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Abstract. Following the complex technology for greasy waste utilization, which is under development, two stages of fat
degradation — biodegradation and phytoremediation — were applied for treatment of fat-polluted soil. Biodegradation was
used in the first stage, and phytoremediation was applied for degradation of residual fat and final restoration of soil struc-
ture. The latter technology was used to evaluate the ability of three following species of herbaceous plants to degrade fat
in soil: red clover (Trifolium pratense L.), meadow fescue (Festuca pratensis Huds.), and hybrid ryegrass (Lolium hybri-
dum Hausskn.). The evaluation after the stages of phytoremediation showed that hybrid ryegrass was the most effective in
fat degradation in soils with high initial fat concentrations (100 g/kg and 55.1 g/kg), i.e. 53% and 67% respectively. With
lower initial fat contents in soil (up to 12.7 g/kg), the best ability in fat degradation was determined in hybrid ryegrass and
red clover, i.e. 76%. Application of stages of biodegradation and phytoremediation for treatment of soil polluted with
greasy contaminants helped to reduce fat contents by 99% with the initial fat concentration of 138.9 g/kg, and 90% with
222.2 g/kg.

Keywords: greasy waste, bioremediation, phytoremediation, red clover (Trifolium pratense L.), hybrid ryegrass (Lolium
hybridum Hausskn), meadow fescue (Festuca pratensis Huds.).

1. Introduction

Continuous global expansion of urbanization, growth of
meat, fish and other industry, and increase in production
capacities results in growing amounts of greasy waste of
vegetal and animal origin. Following environmental re-
quirements of the European Union, landfills reduce the
amount of accepted biodegradable waste continuously
every year (European Union... 2006; Baltrénas, Kvasaus-
kas 2008), thus this leads to the issue of greasy waste
treatment.

Thermal, physicochemical, and biological methods
are usually used for treatment of soil polluted with organic
contaminants. The most economically effective are the
methods of biological treatment: biodegradation, aeration,
bioremediation (composting, biorecovery, biostimulation,
etc.). One of the cheapest and the most effective methods
of soil treatment is bioremediation. This is a natural pro-
cess used globally to degrade harmful organic and inorgan-
ic substances. Technological processes of bioremediation
are based on application of plants (phytoremediation),
microorganisms (remediation by microorganisms), and
animals (zooremediation), which wuse environment-
contained contaminants as a substrate to maintain their
own growth and metabolism (Gupta et al. 2003; Kalédiené
2009).

One of the soil-contained contaminant treatment
methods used in bioremediation is composting. During

the process of composting, microorganisms degrade or-
ganic waste in soil and the final good quality product—
compost — is obtained (Haug 2000). Phytoremediation is
usually applied for small amounts of organic or inorganic
compounds in soil and water; treatment of contaminated
wastewater and accumulation of biogenic substances; and
restoration of soil structure after application of other
treatment methods (Liuzinas, Paunksnyté 2008). This
contamination treatment method is considered as an al-
ternative to physical remediation, which is destructive to
the environment (Gupta et al. 2003).

Method of phytoremediation used for improvement
of soil properties and its structure restoration is economi-
cal and effective as it requires less maintenance than con-
ventional treatment methods (Landmeyer 2001; Trapp,
Karlson 2008; Jankevicius, Liuzinas 2003). Effectiveness
of phytoremediation depends on physical and chemical
properties of contaminants, their concentration in soil,
and species of plants used (Gao, Zhu 2003). This method
is the final stage of degradation of organic (e.g. fat) and
inorganic contaminants.

For soil restoration, the following taller cultivated or
wild plants can be used for phytoremediation: trees — wild
pine (Pinus sylvestris L.), eastern poplar (Populus deltoi-
des W. Bartramex Marshall), willow (Salix sp.); spiked
grasses — red fescue (Festuca rubra L.), smooth meadow-
grass (Poa pratensis L.), perennial ryegrass (Lolium per-
rene L.), cereal rye (Secale cereale); pulse — white clover
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(Trifolium repens L.), medick (Medicago sp.), and etc.
Treatment of soils polluted with fat or other organic su-
bstances mostly uses pulse and spiked plants as they fea-
ture well-evolved root system (Hou et al. 2001; Pichtel,
Liskanen 2001). Diffuse roots improve ground aeration,
increase content of nitrogen and biologically active su-
bstances that accelerate degradation of organic contami-
nants (Jankevicius, Liuzinas 2003).

