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The value of total carcinogenic risk on peroral, inhalation and 

dermal routes of entry for the adolescent population in all 

zones under study corresponded to high risk level, the high- 

est values being observed in the 1st zone (the Kirovsky dis- 

trict), and the lowest ones in the 4th zone (the Privolzhsky dis- 

trict). The priority routes of carcinogen entry into the human 

body were peroral and inhalation routes. Foods and drinking 

water, as well as atmospheric air were revealed to be the 

leading substance transport media in forming individual car- 

cinogenic risk. The major carcinogens forming risk were lead 

(1.36Е-04), chloroform (1.20Е-04) and cadmium (7.09E-04) 

entering with water and arsenic (8.38Е-05) – with soil. The 

leading position among atmospheric air carcinogens in all city 

zones under study belonged to soot (5.51Е-04). The priority 

pollutant present in foods and defining carcinogenic health 

risk was lead (2.02E-03). Complex assessment of carcino- 

genic risk in case of multimedium routes of the chemicals’ 

entry showed that there was a risk of developing carcinogenic 

effects for the adolescents’ health on daily intake of contami- 

nants, which made TНCR=0.01632. 
 

Key words: comprehensive assessment of carcinogenic risk 

in adolescents. 

El valor del riesgo carcinogénico total por vías de entrada 

peroral, inhalatoria y dérmica para la población adolescente 

en todas las zonas de estudio correspondió al nivel de riesgo 

alto, observándose los valores más altos en la 1a zona (dis- 

trito de Kirovsky) y los más bajos en la cuarta zona (el distrito 

Privolzhsky). Las rutas prioritarias de entrada de carcinóge- 

nos en el cuerpo humano fueron las vías perorales y de inhal- 

ación. Se reveló que los alimentos y el agua potable, así como 

el aire atmosférico, son los principales medios de transporte 

de sustancias en la formación de riesgo cancerígeno indi- 

vidual. Los principales carcinógenos de riesgo de formación 

fueron el plomo (1.36Å-04), el cloroformo (1.20Å-04) y el cad- 

mio (7.09E-04) que ingresaron con agua y arsénico (8.38Å- 

05) - con el suelo. La posición de liderazgo entre los carcinó- 

genos atmosféricos del aire en todas las zonas de la ciudad 

en estudio fue el hollín (5.51Е-04). El contaminante prioritario 

presente en los alimentos y que define el riesgo cancerígeno 

para la salud fue el plomo (2.02E-03). La evaluación comple- 

ja del riesgo carcinogénico en el caso de rutas de entrada de 

sustancias químicas con múltiples medios mostró que existía 

el riesgo de desarrollar efectos carcinogénicos para la salud 

de los adolescentes en la ingesta diaria de contaminantes, lo 

que hizo que TНCR = 0,01632. 
 

Palabras clave: Evaluación integral del riesgo carcinogénico 

en adolescentes. 

 
 

 

The growing anthropogenic impact on nature and human be- 

ing, as well as the growth of the population incidence rate ne- 

cessitate a complex assessment of the human habitat factors 

based on calculation of risks and damages to the population 

health1-6. The urgent character of this topic lies in the fact that 

ecological assessment of the living standards parameters 

Comprehensive assessment 
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under present-day conditions of the anthropogenic activity 

growth becomes more and more required, and is projected 

onto a wide range of the living environment components7-12. 
 

The aim of the study was to assess the risk of developing car- 

cinogenic effects for the adolescent health on multimedium 

routes of the chemicals’ entry from the environmental com- 

partments of the city. 

 
 

The data obtained from calculation of individual risk from the 

– the Vakhitovsky district, the 3rd zone – the Sovetsky district, 

and the 4th zone – the Privolzhsky district. 
 

The value of individual carcinogenic risk (CR) for each chemi- 

cal component was calculated as a product of chronic daily 

intake and carcinogenicity index according to formula (1): 

СR = I · SF, (1) 

where I – a value of substance intake throughout life; SF - 

carcinogenicity index (a slope factor). 

Combined impact of carcinogenic factors on one route of en- 

try was treated as additive and was calculated according to 

formula (2): 

content of carcinogens in all media of the zones under study 

in the city of Kazan allowed to identify the total carcinogenic 
CRT = ΣCRi, (2) 

risk for each route of entry and the total carcinogenic risk   

for all routes in adolescents. On complex exposure of ado- 

lescents to chemicals in all zones under study in the city of 

Kazan, we identified the major routes of their entry; they were 

the paroral route – 85.87% and the inhalation one - 12.07%. 

