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Abstract: This paper presents the results of an ex situ bioremediation of soil
contaminated by mazut (heavy residua fuel oil) in the field scale (600 m3). The
treatment-bed (thickness 0.4 m) consisted of mechanically mixed mazut-con-
taminated soil, softwood sawdust as an additional carbon source and crude ri-
ver sand, as a bulking and porosity increasing material. The inoculation/rein-
oculation was conducted periodically using a biomass of a consortium of zy-
mogenous microorganisms isolated from a bioremediation substrate. The bio-
stimulation was performed through addition of nutritious substances (N, P and
K). The aeration was improved by systematic mixing of the bioremediation
system. After 50 days, the number of hydrocarbon degraders had increased a
100 fold. Based on the changes in the group composition, the average biode-
gradation rate during bioremediation was 24 mg kg! day! for the aliphatic
fraction, 6 mg kg1 day! for the aromatic fraction and 3 mg kg'! day1 for the
nitrogen—sul phur—oxygen compounds (NSO)—asphaltene fraction. In the satu-
rated hydrocarbon fraction, gas chromatography—mass spectrometry (GC-MS)
in the single ion-monitoring mode (SIM) was applied to analyse isoprenoids
pristane and phytane and polycyclic molecules of sterane and triterpane type.
Biodegradation occurred during the bioremediation process, as well as a reduc-
tion of the relative quantities of isoprenoids, steranes, tri- and tetracyclic terpa-
nes and pentacyclic terpanes of the hopane type.
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INTRODUCTION

Mazut is a low quality, heavy residual fuel oil (chain length 12—70 C
atoms).1.2 In the United States and western Europe, heavy fuel oil is blended or
broken down with the end product being diesel. Mazut is widely used in eastern
Europe as a heating agent. Its long-term storage and use leads to the formation of
a reservoir of hydrocarbon sediment with a high content of various mechanical
impurities and water, which may potentially be hazardous for the environment.

The accumulated sediment is periodically taken off by mechanica means.
Common practice dictates that the removed sediment should be placed into metal
barrels or discarded reservoirs. In the case of incidents and mazut spills onto
concrete surfaces, it is habitual to add sand to prevent further spreading, which is
then covered and discarded along with the removed contaminated soil on a wa-
tertight material. Improper disposal of such material leads to contamination of the
environment, in particular contamination of soil, and represents a grave hazard
for the subterraneous waters.

Among numerous technologies for the cleansing of contaminated sites, bio-
remediation by means of zymogenous microorganisms3 is the most commonly
used method.4:°

Oil-degrading mixed cultures can be constructed either by combining a
number of strains with known complementary degradative capabilities (defined
consortia) or by direct enrichment procedures (non-defined consortia).6

Enrichment procedures with selected oil products or with some specific
components can provide non-defined, metabolically specialized microbial con-
sortia. The result is a microbial population naturally selected by its metabolic
cooperation in the degradation of each mixture, with potentially higher efficiency
in degrading identified and non-identified components.”

Studies conducted to date of bioremediation of soil polluted by mazut, per-
formed in laboratories on the level of model systems, have proven the presence
of bioremediation potential for stimulated self-purification.8

Although the most suitable criteria for optimising the bioremediation process
are known (careful control of temperature, aeration, particle size, moisture,
macro and micronutrients in the mass to be composted, C/N ratio of the mate-
rias, etc.),® so that the microbial activity necessary for treating this organic mat-
ter can be encouraged, very few studies have attempted to treat mazut and heavy
fuel oil on theindustrial scale.10-14

The fraction of saturated hydrocarbons is dominant in most oils compared to
aromatic hydrocarbons and nitrogen-sulphur-oxygen compounds (NSO).15-17
The fraction shows the highest presence of n-alkanes and isoprenoid aliphatic
alkanes. The n-alkanes in oils may be present in different ranges, most frequently
n-C10—Css, while the most represented isoprenoids are Cqg, pristane and Co,
phytane.
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Polycyclic hydrocarbons of the sterane (Cy7—Cog) and terpane type (tri-,
tetra-, and pentacyclic; C1g—C3s) are most commonly found in much smaller
quantities. Due to their great biomarker potential, these compounds are highly
important in both organo-geochemical and bioremediation testing.