According to the mechanism of contaminant removal
from soil, phytoremediation is divided into rhyzodegrada-
tion, phytostabilisation, phytodegradation, and phytotrans-
piration/phytoaccumulation. Depending on contaminant
type and environmental conditions, treatment processes
can take place simultaneously or separately.

Development of phytoremediation technology needs
an appropriate choice of plants. Selection of plants re-
quires consideration of environmental conditions, con-
taminant uptake capacity, tolerance to drought or
flooding, pH, salinity of soil and groundwater, root
length, growth rate, and rates of water consumption and
evaporation. Fat removal depends on soil granulometric
composition, contaminant origin, peculiarities of plant
root system, and concentration of microorganisms in the
rhizosphere. Contaminant degradation accelerates when
there is higher microorganism concentration in rhizo-
sphere and plants have dense root systems (Chang, Cara-
pcioglu 1998; Corgie et al. 2004; Hou ef al. 2001).

Experimental research conducted in the laboratories
of the Joint Stock Company Biocentras following the
Optimised Complex Technology for Grease Waste Utili-
zation (EUROENVIRON DEGREAS E!3726) project of
the EUREKA programme resulted in the development of
soil treatment technology (Fig. 1) using two stages of
biological treatment: biodegradation and phytoremedia-
tion. First treatment stage included degradation of sample
greasy waste using Grizinas, a bacterial preparation de-
veloped by the JSC Biocentras. Grizinas is a highly effec-
tive in fat degradation in both water and soil. The
duration of biodegradation stages was 6 months. Results
of the research showed that usage of cultures of fat de-
grading microorganisms resulted in effectiveness of fat
degradation of 75-91% in soils with high fat concentra-
tions (222.2 to 138.9 g/kg), and up to 96% with low con-
centrations (55.6 g/kg) (Aikaité-Stanaitiené et al. 2010).
The subsequent stage of treatment — phytoremediation —
is used for degrading residual fat and improvement of soil
quality; depending on the season and the initial fat con-
centration in soil, its duration averages 4 to 8 months.
The outcome of this two-stage treatment is purified soil,
which can be used as compost for improvement of quality
of poor soils, cultivation of energy forest, or as fertilizer
in fields.

The objective of this paper is to determine capability
of red clover (Trifolium pratense L.), hybrid ryegrass (Lo-
lium hybridum Hausskn.), and meadow fescue (Festuca
pratensis Huds.) to degrade finally the residual fat after
stages of biodegradation, and restore soil structure.
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Fig. 1. Technological scheme of fat utilization

2. Research methods

After completing biodegradation stages according to the
technological scheme for greasy waste utilization (Fig. 1),
possibilities of application of phytoremediation for deg-
radation of residual greasy waste and improvement of soil
quality was researched.

For the biodegradation analysis, the following most
common fats (according to the composition of fatty acids)
were found in waste chosen as a sample substrate: pork
fat, beef tallow and vegetable oil, all mixed at the ratio of
1:1:1. The following initial concentrations of sample
greasy waste was chosen: 55.6 g/kg, 138.9 g/kg, control
138.9 g/lkg (further referred to as C) and 222.2 g/kg,
which decreased respectively to 2.5 g/kg, 12.7 g/kg,
100.0 g’kg (C), and 55.1 g/kg at the end of biodegrada-
tion stages. No treatment with biopreparation for greasy
waste degradation was applied for control sample (C).

For phytoremediation, the soil was obtained after the
stages of biodegradation. Residual fat concentrations in
soil determined at the end of biodegradation stages were
used as a starting point for stages of phytoremediation.
Fat-uncontaminated soil with determined initial fat con-
centration of 0 g/kg (further referred to as Cl) and soil
with residual fat concentration of 100 g/kg after the stag-
es of biodegradation (further referred to as C2) were cho-
sen for control purposes. These control samples were
designed to evaluate growth and development of plants in
soils with initial fat content of 0 g/kg and 100 g/kg. Other
initial technological parameters were also determined:
C/N ratio, pH, an amount of microorganisms, and con-
tents of ammonium nitrogen and orthophosphate phos-
phorus. Sample mixtures placed into 20-litre vessels
prepared for phytoremediation (three vessels of each
sample).

Following the data provided in literature, three spe-
cies of herbaceous plants were chosen for phytoremedia-
tion:
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—Red clover (Trifolium pratense L.) — a herbaceous
plant in the leguminous (Fabaceae) family, clover
(Trifolium) genus; height 15 to 40 cm.

—Hybrid ryegrass (Lolium hybridum Hausskn.) —
belongs to the family of true grasses (Poaceae),
ryegrass (Lolium) genus; valuable perennial dwarf
forage grass.

