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ABSTRACT 

The research covers issues of safety of farm produce of both plant and animal origin 
obtained from farmlands located within mining impact zones. Ore deposits are localized 
within the bounds of biogeochemical provinces. Basic ore forming elements dominate 
geochemical landscape and the ecosystem has been evolutionary adapted to their natural 
concentrations. Ore contains insignificant quantities of commercially invaluable 
admixtures of elements, which before deployment of deposits are not practically fixed 
in environmental substrates. Such elements are not extracted while mining and treating 
ore, and stay in mining dumps and dressing tails. There they become mobile, then enter 
geochemical migration streams. A good example is Armenia’s active deposits of diverse 
ore formations. On the Kajaran copper-porphyry deposit, established was Hg transfer 
with runoffs that originates from the adit and tailing repositories. Established was also 
Hg pollution of soils of re-cultivated tailing repositories. Hg was detected in fodder 
crops and via food chain – in cow milk. In vegetable crops, Hg contents exceeded MAC 
by 8-30 times. On the Kapan copper-pyrite deposit, ore waters empty into irrigation 
network consequently polluting irrigated farmlands with heavy metal(oid)s emphasizing 
lead. Pb concentrations in cultivated farm crops are 3-6 time excessive vs. MAC. While 
dressing ores of Akhtala polymetallic (Pb-Zn) deposit, tails mix with surface water 
streams polluting downstream farmlands with metal(oid)s  including Cd, which 
concentrations in farm produce exceed MAC by tens to hundreds times. The noted 
elements belong to the 1st category of hazard. They have bioaccumulation properties 
and entering food chains become the major risk factor to local people. This allows 
concluding that techno-economic requirements to exploitation of ore deposits should be 
developed with regard to the noted factor. 
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INTRODUCTION 

One of today's most hotly debated issues is safety of environment and food. The 
topicality of the issue is predetermined by the role the latter play in mankind’s 
existence, human development and assurance of quality of life. It is obvious, that to 
produce safe food ecologically safe environment is needed. At the same time, an 
essential source of development of human society has been mining industry, which as 
the most ancient form of human activities is often associated not only with economic 
welfare, but also with environment and food safety problems.  
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In most cases, mining industry has a negative impact upon the environment both in the 
course of mining activities and after they have been ceased. Abundant research was 
done and is currently in progress, which proves both a historical character of mining-
induced pollution [2], [12], [23] and modern pollution of sites exposed to the impact of 
mining industry [1], [14], [26], [27]. Current investigations are concentrated on 
interconnected issues of “mining industry-environment-food safety”, too, pinpointing a 
presence and risks of heavy metal(oid)s (Pb, Cu, Zn, Ni, Cd, As, Hg, etc.) pollution of 
farmlands  located within mining impact zones [5], [6], [11], [15], [20], [26], [28].   

Mining in Armenia has a very long history going back to IVBC. In XX century the 
historically shaped areas underlay development of industrial mining centers, operation 
of which entails a plenty of problems of ecological character. Today, a share of mining 
in industry of Armenia makes 17%, 97% out of which falling on metal mining. 
According to official data, Armenia (with an area of 29,7 thousand sq.km) has 670 solid 
mineral deposits, that include 30 metallic deposits with resources estimated in state 
inventory. Presently, 400 deposits are being mined, 22 out of which are metallic. 
Armenia is rich in iron, copper, molybdenum, lead, zinc, gold, silver and rare elements. 

At the same time, natural and climatic conditions of Armenia are favorable for farming 
which like mining industry has been developed in the country since ancient times. The 
impact zone of deposits covers vast farmlands; moreover, due to national peculiarities 
and social status, local people use areas lying within industrial cities as home plots.  

This research was aimed at assessment of heavy metal(oid)s  pollution levels of farm 
produce within mining impact zones on a basis of research data obtained for different 
years between 2005 and 2011.  

