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Abstract: Thermally treated peat is known to be a prospective
sorbent for oil removal. The used oil spill clean-usorbents could
be further reused for a few cycles, if an approprite treatment is
undertaken. In this study, a 36 days biodegradationbatch
experiment was performed with oil-degrading bactera
consortium MDK.EKO-7 and a peat sorbent (PeatOS)
contaminated with diesel or raw oil. FDA hydrolysis urease and
dehydrogenase activity, as well as the concentratio of
hydrocarbons were measured in a peatslurry system.
Biodegradation of hydrocarbons up to 90 % was deteed in the
set with 2% (w/w) diesel-oil contaminated peat. Thaneasured
enzymes behaved differently over time. The peat soent
(PeatOS) contaminated by raw oil with concentratiorbmg/g dw,
inhibited growth of bacteria consortium. Addition of nitrogen
and plant extract to a peat-slurry with 2% diesel esulted in a
significant (p<0.05) increase of FDA hydrolysis andurease
activity after 36 days' incubation. The results obt&ned in this
study, indicate that a recovery of the used oil-spfed peat sorbent
is possible. Further experiments will be performedin order to

optimise biodegradation conditions, using nutrients and
surfactants.
Keywords. peat sorbent; hydrocarbons; biodegradation;
enzymatic activity

INTRODUCTION

Oil spillages result in environmental damage anthemic
loss. Technological approaches are aimed at remucti the
potential risk. For example, diesel spillages oghhiays
traditionally have been treated with sand because ¢heap
and generally available. However, this approach $@se
drawbacks, such as leaching out and contaminatibn
surrounding land and watercourses; lesser adsarptipacity
as compared to other sorbent products; not suitaibleet
conditions [1].

Another group of sorbents represents natural nadserin
particular, peat. Peat sorbent is an organic osodusent
produced from modified peat. Among the benefitshef use
of peat sorbent are the effectiveness on land aateryit is
non-toxic, non-leaching, lightweight, non-abrasarel vapour
suppressive [1]. Thermally treated peat was shoawibe a
prospective sorbent for oil removal during spi2s3].

In addition to peat’'s chemical and physical chamastics,
its biological properties should be taken into ¢desation
when analysing its effect in pollution control. Peauld play
the role of an active agent for biological degradaf4]. That
is an important issue for the treatment of the usidspill
clean-up sorbents and for their further reuse émegal cycles
[5,6] or their utilization.

Various types of microorganisms can
hydrocarbons, e.g., bacteria, yeasts, filamentongif Almost
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all petroleum hydrocarbons can be oxidized to nyawéter
and carbon dioxide, but none of microorganisms aldgall of
the possible hydrocarbon molecules at the same/fht®ue
to different hydrophobicity and low solubility inater of the
hydrocarbons, the process should be intensifiedrthancing
physical contact between microorganism and oil][7,8

Bioavailability plays an important role in biodededion of
oil. In two-phase systems (water—oil), the ratedissolution
from a NAPL (non-aqueous phase liquid) determimesrate
of microbial uptake. Dissolution is facilitated by
microorganisms producing external biosurfactantsd an
bioemulsifiers [5,9,10]. Direct uptake of oil frotme oil-water
interface by microorganisms that attach to therfate, was
reported by [11,12]. However, in three-phase systetmen oil
is sorbed on a sorbent, its accessibility to mioganisms may
decrease further. Clean-up sorbents have greater
bioavailability limitations compared to soils arfdstis linked
to their significantly higher loading capacity amcternal
porosity [5]. Microbial cell immobilization onto daybrid
support of peat moss for diesel biodegradationrepsrted by
[13].

