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OVERVIEW AND KEY FINDINGS 
 
This report provides the results of independent soil and water3 monitoring for heavy-metal pollution 
in the kindergartens and schools of the City of Kapan and Villages of Syunik and Achanan (Syunik Marz, 
Republic of Armenia) performed by the American University of Armenia (AUA) Center for Responsible 
Mining (CRM). Historically, Kapan community is one of the mining centers of Armenia. The city has 
one of the largest mining companies in Armenia, the άKapan Mining and Processing Enterpriseέ with 
the Kapan copper-pyrite open pit and Shaumyan gold-polymetallic underground mines and 
Geghanush tailing pond. The communities affected by mining activities are Kapan city and nearby 
located Syunik and Achanan villages. 
 
The soil monitoring in the Communities of Kapan, Syunik and Achanan was performed for 11 
kindergartens, 5 secondary and 6 primary schools.4 A total of 3917 children study in the kindergartens 
and schools. Permissions were obtained from authorized bodies to conduct the sampling and testing. 
This included permissions received from the municipalities for kindergarten and the Marz government 
for the schools.  
 

The soil and water sampling and testing were conducted and documented according to protocols 
developed by the AUA Center for Responsible Mining based on international standards and guidance.5 
A total of 99 soil samples were collected from the playgrounds and exterior common spaces of 
ŎƻƳƳǳƴƛǘƛŜǎΩ kindergartens and schools. Four representative drinking water samples were collected 
from the water taps in Kindergarten ЅтΣ ЅуΣ Ѕмл ŀƴŘ {ŎƘƻƻƭ Ѕр in Kapan, and three surface water 
samples were taken from the Voghji (upstream and downstream Kapan) and Kavart rivers. The soil 
and water samples were brought to the AUA Center for Responsible aƛƴƛƴƎΩǎ ƭŀōƻǊŀǘƻǊȅΦ Lƴ ǎƻƛƭ 
samples the concentrations of total arsenic, copper, cadmium, mercury and lead were tested using 
Trace2o, Metalyser HM2000 Deluxe, Soils (see Annex 2 for Methodology of Soil Sampling and Testing). 
In water samples, the concentrations of total arsenic, arsenic (III), cadmium, copper, lead, mercury, 
zinc, manganese, aluminum, boron, chromium (VI), iron and nickel were tested using the portable 
heavy metals analysis system, with a combination of electrochemical and photometric instruments 
(Metalyser Deluxe HM2000 and Metalometer) from Trace2o Company (see Annex 3 for Methodology 
of Water Sampling and Testing). 
 
The determination of background level (BL)6 for each metal in the soil of Kapan community is given in 
Annex 6. Quality control of the results was carried out by conducting inter-laboratory comparisons 
(Annex 7). The comparison tests were conducted for 7 soil samples and 2 reference samples in the 
ǉǳŀƭƛŦƛŜŘ ƭŀōƻǊŀǘƻǊƛŜǎ ƻŦ ǘƘŜ w! aƛƴƛǎǘǊȅ ƻŦ bŀǘǳǊŜ tǊƻǘŜŎǘƛƻƴΩǎ 9ƴǾƛǊƻƴƳŜƴǘŀƭ Lmpact Monitoring 
Center SNCO and EcoAtom LLC research center. The comparison of soil test results with International 

                                                           
3 Drinking water and surface water that is used for irrigation were tested. Underground water was not investigated due to a 
limited amount in the communities. 
4 bƻ ǎŀƳǇƭŜǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǘǿƻ ƪƛƴŘŜǊƎŀǊǘŜƴǎ όЅмн ŀƴŘ Ѕр ƪƛƴŘŜǊƎŀǊǘŜƴǎύ ŀǎ ǘƘŜȅ ŀǊŜ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ǊŜǎƛŘŜƴǘƛŀƭ 
ƘƻǳǎŜ ŀƴŘ ŘƻƴΩǘ ƘŀǾŜ ǎƻƛƭ-ŎƻǾŜǊŜŘ ŀǊŜŀΦ bƻ ǎŀƳǇƭŜǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ Ѕо ǎŜŎƻƴŘŀǊȅ ǎŎƘƻƻƭ ŀǎ ǘƘŜ ǎƛǘŜ ǿŀǎ ŎƻǾŜǊŜŘ ōȅ 
asphalt. The ǎƻƛƭ ƳƻƴƛǘƻǊƛƴƎ ǿŀǎ ƴƻǘ ŎƻƴŘǳŎǘŜŘ ŦƻǊ ǘǿƻ ƘƛƎƘ ǎŎƘƻƻƭǎ όЅн ŀƴŘ Ѕф ƘƛƎƘ ǎŎƘƻƻƭǎύ ƛƴ YŀǇŀƴ Ŏƛǘȅ ŀǎ ƛǘ ǿŀǎ 
deemed that high-school students are less vulnerable to exposure to contaminated soil because of their height and less 
frequent outdoor playtime.   
5 Protocols used are available at http://crm.aua.am.  
6 The BLs for metals were determined based on the results of preliminary study that was performed for soil at depth 10 cm 
and 20 cm and distance site. These preliminary study is not sufficient for establishing the exact BLs for each metal in soil of 
Kapan, Syunik and Achanan communities. The determination of BL needs further deep investigation (seasonal sampling, soil 
testing at 50 cm depth). 

http://crm.aua.am/
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Soil Standards is shown in Annex 8.  Results for each individual kindergarten and school are presented 
in Annex 9. Complete soil test results are shown in Annex 10. 
 
