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Abstract: Studies of adsorption and desorption of pesticides by soils are imp-
ortant for understanding and predicting their fate and transmission in the envi-
ronment. Considering the agricultural and environmental relevance of cloma-
zone, its sorption—desorption behaviour was studied in two widespread Serbian
agricultural soil types named Regosol and Chernozem. Both phenomena are
well-described by the Freundlich equation, which shows that clomazone is
generally sorbed more to organic matter than to the mineral soil fractions.
Chernozem, a soil containing more of both organic matter and clay, was found
to bind more, and desorb less herbicide, than Regosol. Higher desorption hys-
teresis obtained for Chernozem could be attributed to its larger number of high-
-energy sorption sites, compared to Regosol. In both soils, the hysteresis effect
increases with the rise of initial clomazone concentration in the soil-water sys-
tem, while the percentage of desorbed amount during successive desorption
cycles decreases. The presented adsorption—desorption study shows that soil
composition plays an important role in clomazone behaviour and fate in the
environment, and a significantly reduced probability of contamination of both
the deeper soil layers and groundwater may be expected when this herbicide is
found in humus-rich soils.
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INTRODUCTION
Clomazone (IUPAC: 2-(2-chlorobenzyl)-4,4-dimethyl-1,2-oxazolidin-3-one)
is an isoxazolidinone herbicide used to control annual grasses and broadleaf
weeds in many crops, including soybean, rice, tobacco, cotton, pea, maize, oil-
seed rape, sugar cane, cassava and pumpkin crops.! In Serbia, clomazone has
found significant use in soybean, tobacco and oil seed rape weed control pro-
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810 DPUROVIC-PEJCEV et al.

grammes. Six products based on this active ingredient, containing 360 or 480 g
a.i. L1, are registered in domestic market here in Serbia.? Its physicochemical
properties indicate that this herbicide has relatively high solubility in water (1100
mg dm3), and is not rapidly degraded by environmental fate processes such as
photolysis or hydrolysis under a wide range of pHs.! Also, its properties, such as
moderate mobility (Koc: 150-562 dm3 kg—!) and persistence in soil (DT50: 30—
—135 days),! as well as potentially harmful effects on cultivated plants after crop
rotation,> make clomazone as a possible environmental contaminant of agricul-
tural relevance. Additionally, clomazone could be classified*© as a pesticide of
concern due to its possible impact on aquatic systems because its solubility in
water is >30 mg dm3, organic carbon normalized sorption coefficient (Koc) is
300-500 dm3 kg1, sorption distribution coefficient (Ky) is < 5 dm3 kg~!, photo-
lytic half-life (¢1/7) is >3 days, and microbial degradation ¢/, is >2—3 weeks.

However, when clomazone molecules get into the soil, their further behaviour
will depend on many factors, including the type and characteristics of the soil,
frequency and quantity of precipitation and irrigation, temperature, efc. Among
all fate processes in which clomazone may participate, sorption-desorption are
the most important because they determine clomazone amounts in soil solution,
and consequently could affect its mobility, degradation and plant uptake, since
these processes involve only the free (non-sorbed) molecules fraction.

Considering that soils are a very heterogeneous mixture, consisting of mine-
ral and organic components with variable composition and surface activity which
participate in the binding of pesticides, knowing their adsorption-desorption
behaviour in various soil types is very important for understanding and predicting
of sorption mechanisms, persistence, mobility and other fate processes in soil
environments.

Available literature data indicate that clomazone sorption to soil occurs
either through organic carbon (OC)7-8 or both OC and clay fractions of soil.?
Additionally, some researchers have reported that soils collected from sites with
a history of burned vegetation events had higher clomazone retention.”-!0
Desorption of pesticides is also a very important process because it determines
the rate and amount of pesticides that could be released from the soil, and their
potential mobility in soil.!!-12 However, there is only one report to our know-
ledge that has focused on the desorption behaviour of clomazone in this
medium.” Moreover, that study and all other previously mentioned references
have only revealed the adsorption behaviour of clomazone in soils collected from
rice fields in the USA or China.

Considering the agricultural importance and potential environmental impact
of clomazone, the aim of this study was to determine its adsorption-desorption
behaviour in two Serbian widespread types of agricultural soils described in the
WRB 2015 soil classification!? as Regosol and Chernozem reference soil groups.
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Since the selected soils differ in OC and clay contents as possible sorption fract-
ions of soils, the objective of this study was also to determine whether and to
what extent they participate in the retention and release of clomazone on/from
this medium, as well as to determine to what extent different clomazone concen-
trations affect its adsorption—desorption behaviour.