—Meadow fescue (Festuca pratensis Huds.)) — a
plant that belongs to the family of true grasses
(Poaceae), fescue (Festuca) genus (Agrolitpa
2006).

Germination capacity of seeds of red clover, hybrid
ryegrass, and meadow fescue was determined. Analysis
of seed germination capacity was performed under ger-
mination-favourable environment conditions (constant
temperature of 22 °C). Filtering paper was used as germi-
nation medium. It was moisturised with water, which
conformed to the following requirements: low content of
organic-mineral impurities, pH range from 6.0 to 7.5.
Germination took place in watertight vessels, in a lit
place, and under constant temperature. Two samples of
400 seeds each were separated randomly from well-
mixed batches of clean seeds of each plant species and
then divided into smaller subsamples of 100 seeds each.
On the moist medium, seeds were evenly distributed
maintaining equal distance between them in order to pre-
vent influence of adjacent seeds on development of grow-
ing sprouts and to ensure an even germination of seeds.
The number of germinated seeds was calculated and per-
centages were estimated (Order of the Minister... 2003).

After germination capacity was determined, each
soil sample had 100 seeds of every plant species sowed.
Plants were cultivated outdoors during the period from
April to August. Soil moisture content and development
of plants were monitored.

At the end of the first stage of phytoremediation, af-
ter 9 weeks from the sowing, plants were pulled up by the
roots and weighted; height of plants and root length were
measured. Soil analysis was also performed and the fol-
lowing values were determined: pH, an amount of micro-
organisms (CFU/g), residual fat content (g/kg), contents
of ammonium nitrogen and orthophosphate phosphorus,
and C/N ratio.

At the beginning of the second stage of phytoreme-
diation, the soil was fertilised and the same plants were
sown. The duration of this stage also amounted to 9
weeks. At the end of this stage, plants were pulled up by
their roots and weighted; height of plants and root length
were measured; pH, the amount of micro organisms
(CFU/g), residual fat content (g/kg), contents of ammoni-
um nitrogen and orthophosphate phosphorus (mg/kg),
and C/N ratio were determined; and soil quality was es-
timated.

The Kjeldahl method (LAND 84-2006) was used for
determination of total content of nitrogen in soil samples.

The total carbon content was estimated by oxidising
soil samples in hot solution of potassium dichromate.

Moisture content was determined by drying of 10 g
of soil sample in a drying oven at 105 °C+ 2 °C for 40 to
48 hours until invariable weight (Alef, Nannipieri 1995).
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pH value in samples was measured using InoLab
720 pH meter (Germany) working with the mixture of
analyzed soil and 1 M potassium chloride solution mixed
at the ratio of 1:2.5 (LST ISO 10390:2005).

Fat concentration was determined using the method
of Soxhlet (Alef and Nannipieri 1995).

The spectrophotometric method (LAND 38-2000,
LAND 58-2003) was used for determination of contents
of ammonium nitrogen and orthophosphate phosphorus.
Optical density was measured using the Shimadzu UV-
1601 spectrophotometer (Japan).

3. Research results

The analysis results showed that germination capacity of
seeds of red clover, hybrid ryegrass, and meadow fescue
reached up to 95-97%. The analysis of two different
samples of each of the plant species showed similar re-
sults, which stayed within the range of permitted devia-
tion (4-6%), therefore, seeds of all chosen plants were
suitable for further research.

Changes of fat concentration in soil were determined
at the end of the first (after 9 weeks) and the second (after
18 weeks) stages of phytoremediation. The reduced fat
content was determined in all samples after each stage of
phytoremediation (Figs 2 and 3).
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Fig. 2. Rate of fat degradation at the end of the first stage of
phytoremediation
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Fig. 3. Rate of fat degradation at the end of the second stage of
phytoremediation
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At the end of the first stage of phytoremediation, the
best degradation of fat was determined in soil with initial
fat content of 12.7 g/lkg (Fig. 2). This tendency was ob-
served using all of the plant species analysed. Effective-
ness of fat degradation in soil with cultivated red clover
reached 56.5%, meadow fescue — 55.4%, and hybrid
ryegrass — 53%.

With the initial fat concentration in soil of 100 g/kg
(C2), fat degradation was slow in all three samples. Cul-
tivation of red clover resulted in the lowest fat degrada-
tion rate of 7.5%; it was slightly higher with meadow
fescue — 18%; and hybrid ryegrass showed the highest
result of 25%.

