drinking water 
intake and to determine necessity of health risk 

management and implementation of measures 
aimed at risk reduction. 

 
Data and methods. Household water supply 

to population of Khakass Republic was our research 
object. We accomplished hygienic assessment of 
drinking water as per radiation safety and carcino-
genic chemicals content basing on the results of la-
boratory research carried out by FBHO “Hygiene 
and Epidemiology Center in Khakass Republic” test 
laboratory center (accreditation certificate 
ГСЭН.RU.ЦОА.085). To accomplish research we 
used the following techniques: alpha-beta radio-
metric technique with radiochemical preparation of 
countable samples; gamma-spectrometry; alpha-
spectrometry with radiochemical preparation and 
spontaneous electrochemical deposition; chroma-
tography; atomic absorption; and others. 

Over 2011-2015 observation period 2,624 
drinking water samples and water from water sup-
ply sources were examined as per radiological pa-
rameters and carcinogenic chemicals content. Total 
research number amounted to approximately 
12,775; research took place in all administrative 
districts of the republic; cities: Abakan, Sa-
yanogorsk, Chernogorsk (Prigorsk urban settle-
ment), Abiza, Sorsk; districts: Altayskiy, Askizskiy, 
Beyskiy, Bogradskiy, Ordzhonikidzevskiy, 
Tashtyipskiy, Ust-Abakanskiy, and Shirinskiy. The 
assessment objects were household water supply 
sources; they included 97.5% of drinking water 
supply in the republic providing water for about 
97% of all the republic population. 

Assessment of carcinogenic risk for population 
health caused by chemicals polluting drinking water 
was accomplished according to Р 2.1.10.1920-04 
“Guidelines on assessment of population health risk 
under exposure to chemicals which pollute envi-
ronment” [15]. In order to assess carcinogenic ef-
fects risks we calculated individual carcinogenic 
risks for each carcinogenic substance (CR) in drink-
ing water; individual carcinogenic risks for sub-
stances mixture in drinking water; and population 
carcinogenic risks (PCR).  

Individual carcinogenic risks (CR) for each 
“carcinogenic” substance in drinking water were 
determined as per average “carcinogenic” substanc-
es concentrations in drinking water (LADC) taking 
unitary risk values (risk per 1 mgr/l) (UR) into ac-
count. Unitary risk values (UR) were calculated 
with the use of SF values, standard human body 
weight (70 kg) and daily drinking water intake (2 
liters per day). Unitary risk values were: 0.0108 
mgr/l for cadmium; 0.0013 mgr/l for lead; 0.0428 



Assessment of carcinogenic health risk caused by drinking water intake…  

 43

mgr/l for arsenic; 0.1228 mgr/l for beryllium; 0.012 
mgr/l for chromium. 

Assessment of carcinogenic health risk for 
population caused by drinking water intake in case 
of its inconformity to requirements set for radiologi-
cal parameters was accomplished in accordance 
with 2.6.1.2523-09 Sanitary and Epidemiologic Re-
quirements [7]. We used principles of linear non-
threshold theory explaining dependence of stochas-
tic effects risk on radiation doze as grounds for risks 
calculation. According to this theory risk value is 
proportional to radiation doze and correlates with 
this doze through linear coefficients of radiation risk 
[8]. We calculated annual effective doze of internal 
irradiation caused by natural radionuclides con-
tained in drinking water in accordance with 
2.6.1.2523-09 Sanitary and Epidemiologic Re-
quirements [7] and 2.6.1.2397-08 Methodical 
Guidelines [13]. To process all the obtained data 
statistically, we used Microsoft Office Excel appli-
cation. 

Results and discussion. We determined that 
over 2011-2015 observation period 63.2% of exam-
ined drinking water samples exceeded control level 
as per specific total alpha-activity (Аa). We detected 
no control level excess in case of specific total beta-
activity. 

