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EVALUATION OF TRACE ELEMENTS MPC
IN AGRICULTURAL SOIL USING
ORGANIC MATTER AND CLAY CONTENT

ABSTRACT: The aim of this paper is to investigate the contribution of the influence
of organic matter and clay content on the value of maximum permissible concentrations
(MPC) of trace elements Pb, Ni, Cr, and Cd. The investigation was conducted on agricul-
tural soil in the territory of Veliko Gradiste Municipality. There were analyzed 82 samples
of eutric cambisol type soil, 17 samples of chernozem soil, and 32 samples of sandy soil.
In the composite soil samples, taken from a depth of 0-30 cm, main parameters of soil
fertility (pH, P,0s, K,0, CaCO;, soil organic matter — SOM), the content of the clay frac-
tion, and total forms of Pb, Ni, Cr, and Cd were determined. Interpretation of the obtained
results was carried out in relation to the MPC of trace elements defined in the Regulations
(Official Gazette, 88/2018). Based on the ratio of the defined MPC and corrected values
whose calculation includes the values of the organic matter and clay content, there was
determined the correlation concerning the content of organic matter and the content of
clay fractions, respectively, in the tested samples. In addition, the content of Cr and Pb in
tested types of soil still did not exceed the adjusted MPC value. As for Cd and Ni, there
was no deviation from the established and modified values of MPC. Concludingly, the
research should be continued and supplemented by data for other types of soils, which
would represent a base for a further assessment of the applicability of the existing regulations
taken from Dutch sources and incorporated into Serbian Regulations (Official Gazette,
88/2018).
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INTRODUCTION

It is generally recognized that the climate, especially air temperature and
precipitation, presents the most important factor which regulates the level of
organic matter in the soil (Alvarez and Lavado, 1998). The study of Lemenih and
Itanna (2004) indicates that the content of soil organic matter increases with
the amount of precipitation and decreases with the increases in temperature.

In similar climatic conditions, the organic matter content in the soils of
fine texture (clayey soils) is two to four times higher than in the rough texture
(sandy) soils (Prasad and Power, 1997). Clayey soils accumulate organic carbon
rather quickly, while the sandy soils cannot accumulate it even after 100 years
of a high input of organic matter (Freibauer et al., 2004).

Soil organic matter (SOM) is a complex matter system and is of great
importance for all processes that occur in the soil, as the nutrients are accu-
mulated within it. It is a source of fertility, contributing to soil aeration in a way
that it reduces the soil density, improves the infiltration of the soil, and increases
its water and air capacity (Vidojevi¢, 2016). SOM content is of vital importance
for the functioning of the ecosystem and has an important effect on the soil
structure, the capacity for water retention in the soil, the capacity for the ex-
change of the cation, and the ability of the soil to form complexes with metal
ions, as well as to keep the nutrients (Van Keulen, 2001).

The organic matter in soil affects not only the color of soil, its physical
properties, and adsorption capacity of the mineral soils cations, but also the
supply of plant accessible nutrients through the expressed exchange of nutrients
and release of N, P, and S from organic forms, the extraction of elements from
soil minerals, etc. (Miljkovi¢, 1996).

Soil can be structural and non-structural. The structural aggregates are
formed by joint action of a number of factors which may be classified into five
groups: soil, air, biological factors, anthropogenic factors, and time (Dugali¢ and
Gaji¢, 2012).

In sandy soils or sands, the mechanical elements are generally not inter-
connected. Loam and clay soils can be structural, non-structural, or slightly
structural. In general, at elevated content of the clay particles, the content of
organic carbon in the soil tends to be higher. The reason for this is the connection
between the surface of the clay particles and organic matter which inhibits the
degradation process. Soils with higher clay content have a greater potential for
the formation of aggregates.

Sandy soils typically contain less organic matter than the soils with a more
delicate texture, loam or clay (Van-Camp et al., 2004). This is because, generally,
low moisture content and high aeration in sandy soils result in faster oxidation
of the organic matter in comparison with heavier soils.