At the end of the second stage of phytoremediation,
with initial fat concentration in soil of 100 g/kg (C2), the
effectiveness of fat degradation with cultivated hybrid
ryegrass reached 52.7%, meadow fescue — 38.3%, and
red clover — 20.1% (Fig. 3). With the initial fat content of
55.1 g/kg, hybrid ryegrass was the most effective in fat
degradation — 67%, meadow fescue — 65%, and red clo-
ver — 50%. Similar fat degradation rate (around 76%) was
determined using red clover and hybrid ryegrass when the
initial fat concentration in soil was 12.7 g/kg. In soils
with low initial fat contents (2.5 g/kg), it was determined
that the most significant reduction of fat amounted to
69% and was obtained by cultivating hybrid ryegrass.

Comparison of fat content reduction in all samples
showed that the most significant fat degradation was in
samples with initial fat concentration of 12.7 g/kg. It is
obvious that plants naturalise better in soils polluted with
less fat. Fat degradation rate was lower in soils with ini-
tial fat concentration of 2.5 g/kg rather than in soils with
12.7 g/lkg. In case fat concentration in soil is very low,
biodegradation of organic contaminants becomes slower
during phytoremediation as plant roots are not capable of
reaching all the fat contained in soil. J. Juhanson and his
co-authors (2007) also observed similar results.

At the end of the first and second stages of phytore-
mediation, experimental analysis was conducted and C/N
ratio of soil was determined (Figs 4 to 6).

Soil-contained organic carbon maintains ground
structure, improves the physical environment for roots to
penetrate better into the soil, and the nitrogen is required

Initial
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Fig. 4. Evaluation of C/N ratio in soil with red clover
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for protein synthesis (the European Communities 2009).
Lack of nitrogen in soil results in rotting and endothermic
processes, which feature the release of unpleasant odours
into the environment.

C/N ratio is one of the key characteristics of soil.
Therefore, monitoring of it is essential during the com-
plete process of phytoremediation. According to the liter-
ature data provided by Haug (2000), the appropriate C/N
ratio in soil must be 20/1-40/1 and the optimal — 25/1—
30/1.

Cultivating red clover (Fig. 4), the highest C/N ratio
of 59/1 was determined in soil with initial fat concentra-
tion of 100 g/kg (C2). Analogous results of 58/1 were
obtained with concentration of 2.5 g/kg. However, at the
end of the second stage of phytoremediation, this ratio
decreased to 16/1. The appropriate C/N ratio (20/1 to
40/1) was obtained in soils with initial fat concentration
of 12.7 g/kg and 55.1 g/kg and reached up to 23/1 and
30/1, respectively.

At the end of the second stage of phytoremediation,
cultivation of hybrid ryegrass in soils with initial fat con-
centration of 12.7 g/kg resulted in optimal C/N ratio of
27/1 (Fig. 5).
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Fig. 5. Evaluation of C/N ratio in soil with hybrid ryegrass
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Fig. 6. Evaluation of C/N ratio in soil with meadow fescue
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Cultivation of hybrid ryegrass in soil with initial fat
concentration of 2.5 g/kg resulted in C/N ratio of 19/1,
and with 100 g/kg (C2) — 36/1 (Fig. 5). Fat is the main
source of carbon; therefore, the reduction of fat concen-
tration in soil results in respectively lower C/N ratio.

At the end of both stages of phytoremediation, culti-
vation of meadow fescue in soil with initial fat concentra-
tion of 12.7 g/kg resulted in optimal C/N ratio of 25/1
(Fig. 6). The appropriate C/N ratio was determined in soil
with initial fat content of 55.1 g/kg and 100 g/kg (C2) and
reached up to 26/1 and 31/1, respectively.

At the end of the second stage of phytoremediation,
a comparison of C/N ratios showed that appropriate C/N
ratio (19/1) in soil with initial fat concentration of
2.5 g/kg obtained by cultivation of hybrid ryegrass. In
case of initial fat concentration in soil of 12.7 g/kg, opti-
mal C/N ratio of 25/1 and 27/1 was obtained with mead-
ow fescue and hybrid ryegrass, respectively. Cultivation
of red clover resulted in C/N ratio of 30/1 in soils with
higher initial fat concentration (55.1 g/kg); with meadow
fescue, the ratio was 26/1.

At the end of the first (after 9 weeks) and the second
(after 18 weeks) stages of phytoremediation, other pa-
rameters, such as pH, contents of ammonium nitrogen
and orthophosphate phosphorus, and amount of microor-
ganisms was also determined (Tables 1 to 3).

