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Application of composite materials based on polyvinyl alcohol
in phytoremediation soil

Oil production, transportation, transshipment and storage lead to accidental soil pollution with oil products. To
solve this problem, the researchers proposed the possibility of using polymer films for the rehabilitation of oil-
contaminated soils. In the present work, in order to clean the soil from oil products, films based on polyvinyl
alcohol and chitosan were obtained, their main physical and mechanical properties were investigated. The re-
sults of IR spectrometric analysis showed good compatibility of the starting components. It was found that the
films obtained possess rather high indices of mechanical strength. Moreover, films containing 80 % synthetic
polymer — PVA showed the highest mechanical properties. The latter is apparently associated with the for-
mation of a network of intermolecular hydrogen bonds between chitosan and PVA, which favorably affects
their operational characteristics. Pollution modeling was carried out by applying oil to the soil of the Karazhan-
bass field. The resulting films based on polyvinyl alcohol and chitosan were used as recultivates, which were
applied in concentrations of 0.2 g/kg of soil. The effectiveness of remediation of oil-contaminated soils was
evaluated by measuring the content of oil products and conducting phytotests of the studied soil samples. The
results of the assessment of the degradation of oil products in the process of reclamation and the phytotesting
indicators obtained in the dynamics of the experiment allow us to conclude the effectiveness and feasibility of
using polymer films based on polyvinyl alcohol and chitosan to clean oil-contaminated soils.

Keywords: polyvinyl alcohol, chitosan, glycerol, polymer films, oil-contaminated soils, oil products, phytore-
mediation, remediation.

Introduction

Soil belongs to the most important natural resources, the state of which mostly provides the ecological
equilibrium of the planet. The main characteristic of the soil is fertility, which is formed by the microorgan-
isms’ activity. Economic activity contaminates oil, that leads to a decreasing in economic and potential fertility
[1]. Soil pollution by oil and oil products is currently an actual problem. Qil production from the bowels,
processing and transportation are not only technically difficult, but also dangerous processes, since it is im-
possible to preserve the natural environmental conditions during field development. Inevitably, each stage of
oil production is accompanied by an oil leak, which can cause irreparable phenomena. Chronic oil spills pose
a serious threat to the environment and human health [2].

Restoration of the environment with the help of plants is of wide interest due to the opportunities that this
technology opens up in the cleaning of contaminated areas. Over the past decade, phytoremediation has be-
come very popular, as this technology is much cheaper than methods based on the application of technology,
and is also used directly in the area of pollution [3].

The purpose of this work is to study the possibility of using composite materials based on polyvinyl
alcohol and chitosan for purification of oil-contaminated soil in the process of phytoremediation.
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Experimental

In our work we used polyvinyl alcohol (PVA) with molecular weights 72,000 and 145,000 kDa, chitosan
(CT) produced by «Fluka Chemie GmbH» (Switzerland), acetic acid and glycerin from «SCAT» (Kazakhstan)
without additional purification. The synthesis of polyvinyl alcohol and chitosan copolymers is described in
work [4]. In this article, initial polymer solutions are prepared in advance to obtain films based on a mixture
of polyvinyl alcohol and chitosan. To do this, in distilled water, the PVA suspension is dissolved at a temper-
ature of 70-75 °C, the chitosan suspension is dissolved in acetic acid at room temperature. After complete
dissolution of chitosan, a cooled PVA solution was introduced into the solution with constant stirring to ho-
mogenize the solution. After a certain time, continuing mixing, glycerin was added as a plasticizer. Before
molding, the resulting solution was kept at room temperature for 10 to 12 hours for de-airing and stabilization.
The films were formed in Petri dishes by evaporation of the solvent at room temperature for 1-2 days under
the drying cabinet. The mass of the films was 7-8 g. The films were obtained at different ratios of polyvinyl
alcohol/chitosan — 20:80; 50:50 and 20:80 wt.%.

Organic solvents (acetone, ethyl alcohol, benzene, a mixture of alcohol: benzene in a 1:1 ratio) and dis-
tilled water were used to study the solubility of films.

The IR spectra of the obtained films were recorded on an IR spectrometer with a Fourier Converter
(«LOMOW, Russia).