RESEARCH OBJECT, MATERIAL AND METHODS 

The study object was agro-ecosystems located in Armenia’s mining centers 
(40° 23′ 0″ N, 44° 57′ 0″ E) of Kajaran, Kapan and Alaverdi and on territories of 
neighboring villages. The cities are specific as the mining centers with raw material 
sources, ore processing plants and agroecosystems lie within the bounds of natural 
biogeochemical provinces, enriched with Cu, Mo, Zn and Pb [13], [21]. Besides mines 
and processing plants, significant sources of heavy metal(oid)s  in mining centers are 
known to be active and abandoned tailing repositories mine waters, which are used in 
irrigation with no pretreatment or are discharged into irrigation waters [22].  

Cities of Kajaran and Kapan are situated in the south of Armenia, on River Voghchi 
valley, whereas city of Alaverdi is located in the north of the country, in River Debed 
canyon. 

City of Kajaran is spatially associated with a copper-porphyry deposit [10]. Our 
investigations covered farm crops grown within the bound of the city. It is noteworthy 
that there are three idle, abandoned tailing repositories in the city, their territories being 
used for agricultural purposes. At a distance of 30 km from the city the active tailing 
repository of Artsvanik is located, which is spatially associated with another mining city 
– Kapan (Fig. 1).  

Ore bodies of the Kapan deposit are represented by veins (over 450) and stockworks 
(total 14). Cu contents in ores are high, commonly varying within 12-17%. Besides 
copper, of commercial interest are Au и Ag, Se, Te, on some sites – Pb and Zn as well. 



 

Farm
(Fig.
In ci
and m
pyrit
the m

Our i
produ
hone

Irriga
wher

The 
(AAn

We c
wate
comp

The 
conc
with 

To i
calcu

Leve
accum
tissue
meta
range
quan

RES

Inves
rural
repos
Dara

 

Fig. 1

 

ming is prac
 4(A)) [10].

ty of Alave
mostly copp
te and barite
main water a

investigatio
uce of vege

ey) origin.  

ation water
reas soil sam

samples w
nalist 800, P

compiled sp
rs and farm
puter progra

contents of
entrations (
those devel

dentify dom
ulated sanita

els of heavy
mulation co
es (lx) to 

al(oid)s  acc
ed by Ax va

ntitatively ch

SULTS AND

stigations im
l communit
sitory, and p

azami, Pkhru

1 A scheme of

cticed both 
.   

erdi, in a cl
per ore depo
e (Fig. 4 (B
artery of the

ons covered 
etable (leafy

r was samp
mples were 

were analy
PerkinElme

patially orie
m produce (
ams for stat

f heavy met
(Cmac) accep
loped and a

minant poll
ary and hyg

y metal(oid
oefficient (A
its concen

cumulation 
alue. The ad
haracterizes

D DISCUS

mplemented
ty of Syuni
plots of farm
ut and Vogh

f location of th

on the terri

lose spatial 
osits are loc
)) [10]. Farm
e region, an

irrigation w
y and non-l

pled keepin
collected fo

yzed throug
er, USA) in 

ented data b
(GIS). The 
tistical analy

tal(oid)s  w
pted in Arm

accepted ear

lutants and
gienic series

d)s  accumu
(Ax): relatio
ntration in 

in certain c
dditive sum 
s the accumu

SSION 

d in the city
ik located 
mland on th
hchi (Fig. 1

 
he studied pol

Section 

itory of city

association
cated with a
ming is dev

nd on adjace

waters, farm
leafy vegeta

ng to ISO-5
ollowing IS

gh the qua
compliance

ases of the 
results und
ysis Statistic

were collated
menia [16],
rlier in diffe

d characteri
s of heavy m

ulation in pl
on of actual

soil (nx):
crops is see
Ax – a summ
ulative abil

y of Kajar
within the 

he territory o
1).  

ygons expose

Ecology an

y of Kapan 

n with smal
a subordinat
veloped in th
ent volcanic

mland soils, 
ables, fruits

5667-1, ISO
O-1038-1 [

antitative a
e with intern

contents of
derwent stat
ca 6. 

d with resp
, [17], [18]
erent countr

stics of po
metal(oid)s 

lants are ch
l concentra
A l n⁄
n in decrea
mary intens
ity of a con

ran covered
impact zon

of three aba

ed to the impac

nd Environm

and in adja

l intrusions
te role of po
he canyon o
 plateaus. 

