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Abstract: The work is concerned with the sorption and desorption behaviours
of lindane on four humic acid fractions (HAs) and two humin fractions,
sequentially extracted from Ludas Lake sediment. All sorption isotherms fitted
to the Freundlich model were nonlinear. The isotherm linearity increased from
0.757 for the first extracted HA to 0.944 for the ninth HA, showing a positive
correlation with the atomic H/C ratio, while a negative correlation between the
sorption coefficient and aliphaticity of the isolated HAs was observed. It was
shown that the sorption processes may be strongly influenced by the physical
conformation of and accessibility to sediment organic matter (SOM), as de-
monstrated by the high K, and low n values of the humin samples. Despite
exhibiting the most nonlinear sorption isotherms, humin samples did not show
a pronounced sorption—desorption hysteresis, while the most significant hys-
teresis was observed for the three HA samples. These results support the hypo-
thesis that the aromatic domains in SOM influence strongly the sorption and
desorption behaviour of lindane. The findings obtained in this study may be
helpful in understanding the distribution, transport and fate of lindane in soils
and sedi ments.

Keywords. sediments; humic acid; humin; hydrophobic organic compounds;
hysteresis.
INTRODUCTION

Sorption is a major process determining the fate and behaviour of hydro-
phobic organic compounds (HOCs) in sediments and soils. It is widely reco-
gnized that soil and sedimentary organic matter (SOM) is the dominant cons-
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tituent for sorption, sequestration and attenuation of HOCs.12 Since the humic
substances (HSs) represent a significant portion of the SOM,34 knowledge of the
physical and chemical properties of these substances and the nature of their
interactions with HOCs represent aspects relevant to risk assessment and reme-
diation of contaminated sediments. Hence, the identification and comparison of
the sorption and desorption behaviour of HOCs by different humic matter frac-
tions are essential to predict the fate and bioavailability of HOCs in soils and
sediments.

Many previous papers emphasized the importance of SOM heterogeneity in
establishing the nature of the sorption—desorption behaviour and the equilibrium
isotherm character of HOCs.1> The concept of amorphous (flexible, rubbery-
like) and condensed (rigid, glassy-like) domains of SOM were employed to ope-
rationally describe the chemical heterogeneity of SOM having two domains with
distinctly different degrees of physicochemical condensation and markedly diffe-
rent HOC sorption behaviour.6:” The sorption process is presumed to occur by
dissolution of HOCs within the amorphous domains, generating linear, low capa-
city, non-competitive, and rapid behaviour in the sorption and desorption phases.
On the other hand, nonlinear isotherms were observed for the sorption to the
condensed domains due to hole-filling (adsorption) process. A number of studies
showed the differences of the sorption behaviour of HOCs on HSs.8-12 The
inconsistency of observations may also be attributed to the fact that the HA
structural function associated with HOC binding may be more affected by HA
sources than by the apparent physicochemical properties.13 In an earlier paper,14
which investigated the sorption of pentachlorobenzene on sequentially extracted
humic substances from a single sediment sample, it was shown that sorption
affinity and mode of sorption to aliphatic and aromatic structures within the SOM
differed.

Despite the fact that bioavailability is mostly affected by the desorption pro-
cess, considerable less information is available in the literature about the effects
of structural variations of SOM on the desorption behaviour of HOCs. Therefore,
sorption and desorption studies on chemically and structuraly different HAs
extracted from a single sediment sample could provide more detailed information
on the importance of certain structural characteristics of HSs in the sorption me-
chanism.

Therefore, the objectives of the present study were: i) to examine both the
sorption and desorption of lindane as a model HOC on four sequentialy
extracted HA fractions and two humin fractions and ii) to find relationships
between the structural descriptors of these HSs, lindane sorption and desorption
parameters, and sorption—desorption hysteresis.

