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This paper presents the results of the chemical analysis of the content of heavy metals (cadmium, chromium
and lead) in the soils from the agricultural plots in four sites of the individual sector sown with the variety alfalfa
Banat ZMS II. The test sites v. Jegunovce — Tetovo, v. Radusha — Skopje, and v. Kochilari — Veles are in the vicinity
of certain pollutants (factory Jugochrom — Jegunovce, an abandoned mine for chromium and iron in Radusha, the
smeltery of lead and zinc — Veles), while the v. Saraj — Skopje site is located in the middle of the noncontaminated
environment and is taken for results comparation. The content of heavy metals (Cd, Cr and Pb) in the dry vegetation
mass of the experimental alfalfa from the same sites was also researched in two phases of development where the fol-
lowing values were found such as <50 (Cd), <2.00 (Cr) and <2.00 (Pb) mg / kg dry mass, namely alfalfa selective ca-
pability to the analyzed heavy metals, besides their presence in soils, primarily chromium whose values were higher
than the maximum permissible amount (>100 mg/kg soil).
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COJAPXNHA HA KAIMHNYM (Cd), XPOM (Cr) 1 OJIOBO (Pb) BO 3EMJOJAEJICKO 3EMJUILITE
N BO CYBA MACA HA JIYHHEPKA OJ PA3JIMYHU JIOKAJIUTETHU

Bo 0B0j Tpya ce mpe3eHTUpaHu pe3yNTaTd 0] XeMUCKATa aHAIN3a 3a COJPKMHA Ha TEIIKUTE METATH (KaMUYM,
XpoM u OJ'IOBO) BO IMOYBUTE O 3CMjOI[CJ'[CKI/I napuejii BO MHAUBUAYAJTHA COTICTBEHOCT HA YCTHUPU JIOKAJIUTETHU 3aCCaHN
co myuepka ox coprara 6anar 3MC II. Onmthure nokanuretn 6ea Bo c. Jerynosue — TeroBo, ¢. Pagyma — Cxormje n
c. Koummapu — Benec, cute Bo 6nm3nHa Ha ofpeeH 3aragysad ((pabpuka Jyroxpom Bo ¢. JeryHOBIE, HAITyIITEHUOT
PYZIHHK 3a XpOM U kene30 Bo ¢. Paxyma, Tonminuna 3a 0710Bo U 1MHK Bo Bernec), noaeka nokamuteToT Bo c. Capaj
kaj Ckormje, KOj ce Haora BO HEKOHTAMUHHpaHA CPEIMHA, CIyXKellle 3a KOMIIapupame Ha JOOUEHWTE TOAATOIN.
HcnuryBana Oemie u coapknHata Ha HaBeaeHure temku metand (Cd, Cr u Pb) Bo cyBara pacTuTenHa maca Ha
Jynepka oJ ONMUTHUTE JOKAJIUTETH, ¥ TOA BO JBE (ha3y HA Pa3BUTOK, NIPHU IITO KOHCTaTHpaHHUTE BpeaHocTy Gea: <0,50
(Cd), <2,00 (Cr) u <2,00 (Pb) mg/kg cyBa Maca, T.¢ ce JOKaXa CENeKTUBHATA CMIOCOOHOCT Ha JIyllepKaTa clipemMa
HCIUTYBAHUTEC TCIIKU METAIN U noxpaj HWBHATa NPUCYTHOCT BO IMOYBara, mpea ce crnpeMa XpoMOT YMH BPCIHOCTU
6ea mosuconn og MJIK (>100 mg/kg mowsa).

Kayunn 360opoBu: temku metanu; Cd; Cr; Pb; 3eMjonencko 3emMjuInTe; mo4Ba; JIylepka; CyBa Maca;
(1)331/1 Ha pa3BUTOK; HCKOHTaAMHUHUPAHOCT; CCJICKTUBHOCT

INTRODUCTION le amounts of Cd amounted 3.0 mg/kg (Stavreva,
2002).

Chromium in soil is found as Cr’* and Cr*,
that being uptake foster than plants in comparison

Most common content of Cd in soil ranges
from 0.1-1.0 mg/kg, while the maximum allowab-
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with Cr’*.The sixvalency chrome (Cr®™) in the
presence of chromium organic matter is reduced in
such from it's found in soil (Zlatareva et al., 1999).
Most common content of chromium in soil ranges
from 20-50 mg/kg, while the maximum amount
allowable (MAA) is 100 mg/kg soil (Kloke, 1980;
quote Ubavi¢ et al.1995).

