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INTRODUCTION 
 

According to WHO, the development of health
only by the biological basis in human development
gender, hereditary factors), but also by 
economic and environmental conditions,
presence or absence of housing, the level
employment of the population, the quality of
food and various lifestyle factors (Centre 
Technologies). Currently, a consequence 
evidence confirming the relationship between
physical environment and human health is the
toxic chemicals called POPs and carcinogens
1997). One of the crisis regions of Kazakhstan
the Aral Sea area. It includes the following
Kyzylorda, Aktobe, South Kazakhstan and 
are 10 districts of  Aktobe oblast. Two of them
Aral Sea zone: Shalkar and Irgiz villages, which
located in the territory of the military testing
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ABSTRACT 

Pollution of POPs, which are carcinogens, has an adverse effect
health. One of the crisis regions of Kazakhstan is considered the
villages are located in the ecologically unfavorable zone of the Aral
oblast. On the basis of the obtained sample samples, we conducted

 persistent organic pollutants (POPs), hexachlorocyclohexane
dichlorodiphenyltrichloroethane (DDT), PCBs and dioxins. Calculations
revealed that total individual carcinogenic risk (CR sum) in the village

 (most of them are   PCBs, dioxins, HCH)  via different routes
2,0x10-5and for the village of Igriz, 5,2x10-4. The evaluation of
received is assessed by their acceptability and allows us to relate 

 of risk, and the village of  Irgiz to the third - range risk, which
people's lives. This necessarily requires constant monitoring with
objects, otherwise we may lose an entire generation of children
diseases associated with exposure to POPs (eye diseases, endocrine
mellitus).  
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The ecology of these districts is
Aktobe oblast and throughout
the fish stocks of  Aktobe  oblast
80 reservoirs are located(Report
Revich, 2013). 
 

MATERIALS AND METHODS
 

As part of the program “Integrated
management of public health
carried out  an expertiseon55 
water bodies , 54 soil layer samples,
products,and 12 fish samples 
selected in accordance with sampling
regulatory documents by 
Toxicology Laboratory. It is accredited
of the Republic of Kazakhstan,
ISO/IEC 17025-2007 "General
competence of test and calibration
ISO/IEC 17025-2007, 2007).Gas
capillary column; sample 
chromatographic conditions were
2011-2010 as methods for the
organochlorine pesticides –
(DDT) and hexachlorocyclohexane
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effect on the environment and human 
the Aral Sea area. Shalkar and Irgiz 
Aral Sea in the territory of  Aktobe 

conducted research on the residual quantities 
hexachlorocyclohexane (HCH), 
Calculations of carcinogenic risks 
village of Shalkar when exposed to 

routes from various environments was 
of the carcinogenic risks we have 
 the village of Shalkarto the second-

which indicates the unacceptability of 
with the inclusion of all environmental 

children who already today suffer from 
endocrine system diseases and diabetes 

ribution License, which permits unrestricted 

 

is one of the unfavorable in both   
throughout Kazakhstan.Although 90% of 

oblast  are  in  Irgiz district, where 
Report on the implementation, 2015; 

METHODS 

“Integrated approaches in the 
health in the Aral region” we have 

 samples of water from surface 
samples, 36 samples of vegetable 

 from reservoirs. Samples were 
sampling procedures according to 
 specialists of the Pesticide 

accredited by the State Standard 
Kazakhstan, for compliance with ST RK 

"General requirements for the 
calibration laboratories" (ST RK 

2007).Gas chromatograph with a 
 preparation, extraction and 
were used according to ST RK 
the determination of residues of 
–dichlorodiphenyltrichloroethane 

hexachlorocyclohexane (HCH)(ST RK 2011-2010, 
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2010). The determination of dioxins, polychlorinated biphenyls 
was conducted on the gas chromatomass spectrometer with 
quadruple detector produce by Agilent Company, the USA. 
The detector is designed for highly sensitive analysis of 
dioxins and polychlorinated biphenyls. All chemical reagents 
and materials produced by the company Merck (Germany). To 
assess the risk, we carried out the mathematical calculations 
according to the risk of chemicals polluting (№ P 2.1.10.1920-
04) (Rahmanin et al, 2004; ISO/ IEC 31010, 2009). 
Calculation of the carcinogenicrisk was carried out with the 
use of data on the size ofthe exposure and meanings of 
carcinogenic potential factors (slope factor, unit risk). 
 