EXPERIMENTAL
Reagents and materials

Clomazone (99.5 % purity) was purchased from Dr Ehrenstorfer, Germany. Its stock
solution (1.5 g dm3) was prepared in acetonitrile (J. T. Baker, Holland) and kept at —18 °C.

Calcium chloride was purchased from Merck (Germany), while highly purified deionized
water (Purelab Option — R7, Elga, UK) was used for the preparation of 0.01 M CacCl, solution.

Working standard solutions of clomazone, in concentrations of 0.5, 1.5, 3, 6, 9, 12 and
15 mg dm3, were prepared by diluting its stock solution with 0.01 M CaCl, solution.

Samples of two agricultural soils, namely Regosol and Chernozem, were collected in
October 2017 from the top 25 cm soil layer in fields in which soybean had been grown in the
same year. Regosol was sampled in Pirot (south—east Serbia), and Chernozem in Novi
Banovci (Vojvodina region, Serbia). Clomazone had not been applied to the fields for at least
3 years previously. Soil samples were air-dried and ground to pass a 2-mm sieve. Soil texture,
OC and CaCOj; contents, as well as pH were determined by standard methods.!# General soil
properties are shown in Table L.

TABLE I. General soil composition and properties

Content of soil components, %

Soil pH (H;0) Coarse fragments Sand  Silt Clay CaCO; OC
Regosol 7.98 18.05 532 234 234 14.5 1.15
Chernozem 7.77 0 354 357 289 2.5 1.93

Regosol is a sandy clay loam containing 18 % coarse fragments, calcareous, moderately
alkaline, with only 1.15 % OC, clay consisting primarily of kaolinite. Chernozem is a clay
loam, calcareous, slightly alkaline, with 1.93 % OC, clay considered primarily of illite.

Adsorption—desorption studies

Adsorption and desorption isotherms of clomazone were obtained by the batch equi-
libration method.'? Duplicate samples of 2 g of each soil and 10 cm3 of 0.01 M CaCl, solution
with initial clomazone concentrations ranging from 0.5 to 15 mg dm were mixed in 50 cm?
polypropylene centrifuge tubes. The tubes were shaken at 20+1 °C on a rotary shaker for 24 h,
and then centrifuged at 3000 rpm for 5 min. A previous kinetics study had indicated that 24 h
was adequate to attain the equilibrium redistribution of clomazone in the soil/water system.
The supernatants were filtered through 0.22 pum membranes before further analysis. The
amounts of clomazone adsorbed by the soils were calculated from the difference between the
initials and supernatant concentrations in each sample.

Clomazone desorption studies were carried out for its initial concentrations of 1.5, 6 and
15 mg dm™, immediately after the adsorption process has been completed, by replacing 5 cm?
of the obtained supernatants with 5 cm? of clomazone-free 0.01 M CaCl, solution. The tubes
were again equilibrated for 24 h on the rotary shaker, which was followed by centrifugation at

Available on line at www.shd.org.rs/JSCS/

(CC) 2020 SCS.



812 DPUROVIC-PEJCEV et al.

3000 rpm for 5 min, filtration of the obtained supernatants and chromatographic analyses. For
all concentrations, three successive desorption steps were examined.
All sorption and desorption measurements were repeated 3 times.

Chromatographic analysis

Clomazone concentrations in the obtained adsorption—desorption supernatants were
determined by the Shimadzu Prominence high performance liquid chromatography (HPLC)
system, equipped with a pump model LC-20AD and diode array detector (DAD) model SPD-
-M20A. The following conditions were used: Eclipse XDB-C18 column (4.6 mmx150 mm,
3.5 um), using acetonitrile and water (70:30 volume ratio) as the mobile phase at the flow rate
of 1.0 cm? min'!, in an oven at 40 °C, 40 mm? injection volume, and quantification at 214 nm.
The detection and quantification limits were 0.0009 and 0.003 mg dm™, respectively.