Аa values in examined samples varied within 0.03-
4.9 Bq/kg range (control level is 0.2 Bq/kg). Water 
samples with Аa values exceeding control level 
were detected in Sorsk, Shirinskiy, Ordzhonikidzev-
skiy, Bogradskiy, Ust-Abakanskiy, Altayskiy,  
Beyskiy, and Tashtyipskiy districts, Prigorsk urban 
settlement. We carried out radionuclide water com-
position in those areas in order to determine specific 
activities of uranium-238 (238U), uranium-234 
(234U), polonium-210 (210Po), lead-210 (210Pb), radi-
um-228 (228Ra), radium-226 (226Ra)  (table 1).  

We defined that Аa high levels were caused 
by 238U, 234U natural radionuclides. Maximum 
specific activities of 234U were detected in Novo-
troitskoye village of Beyskiy district (3.46±0.32 
Bq/kg) and in Novorossiyskoye village of Al-
taiskiy district (2.18±0.27 Bq/kg). 

Natural radionuclides in drinking water 
found in the republic cause increased annual indi-
vidual effective dozes of internal irradiation 
(0.065 mSv/year), which are two times higher 
than average level in Russia (0.035 mSv/year) [5]. 
Average individual annual effective dozes of in-
ternal irradiation in Khakass Republic caused by 
radionuclides in drinking water vary within 0.01 – 
0.11 mSv/year (table 2). 

T a b l e  1  
Natural radionuclides’ specific activities  
(average values over 2011-2015), Bq/kg 
Areas 238U 234U 210Pb 210Po 222Rn 228Ra 226Ra 

Altayskiy district 0,27 0,74 0,05 0,02 13 0,05 0,03 
Beyskiy district 0,28 0,76 0,05 0,02 13 0,05 0,03 

Bogradskiy district 0,13 0,34 0,05 0,02 17 0,05 0,03 
Ordzhonikidzev-

skiy district 0,07 0,18 0,05 0,02 18 0,05 0,03 

Prigorsk urban 

settlement 0,12 0,2 0,05 0,02 14 0,05 0,03 

Sorsk 0,13 0,34 0,05 0,02 19 0,05 0,03 
Tashtyipskiy dis-

trict 0,1 0,21 0,05 0,02 13 0,05 0,03 

Ust-Abakanskiy 

distrcit 0,16 0,44 0,05 0,02 14 0,05 0,03 

Shirinskiy district 0,1 0,28 0,05 0,02 16 0,05 0,03 
Interference levels 3,0 2,8 0,2 0,11 60 0,2 0,49 

T a b l e  2  
Assessment of average annual collective and indi-

vidual effective dozes of internal irradiation caused 
by natural radionuclides in drinking water  

(average values for 2011-2015)  

Administrative  
territories 

Individual 
dozes,  

mSv/year 

Population
people 

Collective 
dozes,  
people- 

mSv/year 
Altayskiy district 0,107 ± 0,0037 26000 2,79 ± 0,097 
Beyskiy district 0,106 ± 0,005 18500 1,96 ± 0,101 

Bogradskiy district 0,091 ± 0,0013 15000 1,37 ± 0,02 
Ordzhonikidzevskiy 

district 0,083 ± 0,0018 11900 0,98 ± 0,02 

Prigorsk urban  

settlement 0,078 ± 0,0007 2434 0,189 ± 0,001 

Sorsk 0,09 ± 0,001 11500 1,04 ± 0,021 
Tashtyipskiy 

district 0,043 ± 0,006 15700 0,66 ± 0,13 

Ust-Abakanskiy 

district 0,096 ± 0,0034 41100 3,94 ± 0,154 

Shirinskiy district 0,087 ± 0,002 27100 2,36 ± 0,06 

 
The values were less than 0.1 mSv/year in Or-

dzhonikidzevskiy district, Bogradskiy district, Ust-
Abakanskiy district, Shirinskiy district, Tashtyipskiy 
district, Askizskiy district, Sorsk, Prigorsk urban set-
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tlement. And they were within 0.1-0.11 mSv/year 
exceeding 0.1 mSv/year [7,13]. 