Calculation of exposure:calculationof daily doses of chemical 
agent entry in organism by means of different ways from the 
main objects of the environment 
 
The standard formula for calculating of the average daily 
doseand standard meanings of exposure factors with the 
swallowingof the surface water (water of reservoirs) is: 
 

                                   (1) 
 
I- intake (amount of chemical exchange on the border), mg / 
kg body weight per day; 
C-the concentration of the chemical; the average 
concentration, acting during the exposure period (e.g., mg / 
liter of water); 
CR - the value of the contact; amount of contaminated medium 
into contact with the human body per unit of time, or in one 
case of exposure (eg, l /day); 
EF - rate effects, the number of days / year; 
ED - the duration of exposure, the number of years; 
BW - body weight: an average body weight during the 
exposure period, kg; 
AT - averaging time; averaging period of exposure, the 
number of days. 
 
The standard Formula for calculating the average daily dose 
and the standard meanings of the exposure factors at the 
ingestion entry from soil substances for carcinogens is: 
 

  (2) 
 
I - intake with soil, mg / (kg × day); 
Cs - concentration of substances in the soil, mg / kg; 
IR - incoming rate kg / day; 
IRc - incoming rate at age 6 years or less mg /d; 
IRa- incoming rate in the age of 6 mg /d; 
IRn - incoming rate mg / day. (for adults: IRn = IRa; 
forchildren: IRn = IRc); 
ET - exposure time, hour / day; 
CF2 - conversion factor, days / hours; 
FI - contaminated soil fraction, rel. u; 
EF - exposure frequency, days. / g; 
EDn- duration of exposure, age  
EDc- duration of exposure age 6years; 
EDa- duration of exposure under the age of6 years; 
BWn -body weight, kg  
BWc- body weight at the age of 6 years or less; 
BWa- body weight over the age of 6 years; 
ATn- average period of exposure, years for adults 30 years of 
age; forchildren: 6 years; 

AT - the average period of exposure, years. 
 
The standard formula for calculating the average daily dose 
with cutaneous exposure  
 

                              (3)   
                                  
DAD - cutaneous absorbed dose, mg / (kg × day) ; 
DAe-absorbed dose per event, mg/ cm2; 
 
DAe=Cs*CF*AF*ABSd  (4) 
 
Cs -concentration of substances in the soil, mg / kg ; 
CF -conversion factor, kg / mg of 10-6 kg / mg; 
AF - factor skin contamination, mg / cm2; 
ABSd- the absorbed fraction, rel. u ; 
SA -skin surface area, cm2; 
EF -exposure frequency, event / year 350; 
ED -duration of exposure, age 30 years; children: 6 years; 
EV -number of events in one day event / day; 
AT -the average period of exposure, age 30 years; children 6 
years of age; carcinogens: 70 years; 
 
At the evaluation of carcinogenic risks, the average daily dose, 
averaged taking into account the expected average human life 
(70 years) is used. Such doses are referred to LADD. The 
standard equation for calculating of LADD is as follows: 
 

                    (5)             
                             
LADD - average lifetime dose, mg / (kg × day); 
C - concentration of a substance in polluted environments, mg 
/l mg/m3, mg /cm2 m /kg; 
CR - arrival rate of exposure (drinking water, air,food, etc.), l / 
day, m3 / day kg / day, etc .; 
ED - the duration of exposure, years; 
EF - the frequency of exposure, days/year; 
BW - body weight in kilograms; 
AT - averaging period of exposure (for carcinogens AT = 70 
years); 
 

            (6) 
 
LADD - the average lifetime dose, mg / (kg × day); 
SF- the slope factor. 
 
Objective 
 
 to evaluate carcinogenic risks when exposed to POPs 

among people living in Shalkar and Irgiz villages of 
Aktobe oblast 

Goals: 
 to conduct research of environmental objects in Shalkar 

and Irgiz villages of Aktobe oblast on the content of 
residual amounts of persistent organic pollutants such as 
polychlorinated biphenyls (PCBs), dioxins, 
hexachlorane (HCH); 

 calculation of dose loads and carcinogenic risks in the 
studied areas of Aktobe oblast; 
- to evaluate non-infectious morbidity of the population 
of  Aktobe oblast and in the Republic of Kazakhstan 
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with the pathology of diseases of the skin, eyes, 
endocrine system; 

 to evaluate carcinogenic risks of the population in 
Aktobe oblast located in the zone of the Aral Sea area. 