The mechanical properties of the films (tensile strength) were studied on a discontinuous machine
«TEXTURE ANALYSER» (UK) with a break rate of 10 mm/min, with a force of 20,000 kg.

To study the phytoremediation process, the experiment was carried out under laboratory conditions in
500 ml polyethylene cups filled with oil-contaminated soil (the oil content was 15g/500g, 30g/500g, 45g/5009
% of the total mass). In the experiment we used the oil from the Karazhanbas field.

To determine the oil content in the soil, we used the extraction method on the Soxlet apparatus. Extraction
of petroleum hydrocarbons from contaminated soil samples were performed after 60 days of their interaction
with each other. Benzene was used as a solvent. The flask with the solvent is heated to the boiling point of the
solvent, the vapors of which enter continuously into the cooler, into the ground mixture, dissolve the hydro-
carbon part and secrete from the mixture. After filling the extraction flask with a siphon tube, the solvent flows
in enters the flask. Before the solvent color is lost, the organic part is extracted. The sample from the extractor
is dried in a drying cabinet to a constant mass at a temperature of 60—70 °C. The mixture of the organic part
of the solvent and the oil residue is separated by simple distillation here.

Results and Discussion

Hydrophilic polymers, which include polyvinyl alcohol (PVA), are widely used in medicine, biochemis-
try, biotechnology. The possibility of their modification, including by mixing with other polymers, contributes
to the expansion of areas and efficiency of application of hydrophilic polymers. The most promising are mix-
tures of PVA with the natural polysaccharide chitosan, which can be obtained in the form of films from a
common solvent. It is established that this leads to an increase in the stability of the films, improves their
physical and mechanical parameters, etc.

In the proposed work, films based on polyvinyl alcohol and chitosan are obtained by mechanical mixing
of specified ratios of components, glycerin is used as a plasticizer. The ratio of the initial polymers was varied
in the preparation of films. Thus, films with the content of PVA/CT = 20:80, 50:50 and 20:80 wt.% were
obtained, the uniformity and transparency of which indicates the compatibility of the original components.
Moreover, an increase in the chitosan content in the initial polymer mixture affects the transparency: less
transparent films are formed. Pictures of the films are shown in Figure 1.

The compatibility of the initial components is indicated by the IR spectra of films based on PVA/CT,
presented in Figure 2 and in which you can see the presence of the composition of the two components of the
film. It is known that absorption bands of NH.-groups are present on the IR spectra of chitosan, as well as
absorption bands characteristic of the polysaccharide structure at 1,050 cm™ and 851 cm™ [5]. Intense fluctua-
tions at 1,645 cm™ and at 1,565 cm™, characteristic of the amide groups, indicates that the initial chitosan has
a high degree of deacetylation. In the spectra of PVA/CT mixtures, there are changes in the position and in-
tensity of the absorption bands: the presence of a weak absorption band of the carbonyl C=0 group at 1,735
cm? in the PVA spectrum indicates that part of the OH groups of the polymer is acetylated during dissolution
in acetic acid solution. Judging by the low intensity of this band and the high intensity of the OH-group band
(947 cm™), the degree of acetylation is very insignificant. An increase in the chitosan content in the mixture
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causes a gradual shift of the absorption band C=0 of the PVA groups at 1,735 cm™* (this band is absent in the
chitosan film) to the lower frequencies. This may suggest a possible interaction between the C=0 groups of
partially acetylated PVA and the active groups of chitosan. From the analysis of IR spectra, it follows that the
interaction of polyvinyl alcohol and chitosan leads to molecular interaction between the hydroxyl groups of
alcohol macromolecules and the amide groups of chitosan, and hydrogen bonds are formed according to the
scheme below.

