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Oil contamination is a global environmental problem due to its serious consequences for the environment and humans. Crude
oil and petroleum products negatively affect the morphological, physicochemical, and biological properties of the soil, leading to the
withdrawal of large areas of land from agricultural use as a result of reduced or complete loss of their productivity.

To improve the properties of oil-contaminated soils, localize the contaminants, and stimulate natural remediation processes, it is
advisable to use various sorbents ameliorants — materials capable of absorbing large amounts of petroleum products, thereby preventing
their further migration. At the same time, these materials improve soil properties by loosening it, optimizing gas exchange, acting as a
source of important microelements, a matrix for the growth of oil-degrading microorganisms, etc.

The article investigates the sorption capacity of sunflower husks — an oil production waste — for oil and water and justifies
the possibility of their use for the remediation of oil-contaminated soils. The physicochemical properties of sunflower husks were
determined, and its positive effect on the water and air regimes of the soil is shown. The water absorption capacity of sunflower husks
was 0.97 g/g, oil absorption was 0.78 g/g, and the sorption capacity for oil emulsion ranged from 1.19 to 1.26 g/g, depending on the
oil content in emulsion. Due to the ability of sunflower husks to retain moisture and air within their structure, its use improves the
water permeability and aeration of oil-contaminated soil, preventing it from drying out or waterlogging, reducing soil bulk density, and
increasing soil porosity. The influence of sunflower husks on enhancing the efficiency of phytoremediation of oil-contaminated soils
(5 wt.% oil in soil) using plants: Secale cereal, Avena sativa, Sorghum saccharatum, Panicum virgatum, Zea mays, Linum usitatissimum
and Melilotus officinalis was investigated. It is shown that the addition of sunflower husks creates favorable conditions for plant growth
and development, as evidenced by increased morphometric parameters and biomass accumulation. The obtained results show that
addition of sunflower husks into oil-contaminated soil localizes oil pollution, loosens the soil, increases moisture retention capacity,
reduces toxicity, thereby creating optimal conditions for the life of plants and microorganisms. Being an inexpensive, easily accessible,
and environmentally friendly organic material, sunflower husks can be used in technologies for the remediation of oil-contaminated
soils. Key words: sunflower husks, oil-contaminated soils, oil sorption, phytoremediation.

BuxopucTaHHsl JIYIINMHHA COHSIIHMKA JUIA BigHOBiIeHHs Hadro3adpyrHenux rpyHriB. IHleBunk-Kocriok JI.3.,
Pomaniok O.1., Pomaniok I.B., Bopeuska LIO.

3abpyaHeHHs Ha(QTOO € TI00AIBFHOI eKOJOTTYHOI0 MPOOIEMOI0 Yepe3 Cepio3HI HACHIIKU U AOBKULIA Ta mroauHu. Hadra Ta
Ha(TONPOTYKTH HETAaTHBHO BIUIMBAIOTH HAa MOPQOJIOTiYHI, (i3MKO-XiMiuHi 1 GI0JIOTIYHI BIACTHBOCTI IPYHTY, IPU3BOASYN 10 BUBE-
JICHHS BEJIMKOI KIJIBKOCTI 3eMeJIb 3 CLIbCHKOTOCTIONAPCHKOTO BKHUTKY Yepe3 3HIKEHHS a0 MOBHY BTPATY 1X MPOXYKTUBHOCTI.

JU1s ToKpaIeHHs BlIacTUBOCTeH HadTo3a0pyRHEHOTo IPYHTY, JIOKali3amii 3a0py/HIOBada, akTHBI3amil IPOLECiB IIPHUPOHOTO BiTHOB-
JICHHSI IOLUTHHO BUKOPUCTOBYBAaTH Pi3HOMaHITHI COPOSHTH-METiOpaHTH — MaTepiaiy, siKi 3MaTHi BOMpaTH y BETHKUX KITHKOCTAX HAaTONpo-
JyKTH, THM CaM¥M 3aI100irarous iX MomaJIbIIiif Mirpattii, Ta OfHO9aCcHO MOKPAIIyBaTH BIACTUBOCTI IPYHTY, PO3IYIIYIOUH HOT0, OIITHMI3YI04H
ra3000MiH, BUCTYIIAI04H JUKEPEJIOM BOXKIIMBHX MIKPOCIEMEHTIB, MATPHULICIO [UTs 3pOCTAHHS MiKpOOPraHi3MiB-IeCTPYKTOPIB HADTH Ta iH.