Previous field scale application showed that the oil pollutant mixture in the
soil treated by ex situ bioremediation behaved in a complex way: different degra-
dation rate and time evolution were observed for the different fractions of the
hydrocarbon mixture, which are characterised by different molecular weight and
structure.18:19 |t was also concluded that a stable microbial community had been
formed after initial fluctuations and that the microorganisms which decompose
hydrocarbons were dominant in the microbial population at the end of the
bioremediation process, with a share of more than 80 % (range 107 CFU/g).20

This paper presents transformations of saturated hydrocarbons of petroleum
type pollutants (isoprenoids and polycyclic akanes of the sterane and terpane ty-
pe) during ex situ bioremediation of soil contaminated by mazut of approxima-
tely 600 m3. Dominant hydrocarbon utilizing strains from mazut-contaminated
soil were selected and used for reinoculation as the active zymogenous microbial
consortium in this study. Experiments of biostimulation, bioventilation and rein-
oculation were performed during five months.

EXPERIMENTAL
Preparation of the biomass of the zymogenous consortium

The consortium of microorganisms was obtained from a mazut-contaminated soil by the
method of enrichment using a mineral medium (10 mass %),2! in which the mazut was used as
the sole source of energy and carbon at a concentration of 2000 ppm in one-litre Erlenmeyer
flasks with 200 mL medium.

Suspensions of the microorganisms were concentrated and used as inoculum to seed four
5-litre Erlenmeyer flasks containing 2000 mL of a medium containing 23 g of nutritious bouil-
lon, 100 mL of soil extract and 20 g of mazut.22 A commercial non-toxic and readily biode-
gradable surfactant, Biosolve® Clear® supplied by the Westford Chemical Corporation, (West-
ford, MA, USA) was used as a surface active agent to solubilise the mazut. The origina
solution supplied by the manufacturer was used at a concentration 1 mL L1, The growth con-
ditions were as follows: temperature, 28 °C; 120 rpm; pH 7.0 (adjusted with 1.0 M HCI or
NaOH); duration of growth: 96 h.

The microbial populations from al four flasks were used to inoculate (approx. 1 % v/v) a
self-designed and produced mobile bioreactor (total volume 1000 L) with a working volume
of 800 L, to produce the microbial consortium. The medium was 12 g L1 of meat peptone
(Torlak, Belgrade, Serbia); 0.2 g L (NH,),HPO,; 25 g L1 of an in autoclave sterilized soil
sample from an undisturbed deciduous woodland; and 10 g L1 of mazut. The growth condi-
tions: non-sterile, 25 °C, aeration and agitation 0.70 volume of air/volume of medium/min, pH
7.0 (adjusted with 10 M HCI or NaOH), duration 48 h and sunflower oil (1 mL L1) as an
antifoaming agent.
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Experimental treatment bed, design and treatment

The treatment bed for bioremediation was set up on a watertight asphalt base with an
approximate area of 1500 m?and a 1 % slope. A quantity of 270 m3 of contaminated soil was
mixed with 300 m3 of crude river sand and 60 m3 of softwood sawdust as the additional car-
bon source and bulking component. To ensure homogeni zation, the components were mixed 3
times with a front-end loader and finally fitted with a harrow. The final dimensions of the
treatment bed at the bioremediation site were about 75 mx20 m with a height of 0.4 m, which
means that the bioremediation substrate had a volume of approximately 600 m3. A perimeter
drain enclosed the entire treatment area and directed all leachate and runoff to a joint vessel,
from where they were pumped back to the treatment bed. Based on the analysis, the optimal
ratio C:N:P:K (approx.100:10:1:0.1) was secured by spraying a solution of ammonium nitrate,
diammonium phosphate and potassium chloride using a tractor-powered agricultural sprinkler.
This also provided for the required level of moisture (40-60 % of the water holding capacity-
-WHC). Moisture and aeration during bioremediation were maintained by 15-day watering,
tumbling and mixing of the treatment-bed. Reinoculation with the prepared microbial biomass
was performed in 30-day intervals, in the same manner as the moistening substrate was ap-
plied.