Key Findings 
 

With respect to drinking water, high levels of heavy metals in drinking water were not detected in 
Kapan, Syunik and Achanan communities (Annex 5). The drinking water for the communities is 
supplied from the Geghi ǊƛǾŜǊΩǎ ǿŀǘŜǊ ǎǇǊƛƴƎ that are collected in the Geghi Water Treatment plant. 
¢ƘŜ DŜƎƘƛ ǊƛǾŜǊΩǎ ǿŀǘŜǊ ǎǇǊƛƴƎ is located at a height of about 2000 m above sea level, 700-800 m 
ǳǇǎǘǊŜŀƳ ƻŦ άDŜƎƘƛέ ǘŀƛƭƛƴƎ ǇƻƴŘ ŀƴŘ мΣр ƪƳ IŀƴƪƘŀǎŀǊ ƳƛƴŜ ǘƘŀǘ ŎǳǊǊŜƴǘƭȅ ŘƻŜǎƴΩǘ ƻperate and 
ōŜƭƻƴƎǎ ǘƻ ά[ŜǊ-9Ȅέ [ǘŘΦ In 2014, the άArmenian Water Supply and Sewerageέ CJSC, sponsored by Asian 
Development Bank, built a new lead-free water supply pipes in these communities.7 The drinking 
water in Achanan village is distributed only several hours a day and was not available for sampling 
during our site visits on 13 May 2016. The results are presented in Figure 8 (Annex 5). 
 
With respect to surface water, the water quality of the Voghji river upstream and downstream of 
Kapan city corresponds to Good (II) class by copper and manganese and Moderate (III) class by the 
same metals, accordingly. The water quality of the Kavart river corresponds to Bad (V) class by iron, 
nickel, copper and manganese. The results are presented in Figure 9 (Annex 5). 
 
With respect to soil, our key finding for each of our 5 test metals is summarized in Figure 1 and 
described in the text below.  
 

 
Figure 1. Heavy metals concentrations in soil samples from Kapan, Syunik and Achanan 
communitiesΩ ƪƛƴŘŜǊƎŀǊǘŜƴǎ and schools, % out of exceeding Armenian SS, statistical summary, 
and international comparatives. 

  Arsenic Cadmium Copper Lead Mercury 

Armenian Soil Standard (mg/kg) 2 *  3 32 2.1 

Kindergarten/ 
School 

No. of 
samples 

GM** 

mg/kg 

% of 

total 

GM 

 mg/kg 

% of 

total 

GM 

mg/kg 

% of 

total 

GM 

mg/kg 

% of 

total 

GM 

mg/kg 

% of 

total 

Kapan city 

YƛƴŘŜǊƎŀǊǘŜƴ Ѕм 4 30.91 100% 0.63 - 215.82 100% 18.33 0% <0.1 0% 

YƛƴŘŜǊƎŀǊǘŜƴ Ѕн 6 14.00 100% 0.14 - 190.56 100% 13.43 0% <0.1 0% 

YƛƴŘŜǊƎŀǊǘŜƴ Ѕп 3 35.38 100% 0.98 - 828.02 100% 45.51 100% <0.1 0% 

YƛƴŘŜǊƎŀǊǘŜƴ Ѕс 5 27.12 100% 0.37 - 564.91 100% 26.35 0% <0.1 0% 

YƛƴŘŜǊƎŀǊǘŜƴ Ѕт 4 12.70 100% 0.16 - 560.47 100% 26.07 0% <0.1 0% 

YƛƴŘŜǊƎŀǊǘŜƴ Ѕу 6 32.19 100% 0.27 - 496.27 100% 35.18 66.7% <0.1 0% 

YƛƴŘŜǊƎŀǊǘŜƴ Ѕф 4 8.59 100% 0.14 - 244.55 100% 34.46 100% <0.1 0% 

YƛƴŘŜǊƎŀǊǘŜƴ Ѕмл 3 33.53 100% 0.21 - 185.58 100% 24.50 0% <0.1 0% 

YƛƴŘŜǊƎŀǊǘŜƴ Ѕмм 3 13.64 100% 0.35 - 40.57 100% 12.88 0% <0.1 0% 

YƛƴŘŜǊƎŀǊǘŜƴ Ѕмо 3 21.16 100% 0.26 - 307.63 100% 17.10 0% <0.1 0% 

{ŎƘƻƻƭ Ѕм 5 22.05 100% 0.34 - 826.58 100% 36.91 100% <0.1 0% 

{ŎƘƻƻƭ Ѕр 9 36.84 100% 0.33 - 567.23 100% 31.31 55.6% <0.1 0% 

{ŎƘƻƻƭ Ѕс 6 39.66 100% 0.57 - 574.14 100% 40.29 100% <0.1 0% 

{ŎƘƻƻƭ Ѕт 5 26.36 100% 0.23 - 325.52 100% 26.31 0% <0.1 0% 

{ŎƘƻƻƭ Ѕу 5 27.91 100% 0.19 - 162.63 100% 20.48 0% <0.1 0% 

{ŎƘƻƻƭ Ѕмл 3 29.07 100% 0.16 - 511.41 100% 10.40 0% <0.1 0% 

{ŎƘƻƻƭ Ѕмм 5 28.72 100% 0.34 - 330.02 100% 41.04 100% <0.1 0% 

                                                           
7 See http://armwater.am/files/adb/armenian/EMP/VII.%20Syunik_EMP-arm/VII.%20Syunik%20EMP%203_Kapan%20arm.pdf 

http://armwater.am/files/adb/armenian/EMP/VII.%20Syunik_EMP-arm/VII.%20Syunik%20EMP%203_Kapan%20arm.pdf
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  Arsenic Cadmium Copper Lead Mercury 