1—80:20; 2 — 50:50; 3 — 20:80 wt.%

Figure 1. Films based on PVA/CT at different ratios of the initial components
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Figure 2. IR spectra of films based on PVA/CT

The solubility of these films in distilled water and in organic solvents was studied. The dissolution process
was carried out at room temperature for 24 hours. This study showed that films based on PVA/CT in organic
solvents such as acetone, ethyl alcohol, benzene, alcohol-benzene mixture, do not dissolve in distilled water
organic solvents. This is probably due to the impossibility of breaking the bonds between the polymers in the
macromolecule. Since organic solvents are unable to break the bonds of polymer macromolecules in the model.
While these polymers are dissolved in distilled water during the day due to the processes of solvation and
hydration. The effect of the molar mass of PVA on the solubility of films based on PVA/CT was established.
Thus, films with a molecular weight MW(PVA) = 72,000 are dissolved within 18 hours, and the solubility of
films based on PVA with a molecular weight of 145,000 is 24 hours (Table 1).
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Table 1
Results of mechanical stretching of the films of PVA/CT
Parameter Film ratio = PVA/CT, wt.%
20:80 50:50 80:20
Muw (PVA) 72,000 145,000 72,000 145,000 72,000 145,000
Pressure, MPa 37.44 61.78 22.21 33.76 57.60 29.47
Stretching, % 4.63 18.95 47.32 40.37 116.75 198.12
Young's modulus, kPa 1.9+5 1.445 2.345 2.0+5 2.945 2.945

The mechanical properties of the obtained films were investigated. All obtained films have good mechan-
ical strength. An increase in chitosan content leads to a decrease in elongation and an increase in the modulus
of elastic, and as a result, to an increase in brittleness. The highest rates of mechanical parameters were shown
by films containing 80 % synthetic polymer — PV A. The latter is apparently due to the formation of a grid of
intermolecular hydrogen bonds between chitosan and PVA.

The issues of remediation of oil-contaminated soils are relevant in connection with the rapid development
of oil and gas industry and infrastructure [6]. Increasing oil production continues to increase the risk of soil
contamination with oil. Every year, oil-contaminated areas expand, and land used for agriculture and forestry
remains unusable. Due to the high adsorption, oil can be observed in the soil for a long time, shifting the soil
balance from the equilibrium level. Plants are the key contributor to the high fertility of the soil. However,
unfavorable growing conditions on oil-contaminated soils of any plants, excludes the possibility of cleaning
such soils by phytoremediation. Natural polymers are not xenobiotics and their use is the most environmentally
and economically rational for exosystems.Their low cost and simple preparation technology together with high
performance properties make it possible to effectively clean the soil from oil products.

Chitosan is a natural biopolymer, an aminopolysaccharide, which has no pronounced substrate specificity,
which means approximately the same ability to bind both hydrophilic and hydrophobic compounds. Chitosan
has ion-exchange, chelation-forming and complex-forming properties [7]. Chitosan is similar in composition
to nonspecific organic compounds of soils, this eliminates the possibility of a negative impact on the processes
of decomposition, synthesis of organic compounds, humus formation.

We studied for the first time the possibility of using synthetic films based on PVA/CT for soil detoxifi-
cation with simultaneous planting of technical crops.

Modeling of biodegradation of oil products was carried out at temperatures of about 25-30 °C, simulating
the temperature regimes of the summer months in Atyrau, Mangistau and West Kazakhstan regions. The soil
selected within Almaty was subjected to researches. Soil sampling was carried out in accordance with State
Standard 7.4.3.01-831. The soil was freed from stones and roots of plants, dried in the absence of sunlight to
an air-dry state, sifted and placed in open containers. Pollution modeling was carried out by means of intro-
duction of oil of the Karazhanbas field into the soil and according to gradation of soils on degree of pollution
with oil products (OP) developed by V.S. Khomich [8], introducing oil before achievement of mass concen-
tration of oil products in the soil of 15¢g/500g, 309/500g, 459/500g that corresponded to the category «very
strongly polluted soils». The effectiveness of remediation of soils contaminated with oil products was esti-
mated by measuring the content of oil products and phytotesting of studied soil samples.

Phytotesting is based on the sensitivity of plants to exogenous chemical effects, which affects the growth
and morphological functions of test cultures. Dry seeds of the selected test cultures were placed at intervals of
1 cm in polyethylene cups (with mixed and moistened soil samples). As a control, samples of the studied soil
without the introduction of oil products were used. As indicators of the phytotest, test functions of the height
of seedlings were adopted.