The treatment bed was aso amended with BioSolve® Clear®, applied at a volume of 70
mL of original solution per cubic meter.

After mixing, the heaps were covered with polyethylene foil to prevent the direct in-
fluence of the weather conditions on the bioremediation substrate.

The bioremediation experiment was conducted from March to August 2009 and in this
period, the average temperature was 18.2 °C (min. 0.3, and max. 35.4 °C).

Chemical and microbiological indicators of the bioremediation process were monitored
immediately after application of the microbial biomass (time zero, sample S-0) and every 50
days over aperiod of 150 days (designations S-50, S-100, S-150).

Determination of the number of microoorganisms

The number of microorganisms was determined by the method of a serial dilution on
agar plates incubated at 28 °C. For the total microorganisms, a nutrient agar was used and for
hydrocarbon degraders, a mineral based medium with 2000 ppm diesel fuel 2123

Determination of hydrocarbon fractions and GC-MSanalysis

The organic substance of the bioremediation substrate was extracted by the Soxhlet me-
thod and the components of the group composition were quantified after chromatographic
separation on an adsorbent column. The NSO-asphaltene fraction was calculated arithmeti-
cally.?

Isoprenoid aliphatic alkanes, pristane and phytane, and polycyclic alkanes of sterane and
triterpane types in saturated hydrocarbon fractions were analysed by gas chromatography—
—mass spectrometry (GC-MS). An Agilent GC System 6890N gas chromatograph with an
Agilent 7673 Series injector and Series 5973 mass detector fitted with J & W Scientific DB-
-5ms-ITD column (30 m, 0.25 mm id, 0.25 um film) was used. Helium was employed as the
carrier gas (flow rate 1 mL min'1). The temperature program of the column was 50 to 285 °C
at 10 °C min'L. Isoprenoids were identified from the nvz 183, steranes from mvz 217 and triter-
panes from m/z 191 fragmentograms obtained from anaysis in the single ion-monitoring
mode (SIM). The most relevant peaks were identified based on organic geochemical literature
data,” or based on total mass spectra, using mass spectra databases.?

All the results were calculated to dry substance.
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RESULTS AND DISCUSSION
Basic microbiological indicators

The initial concentration of the zymogenous population of hydrocarbon de-
grading bacteriain the sample S-0 was approximately 104 CFU g1 (Fig. 1). Pre-
viously conducted studies had determined that the bioremediation would not be
realised to a significant extent if the population of the microorganisms capable of
degrading the target contaminant was smaller than 10° CFU g of soil.4 The
concentration of these microorganisms was increased through reinoculation of
the zymogenous microbial biomass and multiplication in the bioreactor. Fol-
lowing biostimulation and reinoculation, the number of hydrocarbon degrading
microorganisms after 50 days had increased by as much as 100 times (from 104
to 106). Midway through the process, the proportion of oil hydrocarbon degraders
in the total number of microorganisms had increased to 75 %. This proportion
amounted to only < 1 % at the beginning of the process. A decreased hydro-
carbon concentration brought this proportion down to 25 %. The population of
the bacterial consortium able to consume diesel oil as a sole source of carbon was
stable even after 150 days following the first application of the microbial con-
sortium, indicating the very high survivability of the introduced strains.