Armenian Soil Standard (mg/kg) 2 *  3 32 2.1 

Kindergarten/ 
School 

No. of 
samples 

GM** 

mg/kg 

% of 

total 

GM 

 mg/kg 

% of 

total 

GM 

mg/kg 

% of 

total 

GM 

mg/kg 

% of 

total 

GM 

mg/kg 

% of 

total 

{ŎƘƻƻƭ Ѕмн 3 16.63 100% 0.33 - 87.71 100% 13.53 0% <0.1 0% 

{ŎƘƻƻƭ Ѕмо 4 13.36 100% 0.16 - 584.08 100% 50.69 100% <0.1 0% 

Syunik village 

Kindergarten 5 50.82 100% 0.74 - 339.47 100% 22.71 0% <0.1 0% 

School 5 24.29 100% 0.20 - 869.95 100% 19.33 0% <0.1 0% 

Achanan village  

School 3 15.94 100% 0.65 - 735.61 100% 20.30 0% <0.1 0% 

Total GM 99 24.46 100% 0.30 - 371.76 100% 25.49 36.4% <0.1 0% 

Standard deviation - 10.80 - 0.24 - 232.92 - 10.80 - <0.1 - 

Minimum - 8.35 - 0.11 - 35.28 - 9.74 - <0.1 - 

Maximum - 56.53 - 1.43 - 897.70 - 52.76 - <0.1 - 

Background level*** 9 16.7  0.31  103.8  21.0  <0.1  

International maximum allowable concentrations (mg/kg)**** 

Russia 2 - 3 30 2.1 

Belgium 110 6 400 700 15 

Netherlands 55  12 190 530 10 

Germany 50 20 - 400 20 

France 37 20 190 400 7 

Sweden 15 0.4 100 80 1 

Norway 2 3 100 60 1 

Canada 12 14 63 140 6.6 

China 30 0.3 50 250 0.3 

US EPA screening level 22 85 250 400 - 
Notes: 

(*) Armenian SS has not established a MAC for cadmium. 
(**) Geometric mean (GM) is a type of average, which indicates the typical value of a set of numbers by using the product 
of their values (as opposed to the arithmetic mean which uses their sum). 
(***) See Annex 6 for methodology for calculating background levels (BL). 
(****) See Annex 8 for percentage of soil samples exceeding international standards. 
 
 

¶ Arsenic concentrations in our soil samples ranged from 8.35 to 56.53 mg/kg. The geometric means 
(GMs) of all samples exceeded the Armenian Soil Standard (SS)8 by 12.2 times.  
 

Armenian SS for arsenic, at 2 mg/kg of soil, is among the most stringent in the world (Figure 1). It 
matches that of Norway and Russia, the latter being the basis of the Armenian SS. However, the 
majority of soil samples exceeded the standards set by the countries listed in Figure 1. Annex 8 
details the percentage of soil samples exceeding these international standards. 
 

The soil test data for Kapan, Syunik and Achanan communities were also compared with the 
background level of arsenic, that is, in areas that are either distant from sources of pollution 
and/or are deep enough underground to make it unlikely to have been impacted by 
industrial/mining activity in the city. Our reference area study (Annex 6) shows that the BL for 
arsenic in the soil of these communities is 16.7 mg/kg. The GM of all soil samples exceeded the BL 
by 1.5 times.  Based on our current level of BL analysis, it is not possible for us to link the level of 

                                                           
8 The Armenian Soil Standards are ǎǇŜŎƛŦƛŜŘ ƛƴ hǊŘŜǊ ІлмΣ ƛǎǎǳŜŘ ōȅ ǘƘŜ aƛƴƛǎǘŜǊ ƻŦ IŜŀƭǘƘ ƻŦ w! ƻƴ нрΦлмΦнлмл ƻƴ άIȅƎƛŜƴƛŎ 
requirements N 2.1.7.003-мл ŜǎǘŀōƭƛǎƘƛƴƎ ǎŀƴƛǘŀǊȅ ƴƻǊƳǎ ŀƴŘ ǊǳƭŜǎ ŦƻǊ ǎƻƛƭ ǉǳŀƭƛǘȅΦέ Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ȅŜǘ 
another soil standard RA Government Decision # 92-N, 25.01.2005 ƻƴ ά9ǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘ ǇǊƻŎŜŘǳǊŜ ƻŦ ǘƘŜ 
economic activities impact on soil resourcesέ ōǳǘ ǘƘƛǎ ǊŜƎǳƭŀǘƛƻƴ ƛǎ ƴŜƛǘƘŜǊ ƛƳǇƭŜƳŜƴǘŜŘ ōȅ ǘƘŜ w! aƛƴƛǎǘǊȅ ƻŦ IŜŀƭǘƘ ƴƻǊ w! 
Ministry of Nature Protection.  
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arsenic in the soil to industrial and mineral processing activities in the communities. Further 
analysis would have to be done to find or exclude a causal link. 
 