Hexachlorocyclohexanes (HCHs) were applied globally as pest control from
the 1940s.15 Technical HCH, a mixture of o~, - and yisomer, was banned from
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use in North America in the 1970s, but was till used in China until the 1980s
and in India and the former Soviet Union until the 1990s.15 Lindane, purified
yisomer, was in use in Serbia up to 2006. Due to its persistence in the environ-
ment for longer periods, lindane has been detected worldwide. 1516

The results of the present study may contribute to a better understanding the
effects of structural variations of SOM on the fate of lindane in sediments and
soils.

EXPERIMENTAL

Isolation and characterisation of humic acids and humins

The sediment sample was collected from the Ludas Lake, one of the protected areas in
the northern province of Serbia, Vojvodina. Ten fractions of HAs and two of humins were
isolated by progressive sequential extraction, which involved eight successive extractions with
0.1 M NasP,0; followed by two extractions with 0.1 M NaOH. Details of the employed
extraction procedure and the results of elemental analysis and diffuse reflectance Fourier
transform infrared spectroscopy (FTIR) characterization were given in a previous work.14 The
four HA fractions (depicted as HA1, HA3, HA6 and HA9) and two humin samples (depicted
as LOHu and HOHu), employed in this study to perform sorption and desorption experiments
of lindane, were chemically and structurally different (Tablel).

TABLE I. Elemental compositions, atomic H/C ratios, aliphatic to aromatic peak height ratio
and ash content of the four sequentially extracted HA fractions and the two humin fractions
used as sorbents in this study4

CompositionP, %

Sample? C H N S H/C Aliphatic to aromatic peak height ratio Ash, %
HA1 523 6.44 589 3.07 147 127 15.0
HA3 526 6.71 566 3.02 152 1.28 16.2
HAGB 528 7.21 554 238 163 143 27.3
HA9 553 793 537 287 171 1.68 18.3
HOHu 540 846 479 6.03 187 1.87 65.4
LOHu 236 938 147 469 474 — 92.5

*Number represents the extraction sequence; ® alues are expressed on an ash-free and moisture-free basis. H/C:
atomic ratio of hydrogen to carbon

The atomic H/C ratio, as a descriptor for the degree of aromaticity,” increased gradually
from 1.47 for HA1 to 1.71 for HA9, showing that the later-extracted HAs had higher contents
of aiphatic carbons. Similar conclusions were derived from the results of FTIR analysis. The
aiphatic to aromatic peak height ratios increased from 1.27 for HA1 to 1.68 for HA9, show-
ing that aliphaticity increased with increasing sequence of the extraction. HOHu aso showed
a high degree of aiphaticity, with an H/C value of 1.87, while LOHu had an extremely high
H/C value of 4.74, probably due to the high ash content (92.5 %), which could have resulted
in strong adsorption of water molecules or hydroxyl groups on the edges of broken minerals.
This effect, in combination with the relatively low carbon content (23.6 %), led to uncer-
taintiesin the H/C determination for the LOHu sample.

The mild purification procedure of the sequentially alkali-extracted HAs resulted in an
expected higher ash content, which ranged from 15 % for HA1 to 27 % for HA6. The results
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of a previous study showed that the higher ash contents did not cause differences in the
sorption behaviour of pentachlorobenzene on the set of humic acids isolated from the same
sediment sample.14