The level of organic carbon in the soil is closely related to the soil structure
and is one of the major factors of aggregation (Bronick and Lal, 2005). Like-
wise, the content of organic matter plays an important role in soil aggregation.
This primarily refers to freshly formed and multivalent cation-saturated humic
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and ulmic acids that, after the coagulation, bind particles of the mechanical
fractions of clay, silt, and sand in stable structural units. Aggregate stability
and preservation of the organic carbon levels in the soil depend greatly on the
soil texture. The effect of soil organic carbon on the soil structural stability is
enhanced in soils containing a low percentage of the clay fraction (Wuddivira
and Camps-Roach, 2007).

The content of organic matter and clay fractions, as well as soil pH, affects
the mobility of trace elements. In soils of pH range from 5.50 to 8.00 chromium
(Cr) is nearly insoluble, and the solubility of cadmium (Cd) decreases with the
increased pH values so that pH values above 7.50 lead to its immobilization
(Kabata Pendias, 2011). In soils with pH values from 3.80 to 7.1 Cd is less
mobile than nickel (Ni) (Adriano, 2001).

High concentrations of trace elements in the soil can affect the soil’s
fertility and may represent an ecological and human health risk if they enter
the food chain or leach into receiving waters (Daskalopoulou et al., 2014).

Contamination by trace elements is a potential risk to the crops, animals,
and humans because of their toxicity, persistence, bioaccumulation and bio-
magnification in the food chain (Rao et al., 2011). By incorporating the influ-
ence of organic matter content and clay fraction into the MPC (maximum
permissible concentrations) calculation, the potential danger of determined
trace elements content for the environment is more realistically considered.
This concept was taken from the Netherlands (MvV, 2000).

The main difference between the two existing regulations of the Republic
of Serbia (23/1994 and 88/2018) classification 23/94 and 88/2018 is in the re-
ported values of certain trace elements. Also, for the interpretation of whether
a trace element is below or above the MPC at a given location, the modified
limit values are used according to Regulation 88/2018, which presents the
result of the content of clay fraction and organic matter influence.

Based on the data obtained in a previous study (Institute of Soil Science,
2014), this study aimed to determine the influence of the organic matter and
clay content in the soil and evaluate the established maximum permissible
concentrations of trace elements (Official Gazette RS, 23/1994) following the
Regulation (Official Gazette RS, 88/2018).

MATERIALS AND METHODS

The Municipality of Veliko Gradiste is located in the northeastern part
of Serbia, in the foothills of the Carpathians and Homolje mountains, at the
entrance to the Perdap Gorge (Iron Gate). In the west, it borders with the
Municipality of Malo Crnice, in the southeast with the Municipality of Kucevo,
and in the east with the Municipality of Golubac (X: 534771, Y: 4948075). In
the north, the municipality is bordered by the Danube that separates it from
neighboring Romania in a length of 20 km. The municipality belongs to Bra-
ni¢evo district and covers an area of 344 km?.

99



The study territory belongs to the area of moderate continental climate
with clearly derived seasons and almost no difference in the characteristics
between the lower and higher terrains (Stanojkovi¢-Sebi¢ et al., 2015).

In the area of study and according to the sampled soil distribution (Figure
1), the most represented soil type was eutric cambisol — brown forest soil, which
is primarily the result of the favorable climate, the substrate on which the soil
is formed, and the influence of the relief and vegetation present at its creation.
This type is mainly formed on Miocene sediments of the lighter mechanical
composition, or loess and old alluvial deposits. After the composition, it is
slightly heavier loam, plastic and sticky.

The production value of eutric cambisol is high because this soil is among
the very deep soil types of neutral and weakly acidic reaction. It has good
physical properties when it was formed on the loess and has medium content
of nutrient elements, except the available phosphorus.

