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In Russia geochemical provinces where arsenic is found are located in Yakutia, Siberia, Transbaikalia region, the 

Primorye, in the Urals, and Chukotka. Our research goal was to give sanitary-hygienic characteristics of health risk and 
perform clinical assessment of health damage done to population living in a specific geochemical province under long-term 
exposure to arsenic introduced with drinking water. We conducted our research in settlements where increased arsenic con-
centrations were detected in drinking water taken from centralized water supply systems taking into account also hygienic 
standards for arsenic contents in non-centralized water sources; those increased concentrations were caused by the struc-
ture of deep underground layers in the earth crust. We applied a set of sanitary-hygienic techniques and performed clinical 
examination of 147 people living in a specific geochemical province. We detected excessive arsenic concentrations in drink-
ing water taken from centralized water supply systems; those concentrations were equal to 50–86 MPC whereas arsenic 
contents didn’t exceed 1 MPC in water taken from non-centralized water sources. We revealed that long-term consumption 
of water with arsenic contents being equal to 2.5 mg/dm3 and higher caused unacceptable carcinogenic (up to 4.09·10–2) and 
non-carcinogenic (HQ up to 494.4) population health risk. Potential risk turns into health damage when arsenicosis occurs; 
it usually happens after 17–19 years of exposure among adults and after 2–3 years among children. There are several basic 
clinical types of diseases caused by exposure to increased arsenic concentrations; adult people suffer from skin arsenicosis 
as per poikiloderma type or arsenic melanosis, polyneuropathy, cardiovascular pathology, ands carcinogenesis; children 
mostly suffer from skin arsenicosis that is usually leucomelanosis. Arsenicosis occurrence is 1.3–9.0 times more frequent 
among people living in a specific geochemical province who consume water with arsenic concentrations being equal to 
2.5 mg/dm3 and higher in comparison with people who consume drinking water with arsenic contents being within their hy-
gienic standards. Health damage is assessed as grave in 44.4 % cases (oncologic processes, polyneuropathy, and arsenic 
melanosis); as average, in 46.3 % cases (arsenic dyschromia); and as insignificant, in 9.3 % cases (vegetative-vascular 
dystonia or autonomous dysfunction, and functional disorders of the nervous system).  

Key words: geochemical province, arsenic, drinking water, health risk, health damage, population morbidity, arsenic 
melanosis, arsenic polyneuropathy, oncologic processes. 
 

 
Millions of people all over the world are 

chronically exposed to increased arsenic con-
centrations caused by geochemical peculiari-

ties existing on territories where they live. At 
present large geochemical provinces of copper 
and arsenic ores are detected in Italy, the USA, 
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Sweden, Norway, Japan, Georgia, and Ka-
zakhstan; arsenic and cobalt ores, in Canada; 
arsenic and tin ores, in Bolivia, Chile, and 
England; gold and arsenic ores, in the USA 
and France. In Russia there are arsenic geo-
chemical provinces in Yakutia, Siberia, Trans-
baikalia, Primorye, Urals, and Chukotka [1]. 

According to scientific research, drinking 
water is a primary way for arsenic to be intro-
duced into a human body in geochemical prov-
inces; the leading hygienic problem on such 
territories is drinking water supply sources be-
ing contaminated with arsenic [2–5]. Nowa-
days the situation with drinking water quality 
as per arsenic contents is the most serious in 
Bangladesh and the East Bengal (India) where 
its concentration in drinking water reaches 
50 µg/l or even higher while the WHO rec-
ommendations fix this concentration at 10 µg/l 
maximum. According to official statistic data 
more than 20 % deaths in rural areas in Bang-
ladesh are caused by consuming drinking wa-
ter with high arsenic contents [6]. The existing 
situation in several districts in Dagestan is also 
rather serious as arsenic contents in drinking 
water reaches 222–504.1 µg/dm3 there [7]. In 
Canada standardized permissible arsenic con-
centration should not exceed 25 µg/l; in Russia 
and the USA, 10 µg/l [8, 9]. 