Our findings, however, compel us to conclude that arsenic is a heavy metal of high concern in the 
Kapan, Syunik and Achanan communities. Arsenic exceeded almost all international comparatives 
in Annex 8. Our recommendation is that the playgrounds in kindergartens and schools be covered 
ōȅ ǎǳǊŦŀŎŜ ƳŀǘŜǊƛŀƭǎ όŀǎǇƘŀƭǘΣ ŎƻƴŎǊŜǘŜΣ ǊǳōōŜǊΣ ŜǘŎΦύ ǘƘŀǘ ŀǊŜ άǿŀǎƘŀōƭŜέ όōȅ Ǌŀƛƴ ƻǊ ƘƻǎƛƴƎ Řƻǿƴύ 
ŀƴŘ ǿƻǳƭŘ ƳƛƴƛƳƛȊŜ ŎƘƛƭŘǊŜƴΩǎ ŜȄǇƻǎǳǊŜ ǘƻ ŀǊǎŜƴƛŎ ƛƴ ǎƻƛƭΦ  
 

In addition, we are compelled to raise the question about the currency and relevance of Armenian 
SS. There is a need for a ƴŀǘƛƻƴŀƭ ŘƛǎŎǳǎǎƛƻƴ ǘƻ ǳǇŘŀǘŜ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǎƻƛƭ ǎǘŀƴŘŀǊŘ ŦƻǊ ŀǊǎŜƴƛŎΦ  

 

¶ Cadmium concentrations in soil samples ranged from 0.11 to 1.43 mg/kg. As the Armenian SS does 
not specify allowable concentrations for cadmium, it is not possible to draw conclusions based on 
Armenian law.  
 

Many of our soil samples, however, had cadmium at levels exceeding standards set by China (0.3 
mg/kg) and Sweden (0.4 mg/kg), countries with the most stringent standards internationally 
όCƛƎǳǊŜ мύΦ hǘƘŜǊ ŎƻƳǇŀǊŀǘƛǾŜǎ ǿŜΩǾŜ ǎǘǳŘƛŜŘ ƘŀǾŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƘƛƎƘŜǊ ŀƭƭƻǿŀōƭŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎΥ 
Belgium 6 mg/kg, Netherlands 12 mg/kg, Germany 20 mg/kg, and US EPA 85 mg/kg, to name a 
few. None of our samples had cadmium levels that exceeded the allowable limits set by these 
standards. 
 

Background level analysis for cadmium in YŀǇŀƴΣ {ȅǳƴƛƪ ŀƴŘ !ŎƘŀƴŀƴ ŎƻƳƳǳƴƛǘƛŜǎΩ soil shows an 
average of 0.313 mg/kg (Annex 6), lower than international comparatives in Annex 8.  
 

These findings compel us to conclude that: a) Armenian SS for cadmium are in need of updating 
and b) if Armenia concludes that the Swedish and Chinese standards or even more stringent ones 
are the relevant ones for Armenia, then the solution for arsenic specified aboveτviz., covering 
ǇƭŀȅƎǊƻǳƴŘǎ ǿƛǘƘ ƳŀǘŜǊƛŀƭǎ ǘƘŀǘ ǊŜŘǳŎŜ ŎƘƛƭŘǊŜƴΩǎ exposure to soil and dust with metals of 
concernτwill also minimize exposure risk to cadmium. 

 

¶ Copper concentrations ranged from 35.28 to 897.70 mg/kg. The Armenian SS for copper is 3 
mg/kg. Hence, all soil samples exceeded Armenian SS for copper, with the mean for all samples 
being 123.9 times of the Armenian SS. 
 

Armenia, along with Russia (on which Armenian standards are based), has the most stringent 
standards with respect to copper from our international comparatives (Figure 1). However, copper 
in the most soil samples exceeded all international standards in Annex 8. Our comparative 
countries have soil standards ranging from 50 mg/kg in China to 400 mg/kg in Belgium. 
 

Our analysis shows a background level of 103.8 mg/kg for copper in these communities, 
significantly higher than Armenian SS. The GM mean for all samples exceeded the BL for copper 
by 3.6 times. 
 
Our findings, however, compel us to conclude that copper is a heavy metal of concern in the 
Kapan, Syunik and Achanan communities. Worldwide evidence suggests that it is not able to 
predict the extent of exposure or potential health effects of the high levels of copper in the soil,9 
even though they are toxic to aquatic organisms. While it may be reasonably argued that soil 

                                                           
9 http://www.atsdr.cdc.gov/phs/phs.asp?id=204&tid=37#bookmark06 accessed April 22, 2016. 

http://www.atsdr.cdc.gov/phs/phs.asp?id=204&tid=37#bookmark06


8 
Results Soil & Water Testing in Kindergartens & Schools, Kapan, Syunik and Achanan Communities, RA  

 (Version Oct 7, 2016) 
AUA Center for Responsible Mining (crm.aua.am) 

 

cannot be expected to be cleaner than the background level, our recommendation is that 
kindergarten and school soil has to be kept to a higher standard. We recommend the same 
solution as for arsenic specified aboveτviz., covering playgrounds with materials that reduce 
ŎƘƛƭŘǊŜƴΩǎ exposure to soil and dust containing metals of concern.  

 

¶ Lead levels in soil samples ranged from 9.74 to 52.76 mg/kg.  The Armenian SS for lead is 32 mg/kg. 
This is one the most stringent standards (along with Russia) among international comparatives 
presented in Figure 1. ¢ƘŜ Da ƻŦ ŀƭƭ ǎŀƳǇƭŜǎ ŘƛŘƴΩǘ ŜȄŎŜŜŘ ǘƘŜ !ǊƳŜƴƛŀƴ {{Φ bƻǘǿƛǘƘǎǘŀƴŘƛƴƎΣ 
lead slightly exceeded the Armenian SS by 1.1-1.7 times in 36.4% (36/99) of soil samples. 
 