The dynamics of changes in the concentration of oil products was evaluated by the method of their ex-
traction from contaminated soils. The analysis of quantitative composition of hydrocarbons of the Karazhanbas
oil was carried out on the soxlet apparatus. Analysis of changes in oil content in the studied soil samples
showed that during the first two weeks, the level of oil dropped significantly compared to the original values
as in the control sample (to 25.6 %) and in samples containing OP, which is obviously related to the first phase
of degradation of oil products evaporation of light fractions and photooxidation. At the same time, in soil
samples containing films based on PVA/CT, the loss of oil products on day 14 was 36.0 %.

After 14 days of the experiment, the achieved concentration of petroleum products in the control soil
sample (which does not contain petroleum products) remained almost unchanged until the end of the
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experiments. In soil samples with films, there is a decrease in the concentration of petroleum products. This,
apparently, indicates the end of the process of degradation of petroleum products in these conditions.

In soil samples with the addition of films based on PVA/CT, the dynamics of reducing the concentration
of oil products up to 21 days was approximately 40 %. It can be noted that the degradation of oil hydrocarbons
was accelerated by films based on PVA/CT, increasing the efficiency of soil purification from oil products in
comparison with the self-cleaning ability of the soil, the level of which was 25.6 %. In addition, the work
assessed the degree of soil purification from oil products. The data are presented in Table 2.

Table 2
The purification degree of soils contaminated with oil

Concentration of oil products Polymer Purification
in soil samples, g/500g concentration, g degree, %

15 0.1 86.9

30 0.1 82.3

45 0.1 78.7

In the process of transformation of oil products, intermediates are formed, which no longer fall under the
definition of «oil products» and are not taken into account in the gross definition of OP. At the same time,
these compounds can have a significantly greater toxic potential and have a positive ecotoxic effect. Carrying
out ecotoxicological phytotesting in addition to the instrumental method of assessing the content of OP in the
process of remediation allows to quickly and fully assess the environmental quality of the soil environment
[9]. Assessment of soil samples by indicators of test functions of test crops Figure 3 established the effective-
ness of using films based on PVA/CT as recultivants to reduce the level of oil pollution in the studied soil
samples.

T T T T T T T T T T T
0 10 20 30 40 50 60

T , days

1 — soil; 2 — soil with films; 3 — 15¢/500¢g; 4 — 30g/500g; 5 — 45¢/500g

Figure 3. Length of test plant seedlings in soil samples

According to the results of the study, the indicator «seedling lengthy for control soil samples without
films after 60 days was 10 cm in the case of reclamation of soil samples using films without refining waste,
the length of the seedling on day 60 of the study reached 17 cm after 60 days, the least phytotoxic effect (along
the length of the seedling) was observed for soil samples using films based on PVA/CT with a maximum
content of OP.
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The maximum length of the seedling is typical for soil samples uncontaminated by oil waste containing
films based on PVA/CT. Slightly different indicators for soil samples contaminated with oil products.

Probably, due to the presence of free amino groups in the macromolecule of the polymer, chitosan effec-
tively clears the soil, which is explained by the process of complexation of oil products by amino groups, with
the formation of polynuclear compounds. Also because of the abundance of hydrogen bonds between chitosan
molecules — not soluble in water, but swells in organic acids, in the swollen state is able to firmly hold various
intoxicants (pollutants).

The studies suggest that films based on polyvinyl alcohol/chitosan will be widely used in solving the
problems of cleaning soils contaminated with oil products. When PVA/CT films are introduced into the soil
as a remediant, they do not need to be collected and disposed of, as they are capable of undergoing enzymatic
degradation, increasing the level of natural soil carbon.

Conclusions

We obtained films based on polyvinyl alcohol and chitosan. By IR spectroscopy it is shown that polyvinyl
alcohol and chitosan form a mixture stabilized by a hydrogen bond. It is established that with increasing content
of polysaccharide in the composition of the film, their strength properties decrease. The results of the assess-
ment of degradation of oil products in the process of reclamation and phytotesting indicators obtained in the
dynamics of the experiment allow us to conclude about the effectiveness and feasibility of using polymer films
based on polyvinyl alcohol and chitosan as recultivants of oil-contaminated soils.
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J.T. Abnynerun, IL.1. Ypkimbaena, [.A. MyH, 3.A. Kenecona, b. Xasunxaiipar
IMoaMBUHWI CIUPTI Heri3iHAEri KOMIO3UIUAJIBIK MaTePHAIAAPAbI
TONbIPaK puTOpeMeTHANUACHIHIA KOJAAHY