Data analysis

Adsorption-desorption coefficients (K4 / dm3 kg'!) were calculated as the relation of the
herbicide concentration in soil after the completion of adsorption-desorption experiments (cg /
mg kg'!) and equilibrium concentration in the solution (c, / mg dm™) according to Eq. (1):

Kg== (1)

The K coefficients were calculated by normalizing K coefficients with the OC content
of the soils investigated according to the equation:
B 100K
9€ ™ Content of OC

Clomazone adsorption and desorption isotherms were described by the linear form of the
Freundlich equation:

2

loge, =log Ky +llogce 3)
n

where ¢, and ¢, have the same meaning as before, and Ky and n; are the Freundlich constants
characterizing the adsorption-desorption capacity and intensity, respectively.

The desorption percentage (D / %) for all desorption steps were calculated by Egs. (4)
and (5):

D=100 Cs (ads) ~ Cs (des,1) (4)
Cs (ads)
D=100 Cs (des,i) ~ Cs (des,i+1) (5)
Cs (des,i)

where ¢y(aq5) and cg(ges ) are clomazone concentrations in the soil after the completion of ads-
orption and desorption steps, respectively, and i is the number of desorption steps (i: 1-3).
For both soils and all concentrations tested, the hysteresis coefficients (H) were calcul-
ated for the adsorption—desorption isotherms according to the Eq. (6):
H= 1/ Ndeg

(6)

1/ Nads
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where 1/n,4, and 1/ng4. are the Freundlich slopes obtained for the adsorption and desorption
isotherms, respectively.

RESULTS AND DISCUSSION
Adsorption studies

The adsorption isotherms of clomazone for the two agricultural soils are pre-
sented in Fig. 1, and the Freundlich parameters obtained by applying Eq. (3) to
experimental data are presented in Table II.

36

®  Regosol PY
® Chernozem

30

24 4

¢,/ mg kg'1
S »

o
L

0 2 4 6 8 10 Fig. 1. Adsorption isotherms of clomazone in two
¢,/ mg dm?* Serbian agricultural soils.

TABLE 1I. Freundlich parameters and distribution coefficients (Kgags) and Kocqags)) for
clomazone sorption on two agricultural soils

p ; Soil

arameter Regosol Chernozem
Kpadsy / mgb/n dm3/n kg1 2.21 (£0.01)2 3.43 (£0.01)
1/n,445 1.00 (£0.02) 1.07 (£0.02)
7 0.997 0.998
K(ads / dm? kg1 2.14 (£0.05) 3.83 (+0.06)
r 0.991 0.995
KOC(ads) / dm3 kg_1 1.86 1.99

*Value in parentheses is the 95 % confidence interval

The data indicate that clomazone sorption behaviour could be well described
by Freundlich model with correlation coefficients (#2) of 0.997 and 0.998 for
Regosol and Chernozem, respectively. The obtained isotherms are C-type
according to Giles classification,!> which is also indicated by 1/n,45 parameters,
whose values are close to 1 for both soils under study (Table II). The C-type of
the isotherms is characterised by a slope that is independent of the herbicide
initial concentration in the solution, i.e., the partition of clomazone molecules
between the soil and the liquid phase is constant. However, over the entire initial
clomazone concentration range studied (0.5—-15 mg dm=), adsorption in Cherno-
zem was higher than it was in Regosol (Fig. 1), which was also confirmed by the
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obtained Freundlich parameters Kf(ads) (2.21 and 3.43 for Regosol and Cherno-
zem, respectively, Table II). These relations of Kfads) values correspond well
with the obtained relation for Kq(aqs) values (Table II), which is not surprising
considering the linear C-type of adsorption isotherms obtained for both soils.
Considering the composition of the tested soils, and the well-known fact that the
pesticide sorption in soil occurs either through the mineral or organic component,
or both, the obtained results are not surprising. Generally, in soils that have
higher levels of organic matter (>5 %), pesticide adsorption may be assumed to
depend on organic matter content, while the nature of organic matter has little
influence on adsorption processes.!0-18 Conversely, in soils with low organic
matter contents, the adsorption of pesticides often depends on active inorganic
fraction components, which is predominantly the clay fraction. Therefore, higher
OC and clay contents in Chernozem than in Regosol clearly indicate that higher
adsorption could be expected on Chernozem soil particles. However, if we
assume that OC is the main soil parameter responsible for clomazone sorption,
the values of Koc(ads) coefficients calculated for both soils should be very close
to each other. Indeed, comparing the Koc(ads) constants presented in Table II, it
becomes evident that the sorption of clomazone molecules in both tested soils
takes place primarily at the active sorption centres of organic matter. However,
slight differences in the Koc(ads) constants obtained for Regosol and Chernozem
indicate that clay takes a certain part in sorption, too. At first, higher clay content
in Chernozem (28.9 %), compared to 23.4 % in Regosol (Table I), was consistent
with a somewhat higher Koc(ads) value obtained for Chernozem. Additionally,
the differences in soil mineral composition, and the type of phyllosilicates struc-
ture in those soil minerals, indicate their different participation in clomazone
sorption. Generally, it should be assumed that the layered structure of the 2:1
phyllosilicates type present in illite (Chernozem) has a greater internal and ext-
ernal porosity, and a larger specific surface area, so that the interlayer space of
this mineral provides a greater possibility for clomazone molecules movement, in
contrast to kaolinite as the 1:1 type of phyllosilicates, which is dominant in Regosol.