Therewith, a decrease of the contaminants’ entry from the 1st 

zone to the 4th zone was observed. The contribution of der- 

mal route to the total carcinogenic risk was insignificant and 

made 2.05%. The risk of developing carcinogenic effects was 

assessed according to “Guidelines for the population health 

risk assessment on exposure to chemicals contaminating the 

environment “Р.2.1.10.1920-0413. 
 

To calculate exposure, a median of 50 % and 95% Perc of 

the chemicals’ content in the environmental compartments 

were used. The factor of carcinogenic potential on inhalation 

(SFI), peroral (SFO) and dermal (SFD) routes of exposure 

was identified for chemical carcinogens for subsequent risk 

assessment. The indices were calculated for 4 zones of the 

city of Kazan: the 1st zone – the Kirovsky district, the 2nd zone 

where CRT – the total carcinogenic risk; CRi - carcinogenic 

risks caused by the chemical mixture components. 

In case of simultaneous exposure to several carcinogenic sub- 

stances entering the human body via different routes, calcula- 

tion of the total risk (TCR) is made according to formula (3): 

TCR = ΣCRi, (3) 

where TCR - the total carcinogenic risk. 

Statistical analysis of the obtained data was performed in op- 

erating system Windows 10, with use of standard application 

program Excel 2010. 
 

 
The carried out calculations of individual carcinogenic risk due 

to inhalation route chemicals’ entry (atmospheric air, water, 

soil) in the zones under study according to 50% Perc showed 

that its minimum values were at the level of 2.56Е-04 (the 4th 

zone – the Privolzhsky district), and the maximum ones were 

7.05Е-04 (the 1st zone – the Kirovsky district) (Table 1). 

 

Table 1. Comprehensive assessment of the carcinogenic risk of adolescents with multi-media exposure to chemicals (50% Perc) 

 Zones 

Way and environment of receipt 1 zona 2 zona 3 zona 4 zona Amount 1 zona % 2 zona % 3 zona % 4 zona % Amount % 

Inhalation route 

Atmospheric air 0,0006 0,0004 0,0003 0,0002 0,001 30,69 23,25 18,78 11,83 84,57 

Water 9,20758E-05 8,63521E-05 7,69142E-05 
1,65130 

E-05 0,0002 4,671 4,38 3,90 0,83 13,79 

The soil 7,90679E-06 8,33854E-06 9,32898E-06 6,54324E-06 3,212Е-05 0,401 0,423 0,47 0,33 1,62 

Peroral exposure 

Products 0,0027 0,0027 0,0027 0,0027 0,0109 19,615 19,615 19,61 19,61 78,46 

Water 0,0009 0,0008 0,0007 0,0001 0,0027 6,568 6,16 5,48 1,17 19,39 

The soil 0,00007 0,00007 0,00008 0,00006 0,00030 0,520 0,54 0,64 0,445 2,14 

Cutaneous path 

Water 1,195E-05 1,035E-05 1,026E-05 1,866E-06 3,447E-05 27,77 26,38 25 20,83 99,17 

The soil 8,999E-05 7,586E-05 7,292E-05 6,181E-05 0,000301 32,3 22,13 32,28 13,32 0,83 

HCRi 0,0007 0,0005 0,0004 0,0002 0,001 4,319 3,388 2,797 1,569 12,07 

HCRo 0,0037 0,0036 0,0036 0,0029 0,014 22,93 22,59 22,10 18,23 85,87 

HCRd 0,0001 0,00008 0,00008 0,00006 0,0003 0,624 0,528 0,509 0,390 2,052 

THCR 0,0045 0,0043 0,0041 0,0032 0,0163 27,87 26,51 25,41 20,19 100 

 

Results 
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The contribution of the media under study on the inhalation 

entry of chemicals was distributed in the following way: the 

atmospheric air ranked first (84.58%), water ranked second 

(13.79%), and soil ranked third (1.63%). Consequently, the 

major contribution to the inhalation entry of chemicals was 

made by the atmospheric air (84.58%). Water occupied the 

next position mainly due to intake of lead and chloroform in 

all zones, in the 2nd zone (the Vakhitovsky district) (1.36Е-05 

and 1.20Е-05 correspondingly), and cadmium in the 1st zone 

(7.09E-05) in particular. The lowest contribution was made by 

soil (1.63%), mainly as a result of arsenic intake in all zones, 

in the 2nd and the 3rd (the Sovetsky district) zones (6.44Е-06 

and 8.38Е-06 correspondingly) in particular. 