Data obtained via clinical research per-
formed in various RF regions prove that mor-
bidity among population living in geochemical 
arsenic provinces is 1.3–3.8 times higher re-
garding diseases of the endocrine, urogenital, 
nervous, and cardiovascular system as well as 
the gastrointestinal tract diseases and skin dis-
eases; mortality caused by oncologic patholo-
gies is also 1.2–4.7 times higher than in the 
country on average [10]. Experts revealed an 
authentic correlation between increased arsenic 
concentrations in drinking water and occur-
rence of skin diseases, immune system diseases, 

and cardiovascular pathology in population ex-
posed to them [11]. 

When arsenic enters a body, it disinte-
grates or destabilizes more than 200 enzymes 
that participate in different metabolic cell 
processes and DNA synthesis; activates per-
oxidation; binds thiol (sulfhydryl) groups in 
tissue proteins thus causing multi-system dam-
ages involving the cardiovascular and nervous 
systems, liver, lungs, kidneys, spleen, gastroin-
testinal tract, and skin, carcinogenesis being 
the most serious outcome [12, 13]. 

At the same time our analysis of domestic 
and foreign literature sources indicates there 
hasn’t been a sufficient scope of complex hy-
gienic and clinic research describing correla-
tions between health disorders among popula-
tion living in geochemical provinces and long-
term consumption of drinking water with in-
creased arsenic concentrations [13]. 

Our research goal was to give sanitary-
hygienic characteristics of health risks and 
clinically assess damage to health of popula-
tion living in a specific geochemical province 
caused by long-term exposure to arsenic intro-
duced with drinking water. 

Data and methods. We performed our 
research in a geochemical province located in 
Transbaikalia (an urban village) where drinking 
water from centralized water supply sources 
contained increased arsenic concentrations 
while water supplied from non-centralized 
sources contained the chemical in standardized 
concentrations1, 2. A well for centralized water 
supply system was usually 100–120 meters 
deep; non-centralized underground water sup-
ply sources (wells at private houses) were usu-
ally not deeper than 10–20 meters. We as-
sessed quality of drinking water taken from 
centralized water supply systems and non-
centralized water sources as per data of moni-
toring research obtained from the Regional 

__________________________ 
 
1 SER 2.1.4.1074-01. Drinking water. Hygienic requirements to quality of water from centralized drinking water supply 

sources. Quality control. Hygienic requirements to providing safety of hot water supply systems (last amended on April 2, 
2018) / approved by the Order by the RF Chief Sanitary Inspector No. 74 on June 28, 2010. Available at: https: //files.
stroyinf.ru/Index2/1/4294846/4294846957.htm (date of visit December 01, 2019). 

2HS 2.2.5.1315-03. Maximum permissible concentrations (MPC) of chemicals in water from water objects aimed at drinking 
and communal water supply (last amended on July 13, 2017) / approved by the Order by the RF Chief Sanitary Inspector No. 78 on 
April 30, 2003. Available at: http: //www.dioxin.ru/doc/gn2.1.5.1315-03.htm (date of visit December 01, 2019). 
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Center for Hygiene and Epidemiology as well 
as per field observations performed by certi-
fied laboratories at the Federal Scientific cen-
ter for Medical and Preventive Health Risk 
Management Technologies with their results 
obtained with licensed equipment. Arsenic 
concentration was determined in drinking wa-
ter samples, food products manufactured in the 
examined province, and biological media 
(blood) with mass-spectrometry with induc-
tively coupled plasma according to conven-
tional procedures with a ICP-MS spectrometer. 

We assessed potential carcinogenic and 
non-carcinogenic health risks caused by in-
creased arsenic concentrations in drinking 
water taken from centralized water supply 
systems according to conventional procedures 
fixed in the Guide 2.1.10.1920-043.  

To comparatively assess structure and pe-
culiarities of morbidity (as damage to people’s 
health) among population who consumed 
drinking water with different arsenic concen-
trations, we created a test group consisting of 
115 people living in houses with centralized 
water supply and consuming water with in-
crease arsenic concentrations. Our reference 
group was made up of 21 people who lived in 
houses without centralized water supply and 
consumed water with arsenic concentrations in 
it not deviating from hygienic standards. 