According to conventional linear non-threshold 
theory of stochastic effects risks dependence on radi-
ation doze, risk value is proportional to radiation doze 
and correlates with it through linear coefficients of 
radiation risk (coefficient risk for malignant neo-
plasms is equal to 5.5х10-2 Зв-1) [7]. 
As per results of our calculations individual risks 
of stochastic effects evolvement (here we mean 
malignant neoplasms) varied within 3.14х10-6-
7.81х10-6 cases per year in different administrative 
districts of the republic (table 3). 

The obtained calculations results exceeded 
the level of negligible small risk equal to 1*10-6 
and fixed by 2.6.1.2523-09 Sanitary and Epide-
miologic Requirements [7]. 

T a b l e  3  

Assessment of collective and individual risks of 
stochastic effects evolvement (in the form of ma-

lignant neoplasms), cases per year  

Administrative 
districts Individual risks 

Populati
on, 

people 

Collective 
risks 

Altayskiy 
district 7,81·10–6 ± 2,7 ·10–7 26000 0,203 ± 0,007 

Beyskiy district 7,74·10–6 ± 3,65·10–7 18500 0,143 ± 0,006 

Bogradskiy 
district 6,64·10–6 ± 9,49·10–8 15000 0,099 ± 0,001 

Ordzhonikidzev
skiy district 6,06·10–6 ± 1,31·10–7 11900 0,072 ± 0,001 

Prigorsk urban 
settlement 5,69·10–6 ± 5,11·10–8 2434 0,013 ± 

0,0001 

Sorsk 6,57·10–6 ± 8,76·10–7 11500 0,075 ± 0,01 

Tashtyipskiy 
district 3,14·10–6 ± 4,38·10–7 15700 0,049 ± 0,006 

Ust-Abakanskiy 
district 7,01·10–6 ± 2,78·10–7 41100 0,288 ± 0,011 

Shirinskiy 
district 6,35·10–6 ± 1,46·10–7 27100 0,172 ± 0,003 

Assessment of carcinogenic health risk 
caused by drinking water intake for population of 
Khakass Republic. 

Over 2011-2015 observation period accom-
plished laboratory research showed that carcino-
genic chemicals content in drinking water and in 
household water supply sources did not exceed 
hygienic standards. We could not detect DDT, 
hexachloran, 2.4 dimethylpentane acid, benzene, 
chlorine benzene, ethylbenzene, styrene, xylene, 
toluene, benzpyrene, 1.2 dichloroethane, carbon 
tetrachloride, chloroform, aluminium, and manga-

nese, in drinking water in all administrative dis-
tricts even at the lower level of devices’ (methods) 
receptiveness. 

But still, such dangerous carcinogenic sub-
stances as cadmium, lead, arsenic, beryllium, and 
chromium, were detected within maximum permis-
sible concentrations in household water in Ordzho-
nikidzevskiy district, Shirinskiy district, Ust-
Abakanskiy district, and Bogradskiy district. 
Chromium, lead, beryllium, and arsenic were de-
tected within maximum permissible concentrations 
in Beyskiy district and Altayskiy district (table 4). 

T a b l e  4  
Average carcinogenic substances concentrations 

(average values over 2011-2015), mgr/l 
Administrative 

districts Beryllium Cadmium Arsenic Lead Chromium 

Altayskiy 
district 0,000064 – 0,0015 0,0009 0,003 

Beyskiy 
district 0,000056 – 0,001 0,00015 0,001 

Bogradskiy 
district 0,000066 0,0002 0,001 0,00009 0,0015 

Ordzhonikid-
zevskiy 
district 

0,000042 0,00013 0,002 0,00024 0,001 

Ust-
Abakanskiy 

district 
0,000058 0,0002 0,0007 0,0009 0,0025 

Shirinskiy 
district 0,000034 0,0003 0,0015 0,0027 0,0025 

Maximum 
permissible 

concentration 
0,0002 0,001 0,05 0,03 0,05 

 
According to calculation results individual 

carcinogenic risks (CR) for each “carcinogenic” 
substance were contained in drinking water in 
concentrations which didn’t exceed upper limit of 
acceptable risk 1х10-4 (less than 0.0001). But still, 
individual carcinogenic risks caused by arsenic 
content in drinking water were equal to upper lev-
el of acceptable risk (0,6х10-4 – 0,8х10-4) in 
Altayskiy district. Shirinskiy district, and Or-
dzhonikidzevskiy district (table 5). 