& Sampling locations
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Figure 1. The position of soil samples

In the study area, chernozem soil occurs on smaller areas, on the loess
deposits, and the contact zone of loess and sand. Particle size distribution varies
from loam to sandy clay loam. The usual chemical analyses show that the cher-
nozem is calcareous throughout the whole depth and that the share of carbonates
increases with the depth, although an acid reaction can occur in leached cher-
nozem. The soil reaction is usually slightly alkaline with adsorptive complex
highly saturated with cations, mainly calcium. The share of humus is over 3%,
while the share of available phosphorus and potassium varies from plot to plot.
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A significant area of study is occupied by sandy soils, as follows: Aeolian
quicksand, loess sand, and brown sand. Production value of sandy soils is
generally low, but it can vary depending on the involvement of pedogenetic
processes that go towards the creation of brown steppe soils and shallow cher-
nozem on the sand. Soil profiles on sands are distinguished by the surface parts
color and the share of humus in them. Substantially, their soil reaction in surface
layers is neutral or slightly alkaline.

Composite random sampling (15-20 single samples) of an agricultural
soil was carried out at pre-defined locations (Figure 1), from the depth of 0—30 cm.
There were analyzed 82 samples of eutric cambisol soil, 17 samples of cher-
nozem soil, and 32 samples of sandy soil. The soil typology was taken from
the pedological map published in a previous study (Institute of Soil Science,
1975; WRB, 2015).

A total number of 131 composite soil samples were prepared for analyses
in accordance with SRPS ISO 11464: 2004 — Pretreatment of samples for phys-
ical-chemical analyses, and sieved through a sieve of 2 mm in diameter. Soil
acidity (pH in 1M KClI, v/v-soil: 1M KCI = 1:5) was analyzed potentiometrically,
using glass electrode (SRPS ISO 10390, 2007); available phosphorus (P,0s)
was analyzed spectrophotometrically, and available potassium (K,O) by flame
emission photometry, using AL-method according to Egner-Riehm (Riehm,
1958); calcium carbonate (CaCOs) was determined using the volumetric method
(SRPS ISO 10693: 2005); SOM (soil organic matter) was calculated using the
following formula: SOM content (%) = total organic C (%) x factor 1.724
(Dzamic et al., 1996), using the total C content obtained on elemental CNS ana-
lyzer Vario EL III (Nelson and Sommers, 1996) and carbonate content.

The granulometric composition was analyzed by determination of particle
size distribution in mineral soil material, using the standardized method by
sieving and sedimentation (ISO 11277: 2009(E), 2009).

Determination of the total trace elements forms (Pb, Ni, Cr, and Cd) was
done by inductively coupled plasma-atomic emission spectrometry — THERMO
1CAP 6300 Duo (radial/axial view versions) ICP-OES, after the digestion of
the samples with aqua regia (ISO 11466:1995, 1995; ISO 22036:2008, 2008).

Reference soil NCS ZC 73005, Soil Certificate of Certified Reference
Materials approved by China National Analysis Center Beijing China, and reagent
blanks were used as the quality assurance and quality control (QA/QC) samples
during the analysis.

The results of the conducted soil analysis represent the arithmetic means
of three replicates of each sampling. Statistical methods that were applied in the
data processing were descriptive statistics and correlation, using the statistical
program SPSS 18.0.

The interpretation of the content of trace elements in the soil samples was
done using the Rule book of permissible concentrations of dangerous and
hazardous materials in soil and water for irrigation and methods for analysis,
in which MPC for the analyzed trace elements are as follows: Cd = 3 mg kg,
Cr=100 mg kg, Ni = 50 mg kg!, Pb = 100 mg kg (Official Gazette of RS,
23/1994).
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These values were used in the formula for calculating the limit and re-
mediation values defined in the Regulation on the program of systematic
monitoring of soil quality via indicators for the assessment of soil degradation
risk and methodology for the creation of remediation programs (Official Gazette
of RS, 88/2018).

RESULTS AND DISCUSSION

The results of the present study showed that the soil reaction of chernozem
ranged from highly acidic (in one sample of leached chernozem) to alkaline
(pH in 1 M KCI was 4.00-7.35), of sands ranged from acidic to alkaline (pH
in 1 M KCl was 5.10-7.65), and of eutric cambisol from highly acidic to neutral
(pH in 1 M KCI was 3.60-7.05). According to the carbonate content, the cher-
nozem soil samples were in the range of non-calcareous to slightly calcareous
(below detection limit of the method, BDLM—-2.94%)); sands soil samples were
in the range of non-calcareous to medium carbonate (BDLM—-9.33%), and
eutric cambisol soil samples ranged from non-calcareous to slightly calcareous
(BDLM-1.91%). The content of organic matter in the chernozem (2.69—-4.75%),
sands (1.38—4.33%), and eutric cambisol (2.09-5.06%) soil samples were in the
range of medium to high.