80.9 % people in the test group were adults 
aged from 16 to 81 (their average age was 
51.8 ± 3.6); children (aged 5–15) accounted for 
19.1 % (their average age was 8.3 ± 1.2). In the 
reference group adults (aged 16–57) accounted 
for 46.9 % (their average age was 40.7 ± 7.5; 
р = 0.67 against the test group); children (aged 
5–11) accounted for 53.1 % (their average age 
was 7.2 ± 0.7; р = 0.71 against the test group). 

A period of time during which adults 
lived in houses with centralized water supply 
varied from 6 months to 47 years (on average 
22.0 ± 3.1); this period was longer than 10 
years for 70.8 % examined people. Children 

from the test group lived in such houses for a 
period of time that varied from 9 months to 
13 years (on average 6.6 ± 1.5), and 73.3 % of 
them lived in such houses for more than 
5 years. Adults from the reference group lived 
in their houses for a period of time that varied 
from 1 to 57 years (on average 21.1 ± 6.6 years; 
р = 0.54 against the test group), and 83.3 % of 
them lived in their houses for longer than 10 
years. Children from the reference group lived 
in their houses for a period of time that varied 
from 3 to 15 (on average 6.3 ± 1.5; р = 0.83 
against the test group), 76.5 % of them lived in 
their houses for more than 5 years. 

There were no authentic differences be-
tween the test and reference groups in terms of 
their socioeconomic and gender characteris-
tics, ethnic structure and medical aid availabil-
ity (р = 0.01–0.03). 

Average daily consumption of drinking 
water by people from both groups varied from 
1 to 5 liters and didn’t differ between two 
groups; on average it was equal to approxi-
mately 2 liters (1.9 ± 0.2 liters in the test 
group; 1.9 ± 0.4 liters in the reference group; 
р = 1.0); children consumed from 1 to 2 liters 
depending on their age and there were no dif-
ferences between two groups (1.3 ± 0.2 liters 
in the test group; 1.2 ± 0.3 liters in the refer-
ence one; р = 1.0). 

We performed clinical and functional ex-
aminations of people from both groups (clini-
cal examination by a therapist, pediatrician, 
neurologist, and oncologist; tonometry; EKG) 
according to conventional procedures and in 
conformity with ICH GCP4 and ethical stan-
dards fixed in Helsinki Declaration (last edited 
in 2008). 

Data were analyzed with variation and fre-
quency analysis taking into account Pearson’s 
test; authenticity of numerical values was esti-
mated with Fischer’s and Student’s tests. 

Results and discussion. We analyzed 
monitoring data on quality of water taken from 

__________________________ 
 
3 G 2.1.10.1920-04. Guide on assessing population health risks caused by exposure to chemicals that pollute the environment. 

Moscow, The RF Public Healthcare Ministry, Federal Center for State Sanitary and Epidemiologic Surveillance, 2004, 143 p. 
4 State Standard52379-2005. Good Clinical Practice: The RF National Standard / approved by the Order by the Federal 

Technical Regulation and Metrology Agency issued on September 27, 2005. No. 232-st. (ICH E6 GCP). Available at: https: 
//dokipedia.ru/document/5324107 (date of visit December 01, 2019). 



Sanitary-hygienic characteristics of health risk and clinical assessment of damage to health done …    

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 151

centralized water supply system in the exam-
ined settlement and revealed persistent arsenic 
concentration in it varying from 0.002 to 
4.3 mg/dm3 (up to 86 MPC) while it was just 
above 1 MPC in water taken from non-
centralized water sources. Field observation 
results also confirmed that arsenic occurred in 
water from centralized water supply systems in 
increased concentrations which were equal to 
2.5 mg/dm3 (50 MPC) while its contents in 
water from non-centralized water sources 
didn’t deviate from hygienic standards (less 
than 0.05 mg/dm3). We also examined food 
products that were locally manufactured and 
determined that arsenic contents in them con-
formed to hygienic standards; its contents in 
carrots amounted to 0.0042 ± 0.0003 mg/kg; 
potatoes, not found; beetroot, not found (MPL 
is lower than 0.2 mg/kg for vegetables); fish 
from local water basins, not found (MPL is 
lower than 1.0 mg/kg for fresh-water fish). 