Sorption and desor ption experiments

All sorption and desorption isotherms were run in duplicate at room temperature in 40
mL glass vials with a screw cap having a Teflon-lined silicon septum covered with aluminium
foil. The background solution was 0.01 M CaCl, in double-distilled water with 200 mg L1
HgCl, as a biocide. The pH of the background solution was adjusted to 3.90+0.05 for all
sorption and desorption experiments, to prevent any potential dissolution of the HAs.11 The
volume of background solution in the sorption and desorption experiments was 35 mL in
order to keep the volume of head-space in the vials to a minimal and avoid losses of sorbate
during experiments due to volatilisation. The initial volume of background solution in each
vial was determined by weighing each vial before and after filling. Lindane (99.8 %) was
obtained from Sigma-Aldrich. Due to the low water solubility, before spiking the background
solution, stock solutions of lindane were prepared in MeOH. Theinitia lindane concentrations
ranged from 0.030 to 2.7 mg L. The volume of lindane stock solution used for background
solution spiking was < 0.1 %, which was shown to have no measurable influence on the
sorption behaviour of HOCs.> The amount of HA and humin samples in each experiment
corresponded to a sample/solution ratio that resulted in 20-80 % uptake of lindane. The
equilibration period of 24 h was based on a preliminary kinetics experiment performed over
168 h. The solids were separated from the aqueous solutions by centrifugation at 6000 rpm for
20 min. Then, 25 mL of supernatant was removed using a glass pipette and replaced with the
same volume of fresh solute-free background solution to start the desorption step by the
conventional decant-refill method. The weights of each vial were determined before and after
refilling. The vials were further agitated under the same conditions. At the end of the desorp-
tion step, the solids were removed by centrifugation under the same conditions and an aiquot
of supernatant was withdrawn for lindane determination. Solid-phase solute concentrations
before and after desorption were calculated from the mass balance of solute between the solid
and agueous phases.

Supernatants collected after each of the sorption and desorption steps were analyzed after
liquid-iquid extraction with hexane, using gas chromatography-electron capture detection
(GC/ECD:; Agilent Technologies 6890 with 3Ni ECD) on a DB-608 column (J & W Scien-
tific) and quantified according to external standard calibration. Recovery from the liquid—
liquid extraction and GC/ECD determination of lindane was 84.9 %, giving an RSD of 3.32 %
for seven measurements at the 100 pg L-1 level. Accordingly, corrections were made for the
analytically determined lindane concentrations. To determine the initial concentration of
lindane for each isotherm point and to account for lindane losses other than sorption to the
sorbent, two control flasks without any sorbent were prepared and treated in the same way.
The recoveries of the initial concentrations of lindane from control flasks ranged from 82.5 to
85.2 % and were in the range of recoveries of lindane from solutions without the shaking
procedure, indicating no losses of lindane due to processes other than sorption to the sorbents
(e.g., volatilisation, degradation).

Data analysis

All sets of equilibrium sorption and desorption data were fitted using the Freundlich
model:
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0e = KgCg (1)

where g, and ¢, are the solid phase and agueous phase equilibrium concentrations (in pg g1
and mg L1, respectively); Kg and the exponent n are the Freundlich sorption capacity
coefficient (expressed as (ug gh)/(mg L-H)") and the site energy heterogeneity factor indi-
cating isotherm nonlinearity (dimensionless), respectively. Kg and n were obtained from direct
nonlinear curve fitting of the sorption and desorption data using Origin version 6.1. Statistical
analysis was performed using One-Way Analysis of Variance (One-Way ANOVA) at the 0.05
significance level. This analysisis appropriate when making a single test to determine whether
two or more populations have the same mean.

Sorption—desorption hysteresis was explored using the Hysteresis Index (HI) as proposed
by Huang et al.8:

d_ (s
Hl — qe qe (2)
® e

where g§ and g¢ are the solid-phase solute concentrations for the single cycle sorption and
desorption experiments, respectively, and the subscripts T and ¢, specify constant temperature
and residual aqueous phase concentration, respectively.

RESULTS AND DISCUSSION
Sorption and desor ption isotherms

All sorbents exhibited nonlinear isotherms (Figure 1, Table I1), meaning that
the sorption affinity of the HA fractions and both humin samples decreased as
lindane concentration increased. For the HA fractions, n increased in the order of
HA1 (0.757) < HA3 (0.806) < HAG6 (0.852) < HA9 (0.944), while both humin
samples exhibited greater nonlinearity compared to HAs (0.619 for HOHu and
0.638 for LOHu). One-Way ANOVA at the 0.05 significance level was
employed to explore whether the obtained variation of n between different
samples was statistically significant or not. This analysis was applied separately
for HA fractions and humin samples because of their different structural
characteristics and sorption behaviour. The statistical analysis was applied to the
following pairs of HAs: HAL/HA3, HA3/HA6 and HAG6/HA9. The results showed
that the variations of the n values were significantly different for al pairs of HAs,
aswell asfor the two humin samples.

