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Background

Environment

Syunik is the major mining region
of Armenia, which results
pollution of environment;

Heavy metals accumulate in
agricultural soils and enter the
food chain;

Diet is one of the main exposure
pathways to toxic trace elements.

Health

Fruits and vegetables are
considered to be essential part of
healthy diet.

Syunik’s rural community
population mostly consumes
locally grown crops;

Previous studies showed the
occurrence of non-carcinogenic
risk via fruits and vegetables
consumption.

Kajaran Mine, the largest

operating mine in Armenia.
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Fruits and vegetables grown under the impact of mining industry 

are also sold in the markets of adjacent urban areas.  

Fruits and Vegetables in Diet



DIET STUDY 

➢ Individual-based approach

➢ Food frequency questionnaire 

(FFQ) 
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FOOD ANALYSIS

The concentration of Ni, Cr, Pb, As, Cd in commonly consumed 

fruits and vegetables were determined using the 

atomic absorption spectrophotometer 

(AAS, Perkin Elmer Aanalyst 800). 



DATA ANALYSIS

Statistical analyses were 

carried out by Microsoft 

Excel and SPSS (SPSS 

Ins., Version 11). 



Carcinogenic Risk (CR) Assessment 

Methodology (according to US EPA)

CR = EDI x SF

EDI – Estimated Daily Intake

SF – Slope Factor 

Trace element Ni Cr (VI) Pb Cd As

SF (mg/kg/day) 1,7 0,5 0,0085 0,38 1,5



EDI (mg/kg/bw/day)

EDI = (C x IR x EF x ED) / (Bw x AT)

C – concentration of trace element (mg/kg)

IR – ingestion rate (kg/day)

EF – exposure frequency (183 day/year, for potato 365 day/year)

ED – exposure duration (for female 69.7, for male 63.6)

Bw – body weight (for female 60 kg, for male 70 kg)

AT – which the dose is averaged (25550 days)

Estimated daily intake



Limits

US EPA recommended the SAFE LIMIT for carcinogenic risk below

1 chance in a million lifetime exposure (CR < 10−6).

Threshold Risk Limit (CR > 10−4) for cancer above 1 chance in

10,000 lifetime exposure where remedial measures are considerable.

Moderate Risk Level (CR > 10−3) is above 1 in 1000 where

public health safety consideration is more important

(Tchounwou et. al 2014).
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Carcinogenic risk of Ni 

Foodstuff Ni

Bean 1.14E-02

Sweet pepper 5.29E-03

Maize 1.09E-02

Plum 1.75E-03

Grape 5.48E-03

Eggplant 5.10E-03

Tomato 4.03E-03

Cucumber 5.25E-04

Beet 3.37E-03

Potato 1.36E-02

Onion bulb 4.03E-05

Carrot 3.91E-03

Fennel 1.62E-03

Basil 9.96E-04

Cabbage 9.05E-04

Onion leaves 1.88E-03

Total 7.08E-02
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Carcinogenic risk of Ni 

Foodstuff Ni

Dewberry 9,78E-05

Cornel 1,49E-04

Eggplant 3,74E-04

Sweet pepper 3,13E-04

Bean 1,23E-03

Tomato 1,39E-04

Zucchini 2,17E-04

Cucumber 2,69E-04

Beet 9,56E-05

Potato 7,04E-04

Onion leaves 4,69E-05

Carrot 1,43E-04

Greens 1,45E-04

Cabbage 2,26E-04

Lettuce 1,34E-04

Total 4,28E-03
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Carcinogenic risk of Cr 

Foodstuff Cr

Bean 4.13E-04

Sweet pepper 1.59E-04

Maize 2.33E-04

Plum 1.06E-04

Grape 1.11E-04

Eggplant 2.16E-04

Tomato 1.35E-04

Cucumber 1.21E-04

Beet 1.70E-04

Potato 4.46E-04

Onion bulb 1.48E-05

Carrot 2.31E-04

Fennel 1.32E-04

Basil 1.17E-04

Cabbage 1.29E-04

Onion leaves 6.23E-05

Total 2.80E-03
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Carcinogenic risk of Cr 