Table 1. Main chemical parameters of the tested soils and the clay fraction content

Clay fraction

sailope pieer ke B oo
% % mg 100 g" mg 100 g %
Min 400 BDLM 2.69 2.14 15.98 23.60
Max 735 294 475 37.05 38.65 33.20
Chernozem Average 592 0.60 3.68 8.18 20.81 29.84
STDEV 111 105 0.62 7.95 5.45 2.41
cv 064 061 108 4.59 3.15 4.17
Min 510 BDLM 138 2.32 8.94 6.20
Max 7.65 933 433 85.89 38.65 46.10
Sand Average 6.63 127 275 17.49 17.94 20.12
STDEV 077 205  0.65 17.41 778 10.13
cv 0.44 118 113 10.05 4.49 17.55
Min 360 BDLM 2.09 0.55 9.33 14.20
' Max 7.05 191 506  78.48 38.65 47.60
f;gt‘)‘i’sol Average 467 003 279 752 18.86 29.92
STDEV 067 022 050 12.78 6.16 437
cv 039 013 087 7.38 3.56 29.92

SOM - soil organic matter; BDLM — below the detection limit of the method (0.04%)
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The determined content of available phosphorus in all tested soils was in
the range from very low to very high, as follows: 2.14-37.05 mg 100 g in
chernozem, 2.32-85.89 mg 100 g in sands, and 0.55-78.48 mg 100 g in eutric
cambisol. The content of available potassium was in the range of medium to high
in chernozem (15.98-38.65 mg 100g™) and sands (8.94-38.65 mg 100 g!), and
within the levels of a very low to a high value in eutric cambisol (9.33-38.65 mg
100 g) (Table 1).

All these obtained data on the main parameters of soil fertility are in accord-
ance with the ones obtained in a previous study (Institute of Soil Science, 1975).

By analyzing the content of total trace elements in soil samples (Figure
2), the content of Pb, Cr, and Cd in all samples of all three types of soil was
below the maximum permissible concentrations (Official Gazette of RS,
23/1994). Ni content in chernozem and eutric cambisol was also below the
MPC, while in the sandy soils the content of this element exceeded the MPC
at four localities.

Average values of the trace elements

I — IV U —
e
Mi 1---|- i
— i
Pl =
= e 1
T | # Charnozen
.E S Entiic camlxizo
o Cr I i
z Sancl
=
i
Cd —
[

0.0 5.0 100 150 200 250 300 350 400 450 500
Concentration (mg ke 1)

Figure 2. The levels of analyzed total forms of trace elements

For adjusted established MPC (Official Gazette RS 23, 1994) it was applied
the equation defined by Official Gazette RS 88 (2018):

A + (B x % clay) + (C x % SOM)
A+ (B x25)+(C x 10)

(SW, IW), = (SW, IW), x

By applying the defined equation below, where (SW, IW), is corrected
threshold or remediation value for a particular soil, and (SW, IW) y is threshold
or remediation value from the table of Official Gazette of RS (88/2018), which
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determines the corrected MPC value, it was found that in all soil samples of
chernozem the Cd content was below the defined limit value (0.8 mg/kg of dry
matter); the Cd content in sandy soils was above the limit values in two samples,
while in eutric cambisol the content of this element was above the limit values
in even 25 samples.

In the equation, A, B, and C represent the constants dependent on the type
of trace element.

The Ni content in chernozem and eutric cambisol was below the limit
values (35 mg/kg of dry matter), while in sandy soils from five sites the content
of this element exceeded the limit value.

By applying the regulative 88/2018 (Official Gazette of RS, 88/2018) and
the related correction formula, and by replacing the limit values from that
regulative with the limit values from regulative 23/1994 (Official Gazette of RS,
23/1994) new modified limit values were obtained. By analyzing the content
of trace elements from given locations with newly modified values, no values
were found that were above the modified limit values.