Individual carcinogenic risks (CR) caused by 
beryllium, cadmium, and leas contents in drinking 
water, were authentically lower than the negligi-
ble risks level (1,0х10-6) in all administrative dis-
tricts of the republic. Therefore, we can consider 
carcinogenic risks for population caused by such 
substances’ content in drinking water to be negli-
gible.  

Individual carcinogenic risks for substances’ 
mixture (CRT) in drinking water were defined by 
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summation of individual carcinogenic risks (CR) 
for each separate “carcinogenic” substance. 

T a b l e  5  
Individual carcinogenic risks (CR),  

caused by “carcinogenic” substances in drinking 
water (per each substance) and total risks (CRT)* 
Administrativ

e district 
Berylliu

m 
Cadmiu

m Arsenic Lead Chromi
um CRT 

Altayskiy 
district 0,78·10–6 – 0,6·10–4 0,1·10–6 3,6·10–5 1,04 

E-04 
Beyskiy 
district 0,68·10–6 – 0,4·10–4 0,2·10–6 1,2·10–5 5,29 

E-05 
Bogradskiy 

district 0,8·10–6 0,21·10–6 0,4·10–4 0,1·10–6 1,8·10–5 5,91 
E-05 

Shirinskiy 
district 0,4·10–6 0,32·10–6 0,6·10–4 0,3·10–6 3,0·10–5 9,10 

E-05 
Ordzhonikidz
evskiy district 0,5·10–6 0,14·10–6 0,8·10–4 0,3·10–6 1,2·10–5 9,29 

E-05 
Ust-

Abakanskiy 
district 

0,7·10–6 0,21·10–6 0,3·10–4 0,1·10–6 3,0·10–5 6,10 
E-05 

*calculated for 95%-percentile level of impurity con-
tent in drinking water. 

According to calculation results, individual 
carcinogenic risks for substances’ mixture (beryl-
lium, cadmium, arsenic, lead, and chromium) in 
drinking water were detected within acceptable 
risk level 1х10-4 (less than 0.0001) in Beyskiy 
district, Bogradskiy district, and Ust-Abakanskiy 
district. Individual carcinogenic risks for sub-
stances’ mixture (beryllium, cadmium, arsenic, 
lead, and chromium) in drinking water were just 
at the acceptable risk level 1х10-4 in Altayskiy 
district, Shirinskiy district, and Ordzhonikidzev-
skiy district. 

T a b l e  6  
Individual carcinogenic risks  
for substances mixture (CRT) 

and population carcinogenic risks (PCR)* 

Administrative district CRT Population, 
people PCR 

Altayskiy district 1,04 ·10–4 26000 2,704 
Beyskiy district 5,29 ·10–5 18500 0,9787 

Bogradskiy district 5,91·10–5 15000 0,8865 
Shirinskiy district 9,10 ·10–5 27100 2,4661 

Ordzhonikidzevskiy 
district 9,29 ·10–5 11900 1,1055 

Ust-Abakanskiy  
district 6,10 ·10–5 41100 2,5071 

*calculated for 95%-percentile level of impurity con-
tent in drinking water. 

Population carcinogenic risks (PCR) were de-
termined on the ground of individual carcinogenic 

risks taking population number who drank the exam-
ined water into account. According to calculation re-
sults number of neoplasms cases caused by effect of 
above-stated “carcinogenic” substances’ content in 
drinking water, varied within 0.88-0.97 range in 
Beyskiy and Bogradskiy districts, within 2.4-2.7 in 
Altayskiy district, Shirinskiy district, and Ust-
Abakanskiy district (table 6). 

Total population carcinogenic risks caused 
by carcinogenic substances and natural radionu-
clides’ content in drinking water over the obser-
vation period amounted to 2.903 per 26,000 peo-
ple in Altayskiy district, 1.123 per 18,500 people 
in Beyskiy district, 0.98 per 15,000 people in 
Bogradskiy district, 2.63 per 27,100 people in 
Shirinskiy district, 1.178 per 11,900 people in 
Ordzhonikidzevskiy district, 2.79 per 41,100 peo-
ple in Ust-Abakanskiy district. 