The n values for sorption isotherms for HAs increased proportionally with
increasing atomic H/C ratio (Fig. 2, open circles), indicating that the isotherm
nonlinearity of HAs increased with aromaticity. The same order of nonlinearity
was obtained for the n values obtained from the desorption data (Fig. 2, solid cir-
cles). The results for lindane sorption are in good agreement with the results
obtained for the sorption of pentachlorobenzene,14 and also with other sorption
studies.811.19-22 These studies concluded that HOC sorption in soil is strongly
influenced by the aromatic moieties of the SOM. Furthermore, a recent spectro-
scopic study showed that the condensed domain is mainly attributed to aromatic

Available online at shd.org.rs/JSCS/

2013 Copyright (CC) SCS




888 TRICKOVIC et .

3000 - HA1 2500 - HA3
25001 2000+
Ton 2000 o)
- e 15004
= 1500 =
. > 1000 -
> 1000 - > 100
500 / 500 -
-
OI|'|'|'|'| O|'|'|'|'|'|
0.0 0408 1.2 1.6 20 0.0 0408 1.2 1.6 20
C /' mg L' C /mgl’
2000 - HAG6 2500 - HA9
1600 - 2000 -
"o 1200 4 o0 1500 -
=11] %fj
8004 = 10004
= =
400 - 500 -
t ]
O'I'I'I'I'I O'I'I'I'I'I
0.0 0.4 0.8 1.2 1.6 2.0 0.0 0.4 0.8 1.2 1.6 2.0
C /mg L C /mg L'
1200 - HOHu 28 - LOHu
1000 - 244
- 800 209
en o0 164
=0 600 ,23 5]
< 400+ = gl
200 4 4]
0 — T T T T T 1 0 L L L
0.0 0.4 08 1.2 1.6 2.0 00 04 08 1.2 16
C /mg L! C /mgL”

Fig. 1. Sorption and desorption isotherms for lindane by four HA fractions and two humin
fractions. Solid line (—) represents the best nonlinear model fit to the Freundlich model. The
error bars represent the standard deviation for two measurements.
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structures.23 Therefore, the obtained order of nonlinearity is in line with the
degree of condensed character of the organic matter, as suggested by Weber et
al.,524 who hypothesized that the SOM is comprised of two principal domain
types. amorphous (flexible, rubbery-like) and condensed (rigid, glassy-like) do-
mains. The linear and nonlinear sorption behaviours of different SOM domains
are attributed respectively to non-specific partitioning in an amorphous domain
and to site-specific and capacity-limited adsorption at the surface of a condensed
domain. In a previous study, the results of elemental analysis and FTIR charac-
terisation showed that the aliphatic character of HA fractions increased with
increasing number of extractions.14 Consequently, the later-extracted HAs, with
relatively higher aliphatic carbon content, should exhibit more linear isotherms
than the earlier-extracted ones. Although the number of data points is limited, it
is evident that the n values for HAs increased proportionally with increasing ato-
mic H/C ratio, suggesting that sorption becomes more of a partitioning process
with increasing aliphaticity. Thus, the obtained order of nonlinearity among HAs
supports the role of aromatic moieties in the sorption of HOCs.

1.00 — .
® sorption
O desorption
0.95 P -
0.90 —
= 0.85 < L}
1 =
0.80 [}
. 2
0754 T Fig. 2. Relationship between the n
i values for lindane sorption (e) and
0.70 desorption (o) and atomic H/C ratios
’ AL DL DL DL B of four HA fractions and HOHu. The

1.45 1.50 1.55 1.60 1.65 1.70 1.75 error bars repreggnt the standard de-
H/C viation for two measurements.

