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Ecological, agricultural and health risks of the soil pollution by potentially toxic elements
(PTES) (Cu, Pb, As, Ni, Zn, Co) in the vicinity of Shamlugh copper mining area located in the
north-east of Armenia were investigated. The results of the study showed that the content of PTEs
in the soils sampled in September 2014 may have posed serious risks to soil biological
communities, human health as well as agricultural production, in case of soil used for agricultural
purpose.
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NruncdUwuhpyt) BU wjwuwnwuh hjncuhu-wpllGiencd nbnwywpJwsé Swdininh wynuawpnne-
Uwpbpwywl nwpwédeh hwpwyhg hnnbph wynunbughwy entuwdnp wwpptpny (M@S) (Cu, Pb, As, Ni,
Zn, Co) wnunnywénipjwu Eyninghwywu, gjninuntnbuwywl b wenngwlwl rhuytpp: IGwnwgn-
wnntRjwl wpryntupltpp gnug U inyb, np 2014 . ubwwunbdpbphu hwjwewd hnnwudnUbpnd M@S
wwnniuwyneintup Ywpnn En wnwewgub) |npg nhuytn hnnh YGuuwhwdwytgniejntuutph, Jwpnnt
wnnngnipjwl, huswbu bwl gninununbuwywl bwwwnwynd hnnogunwagnnpddwlu nGwenwd gjnLnw-
inunbuwywl wpnwnpnipjwu hwdwn:

3nn — hwlupwpnynituwpbnnipni — wninbughw enLlwynn twpnpbn —
wnwnwnnLd — nhulytp

HccnenoBano 3arpsi3sHeHHE NOTEHIHATBHO TOKCHYHBIMU dneMenTamu (I1TD) (Cu, Pb, As,
Ni, Zn, Co) nouB B okpectHOCTH LIaMIyrcKux MeIHO-IOOBIBAIONINX TEPPUTOPHIA, PACIIONOKEH-
HBIX HAa CEBEPO-BOCTOKE APMEHHH U €T0 IKOJIOTHIECKHE, CENbCKOXO3SMCTBEHHBIE PUCKH, a TAKKe
yIpo3sl TS 310pOBbs. VccnemoBanust mokasanu, uto coaepxanue [1TD B mouBax, OTOOpaHHBIX B
ceHtsa0pe 2014 r., MOXKET MPENICTABISITH CEPhE3HBIC PUCKH [T OUOJIOTHYECKUX COOOIIECTB MOYBHI,
3[I0pPOBbsl YENIOBEKA, a TAKXKE CEJIbCKOXO3SMCTBEHHOTO MPOM3BOJICTBA B CIydae HCIOJIB30BAHMUS
IIOYBEBI B CCHLCKOXOSHﬁCTBCHHbIX nesx.

ITlousa — 006b16¢110maﬂ NPOMbIUIIEHHOCNb — NOMEHYUATIbHO MOKCUYHbLE DIeMEHNbL —
3aepsA3HeHue — pucKu

Soil is an important natural resource to sustain life on earth because of its diverse
functions that it plays in nature. It is the ultimate recipient of any waste that we throw or
dispose as waste product in the environment [18]. Soil pollutants have an adverse effect on
the physical, chemical and biological properties of the soil and reduce its productivity [12].
Soil pollution with such potentially toxic elements (PTES) as heavy metals is a significant
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environmental problem worldwide and in particular hotspots often occur around mining
facilities [7, 14]. Accumulation of heavy metals in soil can degrade soil quality, reduce
crop yield and the quality of agricultural products, and thus negatively affect the health
of human, animals and the ecosystem [7]. They are non-biodegradable, non thermo-
degradable and thus readily accumulate to toxic levels [3]. Heavy metal toxicity has an
inhibitory effect on plants growth, enzymatic activity, stomata functions, photosynthesis
activity, microbial activity and the accumulation of other nutrient elements and also
damages the root system [13].

Armenia is a country rich with polymetallic ores. There are 670 construction
material and aggregate mineral mines in Armenia, among which 270 are inactive mines
(including 8 metal mines) and 400 active mines (including 22 metal mines) [17]. Mining
and metallurgical industries are mainly concentrated in the southern (Syunik Marz) and
northern (Lori Marz) parts of Armenia. Giving priority to economic development, the
possible environmental effects of metallurgical industrial activities in these areas have
been ignored or little attention has been paid. The insufficient management of discharges
induced by mining activities has become a serious threat to the environment and human
health [4]. The aim of the present study was to assess the ecological, agricultural and
health risks of PTEs pollution in soils near Shamlugh copper mining area (ShCMA) in
Lori Marz.

Materials and methods. Soils in the vicinity of ShCMA located in the north-east of
Armenia were investigated. 6 observation sites were selected near Shamlugh copper mine (ShCM)
(NeNe 1-3), Chochkan tailing dump (ChTD) (Ne 4) and ore transportation road (OTR) (NeNe 5 and
6). A control site (Ne 7) was selected about 4 km away from ShCM. The soil samples were
collected from a depth of 0-20 cm in September 2014. They were stored in well labeled
polyethylene bags for further laboratory analysis. The collected samples were air-dried at room
temperature. The dried samples were grounded into powder by a laboratory mortar and pestle,
sieved with 1 mm mesh sieve and stored in an air tight container prior to analysis. The soil samples
were digested by the Aqua Regia (conc. HCI and conc. HNOs in ratio of 3:1) digestion method
[21]. The digested soil samples were analyzed for PTEs (Cu, Pb, As, Ni, Zn, Co) using an atomic
absorption spectrophotometer (PG990).