VY crarti MoCHipKeHO COpOLiiHY 3MaTHICTh JYIITUHHS COHSIIHMKA — BiXOIB OJIHHOTO BHPOOHHIITBA — INOAO HA()TH Ta BOIAH
i 0OIPYHTOBAHO MOYKJIMBICTH IOr0 BUKOPUCTAHHSI IS BITHOBJICHHS HadTo3a0pyqHeHUX IPYHTIB. Bi3HaueHOo (i3nuKo-XiMiuHI BIACTUBOCTI
JIYLIITMHHS COHSIIHMKA 1 [IOKA3aHO HOro MO3WTHBHMII BIUIMB Ha BOJHHUH Ta HOBITPSHUI PEXXHMH IPYHTY. BONONOIIMHAHHS JTyIIIHHHS
craHoButhb 0,97 1/1, Hadromormunanus — 0,78 1/, copOuiiina emHicTh 0 HadTOBIK eMyinbeil craHoBuTh 1,19-1,26 1/1, B 3a1eXHOCTI Bij
BMICTy HaTH B eMyIbcii. 3aBAsSKH 3aTHOCTI JIYIINHHS COHSIIHMKA YTPUMYBAaTH BOJIOTY Ta HOBITps (B 00’€Mi), HOTO BUKOPHCTAHHS
MOKpAIIye BOIOMPOHHUKHICTD Ta aepalilo HadTo3abpyIHEHOro IPYHTY, 3amo0irarodd Horo mepecyulyBaHHIO Yd MEPEe3BOJIOKYBAHHIO,
3MEHIIYIOYH HIUTBHICTB Ta 30UTBITYIOYH MOPHUCTICTh IPYHTY. JIOCIIKEHO BILIHB JIYIIITHHHAS COHSITHAKA HA TiIBUIICHHS ¢()eKTUBHOCTI
¢itopemeniarii rpyHTiB, 3a0pyaHeHNX HadTOIO (5% Ha(TH y IPYHTI) 3a y4acTi pOCIIHH: KT MociBHOTO (Secale cereale), BiBca MOCIBHOTO
(Avena sativa), copro mykpoBoro (Sorghum saccharatum), poca no3onoxioHoro (Panicum virgatum), KyKypya3H 3BHUAHHOI (Zea mays),
JIbOHY 3BHYAHOTO (Linum usitatissimum), OypkyHy jikapcekoro (Melilotus officinalis). Tloka3aHo, 110 A0AaBaHHS JTyLIHAHHS COHSII-
HHKa Y Ha(hTO3a0pyIHEHUI IPYHT CTBOPIOE CHIPHSATIMBI YMOBH ISl POCTY Ta PO3BUTKY POCIIHH, LIO IMPOSBISETHCS Y 3POCTaHHI IXHIX
MOp(}HO-(i3i0M0riYHNX MapaMeTpiB Ta HAKOMUYCHHIO Oiomacu. OTpHMaHi pe3y/ibTaTd CBiquyaTh, 10 BHECCHHS JYIIMHHHS COHSIITHAKA
y HaTOo3a0pyAHEHHUI IPYHT JIoKani3ye HaToBe 3a0pyAHEHHS, PO3IYIIyE IPYHT, MiBHUILYE BOJIOIOYTPUMYBAIIbHY 3/1aTHICTb, 3MCHIIY€E
TOKCHUYHICTb, YUM CTBOPIOE ONTUMAIIbHI YMOBH JUIsl POCTY POCIMH Ta Oioxerpaznauii HadTH y rpyHTi. Byy4u HenoporuM, JerkogocTyi-
HHM 1 €KOJIOTIYHO Oe3MeYHNM OpraHivHUM MAaTepiajioM, JTyLINHHHS COHSIIHMKA MOXKE BUKOPUCTOBYBATHCH Y TEXHOJOTISX BiJHOBICHHS
HadTO3a0pyIHEHHX IPYHTIB. Kntouosi cioea: JIyIIMHHS COHSIIHKKA, HadhTO3a0pynHeHuit IpyHT, copOuis HadTH, piTopemerniarlis.
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Problem statement. The main environmental prob-
lem in regions with a developed oil and gas industry is
the contamination of environmental components with
oil and petroleum products. Accidental spills of oil and
petroleum products occur during the extraction, trans-
portation, processing, storage, consumption and disposal
of products, and cause significant damage to ecosystems,
up to environmental disasters, and lead to negative eco-
nomic and social consequences. Oil is a complex mix-
ture of organic substances consisting of a large amount
of hydrocarbons (n-alkanes, polycyclic aromatic hydro-
carbons, etc.), a small amount of non-hydrocarbon com-
pounds (sulfides, nitrides, alkanoic acids, etc.), organic
compounds of metals (vanadium, nickel, etc.), and
microelements [1, 2]. When entering the soil, oil causes
significant negative and sometimes irreversible changes:
viscosity and density of the soil mass increase, content
of heavy metals and carcinogenic polycyclic aromatic
hydrocarbons, resins, and asphaltenes increases, poros-
ity, water permeability and moisture capacity of the
soil decrease, nitrification capacity and activity of soil
enzymes decrease, number and diversity of soil microor-
ganisms decrease, the redox potential, carbon-nitrogen
balance change [3]. These changes inhibit the growth
and development of plants, lead to soil degradation and
the withdrawal of such territories from agricultural use.
Oil and petroleum products bind to soil components and
decompose slowly and with difficulty, creating condi-
tions for secondary contamination of atmospheric air,
surface water and groundwater.