We used the obtained values of population 
carcinogenic risks to calculate relative indexes per 
100,000 people in each administrative district. The 
greatest indexes values were detected in Altayskiy 
district (11.20/000), Ordzhonikidzevskiy district 
(9.890/000), and Shirinskiy district (9.70/000). The 
indexes amounted to 6.530/000; 6.070/000; 6.780/000 
correspondingly in Bogradskiy district, Beyskiy 
district, and Ust-Abakanskiy district. 

Over 2011-2015 observation period primary 
morbidity level for neoplasms amounted to 
1103.46±123.50/000 in the republic. The highest 
levels were detected in Altayskiy district 
(1469.5±366.90/000), Shirinskiy district 
(1636.56±847.90/000), Ordzhonikidzevskiy district 
(1340.16±548.30/000), Sorsk (1513.2±350.90/000), 
and Chernogorsk (1479.56±346.140/000). 

Drinking water contribution into primary on-
cological morbidity amounted to 0.5-1% in all ad-
ministrative districts of the republic. Therefore, 
any activities aimed at lowering carcinogenic risks 
associated with drinking water are not obligatory 
for now. But still, as seismic activity in the repub-
lic has been high over the last 5 years, laboratory 
monitoring of household water supply as per radia-
tion safety and carcinogenic risks assessment are to 
be accomplished in fixed scope. 

 Conclusions. Over the observation period 
63.2% of drinking water samples taken in the Kha-
kass Republic were characterized with increased 
Аa control levels caused by 234U and 238U natural 
radionuclides. Such dangerous carcinogenic sub-
stances as cadmium, lead, arsenic, beryllium, and 
chromium, were also detected, though in quantities 
lower than maximum permissible concentration. 
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 Individual risks of stochastic effects 
evolvement (in the form of malignant neoplasms) 
caused by natural radionuclides’ content in drink-
ing water varied within 3.14х10-6-7.81х10-6cases 
per year in different administrative districts of the 
republic. Collective risks were 0.013 – 0.288 cases 
per year per corresponding population number. 
Individual carcinogenic risks caused by carcino-
genic substances’ content in drinking water varied 
within 5.29 х10-5- 1. 04х10-4 cases per year in dif-
ferent administrative districts of the republic. Col-
lective risks 0.88 – 2.704 were cases per year per 
corresponding population number. 

Total population carcinogenic risks caused by 
carcinogenic substances’ and natural radionu-
clides’ content in drinking water over the observa-
tion period amounted to 3 cases per 26,000 people 
in Altayskiy district, 1 case per 18,500 people in 

Beyskiy district, 1 case per 15,000 people in 
Bogradskiy district, 3 cases per 27,100 people in 
Shirinskiy district, 1 case per 11,900 people in Or-
dzhonikidzevskiy district, and 3 cases per 41,100 
people in Ust-Abakanskiy district. Calculated con-
tribution of drinking water into primary oncologic 
morbidity was probably equal to 0.5-1% in the 
administrative districts of the republic. The data 
prove that any activities aimed at lowering car-
cinogenic risks associated with drinking water 
quality are not obligatory. Still, we advise to con-
tinue laboratory monitoring of household water 
supply as per radiation safety and carcinogenic 
risks assessment in full conformity with all pro-
grams approved by Rospotrebnadzor (Federal Ser-
vice for Surveillance over Consumer Rights Pro-
tection and Human Well-being). 

 
References 

1. Belyaev E.N., Fokin M.V, Novikov S.M., Prusakov V.M., Shashina T.A., Shayakhmetov S.F. Aktual'nye 
problemy sovershenstvovaniya otsenki riska zdorov'yu naseleniya dlya obespecheniya sanitarno-epidemiologi-
cheskogo blagopoluchiya [Actual problems of improving the assessment of health risk for assurance of the sanitary 
and epidemiological well-being]. Gigiena i sanitariya, 2013, no. 5, pp. 53–56 (in Russian). 