The ecological risks of PTEs in the soils were assessed according to the Potential
ecological risk index (PERI) method proposed by Hakanson (1980). PERI was calculated based on
the following equations [5]:

C, =C./C,, ®
E =C*T,, @)
RI=>"E,, ©)

where C'; is the pollution factor of a single element in soil; C's is the measured
concentration of a single element in soil; C', is the background concentration of a single element in
soil; E' is PERI of a single element; T', is the toxic response factor for a single element; Rl is the
comprehensive PERI [2, 5]. The classification of potential ecological risk categories according to
the PERI values is presented in tab. 1 [5].

Table 1. The adjusted grading standard of potential ecological risk of PTEs in soil

E' Pollution degree RI Risk level Risk degree
E<30 Slight RI<40 A Slight
30<E'<60 Medium 40<RI<80 B Medium

60<E'<120 Strong 80<RI<160 C Strong
120<E'<240 Very strong 160<RI<320 D Very strong
E'>240 Extremely strong RI>320 -
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Individual PTE pollution degree for agricultural production on soil was assessed by the
following equation [9]:

PI=CiS;, )

where Pl is the pollution index of each element in soil; C; is the measured concentration of
element i in soil; S; is the maximum permissible concentration of element i for agricultural
production on soil [1, 9]. The PI of each element is classified into five pollution categories: non-
pollution (P1<1), low level of pollution (1<PI<2), moderate level of pollution (2<PI<3), strong level of
pollution (3<PI<5), very strong level of pollution (PI>5) [9].

Integrated PTE pollution degree for agricultural production on soil was evaluated by the
Nemerow integrated pollution index (NIPI):

PI2, +PI2,
NIPT ===, (5)

where Pl,q is the average value of the single pollution indices of all elements; Pl is the
maximum value of the single pollution indices of all elements [9, 16]. NIPI is classified into the
following pollution categories: non-pollution (NIPI<0.7), warning line of pollution (0.7<NIPI<1),
low level of pollution (1<NIPI<2), moderate level of pollution (2<NIPI<3), high level of pollution
(NIPI>3) [9].

Carcinogenic health risks associated with PTEs in soil were examined based on the risk
assessment methodology adopted from the U.S. Department of Energy and the U.S. Environmental
Protection Agency (equations (6)—(12)) [15, 20]. The carcinogenic chronic daily exposure doses
(DED) through oral ingestion (mg/kg/d), dermal absorption (mg/kg/d) and inhalation (mcg/m®)
were calculated using equations (6)—(10):

DEDing:CXIRXEFXCF, 6)
AT,

CA

_ EDyig IR g N (ED,g —EDgi)xIngR

IR adult — adult Y (7)
BWchild BWaduIt
CxABSxEFxDFSxCF
DED,,,, = : ©)
AT
DFS = ED gria % SA gria X AFepitg + (ED s —EDahitg) X SA g X AFig ’ )

Bchhild BWaduIt

CX ET x ED x EF
DEDjp, = —————— X 103, (10)

PEF x 24 x AT

where IR is soil ingestion rate-age adjusted (mg x year/kg/d); DFS is soil dermal contact
factor-age adjusted (mg x year/kg/d); AT is averaging time for carcinogens (d) [19, 20]. The
individual element non-carcinogenic hazard index (HI) value was calculated by equation (11):

HI = DED x CSF/IUR, (11)
where CSF is the oral and dermal cancer slope factor (mg/kg/d)™; IUR is the inhalation
unit risk (mcg/m®)™* [6, 10, 11, 20]. The total carcinogenic hazard index (THI) value was
calculated by the following equation:
n

THI = Z HI = Hljpg + Hlgerm + Hliph- (12)

i=0
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Results and Discussion. The results of the study showed that PTEs content in the
soils near ShCM, ChTD and OTR was noticeably higher than that in the control site
located about 4 km away from ShCM which indicated that PTE concentrations in the
soils were formed not only by natural factors but also under anthropogenic influence
(fig. 1). The main anthropogenic source of PTE pollution in the area is supposed to be
Shamlugh copper mining activity.
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Fig. 1. Some PTE concentrations in the soils near ShCMA

PERI representing the sensitivity of biological communities to toxic substances
and illustrating potential ecological risks is also introduced to assess the contamination
degree of PTEs in the soils [8]. The index values (E; and RI) showed that the soils in the
vicinity of ShCMA were significantly polluted with PTEs which may have caused the
medium-strong level of soil’s biological health risks. The highest ecological risks may
have been posed by Cu which is explained by high concentration of this element in the
ore of ShCM. Potential ecological risks of individual elements were in the order of
E.(Cu)>E(As)>E,(Pb, Ni, Co, Zn,) (tab. 2).

Table 2. Individual and integrated element pollution degree for the biological health
of the soils near ShCMA

Samplingsite | g(cu) | E(As) | E(Pb) | E(Ni) | E(zn) | E«Co) RI
Nel B A A A A A
e NG A | A | A | A | a
Ne 5
oTR A A A A A A B
(oo NI & [ A [ A | A | &

A — slight; B — medium; -I — strong.

The results of the study showed that PTE pollution degree in the investigated soils
may have adverse effects not only on the biological health of the soil but also on the
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agricultural production, in case of soil used for agricultural purpose. The highest
agricultural risks may have been posed by Cu and Co. Individual element pollution
degree of different PTEs was in the order of Plc>Plce>PIas>Plz, ni po (SOilS near ShCM)
and Plce>Ple>PIas>Plz, ni pp (SOilS near ChTD and OTR) (tab. 3).
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Fig. 2. Values of THI of PTEs in the soils near ShCMA

Generally, it can be stated that the Shamlugh copper mining activity caused
significant PTE pollution in the soils which may not only have posed serious health risks
to soil’s biological communities and humans but also may have been dangerous for
agricultural production, in case of soil used for agricultural purpose. Cu, Co and As were
the main anthropogenic stressors in the investigated soils.
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