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Abstract. The article presents the ecological assessment of the Geghama ridge soils for the
content of heavy metals (HM) in them. Based on the results of the research, the presence of
heavy metals in various types and subtypes of soils, their distribution pattern and migration
along soil layers have been established. A correlation between the content of heavy metal forms
in soil, the amount of humus and physico-chemical indicators of soils have been revealed. The
content of heavy metals along the soil profile of Gegham ridge is decreasing downward and in

some HM (Cd, Cu) it exceeds clarke.
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INTRODUCTION

All known natural chemical ele-
ments are present inliving substances
(plants, animals, humans), they exist in
biosphere'sall components [1]. Many mi-
croelements are absolutely necessary for
organisms (zinc, iodine, copper, manga-
nese, molybdenum, cobalt, boron, etc.).
Without these elements, organisms, even
fully supplied with microbiophiles, can not
develop normally. However, many scat-
tered elements in anomalously high con-
centrations are harsh and toxic for plants,
animals and humans.

The negative effect of high concen-
trations of microelements depends not
only on the total content, but also on the
type of soils and the sort of plants. The
content of microelements in soil is the
main indicator of its ecological state, since
the content of microelements (heavy met-
als (HM)) in fodder depends on this indi-
cator. Hence, studying the content of mi-
croelements in soils has an ecological and
sanitary-ecological value.

The purpose of this work is to study
the content of heavy metals (Cu, Zn, Pb,
Mo, Co, Cd) in mountain meadow and
meadow-steppe soils of Geghama ridge.
The study of agrochemical indicators and
the content of heavy metals in soils was
conducted in 2011-2015. For this purpose,
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stationary sites were chosen at different
heights andexpositions and on them the
soil cuts are done.

OBJECTS AND METHODS

The subject of the research was the
soils of the Geghama ridge. Experimental
research was conducted using the field
andcameral studies, as well as through
laboratory agro-chemical analisys of soil
samples by generally accepted agro-
chemical methods: soils'mechanical com-
position by Robinson, humus content- by
Tyurin, and environment reaction (pH) -
with potentiometer.

The content of HM'stotal forms was
determined by spectral-emission, neutron
-activation methods, and mobile forms
were measured by atomic absorption
method using a spectrophotometer 'AAS-1" [2].

RESULTS AND DISCUSSION

The Geghama ridge is located in the
central part of the Republic of Armenia at
an altitude of 2100-3600 m above sea lev-
el and occupies about 120,000 hectares.
Its total length from the northwest to the
southeast is about 80 km [3].

Geologically the Geghama ridge a
young volcanic formation. Quaternary la-
vas are widespread on its surface - ande-
sites, andesite-basalts and tufoschaks [4].The
territory of research has cold mountain
climate, in the upper part of the ridge -
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severe alpine highland climate. The climat-
ic conditions in the sub-alpine and alpine
zones differ dramatically. The average an-
nual air temperature in the sub-alpine
zone is 1-4°, in the alpine zone -from 1° to
minus 3°. In the upper part of the ridge the
temperature is even lower. The annual
amount of precipitation increases from
bottom up -450 to 1000 mm [5].

The vegetation cover is rich with
species. In the subalpine zone from Ag-
rostis, Trifolium pratense, Trifolium repens,
Inula, Achillea etc. In the alpine zone, the
most common plants are Festucaovina, Tri-
folium pratense, Bromus etc. [3].

Three vertical soil zones were distin-
guished within the ridge, in the soil cover
of which the following types and subtypes
of soils are formed.

Mountain-meadow soils occupy the
highest position in the zonality system of
soils in Geghama ridge. They are in the
subalpine and alpine zones under the thick
grass cover. The reliefis characterized by a
large variety: along with large and steep
slopes, covered with cumbersome screes
and placers, there are small plain plots,
steep hills, as well as individual rounded
hills with soft curves [4]. The mountain-
meadow soils of Geghama ridge are subdi-
vided into three subtypes: mountain-
meadow-peaty; mountain-meadow-sod
(brown); mountain-meadow lowsodern [3, 4].

Mountain-meadow peaty soils are
considered alpine zone from 2700-3600 m
above sea level. The main morphological
features of mountain-meadow sod-peaty
soils are: the presence of a sod-peat layer,
brown or dark brown color of humus lay-
ers —sometimes with a darker shade, and a
medium soil power.

From the data in Table 1 is evident
that the maximum humus content in the
upper layershave mountain-meadow sod-
peaty soils (20.9 %).