=1 Total microorganisms
mm Hydrocarbon degraders

log(CFU/g)

P
=]

Fig. 1. Changes in the number of total micro-
0 50 100 150 organisms and hydrocarbon degraders during
t/ day the bioremediation process.

Due to the toxic effect of the contaminant, the biodiversity of the conta-
minated soil decreased, whereas the concentration of the population of micro-
organisms degrading the contaminating substance rose.26 Along with a decrease
in the concentration of the contaminant towards the end of the remediation pro-
cess, the share of hydrocarbon utilizing microorganisms in the total number de-
creased. Due to the reduced toxicity, the microbia population in the soil became
more diverse.

Analysis of the hydrocarbon fractions

Biodegradation and the decreased concentration of the individual fractions
within the hydrocarbons is shown in Fig. 2. The highest degree of degradation
was noted in the most extensive aliphatic fraction. In sample S-0, the proportions
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of aiphatic, aromatic and NSO-asphaltene fraction were 71.6, 17.0 and 11.4 %,
respectively. Due to the intensive biodegradation processes, the share of indivi-
dua fractions after 50 days compared to the initial concentration decreased to
27.0, 5.2 and 7.5 %. Since the n-alkane fraction was dominant and the most pro-
ne to bioremediation, the trend continued so that the percentages of the individual
fractions amounted to 15.4, 3.3 and 6.4 after 100 days, i.e., 3.1, 0.6 and 1.9 after
150 days.

Fig. 2. Percent and decrease of the concentration of
;u’daylo0 group composition components within the total ini-
tial hydrocarbons during ex situ bioremediation.

Asphaltenes

The average rate of decrease during the biodegradation of the heavy residua
fuel oil was 23.7 mg kg1 day—1 for the aliphatic fraction, 5.7 mg kg~ day—1 for
the aromatic fraction, and 3.3 mg—1 kg1 day—1 for NSO and the asphaltene frac-
tion. As expected, the asphaltene fraction was the most recalcitrant and the most
persistent in the environment, which is the reason why it has the slowest rate of
decomposition.12 Considering the decomposition rate of the individual fractions,
the relative ratios within the group composition change at the expense of de-
creased aliphatic and aromatic fractions and increased proportion of NSO and the
asphaltene fraction. The increase in the proportion of NSO and the asphaltene
fraction was followed by a decrease in the absolute value of al fractions in the
group composition.

GC-MS Analysis of the aliphatic hydrocarbon fraction

Changes in the content of the alkane fraction were monitored by means of
GC-MS anaysis of samples S-0, S50, S-100 and S-150. The total ion current
(T1C) chromatograms of the alkane fraction of samples S-0 and S-150 are shown
in Fig. 3. The SIM-chromatograms of isoprenoids (m/z = 183), terpanes (m/z =
=191) and steranes (m/z = 217) are presented in Figs. 4-6, respectively.

Based on the appearance of the TIC-chromatograms (for samples S-0 and
S-150, Fig. 1), it may be concluded that alkane fractions of the tested samples are
characterized by a high quantity of an unresolved complex mixture (UCM). This
is an expected result, knowing that the soil tested in this study had been polluted
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by mazut, a heavy ail fraction. The presence of peaks of individual n-alkanesis
also visible, which is in accordance with the fact that the alkane fraction makes
up over 75 % of the total hydrocarbons. As judged from the gas chromatograms,
the hydrocarbons left in the soil had already been degraded to some extent during
natural biodegradation processes since the abundances of C;7 and C1g n-alkanes
a time zero was somewhat smaller than the abundances of pristane (C1g) and
phytane (Co).

S-0
¥
ol 2 Cao
E ............ M‘“—-——“—*—
'% ] S-150
B
<

Retention time, min
Fig. 3. TIC of the alkane fractions of extract samples S-0 and S-150; Pr: pristane; Phyt: phytane.
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Fig. 4. Fragmentograms of the isoprenoids (SIM, nm/z 183) of the alkane fractionsin the
samples S-0 and S-150 (full mass spectra corresponding to peaks of pristane C19 and phytane
C20 for S-0 sample are also presented); Pr: pristane; Phyt: phytane.

