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Our research goal was to assess health risks for population who consumed drinking water with specific 

chemical structure systematically and for a long time. Drinking water quality is determined by conditions exist-
ing in hydrogeochemical provinces where rocks and soils contain increased concentrations of such hazardous 
metals as chromium, nickel, lead, manganese, and iron. We showed that low frequency or even absence of non-
conformity to hygienic standards for admixtures in drinking water doesn't fully guarantee its safety in compli-
cated hydrogeochemical conditions. 

When certain carcinogenic admixtures (cadmium, chromium, nickel, arsenic, and lead) occur together in 
drinking water even in low concentrations, it can cause unacceptable population health risks. Drinking water 
taken in examined geochemical provinces in Perm region causes individual lifelong carcinogenic risk which is 
(under the worst exposure scenarios) equal to 4 · 10-3. It can be ranked as De manifestis Risk and requires im-
mediate measures to be taken by those responsible to reduce it. Unacceptable non-carcinogenic risks are caused 
by joint concentrations of arsenic, strontium, and some other compounds in drinking water. The highest risks 
existing on the examined territories were detected in relation to gastrointestinal tract diseases (HI up to 10.9, 
basic risk factor is chromium and its compounds), musculoskeletal system diseases (HI up to 11.8, strontium as a 
basic factor), and central nervous system diseases (HI up to 11.8, basic factors are arsenic, manganese, and 
lead). Contributions made by various elements into overall risks were different in different provinces.  

In some cases, when a certain element occurs in the crust in hazardous concentrations, its contents in drinking 
water are not observed. We recommend organizations that deal with water supply and sanitary surveillance bodies to 
take into account peculiarities of a geochemical province and to include admixtures that are contained in the envi-
ronment in high quantities into monitoring programs and laboratory research.  
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The supreme governmental bodies in our 

country rank provision of population with qualita-
tive and, consequently, safe drinking water among 
top priorities of the state1. The task is not simple as 

quality of water which is supplied to consumers 
depends on multiple factors, such as natural com-
posure of water taken from this or that water 
source, anthropogenic influence (primarily, vol-
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umes and composure of sewage water discharged 
into surface water sources or pumped into under-
ground water horizons), water treatment technolo-
gies and reactants applied in the process, state of 
infrastructure etc. [1–3]. Anthropogenic pollution, 
technical and technological equipment of water 
treatment systems are manageable factors, while it 
is practically impossible to change natural chemi-
cal structure of a water objects by means that are 
contemporarily available to us. The situation be-
comes even more complicated in such cases when 
a water source that doesn't fully correspond to hy-
gienic requirements has no alternatives or all the 
water objects located on a specific territory are 
very similar in their chemical structure due to its 
natural geochemical peculiarities. The latter is 
quite typical of hydrogeochemical provinces and it 
is quite often a very complicated task to supply 
qualitative and safe drinking water to people who 
live there. For example, experts detected natural 
arsenous anomalies in such countries as Argentina, 
Nepal, Cambodia, Ghana, China, Bangladesh, and 
Iran; these anomalies exerted substantial impacts 
on quality of natural and drinking water [4, 5]. 
One-shot examinations allowed to obtain data on 
As concentrations in water reaching 2,500 mg/l 
and it means such water was unsafe for people's 
health [6].  

Experts from Turkey mention problems relat-
ed to natural increased concentrations of Pb in 
drinking water sources  [7]. Hazardous concentra-
tions of U, As, and Se in underground waters con-
sumed by population were described in works by 
Mongolian experts [8]. High concentrations of flu-
orides cause unacceptable health risks for people 
living in Mastung, Mangochar, and Pringabad re-
gions of Baluchistan province in Pakistan [9, 10] 
etc. 