Although both the elemental data and FTIR analysis showed an increased
content of amorphous aliphatic domains in HOHu, this sample, as well as LOHu,
exhibited greater nonlinearity than the HAs (Table I1). Considering the signi-
ficantly higher mineral phase content in these samples compared to the HAs
(LOHu 92.5 %, HOHu 65.4 %), it might be that the mineral matter plays an
important indirect role in HOCs sorption in these samples. Thisisin line with the
mechanism suggested by Gunasekara and Xing,2> who proposed that in the inter-
action of the crystalline—amorphous complex with mineral surfaces, the first few
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molecular layers of the amorphous aliphatic region rearrange to a more con-
densed form, which enhances nonlinear sorption. However, the higher content of
mineral matter in LOHu (92.5 %, n = 0.638) did not cause greater nonlinearity in
comparison with HOHu (65.4 %, n = 0.619), implying that other factors might
affect the sorption behaviour of the humin samples, e.g., the presence of small
amounts of carbonaceous materials. The presence of high-surface area carbo-
naceous materials in sediments and soils cause nonlinearity of the isotherms due
to physical adsorption into the microporous domains, especialy at low concen-
trations.26.27

The organic carbon-normalized sorption coefficient (KpOC) ranged from
1140 for LOHu to 4192 for HOHu, while KEOC values for HAs varied from
2753 for HAG to 3941 for HA1 (Table I1). However, a direct comparison of the
KrOC values could not be made because of their different units as a result of the
nonlinearity of the sorption isotherms obtained for al sorbents. To enable adirect
comparison of the sorption affinities among the HA fractions and humin samples,
organic carbon-normalized single point distribution coefficients (Kqc) at three
selected concentrations (ce = 0.05, 0.5 and 5 mg L—1) were calculated. This was
realized by calculating the ge values corresponding to these three ce values from
the respective best fit Freundlich isotherms, the parameters for which are givenin
Tablell. Lindane sorption (Kqc) decreased from HA1 to HAG at each ce, showing
a dightly increase for HA9, except in the low concentration range. Humic acid
fraction HA9 was isolated from the sediment by NaOH extraction, which could
have caused alkaline oxidation and dlightly different sorption behaviour
compared to NayP,Oy isolates.28 The highest Ko values were obtained for the
humin sample HOHu, while the organic matter in the low-organic carbon humin,
L OHu, showed the lowest affinity towards lindane.

In the present study, the atomic H/C ratios correlated with the sorption affi-
nity of lindane, showing a positive trend between aromaticity of the HAs and log
Koc (Fig. 3), thus supporting the role of aromatic moieties in HOC sorption. Due
to uncertainties linked to the H/C determination for LOHu, this sample was
excluded from the correlation. It can be noticed that the changes of log Koc with
changes in the atomic H/C ratio were especially pronounced in the range of low
equilibrium concentrations, which could be expected because the overall sorption
under these conditions was dominated by an adsorption mechanism. With
increasing equilibrium concentrations, the sorption mechanism shifted towards
the distribution and, at concentrations close to solubility of lindane, it became the
dominant mechanism in the overall sorption. These results are in line with the
observations of severa researchers who found a significant positive correlation
between the sorption affinity of polycyclic aromatic hydrocarbons and aroma-
ticity.822.29-31 However, the results of a previous study of the sorption of penta-
chlorobenzene onto a set of HAs isolated from the same sediment sample showed
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that the sorption affinity correlated positively with aliphaticity, indicating that the
non-polar poly(methylene) domains in the SOM were appropriate sorption domains
for the more hydrophobic compound pentachlorobenzene.14 These results sug-
gest that the properties of both the SOM and the HOCs have to be taken into con-

sideration when explaining the sorption behaviour of HOCs onto the SOM.