Foodstuff Cr

Dewberry 1,15E-04

Cornel 7,55E-05

Eggplant 2,23E-04

Sweet pepper 1,22E-04

Bean 2,47E-04

Tomato 1,41E-04

Zucchini 6,18E-05

Cucumber 1,11E-04

Beet 9,90E-05

Potato 4,76E-04

Onion leaves 1,69E-05

Carrot 1,05E-04

Greens 8,33E-05

Cabbage 1,12E-04

Lettuce 6,49E-05

Total 2,05E-03
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Carcinogenic risk of Pb 

Foodstuff Pb

Bean 5.53E-06

Sweet pepper 2.64E-06

Maize 4.24E-07

Plum 2.64E-07

Grape 1.71E-07

Eggplant 2.60E-06

Tomato 1.60E-06

Cucumber 7.50E-07

Beet 2.07E-06

Potato 7.67E-06

Onion bulb 1.76E-08

Carrot 1.04E-06

Fennel 7.56E-07

Basil 7.25E-07

Cabbage 9.60E-07

Onion leaves 2.52E-07

Total 2.75E-05
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Carcinogenic risk of Pb 

Foodstuff Pb

Dewberry 3,57E-09

Cornel 3,36E-09

Eggplant 7,57E-09

Sweet pepper 5,25E-09

Bean 1,99E-08

Tomato 7,99E-09

Zucchini 7,52E-09

Cucumber 6,73E-09

Beet 3,78E-09

Potato 1,59E-08

Onion leaves 8,41E-10

Carrot 3,78E-09

Greens 1,16E-09

Cabbage 2,79E-09

Lettuce 3,15E-09

Total 9,33E-08
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Carcinogenic risk of Cd

Foodstuff Cd

Bean 9.51E-07

Sweet pepper 1.31E-06

Maize 6.32E-07

Plum 6.22E-07

Grape 2.30E-06

Eggplant 0.00E+00

Tomato 2.05E-06

Cucumber 0.00E+00

Beet 1.08E-06

Potato 3.77E-06

Onion bulb 1.13E-07

Carrot 5.86E-06

Fennel 1.41E-07

Basil 2.82E-07

Cabbage 0.00E+00

Onion leaves 0.00E+00

Total 1.91E-05
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Carcinogenic risk of Cd

Foodstuff Cd

Dewberry 5,97E-07

Cornel 2,53E-07

Eggplant 3,16E-06

Sweet pepper 1,49E-06

Bean 1,17E-06

Tomato 7,16E-06

Zucchini 1,88E-07

Cucumber 6,09E-07

Beet 1,51E-06

Potato 1,13E-05

Onion leaves 3,64E-07

Carrot 2,07E-06

Greens 7,08E-06

Cabbage 1,03E-06

Lettuce 9,64E-07

Total 3,89E-05
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Carcinogenic risk of As

Foodstuff As

Bean 7.51E-06

Sweet pepper 1.04E-05

Maize 7.49E-06

Plum 2.45E-06

Grape 3.63E-05

Eggplant 1.14E-05

Tomato 4.04E-06

Cucumber 3.31E-06

Beet 0.00E+00

Potato 2.23E-05

Onion bulb 8.90E-07

Carrot 0.00E+00

Fennel 3.34E-06

Basil 5.56E-07

Cabbage 7.26E-06

Onion leaves 0.00E+00

Total 1.17E-04
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Carcinogenic risk of As

Foodstuff As

Dewberry 1,66E-06

Cornel 1,56E-06

Eggplant 3,51E-06

Sweet pepper 2,44E-06

Bean 3,51E-06

Tomato 3,71E-06

Zucchini 1,95E-06

Cucumber 3,12E-06

Beet 1,76E-06

Potato 7,40E-06

Onion leaves 3,90E-07

Carrot 1,76E-06

Greens 9,76E-07

Cabbage 2,34E-06

Lettuce 1,46E-06

Total 3,76E-05
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Bean
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Bean 1.18E-02