Two groups of factors can be identified that detearthe
success of bioremediation process: (1) the nandlecharacter
of contaminant, e.g., concentration, aggregati@estredox
potential, presence of halogens, bonds type istitueture; (2)
environmental conditions, e.g., temperature, pHygen,
water/air/soil  characteristics, presence of infmlgit
substances, sources of energy, carbon, nitrogem,[#t
However, if the oil is sequestered within the sottmich that
@icrobial uptake occurs at a very slow rate evemeun
favourable conditions, reuse of sorbents is notctially
feasible [5].

In this study, biodegradation batch experiments ewer
performed  with  oil-degrading bacteria  consortium
MDK.EKO-7 and a peat sorbent contaminated withaliesd
raw oil. The aim of these experiments was to detenthe
capacity of bacteria consortium MDK.EKO-7 to cleam the
spent peat sorbent. The process occurred in aystoodel
system and was evaluated by microbial enzymativiggtas
well as by a decrease of hydrocarbons concentration

MATERIALS AND METHODS

Peat sorbent

The peat was obtained in Dzelves-Kuoraised bog in
Latvia. Mixed sample of peat from upper bog layer
(Sphagnum fuscum peat, decomposition degree: 12%) was

degradgsed in this study. Peat was modified to increase i
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hydrophobicity by low-temperature pyrolysis. Thefma Cell concentration was expressed as colony-forminigs
treatment of peat was carried out in an oven: ¢ftogaed steel (CFU) per ml and determined by making serial detima
cylinder with 5 cm diameter and 40 cm length. Befbeating, dilutions and plating on Tryptone Glucose Yeastr&ott Agar
samples were moistened with water, 1:1 by volum@révent (TGA) (Sifin, Germany). CFU were counted after 7lhte
the material from ignition. Heating was done at théncubation at 28 °C.

temperature 240-250°C, for 6 hours. The obtainedesd has : : :
the following characteristics: C 64.8 %, H 4.3 %,0M %, Blodegradalllt?n experiment ] )

specific surface area 342y, oil sorption capacity 7 g oillg 10 @ modified peat (PeatOS) was spiked with 50 mgw
sorbent. The modified peat (Peat-based oil sorb@eatos) ©il or 200 mg of diesel oil according to the folimg
was further used in biodegradation experiments.t@ea Procedure: oil was dissolved in hexane, to obtaimégenous
porosity is considered to be one of the main factbrat d|sper5|on, and peat was treated with obtam(_ed'ueolun
determine high sorption of hydrocarbons and foramatof ~€duivalent volume. Then samples were dried at room

biofilm (Fig.1). temperature till constgnt weight (24 hogrs). Biau#elgtion
] ) study was conducted in a batch slurry microcosnthk wiled
Scanning electron microscopy peat sorbent and bacteria consortium MDK-EKO-7.

Scanning electron microscopy (SEM) was done byhfatc Experiment with different concentrations of nutterand
up of the peat samples to the SEM sample holdecawering inoculum was performed in duplicate, accordinghe Table
with gold. Prepared samples were investigated usiegdEOL 1. 50 ml liquid were added to 10 g peat (dw), iZeml 10x
ISM T-200 scanning electron microscope with 200e8m stock medium (with composition as described in ,22)ml
magnification. inoculum (1.9 x 1®cfu/ml) and 40 ml sterile distilled water.

Microorganisms and growth conditions Cabbage leaf extract was prepared according to [14]

A consortium of bacteria MDK-EKO-7 consists of Ba#tis Analytical methods
of Senotrophomonas maltophilia and 2 strains of  Dehydrogenase activity (DHA) was determined by
Pseudomonas spp. It had been previously isolated fronreduction of 2-p-iodo-3-nitrophenyl-5-phenyltetréam
hydrocarbon-contaminated soils and had exhibitedathility —chloride (INT) to iodonitrophenylformazan, in trighte. 50ul
to degrade hydrocarbons. The inoculum with conegiom 3.1  of (40 mg INT, 1 ml 1% glucose, 20 ml 0.25 M TRM3gre
x 10 cfu/ml was prepared by 24 h cultivation in theuliy added to 5Qu slurry sample. Mixture was incubated at +28°C
medium at 28 °C under aerobic conditions with digita140 for 48 h. Afterwards, 30QI of the extraction solution (ethanol
rpm. The medium composition was as follows, g/l;MO, x  and dimethylformamide 1:1) were added, vortexed after
12H,0 — 6.0; KHPQO, — 3.0; NaCl — 0.5; molasses — 5.0; yeas80 min centrifuged at 5000 rpm. Optical density weesasured
extract — 2.0. at 485 nm [15].