Table 1. Influence of red clover on soil parameters during

phytoremediation
Parameters researched
Initial fat -
3 concentra- u | N SN, [POS-P, r?l?;f(?:rt (:
= | tion ghe b mgke | meke nisms, CFgU/ o
0(C1) 6.15 | 4023 289.4 1.9-10°
2.5 6.10 | 385.7 264.9 8.4:10°
0 12.7 6.29 62.5 20.2 3.6:10°
55.1 5.87 174.4 18.3 4.2-10°
100(C2) 532 | 2379 457 3.7:10°
0(C1) 6.31 55.8 4.5 1.9:10°
2.5 6.23 23.3 3.7 1.1-10°
9 12.7 6.51 423 2.0 4.2:10°
55.1 6.25 69.9 3.0 4.8-10°
100(C2) 6.23 74.7 3.1 6.0:10°
0(Cl) 6.80 77.1 2.5 2.0:10°
2.5 6.70 31.9 1.9 2.0-10°
18 12.7 6.94 66.4 7.0 5.4-10°
55.1 6.7 105.6 2.7 5.0-10°
100(C2) 6.81 93.3 22 7.0:10°

Comparison of pH results of soil samples with the
initial values (Tables 1 to 3) showed the insignificant
increase of pH in all samples at the end of the first stage
of phytoremediation; the value of pH has reached its op-
timal level (pH 6.5-7.0) at the end of the second stage of
phytoremediation. According to Haug (2000), the appro-
priate value of soil pH must range from 5.5 to 9.0 and the
optimal — from 6.5 to 8.0.

The analysis of the soil with red clover showed the
decrease of contents of ammonium nitrogen and ortho-
phosphate phosphorus at the end of the first stage of phy-
toremediation (Table 1). The results show the reduction of
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contents of ammonium nitrogen and orthophosphate phos-
phorus, as these elements are sources of easily absorbed
nutrients for such plants and are necessary for the for-
mation of their root systems and maintenance of growth.

During stages of phytoremediation, the total amount
of microorganisms in soil with red clover was evaluated
(Table 1). The amount of microorganisms in soil is essen-
tial as higher concentration of microorganisms in the
rhizosphere results in acceleration of fat degradation. It
was determined that the amount of microorganisms has
been increasing insignificantly or stayed stable in all soil
samples.

Similar results were obtained during the analysis of
soil with meadow fescue and hybrid ryegrass (Tables 2 to 3).

All soil samples with hybrid ryegrass showed higher
pH than other plant species (Table 3).

Table 2. Influence of meadow fescue on soil parameters during

phytoremediation
o Parameters researched
| Initial fat -
§ concentra- i NH,"-N,| PO/-P, Amount of
: P microorga-
tion, g/ke meke | meke | i CRU/g
0(C1) 6.15 | 402.3 289.4 1.9:10°
2.5 6.10 | 385.7 264.9 8.5:10°
0 12.7 6.29 | 625 20.2 3.6:10°
55.1 5.87 | 174.4 18.3 4.2-10°
100(C2) 532 | 2379 45.7 3.7:10°
0(C1) 6.28 | 49.8 6.2 1.9:10°
2.5 6.11 | 17.7 5.9 9.8:10°
9 12.7 6.53 | 363 1.7 6.8:10°
55.1 6.18 | 79.9 4.6 5.5:10°
100(C2) 6.24 | 75.6 4.4 7.6:10°
0(Cl) 6.79 | 65.9 2.8 2.1-10°
2.5 6.65 | 20.5 2.0 2.510°
18 12.7 6.89 | 19.9 5.8 2.8:10°
55.1 6.63 | 925 6.9 5.7-10°
100(C2) 6.84 | 102.4 7.7 9.0:10°

Table 3. The influence of hybrid ryegrass on soil parameters
during phytoremediation

Parameters researched
v Initial fat
§ concentra- oH NH,"N,| PO/-P, rﬁ{gf(?(?rtng
tion, ke mg/kg | mg/ke nisms, CFU/g