The ratios Pr/n-C17 and Phyt/n-C1g may be used for differentiating between
physical weathering and bioremediation.2? Since the volatility of n-Cq7 and pris-
tane are similar, asis the case with the volatility of n-Cqg and phytane, a decrease
in the concentrations of these substances over time should be attributed to wea-
thering if their ratio remains the same. If with time, the ratios Pr/n-Cy7 and Phyt/
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/n-C1g increase, the conclusion is that this occurs due to bioremediation, which is
a consequence of the fact that bioremediation removes n-C17 and n-Csg at higher
rates than pristane and phytane, respectively.28

100,

75

50

Abundance, %

Retention time, min
Fig. 5. Fragmentograms of the terpanes (SIM, my/z 191) of the alkane fractions in the samples
S-0and S-150. 1: C19 —tricyclic terpane; 2: C,q —tricyclic terpane; 3: C,, —tricyclic terpane;
4: C,, —tricyclic terpane; 5: Cos —tricyclic terpane; 6: Cy4 — tetracyclic terpane; 7: Cyg — tri-
cyclic terpane; 8: Cy7 — 18a(H)-22,29,30-trisnorhopane (Ts); 9: Cy7 — 17a(H),18a(H),218(H)-
-25,28,30-trisnorhopane; 10: Cog — 17a(H),213(H)-hopane;
11: Cyg — 18a(H),215(H)-30-nornechopane.

A decrease of the quantity of isoprenoid molecules over the course of the
bioremediation process may also be noted based on the abundance of the peaksin
chromatograms of the ion m/z 183, characteristic for these molecules (samples
S0 and S-150; SIM method; Fig. 4). In the chromatogram m/z 183 of all the
samples, the pristane and phytane peaks are clearly differentiated, being the most
intensive in the sample S-0. In this sample, individual peaks originating from the
homologue strain > Coq isoprenoids are also observed, while in sample S-150
they are biodegraded.

The chromatogram of terpane in the initial sample S-0 (SIM, m/z 191, Fig. 5)
is dominated by peaks originating from C19—Cpg tricyclic terpanes, Cpy tetra-
cyclic terpane and Co7—Coyg pentacyclic terpanes, with a distribution not typical
for raw heavy fud oil (data not shown) rather for samples that had been exposed
to weathering and biodegradation over extended periods of time.l7 Thisisin ac-
cordance with the ratio Pr/n-C17 and Phyt/n-Cqg of the SIM isoprenoid fraction.
Bearing in mind that terpanes are, generally speaking, more resistant to micro-
biological degradation compared to n-alkanes and isoprenoid aliphatic alkanes,
their presence in the oil pollutant that had previously been exposed to natural bio-
degradation is not surprising. During the bioremediation process, the quantity of
all tricyclic and tetracyclic terpanes decreased and in the sample S-150, the quan-
tity of tricyclic (Cqg, Ca4, Co5, and Cpg) and tetracyclic terpanes (Co4) is accord-
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BIOREMEDIATION OF MAZUT ON AN INDUSTRIAL SCALE 1613

ing to their intensity virtually no different from the peaks overlapped by the
background noise. In relation to them, the quantity of pentacyclic terpanes of the
hopane type also decreased at an intensity that conforms to degradation of oil and
oil derivatives under natural conditions.