 
RESULTS AND DISCUSSION 
 
Aktobe oblast is located in the north-western part of 
Kazakhstan. The area of the oblast  is 300,6 thousand square 
meters, which is 11% of the state territory.The main direction 
of the region's economy is industrial and agricultural 
production. There are a number of environmental problems 
here: groundwater contamination by chromium compounds, 
boron, unsolved problems of utilization and disposal of 
industrial and municipal waste.The consequence of a 
sufficiently developed industry of the Aktyubinsk region is a 
high anthropogenic impact on the environment, expressed in 
air pollution, soil and large rivers, accumulation of industrial  
and solid domestic waste (Alnazarova, 2010; Aybasova 
et al, 2007 ). Aktobe oblast borders on Kyzylorda oblast, and is  
considered  to be a zone of the Aral Sea area (Micklin, 2004). 
During the implementation of the project, we studied such 
settlements as the village of Shalkar and Irgiz, which were 
referred to the zone of the Aral Sea area, and where samples 
were selected. 
 
The most important parameter that reflects the effect of a 
chemical on the body is the dose, since it directly indicates the 
amount of a contaminant that has a potential effect on the 
target organ. The dose is the amount of pollutant received by 
the body with increasing exposure, taking into account the 
body weight. 
 
The village of Shalkar 
 
The daily average dose of PCBs received from the oral and 
dermal route from the soil was 6.4 × 10-8 for adults of the 
village of  Shalkar and  7,0х10-7 mg/kg for children per day.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The daily average dose of PCBs received orally from open 
reservoirs was 1.1 × 10-8 for adults and 1,2х10-7 for children 
mg/kg per day. The daily average dose of PCBs received with 
food products was6,4х10-8 for adults and 3,0х10-8 for children 
mg/kg per day. As a result, the total exposure of PCBs for 
adults of the village of  Shalkar was 1,4х10-7  mg/kg for adults 
and 1,1х10-6 mg/kg for children per day. The daily average of 
dioxins received from the oral and dermal route from the soil 
was 8,5х10-12 for adults and  1,0х10-12 mg/kg for children per 
day. The dose of dioxins received orally from open  reservoirs 
was 5,2 х10-14 for adults and 6,1х10-13for children mg/kg per 
day. The dose of dioxins received with food products was 
5,0х10-10 for adults and 1,2х10-10 for children mg/kg per day.  
As a result, the total exposure of dioxins for adults was 5,0х10-

10mg/kg for adults and 1, 2х10-10 mg/kg for children per day. 
The daily average of HCH received from the oral and dermal 
route from the soil was 4,0х10-10for adults and 2,0х10-9 mg/kg 
for children per day.  The dose of HCH received orally from 
open reservoirs was 8,6 х10-10 for adults and 9,4х10-9 for 
children mg/kg per day. As a result, the total exposure of HCH 
for adults was 1,26х10-9 mg/kg for adults and 1,2х10-8 mg/kg 
for children per day. Based on the results of the exposure, in 
the future, according to mathematical calculations, we carried 
out carcinogenic risks for each POPs along the routes of 
chemical exposure. Carcinogenic risks were carried out in 
accordance with the following formula relating to LADD. The 
standard equation for calculating of LADD is as follows:  
 
 

 
 

 

Total individual carcinogenic risk (CR sum) when exposed to 
PCBs, dioxins, HCH via different routes form various 
environments was   2,0х10-5, e.g. this is an additional risk 
compared to the background for an individual to develop 
cancer during lifetime from the effects of these chemicals and 
from exposure to these chemicals and has accounted for 2 
additional cases of cancer per 100 thousand people in the 
village of Shalkar. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Carcinogenic risks of POPs for adults and child population in the village of Shalkar 
 
 

  POPS   

Therouteofexposure PCBs Dioxins HCH Total 
Soil     
orally 7,1х10-7 2,1х10-8 7,8х10-9 CRsoj 7,4х10-7 
Openreservoirs     
orally 8,4х10-8 8,1х10-9 3х10-9 Craoj 9,5х10-8 
Foodproducts     
orally 3х10-7 1,8х10-5  Crfoj 1,2х10-5 
Totalexposure     
Totaloralexposure 1,1х10-6 1,8х10-5 1,1х10-8 Croj 1,4х10-5 
Total on all environments and routes ΣCR PCBs 1,1х10-6 ΣCR dioxins 1,8х10-5 ΣCR HCH 1,1х10-8 ΣCRj 2,0х10-5 

 
 

Table 2. Carcinogenic risks of POPs for adults and child population in the village of Irgiz 
 