TABLE 1.
EXPERIMENT SCHEME

Set| Medium 10x | Ammonium oxalate | Cabbage leaf | Inoculum,| Water, Total
No. stock, ml monohydrate, 4%, m extract, ml ml ml | volume, ml
1 25 0 0 5 42,5 50

2 5 2,5 5 32,5 50

3 5 2,5 10 27,5 50

4 5 2,5 15 22,5 50

- $480010.0kV 7.7mit8

Fig.1. SEM micrographs of a modified peat sorb®aiatOS) used in the experiment. Porosity of Pe&@Bown at different magnification.
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Urease activity was determined after 24 h inculbatid
37°C, in fourplicate. 10Ql of slurry were placed into 500
0.2 M K;HPO, x 3H,0 / KH,PQ, buffer (pH 7.1) with 0.1%
urea. Reaction was stopped with 100 1M KCI.
Concentration of N-NE ions was determined by
spectrophotometry at 425nm after addition of \BONessler
reagent into each epi.

To determine fluorescein diacetate (FDA) hydroly5@ul
of slurry were added to 50d 0.06 M phosphate buffer (pH
7.6) with 50ul FDA solution (0.002 gFDA/1ml acetone), in
triplicate. After 60 min incubation at 3, 500ul of acetone
were added to stop the reaction.
determined by spectrophotometry at 490nm [16].

The standard method of gas-liquid chromatography &D

(9377-2) was used to determine changes of hydrooarb

concentration in samples.

RESULTS AND DISCUSSION

The appropriateness of peat sorbent as a carrier fo

microbial attachment is one of the most importaiteda to

predict biodegradation activity onto peat surfa€ensidering
that peat is an organic material containing micgaoisms and
is in the process of fossilization, it is possitdeestablish the
presence of native colonies capable of biodegradorgplex

organic molecules [17].

As stated earlier by [18], bacteria isolated froncae
collected at different depths of the peat bog, wdentified
asPseudomonas chlororaphis, P. fluorescens, Bacillus
mycoides andAlcaligenes denitrificans. Burkholderia genus
was found to be dominant ihagnum magellanicum peat
[19]. Structure and activity of the microbial commity is
strongly dependent on the type of peatland [17].

In this study, the tested peat was treated withdine to
enhance oil sorption capacity. Therefore, attachmeh
microorganisms onto a modified peat was not obvidas
example, due to increased hydrophobicity of peat.

Enzymatic and degradation activity of the consortium MDK-EKO-
7 during incubation with oiled peat sorbent

The changes of microbial enzymatic activity
soil/water/slurry during biodegradation serve aspantant
criteria for evaluation of the process. A respoosélifferent
enzymatic groups of microorganisms is specificepehdence
on the environmental conditions and, in particutar the type
of contaminant. Therefore, the use of a batteryifferent
enzymatic groups is of great importance for estiomatof
microbial activity.

It is important to note, that enzymatic activity edonot
correlate with the number of sessile microorganisiing not
known how long enzymes are active after their mottedls
may have died [20]. Nevertheless, enzymatic agtivof
microorganisms, in particular, hydrolysis of FDAshheen
suggested as an appropriate method in integrat
bioecosystem studies because the ubiquitous ligaséease,
and esterase enzymes are involved in the hydrobfsiEDA
[21].

in
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FDA hydrolysis was
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Fig.2. Changes of microbial enzymatic activity aigri36 day incubation
with hydrocarbons-contaminated and non-contamingtesdt. (a) —
FDA hydrolysis activity; (b) — dehydrogenase ad{iiDHA); (c) —
urease activity. Control — non-contaminated peabrtbars represent
the standard deviation.