Mountain-meadow sod soils are oc-
cupying the lower part of alpine and upper
part of subalpine zones on the slopes of
different exposures and steepness, in the
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altitudes from 2700-3200 m above sea
level. They have high content of humus in
the upper layer (13.3 %), mainly, acidic
and weakly acidic reaction of the environ
(Table 1).

Mountain-meadow low-so dernsoils
are mainly in the lower part of subalpine
zone. They have black or brown color, fine-
grained or have porous-granular structure
in the upper layers, and are gradually be-
coming denser with depth. These soils also
have a high content of humus (12.6 %) and
have a lightly silty—loam texture light loam
texture (Table 1).

Mountain-meadow-steppe soils of
the Geghama ridge are formed in the mid-
mountain zone, at an altitude of 2100-
2700 m above sea level.

Among mountain meadow-steppe
soils, two subtypes are distinguished:
meadow-steppe chernozem and meadow-
steppe typical (brown or chestnut color).
Meadow-steppe chestnut color soils of
large massesare found on dry slopes,
southern, south-western and south-
eastern exposures. They are quite rich in
humus (8.2 %), they have mediumsilty-
loam texture light loam texture) and weak-
ly acidic and neutral reaction of environ
(Table 1).

Meadow-steppe chernozem-like
soils occupy the lower parts of the massif.
Characteristic features of thesesoils'mor-
phologyare: black or brownish color of
humic horizons. Meadow-steppe cherno-
zem-like soils are mainlystrong, havemedi-
um-and heavy silty-loam texture Medium-
heavy loam texture —--andlarge humus con-
tent (10.6 %) (Table 1).

One of the main tasks, as mentioned
above, was the study of microele-
ments' (HM) content and distribution in
Geghama ridge's soils.

Copper - the bulk portion of copper
in the earth's crust is relatively small-it is
0.005-0.01 %. In soils the content of cop-
per is several times less than in the earth's
crustand is 2 40 3%.
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Numerous studies prove the biologi-
cal nature of copper accumulation in soils,
although chances of such accumulation are
different in different soils. The background
content of copper's total and mobile
formsin Republlic's soils is in the range: in
semi-deserts - 15,0-58 and 3,9-9,4 mg/kg;
in mountain chernozems -23-74 and 4.5-
14.5; mountain- meadow - 31.0-38.0 and
1.7-5.1; meadow-steppe - 24-40 and 4.2-
45; brown in forests - 48-52 and 4.9-
7.2 mg/kg [5-7].

We determined that the content of
total and mobile forms of copper in moun-
tain-meadow and meadow-steppe soils
depends on many factors, where the mains
are the soil type, humus content, mechani-
cal texture mechanical composition and
the reaction of the environ. In the moun-
tain-meadow soils the content of total and
mobile copper in the upper humus layers
varies between 34.0-44.0 and 4.7-7.5 mg/kg,
in meadow-steppe soils respectively 43.0-
50.0 and 4.8-4.6 mg/kg, which is, com-
pared to the background content in those
soils is more than 3.0-6.0 mg/kg of total
copper, and mobile -1.0 % 1.4 mg/kg, in
meadow-steppe soils - by 19.0-10.0 and
0.60-0.10 mg/kg (Table 1). The maximum
content of total copper in mountain-
meadow sod-peaty and meadow-steppe
chernozemlike soils (43.0-50.0 mg/kg) is
because of humus (organic matter). The
relatively high (2.9 mg/kg) content of mo-
bile copper in mountain-meadow sod-
peaty soils, compared to meadow-steppe
chernozem-like soils, is undoubtedly asso-
ciated with the reaction with the environ-
ment. It is also evident from the table that
the content of the total and mobile forms
of copper along the soil profile is gradually
decreasing.

A correlation between humus con-
tent in the soil and the amount of copper
(r =0.68 £0.013) is revealed.

Zinc - the zinc content in the litho-
sphere is 0.004-0.008%, in soils
85 mg/kg [1, 2]. The average content of
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total and mobile zinc in forest brown soils
and mountain chernozems of the republic
varies between 57.0-68.0 and 4.4-4.5 mg/kg,
and in mountain-meadow and meadow-
steppe soails, accordingto GA Amirjanyan [6],
is 38; 44 and 3.0; 4.2 mg/kg respectively.

Our research determined that the
content of total and mobile zinc in the up-
per humus layerof mountain meadow soils
of Geghama ridge is in the range of 39-50
and 3.4-4.8 mg/kg, in the meadow-steppe
soils- 51.0-54.0 and 3.6-4.0 mg/kg respec-
tively. A high content of totalmobile zinc is
typical for meadow-steppe soils, which is
13.0-10.0 and 0.6-0.8 mg/kg more than in
the control. The main factors controlling
the mobility of zinc in soils are the same as
for copper. There is a correlation between
zinc content and the reaction of the envi-
ronment (r= 0.70 =0.09).