Carcinogenic risk from exposure to the atmospheric air in the 

zones under study was distributed in such a way that its mini- 

mum values were at the level of 2.33Е-04 (the 4th zone), the 

maximum ones were 6.05Е-04 (the 1st zone). Carbon (soot) in 

all zones and benzo(а)pyrene in the 4th zone (2.12E-05) ranked 

high in its formation. The adolescents living in the 1st zone (the 

Kirovsky district) of the city, where the individual risk of devel- 

oping cancer was the highest (7.05Е-04), were exposed to the 

highest risk from the total inhalation effect of substances. 

The total carcinogenic risk with the account of peroral expo- 

sure (foods, drinking water and soil) ranged from 2.98Е-03 

(the 4th zone) to 3.74Е-03 (the 1st zone). The contribution of 

the media under study to the peroral route of the chemicals’ 

entry was distributed in the following way: foods ranked first 

(78.46%), the drinking water ranked second (19.39%), and 

soil ranked third (2.14%). Thus, it can be said that the major 

contribution to peroral route of the chemicals’ entry is made 

by foods (78.46%), and the lowest one – by soil (2.14%), 

mainly as a result of arsenic intake in all zones, in the 2nd 

and the 3rd zones (6.44Е-05 and 8.38Е-05 correspondingly) 

in particular. 

Carcinogenic risk from exposure to drinking water in the 

zones under study was distributed in such a way that its mini- 

mum values were at the level of 1.65Е-04, and the maximum 

ones – 9.21Е-04. The leading role in its formation in all zones 

is caused by the intake of lead and chloroform, (1.36Е-04 

and 1.20Е-04 correspondingly) and that of cadmium in the  

1st zone (7.09E-04) in particular. The percentage of carcino- 

genic risk on intake with foods (78.6%) was identified mainly 

as a result of lead contamination in adolescents (2.02Е-03). 

The highest total carcinogenic risk from the chemicals’ entry 

via the peroral route was registered in the 1st (3.74Е-03) and 

the 2nd (3.69Е-03) zones of the city, where the individual risk 

of developing cancer was the highest. 

We determined that on dermal exposure (water and soil) the 

minimum values of the total carcinogenic risk were at the lev- 

el of 6.37E-05 (the 4th zone), and the maximum ones – 1.02E- 

04 (the 1st zone). The contribution to the dermal route of the 

chemicals’ entry was distributed in such a way that the major 

contribution was made by soil (89.7%), and the lowest one 

- by water (10.3%), mainly as result of lead and chloroform 

intake in all zones, in the 2nd zone (1.22Е-06 and 1.57Е-06 

correspondingly), and that of cadmium in the 1st zone (1.18E- 

05) in particular. 

Carcinogenic risk from exposure to soil in the zones under 

study varied from 6.18E-05 (the 4th zone) to 8.99E-05 (the 1st 

zone); the leading role in its formation was caused by arsenic 

intake, in the 1st and the 2nd zones (8.38Е-05 and 6.44Е-05 

correspondingly) in particular. The highest total carcinogenic 

risk from the chemicals’ entry via dermal route was observed 

in the 1st city zone (1.02Е-04), where the individual risk of 

developing cancer was the highest. 
 

Analysis of total carcinogenic risks due to simultaneous entry 

of chemicals from all media of exposure and via all major 

routes showed that the adolescents living in the 1st zone were 

exposed to the highest lifelong individual risk; the 2nd and the 

3rd city zones had practically equal values; and a minimum 

risk was observed on the territory of the 4th zone. 
 

Comparative assessment of individual carcinogenic risk in 

adolescents on particular areas of the city allows revealing 

the contribution of certain zones to the total risk value for the 

entire analyzed territory of the city of Kazan. The total carci- 

nogenic risk for all routes of the chemicals’ entry into the ado- 

lescent bodies in all four zones made 0.01632 corresponding 

to the high risk level (10-1 - 10-3), where the contribution fell 

on the peroral route and made the values from 0.00298 – 

0.00374. 
 

Thus, the major contribution to the total carcinogenic individ- 

ual risk on the territory under study is made by the 1st zone 

– 27.9%; the 2nd zone – 26.5% and the 3rd zone – 25.4% have 

practically equal values; and the lowest contribution is made 

by the 4th zone – 20.2%. 
 