As per data provided by some experts, there are 
large regions in Russia where underground drinking 
water contains increased concentrations of toxic ele-
ments and causes health disorders among population 
[11]. Thus, quality of underground water in the Re-
public of Dagestan was studied, and, given the basic 
geochemical preconditions, it allowed to reveal that 
natural processes that occurred in the north part of the 
Republic caused formation of a regional hydrogeo-
chemical province where underground water con-
tained increased As concentration, up to 20 MPC 
[12]. Voteiko highlights functional disorders in the 
kidneys that occur in Zabaikalsaya biogeochemical 
province with increased Se concentrations [13]. As 
per data by A.V. Abramkin, a hyper-fluoric  biogeo-
chemical province that formed in the Republic of 
Mordovia causes endemic fluorosis in people who 

live there  [14]. There are territories with increased 
natural Rn concentrations that cause risks of radiation 
exposure for population [15].   

Overall, there are several basic factors that de-
termine a possibility of high toxic elements concen-
tration in surface and underground water taken from 
drinking water supply sources within boundaries of 
specific hydrogeochemical provinces. They are: 

– rocks with relatively high concentrations of 
such substances; 

– high leaching capability of water-containing 
rocks; 

– variability of states in which elements occur in 
rocks, including easily soluble compounds; 

– favorable hydrogeological and hydrochemical 
conditions determined by high speed of water ex-
change and chemical types of water; 

– intense exploitation of underground water 
which is used for communal and household water 
supply; it makes for active interaction between dif-
ferent water-bearing horizons, makes water exchange 
faster, and enhances intensity of physical and chemi-
cal interactions within "water–rock" systems. 

Perm region is a territory with a complicated 
geological structure and diverse chemical composure 
of its soil and subsoil. There are 14 geochemical 
provinces in the region and each of them has in-
creased concentrations of specific non-organic com-
pounds (Figure). Accordingly, peculiarities of under-
lying rocks and soils within these provinces exert 
their influence on chemical composure of water 
sources which are used to supply drinking water to 
population [16, 17]. And there are elements and 
compounds registered in the provinces and specific 
for this or that one with proven negative influence on 
population health even in insignificant concentra-
tions. These elements and compounds are Pb, Cd, Ni, 
Cr, Mn, V and others (Table 1). 

Our research goal was to assess risks of health 
disorders occurrence among people who permanently 
and for a long time consumed drinking water with 
chemical structure characteristic for some geochemi-
cal provinces in Perm region. 

Data and methods. Boundaries of geochemical 
provinces were fixed as per data taken from the atlas 
drawn up by Geokarta-Perm Geological Party as vec-
tor layers of GIS ArcView format and scaled 
1:1000000. Places were water intake points were lo-
cated were determined as per data provided by the 
Perm Regional Office of the Federal Service for Sur-
veillance over Consumer Rights Protection and Hu-
man Well-being. We connected water sources and 
spatial intersection of water intake points and geo-
chemical provinces in GIS ArcView 3.2 (ESRI, the 
USA). 
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Figure. Geochemical provinces in Perm region [2] 

T a b l e  1  
Environmental components in geochemical provinces located in Perm region:  

peculiarities of chemical structure 
Geochemical province Chemical structure and its peculiarities 

Areal prevalence Spotted prevalence 
Kolvinskaya Mn, Ni  B, Br, Ba, Be, Pb, Cr, Sr, Zn 
Verkhnevisherskaya Pb, Mn, Ba P, Sb 
Srednevisherskaya Mn Ba Br, Be B, Pb, Cr, Co, Ni, Zn 
Yay'vinskaya B, Br, Mn Cd, Ti, Pb, F, Ba, Ni, Sr, V 
Kosinskaya Br, Ba Mn, V 
Koyvinskaya Cd, Mn, Ti P, Be, Ba, Ni, Pb, B, Br 
Chusovskaya Ti Ba, Sr, Mn, Cr 
Sylvenskaya Mn, B, Br Ti, Ba, Be, Sr, Pb 
Tulvinskaya B, Br, Ba, Mn Sb, Pb, Ti, Sr, V 
Srednekamskaya Br, Cd. Mn, Cr, Be, Ba, Sr, F, Ni, V 
Obvinskaya Br, B, Ba Sb, Cd, Mn, Be, Pb, V, Cr, Sr 
In'vinskaya Br, Ba Cd, Mn, Ni, Be, Pb 
Kos'vinskaya Mn Be, Cd, Ni, Cr, Pb 
Severokamskaya Br, B, Ba Mn, F, Ni, Be 
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To assess risks, we chose 3 geochemical prov-
inces where large water intakes were located; they 
were used to supply water into centralized drinking 
water supply systems.  