We assessed lifetime cancer risk caused 
by consuming drinking water with increased 
arsenic concentration and revealed that it was 
unacceptable in the test group and amounted 
to 4.09×10–2 for adults and –1.91×10–2 for 
children. Regarding non-carcinogenic risks, 
we revealed that they were substantially 
higher than acceptable quotient for arsenic 
both for adults and children (HQ = 494.4 and 
HQ = 211.9 accordingly); it indicated that 
people ran risks of skin diseases, diseases of 
the cardiovascular, nervous, and immune sys-
tems, and the gastrointestinal tract. 

We assessed health risks for people in the 
reference group and it allowed us to reveal that 
cancer risks varied from negligible to maxi-
mum permissible ones both for adults and 
children (1×10–6 < CR < 1×10–4); however, 
hazard quotient for children that described 
non-carcinogenic risks exceeded its permissi-
ble level (HQ = 1.1). It indicated that there 
was a risk of skin diseases (HI = 1.66); dis-
eases in the immune, nervous, (HI = 1.14–1.66) 
and cardiovascular systems (HI = 1.10), and 
the gastrointestinal tract (HI = 1.1). 

Our next task was to reveal damages to 
health of people living in the examined settle-
ment caused by chronic oral exposure to arse-
nic; to do that, we performed comparative 
analysis of the results obtained via chemical-
analytical and clinical examinations of people 
from the test and reference groups. 

Chemical and analytical examination of 
blood serum revealed that arsenic contents me-
dian for adults from the test group amounted to 
0.0065 mg/l, and to 0.0049 mg/l for children 
and it corresponded to average country level 
(0.0017–0.0154 mg/l)5. At the same time 7.9 % 
adults and 18.8 % children in the test group 
had arsenic in their blood serum in concentra-
tions higher than the hygienic standards; these 
concentrations varied from 0.0171 mg/l to 
0.0636 mg/l in adults’ blood and from 
0.0162 mg/l to 0.0377 mg/l in children’s blood. 
As for the reference group, only one adult per-
son from it had arsenic in his blood in concen-
tration higher than on average in the country 
and it was equal to 0.0162 mg/l; all the exam-
ined children from the reference group had ar-
senic in their blood serum in concentrations 
which were 4.7–15 times lower than average 
arsenic contents in human blood plasma. 

We examined case histories of people 
from both groups and revealed that each fifth 
person (18.3 % in the test group and 18.8 in 
the reference group; р = 0.88) had hereditary 
load with oncologic pathology as it was de-
tected in the closest relatives (the 1st and 2nd 
degree). Mammary gland, digestive organs, 
and lungs were the most frequent organs 
where oncologic processes were localized for 
both groups; however, we didn’t detect any 
skin cancer cases in family case histories. 

We performed retrospect analysis of data 
on diseases people from both groups had suf-
fered from in the past and revealed that 6.1 % 
patients from the test group had previously had 
oncologic diseases (basal cell carcinoma and 
melanoma, uterine cancer, kidney cancer, 
mammary gland cancer); only one female pa-
tient from the reference group (3.1 %; р = 0.72) 

__________________________ 
 
5 Toxicological chemistry. Metabolism and analysis of toxicants: manual. In: N.I. Kaletina, Moscow, GEOTAR-Media 

Publ., 2008, 1016 p. (in Russian). 
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had suffered from basal skin cancer in the past. 
Overall, oncologic processes occurred 2.0 times 
more frequently in the test group than in the 
reference one (OR = 2.12; р = 0.04). 

Patients from the test group most fre-
quently complained about changes in color of 
their skin, namely occurring hyperpigmenta-
tion spots (0.2–0.7 cm) or depigmentation 
spots (0.3–0.4 cm, more frequently in chil-
dren) which could be located discretely or eve-
rywhere; intense pigmentation of nipples in 
female patients with their color changing to 
dark brown or even black; axillary and ingui-
nal folds becoming pigmented and coarse; 
pigmented spots (more rarely hyperemic ones) 
with their diameter up to 5.0 cm occurring on 
the face, neck, breast, and un the occipital re-
gion. Dermatological symptoms in adult pa-
tients were combined with hyperkeratosis of 
palms and/or feet in each third case. 44.4 % 
patients out of 115 people in the test group 
(9 children and 42 adults) had clinical signs of 
skin arsenicosis as per poikiloderma type or 
arsenic melanosis (leukomelanosis) at the 
moment they were examined (Photo 1). 