It should be noted that our analysis shows a background level for lead in these communities is 
21.0 mg/kg, about 1.5 times less than the Armenian SS.  
 
These findings compel us to conclude that Armenian SS for lead are in need of evaluation and 
possible updating. Moreover, based on knowledge of international research on lead 
contamination in soil and background levels, the amounts detected in Kapan, Syunik and Achanan 
communities do not raise immediate alarm although lead is a toxic metal and needs to be 
monitored. 

 

¶ Mercury levels in the soil samples collected from Kapan, Syunik and Achanan communities, as well 
as from the reference sites were not detected.  

 
 

Recommendations 
 

o Discuss findings with community leaders as well as school and kindergarten heads to 

determine effective action needed. 

o Investigate the Voghji and Kavart rivers pollution by heavy metals due to mining activity and 

its suitability for irrigation in the communities.  

o Apply this study method for other parts of Kapan, Syunik and Achanan communities (park, 

yard, public places, playing fields), whenever possible increasing the list of investigated 

metals, such as chromium, zinc, nickel, manganese, etc. 

o Implement continuing soil monitoring every couple of years in Kapan, Syunik and Achanan 

communities to monitor changes in soil contamination by heavy metals due to mining and 

other industrial activities. 

o Check the source and quality of a new soil to be brought to the playground of kindergartens 

and schools. 

o Establish a soil-quality database using this first study as a baseline.  

o LƴƛǘƛŀǘŜ ŘƛǎŎǳǎǎƛƻƴ ŀǘ ǘƘŜ ƴŀǘƛƻƴŀƭ ƭŜǾŜƭ ǘƻ ǊŜǾƛŜǿ ŀƴŘ ǊŜǾƛǎŜ !ǊƳŜƴƛŀΩǎ ǎƻƛƭ ǎǘŀƴŘŀǊŘǎΣ ƛƴŎƭǳŘƛƴƎ 
the methodologies for determining these standards. Armenia should utilize global best-
practice approaches when revising its standards.  
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BACKGROUND ON KAPAN, SYUNIK AND ACHANAN COMMUNITIES 
 
Kapan Community. The City of Kapan is the Syunik Marz capital, the largest city in the region. The city 
is located in the south-east part of Armenia, at the northern slope of Khustup Mountain, at a height 
of 750-1050 m above sea level, about 320 km south of the City of Yerevan and 80 km from the border 
of Armenia and Iran (Figure 2). The city stretches for 13 km from east to west, at the southeastern 
slopes of the Zangezur Mountain Range. Voghji and Vachagan rivers flow through the center of the 
city. The ore mining and processing plant operates in Kapan city (Figure 3). A lot of commercial entities 
and individual businesses for food industry, public food, domestic services operate in the community 
area. 
 
Kapan is an old city that was first mentioned in the 5th century as a small settlement. It was formed 
as an urban community during the 19th century. In 1938, Kapan was given the status of a city, later in 
1995, it became as the Syunik Marz capital. 
 
 
Figure 2. The location of Kapan, Syunik and Achanan communities in Armenia 

 
 
 

Syunik Community. The Village of Syunik is located 6 km far from Kapan city, at a height of 720 m 
above sea level (Figure 2). The administrative territory of the village is 2,217 hectares, of which 956 
hectares (43.1%) is agricultural land. The village was settled in 1900, when the exploitation of copper-
molybdenum mine was started by French. During 1926-1958 the settlement was supplementary part 
of Kapan Mining and Processing Combine. In 1982, it was separated from Kapan city and became the 
village.  

https://en.wikipedia.org/wiki/Zangezur_Mountains
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Figure 3. Wind rose and soil sampling points of the schools and kindergartens in Kapan city 

 
 

 

Figure 4. Wind rose and soil sampling points of the school and kindergarten in Syunik village 
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Achanan Community. The Village of Achanan is located in the Norashenik river (the tributary of Voghji 
river) valley, 13 km far from Kapan city, at a height of 880 m above sea level (Figure 2). The 
administrative territory of the village is 800 hectares, of which 440 hectares (55%) is agricultural land. 
The Village has an old history. It was first called Khaladzh, and after recalled Achanan. In the 1980s, it 
was inhabited by immigrants from Baku. 
 

 

Figure 5. Wind rose and soil sampling points of the school in Achanan village 

 
 

 

Climate and landscapes. Kapan, Syunik and Achanan are located in a continental climate zone and are 
characterized by subtropical climate features with warm summers and relatively calm winters (Figure 
2). The communities are situated in the east-to-west air flow movement region. The average annual 
temperature is +12.1°C. The average temperature is 22.3°C during the summer months with the 
absolute maximum of +42.0°C, while during winter months the temperature reaches 1.8°C with the 
absolute minimum of -22.0°C. The annual precipitation level is 605mm. The average annual number 
of freeze-free days is 220. The multi-year average sunshine duration is 2300 hours.  
 