The content of lead in pedosphere is about
0.001%. As an integral part of the lead dust comes
in the soil and this accumulation in plants affected
toxicly (Jordanov et al. 1997). There are different
interpretations permissible amounts of lead in soil.
For example on the allowed amount of lead in the
soil pH of 4-7 is considered 200.0 mg/kg, or 50
mg/kg soil by Minev, 1985, a quote from Trpeski
et al. 1997.

By determining the content of heavy metals
(Cd, Cr and Pb) and the dry weight of alfalfa
leaves and stems the objective was determined by
their presence and extent of uptake of soil solution.
In case of exceeding the allowable limits they may
have adverse effect not only on growth and devel-
opment of the plant (Cvetanovska & Kratovalieva,
2002; Baszynski et al. 1986; Ernst, 1980), but also
on home ruminant animals (ARC, 1980; Grace,
1989) and finally their poisoning, especially in
terms of content of cadmium, lead and mercury
(Adamovi¢ et al., 2002).

MATERIALS AND METHODS

The approach of taking soil samples is based
on sampling of individual trials by zig-zag meth-
ods of adequate depth and then forming the aver-
age test which presents the state of chemical pa-
rameters in the proving plot.

The laboratory soil is brought in the air con-
dition at room temperature then through a sieve of
1 mm stored in paper bags.

The content of cadmium, chromium and lead
in the soil is determined by the wet combustion
procedure (HNO;:HCI = 1:3) and reading A.A.C.

For the determination of heavy metals in the
dry mass of alfalfa grown in field conditions, sam-
ples are taken over two phenophases (before flow-
ering and during flowering). The quadratic method
takes the plant mass of alfalfa measured, then air
dried weight again and grounds. The samples are
kept in dry place in paper bags.

The content of cadmium, chromium and lead
in plant dry mass was performed by wet combusti-

on with HNO;, HCIO,, H,SO, (10.0 : 1.0 : 0.25)
and reading of A.A.C.

RESULTS AND DISCUSSION
The contents of heavy metals in soil (Cd, Cr, Pb)

Cadmium (Cd)

Most common content of cadmium in soil
ranges from 0.1-1.0 mg/kg, while the maximum
permissible amount of Cd amounted 3.0 mg/kg
(Stavreva, 2002).

The research showed that the content cadmi-
um in soils of the surveyed sites with alfalfa was
lower than 1.0 mg/kg (Table 1) and as such they
do not belong to the soils contaminated with this
element.

Chromium (Cr)

The most common content of chromium in
the soil ranges from 2-50 mg/kg, while the maxi-
mum amount allowed (MAA) amounted to 100
mg/kg soil (Kloke, 1980).

Measuring the amounts of chromium in soils
on sites with experienced ones own alfalfa higher
content of MAA (282.5 mg/kg soil) has been
found in the village Radusha, while the localities
of v. Jegunovce 47.37 mg/kg, v. Saraj 17.87 mg/kg
soil and under the limit of MAA, i.e. v. Kochilary
are in limits of MAA (93.25 mg/kg).

Lead (Pb)

As an integral part of lead dust comes in soil
and its accumulation in plants affected toxically.

There are different interpretations for the al-
lowed amount of lead in soil. For example, allowed
amount of lead in soil pH in the 4-7 is 200 mg/kg
soil. Other authors the amount of 50.0 mg/kg soil,
a quote from Trpeski, 1997, consider permissible.

The obtained values for the content of lead in
soil in localites of v. Saraj (22.50 mg/kg), v. Jegu-
novce (20.25 mg/kg) and v. Radusha (21.87 mg/kg)
do not show significant differences, whereas in v.
Kochilari (28.25 mg/kg) soil the values are signifi-
cantly higher. The measured lead content in v. Sa-
raj (22.50 mg/kg soil) is not in favor of the as-
sumption of an ecologically clean environment,
while in v. Kochilari higher values are expected.
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Table 1
The content of heavy metals (Cd, Cr, Pb) in soil

mg/kg soil
Location
Cd Cr Pb
v. Saraj < 1.00 18.87 22.50
v. Jegunovce < 1.00 47.37 20.25
v. Radusha <1.00 282.5 21.87
v. Kochilari < 1.00 93.25 28.25

Recently the accumulation of lead in soil and
its impact on vegetation is being investigated by
several authors: Sovent (1992), Haygarth & Jones
(1995), Kahle (1993) a quote from Mededovié,
1999.