MyHaiiabl eHIipy, TachbIMaNay, aybICTBIPBII THEY )KOHE CaKTay TONBIPAKTHIH MYHa# OHIMIepiIMEH aBapHsIbIK
JIacTaHybIHA oKen corambl. OCBl MocereHi menry OaphIChIHAA 3epTTEeYyIiiep MYHaMEH JIaCTaHFaH TOIBIPAKTHI
KaJIITbIHA KETipy YIIIH HOJIAMEPII YIIipIepai KoJIaHy MYMKIHIITiH YChIHFaH. Makarna/ia TObIpaKThl MyHai
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OHIM/IepiHEH Ta3apTya KOJJaHy MaKCaThIH/a OJIMBHHII COMPTI MEH XUTO3aH HETi31H/e YIAipyiep alblHFaH,
OJIapABIH HETI3Ti (HU3HKa-MeXaHUKAIbIK KacueTTepi 3epTrenreH. 3eprreyae MK-crnekTpoMeTpusuiblk Tangay
HOTIOKeNepl OacTankpl KOMIOHEHTTEPAIH JKaKChl YIIECIMIIUTITIH KopceTTi. AJIBIHFaH YIIipiep xKoFapbl Mexa-
HHUKAaJIBIK OEpiKTIK KepceTKilTepre ue exeHi aHbIKTanraH. COHBIMEH KaTap, MEXaHHKAIBIK HapaMeTpiepIin
GapbIHIIA )KOFaphl KepceTKimTepiHin KypambHaa 80 % cuHTeTnkansk noanmep-IIBC 6ap exeHiH ynmipiaep
kepcertTi. by xxarnaii xuro3an meH [IBC apackiHaarsl MoJieKyaapajblK CyTeri OaillaHbICTaphl TOPBIHBIH TY-
3iTyiMeH OaiiaHBICTHI GOMYBl MYMKIH, OYJI ONapAbIH KOJJAHBUTYy CHUITaTTaMalapblHa XKaFbIMIBI ocep eTei.
Jlacranynsl mozpenbaey Kapaxkan6ac keH OpHBIHBIH MYHAHBIH TOIBIPAKKA €HI13y apKbUIbI KYpriziani. [lomu-
BUHWJI CIIMPTI MEH XUTO3aH HEri3iHferi anbiHFaH yngipiaep 0,2 I/Kr TONMbIpaK KOHLEHTPALMIChIHA €HI131IreH
PEKYJIbTUBAHT PETiHIAEC KOJAaHbULABL. MyHaiiMeH JacTaHFaH TOMBIPAKTH peMenuanusuiay THIMIUIr MyHai
OHIMICPiHIH KYPaMBIH OJILICY XOHE 3ePTTENETiH TONBIPaK YArUIepiH pUTOTECTiNCY i )KYPrizy OaphichHIa Oa-
ramaasl. Kaiita KyHaprmaHAbIpy INponeciHAe MyHall eHIMJIepiHiH BIObIpayblH Oaraiiay HOTIDKENepi >KoHe
IKCIIEPIMEHT TUHAMHKACHIHA aJIbIHFaH (PUTOTECTIIEY KOPCETKIMITEpi MONMBUHIII CIIUPTI MEH XUTO3aH HeTi-
3iH7er1 MoJIMMepIIi IIeHKaIap/ 6l MyHAMEeH JacTaHFaH TOIBIPAKTHl Ta3anay YIIiH Haiifanany JbIH THIMIUTIr]
MEH OPBIHABUIBIFBI TYPalbl KOPBITHIHIIBI JKacayFa MYMKIHIIK Gepeni.

Kinm ce3dep.: NONMMBUHWI CHUPTI, XUTO3aH, TIMLEPHH, TOJTUMEPII YIAipIep, MyHaiiMeH JacTaHFaH TOIIPAK,
MyHail eHIMIEpi, GPUTOpeMeHaIs, peMeTuanusl.