The communities of Kapan Syunik and Achanan are located in lower and middle mountain forest belts 
landscape zone, which is characterized by moderately cold forest with predominance of xerophilous 
sparse forests and shibliak bushes. The majority of the mountain slopes and river valleys of Kapan, 
Syunik and Achanan communities are oriented towards east, thus, the air masses penetrating from 
the east become cooler with height resulting in the increase of relative air humidity. The western 
slopes are characterized by small-scale precipitations. East-facing slopes of Bargushat branches are 
forested, which is conditioned by higher humidity level as compared to west- and north- facing slopes 
which are generally devoid of forests (Figure 3, 4, 5). 
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Wind patterns. Geodesy and Cartography Center SNCO prepares the wind rose10 for Kapan City and 
near Villages of Syunik and Achanan based on long-term meteorological data. The wind roses indicate 
that the 24-32% of total winds over the year are in the west to east and southeast direction (Figure 3, 
4, 5). 
 
Population. As of the 2011 census, the permanent population of the Kapan city is 43,190 with 21,091 
males and 22,099 females. The population in the age group 0-19 is 9,762 (Annex 1). The permanent 
population of the Syunik and Achanan villages is 1294 and 183 of each.  
 
Industry. The first exploitation of copper-molybdenum mines in the Kapan community was started by 
the Greeks in 1840 and the Kapan Mining and Processing Combine was built. After the liquidation of 
the combine, the operation of copper-molybdenum mines is carried out ōȅ ǘƘŜ ά5Ŝƴƻ DƻƭŘ aƛƴƛƴƎ 
/ƻƳǇŀƴȅέ /W{/Σ ǿƘƛŎƘ ǊŜƴŀƳŜŘ ŀǎ ŀ ά5ǳƴŘŜŜ tǊŜŎƛƻǳǎ aŜǘŀƭǎ YŀǇŀƴέ /W{/ ƛƴ нлмоΦ The company had 
a capacity to develop 1 million tons of ore and exploited the Kapan copper-pyrite open pit and 
Shaumyan gold-polymetallic underground mines. In 2009, the company refused to the permit for the 
operation of Kapan mine.11 Since 2016, the Polymetal International plc has entered into binding 
agreements with Dundee Precious Metals Inc. for the acquisition of "Dundee Precious Metals Kapan" 
CJSC and renamed the plant as "Kapan aƛƴƛƴƎ ŀƴŘ tǊƻŎŜǎǎƛƴƎ 9ƴǘŜǊǇǊƛǎŜέΦ12  
 
 

Photograph 1. Mining industry (a) Shahumyan mine and (b) Geghanush tailing pond in Kapan city, 
Syunik Marz  

     
(a)       (b) 

Source: https://www.emaze.com/@AIFOOTIR/Presentation-Name 

 

 
The Kapan mine is located near Kapan city, at Kavart River basin, and has about 23 ha mine reserves 
ǘƘŀǘ ƛǎ ƴƻǘ ƻǇŜǊŀǘŜŘ ƛƴ ǇǊŜǎŜƴǘΦ /ǳǊǊŜƴǘƭȅΣ άKapan Mining and Processing Enterpriseέ ŎƻƳǇŀƴȅ 
operates only Shahumyan mine that is located 4-5 km north-east from Kapan city between Voghji and 

                                                           
10 The wind rose map for Kapan, Syunik and Achanan communities was given in the National Atlas of Armenia, prepared by 
Geodesy and Cartography SNCO. 2007.  
11 The information is provided at  
http://www.dundeeprecious.com/  
http://www.armeniatree.org/thethreat/resources/2012_Zoi_Environment_Network_Mining_in_Armenia.pdf 
12 The information is provided at  
http://www.polymetalinternational.com/investors-and-media/news/2016/2016-03-01.aspx?sc_lang=EN 

http://www.dundeeprecious.com/
http://www.polymetalinternational.com/investors-and-media/news/2016/2016-03-01.aspx?sc_lang=EN
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Kavart rivers. The approved mine reserves are around 255.87 ha, with the following average metal 
content: 0.64% of copper, 3.29% of zinc, 0.26% of mercury, 4.1g/t of gold and 68.4g/t of silver.13 
 
The waste rocks of the company were located east of the mine in two ravines at Kavart river basin, 
ƻƴŜ ƴŜŀǊ YŀǇŀƴ Ŏƛǘȅ ŀƴŘ ǘƘŜ ƻǘƘŜǊ ƛƴ !ŎƘŀƴŀƴ ŎƻƳƳǳƴƛǘȅ ƻŦ bƻǊŀǎƘŜƴƛƪ ǊƛǾŜǊ ōŀǎƛƴΦ ¢ƘŜ ŎƻƳǇŀƴȅΩǎ 
wastewater system has closed water cycle, and ore leach solutions are transported to the Geghanush 
tailing pond via pipeline. Geghanush tailing is located at Geghanush river gorge. The tailing capacity is 
designed at 8.7 million m3, according to the old EIA, while according to the new one it is 11.33 million 
m3. According to actual data, tailing volume makes up 4.6 million m3 on 32 ha area, of which 2.5 million 
m3 is already filled.14 
 
Environmental issues of the community. Kapan, Syunik and Achanan communities face several 
environmental issues. Based on the monthly and annual reports15 of the RA Ministry of Nature 
tǊƻǘŜŎǘƛƻƴΩǎ 9ƴǾƛǊƻƴƳŜƴǘŀƭ LƳǇŀŎǘ aƻƴƛǘƻǊƛƴƎ /ŜƴǘŜǊ {b/h, the surface water quality in these 
communities, particularly Voghji river, correspond to bad (V) classes due to high levels of water 
contamination by heavy metals, such as copper, zinc, molybdenum, vanadium and iron.  
 