In this study, three groups of enzymes, i.e., Fdrblysis,
urease and dehydrogenase were measured in a pegt-sl
system inoculated with bacteria consortium MDK.EROFhe
measured enzymes behaved differently over time.higjteest
FDA hydrolysis activity of microorganisms was foutudbe in
the sets with diesel oil, as compared to those veaith oil and
non-contaminated sets. Thus, during 36 day intaén the
presence of diesel, FDA hydrolysis activity wasr@ased on
average from 1.06 to 3.02 pg/ml h. Besides, onezrpesk of
the FDA hydrolysis activity was shown at the begignof the
gyperiment, i.e., at the 7th day of incubation (¥g)). The
same effect was shown also for DHA activity. As aeed
earlier by [22], oil contamination causes a siguifit initial
increase of soil biological parameters. At the bhegig of
incubation, the DHA activity of microorganisms, utated



Material Science and Applied Chemistry

2012/26

with raw oil, was higher than that incubated witfesgl
(Fig-2(b)). Also urease activity was higher in fresence of
raw oil, than in the sets with diesel (Fig.2(c)pwever, other
parameters pointed to the inhibition effect of raW to
bacteria consortium. A decrease of the heterotmpbunts in

the presence of 5mg raw oil/lg dw peat during 36 day

incubation was found. The number of CFU in the seith
diesel-contaminated and non-contaminated peat nEdai
constant during incubation (Fig.3).

Assessment of microbial activity in a peat-slurgstem
with hydrocarbons was accompanied with the measemeiof
hydrocarbon concentration in dynamics. In the d#t diesel-
contaminated peat, a decrease of hydrocarbons wpatien
from 7.54 to 0.67 mg HC/g dw peat during 36 daybation
was discovered (Fig.4). The ratio between gte«Cn-Gs) and

(n-Cy4 to N-G) did not change considerably and varied in the =

range from 82% to 98 %, and from 2% to 18 %, reispely.
This fact indicates that the biodegradation processirred in

the presence of bacteria consortium. Conversely th

concentration of hydrocarbons in the set with rabwas not
statistically relevant because of high fluctuataomong tested
samples (results not shown).

Effect of nutrients on microbial activity in the presence of oiled peat
sorbent

Additional experimental sets were performed wite #im
to examine the effects of nutrient amendments anitiali
concentration of inoculum on the degradation ofrgdetim
hydrocarbons. Previous  studies on
biodegradation have shown that addition of nitroged other
growth factors can noticeably stimulate microbiaitiaty
[23,24,25]. The nutrient concentration should béntained at
a high enough level to support maximum oil bioddgtmn
based on the kinetics of nutrient consumption. Kigh
concentrations may lead to ecological and toxiccklg
impacts [24].

---&-- Control
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Fig.3. The number of colony forming units in a pslatry with
hydrocarbons-contaminated and non-contaminated. peatiod of
incubation 36 days. Control — non-contaminated.peat

In this study, addition of ammonium oxalate monatayel
as a nitrogen source, and leaf cabbage extractcasnglex
source of growth factors, resulted in an increafe~DA
hydrolysis and urease activity of bacteria consantin a peat-
slurry system after 34 days of incubation (Figlbavariants 1
and 2).
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Fig.4. Hydrocarbons destruction in a peat-slurry with diesil during 36
days' incubation. Error bars represent the standiavihtion.
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Fig.5. Microbial enzymatic activity after 36 daystubation in a peat-slurry

with 2% diesel oil in dependence on the concemmatf inoculum

and nutrients added. (a) — FDA hydrolysis activith) —

dehydrogenase activity (DHA); (c) — urease activirror bars
represent the standard deviation. Description ofanés see in Table
1.