0(C1) 6.15 | 402.3 289.4 1.9-10°

2.5 6.10 | 385.7 264.9 8.5:10°

0 12.7 6.29 | 625 20.2 3.6:10°

55.1 5.87 | 174.4 18.3 4.2-10°

100(C2) 532 | 2379 45.7 3.7:10°

0(C1) 6.81 | 45.8 7.1 2.0:10°

2.5 632 | 155 4.6 1.0-10°

9 12.7 6.61 | 38.1 4.4 3.1-10°

55.1 628 | 72.7 2.0 5.6'10°

100(C2) 594 | 69.9 4.9 5.6:10°

0(Cl) 7.01 | 57.1 2.5 2.0-10°

2.5 6.80 | 16.2 1.8 2.3:10°

18 12.7 6.84 | 56.0 7.8 3.2:10°

55.1 6.8 90.3 2.3 6.1:10°

100(C2) 6.94 | 85.1 5.2 6.1:10°
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The amount of microorganisms in soil samples
showed an insignificant increase or remained stable (Ta-
bles 2 to 3). The highest amount of microorganisms was
determined in soil with the lowest fat concentration
(2.5 g/kg). This can be explained by the fact of improved
aeration, sufficient moisture content, better-developed
plant root system, and etc. Low fat content in soil ensures
better growth-favourable conditions for microorganisms.

The increase of C/N ratio in all samples with the ini-
tial fat concentrations of 12.7 g/kg, 55.1 g/kg, and
100 g/kg (C2) observed at the end of the first stage of
phytoremediation can be related to the reduction of am-
monium nitrogen concentrations. An increase of ammo-
nium nitrogen content was observed at the end of the
second stage of phytoremediation (Tables 1 to 3).

Morphological analysis of red clover, hybrid
ryegrass, and meadow fescue was performed at the end of
both stages of phytoremediation. Ten plants from each of
the analysis vessels were pulled up by roots randomly;
height of plants and root length were measured; plant
weight was determined (Figs 7 to 12).
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Fig. 7. Average weight of plants after the first stage of phy-
toremediation

3250

""é’ g Red clover
3000 e~ < Meadow fescue
2750 % T El1 Hybridic ryegrass
£ U
S 2000 {1 7
% 1750 1 é éj
é_ 1500 1 é g
@ 1250 % g
g ool A
ol
< 750 % % 7
500 || é % gk
250 %E:?: % R
0 h é é ’Ié ot ]
0(K1) 25 12,7 55,1 100(K2)

Initial fat content, g/kg

Fig. 8. Average weight of plants after the second stage of phy-
toremediation

Analysis and comparison of separate plants (Figs 7
and 8) shows that cultivation of plants during the second
stage of phytoremediation results in significantly higher
average weights than during the first stage.

Red clover was distinguished by the higher average
weight of separate plants in soil samples with lower ini-
tial fat content (2.5 g/kg and 12.7 g/kg). The highest av-
erage weight of plants (2.705 g) was determined in the C1
sample of red clover at the end of the second stage of
phytoremediation (Fig. 8). The lower average weight
(2.309 g) of separate red clover plants was found in soil
samples with initial fat concentration of 12.7 g/kg. In
soils with high initial fat concentration (100 g/kg (C2)
and 55.1 g/kg), germination of red clover was weak and
so was the development. Meanwhile, growth of hybrid
ryegrass was good even with higher fat concentrations
(55.1 glkg and 100 g/kg); average weight of separate
plants of hybrid ryegrass reached 0.208 g and 0.081 g,
respectively.

Red clover
&l Meadow fescue
E Hybridic ryegrass

w
al
o
260
TR s

—241

Average plant height, mm

0(K1)‘ 25 ‘ 12,7 ‘ 55,1
Initial fat content, g/kg

100(K2)

Fig. 9. Average height of plants after the first stage of phytore-
mediation
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Fig. 10. Average height of plants after the second stage of phy-
toremediation
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Measurement of plant height showed different data
distribution among plant species (Figs 9 to 10). On the
increase of initial fat concentration in soil, reduction of
average plant height was observed for all plants during
both stages of phytoremediation.

At the end of the first stage of phytoremediation, it
was determined that hybrid ryegrass has been growing
better than other plants (Fig. 9) in soils with high initial
fat concentrations (100 g/kg (C2) and 55.1 g/kg); average
heights of these plants were 105 mm and 127 mm respec-
tively. In soils with the same initial fat concentrations,
meadow fescue showed an average growth (73 mm and
102 mm), and the smallest height values were of red clo-
ver, amounting to 29 mm and 55 mm.

The growth of meadow fescue was also good in soils
with low fat concentration. However, initial fat concen-
tration of 12.7 g/kg was more favourable to the growth of
red clover as it reached 193 mm.

At the end of the second stage of phytoremediation,
analogous tendencies of average plant height and weight
distribution was observed. However, plants of all species
were heavier and taller. Evaluation of plants of all species
(Figs 11 and 12) cultivated in soils with the lowest initial
fat concentration (2.5 g/kg) showed that the average root
length had practically no difference from the C1 control
samples at the end of both the first and the second stages
of phytoremediation.
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Fig. 11. Average length of plant roots at the end of the first
stage of phytoremediation

This leads to a conclusion that low initial fat concen-
tration has no significant influence on the formation of a
root system.