A comparison of our results with literature data revealed considerable con-
sistency. Unfortunately, the reference data mainly relate to soils in rice fields,
and originating either from the USA or China,’~10.19 so that some discrepancies
between our present and published data are not surprising. Thus, for example, the
L-type of clomazone sorption isotherm has been reported in most studies,’-%-10:19
while in some of them the obtained K4 values were higher than our findings.”-?
However, all studies agreed that organic matter is the soil fraction that pre-
dominantly participates in clomazone adsorption.
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Desorption studies

Desorption isotherms of clomazone for the two agricultural soils were pre-
sented in a log—log scale (Fig. 2), while the obtained Freundlich desorption para-
meters were listed in Tables III and IV.

Regosol Chernozem

0.9

s

0.6

log (c_/ mg kg 1)
o
o

log (c_/ mg kg 1)

0.3

0.0 P

-0.3

—0‘.6 -6.3 O.IO 013 0!6 0!9 -0.6 70|.3 010 0!3 0.6 0.9
log (c, / mg dm™) log (c, / mg dm™®)
Fig. 2. Adsorption—desorption isotherms of clomazone in two Serbian agricultural soils:
m) adsorption; o) desorption for 1.5 mg dm; A) desorption for 6 mg dm;
o) desorption for 15 mg dm?.

TABLE III. Freundlich parameters, hysteresis coefficients (H) and desorption percentages (D)
for clomazone desorption in Regosol

Initial concentration, mg dm3

Parameter

1.5 6 15

Kitges)/ Mg D dmd/n kg1 2.34 (£0.004)* 6.26 (£0.004) 12.46 (£0.01)

Unyes 0.26 (+0.01) 0.27 (20.01) 0.23 (£0.01)
0.995 0.995 0.997
H 0.277 0.260 0.241
DD/ % 17.60 14.70 14.52
D (1) /% 12.44 13.39 12.59
D (1) / % 10.70 10.84 9.89
Total D (I-111) / % 35.58 34.13 32.67

*Value in parentheses is the 95 % confidence interval; ®humber of desorption cycles

Eq. (3) evidently well described the experimental desorption data for all
three initial concentration levels of clomazone, with 72 ranging from 0.995 to
0.997, and 0.970 to 0.994 for Regosol and Chernozem, respectively.

The obtained 1/n,q5 (Table II) values were much higher than //n4e5 (Tables
IIT and IV), regardless both of the initial clomazone concentration and soil types
studied, which indicates that a significant amount of clomazone adsorbed is not
easily desorbed and that desorption cannot be predicted on the basis of adsorption
isotherms. The finding that the sorption of clomazone to soil is not a reversible
process was reported by Gunasekara et al.” for four American soils, too.
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TABLE IV. Freundlich parameters, hysteresis coefficients () and desorption percentages (D)
for clomazone desorption in Chernozem

Initial concentration, mg dm™

Parameter
1.5 6 15

Kiges)/ mg("'l)/" dm3n kg'! 3.24 (+0.01)? 9.03 (£0.004) 18.95 (£0.01)
1/nges 0.19 (+0.02) 0.27 (£0.01) 0.26 (+£0.02)

0.970 0.994 0.975
H 0.258 0.256 0.227
DD/ % 18.05 12.42 13.05
D)/ % 11.69 13.44 11.35
D (I1I1) / % 6.40 9.80 8.04
Total D (I-1IT) / % 32.26 31.62 29.12

*Value in parentheses is the 95 % confidence interval; ®humber of desorption cycles