Relevance of the research. Today, many methods
for the remediation of oil-contaminated soils have been
developed. Phytoremediation is considered the most
environmentally friendly approach. Research is being
conducted to increase the efficiency of oil components
biodegradation of in the process of phytoremediation
and additional physicochemical extraction with the par-
ticipation of remediation agents, in particular sorbents —
substances capable of absorbing large quantities of oil
products, thereby preventing their further migration. In
addition, most sorbents function as soil amendments —
they improve soil properties, loosen the soil structure,
optimize gas exchange, act as a source of essential
microelements, a matrix for the growth of hydrocar-
bon-degrading microorganisms, etc. Porous materials
are mainly used as sorbents, including peat, ash, coke,
silica gels, aluminogels, as well as various industrial and
agricultural wastes: oilseed meal, sawdust, husks, bran,
straw [4, 5].

Natural sorbents attract special attention due to their
wide distribution in nature, low cost and ease of use. The
combination of these advantages with rather high sorp-
tion properties makes them promising raw materials for
soil remediation from pollution [5-8].

Analysis of research and publications. Sunflower
is an important agricultural crop, the cultivated area of
which has been increasing annually. During sunflower
oil production, significant amounts of a by-product are

formed — sunflower husk — a hard, woody, multilayered
formation, homogeneous in physical structure, with a sta-
ble chemical composition and physical and mechanical
properties. Sunflower husk consists mainly of cellulose,
lignin, hemicellulose and contains small amounts of pro-
teins, fats and minerals [9]. It has high porosity, organic
composition, and the ability to retain moisture, which
makes it promising in terms of soil purification. However,
information on the use of sunflower husk for the remedi-
ation of contaminated soils is poorly researched. Only the
effect of sunflower husks combined with bird droppings
for the decomposition of petroleum hydrocarbons in soil
[10], the use of husks with immobilized microorganisms
[11], and the application of modified sunflower husk-de-
rived biochar as a sorbent for petroleum product removal
[12] are reported. However, there is no information on
the use of untreated sunflower husks (sunflower oil pro-
duction waste) in phytoremediation technologies for the
remediation of oil-contaminated soils.

The aim of the study was to establish the sorption
capacity of sunflower husks for oil and water and its
suitability for the remediation of oil-contaminated soils,
in particular for enhancing the efficiency of phytoreme-
diation.

Materials and Methods. Sunflower husks, a by-prod-
uct of oil production, were used for the study. Bulk density
was determined by weighing the husks in a measuring cup.
The moisture content of the husk was determined by the
gravimetric method — by drying the samples to constant
mass in a drying oven at a temperature of 105 °C.

To determine water absorption capacity, 10 g of
sunflower husks were soaked in water for 20 days at a
temperature of 20 °C, until completely saturated with
water. After saturation, the husks were removed from
the water, shaken on a sieve, repeatedly blotted with fil-
ter paper, and weighed. Water absorption capacity was
determined as the ratio of the mass of absorbed water to
the mass of sorbent.