During the second stage of phytoremediation, root
length of hybrid ryegrass from soils with initial fat con-
centration ranging from 12.7 glkg and 100 g/kg (C2)
remained almost the same (ranged from 113 mm to
93 mm), and it was still smaller than C1 by around 50%
(Fig. 12). Cultivation of meadow fescue showed similar
tendency in soils with initial fat concentration of
12.7 g/lkg and 55.1 g/kg. The shortest roots were of red
clover. For soils with initial fat concentration of
12.7 g/kg, it was similar to the length of hybrid ryegrass,
i.e. 115 mm. Comparison of morphological data of plants

V. Kackyte et al. Usage of plants for fat-polluted soil treatment

allows stating that values of average weight, height, and
root length of red clover, hybrid ryegrass, and meadow
fescue were higher at the end of the second stage of phy-
toremediation than after the first stage.

This was due to the reduced fat concentration in soil
and improved ground characteristics.
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Fig. 12. Average length of plant roots at the end of the first
stage of phytoremediation

The research results allow stating that out of the spe-
cies researched for phytoremediation in soils with higher
initial fat waste contents (up to 100 g/kg), hybrid ryegrass
and meadow fescue are the most suitable plants. Red
clover might only be used in soils with low (up to
10 g/kg) fat concentrations. Morphological parameters
can be seen in Figs 13 and 14. The summary of the re-
search results allows stating that this technology is effec-
tive and can be used for treatment of greasy waste. Using
a combination of stages of biodegradation and phytore-
mediation, a high degree degradation of greasy waste can
be achieved (Table 4).

Table 4. Rate of fat contaminant degradation at the end of phy-
toremediation stages

Content of degraded fat in soil, %
Initial fat After phytoremediation
concentra- After
tion, g/kg | biodegradation | Hybrid | Meadow | Red
ryegrass | fescue clover
55.6 96 98.6 98.4 97.8
138.9 91 97.8 97.2 97.8
2222 75 91.8 91.3 87.6
138.9 (C) 28 66.2 554 42.2

The Table 4 shows that application of complex tech-
nology for greasy waste utilization helps in achieving the
degree of fat degradation of up to 99% by cultivation of
hybrid ryegrass, meadow fescue, and red clove in soils
with initial fat concentration of 55.6 g/kg and 138.9 g/kg,
and up to 90% in soils with high (222.2 g/kg) initial
greasy waste concentrations.
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Plant Initial fat concentration
0(CL) 2.5 g/kg 12.7 g/kg 55.1 g/kg 100(C2)
Red clover
Meadow
fescue
Hybrid
ryegrass
Fig. 13. Plants at the end of the first stage of phytoremediation
Initial fat concentration
Plant 0CD) 2.5 g/kg 12.7 g/kg 55.1 g/kg 100(C2)
Red clover
Meadow
fescue
Hybrid
ryegrass

Fig. 14. Plants at the end of the second stage of phytoremediation

In the control soil sample (C) with no biopreparation
added, the most effective in fat degradation was hybrid
ryegrass with 66.2%. The purified soil can be used for
improvement of quality of poor soils.

4. Conclusions

1. It was determined that phytoremediation is a suit-
able method for treatment of soil with residual fat after
the primary stages of biodegradation, and for improve-
ment of soil properties.

2. The research results show that phytoremediation
can be applied for treatment of soil with initial fat con-
centration under 50 g/kg. Plants suitable for treatment of
such soil are hybrid ryegrass and meadow fescue. Red
clover can be used for phytoremediation in soils with
initial fat concentration under 10 g/kg.

3. The research resulted in the most effective fat
degradation during cultivation of hybrid ryegrass in soils
with initial fat concentration up to 55.1 g/kg; fat concen-
tration in soil reduced by up to 67%.

4. The results of the conducted research allow stat-
ing that C/N ratio in soil samples depends on fat concen-

tration in soil. As it was determined at the end of the se-
cond stage of phytoremediation, cultivation of hybrid
ryegrass and meadow fescue in soil samples with initial
fat concentrations ranging from 12.7 g/lkg to 100 g/kg
resulted in the appropriate C/N ratio (25/1-36/1).