The magnitude of the hysteresis effect was evaluated (Eq. (6)), and the
values spanned a range of 0.241-0.277 and 0.227-0.258 for Regosol and Cherno-
zem, respectively (Tables III and IV). These values were somewhat higher than
those reported for clomazone adsorption—desorption behaviour in four American
soils,” but considering their different origin and history of their uses, as well as
different management practices, the detected inconsistency was expectable. How-
ever, for each of the initial clomazone concentrations in the study, the H value
obtained for Regosol was higher than one obtained for Chernozem. The fore-
going results indicate that Chernozem, with its higher adsorption capacity than
Regosol, showed fewer tendencies to desorb clomazone. Lower clomazone des-
orption from Chernozem obtained for all initial pesticide concentrations could
also be related to the higher Kfdes) values obtained for Chernozem (Table V),
compared to Regosol (Table III).

Concerning the adsorption process, it seems that the content of organic
matter in the soil, as the dominant promoter of clomazone sorption to the soil, is
negatively correlated to the desorbed clomazone amount in the desorption pro-
cess. Sorption hysteresis in soils has been reported for a large number of pesti-
cides,20-23 and several possible causes of this phenomenon have been proposed,
such as chemical or biological transformation, nonequilibrium conditions, and
high-energy bonding. However, during desorption experiments under this pre-
sented study, there was no evidence of clomazone degradation in the obtained
chromatograms. Furthermore, a preliminary kinetics study had indicated that 24 h
of equilibration was adequate to attain the equilibrium redistribution of cloma-
zone in the soil/water system, so that a nonequilibrium hypothesis was excluded
too. A high-energy bonding hypothesis obviously may be the only one that could
explain the obtained data.

As Tables III and IV show, the irreversibility of the adsorption process in
both soils increases (H coefficient decreases) with growing initial clomazone
concentrations, suggesting that desorption is easier at lower concentration levels
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of the herbicide. This finding could indicate that high-energy sorption sites in
both soils are filled only at higher clomazone concentrations, wherein desorption
from that type of centres is much harder when compared to low-energy binding
centres. This phenomenon is particularly visible in Chernozem, which is not sur-
prising considering the higher contents of both OC and clay in that soil, com-
pared to Regosol.

The desorption percentage (D / %) for all three successive desorption steps
and the total percentage of desorbed herbicide during all desorption cycles were
calculated by Egs. (4) and (5), and presented in Tables III and IV. Regardless of
the initial concentration of clomazone in the adsorption-desorption study, the
amount desorbed evidently decreased with the subsequent desorption cycles.
These results seem to confirm the hypothesis of bound residues, specifying that
some clomazone residues remained strongly bound to soil after adsorption. Only
the fraction of herbicide that was weakly bound to soil could be easily released
during the desorption process. Considering the total amount of clomazone des-
orbed during all three consecutive desorption cycles in the study (D (I-1I)), it
seems that this fraction is highly dependent on the initial clomazone concen-
tration. Decrease in D (I-1II) values with the increasing initial clomazone con-
centration in the soil-solution system indicate that high-energy binding sites are
limited, and the progressive saturation of those sites occurs as the solute concen-
tration increases. The mentioned strong adsorption resulted in the hysteresis
effect. In general, for each concentration examined in the desorption study, the D
(I-1IT) values obtained for Regosol (32.67-35.58 %) were higher than for Cher-
nozem (29.12-32.26 %). These results were expectable, considering both the
higher adsorption capacity (Table II) and the lower desorption tendency of Cher-
nozem (Table IV) compared to Regosol (Table III).

CONCLUSION

The study conducted on two typical agricultural soils in Serbia broadened
our knowledge of the sorption-desorption behaviour of clomazone which con-
sidering its intensive use, relatively high solubility in water, moderate mobility
and persistence in soil, as well as the possibility of causing harmful effects on
cultivated plants after crop rotation, could be classified as a possible environ-
mental contaminant of agricultural relevance. Clomazone was found to sorb more
to organic matter than to the mineral fraction of soil. Although Chernozem has
been shown to have a higher adsorption capacity, at the same time it showed less
tendency to desorb herbicide molecules than Regosol. The higher hysteresis
effect (lower H values) observed in Chernozem could be interpreted as support-
ing the high-energy bonding hypothesis, which implies more high-energy sorp-
tion sites in that soil than in Regosol. Although it has been shown that clomazone
is potentially a greater contaminant of deeper soil layers, and consequently of
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groundwater, when it is found in soil with lower organic matter and clay con-
tents, further studies are necessary to clarify the nature of the binding forces act-
ing on clomazone sorption in soils.