To determine the sorption capacity of sunflower husks
for oil / oil emulsion (oil absorption capacity), similar
actions were performed with the participation of husks
and oil / oil emulsion. The oil emulsion was prepared by
mixing water and crude oil to obtain oil contents of 2.5
wt.%, 5 wt.%, 10 wt.%. The husks were soaked in oil /
oil emulsion for 20 days at a temperature of 20 °C. The
experiments were conducted using oil from the Borislav
oil field, with a density of 0.826 g/ml.

To investigate the effect of sunflower husks on
enhancing the efficiency of phytoremediation of oil-con-
taminated soils, soil was artificially contaminated with
oil at a concentration of 5%, sunflower husks were
added, and the soil was planted with seeds of rye (Secale
cereale), oat (Avena sativa), sugar sorghum (Sorghum
saccharatum), switchgrass (Panicum virgatum), corn
(Zea mays), flax (Linum usitatissimum), and sweet clo-
ver (Melilotus officinalis).

Morphometric parameters of plants were meas-
ured on the 45th day of the experiment using generally
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accepted methods [13]. The content of photosynthetic
pigments in plant leaves was determined spectrophoto-
metrically [14]. Soil phytotoxicity was assessed using
plant test objects: Linum usitatissimum L., Helianthus
annuus L., Fagopyrum vulgare St. [15]. The bulk den-
sity of undisturbed soil was determined using the cutting
ring method [16]. The particle density of the soil was
determined by the pycnometric method [17]. Based on
the data obtained, the soil porosity was calculated.

All experiments were performed at least three times.
The results of the studies were statistically processed
using Microsoft Excel.

Results and Discussion. The extent of oil degra-
dation in soil depends on many factors. The efficiency
of biodegradation of contaminants and the rate of soil
remediation are influenced by oxygen availability, mois-
ture content, temperature, nutrient content, soil struc-
ture and aeration. Unprocessed sunflower husks, when
applied to the soil, can act as a natural structure-forming
agent and improver of physical properties.

Some physicochemical properties of sunflower husks
were determined. It was found that sunflower husks have
a size of 9x5 mm, moisture content ranges from 9 to 10 %,
and bulk density is 0.12 g/cm?® (Table 1). The geometric
shape of a sunflower husk is an elongated hemisphere, the
volume of which contains air (Fig. 1). Due to its geomet-
ric shape and fairly dense structure, the husk creates
additional pore space in oil-contaminated soil, increasing

the porosity of the contaminated soil and preventing soil
particles from sticking together. This creates favorable
conditions for improving the water and air regimes of the
soil, which are important for plants, aerobic oil-degrading
microorganisms, and other living organisms.

Under natural conditions, when oil enters the soil
environment, it mixes with water, forming oil emulsions
that penetrate the pores of the soil covering its particles
with a hydrophobic film. The hydrophobicity of oil-con-
taminated soils makes them overmoistened or overdried,
and the sticking together of soil particles leads to its
re-compaction. Sunflower husk is able to retain a certain
amount of sorbed moisture and air (by volume), thereby
regulating the water-air regime of the soil, preventing
overdrying or overmoistening, and improving water per-
meability and aeration (Fig. 1). It was established that
the water absorption capacity of the husk is 0.97 g/g, oil
absorption capacity is 0.78 g/g, and the sorption capac-
ity of sunflower husks for oil emulsion is 1.19-1.26 g/g,
depending on the oil content in the emulsion. It is worth
noting that the sorption capacity of sunflower husks for
oil emulsion is higher than the sorption capacity for oil
and water (Table 1). This can be explained by the fact that
oil emulsion has a lower viscosity than pure oil. When
the husk comes into contact with the emulsion, water
penetrates the pores, causing the husk to swell, thereby
increasing the sorption surface area and facilitating the
access of oil droplets to the internal pores. That is, water

Table 1
Physicochemical properties of sunflower husk
Parameter Value

Husk length, mm 9+1

Width, mm 5+1
Humidity, % 9,81+0,04
Bulk density, g/cm? 0,12+0,02
Water capacity, g/g 0,97 £0,03
Oil capacity, g/g 0,78+0,02