100,
75
50
25

ol
100,

75

Abundance, %

S04

25

1L

Retention time, min
Fig. 6. Fragmentograms of the steranes (SIM, m/z 217) of the alkane fractions in the samples
S-0and S-150. 1: Cy; — 138(H),17a(H)-diasterane (20S); 2: Cy7; — 138(H),17a(H)-diasterane
(20R); 3: Cy7 — 13a(H),17p(H)-diasterane (20S); 4: Cy7 — 13a(H),174(H) diasterane (20R);
5: Cyg — 138(H),17a(H)-diasterane (20R); 6: Cog — 13a(H),174(H)-diasterane (20S) + Cy7 —
—14a(H),17a(H)-sterane (20S); 7: Cog — 13p(H),17a(H)-diasterane (20S) + Cy; —
— 148(H),178(H)-sterane (20R); 8: C,7 — 145(H),178(H)-sterane (20S) + Cyg —
—13a(H),175(H)-diasterane (20R); 9: Cyg — 134(H),17a(H)-diasterane (20R);
10: Cyg — 13a(H),178(H)-diasterane (20R) + Cog —148(H),178(H)-sterane (20R);
11: Cyg — 14a(H),17a(H)-sterane (20R); 12: Cog — 14a(H),17a(H)-sterane (20R).

Steranes and diasteranes are polycyclic alkanes that are degraded more
quickly and easily than terpanes.2? The decreased concentration due to intensive
bioremediation processes makes their identification by the SIM method more
difficult. Over the course of conducted bioremediation experiments, the fate of
steranes and their more stable structural isomers, diasteranes, Co7—Cog, is similar
to the fate of the terpanes (Fig. 6), and biodegradation, decrease and loss of reso-
lution of the individual signals, was observed in the sample S-150.

CONCLUSIONS

This research monitored the effects of bioremediation of soil contaminated
by mazut over a period of 150 days (March — July 2009). The bioremediation
was stimulated through a two-week reinoculation with a zymogenous microbial
consortium, along with mixing, watering and biostimulation. The analysis of
change in the group composition evidenced that the average rate of decrease
during the biodegradation of mazut was 23.7 mg kg1 day—1 for the aliphatic
fraction, 5.7 mg kg~ day—1 for the aromatic fraction and 3.3 mg kg day—1 for
the NSO-asphaltene fraction. These findings indicate that the microorganisms
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consumed al the components of the compounds of the hydrocarbon mixture,
although at different biodegradation rates.

The participation of oil hydrocarbon degraders to the total number of micro-
organisms had increased to 75 % by the mid-cycle, compared to < 1 % during
early bioremediation. The population of microorganisms capable of using diesel
as their sole source of carbon remained stable even 150 days after the first reino-
culation, which indicates that the natural ability of microorganisms to adapt to
the environmental conditions significantly contributes to their extremely high
survival rate.

The fate of the saturated hydrocarbons was monitored through changesin the
composition of the alkane fraction. The abundance of n-Cy7- and n-Cqg-alkanes
a time zero was somewhat smaller than the abundance of pristane (C1g) and
phytane (Cpg). This indicates that the process of hydrocarbon degradation had
started before the design and application of the bioremediation procedure.

Polycyclic alkanes, steranes and diasteranes, as well as terpanes, were biode-
graded in the sample S-150 and did not differ from peaks overlapped by the
background noise. The zymogenous bacterial consortium used in this bioreme-
diation study degraded isoprenoids with > Cyg, and to a certain extent pristane
and phytane as well, which are recalcitrant compounds resistant to biodegra-
dation and hence commonly used as chemical markers against which the degree
of biodegradation of the other compounds and oil maturation are measured.27,30
Biodegradation of pristane and phytane means that these compounds are not suit-
able internal standards for monitoring bioremediation. Therefore, by comparing
the content of other hydrocarbons relative to pristane and phytane, their degree of
biodegradation may be underestimated, because branched pristane and phytane
are also biodegradable, although in most cases with a lower biodegradation rate.
However, the ratio Pr/n-C17 and Phyt/n-C1g may serve to differentiate between
physical weathering and bioremediation.2” The ratio Pr/n-C17 and Phyt/n-Cqg
increased over time of bioremediation because bioremediation removes n-Cq7
andn-Cjg at a higher rate than pristane and phytane, respectively.

