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AЬstrrсt. вiodеgrаdдtion ргосеssеs ofoil produсts in thе
Рolluted soil wеre studiеd ьу usin8 thе miхturе of thе
polynеr сoпplrx [сhitosаn lасtoserrun protein] асtive
silt. lt is shorrn that аll thеsс Proсеssоs tаkе plaсe dur to
thе syDeгgjsm of tьe сoпlPопеnts whjсh form раrt of thе
mixturеi the use of the devеloped ьiomixturе easuтеs thе
еffе€tivе ьiodеgгаdаtion of сoпрound oil hydroсаrbons'
а hiф dсgrеr ofсlсаning sоil |iom Pollulions, схсФt tЬе
рossib]е sесondаry pollution of еnviloffnсnt. As а resu]t
oibioсomposting thr сlеanеd gтound сontаining biogеniс
suьstаnссs fits in nаturаl сус]o aпd сaп ьo usеd foг
гrаlization аgгiсultu'аI worlс

кry wor&: ьiоdеgrаdаtioц р€tro]сum Produсts, сhitosan.
laсtosеIum plotеin polуmеr сomрlex, асt ivr s i l t ,
ьiоmiхtшe.

l. Introduсtion

During оil outflows thе йtаl fuлсtions of biolа аfе
rФr..ssed to a сonsidеrsble dсgrеe [l' 2]. Тhat is why thc
рroblem of тесultivation апdbiodсgrаdation of oil Pоllut€d
soils ьeсomes thо ur8ent onе [з, 4]. Unfortuлatеly, thс
visiЬlе рraоtiсal suосеss ofoil polluted sоils ьiodegтadаtioп
hаs nоt bееn асhiеved уet.

Todaу thr lYюst рrogrеssivе teсhno|ory in thе oil
роllutеd soi]s сlеanin8 is сonsidcrеd to ьe thc usа8е of
intтoductivе miсrooтganisms [5. 6]' strains of fungus,
aсtinоmyсetеs [7-9]' Ьaсtегiа [10.12], Аt tЬe sarnr tirrЕ
thе miсrooгganisrns are aьlс lo dеstroу on|y lhe upреr
|ауеrs (15_20 сm) of oil роllutions and hаvr а selесtivе
еffeсt on thе dеfinite frsсtions of oil oюduсts: thе strаins
dо not solvе tЬе рrob]erns of гeсultivа.iоц the Fюssiьilitiеs
of thеir t.aDsfoпnаtion havr аlso thei. lirnits.

тo a сonsidеrablс dеgrее thе diffiсulty of
ьiоdеgradаtioп is саused ьy the hjgh сoiсentгаtjon of оil
produсts in soil thаt rеsults in obstасles in thе ьioсhemiсa|
рroсеssеs of oхi.|аtion and biodеstгuсlioп. sorbing oi|

Droduсts on soтьerrts Dаrtiс|еs and rnacтomolесulеs аllows
dесrеаsing the соnсеntrаtioD in lЬe loсal sуstсms. It is
imРortапl thаt а sorьсnl should drgradаte bу itsе|f in dю
сoursе of timе, Biорolyrnеrs arе vеry prrsресtivс for
sоrbin8 of oil Pгоduсts.

Chitosan is a ьiopolymеr of the future; the intеrеst
to it is сonncсted with rrniquе physio|oфсa| and есologiсаl
proРrtiеs suсh аs bioсorrраtibilirу' biodеgrаdаьility' nоn-
toхiс physio|ogiсal aсtivity, and еasy aсссss to rеsoшсrs
nеedеd for its prоduсtion. The pоlynст сomplеxes based
on сhitosan ifl сombinаliоп wilh othеr synthetiс and
ьiodеgгаdаьle polyrYЕrs аre of parliсular intсrcst.

нowеvеr' thе use оf thе miхtuт€ оf bio- and
synthetiс рolуmеrs and miсгoorganisms in biоdegrаdation
pгосеssrs ofoj| produсts in thе pollutеd soil has not been
suffiсient|y studiеd

тhе aim ofthis work is thc snrdy ofьiodеgтadаtion
pгосessеs by using thе miхtu,е of the polynеr сomрlсx
[сhitosаlFlасtоserum protеin (Chs.LP)]..aсtivе silt.