Based on the report16 of the Southern Basin Management plan prepared by USAID Clean Energy and 
Water Project, the Voghji and Norashenik rivers waters can be used for irrigation of frequently 
irrigated and leached out soils with good drainage capacity. Waters further downstream on the Kavart 
river cannot be used for irrigation purposes, due to high levels of mineralization and toxic metals in 
the river waters. The report indicates that, due to snowmelt and downpours during the spring freshet 
and summer floods, large amounts of harmful substances are being washed and transported to rivers 
that leads to the impermissibility the water use for irrigation.    
 
 
Photograph 2. Environmental impact of mining (a) Kapan mine in Kavart and (b) Voghji river in 
Kapan city, Syunik Marz  

  
(a) (b) 

Source: https://www.emaze.com/@AIFOOTIR/Presentation-Name 

 

                                                           
13 The data is provided by the RA Ministry of Emergency Situation and the RA Ministry of Energy and Natural Resources in a 
letter response to inquiry by the Transparency International Anticorruption Center. October 2014. 
14 The data is given in the report of the Voghji River Basin Management plant preapered by USAID Clean Energy and Water 
Project. 
15 The reports are available at http://www.armmonitoring.am/ 
16 The reports are available at http://www.mendezengland.com/site/index.php/news/312-government-of-armenia-adopts-
southern-basin-water-management-plan 

http://www.armmonitoring.am/
http://www.mendezengland.com/site/index.php/news/312-government-of-armenia-adopts-southern-basin-water-management-plan
http://www.mendezengland.com/site/index.php/news/312-government-of-armenia-adopts-southern-basin-water-management-plan
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!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ Ŧƛƴŀƭ ǊŜǇƻǊǘ ƻŦ ά¢ƘƻǊƻǳƎƘ wƛǎƪ !ǎǎŜǎǎƳŜƴǘ ƻŦ мм /ƻƳƳǳƴƛǘƛŜǎ ƛƴ !ǊƳŜƴƛŀέ ǇǊŜǇŀǊŜŘ 
by AUA School of Public Health partnered with the Blacksmith Institute,17 the soil in Kapan and Syunik 
communities is contaminated by toxic metals, such as arsenic, chromium and lead.  
 
In addition, a number of NGOs, including the Kapan Aarhus Center, and scientific reports18 expressed 
their concerns about air, soil and water pollution in Kapan, Syunik and Achanan communities. 
According to the inventory of toxic waste sites in Armenia conducted by AUA School of Public Health 
and the AUA Acopian Center for the Environment partnered with the Blacksmith Institute19, there 
have been numerous incidents of animals grazing in adjacent fields near Geghanush tailing pond, as 
well as there is a point of leakage with yellowish waste opening in the community road from directly 
under the tailing dump. 
 
The evidence showed that, usually, the surface flows, formed from the Kapan open mine waste dump 
area, discharge into Voghji river through Kavart tributary near Kapan town resulting in contamination 
of not only Voghji river waters, but also the central part of Kapan town.20  

                                                           
17 The report is available at http://chsr.aua.am/files/2015/01/TRA-report-_ENG-webpage-June_2015.pdf 
18The reports are available at  
http://www.ysu.am/files/4%20POLLUTION%20LEVEL%20OF%20THE%20MEGHRIGET,%20VOGHCHI%20AND.pdf 
http://www.ecolur.org/hy/news/mining/public-discussions-of-another-project-by-vdeno-gold-mining-companyv-cjsc-in-
kapan/2690/ 
https://ecolur.org/en/an/shahumyan-gold-and-polymetallic-deposit/51/ 
http://www.ecolur.org/en/news/mining/atchanan-river-polluted-with-emissions-of-artsvanik-tailing-dump/4400/ 
http://fleg1.enpi-
fleg.org/fileadmin/ufs/04.%20Program%20Information/4.02%20Program%20Components/4.02.05%20Public%20Awarenes
s/Armenia_FLR_Report_GIZ.pdf 
http://aarhus.am/publications/5_eng_monitoring_kapan_hashvetvwutyun_eng.pdf 
19 The inventory was a part of the Toxic Site Identification Program (TSIP) in Armenia that was led by the Blacksmith Institute 
and AUA School of Public Health. 2012. 
20 The reports are available at   
http://www.aravot.am/2013/04/22/234246/ 
http://www.armecofront.net/mamlo-haghordagrutyunner/kavarti-lqvac-hanqavair/# 
 
 
 

http://www.blacksmithinstitute.org/
http://www.blacksmithinstitute.org/
http://chsr.aua.am/files/2015/01/TRA-report-_ENG-webpage-June_2015.pdf
http://www.ysu.am/files/4%20POLLUTION%20LEVEL%20OF%20THE%20MEGHRIGET,%20VOGHCHI%20AND.pdf
http://www.ecolur.org/hy/news/mining/public-discussions-of-another-project-by-vdeno-gold-mining-companyv-cjsc-in-kapan/2690/
http://www.ecolur.org/hy/news/mining/public-discussions-of-another-project-by-vdeno-gold-mining-companyv-cjsc-in-kapan/2690/
http://www.ecolur.org/en/news/mining/atchanan-river-polluted-with-emissions-of-artsvanik-tailing-dump/4400/
http://fleg1.enpi-fleg.org/fileadmin/ufs/04.%20Program%20Information/4.02%20Program%20Components/4.02.05%20Public%20Awareness/Armenia_FLR_Report_GIZ.pdf
http://fleg1.enpi-fleg.org/fileadmin/ufs/04.%20Program%20Information/4.02%20Program%20Components/4.02.05%20Public%20Awareness/Armenia_FLR_Report_GIZ.pdf
http://fleg1.enpi-fleg.org/fileadmin/ufs/04.%20Program%20Information/4.02%20Program%20Components/4.02.05%20Public%20Awareness/Armenia_FLR_Report_GIZ.pdf
http://aarhus.am/publications/5_eng_monitoring_kapan_hashvetvwutyun_eng.pdf
http://www.aravot.am/2013/04/22/234246/
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Annex 1. Population of Kapan city by age and sex 
 