Acknowledgement. This study was funded by the Ministry of Education, Science and
Technological Development of the Republic of Serbia.

U3BOI
AINCOPIINMOHO-OECOPIILIMOHO IMTOHAITAE KIOMA30HA Y ITOJbOITPUBPEJHUM
3EMJBUIIITUMA TUIIA PETOCOJI U HEPHO3EM
PAJIA JI. BYPOBUR-TIEJUEB', CBJET/IAHA B. PATMAHOBUE’, 30PULIA I1. TOMUR’, JIA3AP M. KAJIYBEPOBUR’,
BOJUCJIABA I1. BYPCUR® n JbUJbAHA P. INAHTPUR'

1Humuu7.ym 3a leciiuyuge U 3awiniuiiy xusotite cpequte, Banaiicka 316, 11080 Beoipag, ZHomoﬁpuspegHu

paxyniuewi, Ynueep3uitieii y beoipagy, Hemawuna 6, 11080 Beoipag u gl omotipuspegHu paxynitieid,

Yuugepsuineii y Hosom Cagy, Tpi [1. Odbpagosuha 8, 21000 Hosu Cag

HcnuTBame afiCOPNLMOHOr M [ECOPNLUOHOTr IMOHAllalba NEeCTUIMAA Y 3EMJBUIITY je
BEOMa Ba)KHO 3@ pa3yMeBame U MpefiBuhame BUXOBOT KpeTawa U Jabke CyAdUHe y KUBOTHO]
cpenuHH. Y3umajyhu y 003up 3Hauaj KJIOMa30Ha Ca CTAaHOBHUINTA MOBOIPUBpPENE U MOTeH-
UyjanHe WTEeTHE edeKTe koje MOXKe HMaTH Ha )KUBOTHY CPEAHHY, aZiCOPNLIMOHO-AEeCOPILIUOHO
NIOHAaIllake OBOT Xxepduiuia je npoyyasaHo y Perocony u UepHo3eMy, Kao JBa LIMPOKO 3aCTy-
IUbEHA THIA NOJBONpUBpeAHOr 3emuuTa y Cpduju. Oba mpoueca ce Aodpo Mory omucaTu
®pojATNX0BOM jeOHAUMHOM, a Pe3ylTaTH yKasyjy fJa Ce KJIOMa3OH MHOIO BHIIE Besyje 3a
OpraHCKy MaTepHjy Hero 3a MUHepaiaHy (ppakuujy sem/puuITa. YepHO3EM KOjU KapaKTepullue
BehH cagprkaj opraHcke MaTepuje U IMIMHe, Be3yje BHIIE aad U Aecopdyje Mamwe 0BOT XepOu-
uuzpa y ogHocy Ha Perocon. Behw mecopmimonu xucrepesuc nodujeH 3a UepHo3em ce Moxe
odjacHuTH BehuM OpojeM BHCOKO-E€HEPreTCKUX COPNLHMOHUX IIeHTapa NPUCYTHHUX y OBOM
3eMJBMINTY y ogHOCY Ha Perocon. Edexart xucrepesuca pacte 3a oba 3empuIlTa ca nosehamem
KOHLIEHTpalMje KJIOMa3oHa Y CHCTEMY 3€MJBUINTE-3EM/BUILIHM DPAacTBOp, NP UYEMy Cce
IpoLeHaT AecopdoBaHE KOJIMYMHE NECTHLUAA Y CBAKOM HapeSHOM LECOPILMOHOM LHKIYCy
cMmamyje. PesynTaTté afcoOpHIMOHO—IECOPNIIMOHMX eKCllepyiMeHaTta ykasyjy Ha TO Jia MOHa-
Iawke ¥ CyfOMHA KJIOMa30Ha Yy )KUBOTHOj CPEAMHH Y BEIMKOj MEPH 3aBUCE OF CacTaBa 3eM-
JBULITA, TIPY YEMY je 3a OUeKHBATH Ja je BepoBaTHOha KOHTaMHUHaLWje OyO/BUX ClI0jeBa 3eM-
JbUILTA 118 U NOA3EMHUX BOJja 3HAUajHO Mama kaja ce oBaj xepduuupj Hahe y sempuIITHMA
doratum Xymycom.

(ITpumsmeno 17. centembpa, peBuarpaHo 8. HoBemdpa, mpuxsaheno 12. HoBemdpa 2019)
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