TIC confirmed a significant degradation of alkanes. This was followed by a
decreased concentration of isoprenoids (> Cyg), tricyclic (C1g—Cog) and tetracyc-
lic terpanes (Cp4), pentacyclic triterpanes (Co7—C3p) as well as by decreased ste-
rane and diasterane contents (C27—Cog).
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U3BOA

ITPOMEHA U3OITPEHOUJHE, CTEPAHCKE U1 TEPITAHCKE ®PAKITUJE TOKOM EX STU
BUOPEMEJNJAIIMIE MA3YTA HA UHAYCTPUJCKOM HUBOY

BJIAJIVIMHUP 1. BEIIKOCKH', MUJIOII TAKWF?, JEJIEHA MAJIUR', MIJIA WJIWR',
I'OPJJAHA rOJFI/ITl-HBI/UOBI/ITll, BPAHUMMUP JOBAHUMREBUR? 1 MUPOCJIAB M. BPBIR™2
Henimap 3a xemujy, Mnciuitiyi@ 3a xemujy, liexnoaozujy u meiianypzujy, lhezoweea 12, ii. iip 473, 11001 Beozpad u
ZXemujcxu axyainieii, Ynusepsauitieiu y beozpady, Ciiyoeniticku wuipz 16, ii. tip 51, 11158 Beozpao

IMpukazanu cy pesynraTu €X Situ Guopemeujaiije 3eMbUIITA KOHTAMHUHUPAHOT Ma3yToOM Ha
ungycrpujckom HuBoy (600 m®). Buopememujamuonu Matepujan (neGsune 0,4 M) ce cacTojao ox
MEXaHMYKH MOMEIIaHUX Ma3yToM 3araljeHor 3eMJBHMINTA, YaMOBE IMMJBEBHHE Ka0 JOJAaTHOT M3BOPa
YIJbCHUKA M HENpedyunIneHOr peyHOr Iecka, Z0JaTor y by Mellamba U moBehamba IOpo3HOCTH.
Wnokynanuja/penHokynanuja (6noayrMmeHTanuja) je nepHoguaHo paleHa ca 61oMacoM KOH30PIH-
jyMa 3UMOT€HHX MHKPOOOpraHM3aMa M30JI0BaHMX M3 CYICTpaTa 3a Ouopemenujauujy. buoctiumy-
nanyja je peanusoBaHa qojgatkoMm xpanspuux cyncradiu (N, P u K). Aepanuja je moGospiuiaBaHa
CHCTEeMaTCKUM MeIlameM OnopeMenujanuonor cucrema. Hakon 50 mana 6poj MuKpoopranuzama
KOjH Jerpaanpajy yriboBomonuke rnosehan je 100 myra. Ha ocHOBY mpoMeHa y IpyITHOM CacTaBy
MpoCceYHa cTola Omoerpamganije TOKOM OnopeMenujanydje je Ouna 3a amudatnuny ¢pakuujy 24
mg kg no nauy, 3a apomariuny 6 mg kg mo many u 3 mg kg no many 3a HCO-acanrencky
¢pakiujy. Y 3acuhenoj yriboBogoHnuHOj ppakuuju merogom GC-MS (SIM meron) aHanusupaHu
Cy M30NPEHOMIH MPUCTaH M GUTAH U TMOJUIUKINYHA MOJIEKYJIH CTEPAHCKOT U TPUTEPHAHCKOT TH-
rma. TokoM OnopeMeHjalioHOTr Ipoleca AONIUIO je 10 OHojerpajaldje W CMambemha PeaTUBHUX
KOJIMYMHA W30MPEHONA, CTepaHa, TpU- U TEeTPALMKINYHUX TeplaHa U MEHTAUUKIHIHUX TepliaHa
XOMaHCKOT THIIA.

(IIpumibeHo 5. Maja, pesuaupano 22. jyna 2010)
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