Most patients stated that the first changes 
in their skin had occurred 3.5 years prior to our 
research. Polyneuropathy symptoms were de-
tected in 9.6 % patients during clinical exami-
nations, and ⅔ of them had clinical signs of 
polyneuropathy combined with damages to 

skin. There were no complaints about skin 
pigmentation/depigmentation made by exam-
ined people from the reference group; besides, 
clinical examinations didn’t reveal any con-
vincing signs of skin arsenicosis and/or poly-
neuropathy in them. 

To get more precise data on prevalence 
of a pathology that was co-morbid with skin 
arsenicosis, we performed clinical and func-
tional examinations of patients and studied 
their case histories. The examinations revealed 
that 44.9 % patients from the test group had 
elevated blood pressure (higher than 140/90 mm 
Hg); 8.2 % suffered from hypotonia (blood 
pressure was lower than 100/60 mm Hg). 
15.7 % patients suffered from chronic cardio-
vascular diseases (primary hypertension, 
ischemic heart disease). Only 43.3 % children 
had their electrocardiogram conforming to 
physiological standards whereas 56.7 % had 
various sinus rhythm disorders. Only 27 % 
adults had standard ECG. Dysmetabolic and 
cicatrical changes were prevailing pathologies 
(39.9 %); 18.6 % patients suffered from func-
tional disorders in the sinus node; 14.4 % had 
cardiac conduction system pathology. In the 
reference group only 21.9 % patients had ele-
vated blood pressure, and only 3.1 % suffered 
from hypotonia; it was 2–3 times less frequent 
than in the test group (р = 0.02). Chronic car-
diovascular diseases were diagnosed in 12.5 %

 

.        
                                                                   a                                                                   b 

Photo 1. Skin arsenicosis as per poikiloderma type (a) and leukomelanosis (b) 
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patients from this group and it didn’t have any 
discrepancies with the test one (р = 0.78). 
55.0 % children from the reference group had 
standard ECG (р = 0.69 against the test group); 
however, prevailing pathology (40.0 %) was 
only various sinus rhythm disorders (р = 0.38). 
Adults from the reference group had standard 
ECG 2.7 times more frequently (71.0 %) than 
their counterparts from the test one; they suf-
fered from dysmetabolic and cicatrical changes 
in their cardiac muscle 2 times less frequently 
(19.4 %; р = 0.04); functional disorders in the 
sinus node (3.2 %) and cardiac conduction sys-
tem pathology (6.4 %) were rare exceptions for 
people in the reference group (р = 0.02–0.03). 
Overall, people from the test group suffered 
from arterial hypertension 2 times more fre-
quently (OR = 2.14; р = 0.03), and cardiac 
muscle damages, 9 times more frequently 
(OR = 9.23; р = 0.01) than people from the ref-
erence one. 

20.0 % people from the test group and 
18.8 % from the reference one had clinical 
signs of gastric diseases (chronic gastritis, 
duodenitis, stomach and duodenum ulcer, en-
terocolitis) and hepatobiliary diseases (chronic 
cholecystitis, cholangitis) (р = 0.92). The ex-
aminations revealed signs of mental and emo-
tional instability, namely astheno-vegetative 
syndrome and astheno-neurotic syndrome, in 
17.4 % people from the test group and 12.5 % 
people from the reference one (р = 0.81). 

Overall, damage to health was estimated as 
grave in 44.4 % cases (oncology, polyneuropa-
thy, arsenic melanosis); average, in 46.3 % 
cases (arsenic dyschromia); insignificant, in 
9.3 % cases (vegetative-vascular dystonia, func-
tional disorders in the nervous system). 