fodder crop
, berries) an

O-5661-2 a
8], [9]. 

atomic-abso
national stan

f chemical e
tistical treat

pective max
, [19] and
ies [4], [7], 

oly-elementa
ranged by C

haracterized
ation of elem

. The inte
asing series 
sity of accum

ncrete farm c

d the entire 
ne of the o
andoned tail

ct of Kajaran 

mental Prote

acent rural 

s abundant p
olymetals, su
of River Deb

ps and local
nd animal (

and ISO-56

orption me
ndards [3]. 

elements in 
tment emplo

ximum allow
in some ca
[24]. 

al pollution
Cmac. 

d by a biolo
ment X in 
ensity of h
of accumul
mulation se
crop [25]. 

area of the
operating ta
ling reposit

mining plants

ection 

491 

areas 

pyrite 
ulfur-
bed – 

l farm 
(milk, 

667-3; 

ethods 
 

soils, 
oying 

wable 
ases – 

n, we 

ogical 
plant 

heavy 
lation 
eries - 

e city, 
ailing 
ories: 

 
s  



GeoConference on Ecology, Economics, Education and Legislation 

492 

 

For irrigation, local people use waters of the main river – the Voghchi – and its small 
tributaries. The research results indicated different contents of  Ni, Mo, Cr, Cu, Zn, Cd, 
As, Hg in the noted river waters. In respect to irrigation, of special concern are waters of 
the tributaries as they mix with mine waters. MAC–exceeding contents were indicated 
in respect to Mo (10.8-32.3 times) and Hg (4.9-10.2 times). 

Soils of home plots irrigated with such waters contained Cu and Mo adding different 
excessive concentrations of Cr, V and Zn vs. MAC detected on the territory of the city 
and tailing repositories. The soils showed MAC-exceeding contents of toxic elements of 
the 1st class of hazard emphasizing Hg, As and Pb.  

The established fact of pollution of irrigation waters and soils and good 
bioaccumulation properties of the studied elements made accumulation of the latter in 
local farm crops quite expectable.  

Almost the whole assortment of the studied farm produce showed excessive contents of 
this or that element and Hg in particular (Fig. 2), which were identified in vegetables 
grown on the territory of tailing repositories, in fodder crops and in milk of cows that 
grazed on those sites (Fig. 3). It should be stressed that milk showed excessive As and 
Pb as well. 

 

 
Fig. 2 Excessive contents of Hg vs. MAC values in vegetables 

 

 

Fig. 3 Excessive contents of toxic metal(oid)s  vs. MAC values in fodder crops and in milk of cows 
grazing in the pastures of Kajaran mining plants tailing repositories and neighboring areas. 



 

The t
are u

To ir
used
wate
wher
being

Inves
Ni, C

Farm
Hg, w
MAC

 

 
Fig. 4
the stu

 

Fig. 5

 

City 
agric
from
used

territory of 
used for agri

rrigate farm
, which mix
rs containe
reas excesse
g industrial 

stigations o
Cr, Pb, Zn, A

m crops grow
whereas tho
C values (Fi

4 (A) A satell
udied agroeco

5 Excessive co

of Alaver
cultural purp

m such plots 
, into which

f a mining c
icultural pu

mlands, wate
x with mine
d different 
es vs. MAC
waters.  

of soils irrig
As, Cd, Hg;

wn there sh
ose of Cu, M
ig. 5).  

A  
ite image of c

osystems in cit

ontents of heav

rdi lies in R
poses. Ther
are a basic

h lots of unt

city of Kapa
rposes. The

ers of Rive
e water stre
concentrati

C were esta

gated by suc
; excesses v

howed diffe
Mo, Ni, Cr, 

  

city of Kapan
ty of Alavedi 

vy metal(oid)

River Debe
re, one may
c diet for loc
treated min

Section 

an and the l
e studied po

er Voghchi 
eams. The re
ions of As, 
ablished for

ch waters in
vs. MAC we

erent conten
Pb and in 

 and adjacent
and neighbori

s vs. MAC in

ed canyon, 
y find lots o
cal people.