2. Eхрerimeпtal

TЬе soil, used in this work, сoпtаins oil рroduсts
|еft аfter oil outflolрs; it \ras tаken in thе йdustri'l дгeа of
thе \6lzhsl} сhсmiсаl сornplсх.

Thr miхttге, whiсh сonsists of сhs.LP polyrrЕ.
сomplex and aсtivе silt, was usod as an аgеnt ассеlеrating
ьiodеgradatioп Pгoсеssеs.

Thе advапtаges of thе polymеr сomplсx ате:
ассessiьi lity of!аw rnаtйаls' non-toх iсity, ьiоdеgmdаьility
and есo]ogiсаl safеty [|з, l4].

Thе aсtive silt from volzlБky wаstе disрosа] Plant
was usеd as the tеst-сu|turr- It сonsists of thе filifoгm
ьaсteяa, Bodo ovаlus' oikoпonos nutаbilis, Euglaa
уisidis, Апotbа linах' Аrcеlla cеntropухis, Аrсеllа
diskodеs, Eog|ipha lеауis' уor|icеl|а conуallаriа,
|/or.ticеllа Йikmston|а, Еpistulis Plika|ilis' cаrchеsiuп
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polipinш,l, opеrculаriа coаrk|atа, Ffu]bdos|уIа oуu|||'
АsPidiska cos|I1tа' Lionofus lаnеlla, Апphilеptus cаrchеsi'
Сo lpidi n сo{Podа, Сh ilodonеIlа uond, L.rkfu||\аf iа
pupulа, Stu loniс hа Йv I iI b, oх i|r iс ha pе lbпе l lа, Eup lotес
pа|eца, Proюdon |еrеs, Tokohryа mollis, PoсlophryаJiхa'
Rаbdofrуа' Monos|уlа' Са|hуrоiа, Noto|n,|atа аnsаta'
Ro|atriа, Philo.1inа rosеo|а, co|ufе||а, Neпа|o.lа,
Аеlosomа. Т1.\e ьactei^ and miсroorganisms tlиt foгm
раrt of асtivс silt arе аЬle to !sе diffefent rmtстials of
nаfurаl and sуnthetiс ori8in fof thеir nutrition. lt,lorсovсг,
thе aсtivе si]t is thс sourсe of biodе8rаdаnts' nitrogсn and
thе огgапiс сomponmt of thе soil.

Ifl thе st'тing.surnrner pеriod thе oil pollutеd soi|
was сultivаtеd оп IJlа.сd апd ьalаnсеd plot by thе initiаl
mixture of the Polymеr сomрlсх lсhilosan-laсtosеrum
рrolсin] асtive si . Aftеr tмt the soi| wrs loosеnеd to
15 20 сm foг thе iпprovgrrеnt of пюistufе аnd аefition.
Тhе oPlirrшm moistuге of йс soil сssеnlial foг еnsrц|лg
the favoraьIe сoпditioпs of miсroorganisfiis vitаl fi[юlions
must ьe 50{0 %.

Biod.gmdalion proсesses ofoil produсtз hаve ьcсn
studiсd for 90 daуs а! thе tеmpеrаturе of 283 К, tЬc
oplimum tеmr'сrstшe rаngе wаs 298-з18 К. А сovеr
mаler iаl  was usеd for mаinlаining lhс opl imum
terлреrаfurе. Еvеry fiюnlh thс |oosсning wаs rnаdе lo s
dсрlh of 50 55 сIц aпd lhе soil lras wаterсd whсnсvеr
its ьuпidity aсhiеvеd 50 %. всsidсs, lьc pстiodiс soil
loosсning prevented thе moisture еvaporаtion. тЬc
dссreаsing ofоil sаturаtion (oi| dеstruсtion) inфх indiсаled
tо lhе сffiсjenсy of сultivatioo of the worked soil. тo
рmvidе а соmplеtе soi| rссu|tivation in aulurrm il was
еxpоsеd to tlЕ phЛorсmediаtion _ thе soil sowing Ьy
аnлuаl апd biеmial sееds.