Sylvenskaya geochemical province. It is lo-
cated on the south-east of Perm region and in-
cludes central and southern parts of Suksunskiy 
district and the north of Kishertskiy region. This 
province is characterized with increased concentra-
tions of B, Ba, Sr (clarke2 is about 3.1), Pb (clarke 
is 1.3), Mn (clarke is 15.5). There are water intakes 
located in the province on Sylva river near Suksun 
settlement; they supply water to more than 8.3 
thousand people. 

Koyvinskaya geochemical province. It is lo-
cated in the east of the region and includes the 
central part of Gornozavodskiy district, the east 
of Chusovskoy district and the north of Lys'ven-
skiy district. This province is characterized with 
increased concentrations of Cd, Mn, Pb, and Ni, 
Cd clarke reaches 25 and Mn, 15.4, and it is sub-
stantially higher than in other parts of the region. 
There are large water intake in the province lo-
cated on Pashiyka river (Pashya settlement, 4.1 
thousand people) in the central part of Gornoza-
vodskiy district, and on Chusovaya river near 
Voronovka settlement (about 2.000 people) in 
the south of Gornozavodskiy district.  

Chusovskaya geochemical province. It is lo-
cated in the central part of Perm region and in-
cludes the central part of Chusovskoy district, a 
small part of Dobryanskiy district in the east, Gre-
myachnskiy district in the south, and Lys'venskiy 
district in the north-west. It has the most variable 
chemical structure as per various metals that can be 
found there; there are increased concentrations of 
Mn (clarke is 23.0), Cu (clarke is 3.0), Fe (clarke is 
10.0), and Mo (clarke is 11.0). There are some 
large water intakes located in this province, includ-
ing those on Chusovaya river in Chusovoy town 
(48,521 people), on Lys'va river in Kalino settle-
ment (2,425 people), Komarikhinskiy settlement, 
and some others. The province is characterized 
with increased concentrations of Mn, Cr. Fe, and 
Ni. 

 

We assessed quality of drinking water taken 
from centralized drinking water supply systems as 
per data provided by the Center for Hygiene and 
Epidemiology in Perm region; the data were ob-
tained during control and surveillance activities 
and social and hygienic monitoring; some data 
were submitted by laboratories of water supplying 
organizations (results of industrial control per-
formed with conventional techniques). When ana-
lyzing quality of drinking and natural water, we 
examined results of profound chemical and sani-
tary analysis obtained for an observation period 
from 2011 to 2016. Heavy metals were examined 
with atomic absorption analysis that allowed to 
indentify smallest concentrations, up to 0.0001 
mg/sample. We analyzed more than 12,000 results 
of tests performed on water intakes in Gornoza-
vodskiy district (Pahiyka river, Chusovaya river), 
Chusovskoy district (Chusovaya river, Lys'va riv-
er), Kungurskiy district (Kama river, Yug river), 
and Suksunskiy district (Sylva river) and others. 

Risk assessment methodology was chosen as 
an efficient instrument for preliminary analysis of 
the situation; this analysis didn't require substantial 
financial and organizational costs and simultane-
ously allowed us to obtain information for further 
managerial actions [18]. We assessed risks in con-
formity with the "Guidelines on assessment of 
population health risks..."3, and considered ad-
verse effects on health described in the docu-
ment (Table 2). Lifelong carcinogenic risk equal 
to 1*10-4 was considered to be acceptable. 
Hazard index value equal to 1.0 was considered 
to be acceptable non-carcinogenic risk. 