Sorption capacity for oil emulsion, g/g

2.5 % oil in emulsion 1,26 £0,02
5 % oil in emulsion 1,24+0,02
10 % oil in emulsion 1,19+0,01

Husk

Sorbed warer

Fig. 1. Sunflower husk in moist soil

199



ExoJoriuni Hayku N2 2(65)

HAYKOBO-TIPAKTUYHUN KYPHAA

acts as a transporter that promotes deeper penetration of
oil particles into the structure of the sorbent. In addition,
the sunflower husk has both hydrophobic (in lignin) and
hydrophilic areas (in cellulose and hemicellulose), and
therefore is able to simultaneously retain both phases
of the emulsion: the aqueous phase through hydrogen
bonds, the oil phase through hydrophobic interactions,
which increases the overall sorption capacity.

The data obtained show that sunflower husks are able
to localize oil pollution and improve the properties of
contaminated soil, thereby intensifying the processes of
oil biodegradation by creating optimal conditions for
the life of plants and microorganisms. Adding sunflower
husks to oil-contaminated soil reduces its bulk density
and increases total porosity (Table 2).

To confirm the above, we investigated the effect of
sunflower husks on enhancing the efficiency of phytore-
mediation of oil-contaminated soils (5 wt.% oil) using
plants: S. cereale, A. sativa, S. saccharatum, P. virgatum,
Z. mays, L. usitatissimum, M. officinalis.

The different level of resistance of the studied plants
to oil exposure were observed, as well as a variable
effect of sunflower husks on plant growth in oil-contam-
inated soil (Fig. 2).

Corn is relatively resistant to oil contamination,
and the addition of sunflower husks to contaminated

soil does not stimulate its growth parameters. For corn
and flax, a decrease in root length of 19.7 and 3.6 %,
respectively, was observed compared to oil-contam-
inated soil without husks. In the variant with sowing
oats, a positive effect of sunflower husks on root length
and shoot height was observed. The best results were
obtained for switchgrass, sorghum, rye and sweet clo-
ver. For switchgrass and sorghum, relative shoot height
was 28.11 and 35.95 % higher, respectively, compared
to the shoot height of plants grown in oil-contaminated
soil without husks, and also 19.83 and 16.07 % higher
than the shoot height of plants grown in soil two years
after oil contamination. Adding sunflower husks to
oil-contaminated soil increased the resistance of sweet
clover to oil contamination and enhanced its growth
parameters. The relative root length and relative shoot
height of sweet clover plants grown in oil-contaminated
soil with the addition of sunflower husks were 5.26 and
10.02 % higher, respectively, than those of plants grown
in oil-contaminated soil two years after contamination
(Fig. 2, Fig. 4).

Adding sunflower husks to oil-contaminated soil
resulted in increased biomass of phytoremediation
plants, as indicated by higher fresh and dry plant mass
compared to plants grown in oil-contaminated soil with-
out sunflower husks (Fig. 3).

Table 2
Bulk density and total porosity of oil-contaminated soil
Options Bulk density, g/cm® | Total porosity, % | Moisture content, %
Control 1,23 46,2 24,1
Oil-contaminated soil (5% oil in soil) 1,34 38,5 26,3
Oil-contaminated soil (5% oil in soil)+sunflower husks 1,11 49,28 26,4
Note: Control — uncontaminated soil without oil and without sunflower husks
100
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RRL RSH RRL RSH RRL RSH RRL RSH RRL RSH RRL RSH RRL RSH

Z. mays P. virgatum S. saccharatum

A. sativa

L.usitatissimum  S. cereale M officinalis

]l m2 m3 =4

Fig. 2. Relative root length (RRL) and relative shoot height (RSH) of phytoremediation plants when grown in oil-
contaminated soil: 1 — control; 2 — oil-contaminated soil (5 %, fresh contamination); 3 — oil-contaminated soil
(5 %, two years after contamination), 4 — oil-contaminated soil (5 %)-+sunflower husks
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Fig. 3. Relative fresh weight (FW) and relative dry weight (DW) of phytoremediation plants grown in oil-contaminated
soil: 1 — control; 2 — oil-contaminated soil (5 %, fresh contamination),; 3 — oil-contaminated soil (5 %, two years after
contamination), 4 — oil-contaminated soil (5 %)+sunflower husks