CONTENT OF HEAVY METALS (Cd, Cr AND
Pb) IN DRY MASS OF ALFALFA

The results from a three years research
showed that the content of cadmium in the leaves
and stems of alfalfa are lower than 0,50 mg/kg dry
mass.

The observed values go in favor of the results
obtained from the chemical analysis of soils given
in Table 1, which indicating low presence of Cd
(lower than 1,00 mg/kg soil) are considered not
contaminated.

The average values for the content of chromi-
um in leaves and stems of alfalfa are added in Ta-
ble 2. Despite the different amounts of chromium
measured in soils experienced ones (Table 1),
which in v. Radusha are higher then the maximum
permissible amounts (282.5 mg/kg).

However in the dry mass of the experience al-
falfa the amount of Cr was lower than 2.00 mg/kg.
The obtined data indicate claims of selective abil-
ity of alfalfa to some heavy metals (Davis &
Smith, 1980).These results do not conform the
finding of its increased uptake depending on the
amount of chromium in soil (Zlatareva, 1999).

Shill higher contents of chromium makes its
most suitable environment for the growth of alfalfa
because his depressing effect on the uptake of im-
portant microbiogen elements (Jusufi E., 2009)
and other authors for uptake of chromium, iron,
molybdenum and toxicity (Athar, 2002).
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Table 2

The content of heavy metals (Cd, Cr, Pb) in dry
mass

mg/kg dry mass

Leaves Stems

Location Cd Cr Pb Cd Cr Pb

b. flower
v. Saraj 0.50 <2.00 <2.00; 0.50 <2.00 <2.00
v. Jegunovce 0.50 <2.00 <2.00; 0.50 <2.00 <2.00
v.Radusha  0.50 <2.00 <2.00; 050 <2.00 <2.00
v. Kochilari  0.50 <2.00 <2.00; 0.50 <2.00 <2.00

flowering

v. Saraj 0.50 <2.00 <2.00; 0.50 <2.00 <2.00
v. Jegunovce 0.50 <2.00 <2.00{ 0.50 <2.00 <2.00
v.Radusha  0.50 <2.00 <2.00; 0.50 <2.00 <2.00
v. Kochilari  0.50 <2.00 <2.00; 0.50 <2.00 <2.00

Lead (Pb)

Despite differences in the content of lead
found in soil, i.e. under optimate 30 mg/kg soil
(Table 1) in dry mass in leaves and stems of all
experimental variations, measured contents of lead
were lower than 2.0 mg/kg (Table 2). Lower val-
ues of dry mass before correlation with lower con-
tents in lead soil solution but also a result of selec-
tive capacity of alfalfa against lead (Haygarth &
Jones, 1995; Kahle, 1993) its low mobility (Krato-
valieva et al., 2001) also the ability of Pb for bind-
ing in the cell wall of roots with only a small
amount which reaches to the protoplasm ((Ernst,
1972).

CONCLUSIONS

— The obtained values for the content of
heavy metals (Cd, Cr, Pb) in soil plots of the expe-
rienced plots indicate that some in terms of cadmi-
um (lower than 1.0 mg/kg) and lead (sub 50
mg/kg) are not contaminated, i.e. are within the
maximum allowed amount.

— The soil in v. Radusha has chromium that
exceeds maximal allowed content (282.5 mg/kg),
in v. Kochilari (93.25 mg/kg) which is in board of
MAA (100 mg/kg) while significantly lower are in
v. Jegunovce and v. Saraj (47.37 mg/kg and 18.87
mg/kg).
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— The location of v. Radusha proved to be the
most favorable environment for the development
of alfalfa primarily because of higher amount of
chromium depressing effect in the uptake and oth-
er significant microbiogen elements.

— Dispite different amounts of lead and espe-
cially of chromium in soil their amount in dry
mass alfalfa is lower than 2.0 mg/kg, i.e. cadmium
its lower than 0.50 mg/kg. Data favor the claims of
the existence of protective mechanisms of plant to
certain microbiogen elements which in certain
amount are toxic.
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