тhе oРtimltrn rаtio oftье mixluгe ..oil po|luled soiy
sorbent/асtive silt'' wаs fоlлd Ьy the formulа dсsсriьing
thе dсpсndenсe oftьe degrе€ ofoil produсt biodеgradаtion
on the сontent of sorьеnt in the miхtute, reсеived by d.aи
haпd|ing, usiпg the followiлg depеndеnсе [ l5]:

S(n)=1,.11_"-. lт ' ,  (|)
s dеgrее ofoil p'oФсt biodegradдlion, o/o; n _

rаtio of sоil quапtity (volurrЕ unit) to the sorbent quantity
(volшпe uпit); t sсalе сoеfrdeflq used for сslсulation
of oi| produсt biode8гаdаtion with intfoduсed sorbent
dФеnding on сooldinаte sсalе; г _ timе сonstаnt of oi!
Produоt biodсgradation wi lь introduссd sorbеnt;
e = 2,718, for all йat, thе optimшn сomponсnts гatio was
сhosеn in tЬe Point of intеrsесtion funоtion gтaрh s1,,)
with ьо.izontа] ]inе, whiсь is srnдller thаn a steаdу-state
value to з 5%.

тhe valu€ of th€ оPtimurn doze of аctivе si]t was
determinеd aссoгdiD8 to the folmшlа desсriЬing tЬе
depеndеnсe оf thе dе8ree of oil produсt Ьiodеgтаdаtion
on doze ofасtivе silt, гесeived Ьy dаts handling, using thе
followЬg dерпdепсе [ l5]:

S(d) =k' .  (| * е d|a) (2)
y' _ dozе of асtivе silt' пElkg soil; &, sсаlе

сoeffiсiеnt, usеd for саlсulation of oi l produсt
biodеgтadвtion wiф introduсеd асtive silt dФending on
сoordinatе sоale; 0 - time сonstant of oil produсl
biodеgrаdаtiorr with introduссd aсtivс silt, for аll thаt, thе
optirrпrm doze of aсtive silt was сhoscn in thе рoint of
intеrsесtion of fuлсtion grаph srd, йth horizontаl linе,
whiсh is small€r thеn stеaф.statс va]uс to з 5 %.

ln this work 50 g ofthr drvеlopсd biomxturе wаs
usоd foг еvеry 1 m, of thе soil for ьiodеgrаdаtion оf oi|
pollцtrd soil; thc optimurn polymе. сoпрlеx: асtiv€ silt
ratio is l:4.

тьс rеsiduаl indех of oil produсts iп thе soil wаs
usеd for valuаtion of dесomposition intсnsity. It was
dеtеrminсd using spеоtrа.photomеtriсаl mеtьod (рhoto.
е|есЕo.сalorimetеr ..KFK.2.') and weight rnсthod I l 6]-

тhе number ofthe mаin 8roup6 of miсrооrgаnisгпs'
whiсh tаkе part in Ьiodcgradаtion of oil prооuсls' wаs
d€гmеd by sеwing the soil susрсnsion, usi'g the dilution
tсchпique in lhc dсnsе nutrienl пЕdilrm Il7].

тhе mеasurсmrnt of mаss сoлсепtгаtiопs of the
oi| p.oduсls in wаslе wаtе.s sаmplсs wаs саriсd out using
thе fluorеsсmt rnсthod by mеапs of..Fluоrаt02'' liquid
аna|}zer [|8].

тhе quаntilаlivе аnd struсrumt grouр сoпlposiliоn
of rсsidual oil produсts wаs dеtегmiлed Ьy mеthоds оf
lhе quаntitаtive NМR.speсtrosсоpy Il9] аnd |iquid
chromato8rаphy [20]' using..Мeгсuгу-з00' ' аnd
..Lurnасhrom'' аppamtusеs' rеspесtivеly.

3. Results and Di8сцssion

тhе proposеd rrвthod ofoil Prоduсt biodе8radаtion
is basеd on thе intтodшtioп of ьiolо8iсаl sсtive miхturе
of ChS.LP фymег сomplex.aсtive silt into thr soil. ТЬe
givеn miхшгe is usеd for deсreasiпg or full dе8radаtion
of diffеrent struсturеd oil hydтoсarьons, whiсh tаkе рlaсe
iл рroсеssеs of oхidativе dеstruсtjon and minerаlization
during lhс vital funсtions ol hydrосагьons oхidizing
mlсrоorganlsпrs.