The number of samples in which the corrected MPC value for Cd was found
increased by one in eutric cambisol, and in sandy soils by two. The Ni content
above the corrected MPC was higher in sandy soils only at three localities.

The value of the content of organic matter and clay fractions in a ratio of 1:3
affects the mobility of Cd to a negligible extent. The mobility of Cr and Ni was
not affected by the content of organic matter in the soil, while the mobility of
Pb was equally affected by the content of clay and organic matter (MvV, 2000).

It was also determined the determination coefficient of the relationship
between the adjusted MPC value for each element and each soil type and the
MPC value defined in Official Gazette of Republic of Serbia (Official Gazette
of RS, 23/1994) and the content of organic matter and clay fractions, respec-
tively (Tables 2 and 3). The results show a better relationship for clay than
SOM. This should be first noted and then discussed.

Table 2. Relationship between the adjusted and unadjusted value of trace elements and
organic matter content

Average content of trace elements + standard deviation (mg kg™!) — R?( the correlation coefficient)

Soil t
orype Ni Pb Cr cd
31.45+1.72 12.18+0.80 27.63+1.98 0.54+0.03
Chernozem y=0.0139x +3.4848 y=0.0788x +3.815 y=0.0199x +3.4848  y=0.146x+5.517
R2=10.0239 R?=10.1483 R2=10.0239 R2=0.4687
Eutri 29.74+3.10 13.52+1.51 27724477 0.67+0.17
utric
cambisol Y= 0-0182x+2.5393 y=0.0497x+2.9287 y=0.026x+25393 y=0.0719x +3.8651
R2=0.2046 R*=10.2881 R2 =0.2046 R2 = 0.4443
34.55+19.13 12.5349.65 27.52+12.99 0.48+0.16
Sand  y=00169x +2.9889 y=0.0404x+3.33 y=0.0241x+2.9889 y=0.0512x +3.9686
R2=0.5644 R?=0.6041 R2=10.5644 R2=10.6715
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Table 3. Relationship between the adjusted and unadjusted value of trace elements and
the clay fraction content

Average content of trace elements + standard deviation (mg kg') — R?

Soil type (the correlation coefficient)
Ni Pb Cr Cd
31.45+1.72 12.18+0.80 27.63+1.98 0.54+0.03
Chernozem y=035x+25 y=07712x+31.185 y=05x+25 y=0.6834x +38.449
R2=1 R?=0.9434 R*=1 R?>=0.6822
Eutri 29.744+3.10 13.52+1.51 27.72+4.77 0.67+0.17
utric
cambisol Y= 035x+25 y=0.8003x +32.071 y=0.5x+25 y=0.9058x +43.405
R2=1 R?=0.9906 R2=1 R?>=0.9338
34.55+19.13 12.5349.65 27.52+12.99 0.48+0.16
Sand y=0.35x+25 y=0.8096x + 31.67 y=0.5x+25  y=0.9679x + 43.094
R*=1 R?=0.9984 R*=1 R?>=0.9878

The obtained results indicate that the C constant, which refers to the organic
matter content and is associated with the product used in the calculation of the
corresponding element (C = 0 for Ni; C = 1 for Pb; C =0 for Cr; C =0.021 for Cd),
has a higher dependency in sandy soils, as expected, considering the source
of formula which is primarily intended for similar soil types. For the content
of Cd in the chernozem soil, it was registered the lowest coefficient of deter-
mination for the clay fraction content, which can be explained by the lowest
coefficient of variation for the tested parameter which was determined by
processing the observed number of samples.

The correlative dependence which refers to the clay fraction content
showed a high correlation, which is in correspondence with the assigned
B constants for the tested elements (B = 1 for Ni; B =1 for Pb; B =2 for Cr;
B =0.007 for Cd).

CONCLUSION

Using the equation for determination of the adjusted MPC value defined in
Official Gazette of RS (2018), which in the calculation includes the coefficients
of the content of organic matter and clay fractions individually associated with
the tested trace element and the limit MPC value, for a determined number of
samples with trace elements value above the MPC, defined in Official Gazette
of Republic of Serbia (Official Gazette of RS, 1994), it was found that the content
of Cr and Pb in tested types of soil still does not exceed the adjusted MPC value.
As for Cd and Ni, there was no deviation from the established and modified
values of MPC.