We preset the following exposure scenario: 
daily water consumption for 350 days per year, 
with water quality being the same as it was deter-
mined at the moment of the research; the period for 
calculation of carcinogenic risks was equal to 30 
years, and non-carcinogenic risks, 70 years. Bear-
ing the precautionary principle in mind, we exam-
ined concentrations of admixtures in drinking wa-
ter at 95% percentile level over the whole observa-
tion period.  

We took standard parameters of drinking  

__________________________ 
 
2 Clarke value (or clarkes of elements, more often, just clarke) are values that describe average concentration 

of chemical elements in earth crust, hydrosphere, the Earth, cosmic bodies, geochemical or cosmochemical sys-
tems etc., against the overall mass of this system. they are usually given in % or g/kg. 

3 Р 2.1.10.1920-04. Guidelines on assessment of population health risks under exposure to chemicals that pol-
lute environment. Moscow, Federal Center for state sanitary and epidemiologic surveillance of the RF Public 
Healthcare Ministry, 2004, 143 p.   
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T a b l e  2  
Parameters applied in assessing health risks under exposure to chemical admixtures consumed 

 with drinking water 
Element RfD, mg/kg-day Critical organs and systems SFo* 

Ba 0,07 Kidneys, cardiovascular system – 
B 0,2 Reproductive system, gastrointestinal tract – 
Fe 0,30 Mucous tunics, skin, blood, immune system – 
Cd 0,0005 Kidneys, endocrine system  0,38 
Mn  0,14 Central nervous system, blood – 
Cu 0,019 Gastrointestinal tract – 
Mo 0,005 Kidneys – 
As 0,0003 Skin, central nervous system, cardiovascular immune, and endocrine 

systems, gastrointestinal tract 1,5 

Ni 0,02 Liver, cardiovascular system, gastrointestinal tract, blood, body weight 1,7 
Pb 0,0035 Central nervous system, peripheral nervous system, blood, development, 

reproductive system, endocrine system 0,047 

Sr 0,6 Kidneys, cardiovascular system – 
Ti 4,00 Reproductive system, gastrointestinal tract – 
Cr 0,005 Mucous tunics, skin, blood, immune system 0,42 

Note: * – Carcinogenic potential factor for carcinogens

water consumption and body weight to calculate 
daily doses [2].   

Basic results. Results collected over a long 
period of time, including those obtained via 
comprehensive sanitary analysis of examined 
drinking water, revealed that research structure 
was similar for different water supply sources. 
Control programs (both industrial and state one) 
pay little attention to hydrogeochemical peculi-
arities of territories. B and Br are admixtures 
that are characteristic for some geochemical 
provinces and it is well proven that they produce 
adverse effects under oral exposure. However, 

these admixtures are not controlled either by wa-
ter supplying organizations or sanitary surveil-
lance bodies. Sanitary analysis of drinking water 
from water intakes located in Chusovskaya prov-
ince didn't include Sr concentrations although 
the element is specific for geological rocks that 
form natural waters there.  

Metals, including heavy and amphoteric 
ones, cause the most serious population health 
risks as a results of long-term consumption of 
drinking water in the examined geochemical 
provinces. Such metals were registered in water 
practically everywhere (Table 3). 

 
T a b l e  3  

Average long-term daily concentrations of priority chemical admixtures in drinking water 
 supplied to population, M±m, mg/dm3 

Chemical element Geochemical province 
Sylvenskaya Koyvinskaya Chusovskaya 

Mn 0,005 ± 0,0008 0,05  ±  0,0075 0,01 ± 0,0015 
Cd 0,0002 ± 0,0001 0,0002 ± 0,0001  Not measured 
Fe 0,0500 ± 0,0075 0,31 ± 0,05 1,1 ± 0,13 
Pb 0,0012 ± 0,0003 0,0001 ± 0,0001  Not measured 
Ni 0,0065 ± 0,0012 0,0071 ± 0,015 0,0075 ± 0,015 
Cr 0,010 ± 0,006 0,012 ± 0,007 0,018 ± 0,003 
Mo  Not measured 0,003 ± 0,0004 0,003 ± 0,0001 
Cu 0,005 ± 0,001 0,004 ± 0,001 0,02 ± 0,003 
Ba Ltdl* Ltdl  Not measured 
As 0,0025 ± 0,0005 0,001 ± 0,0003 0,0005 ± 0,0001 
Sr 7,30 ± 1,22   Not measured  Not measured 