The variants No. 2, 3 and 4 differed by the amoaoit
inoculum added to the slurry (Table 1). As showirigure 5,
no significant difference in FDA hydrolysis actiyitwas
shown between these sets, while urease activityhigdeer in
the sets with 20% and 30% inoculum, as comparetiOté.
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Dehydrogenase activity demonstrated a tendencydease
in the sets with additional nutrients, however ¢hdidferences
cannot be taken into consideration due to rathgelatandard
deviation (Fig.5c).

Thus, the addition of nitrogen and other growthtdex
considerably stimulated bacteria consortium in at{séurry
system. According to the literature data, concéioina
approximately 5 to 10 mg/L of available nitrogen tine
interstitial pore water is sufficient to meet theinimum
nutrient requirement of the oil degrading microaigans [26].
Jackson and Pardue [27] found that oil degradatites could
be increased by increasing concentrations of amamionthe
range of 10 — 670 mgN/L, with most of the consisteate

increases occurring between 100 — 670 mgN/L. In our

experiment, all nitrogen originated from molassggast
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Olga Muter, Katrina Potapova, Dmitrijs Projovs, Maris KlavinS. Odidenrazu biodegradacija uz kiadras sorbenta [Ec ta
izmantoSanas piearnojuma sorbcijai
Termiski apstidata kiidra ir zirama ka perspelivs sorbents vides &fiSanai no naftas pi&sojuma. Tomgr izlietota kadras sorbenta utilizija

ir nopietna ekolgiska probéma, kuras risiaSana ir iesgjama, izmantojot gan fizilti kimiskas, gan biolgiskas metodes. Uzidras sorbto
ogludenraZzu biodegraitija ir iesggjama, ja biodegramtijas procesa apli ir atbilstoSi mikroorganismu aktivitei. 36-dienu eksperimentu
veica ar naftas produktu degegaso bakeriju konsorciju MDK-EKO-7 un Kdras sorbentu (PeatOS), kurs bija pigsts ar dzeldegvielu (20
mg/g) vai glnaftu (5 mg/g). Mikroorganismu aktiii raksturoja dinamik ka verteSanas kritrijus izmantojot koloniju veidojo3o vigpu
skaitu, enziratisko aktiviiti un oduadengrazu koncenficiju. Fluorescma diaceita (FDA) hidrolizes aktivifite dizedegvielas Ktbatne 36
dienu laild pieauga no 1.06idz 3.02 mgFDA/mL sturid leverojamas izmaias mikroorganismu ufieges un dehidrogames aktivitei
eksperimenta laiknebija konstatas. Ozeldegvielas oliidenrazu koncenticijas samazifiSaris par 90 % gc 36-dienu inkubSanas liecina par
dizeldegvielas degradijas procesu. Proporcija starp (n-G&zln-C23) un (n-C24idz n-C40) maiflas nedaudz un vaija diapazoa attieagi

no 82% 1dz 98% un 2%itlz 18%. Savulet variantos arglnaftu bija noerota mikroorganismu aktivites inhitgSana. Papildus eksperimentos
bija pieadits, ka sipela un augu ekstrakta pievienoSana medegvielu piesrpotai kidrai ieverojami stimué mikroorganismu aktiviti.
legatie rezulti liecina par to, ka pi@snota kudras sorbenta attSana ir iesgjama dotajos apaklos. Turpnakos (Etijumos phnots optimizt

inkubeSanas apsklus, lai paaugstitu ogudegrazu biodegraatijas efektivifiti.