Research should be continued and supplemented by data for other types
of soils, based on which there would be done a further assessment of the appli-
cability of the existing regulations taken from Dutch sources (MvV, 2000) and
incorporated into the Regulative Official Gazette (88/2018).

105



ACKNOWLEDGMENT

This research was carried out with the support of the Ministry of Educa-
tion, Science and Technological Development of the Republic of Serbia and
financed from the Project TR-37006. The study was partially financed by the
Ministry of Agriculture, Forestry and Water Management of the Republic of
Serbia (Study “Amelioration of soils in the municipality of Veliko Gradiste
with an aim of high-value food production”, realized by the Institute of Soil
Science during 2014).

REFERENCES

Adams RS (1975): Variability in mineral and trace element content of dairy cattle feeds. J. Dairy Sci.
58: 1538-1548.

Adriano DC (2001): Trace Elements in Terrestrial Environments. Biogeochemistry, Bioavailability,
and Risks of Metals. 2™ edition, New York — Berlin — Heidelberg: Springer.

Alvarez R, Lavado RS (1998): Climate, organic matter and clay content relationships in the Pampa
and Chaco soils, Argentina. Geoderma 83: 127-141.

Bronick CJ, Lal R (2005): Soil structure and management: a review. Geoderma 124: 3-22.

Daskalopoulou K, Calabrese S, Milazzo S, Brusca L, Bellomo S, D’Alessandro W, Kyriakopoulos
K, Tassi F, Parello F (2014): Trace elements mobility in soils from the hydrothermal area of
Nisyros (Greece). Ann. Geophys., 57: 1-6. (DOI: https://doi.org/10.4401/ag-6623). y

Dugali¢ G, Gaji¢ B (2012): Pedologija. Univerzitet u Kragujevcu, Agronomski fakultet u Cacku,
Srbija.

Dzamic¢ R, Stevanovi¢ D, Jakovljevi¢ M (1996): Praktikum iz agrohemije. Poljoprivredni fakultet
Univerziteta u Beogradu.

Freibauer A, Rounsevell MDA, Smith P, Verhagen J (2004): Carbon sequestration in European agri-
cultural soils. Geoderma 122: 1-23.

Institute of Soil Science (1975): Zemljista Branicevsko-zviske oblasti Homolja. Beograd: Institut za
proucavanje zemljista.

Institute of Soil Science (2014): Melioracije zemljiSta na podrucju opstine Veliko Gradiste u cilju pro-
izvodnje visokovredne hrane (Studija istrazivanja). Beograd: Institut za zemljiste. Available
to: http://velikogradiste.rs/wp-content/uploads/2015/07/Projekat-V-G.pdf.

ISO 11466:1995 (1995): Soil quality — Extraction of trace elements soluble in aqua regia. International
Organization for Standardization, Geneva, Switzerland.

ISO 22036:2008 (2008): Soil quality — Determination of trace elements in extracts of soil by inductively
coupled plasma-atomic emission spectrometry (ICP-AES). International Organization for
Standardization, Geneva, Switzerland.

ISO 11277:2009 (2009): Soil quality — Determination of particle size distribution in mineral soil mate-
rial — Method by sieving and sedimentation. International Organization for Standardization,
Geneva, Switzerland.

Kabata-Pendias A (2011): Trace Elements in Soils and Plants. 4™ edition. Boca Raton, Fl, USA: CRC
Press, Taylor & Francis Group.

Lemenih M, Itanna F (2004): Soil carbon stocks and turnovers in various vegetation type and arable
lands along an elevation gradient in southern Ethiopia. Geoderma 123: 177-188.

McKone TE, Maddalena RL (2007): Plant uptake of organic pollutants from soil: a critical review
of bioconcentration estimates based on models and experiments. Environ. Toxicol. Chem. 26:
2494-2504.

Miljkovi¢ N (1996): Osnovi pedologije. Novi Sad: Prirodno-matematicki fakultet, Institut za geogra-
fiju.