O 005mglL’
421 O 05m gL'I HOHu 421
41] o T o 41 ] HAI HOHu
] S5mglL o o
409 yay 4.0+ JIA3 HAG
394 =© ; 3.9 =
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Fig. 3. Relationship between log K values for lindane sorption (a) and desorption (b), and
the atomic H/C ratiosof four HA fractions and HOHu.

Humin has been reported to be an important sink for organic contami-
nants.32:33 This was supported by the present study, which showed higher Kqc
values for HOHu than for HAs (Fig. 3). The increased capacities of humin
samples for HOCs could be explained by special physical properties of humin
caused by the increased contents of mineral matter. Although mineral surfaces do
not contribute to HOC sorption directly, their interaction with organic matter may
play an indirect role in the sorption behaviour of humins.2534 In addition, the
removal of smaller organic fractions could decreased the surface roughness and
increased the surface area and porosity of the humin, exposing additional binding
sites on its surface.35 These reports, and the data presented here, demonstrate the
increased affinity of HOCs for humin and suggest that the sorption process may
be strongly influenced by the changes in the physical conformation of the organic
matter, making it more accessible for participation in the sorption.

Sor ption—desor ption hysteresis

Sorption reversibility provides an additional insight into the sorption mecha-
nisms, as well as structural properties of the sorbent governing the specific sorp-
tive behaviour of the sorbate.
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The apparent sorption—desorption hysteresis was quantified for each of the
sorption and desorption isotherms using the hysteresis index (HI) (Eg. (2)). Hys
teresis indices at three concentration levels, ce = 0.05, 0.5 and 5 mg L1, were
calculated for each sorbent using the sorption and desorption parameters of the
Freundlich model. The calculated HI values are included in Table Il. Sorption—
—desorption hysteresis exists if HI has a positive value and is more pronounced as
the value of HI increases.

The most significant hysteresis for all HAs was observed at low sorbate con-
centration, while the desorption increased with increasing lindane loading result-
ing in lower HI values at high sorbate concentration. At high solute concentra-
tions, the sorbed lindane molecules were more readily desorbed compared to
molecules sorbed at lower concentrations. It is proposed that at low solute con-
centrations, sorption sites within the condensed domain are occupied more read-
ily than the sorption sites within the amorphous aliphatic domains, causing a
greater extent of sorption—desorption hysteresis in the low concentration range.
This mechanism cannot explain the desorption from the two aliphatic-rich humin
samples, where the opposite trend was observed: lindane molecules were readily
desorbed at low sorbate concentrations, while desorption decreased with increas-
ing lindane loading, resulting in an increase in the HI values at high sorbate con-
centration. It is assumed that at high solute concentrations, the sorbed molecules
are forced by a concentration gradient to partition in the amorphous aiphatic
domains, causing the increased hysteresis.

In addition, lindane exhibited pronounced desorption hysteresis for three HA
fractions, which was significantly greater than for the humin samples and HA9.
This is suggested to be caused by a more condensed structure of the SOM in the
former samples attributed to aromatic domains.

It is interesting to note that the humin samples, despite exhibiting the most
nonlinear sorption isotherms, showed a desorption hysteresis for lindane that was
less pronounced than expected based on the results found in the literature.36 Si-
milar observations on nonlinear sorption and low desorption hysteresis were ob-
served by Ran et al.37 for phenathrene with peat. This observation suggests that
the nonlinear sorption obtained with the humin samples does not necessarily
result from a hole-filling mechanism, especialy in the lower concentration ranges,
and could result from a surface interaction. The surface-sorbed molecules pro-
bably desorb more readily. However, as the lindane concentration increases, the
increased concentration gradient will cause molecules to penetrate deeper into the
SOM matrix generating “tenant” pores in which they then reside,38 resulting in
increased hysteresis.
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CONCLUSIONS