тhе usе ofofьiomiхture Chs-LP роlymеr сomрlех-
асtivе silt in ьiodсgтаdаiion proсеssеs is vеryреrslссlivе,

сhs-LP polymеr сomp|eх (Fig. ]) rсрrescnrs thе
miсrosuьstanсеs with саvitiеs of nanosizеs, fiхrd bеtwееn
еасh othсr with hydrogen links' in whiсh thе sorьing
proссssеs tаkе рlасе. тhе сomp]еx has good sоrьin8,
protесtive and rесonstruсtion propеrties [2l]. Duе to
diffеrеnt naturе of its funсtionally.асtivе groups' сhitosаn
withholds thе |aсtoscrum protein in thе сomPlех,
pгеventing its washiлg-out undеr thе aсtion of diffеIrnt
natцral faсtors.
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Fig. l. TЪе struсtulе оf |hе ftagmеnt of Chs.LP pot}ner
соmp|еx

Biodеgтаdatiоn proсеssеs of oil рrоduоts in thе
pollutеd soil takе рlасe due to the syrcrgism оf thе
сomponсnls whjсh form раIt of thе mixturе: сhs LP
pоlymеr соmрlех аnd aсtivе silt. тhr biodеgтadation
proсеssеs prосееd with of сo,апd wаtеr rеlеasе, ьioilаss
аDd paltiallу oхidized ьiologiсallу iпert ьу.рroduсts

foтmation. At thаt timе the transfоrпration Proсesses of
ofganiс substапсеs аIe aссoпPaniеd Ьy thе hшIidifiсation
ploсеssеs, Тhe соmPlеtеnеss оf oi l  hуdroсarьons
biоdоgradаtion with inсгeasеd rosistаnс€ and with the low
сontеnt (less з Wt %) оfoil prоduсts in the polluted soil is
provided ьу thе usr оf сhs-LP рl}тnеr сoтrрlех-асtive
silt miхtuге iп thе ртotюsеd mеthod.

Сhitosan is thе Ьаsr of thr pol}тnеr сorпplrх аnd
thе sorьеnt thаt aссеlеrates biodеgтadatiоn рrосesses of
оi] produсts; laсtosегum рrоtеin is thе aсtive nutrient
mrdium fol ьaс1eria aпd miсroorganisms of асtive silt.
Thе stfuсtшe пodеl of сhs-LP polyner сolтрlex wirh
sorьеd oilpтoduсts (oР) in its сavities and with aсtivе silt
is reprеsrntеd in Fjg. 2. мorcovсI' duе ю thс most асtivity
not oпly оf thе рo|}тner сoтпрlеx, ьut also of thе aсtive
silt, the wьоlе miхture hяs аn inстеasеd aсtivitу tоwаrds
thе oi| prcduсts biodegгаdаtioп. The ifltroduсtion ofsuсь
a mixtuте in thе trю]lutеd soi| affrсts thе ъаbitat ofnаtuтаl
miсroflora, саusing thе оonsistеnt соntinuity of thе
miсroФqanisms сопDlrх in thе soil'

--r

Fig. 2. Th€ stтuсtuте modеl ofсhs.LP pо]}тner соmрlех with so6еd oil pгoduсls
iп its сайtiеs аnd with асtivе silt

The dynamiсs of сhanging the numbеr оf
miсrоofganisтrrs in sоil js reрresеntеd in Тaьlе I. As it is
shown in thе taЬlе, the nrпnьеr of miсroоrganьms iп thе
рollutql soil inстeаses in 12 tirЕs, at the sanre tiпЕ the nurnbеr
ofmiсrоorgаnisms jn t}е proсes.sеd bу tlю dеvеloреd mixture
soil inстеasеs mоrе than in 1500 tiтrЕs. тhe сoпsidеrab]e

augnrеntatiоn оf thr nuлbеr of miФoorgаnjsтns is ехplainеd
bу d'r hiф асtivity ofаddеd miхturе оftье pоцтner сoпрlex-
aсtivе si]t. The йхture aс1ivates thе soil miсrobiologiсаl
aсtivit$ thе ьiornаss ofaсtjvе silt p]ауs tЬе ro1е ofаn еffссtivе
feftiliеr' whiсh stiпlnаtеs tlЕ deve]opiтEпt оf miстоbio|ogiсal
ьjota in oil Dоllutеd soil.