Fig. 4. Plants of M. officinalis (A) and P. virgatum (B) grown in oil-contaminated soil: 1 — control; 2 — oil-contaminated
soil (5 %, fresh contamination); 3 — oil-contaminated soil (5 %, two years after contamination), 4 — oil-contaminated
soil (5 %)+sunflower husks
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The indirect effect of oil contamination on plants,
caused by changes in the physicochemical properties
of the soil, leads to disturbances in root nutrition and,
consequently, to the inhibition of photosynthetic activ-
ity. This inhibition is associated with the alteration in
the content of photosynthetic pigment, primarily chlo-
rophylls and carotenoids. Under conditions of oil con-
tamination, the content of chlorophylls @ and » and
carotenoids decreases compared to the control. Adding
sunflower husks to oil-contaminated soil increases plant
resistance to stress. The content of chlorophyll a and
b and carotenoids in the leaves of sweet clover and
switchgrass grown in oil-contaminated soil with the
addition of sunflower husks were higher than those in
plants grown in oil-contaminated soil without sunflower
husks (Table 3).

The phytotoxicity of soils after phytoremediation
with and without the addition of sunflower husks was
determined using value of effective toxicity. Sweet
clover plants were found to have a positive effect on
oil-contaminated soil, resulting in a reduction of soil
phytotoxicity when applied alone. However, an even
greater decrease in phytotoxicity of oil-contaminated

soil was observed when sunflower husks were used in
the phytoremediation (Table 4).

Therefore, sunflower husks enhance the phytore-
mediation of oil-contaminated soils by improving soil
properties, including soil structure, moisture retention,
reducing soil toxicity, and by creating optimal con-
ditions for oil rhizodegradation. Being inexpensive,
readily available, and environmentally friendly, sun-
flower husks can be used to remediation of oil-con-
taminated soils.

Conclusions. The sorption capacity of oil produc-
tion waste, sunflower husks, was determined, and their
potential application for the remediation of oil-contam-
inated soils was demonstrated. The water absorption
capacity of sunflower husks was 0.97 g/g, oil absorption
was 0.78 g/g, and the sorption capacity for oil emul-
sion ranged from 1.19 to 1.26 g/g, depending on the
oil content in emulsion. Due to their ability to retain
moisture and air within their structure, sunflower husks
contribute to improving the physico-chemical proper-
ties of contaminated soil, thereby intensifying oil bio-
degradation processes. Sunflower husks are a natural,
environmentally safe and economically viable sorption

Table 3
Content of photosynthetic pigments in the leaves of M. officinalis
and P, virgatum grown in oil-contaminated soil
Options Pigment content, pg/g :
Chlorophyll a | Chlorophyll b Chlorophyll a+b | Carotenoids
M. officinalis
Control 2,331 1,375 3,705 0,540
o - Py
Oil contamlnated SO.ll (5 %, 1.32 1.06 2.38 0,429
fresh contamination)
Oil-ontaminated soil .(5 %0, tWo 143 0.975 2.405 0,484
years after contamination)
o - PR
Oil-contaminated soil (5 %) + 1762 0.942 2,662 0.458
sunflower husks
P virgatum
Control 0,549 0,236 0,785 0,107
o - ey
Oil contamlnated so;l (5 %, 0.248 0.156 0,404 0,057
fresh contamination)
o - PR
Oil-ontaminated soil (5 %, two 0.226 0.100 0.325 0,051
years after contamination)
; - PR
Oil-contaminated soil (5 %) + 0,344 0,188 0,533 0,062
sunflower husks
Table 4
Effect of M. officinalis on phytotoxicity of oil-contaminated soil
Phytotoxicity
Test objects QOil-contaminated soil | Oil-contaminated soil (5 %, two | Oil-contaminated soil (5 %)
5 %) years after contamination) + sunflower husks
L. usitatissimum 0,523 0,210 0,270
H. annuus 1,403 0,480 0,610
F vulgare 0,918 0,914 0,666
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material and soil-structuring agent. Their inclusion in of the soil, and thus they can be used to remediation of
phytoremediation schemes improves the condition of oil-contaminated soils and for enhancing the efficiency
plants and, consequently, the microbiological activity of phytoremediation.
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