Sorption/desorption behaviour should be seriously considered as an essential
tool in evaluating compound behaviour in sediment risk assessment analysis.
Positive correlations of log Kqc values at three lindane concentrations and the H/C
ratio in HAs extracted from a single sediment sample, a positive correlation
between n values and aromatic carbon and greater sorption—desorption hysteresis
for three HA fractions compared to humin samples were found, indicating the
dominance of aromatic domains in sorption nonlinearity, sorption affinity and
irreversibility of lindane sorption on SOM. The above results will help to under-
stand the sorption behaviour of lindane in SOM and provide a theoretical basis
for risk assessment and remediation of contaminated sediments.
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H3BOI

CTPYKTYPHE OBJIACTH OPTAHCKE MATEPHUJE CEJUMEHTA KOJE YTUYY HA
COPIILIHMOHO U JECOPIIIHOHO ITOHAIIALE JIMHIAHA

JEJIEHA C. TPI/I‘-IKOBI/I#, HWBAHA H. I/IBAH‘-IEB-TYMEAC1, MAPHJAHA M. I(PAFYJ'L1, MWJbAHA B. HPI/IL[AZ,
JOEJAH M. KP‘{MAPi, AJIEKCAHJIAP . HHKOJIUR' 1 BOXO . L[AJTMAL[I/IJA1
1 Yuueep3utieiti y Hogom Cagy, [Ipupogro-maitiemaiiuuku Qaxyniveid, Jedapiiman 3a xemujy, Ouoxemujy u
3awimuiiy wusoiine cpegune, Tpi Jocuiteja Odpagosuha 3, 21000 Hosu Cag u 2 Ynueepsuiiew y Hogom
Cagy, @axynimein wexHuukux Hayka, Tpi Jocuttieja Odpagosuha 6, 21000 Hosu Cag

Y pamy je HCIIUTHBAHO COPILIMOHO U JECOPLIMOHO NOHAIIAke THH/IaHa Ha YETUPH XYMUH-
cke kucenuHe (XK) u IBa XyMHWHa CEKBEHIIMjaJIHO eKCTPAaXOBaHUX M3 cemUMeHTa jesepa Jly-
naul. CBe cCOpnuuoHe u3oTepMe, (puToBaHe npema PpojHANNXOBOM Mopeny, Cy Oue Helu-
HeapHe. JInHeapHOCT HM30TepMH je pacia of 0,757 3a mpBy ekcrpaxoBaHy XK mo 0,944 3a
nesety XK noxasyjyhu nosutuBHy kopenanujy ca H/C aTomckum omHOCOM, 0K je u3Mmehy
KoedHLUjeHTa copnuyje U anudaTUIHOCTH M30m0BaHUX XK youeHa HeraTMBHa Kopenauuja.
[Toka3aHo je Ja COPNLHOHHU IPOLEC MOXKE OWUTH CHa)XHO yCIOB/beH (U3MYKOM KoHdOpMa-
UujoM U poctynHolrhy oprancke matepuje cemumenTta (COM) Ha mta ykasyjy Bucoke Ky. u
HHUCKE 7 BPEAHOCTH 00MjeHE 3a Y30pKe XyMHHA. YIIPKOC TOME LITO Cy Y30PLU XyMHUHA Jalx
COpNLMOHE HU30TEpME Hajsehe HETMHEapHOCTH, OHM HUCY NMOKa3ald U3pakeHY COPIIIMOHO—
IEeCOPIIMOHY XUCTEPe3y, JOK je Haju3pakeHWja XUCTepe3a yodyeHa 3a TpH y3opka XK. Osu
pe3yJiTaTi NOoApXKaBajy MPEeTNoCTaBKy ga apomaThyHe odnacti COM CHaXHO yTHYy Ha COPII-
UHOHO M JIECOPNLHOHO NOHallalke JUHOaHa. Hama 3amaama MOTy OMTH KODHCHa 3a pasy-
MeBame pacrozese, TpaHCIopTa U cynduHe IMHAaHa y 3eMJ/BUIITHMA U CeIUMEHTHMa.

(ITpumibeHo 6. jyna, peBugupano 8.oxrodpa 2012)
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