Results and discussion. Research results 
revealed that people who lived in the exam-
ined geochemical province and consumed wa-
ter from deep wells were more significantly 
exposed to arsenic than their counterparts who 
consumed water from shallow wells. It is 
likely due to arsenic ore deposits lying deep. 
Other authors who have examined peculiarities 
of geochemical provinces in India and Chile 
give similar data [3, 4]. According to the ob-
tained results, water taken from a depth of 

100 meter and more had arsenic in concentra-
tions that reached 50–86 MPC whereas water 
taken from a depth of 10–20 meters corre-
sponded to hygienic standards. Hazards caused 
by deep underground waters are also con-
firmed by examinations performed on locally 
produced food such as vegetables watered by 
local population with water taken from surface 
water basins and shallow wells as well as fish 
from local fresh-water basins; arsenic was con-
tained in such products in concentrations that 
conformed to safety requirements. 

Chemical and analytical research revealed 
that people who consumed drinking water 
from centralized water supply systems with 
elevated arsenic contents had arsenic concen-
trations in their fast-reacting biological media 
(blood serum) which were authentically higher 
than arsenic concentrations in blood serum of 
people who lived in houses without centralized 
water supply. Besides, we detected that each 
forth examined person in the test group 
(26.7 %) had arsenic in his or her blood in 
concentration which was substantially higher 
than on average in the country. 

We assessed potential health risks caused 
by elevated arsenic contents in water taken 
form centralized water supply systems in the 
examined settlement and revealed that both 
carcinogenic risks (up to 4.09×10–2) and non-
carcinogenic ones (HQ up to 494.4) were un-
acceptable. As regards non-carcinogenic risks, 
we detected hazard quotients related to arsenic 
that were substantially higher than their per-
missible level both for adults and children 
(HQ = 494.4 and HQ = 211.9 accordingly) and 
it indicated that population ran elevated risks 
of skin diseases, cardiovascular, nervous, and 
immune system diseases, and gastric diseases. 
We should point out that carcinogenic risks for 
people who consumed water from non-
centralized water sources didn’t exceed maxi-
mum permissible levels; hazard quotients for 
non-carcinogenic risks were not higher than 
1.1 (HQ = 1.1). 

As per literature data chronic intoxication 
with arsenic has a diverse clinical picture due 
to systemic damages to a human body5 [13]. 
Also, clinical signs of arsenicosis usually beco-
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me apparent under long-term exposure [14–16]. 
Latent period can last for a long time, up to 
60 years after exposure [17]. Our research al-
lowed us to establish that average duration of 
exposure to arsenic amounted to more than 
20 years for adults living in the examined geo-
chemical province, and about 7 years for chil-
dren; the first clinical signs of the diseases be-
came apparent after 15–17 years for adults and 
after 4 years for children. 

Dermatological signs of arsenicosis and 
polyneuropathy are the most frequent manifes-
tations of the disease [14, 16]. Our research 
revealed arsenicosis symptoms in 44.4 % pa-
tients who consumed water from centralized 
water supply systems. These symptoms were 
hyperpigmentation or depigmentation spots 
located discretely or everywhere; intense pig-
mentation of nipple in female patients; axillary 
and inguinal folds becoming pigmented and 
coarse; pigmented (less frequently hyperemic) 
spots occurring on the face, neck, breast, and 
in the occipital region; 9.6 % patients had 
polyneuropathy signs. We should point out 
that people who consumed water from non-
centralized water sources didn’t have any signs 
of skin arsenicosis or polyneuropathy. There-
fore, people who consumed water with arsenic 
contents being equal to 50 MPC or even higher 
had dermatologic or neurologic arsenicosis in 
each second case. 

Chronic intoxication with arsenic can be 
accompanied with damages to the gastrointes-
tinal tract and in this case gastrointestinal pa-
thology is combined with skin changes and 
polyneuropathy [18]. In West Bengal 248 pa-
tients with chronic intoxication who had been 
consuming drinking water with elevated arse-
nic contents for 1–15 years had hepatomegaly 
in 76.6 % cases; biopsy results revealed that 
91.3 % patients suffered from non-cirrhotic 
portal fibrosis [19]. In other research arsenic 
was established to be an etiological agent in 
5 out of 42 patients with incomplete septal cir-
rhosis, non-active macronodular cirrhosis, and 
with frequent bleedings from varicose veins 
[20]. In our research we revealed clinical signs 
of gastrointestinal pathologies (chronic gastri-
tis, duodenitis, stomach and duodenum ulcer, 

enterocolitis) in 18.8 % patients, and hepato-
biliary pathologies (chronic cholecystitis / cho-
langitis), in 20 %. 