Molybdenum -the content of molyb-
denum in the soil according to AP.
Vinogradov [1] is 2-10-4%. It is in the soil
in primary minerals with aluminosilicate
oxalates in organic combination and is-
water-soluble. According to ES. Kazaryan [5],
the content of total and mobile molyb-
denum in mountain-meadow and
meadow-steppe soils is 0.81; 1.6 and 0.25;
0.30 mg/kg.

As the data in Table 1 show, the con-
tent of total and mobile molybdenum in
the upper humus layers of various sub-
types of mountain meadow soils is 1.3-1.6
and 0.32-0.40 mg/kg, and on meadow-
steppe soils are 1.7-1.9 and 0.49-0.54 mg/kg,
respectively. The content and distribution
of molybdenum forms along the soil layers
decreases, which indicates the presence of
organic substance. A correlation was
found between molybdenum content and
the amount ofhumus (r = 0.69+0.11).

Cobalt. The bulk of cobalt in the
earth's crust is 0.002-0.01 %. In nature, it
is mainly in combination with arsenic or
sulfur: minerals of cobalt cuneric - Saf-
florite (CoAs2), cobalt sheen (CoAs), linet-
ite (CosSs).
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The average content of cobalt in
soils is 8-10-4%. The level of cobalt con-
tent in soils is closely related to its content
in soil-forming solids [6].

The content of total and mobile
forms of cobalt in mountain-meadow and
meadow-steppe soils of the republic varies
between 12.0-13.0 and 3.0-3.6; 14.0-16.0
and 3.2-3.6 mg/kg [6, 7].

The results of our research indicate
that the content of total and mobile forms
of cobalt in mountain-meadow and mead-
ow-steppe soils of the Geghama mountain
ridge varies between 12.0-14.0 and 3.6-
3.7; 15.0-17.0 and 3.7-3.8 mg/kg (Table 1).

In the studied soils, the content of
cobalt forms is insignificant in comparison
with the background parameters (Table 1),
however, its quantity is larger than the
clarke (8 mg/kg). There is no correlation
between soils'main indicators and the con-
tent of cobalt forms.

Cadmium.The average concentration
of cadmium in the lithosphere is about
1-10-5%. The stable state of the element is
in the natural environment -Cd+2 Its prev-
alence in magmaticand sedimentary rocks
does not exceed 0.3 mg/kg. The average
content of cadmium in soils differs little
from its content in the lithosphere. The
amount of this element in the main soil-
forming rocks ranges from 0.04 to
0.25 mg/kg [1]. The background content
of cadmium in the mountain-meadow and
meadow-steppe soils of the republic does
not exist, except for technogenic zones.
Numerous studies have established that
the leading process in binding Cd to soils
is the competing adsorption on clays [7].

At pH> 7.5 cadmium in the soil ceas-
es to be readily mobile [7]. Cadmium is the
most mobile in acidic soils (pH 4.5-5.5),
while in alkaline soils it is relatively inert.

Our studies have established that
the content of total and mobile forms of
cadmium in the upper humus layers of
mountain-meadow soils varies in the
range of 0.34-0.61 and 0.06-0.09 mg/kg, in
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meadow-steppe soils -0,69-0.82 and 0.04-
0.09 mg/kg and exceeds clarke and LPC.

The maximum content of total cad-
mium has been recorded in mountain-
meadow low-steppe soils (0.61 mg/kg),
and the mobile form in mountain-meadow
sod-peaty subtypes (0.09 mg/kg), which is
undoubtedly due to the reaction of the en-
viron. In meadow-steppe soils, the highest
content of total cadmium (0.82 mg/kg)
was found in meadow-steppe typical sub-
types of soils, which is greater by
0.12 mg/kg than meadow-steppe cherno-
zem-like, and the minimum content of mo-
bile forms of cadmium (0.04 mg/kg) was
found in meadow-steppe chernozem-like
soils (Table 1). The relatively low content
of the mobile form of cadmium in sub-
types of meadow-steppe soils is undoubt-
edly due to the reaction of the soil environ.
Between the soils'agrochemical indicators
and the content of cadmium forms a corre-
lation is observed (r = 0.68+0.15).

Lead is one of the most common and
toxic elements that pollute the surrounding
environment. The mass fraction of lead in
the earth's crust is 1.25-10-3-2.0-10-3%.
The average content of lead in soils is n-
10-3% [1, 6]. The level of lead in soils, as a
rule, is determined by the content of the
element in the soil-forming rocks.