Tablе 1

Ф'_*.a

тhе dупаmiсs оf сhanging miсroorgаnisrns ntmber in soil

Tъe d}тмiсs of сhапgiпg miсгooгgшisш nшbог Ь Фil
( i l ls) ,106

aftq 2

6.1 6.5 '7.3 7.9 E,4
soil wilh oP (сontrol) 0.005 0.008 0.01 0.0.1 0.06

soil wilh oP gnd йln ofсъs.LP pol)mеr
comРlrх.aсtivе silt miхtutе 0.005 0.09 2.1 5.5 8.1



The dynrm|сs of oP сo'teпt сhапgiпg in soil

тtс dcg'ф of oP biоdе8r.datioл iл soil, %

soil йф oP (сonEol) 0.02 8.9 18.6 4',1_a 11.4
sоil йth oP Фd *irh сhs-LP po|}mеr сoпplq.

aсtivс silt пiхturc 0.02 24.11 65.2 El . l 9E.9
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Таblе 2

As il is sho*a in таb]е 2, Dаtuгe is nоt аЬlс to
ensure а rаlher сomрlctе сlеапiпg оf oil Fюl|utеd soi|s.
тhс tirrЕ of biodсgгаdation is prolonging toо rlllrсh аnd
thе dеgrее of Ьiodе8таdаtion sсhiсvеs only 71.4 %, whilе
usilrg thе devеloPеd miхture thе dеgте€ of ьiodеgтаdаtion
aсhievеs 98,9 %.

Thс proссss оf сhangiDg in timе of а rсlаtivе
сonсеntтаtion of oil Produсts jn soil hаs ьeсn studiеd iл
lhis woгk (Fig. з). It is shown that under thс асtioп of the
developcd miхture thе сonsiderablе сhangсs of
сonсmt'аtion of оil рrоduсts оссш fоr a shor1 pетiоd of
tirrЕ.

тьe сorDьiлаtion ofсhitosаn апd lасtoserum Drotеiп
|n lhе р|ymег сomplсx еnшrеs а соmpаrаt |vеl' lат8ет
еfтiсiепсy of а de8тее of thе oil biodоgrаdаlion in soil,
whiсh сan br ехplaЬеd ьy thе p'сsеnсe of a gгeat numbel
of aсtivе сomplех.forming сcnteтs due to tЬe chеlatogеniс
рrotеiп group' whiсh arr аьlе to hold lЬе sorьed Pаrtiсles
of oil Produсts fiгп y and f.iхedly and to b|oсk their
rеpeаted rсtum intо sоil.

Тhr dаta in Tаble 2 shows' that thе usc ofсhs.LP
polymеr соmplсх.aсtivе silt mixturе in biode8rаdation
proсrss of оi] prduсts allows to dесrеаsе the сontеnt of
oil hy&осзrьons iл 98.9 %.

+ Aсlioл o|lnc dcvсlФd mixfu.

гig. 3. сhаnвing in |tпe ofа rc|alivе сonсФlвtion
of oil рэduсts in soii

Tаblе 3
Thе quantitrtive .пd struсtur.I.grouР сomРosition оf rcilduдl oP

тhe qoФtit.lirc шd sfuсluralgrouP
ФmPosidon ofrcsidDa| OP' wr %

12,|з 80.1 I5.2 6.1

soi| wilh oP (сoлlтo])
l0 l  l . l 7E. l lз .6 5.9

60 9.E 74.5 13.0
90 1.',I 7t_2 12.8 5.0

soi] йlh oР md сhs.LP
pol}mcг сomplех.асlivе silt

з0 6.8 70.6 12.5
60 3.0 55.8 8.2
90 0.6 49.2 5.9
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A сhamсtеr of thс developеd miхturе of сhs-LP
Pо|ymет сomРlеx-асtivе siIt usеd for biodcgгadation
proсesses of oil produсts in drc рollutеd sоil is the hiф
dсgтсс of dссomрosition of сornрound oil hydroсarbons;
rеsiпous aod аsphаlt fiасtions (тab]е 3) ' Drrс to its fimсtionаl
асlivity ihс pol},rnеI сorrрleх ..prеpагеs'' аsрhaltenes lor
еntеring thе humus lаyеr оf sоi| aлd allows aсhiсving фе
high сlеаniлg dеgrее оfthe soil fтоm Frllшiолs.