As per literature data, chronic exposure to 
elevated arsenic concentrations is accompa-
nied with an increase in cardiovascular pa-
thologies [21–23]. There was a research work 
accomplished in “arsenicosis – hyperendemic 
villages” in Taiwan; it revealed a correlation 
between ischemic heart disease diagnosed in 
people living there and long-term exposure to 
arsenic [24]. Results of clinical and pathomor-
phological research indicate that arsenic 
causes direct damage to the cardiac muscle, 
heart rate disorders, and cardiomyopathy 
[25, 26]. We obtained the same results in our 
research as we established that adults and chil-
dren who had been consuming water with ele-
vated arsenic concentrations for a long time 
(the test group) suffered from arterial hyper-
tension, dysmetabolic changes in the cardiac 
muscle, and functional disorders in the sinus 
node and cardiac conduction system 2–9 times 
more frequently than their counterparts from 
the reference group. 

Carcinogenic effects produced by arsenic 
are one of the most serious consequences that 
chronic exposure to it might have [27]. In 
Bangladesh and India arsenic is associated 
with skin cancer, lung cancer, liver cancer, 
kidney cancer, and urinary bladder cancer 
[28, 29]. The same data have been obtained in 
South America, Central Africa, and European 
countries [30]. Though mechanisms of arsenic-
related carcinogenesis have not been clearly 
identified, they probably exert adverse impacts 
on DNA reparation and methylation; stimulate 
free radicals production; activate c-myc proto-
oncogene; act as co-carcinogen or promoter of 
tumors or progressing tumor processes [31]. 
Our research results revealed that chronic ex-
posure to arsenic resulted in 2.0 times more 
frequent oncology occurrence in people who 
consumed water with increased arsenic con-
centrations than in those who consumed water 
that conformed to hygienic standards. 

To sum up our research results, we should 
note that in specific geochemical provinces 
where drinking water contains arsenic in ele-
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vated concentrations (50–86 MPC), lifetime 
cancer risk for population who consume this 
water reaches 4.09×10–2 and results in on-
cologic diseases with various localizations 
among adults 2 times more frequently than 
among adult people who consume water that 
conforms to hygienic standards. Non-carcino-
genic health risks for population are unaccept-
able in such conditions (HQ = 211.9 for chil-
dren; HQ = 494.4 for adults) and 2–3 times 
more frequently result in the diseases of the 
nervous and cardiovascular system and non-
carcinogenic skin pathologies. Overall, dam-
age to health is grave in 44.4 % cases; average, 
in 46.3 % cases; insignificant, in 9.3 % cases. 

Conclusions: 
1. In geochemical provinces in Transbai-

kalia arsenic contents in water taken from 
deep wells (100 meters and deeper) can reach 
50–86 MPC. 

2. Chronic consumption of drinking wa-
ter with arsenic contents being equal to 
2.5 mg/dm3 creates unacceptable carcinogenic 

(up to 4.09×10–2) and non-carcinogenic 
(HQ up to 494.4) health risk. 

3. Lifetime cancer risk caused by con-
sumption of drinking water with arsenic con-
tents being equal to 50–86 MPC results in 2 
times more frequent oncologic pathologies with 
various localization among adult population. 

4. Non-carcinogenic risk is also unaccept-
able and 2–3 times more frequently results in 
the diseases of the nervous and cardiovascular 
system and non-carcinogenic skin pathologies. 

5. On average, children have been exposed 
to increased arsenic concentrations for 4 years; 
adults, for 15–17 years; damage to their health is 
estimated as grave in 44.4 % cases (oncology, 
polyneuropathy, arsenic melanosis); average, in 
46.3 % cases (arsenic dyschromia); insignificant, 
in 9.3 % cases (vegetative-vascular dystonia, 
functional disorders in the nervous system). 
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