MvV (2000): Circular on Target Values and Intervention Values for Soil Remediation. Dutch Target and
Intervention Values (the New Dutch List). Annexes. Ministerie van Volkshulsvesting, Ruimtelijke

106



Ordeningen Milieubeheer; Ministry of Housing, Spatial Planning and the Environment: Barendrecht,
The Netherlands; Available to: http:/esdat.net/Environmental%20Standards/Dutch/annexS
12000Dutch%20Environmental%?20Standards.pdf (accessed on 30. 1. 2020).

Nelson DW, Sommers LE (1996): Total carbon, organic carbon, and organic matter. In: DL Sparks
(ed.), Methods of Soil Analysis, Part 3, Madison, Wisconsin: SSSA, 961-1010.

Official Gazzete of RS/ Sluzbeni glasnik Republike Srbije (1994): Rulebook on permitted quantities
of dangerous and harmful substances in soil and water for irrigation and methods of their
testing, 23/94.

Official Gazzete of RS / Sluzbeni glasnik Republike Srbije (2018): Regulation on the program of
systematic monitoring of soil quality, indicators for assessing the risk of land degradation and
methodology for developing remediation programs, 88/2018.

Prasad R, Power JF (1997): Soil Fertility Management for Sustainable Agriculture. New York, USA:
Lewis Publishers.

Puget P, Chenu C, Balesdent J (2000): Dynamics of soil organic matter associated with particle-size
fractions of water-stable aggregates. Eur. J. Soil Sci. 51: 595-605.

Rao MM, Kumarmeena A, Galib M (2011): Detection of toxic heavy metals and pesticide residue in
herbal plants which are commonly used in the herbal formulations. Environ. Monit. Assess 181:
267-271.

Riehm H (1958): Die Ammoniumlaktatessigsaure-Methode zur Bestimmung der leichtloslichen
Phosphorsure in Karbonathaltigen Boden. Agrochimica, 3: 49—-65.

Soltanpour PN, Johnson GW, Workman SM, Bentonjones JJ, Miller RO (1996): Inductively coupled
plasma emission spectrometry and inductively coupled plasma mass spectrometry. In: DL
Sparks (ed.), Methods of Soil Analysis, Part 3, Madison, Wisconsin SSSA, 91-139.

Stanojkovi¢-Sebi¢ A, Dini¢ Z, Maksimovi¢ J, Ferdinando M, Jaramaz D, Pivi¢ R (2015): Stanje 1
predlog mera popravke zemljiSta opStine Veliko Gradiste, Nau€no-stru¢ni skup ,,0drzivo ko-
ris¢enje zemljista”, Institut za ratarstvo i povrtarstvo u Novom Sadu, Rimski Sancevi (zbornik
radova), 123-129.

SRPS ISO 11464:2004 (2004): Soil quality — Pretreatment of samples for physico-chemical analyses.
Institute for Standardization of Serbia, Belgrade.

SRPS ISO 10693:2005 (2005): Soil quality — Determination of carbonate content. Institute for Stand-
ardization of Serbia, Belgrade.

SRPS ISO 10390:2007 (2007): Soil quality — Determination of pH. Institute for Standardization of
Serbia, Belgrade.

Van-Camp L, Bujarrabal B, Gentile A-R., Jones RJA, Montanarella L, Olazabal C, Selvaradjou S-K
(2004): Reports of the technical working groups established under the thematic strategy for
soil protection. Office for Official Publications of the European Communities, Luxembourg,
EUR 21319 EN/3: 872.

Van Keulen H (2001): (Tropical) soil organic matter modelling: problems and prospects. Nutr. Cycl.
Agroecosys. 61: 33-39.

Vidojevi¢ D (2016): Procena rezervi organske materije u zemljistima Srbije. Poljoprivredni fakultet
Univerziteta u Novom Sadu, Srbija (Doctoral dissertation).

Wuddivira MN, Camps-Roach G (2007): Effects of organic matter and calcium on soil structural
stability. Eur. J. Soil Sci. 58: 722-727.

WRB (2015): World reference base for soil resources 2014. International soil classification system for
naming soils and creating legends for soil maps. Update 2015. Food and Agriculture Organization
of the United Nations, Rome. Available to: http:/www.fao.org/3/i3794en/13794en.pdf.