The obtained results allowed to reveal the highest and the 

lowest contributions of the exposure media  and routes of  

the chemicals’ entry, identify the priority contaminants and the 

routes of their entry into the adolescent bodies, identify the 

zones, where the adolescents were most often exposed to 

carcinogenic risk, and also determine the total carcinogenic 

risk for each route of carcinogen entry and the total carcino- 

genic risk for all routes in adolescents in all four zones, which 

made 0.02681 corresponding to the high risk level (10-1 - 

103) (Table 2). 
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Table 2. Comprehensive assessment of carcinogenic risk in adolescents with multi-environmental exposure to chemicals (95% Perc) 

 Zones 

Way and environment 

of receipt 

 
1 zona 

 
2 zona 

 
3 zona 

 
4 zona 

 
Amount 

 
1 zona % 

 
2 zona % 

 
3 zona % 

 
4 zona % 

 
Amount % 

Inhalation route 

Atmospheric air 0,0016 0,00117 0,0010 0,00042 0,0042 34,91 25,24 22,61 9,200 91,98 

Water 0,00011 0,00010 0,000087 0,000018 0,00032 2,39 2,27 1,87 0,40 6,95 

The soil 1,25046E-05 1,29138E-05 1,26953E-05 1,11347E-05 4,925E-05 0,2687 0,2775 0,27 0,23 1,05 

Peroral exposure 

Products 0,0044 0,00448 0,0044 0,00448 0,017 20,73 20,73 20,73 20,73 82,92 

Water 0,0011 0,00105 0,0008 0,00018 0,003 5,15 4,89 4,03 0,86 14,95 

The soil 0,00011 0,00011 0,00012 0,00010 0,00046 0,54 0,53 0,57 0,48 2,12 

Cutaneous path 

Water 1,34441E-05 1,18177E-05 1,16426E-05 2,12847E-06 3,903E-05 2,69E+00 2,37E+00 2,33E+00 4,26E-01 7,82E+00 

The soil 0,00012 0,00011 0,00011 0,00010 0,0004 2,48E+01 2,33E+01 2,32E+01 2,08E+01 9,22E+01 

HCRi 0,0017 0,0012 0,0011 0,00045 0,004 6,52 4,82 4,29 1,70 17,35 

HCRo 0,0057 0,0056 0,0054 0,00478 0,0216 21,34 21,13 20,46 17,83 80,77 

HCRd 0,00013 0,00012 0,00012 0,00010 0,0004 0,51 0,47 0,47 0,39 1,86 

THCR 0,0076 0,00708 0,0067 0,0053 0,0268 28,37 26,43 25,24 19,94 100 

 
 
 

 

The performed calculations of individual carcinogenic risk 

caused by the inhalation route of the chemicals’ entry (the at- 

mospheric air, water, soil) in the zones under study according 

to 95% Perc showed that its minimum values were at the lev- 

el of 4.58Е-04 (the 4th zone), and the maximum ones – 1.75Е- 

03 (the 1st zone). The contribution percentage of the media 

under study in the inhalation route of the chemicals’ entry was 

distributed in the following way: the atmospheric air ranked 

first (91.98%), water ranked second (6.96%), and soil ranked 

third (1.06%). Thus, it can be said that the highest contribu- 

tion to the inhalation route of the chemicals’ entry is made  

by atmospheric air (91.98%). Water occupies an intermediate 

position mainly due to lead and chloroform intake in all zones, 

in the 2nd zone (2.37Е-05 and 1.33Е-05 correspondingly), and 

cadmium in the 1st zone (7.91Е-05) in particular. And the low- 

est contribution is made by soil (1.06%), mainly as a result of 

arsenic intake in all zones, in the 2nd and the 3rd zones (9.67Е- 

06 and 1.16Е-05 correspondingly) in particular. 
 

Carcinogenic risk from exposure to the atmospheric air in the 

zones under study was distributed in such a way that its mini- 

mum values were at the level of 4.28Е-04 (the 4th zone), and 

the maximum ones – 1.62Е-03 (the 1st zone). Carbon (soot) 

in all zones and benzo(а)pyrene in the 4th zone (3.64E-05) 

occupy the leading position in its formation. The adolescents 

living in the 1st city zone (1.75Е-03), where the individual risk 

of developing cancer was the highest, were exposed to the 

highest risk from inhalation exposure to substances. 