  POPs   

Therouteofexposure PCBs Dioxins HCH Total 
Soil     
orally 1,0x10-8  1,5x10-7 - CRsoj 1,6x10-7 

Openreservoirs     
orally 4,0x10-5 6,7x10-7 - CRaoj 7,1x10-7 

Foodproducts     
orally 1,1x10-4 6,0 x10-5 - CRfoj 6,0x10-5 
Totalexposure     
Totaloralexposure 5,2x10-4 6,1x10-5 - CRoj 5,2x10-4 
Total on all environments and routes ΣCR PCBs 5,2x10-4 ΣCR dioxins 6,1x10-5 - ΣCRj 5,2x10-4 
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The village of Irgiz 
 
The daily average dose of PCBs received from the oral and 
dermal route from the soil was 2,0х10-8 for adults of the village 
of  Irgiz of Aktobe oblast and  2,0х10-7 mg/kg for children per 
day. The daily average dose of PCBs received orally from 
open  reservoirs was 1,0х10-6 for adults and 1,0х10-5 for 
children mg/kg per day. The daily average dose of PCBs 
received with food products was 5,1х10-8 for adults and 
2,4х10-7 for children mg/kg per day. As a result, the total 
exposure of PCBs for adults was 1,3х10-6  mg/kg for adults and 
1,2х10-5  mg/kg for children per day. The daily average of 
dioxins received from the oral and dermal route from the soil 
was 8,7х10-11for adults and  9,3х10-10mg/kg for children per 
day. The dose of dioxins received orally from open  reservoirs 
was 4,5 х10-10 for adults and 5,0х10-9 children mg/kg per day. 
The daily average dose of dioxins received with food products 
was 7,1х10-10 for adults and 3,3х10-9 for children mg/kg per 
day. As a result, the total exposure of PCBs for adults of the 
village of  Irgiz was 7,2х10-9 mg/kg for adults and 3,4х10-

8mg/kg for children per day. Individual risk is an estimation of 
the probability of developing an adverse effect in the exposed 
individual, for example, the risk of developing cancer in one 
individual from thousand individuals exposed (one risk  per 
thousand or 110-3). Individual carcinogenic risk (CR)is  the 
probability of developing malignant neoplasms during a 
person's life due to the effects of a potential carcinogen. 
Carcinogenic risk is the upper confidence limit of an additional 
lifelong risk. The daily average dose of PCBs received from 
the oral and dermal route from the soil was 
2,0х10-8 for adults of the village of  Irgiz of Aktobe oblast and  
2,0х10-7 mg/kg for children per day. 
 
The daily average dose of PCBs received orally from open  
reservoirs was 1,0х10-6 for adults and 1,0х10-5 for children 
mg/kg per day. The daily average dose of PCBs received with 
food products was 5,1х10-6for adults and 2,4х10-5for children 
mg/kg per day. As a result, the total exposure of PCBs for 
adults was 1,3х10-6  mg/kg for adults and 1,2х10-5  mg/kg for 
children per day. The daily average of dioxins received from 
the oral and dermal route from the soil was 8,7х10-11for adults 
and  9,3х10-10 mg/kg for children per day. The dose of dioxins 
received orally from open  reservoirs was 4,5 х10-10 for adults 
and 5,0х10-9 children mg/kg per day. The daily average dose of 
dioxins received with food products was 7,1х10-10 for adults 
and 3,3х10-9 for children mg/kg per ay.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As a result, the total exposure of PCBs for adults of the village 
of  Irgiz was 7,2х10-9 mg/kg for adults and 3,4х10-8  mg/kg for 
children per day. Individual risk is an estimation of the 
probability of developing an adverse effect in the exposed 
individual, for example, the risk of developing cancer in one 
individual from thousand individuals exposed (one risk  per 
thousand or 110-3). Individual carcinogenic risk (CR)is the 
probability of developing malignant neoplasms during a 
person's life due to the effects of a potential carcinogen. 
Carcinogenic risk is the upper confidence limit of an additional 
lifelong risk. The carcinogenic risks we received in 10-4 and 
10-5,according to the Guidelines for the Assessment for the 
health risks for public health when exposed to chemicals 
contaminating the environment No.2.1.10.1920-01(Moscow, 
2004), were evaluated for the risk acceptability system. The 
risks we identified were related to the second and third range 
of risks. The second range (individual risk throughout life is 
more than 1×10-6, but less than 1×10-4) corresponds to the 
maximum allowable risk, i.е. upper limit of acceptable risk. It 
is at this level that most foreign and recommended by 
international organizations hygiene standards were established 
for the general population (for example, WHO uses 1×10-5 for 
drinking water as an acceptable risk and 1×10-4 for 
atmospheric air). These levels are subject to constant 
monitoring. In some cases, additional risk reduction measures 
can be taken at these risk levels. 
  