Note: * – means lower than detection limit 
 
 



Factors and population health risks under exposure to components detected in drinking water within natural …  

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 59

Hygienic standards for specific admixtures 
contents were violated extremely rarely (less than 
1% of the overall number of examined samples). 
Assessment of lifelong carcinogenic risk revealed 
that the overall situation with drinking water 
safety was rather alarming. Levels of lifelong 
carcinogenic risk calculated as per maximum 
contamination varied from 2.99*10-4 to 4.01*10-3 
and were considered unacceptable (Table 4). 

Recalculation of carcinogenic risk per 
average lifelong value allowed to assess risks as 
substantially less significant however they still 
were above the upper permissible limit of 
acceptable risk (1.9*10-4 in Sylvenskaya province; 
2.3*10-4 in Koyvinskaya province, and 2.99*10-4 in 

Chusovskaya province). Basic contribution into 
carcinogenic health risks for population was made 
by Ni in all three provinces. Concentration of this 
component in natural water sources is to be 
analyzed more profoundly. It is necessary to 
estimate a determination procedure in terms of 
validity and precision of its results. It also seems 
vital to examine seasonal fluctuations in 
admixtures contained in drinking water and to 
detect primary sources of Ni introduction into it.  

Unacceptable non-carcinogenic health risks 
for population who permanently consume drinking 
water with quality outlined above occur as regards 
a number of organs and systems (Table 5). 

T a b l e  4  
Average long-term concentration of certain chemical elements in drinking water from water intakes 

located within geochemical provinces 

Element 
Average long-term concentration, 

95% percentile, 
mg/dm3 

Dose, mg/kg-day Carcinogenic risk 
Factor 

contribution into 
risk, % 

Sylvvenskaya province  
Cd 0,00025 6,85E-06 2,60E-06 0,5 
Pb 0,0015 4,11E-05 1,93E-06 0,4 
Ni 0,0075 2,05E-04 3,49E-04 71,7 
Cr 0,0180 2,44E-05 8.89E-05 18,3 
As 0,0030 2.94E-05 4,40E-05 9,0 
Overall carcinogenic risk 3,98E-04  (unacceptable)  

Koyvinskaya province  
Cd 0,00057 2,00E-05 5,93E-06 0,10 
Pb 0,0001 1,00E-06 1,29E-07 0,0 
Ni 0,0080 2,19E-03 3,73E-03 93,1 
Cr 0,0200 5,50E-04 2,30E-04 5,75 
As 0,0010 3,00E-05 4,11E-05 1,03 
Overall carcinogenic risk 4,01E-03 (unacceptable)  

Chusovskaya province  
Ni 0,0082 9,63E-05 1,64E-04 54,7 
Cr 0,0250 2,94E-04 1,23E-04 41,2 
As 0,0007 8,22E-06 1,25E-05 4,12 
Overall carcinogenic risk 2,99-04 (unacceptable)  

 

T a b l e  5  

Admixtures with carcinogenic effects – Cd, Pb, and Ni compounds 

Target organs (systems) HI Priority risk factors HI Priority risk factors HI Priority risk 
factors 