Sweet pepper 5.46E-03

Maize 1.12E-02

Plum 1.86E-03

Grape 5.63E-03

Eggplant 5.33E-03

Tomato 4.17E-03

Cucumber 6.50E-04

Beet 3.55E-03

Potato 1.40E-02

Onion bulb 5.62E-05

Carrot 4.15E-03

Fennel 1.76E-03

Basil 1.11E-03

Cabbage 1.04E-03

Onion leaves 1.94E-03

Total 7.37E-02
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Foodstuff Ʃ

Dewberry 2,15E-04

Cornel 2,26E-04

Eggplant 6,04E-04

Sweet pepper 4,38E-04

Bean 1,48E-03

Tomato 2,91E-04

Zucchini 2,81E-04

Cucumber 3,84E-04

Beet 1,98E-04

Potato 1,20E-03

Onion leaves 6,46E-05

Carrot 2,52E-04

Greens 2,36E-04

Cabbage 3,41E-04

Lettuce 2,02E-04

Total 6,41E-03
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SIMILIAR RESEARCHES
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Study strongly suggests that the vegetable

base soil quality should be periodically

investigated, and an urgent and

systematic study should be conducted on

vegetables growing in the contaminated

soils.

In addition, effective measures should be

adopted to control heavy metal pollution in

the study area, and strong and efficient

actions should be taken to decrease the

human health risks (non-carcinogenic or

cancer risk) caused by heavy metals resulting

from unreasonable agricultural activities
and surrounding industrial plants.



SIMILIAR RESEARCHES
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The total carcinogenic risk (CR)

of As was below the threshold level

(E-06) and 9.82E-05 for Pb,

suggesting no potential CR from As

consumption, but indicating the

risk of Pb-induced carcino-

genesis.

The findings of this study

significantly contribute to the

field of food safety, considering

the health risk for Bangladeshi

population.



SIMILIAR RESEARCHES
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The CR contribution rate of

different heavy metals for

residents in both the contaminated

and reference areas showed the

order of As > Cd > Pb.

From a health risk perspective, the

environmental quality standards

and food safety standards of some

heavy metals may need to be

improved..



SIMILIAR RESEARCHES
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The carcinogenic risk of the mine

site was 2.7E−03. This value

means the probable possibility that

about 3 cancer patients among

1000 people happen.

Carcinogenic risk exceeded in the

generally accepted range of 1E−04

to 1E−06.



SIMILIAR RESEARCHES

29

The carcinogenic risks values for Ni

and Cr were higher than the safe

value (1E−6), suggesting that in

Kermanshah province might have

significant and acceptable potential

health risk because of exposure to Ni

and Cr.

Children are likely under a higher

health risk than adults, especially where

the carcinogenic risk is higher than

1E−4, indicating that children may

be facing the threat of serious

carcinogenic risk over a lifetime.

These findings indicate that more

consideration ought to be paid to HM

contamination of food crops in

Kermanshah province.



➢ Each of studied trace elements poses significant level of carcinogenic risk through

fruits and vegetables consumption.

➢ Total carcinogenic risk values for investigated trace elements in Syunik rural

communities showed a decreasing order of Ni > Cr > As > Pb > Cd > 10-6.

➢ Total carcinogenic risk values for investigated trace elements in Kapan showed a

decreasing order of Ni > Cr > Cd > As > 10-6 > Pb.

➢ Among investigated fruits and vegetables potato, bean and maize were considered the

most hazardous.

Conclusions

Ni

7,08E-02

Cr

2,8E-03

As

1,17E-04

Pb

2,75E-05

Cd

1,91E-05
10-6
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Ni

4,28E-03

Cr

2,05E-03

Cd
3,89E-05

As
3,76E-05

Pb
9,33E-08

10-6



➢ It is recommended that intense consumption of vegetables and

fruits growing in contaminated areas should be avoided.

➢ Appropriate risk management actions are needed.

➢ Implementation of Good Agricultural Practices (GAP).

Recommendations 

31

➢ A more comprehensive assessment of the dietary exposure of

trace elements is needed that would take into account many

other exposure pathways (i.e. inhalation or dermal pathways)

in order to ensure the safety of the population living under the

impact of mining industry.



Publications
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Web: https://www.cens.am/ FB: web.facebook.com/cens.armenia

meline.beglaryan@cens.am

+374 94 50 54 80

+374 10 55 30 81

THANK YOU FOR YOUR 

KIND ATTENTION

https://www.cens.am/
https://web.facebook.com/censarmenia/?eid=ARDQZBmD3yhiBdG1jOQfygd1GuI1Q_NRjE-MWeyahmmg4lB56_G3_IMFZkz0yde2xW4uk3erYRal4hsC&timeline_context_item_type=intro_card_work&timeline_context_item_source=100002612001527&fref=tag