J.T. Abnynerun, IL.1. Ypkumbaea, ['.A. MyH, 3.A. Kenecosa, b. XaBumnxaiipat

le/IMEHEHI/Ie KOMIO3UIMTUOHHBIX MATE€PHAIOB
Ha OCHOB€ IMOJIMBUMHUWJIOBOI'O CITUPTAa B (lmTopeMezmamm IHo4B

JloObI4a, TpaHCTIOPTUPOBKA, NMEpeBAIKa M XpaHEHHWE HeQTH NPHBOIAT K aBapUITHBIM 3arps3HEHHSM II0YB
HedrenponykramMu. [Ipn pemennn naHHOW HPOOGIEMBI HCCIIEIOBATEISIMH paccMaTpPHBANach BO3MOXKHOCTh
HNpUMEHEHHs TTOJIMMEPHBIX IICHOK U PeKyJIbTHBAIMK HedTe3arps3HeHHBIX 1T04YB. B Hactosmieit pabote ¢
HETBI0 OYMCTKH MOYBHI OT HE(PTETIPOIYKTOB MOTyUEHBI TNICHKH HAa OCHOBE MOJIMBHHUIIOBOTO CIIUPTA U XUTO-
3aHa, UCCIIEOBAaHbl UX OCHOBHBIC (pr3nKO-MexaHM4Yeckue cBoicTBa. Pesynprarel MK-criektpomMeTprudeckoro
aHaNM3a MOKAa3ajdd XOPOIIYI0 COBMECTUMOCTh HCXOAHBIX KOMIIOHEHTOB. OOHapyX€HO, YTO IOTydYCHHBIE
IUICHKU 00JIaJaloT JOCTATOYHO BBICOKUMH MOKA3aTe/sIMU MEXaHHIECKOH MPOYHOCTH. [IprdeM MakCHMalbHO
BBICOKHE TIOKa3aTelIM MEXaHMYECKUX ITapaMeTpOB MOKa3aH INIeHKH, copepxaruue 80 % CHHTeTHYECKOTo Io-
mamepa — IIBC. IlocnenHee, BUANMO, CBSI3aHO ¢ 00pa30BaHMEM CETKH MEXMOJEKYJSIPHBIX BOJOPOIHBIX
cBs3ell Mexay xuro3aHoM u [1BC, 4To GnaronpusTHO BIMSET Ha UX DKCIUTyaTallHOHHBIE XapaKTEPHCTUKH.
MopenupoBaHue 3arpsi3HEHHUs IPOBOAMIIOCH IOCPEIICTBOM BHeceHHUs B mouBy Hedtu Kapaxanbacckoro me-
cropoxaenus. [lomydeHHbIe INICHKN HA OCHOBE TIOJIMBHHHUIIOBOTO CITUPTA U XUTO3aHA MCIOJB30BANH B Kade-
CTBE PEKYJIBTUBAHTOB, KOTOPbIE BHOCIIINCH B KOHIEHTpauax 0,2 I/Kr mouBbl. DPPEKTUBHOCTh peMETHAIIIH
3arpsI3HEHHBIX HE(THIO ITOYB OIEHUBAIACH B XOJ€ U3MEPEHUs COMepkKaHus He(TEPOIYKTOB U MIPOBEACHHUS
(hUTOTECTHPOBAHUS HCCIIEAYEMBIX 00pa3IOB MOYB. Pe3ymbTaThl OLCHKH Jerpafanni HeTepoLyKTOB B IPO-
1ecce peKyJIbTHBAIMM M TTOKa3aTeNny (UTOTECTHPOBAHUS, ITOMYIECHHBIC B JHHAMUKE SKCIIEPUMEHTA, IT03BO-
JSAI0T CAeNaTh BbIBOJ 00 3P()EKTHBHOCTH U 11e1ecO00Pa3HOCTH MCIOIb30BaHMS MOJIMMEPHBIX INICHOK Ha OC-
HOBE MOJIMBUHHUJIOBOTO CIIMPTA U XMTO3aHa U OYUCTKU He(Te3arps3HeHHBIX MTOYB.

Knrouesvle cnosa: MOIVBUHUIOBBINA CIIUPT, XUTO3aH, INTMUIEPUH, TOJIUMEPHBIC IUICHKHU, He(bTeSanSBHeHHLIe
I104YBBI, HG:(l)Tel'I]f)O)Z[yKTLI7 (bI/ITOpeMe)II/IaLII/IH, peMmeauanys.
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