ne and dome

Ecology an

land of a ne
olygon is pro

and its num
esearch resu
Cd, Co, C

r Cu, Zn, C

ndicated dif
ere establish

nts of Cu, M
some cases

B 
t areas; (B) A 
ing areas.  

farm crops gr

which has
of tiny hom
For irrigati

estic water s

nd Environm

eighboring r
ovided in F
merous sma
ults indicate
r, Hg, Mo, 

Cd, particul

fferent cont
hed for Pb, N

Mo, Ni, Cr, 
– of Cd we

schematic sc

rown in Kapan

s been used
me plots; far
ion, River D
streams are 

mental Prote

rural comm
Fig. 4 (A). 
all tributarie
ed that irrig
Ni, Pb, Cu

arly problem

tents of Cu
Ni, As and 

Pb, Zn, As
ere excessiv

 

cheme of locat

 
n  

d intensivel
rm crops yi
Debed water

discharged

ection 

493 

munity 

es are 
gation 
u, Zn, 
matic 

, Mo, 
Hg.  

s, Cd, 
ve vs. 

tion of 

ly for 
ielded 
rs are 

d. The 



GeoConference on Ecology, Economics, Education and Legislation 

494 

 

studied polygons were located in the city of Alaverdi and neighboring villages of 
Neghots and Karkop (Fig. 4 (B)).  
In the studied period, no excessive concentrations of heavy metal(oid)s  (As, Hg, Cd, 
Ni, Cu, Zn, Pb) were detected in River Debed waters, though, as local people say, mine 
waters are discharged into the river periodically. Soils of home plots, too, showed 
excessive concentrations of a number of heavy metal(oid)s  and particularly of those of 
the 1st (As, Pb, Zn) and 2nd (Cu) class of hazard.   

Farm crops grown in city of Alaverdi and attached villages contained MAC-exceeding 
concentrations of heavy metal(oid)s: Hg, Cd, As, Pb, Zn, Cu и Ni (Fig. 6). 

 

 
Fig. 6 Excessive contents of heavy metal(oid)s  vs. MAC values in farm crops  

 

To assess the intensity of heavy metal(oid)s accumulation in farm crops grown on 
agroecosystems exposed to the impact of mining industry, calculations were done of 
biological accumulation coefficient values (Ax).  

Also, series of heavy metal(oid)s  accumulation in plants were made up, which were 
ranged by Ax value. Over half of the series (52,9%) are led by Hg, in 23,5% of cases Ax 
> 1, i.e. Hg concentrations in plant tissues exceed those in soils.  

Most intensely Hg accumulates in berries (figs, raspberries), vegetative mass of culinary 
herbs (basil, coriander, and dill), bean peas, sweet corn kernels, vegetable marrows and 
beetroots.   

A statistical analysis of Ax values of all the studied crops demonstrates that the maximal 
range of values is typical of Cd and Hg. The index value varies within 6 orders, the 
median being heavily shifted toward the lower quartile. The range of Ax value variations 
for the rest elements narrows significantly, values are distributed more evenly, the 
median approximates to the mean  

CONCLUSIONS 

The analysis of the obtained research results allows concluding that  

1. As a result of a regular use of polluted irrigation water soils of agroecosystems 
become enriched with heavy metal(oid)s , the contents often overstepping MAC values.  
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2. An irrigation water pollution factor is mine water discharging from adits and lots of 
mines and inflowing then to natural water streams, and polluted waters of industrial 
water streams.   

3. Particularly hazardous are tailing repositories as a large source of heavy metal(oid)s  
introduction into agroecosystems. It is recommended that territories of abandoned 
tailing repositories should not be used in agricultural purposes.  

4. Excessive concentrations of heavy metal(oid)s  are contained in farm produce of both 
plant and animal origin and consequently enter food chains. A major part of local farm 
produce does not meet food safety standards accepted in the Republic of Armenia and 
thus is inappropriate for consumption.   

5. Major risks to the health of local people emerge from admixture elements rather than 
basic commercial metal(oid)s . Elements – ore admixtures include metal(oid)s  of the 1st 
class of hazard Pb, As, Cd and Hg as well.  
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