The third range (individual risk throughout life more than 
1×10-4, but less than 1×10-3) is acceptable for professional 
groups and is unacceptable for the general population. The 
emergence of such a risk requires the development and 
implementation of planned recreational activities. The 
planning of risk reduction measures in this case should be 
based on the results of a more in-depth evaluation of various 
aspects of existing problems and determining their priority in 
relation to other hygienic, environmental, social and economic 
problems in the this territory. According to the results of our 
research, the village of Shalkar refers to the second range of 
risk, i.e. it corresponds to the upper limit of acceptable risk. In 
the village of Irgiz the individual risk is 5.2x10-4, it refers to 
the third range and requires the development and 
implementation of planned recreational activities. 
The total individual carcinogenic risks   (CR sum) at the 
influence of PCBs dioxins via the oral route from different 
environments was 5,2 x 10-4, i.e. this is an additional risk 

Table 3. Morbidity of adults and children of Aktobe oblast for 100 000 thousand of population 
 

 
 

Table 4. Morbidity of children aged 0 to 14 of Aktobe oblast  
for 100 000 thousand of population 

 

Thenameofdisease Aktobe oblast 2015  2016 children aged 0 to 14 The Republic of Kazakhstan 2015 2016 children aged 0 to 14 

Diseases of the skin and 
subcutaneous tissue 

3094,5    3254,4 2630,0  3032,3 

Diseases of the eye and its 
adnexa, including glaucoma 

2576,6     2136,0 1807,3  2007,3 

Diseases of the endocrine system 760,8        712,8 643,2     494,4 
Diabetes 7,2       7,6 5,0       5,0 
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compared to the background for an individual to develop 
cancer during lifetime from exposure to these chemicals and 
has accounted for 52 additional cases of cancer per 100 
thousand people in the village of Irgiz. Pollution with the 
persistent organic pollutants in the environmental objects by 
means of exposure and evaluation of the carcinogenic risk to 
human health is confirmed by the data of the statistical 
reporting about some morbidity in Aktobe oblast, and is 
specific at the influence with the persistent organic 
pollutants(Alnazarova, 2010; Aybasova et al, 2007 ).   Table 3 
and 4 reveals the highest pollution among the rural residents   
of the villages of Shalkar and Irgiz. The incidence of adults 
and children presented in these tables  in rural areas of  Aktobe 
oblast shows a significant excess of indicators in comparison 
with the republican level for the following  diseases: the skin 
and subcutaneous tissue, the eye and its adnexa, including 
glaucoma among the entire population, female and children 
under the age 14 years. Among diseases of the endocrine 
system, the highest level in the republic was registered among 
the children aged  0 -14 years, which exceeded the republican 
in 2015 by 69.4%, the incidence of diabetes also has a high 
level among children of  Aktobe oblast aged 0 -14 years 
(MazhitovaZ, 2007; Statistical collection, 2016). 
 
Conclusion 
 
The obtained results reveal the main environmental pollutants, 
which are organic pollutants that affect the environment and 
human health in Актюбе region, it consequently make possible 
to calculate the impact of carcinogenic risks affecting the 
health of people living in this region, which exist 
 worldwide (Zasorin, 2010; Toleutai, 2016). The evaluation of 
the carcinogenic risks we have received is assessed by their 
acceptability and allows us to relate the Shalkar village to the 
second - range risk, and the Irgiz village to the third - range 
risk. This indicates unacceptability for the life of the 
population and requires the development and implementation 
of planned recreational activities. The high level of 
contamination with exceeding MAC for POPs and the results 
of carcinogenic risks allowed us to assess the zones of the Aral 
Sea area, while both villages Irgiz and Shalkarof Aktube oblast 
were classified as emergency ecological zones. Thus, 
toxicological studies indicate contamination with POPs, which 
are global pollutants and and accordingly dangerous toxicants, 
which have an adverse effect on the overall ecology. This 
necessarily requires constant monitoring with the inclusion of 
all environmental objects, otherwise we may lose an entire 
generation of children who already today suffer from such 
terriblenon-communicable diseases as skin and eye diseases, 
endocrine system diseases and diabetes mellitus (Vrijheid et 
al., 2016; Nazhmetdinova, 2008).  
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