 

 
Total carcinogenic risk with the account of peroral exposure 

(foods, drinking water and soil) ranged from 4.78Е-03 (the 4th 

zoneа) to 5.72Е-03 (the 1st zone). The contribution of the me- 

dia under study to the peroral route of chemicals’ entry was 

distributed in the following way: foods ranked first (82.92%), 

the drinking water ranked second (14.95%), and soil ranked 

third (2.12%). Thus, it can be said that the major contribu-  

tion to the peroral route of chemicals’ entry is made by foods 

(82.92%). And soil makes the lowest contribution (2.12%), 

mainly as a result of arsenic intake in all zones, in the 2nd  

and the 3rd zones (9.67Е-05 and 1.16Е-04 correspondingly)  

in particular. 
 

Carcinogenic risk from drinking water exposure in the zones 

under study was distributed in such a way that its minimum 

values were at the level of 1.88Е-04 (the 4th zone), and the 

maximum ones – 1.12Е-03 (the 1st zone). The intake of lead 

and chloroform played a major role in its formation in all 

zones, in the 2nd zone (2.37Е-04 and 1.33Е-04 correspond- 

ingly) and that of cadmium in the 1st zone (7.91E-04) in par- 

ticular. The percentage of carcinogenic risk due to intake with 

foods (82.92%) was determined mainly as a result of lead 

contamination in adolescents (3.03Е-03). The highest total 

carcinogenic risk from chemicals’ intake via peroral route of 

entry was observed in the 1st (5.72Е-03) and the 2nd (5.66Е- 

03) city zones, where the individual risk of developing cancer 

was the highest. 
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Total carcinogenic risk with the account of dermal exposure 

(water and soil) was distributed in such a way that its mini- 

mum values were at the level of 1.06E-04 (the 4th zone), and 

the maximum ones – 1.37E-04 (the 1st zone). The contribution 

of the media under study to the dermal route of chemicals’ 

entry was distributed in such a way that soil made the ma-  

jor contribution (92.2%), and water – the lowest one (7.8%), 

mainly as a result of lead and chloroform entry in all zones, in 

the 2nd zone (2.12Е-06 and 1.74Е-06 correspondingly), and 

cadmium in the 1st zone (1.31Е-05) in particular. 
 

Carcinogenic risk from the soil exposure in the zones under 

study varied from 1.04E-04 (the 4th zone) to 1.24E-04 (the   

1st zone). The intake of arsenic played a major role in its for- 

mation in all zones, in the 1st and the 2nd zones in particular 

(1.16Е-04 and 9.67Е-05 correspondingly). The highest total 

carcinogenic risk from entry of chemicals via dermal route 

(1.37Е-04) was observed in the 1st city zone, where the indi- 

vidual risk of developing cancer was the highest. 
 

The major contribution to the value of total carcinogenic risk 

on complex exposure of adolescents in all zones under study 

in the city of Kazan taken into account of chemicals was due 

to peroral and inhalation routes of their entry – 80.78% and 

17.36%, the contribution of dermal route was 1.86%. On per- 

oral route of contaminant entry, its greatest contribution was 

registered in descending order: 21.34% and 21.13% in the 1st 

and the 2nd zones, 20.47% in the 3rd zone, and 17.84% in the 

4th zone. On inhalation route of entry, it was 6.52% in the 1st 

zone, 4.83% and 4.30% in the 2nd and the 3rd zones, and 

1.71% in the 4th zone. 
 

It was found out in the course of analysis of the environmental 

compartment data that impurities of carcinogen-hazardous 

compounds were present in the atmospheric air, soil, water 

and foods of certain zones against the background of wide 

spectrum of chemicals. 
 

Complex assessment of carcinogenic risk in case of mul- 

timedium routes of the chemicals’ entry showed that there 

was a risk of developing carcinogenic effects for the adoles- 

cents’ health on daily intake of contaminants, which made 

TНCR=0.01632. 

 
 
 

Conclusions 
 

The value of total carcinogenic risk on peroral, inhalation and 

dermal routes of entry for the adolescent population in all 

zones under study corresponded to high risk level, the high- 

est values being observed in the 1st zone (the Kirovsky dis- 

trict), and the lowest ones in the 4th zone (the Privolzhsky dis- 

trict). The priority routes of carcinogen entry into the human 

body were peroral and inhalation routes. Foods and drinking 

water, as well as atmospheric air were revealed to be the 

leading substance transport media in forming individual car- 

cinogenic risk. The major carcinogens forming risk were lead 

(1.36Е-04), chloroform (1.20Е-04) and cadmium (7.09E-04) 

entering with water and arsenic (8.38Е-05) – with soil. The 

leading position among atmospheric air carcinogens in all city 

zones under study belonged to soot (5.51Е-04). The priority 

pollutant present in foods and defining carcinogenic health 

risk was lead (2.02E-03). 
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