Ouabra Myrep, Karpuna Iloranosa, [Imutpuii Ilopmnés, Mapuc Kassunbm. buogerpaganus yriiesoaopoaos Ha Topge mocie ero
HCIOJIb30BAHNUS B KayecTBe He()TemorIomAaloero copdenTa.
Tepmuueckn 06paOOTaHHBIA TOpQ W3BECTEH KaK IEPCICKTUBHBIM COPOSHT Ui OYHCTKH OKpYXKAaloImeW cpeabl OT HedTecomepikKaIinmx
3arpsisHeHnit. OIHAKO, YTHIM3AIMs HCIOJIB30BAaHHOTO COpPOEHTAa SIBISETCS CephE3HOM DKOJIOrMYECKOil mpobiieMoid, peuieHne KOTOpoi
BO3MOXKHO C NPUMEHEHHEM KaK (HU3MKO-XMMHUYECKUX, TaK M OMONOTHYECKHX MeTonoB. buomerpamarus yrieBoJOpOAOB Ha TOBEPXHOCTH
TOpMSAHOro COpOCHTa BO3MOXKHA IIPU CO3/AaHHU ONTHUMAIBHBIX YCIOBHH JUISI aKTHBHOCTH MHKPOOPIaHM3MOB. 36-IHEBHbBIH IKCHEPUMEHT
npoBoanH ¢ TopdsiHeiM copbertom (PeatOS)npeasapurenbHo 3arpsa3HEHHBIM AnU3eIbHBIM TOUTHBOM (20 Mr/T) miu ceipoit HedTbio (5 Mr/r),
B NPHCYTCTBHE KOHcopuusi Hedreokucisomux Oaxrepuiit MDK-EKO-7. AKTHBHOCTP MHKPOOPraHW3MOB OLIGHHBAIM B JUHAMUKE IO
CJICTYIOINM KPUTEPHSIM: YNCIIO KOJIOHHH 00pa3ylomuX eWHHL, (hepMEHTaTHBHAs aKTUBHOCTH, KOHICHTPAIUS YIIICBOAOPOAOB. AKTHBHOCTD
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ruzaponnsa duyopecuenna auanerara (®JIA) B npucyrcTBue auseis nocie 36 qHeil skcrnepumeHTta nossicuiiack ¢ 1.06 10 3.02mrdJA/ i .
VpeasHast U JeruIporeHasHas akTUBHOCTh BapHUpOBajla He3HauuTelabHO. CHI)KEHHE KOHLEHTpAluK yrieBonoponos ausens Ha 90 % mocie
36-1HEeBHOM HHKYOMpOBaHHs yKasbiBaeT Ha mpoiecc Ouoperpanaimu. Iponopuust mexay (N-C8 mo n-C23)u (N-C24 no n-C40) mensiach
HE3HAYMTENBHO U BapuupoBaia B npeaenax ot 82% a0 98%wu 2% no 18%, coorBercTBeHHO. B CBOIO OYepenp, B BapuaHTax ¢ CHIPOH HEDTHIO
OBbIIO OTMEYEHO HHI'MOMPOBAHUE AKTUBHOCTH MHUKPOOPTaHU3MOB. B J0IIOJTHUTENIBHBIX SKCIIEPUMEHTaX OBUIO J0KA3aHO, YTO H0OABICHHE a30Ta
U 9KCTPAKTa PacTeHMil K 3arpa3HEHHOMY TOP(QSIHOMY COpOCHTY OKa3bIBaeT CTHMYJHpYHOIMH 3Qdexr Ha MUKpoopraHu3Mbl. IloidydeHHbIE
pE3yJIbTaThl CBUJCTEIBCTBYIOT O TOM, YTO OYMCTKA 3arpsi3HEHHOrO TOPGSIHOro copOEHTa B JaHHBIX YCIOBUSX BO3MOXKHA. B nanpHeHImmx
HCCIICJOBAaHMSAX [UIAHUPYETCS ONTHMU3UPOBATH YCIOBUS HHKYOUPOBAHUS B LEJSIX MOBBIMICHHS (G )EKTUBHOCTH Hpoliecca Ouoierpagaliu.
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