Тье еxllеfimеnts show that thе usе ofthe develoрed
bioпixturо a]lows aсhieviпg а fullеr dесоmрosition of
rеsinоUs aпd asрhаltin8 oils fтaсtions, whiсh сaп bе
exрlаinеd ьy thе Prеsеnсе оfmiсroоfgаnisms аnd сnzуmes
8rowth suьstrafum in thе miхtшс; all these аlivе orgаniо
ьeings take рart in oxidаtion оf сomроund polyсyсliс oil
hуdтосarbons.

so' bringing of thе polymег сomр]ех-aсtjvс silt
miхturе into thе роllutеd soil ехtrnds thс sphеrе of
mjсroor8anisms аre drawn jnto thе рfoсеss of
hydroсатbons drсomposition, whiсh hеlps to use widсr
pоtеntiа] possiЬilities of miсroссnosis. All thesе proсеsses
allow to rсduсс thе timе of full biоdegrаdation in the
polluted soil йth diffеrеnt dеgrее ofрollutioп and асhieviпg
a hiфеr dеgleе of oil hydгосагЬоns trаnsfoтmаtion iпto
the harmlеss substаnсеs.

As a fesult of ьioсoпtpostiлg thе €Iеаnеd ground
сoпtairring ьiogепiс substanсеs fits wеll iп nаturаl сус|с
aпd саn Ье used for rеаIizаliоп аgгiсultura| work, всsidеs'
thr usеd mixture allows not or y tо сlеап thе soil iiom
Dоllution. ьut also to rесеivе thе sоil mаtеriаl whiсh
сопtairБ l'аluaьlе оrgапic suЬslаnсеs' еnsurcs lhс nцlf|tlon
fоr widе spесtгUm of Plants aпd miсroorgаnisms.

Thе use of сhitosап and lасtosеrum Protеiп iп lhс
miхturе allows to оьtаiп Ьiologiсal|y асtivе malсriа|
еnriсhеd with пitгo8eп and to dесrеаsс thс arrюunt of
minеra| nitг iс fеrt i l izеrs, whiсh arс neсessаry for
сoпlрostЬg oil Роllutеd soil, aпd to ехсIudе thе Possiьle
sесоndаfy рollutiоп оf enviтonmеnt.

4' сoпсlцsions

l. Biоdеgradаtjon ofоi] produсts in the polluted
soil js сarriеd out Ьy usin8 thе bio|ogiсal aсtivс mixture,
whiсh соnsists оf Chs-LP pol}тn€r сoтщ'Iех and aсtivе
silt, Тhe advantаgеs of this ьiоmixtu]е aге: aссessibility
of rаw materials, non-toxiсity' ьiоdеgгаdаЬility' and
есologiсal safсtу.

2. Biodеgгаdation ofoil produсts in the pollutеd soil

degтec ofсlеаning soi| fтom po|lutioпs. Thс givеn mixtrге
аl!ows oblаining thе fina| biologiса]]y асtjvе soil тnatсrjаl
whiоh сontаins vаluаblе orgаniс substanсrs and nitтogсo,
cnsures tho nutrition for widr spссtrum of рlаnts and
miсroorgалisms and аllows to dесrеasе thr amount of
minоrаl пitг iс fеrt i l izеrs, whiсh afе ncссssаrу fof
сomрostiпgofоil polluted sоil, and io ехсludе tiо possiblе
sссon(Ьry рllutioп of еnvironmеnt,

4. Аs a rеsult оf Ьiосопрostin8 the сlеаnеd gтound
сontaining biogeпiс suьstаnсеs fits wеll in nаtural оyсle
and сan bе usоd foг rеalizatioп agriсultural wоrks.
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