2. Bezgodov I.V., Efimova N.V., Kuz'mina M.V. Kachestvo pit'evoy vody i risk dlya zdorov'ya naseleniya 
sel'skikh territoriy Irkutskoy oblasti [Assessment of the quality of drinking water and risk for the population’s 
health in rural territories in the Irkutsk region]. Gigiena i sanitariya, 2015, no. 2, pp. 15–19 (in Russian). 

3. Valeev T.K., Suleymanov R.A., Rakhmatullin R.N. Kharakteristika riska dlya zdorov'ya naseleniya, 
svyazannogo s kachestvom podzemnykh vod neftedobyvayushchikh territoriy Respubliki Bashkortostan [The char-
acteristic of risk for health of the population connected with quality of underground waters of oil-extracting territo-
ries of republic bashkortostan]. Zdorov'e naseleniya i sreda obitaniya, 2014, no. 1, pp. 28–30 (in Russian). 

4. Vasilovskiy A. M., Kurkatov S.V., Mikhayluts A.P., Skudarnov S.E. Gigiena sredy obitaniya v Krasnoyar-
skom krae [Hygiene of environment in the Krasnodar Territory]. Novosibirsk: Nauka, 2015, pp. 61–80 (in Russian). 

5. Dozy oblucheniya naseleniya Rossiyskoy Federatsii po itogam funktsionirovaniya ESKID v 2002–2015 gg: 
Informatsionnyy sbornik [Doses of the radiation impact to the population of the Russian Federation on the basis of 
the functioning of ESKID in 2002–2015: Information Collection]. St. Petersburg: NIIRG, 2015, 40 p. (in Russian). 

6. Zavodova E.I., Leonova A.A., Os'kina O.F. Harakteristika riska dlja zdorov'ja naselenija goroda Saranska 
Respubliki Mordovija, svjazannogo s kachestvom pit'evoj vody centralizovannogo vodosnabzhenija [Characteriza-
tion of the population health risk of the city of Saransk, Republic of Mordovia, associated with the quality of cen-
tralized drinking water supply]. Materialy Vserossijskoj nauchno-prakticheskoj konferencii s mezhdunarodnym 
uchastiem: v 2 t. In: A.Ju. Popova A.Ju., akad. RAN N.V. Zaitseva eds. Perm': Knizhnyj format, 2014, vol. 1, pp. 
302–305 (in Russian). 

7. Zaitseva N.V., May I.V., Balashov S.Ju. Mediko-biologicheskie pokazateli sostojanija zdorov'ja naselenija 
v uslovijah kompleksnogo prirodno-tehnogennogo zagrjaznenija sredy obitanija [Medical and biologic parameters 
of the population health state in conditions of inhabitancy complex natural-technogenic pollution]. Izvestija Samar-
skogo nauchnogo centra Rossijskoj akademii nauk, 2009, vol. 11, no. 1–6, pp. 1144–1148 (in Russian). 

8. Ocenka doz obluchenija grupp naselenija, podvergajushhihsja povyshennomu oblucheniju za schet prirod-
nyh istochnikov ionizirujushhego izluchenija: MU 2.6.1.2397-08 (utv. Glavnym gosudarstvennym sanitarnym vra-
chom RF ot 02.07.2008 g.) [Evaluation of radiation impact on the society groups at higher exposure of radiation 
due to natural sources of ionizing radiation: MU 2.6.1.2397-08 (approved by the chief sanitary doctor of the Rus-
sian Federation from 02.07.2008)]. Moscow, 2008, 36 p. (in Russian). 

9. O sostojanii sanitarno-jepidemiologicheskogo blagopoluchija naselenija v Rossijskoj Federacii v 2014 
godu: Gosudarstvennyj doklad [On the state of sanitary and epidemiological welfare of the population in the Rus-
sian Federation in 2014: State Report]. Moscow: Federal'naja sluzhba po nadzoru v sfere zashhity prav potrebitelej i 
blagopoluchija cheloveka, 2015, 206 p. (in Russian). 