 

Age Total Male Female 

0-4 2614 1372 1242 

5-9 2380 1281 1099 

10-14 2217 1093 1124 

15-19 2551 1320 1231 

20-24 3931 2015 1916 

25-29 4124 2097 2027 

30-34 3409 1730 1679 

35-39 2763 1350 1413 

40-44 2411 1161 1250 

45-49 3190 1480 1710 

50-54 3911 1832 2079 

55-59 3158 1461 1697 

60-64 2066 956 1101 

65-69 946 426 520 

70-74 1512 644 868 

75-79 1011 456 555 

80-84 666 302 364 

85+ 330 106 224 

Total 43190 21091 22099 
Source:  Population Census 2011 for Armenia, National Statistic Service of 
the Republic of Armenia, http://armstat.am/file/doc/99483288.pdf 
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Annex 2. Methodology on Soil Sampling and Testing 
 
The methodology on soil sampling and testing for Kapan, Syunik and Achanan communities were 
based on the appropriate standard protocols and forms developed by the AUA Center for Responsible 
Mining based on international standards and guidance21, in particular, ISO 17025, ISO 5667, ISO 10381, 
EPA IWRG 701-2009, EPA 540-R-01-00.   
 
Soil sampling. The soil monitoring in the Communities of Kapan, Syunik and Achanan was 
implemented during May 2016. A total of 108 soil samples were collected from 11 kindergartens and 
11 schools, and 3 reference sampling points (5 cm, 10 cm, 20 cm) for determination of ƳŜǘŀƭǎΩ 
Background Levels. The soil sampling was done according to ISO 10381 and the requirements of the 
developed protocols and forms.  
 
The number of soil samples, collected from each school/kindergarten, was determined by the size of 
sampling site: the minimum 4 samples and average 6 samples for each school/kindergarten. Prior to 
starting the fieldwork, a baseline location of sites to be used for the collection of soil samples was 
established. The leaves, grasses, branches, garbage or other items were removed from sampling point 
before taking the sample from 5 cm depth. The scheme of sampling site and locations of sampling 
points was drawn in the appropriate protocol/form (Figure 6). The sampling for BLs determination is 
given in Annex 6.  
 
 

Figure 6. The example of scheme for soil sampling area in kindergarten and school 

 
 
 
The cardinal sampling layout was used for collecting the soil samples from large sampling sites, such 
as playfields and gardens of the kindergartens/schools. These sampling locations were spaced 
approximately 5-10 m apart. The soil temperature was measured for each sampling point in situ.  
 
All collected soil samples were labeled and transported to the laboratory in a special cooler box (under 
the <6oC condition) for further tests. In the laboratory, the soil samples were stored in the refrigerator, 
for no more than six months.   
 

                                                           
21Protocols used are available at http://crm.aua.am.  

http://crm.aua.am/
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Soil testing. The concentrations of arsenic, cadmium, copper, lead and mercury in the soil samples 
were measured with the Metalyser Deluxe HM2000 portable heavy metal analyzer from Trace2o 
Company, based on Anodic Stripping Voltammetry method, in the AUA Center for Responsible 
aƛƴƛƴƎΩǎ ƭŀōƻǊŀǘƻǊȅΦ .ŜŦƻǊŜ ǎǘŀǊǘƛƴƎ ǘƘe measurements, the soil sample was dried in the oven at 100oC, 
for an hour. Then, the soil sample was dissolved in the deionized water for digestion. After 5 min, 
required for efficient extraction of metals from soil to water, the liquid fraction was filtered.  From the 
filtrate 3.5 ml was mixed with the appropriate buffer solution and diluted by 60ml deionized water, 
and analyzed for heavy metal concentration. 
 

Low concentration measurements. The Metalyser Deluxe HM2000 device that was used for soil tests 
has a limitation for detecting low concentrations of metals. The Limit of Detection (LOD) for each 
metals given in the Figure 7 below. 
 
 

Figure 7Φ ¢ƘŜ [h5Ωǎ ǊŀƴƎŜ ŦƻǊ ŜŀŎƘ ƳŜǘŀƭΦ 

Metal 
[h5Ωǎ ǊŀƴƎŜ 

(mg/kg) 

Arsenic 10-500 

Cadmium 5-500 

Lead 5-500 

Copper 10-500 

Mercury 5-500 
 
 

The measurements were performed using the single-point standard addition method. A problem with 

LOD was resolved by manual calculation (eq. 1), where sample and standard peak heights were 

obtained ŦǊƻƳ άaŜǘŀǿŀǊŜέ ǎƻŦǘǿŀǊŜΦ  
 

                                 ὅό                                   (eq. 1) 

 

Iu = sample peak height, 

Is = standard addition peak height, 

Vs = volume of standard solution added, 

Vu = volume of original sample, 

Cs= concentration of standard solution, 

Cu= concentration of original sample. 
 

  