107



I[MTPOLIEHA MDK EJIEMEHATA ¥V TPAT'OBUMA Y
[HOJBOITPUBPE/JHOM 3EMJBULITY IIOMORKY
CAZIP’KAJA OPITAHCKE MATEPUIJE U I'JIMHE

Pagmuna H. TIMBUR!, 3opan C. TUHUR!, Jenena C. MAKCUMOBHR',
Jo6pusoj XK. TIOLITUR?, Patu6op T. IITPEBAHOBUR?,
Anekcannpa 5. CTAHOJKOBUR-CEBUR!

"MHCTUTYT 3a 3eMIBHINTE,
Teomopa dpajzepa 7, beorpax 11000, Cpouja
WHcTuTyT 32 3alUTUTY OMJba M )KUBOTHY CPEIUHY,
Teomopa [pajzepa 9, beorpan 11000, Cpduja

PE3MME: [{usb oBOT pajia je ucTpaxuBame JONPUHOCA yTHUIIAja caapikKaja OpraH-
CKE MaTepHje ¥ TIIMHE Ha BPSAHOCT MaKCUMAITHO J03BOJbEHUX KOHIeHTparuja (M/IK)
enemenara y Tparosuma Pb, Ni, Cr u Cd, koje je cripoBeieHO Ha M0JbOIPUBPEIHOM
3eMJbulITY Tepuropuje Onmrune Benuko I'paguire. AnanusupaHo je 82 y3opka Ha
3eMJBHIITY THIIA CYTPUIHN KaMOuco, 17 y3opaka Ha 3eMJBHIITY THITA YEPHO3EM U 32
y30pKa Ha MECKOBUTUM 3eMJBHIITHMA. Y KOMIIO3UTHUM y30pIIIMa 3eMJBHIITA, Y3ETHX Ca
nyoune 0-30 cm, onpehenu cy ocHoBHu napamerpu miognoct (pH, P,Os, K,0, CaCOs;,
OpraHCKa MaTepuja), caapkaj (paxiuje TIuHe U caapxaj yKkynHux gopmu Pb, Ni, Cr
u Cd. Tymaueme n001jeHuX pe3yaTaTa UCIMTHBAaba CIIPOBENICHO je y oqHocy Ha MJIK
HUCIUTUBAHUX MUKpoenemeHaTta Aepunucanux [lpasunaukom (Cryorcoenu Snacrnux
PC, 88/2018). Ha ocHoBy ofiHoca nepunucanux MJIK n kopuroBaHux BpeJHOCTH KOje
y 00padyH y3umajy ¥ BpeIHOCTHU cajpiKaja OpraHcke MaTepuje u riuHe, yTBphena je
KOpeIalioHa 3aBUCHOCT Y OJJHOCY Ha CaJipKaj OpraHcKe MaTepHje, OHOCHO CaapiKaj
(pakumje rmuHe y ucmtuBaHuM y3opiuma. [lopex Tora, cagpxkaj Cr u Pb y ncnuranum
THUTIOBMMA 3€MJBHINITA U J]aJhe He Mpenasu npruiaroheny Bpeanoct M/IK. 3a Bpennoctn
Cd u Ni, HEje 6mto oncrymnama ox yrephennx n moaudukoBanux Bpexnocta M/IK.
3akJpydaK je a HCTpakuBama Tpeba HaCTAaBUTH U IOMYHHUTH MTOAAIIMMA U 33 OCTaIIe
THUTIOBE 3€MJBHIITA HA OCHOBY 4era OH ce Jjajia KOHaYHA OLCHA TPUMEILIHBOCTH ITOCTO-
jehe peryrnaruBe Koja je mpey3era u3 XolnaHackux u3Bopa a 'y 2018. rogunu cy yHera
y Hpasunnuk (Cnyorcoenu Znachux PC, 88/2018) .

KJbYYUHE PEYMN: 3emsbuIITE, €IEMEHTH Y TParoBuMa, MakKCUMaJTHO JI03BOJbEHE
kounenTpanuje (MJIK), oprancka marepuja, riinHa
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