Migration and distribution in the
soil profile occur under the influence of
soil formation factors and are due to the
intensity of the biological cycle of the ele-
ment. The background content of the total
and mobile form sofland in mountain-
meadow and meadow-steppe soils is 13.0;
20.0 and 2.5; 3.4 mg/kg [7]-

Our research has established that
the content of total lead in mountain-
meadow and meadow-steppe soils and
their subtypes varies between 17-22 and
22-23 mg/kg, the mobile form 2.7-4.5 and
3.7-3,8 mg/kg, which is 4.0 to 11.0 and 1.0
to 1.3 compared to the background param-
eters; 0.3-1.4 and 0.3-0.4 mg/kg.
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Table 1 - Heavy metal contentin Geghamaridge’s soils, mg/kg

Soil type,
Section #

Mountain-
meadow sod
(brown), # 2

Mountain-
meadow sod
turf, #1

Mountain-
meadowlow-
sodernel,
# 3

Mountain-
meadowlow-
sodernel,
#4

Mountain-
meadow-
steppecherno-
zems, #5

Meadow-
steppe typical,
#6

tal, cm

0-12
12-23
23-48

0-6

6-20
20-51

0-10
10-24
24-43

0-13
13-34
34-50

0-15
15-42
42-69

0-11
11-26

26-54

Humus,

%

133
6,2
31

20,9

12,6
43

12,6
73
37

12,6
73
21

10,6
4,2
2,6
8.2
39

18

pH,HD

5,6
52
57
4,8
4,3
4,0
6,6
6,7
6,5
6,1
6,7
6,5
6,6
6,3
6,8
6,2
6,4

6,6

Phys.

clay

19,6
20,0
15,0
13,2
17,4
29,7
25,0
34,1
40,0
32,6
35,3
27,0
34,6
33,4
29,0
36,0
40,0

28,4

total

34,0
235
20,0
44,0
29,0
34,0
36,0
28,0
24,0
36,0
30,0
24,0
50,0
31,0
25,0
44,0
31,0

28,5

Cu

mobile

4,7
4,7
32
75
4,2
23
5,4
3,0
2,6
7,0
4,1
2,8
36
4,2
31
4,0
4,2

31

total

44,0
37,0
38,0
39,0
37,0
40,0
48,0
42,0
35,0
50,0
36,0
32,0
51,0
44,0
38,0
54,0
49,0

34,0

Zn

mobile

34
2,0
18
41
43
19
4,6
29
2,0
4.8
29
2,0
4,8
43
2,6
4,6
42

19

total

13
1,0
1,0
16
11
0,78
15
12
11
15
1,2
12
1,7
1,7
15
19
1,6

14

Mo

mobile

0,40
0,26
0,28
0,32
0,19
0,17
0,39
0,34
0,18
0,39
0,25
0,17
0,54
0,38
0,32
0,49
0,51

0,30

total

12,0
11,0
9,0
9,9
7,8
7,2
14,0
11,0
12,0
14,0
7,8
12,0
16,0
17,0
10,0
18,0
13,0

15,0

mobile

26
23
0,71
1,7
0,51
0,40
2.4
31
4,0
3,0
1,6
1,7
39
3,0
1,2
37
31
1,6

total

0,34
0,25
0,30
0,39
0,30
0,30
0,50
0,25
0,18
0,61
0,28
0,31
0,69
0,47
0,28
0,82
0,34

0,30

Cd

mobile

0,06
0,04
0,05
0,04
0,03
0,03
0,09
0,02
0,02
0,07
0,04
0,06
0,09
0,06
0,04
0,06
0,01

total

17,0
13,0
141
22,0
15,0
11,0
20,0
12,0

9,0
20,0
17,0
12,0
21,0
15,0

9,0
23,0
18,0

7,0

Pb

mobile

28
2,4
13
35
45
17
2,7
2,4
2,0
39
3,0
17
37
32
18
38
31
2,4
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The maximum content of total lead 1. The content of heavy metal forms
in mountain-meadow soils is registered in in the soils of the Geghama ridge exceeds
mountain-meadow sod-peaty subtypes background: copper -by 3.0-10.0 and 0.1-
(22.0 mg/kg). The high content of mobile 1.4 mg/kg; zinc -by 1,3-10,0 and 0,6-0,8;
lead is also typical for mountain-meadow lead - by 1,0-9,0 and 0,3-1,4; molybde-
sod-peaty soils - 4.5 mg/kg, which un- num -by 0.1-0.79 and 0.07-0.4 mg/kg;
doubtedly depends on the reaction of the 2. The accumulation and distribu-
environ (pH), since the absorption sorp- tion of heavy metals in soils are mainly
tion processes of lead confinement by soils due to humus (organic matter), the me-
are largely due to the presence of organic chanical texture —mechanical composition
matter in them. The correlation is estab- and reaction of the environment:

lishedbetween the content of the total and 3. By their content in the soils of
mobile forms of lead and humus quantity Geghama ridge heavy metals are present-
(r =0, 70 £0,014). ed as follows: Zn>Cu>Pb>Co>Mo>Cd;
CONCLUSIONS 4. The bulk of heavy metals accumulate
Based on the conducted research in the upper humus layers of the soil and their
one can draw the following conclusions: contentgradually decreases with depth.
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TYVIH
YK. KazapaHl C.A.YHaHaHL AJl. MKpTUaH1
MEFAM XXOTACbIHbIH, TAY-LWANFbIHAbLI )XOHE WAJTFbIHALI-AANA TOMNbIPAFbIHBIH,
KOOI MANbIK >XAFOANDI
IHAYA durnuvans! "I.MNeTpocsaH aTblHAarbl ToNblpayTaHy, arPOXMMUS XKIHe
Mesinopauvs reiibiMmu optaneirbl”, 0004, EpeBaH, AgmMmupan VicakoB KeTea, 24, ApMmeHus
Pecny6nnkacbl, e-mail: ghazaryan_soil@yahoo.com

Makanaga eram >oTanapbiHbIl, TOMbIParbiHbIL, KypaMbIHAArbl ayblp MeTangapabil
(AWN) KkypambiHa Kapali 3KoMoruanblK Gara 6GepbireH. 3epTTey HITWXKeslepll Hensre ana
OTbIPbIM, TOMbLIPAKTbIL, 3p TYp/i TUATepLIAe XXaHe TuUnwenepwae ayblp MeTanaapabiy, 60mybl,
onapabl 6eny 3audbUibirbl XK3HE TOMbIPaKTbIl, FOPU3OHT 6oMAbIHLIA XbI/DKYbl GEKT/ITEH.
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TonblpakTarbl ayblp MeTangapAbll, (opMasiapbl apacbiHAArbl KOppensuusanblK  6GaiAnaHbic,
rymyc caHbl MeH (U3MKa-XUMUS/IbIK KepceTKillTepi aHblwTanraH. [eram >XoTanapblHAArbl

TOMbIpaKTbIL, MApodunai 6GoAbIHWA ayblp MeTangapAbly, Kypambl XorapblgaH TeMeH Kapaid
TemeHAgece, keb6ipiHae AM (Cd, Cu) kapk 60MbIHLLIA acbIn TYces;.

TyuiMdi ce3gep: TonbIpak, TWM, TUMLLE, 3KOJI0M s, ayblp MeTanaap, XoTachbl.

PE3IOME
Y.K KasapaHl, C.A.YHaHAHL AJl. MKpTudaH1
sakonornyeckoe coctosaHme FOPHO-JIYTOBbIX N nyroso—<cTenHbix NMOYB M-
ramckKoro xpe6Ta
IHay4HbIA LLeH TP No4YBOBeAEeHUS, arpOXUMNU N Mennopaummn um. Il. MNMeTpocsHa,
dununan HAYA, 0004, r. EpeBaH, np. Agmupana VicakoBa 24, Pecny6/inka ApMeHUs,
e-mail: ghazaryan_soil@yahoo.com

B cTaTbe gaeTca aKonormnyeckasa oueHkKa rnovs Meramckoro xpe6Ta no cogepXaHuto B HUX
Tskesbix MeTas10B (TM). OCHOBbIBasACb Ha pesy/ibTaTax uUcc/iefoBaHNIA YCTaHOB/1EHbI Ha/InUmne
TSHKENbIX MET10B B Pa3/INYHbIX TUMaxX M nogTunax rnoys U 3aKOHOMEPHOCTb UX pacrpeerie-
HUS AMUrpaumm no NoYBeHHbIM Fopu3oHTaM. BbisiBnieHa KoppensumoHHas CBA3b MeXay coaep-
XaHUEM (POPM TsKeslbIX METa/I/10B B MOYBE, KOSIMYECTBOM IFymMyca U M3NKO —XMMNYECKUMU MO-
KasaTensamu noys. CogepxaHme TsHKebIX MeTas1/10B Mo NpodusIto novs Meramckoro xpe6Ta cHU-
XaeTcsa cBepxy BHU3 My HekoTopbix TM (Cd, Cu), 0HO NpeBbILaeT K/iapkK.

KroueBble c/10Ba: Mo4sa, TUM, NOATUM, IKOSI0r S, TSXKesble MeTas/Ibl, XpebeT.
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