Sylvenskaya province Koyvinskaya province Chusovskaya province 
Kidneys 1,4 Cr 3,4 Cr, Mo 4,2 Cr 
Gastrointestinal tract 10,9 Cr, As 6,3 Cr, As 6,7 Cr, As, Cu 
Central nervous system 11,8 As, Pb 3,7 As, Mn 1,7 As 
Cardiovascular system 8,7 As 3,7 As 2,0 As 
Blood 4,0 Pb 1,8 Mn, Fe, Pb 4,1 Ni, Fe 
Immune system 8,5 As 4,3 As 5,4 As 
Bones 11.8 Sr – – – – 
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High risks of functional damage (HI>5.04) are 
predicted as regards digestive organs, the central 
nervous system, and the immune system for people 
living in all the examined geochemical provinces. 
There were moderate risks (3.0<HI≤5.0) of dam-
age to the immune system and kidneys (for 
Koyvinskaya and Chusovskaya provinces), and 
blood (for Sylvenskaya and Chusovskaya provinc-
es) [19]. 

High risks of damage to bones are character-
istic for Sylvenskaya province due to high natural 
Sr concentrations in drinking water. 

We didn't set a task to compare risk levels 
with actual population morbidity in this work. But 
still, research performed by some experts is well in 
line with our results. Thus, O. Yu. Ustinova et al. 
performed profound clinical and laboratory re-
search and confirmed adverse effects produced by 
Mn contained in drinking water on children's 
health; these effects became obvious through neu-
ro-vegetative dysfunctions [20]. There are data on 
increased Sr concentration registered in blood of 
people who consumed water with high Sr concen-
tration. Biological aged of exposed people didn't 
correspond to proper one and musculoskeletal sys-
tem pathology (posture disorders, deformation of 
the spinal column and feet) were registered among 
such people 2.5-10 times more frequently than in 
the reference group [21].  

Conclusion. Our research revealed that geo-
chemical provinces are characterized with different 
concentrations of such hazardous metals as Cr, Ni, 
Pb. Mn, Fe, and others, in rocks and soils; it can 
exert substantial influence on quality of drinking 
water supplied to population who live within these 
geochemical provinces.  

Absence or rare violations of hygienic stand-
ards don't guarantee complete safety of drinking 
water when its structure is formed under compli-
cated hydrogeochemical conditions. 

When some carcinogenic admixtures (Cd, Cr, 
Ni, As, and Pb) jointly occur in natural and drink-
ing water, it can cause unacceptable population 
health risks. Carcinogenic risk in the examined 
provinces of Perm region amounts to 4*10-3(in the 
worst exposure scenario) which is ranked as De 

manifestis Risk. Such risk level requires immediate 
actions aimed at its reduction from decision mak-
ers. Unacceptable non-carcinogenic risks are 
caused by joint occurrence of As, Mn, Sr, and 
some other compounds in drinking water. The 
highest risks occurred on the examined territories 
in relation to gastrointestinal tract diseases (HI is 
up to 10.9; basic risk factors are Cr and its com-
pounds); musculoskeletal system diseases (HI is up 
to 11.8; basic factor is Sr in water ), and central 
nervous system diseases (HI  is up to 11.8, basic 
factors are as, Mn, and Pb; contributions made by 
the elements into the overall risk were different in 
different provinces). Obviously, it is necessary to 
work out and implement a system of activities 
aimed at reducing health risks and at informing all 
the concerned parties about these risks, including 
water supplying organizations, population, and 
local authorities. 

We didn't reveal any authentic relationships 
between average concentrations of elements in the 
earth crust in a geochemical province and concen-
trations of admixtures in drinking water in our re-
search. But still, the highest Cd and Pb concentra-
tions were detected exactly in drinking water in 
those provinces where their concentrations in rocks 
and soils were the highest. In some cases, when a 
hazardous element is contained in the earth crust in 
high concentrations, its content is not measured in 
drinking water. In relation to that we recommend 
water supplying organizations and sanitary surveil-
lance bodies to take into account specific features 
of a geochemical province and include admixtures 
that occur in high concentrations in the environ-
ment into monitoring and laboratory research pro-
grams. 

As reference concentrations of metals are 
very low, it seems advisable to improve procedures 
for quantitative determination of elements in drink-
ing water. 
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