10. Onishсhenko G.G. Aktual'nye zadachi gigienicheskoj nauki i praktiki [Actual problems of hygiene science 
and practice in the preservation of Public health]. Gigiena i sanitarija, 2015, vol. 94, no. 3, pp. 5–9 (in Russian). 



Assessment of carcinogenic health risk caused by drinking water intake…  

 47

11. Onishchenko G.G., Zaitseva N.V. Analiz riska zdorov'yu v strategii gosudarstvennogo sotsial'no-
ekonomicheskogo razvitiya: monografiya [Analysis of health risks in the strategy of socio-economic development: 
a monograph]. Moscow, Perm': Izd-vo Permskogo natsional'nogo politekhnich. un-ta, 2014, 738 p. (in Russian). 

12. Onishchenko G.G., Romanovich I.K. Osnovnye napravleniya obespecheniya radiatsionnoy bezopasnosti 
naseleniya Rossiyskoy Federatsii na sovremennom etape [Current trends of the provision for radiation safety of the 
population of the Russian Federation]. Radiatsionnaya gigiena, 2014, no. 4, pp. 5–22 (in Russian). 

13. Avaliani, S.L., Bezpal'ko L.E., Bobkova T.E., Mishina A.L. Perspektivnye napravleniya razvitiya metod-
ologii analiza riska v Rossii [The perspective directions of development of methodology of the analysis of risk in 
Russia]. Gigiena i sanitariya, 2013, no. 1, pp. 33–36 (in Russian). 

14. Rukovodstvo po ocenke riska dlja zdorov'ja naselenija pri vozdejstvii himicheskih veshhestv, zagrjaznja-
jushhih okruzhajushhuju sredu R 2.1.10.1920-04 [Guide to health risk assessment when exposed to chemicals pol-
luting the environment R 2.1.10.1920-04 P]. Moscow: Federal'nyj centr Gossanjepidnadzora Minzdrava Rossii, 
2004, 143 p. (in Russian). 

15. Normy radiatsionnoy bezopasnosti (NRB 99/2009): SanPiN 2.6.1.2523-09 (utv. Postanovleniem 
Glavnogo gosudarstvennogo sanitarnogo vracha RF ot 07 iyulya 2009 g. N 47) [Radiation Safety Standards (NRB 
99/2009): SanPiN 2.6.1.2523-09 (approved by the Resolution of the Chief State Sanitary Doctor of the Russian 
Federation of July 07, 2009 N 47)]. Moscow: Federal'nyy tsentr gigieny i epidemiologii Rospotrebnadzora, 2009, 
101 p. (in Russian). 

16. Fedorov A.S. Mysh'yak kak faktor riska dlya zdorov'ya naseleniya Omskoy oblasti [Arsenic as a risk fac-
tor for the health of the population of Omsk region]. In: G.G. Onishchenko, N.V. Zaitseva, eds. Fundamental'nye i 
prikladnye aspekty analiza riska zdorov'yu naseleniya: materialy vseros. nauch.-prakt. internet-konferentsii mo-
lodykh uchenykh i spetsialistov Rospotrebnadzora, Perm': Knizhnyy format, 2013, pp. 106 (in Russian). 

17. Kharitonenko N.A. Otsenka riska zdorov'ya naseleniya g. Novosibirska pri upotreblenii pit'evoy vody 
[Health Risk to the population of Novosibirsk in the use of drinking water Assessment]. In: G.G. Onishchenko, 
N.V. Zaitseva. Fundamental'nye i prikladnye aspekty analiza riska zdorov'yu naseleniya: materialy vseros. nauch.-
prakt. internet-konferentsii molodykh uchenykh i spetsialistov Rospotrebnadzora, Perm': Knizhnyy format, 2013, 76 
p. (in Russian). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pivovarova E.A., Shibanova N.Yu. Evaluation of carcinogenic risk to public health of the republic of khakas-

sia associated with consumption of drinking water Health Risk Analysis. 2016, no. 3, pp. 44–52. DOI: 
10.21668/health.risk/2016.3.05.eng 
 
 
 
 