5. It was determined that average weight of separate
plants depended on fat concentration in soil. Low initial
fat concentrations in soils of 2.5 g/kg and 12.7 g/kg re-
sulted in the highest average weight of red clover
amounting to 2.309 g and 1.144 g, slightly lower weight
of hybrid ryegrass pieces — 0.503 g and 0.606 g, and fi-
nally of meadow fescue — 0.319 g and 0.454 g.

6. Experimental analysis showed that plant height
depended on fat concentration in soil. The biggest values
of plant height ranging from 123 to 177 mm were of hy-
brid ryegrass in soils with high initial fat concentration
(100 g/kg and 55.1 g/kg).

7. Application of complex technology for greasy
waste utilization allows reaching the degree of fat degra-
dation of up to 99%.
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RIEBALAIS UZTERSTO GRUNTO VALYMAS NAUDOJANT AUGALUS

V. Kackyte, S. Grigiskis, D. Paliulis, J. Aikaité-Stanaitiené

Santrauka

Gruntui, uzter$tam riebalinémis atliekomis, valyti pagal kuriama kompleksing riebaliniy atlieky utilizavimo technologija
numatyti du riebaly skaidymo etapai — biologinis skaidymas ir fitoremediacija. Pirmuoju etapu taikyta biodegradacija, o
likusiems riebalams skaidyti ir grunto strukttirai galutinai atkurti — fitoremediacija, kurios metu jvertinta trijy pasirinkty
zolinés augalijos rusiy — raudonyjy dobily (7rifolium pratense L.), tikryju erai¢inuy (Festuca pratensis Huds.) ir hibridiniy
svidriy (Lolium hybridum Hausskn.) geba skaidyti riebalus grunte. Po fitoremediacijos etapo nustatyta, kad, esant
dideléms pradinéms riebaly koncentracijoms grunte (100 g/kg ir 55,1 g/kg), efektyviausiai riebalus skaid¢ hibridinés
svidrés — atitinkamai 53 % ir 67 %. Esant mazesnéms riebaly koncentracijoms grunte (iki 12,7 g/kg), geriausiai riebalus
skaide hibridinés svidrés ir raudonieji dobilai — 76 %. Riebalais uzterStam gruntui valyti etapais taikant biodegradacijg ir
fitoremediacija, riebaly kiekis grunte sumazéjo 99 %, kai pradiné riebaly koncentracija buvo 138.9 g/kg, o kai riebaly

koncentracijai 222,2 g/kg — 90 %.

Reik§miniai Zodziai: riebalinés atlickos, biologinis skaidymas, fitoremediacija, raudonieji dobilai (7rifolium pratens L.),
hibridines svidrés (Lolium hybridum Hausskn), tikrieji eraiCinai (Festuca pratensis Huds.).
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OUYHNCTKA 3AT'PSI3BHEHHBIX )KUPAMHA 'PYHTOB C UCIIOJIb30OBAHUEM PACTEHUI
B. Kaukwure, C. I'purnwkuc, /. IManoauc, . Aiikaiite-CraHaiiTeHe
Pe3ome

CoracHo co3/1aBaeMo# KOMIUIEKCHOW TEXHOJIOTHY YTHIIN3AIMH XKHPOBBIX OTXOIOB C IEJIBI0 OYUCTKU IPYHTa, 3arps3HeH-
HOTO >KMpaMmH, ObIIM MPUMEHEHBI Ba 3Tarna JUlsl paclerIeHUs )KUpoB — OGronerpananus u puropemenunarus. Ha nepsom
sTane ObuTa MPUMEHEHA OMOAerpamalys, a JUlsl PaclIeIUICHNs] OCTABIINXCS KHUPOB M OKOHUYATEILHOTO BOCCTAHOBICHUS
CTPYKTYpBI TpyHTa — (PUTOpEMETNALINS, BO BPEMSI KOTOPOH OLlEHMBAIACh CHOCOOHOCTH TPEX TPABSIHHUCTHIX BUJOB — KIle-
Bepa jtyroBoro (7rifolium pratense L.), oBcSHUIIBI TyroBoi (Festuca pratensis Huds.) u nneBena rubpunanoro (Lolium hy-
bridum Hausskn.) — pacmierisats xupsl B rpyHTe. [locne stana ¢uropemeaunanuu 651710 YCTAaHOBJICHO, YTO TIPU BBICOKHX
3aaHHBIX HaYaJIbHBIX KOHIEHTpaNMsX kupoB B TpyHTe (100 1 55,1 r/kr) Hanbonee 3h(peKTUBHO pacIIerIsI )KUPHI T1e-
BeJ1 THOpuUIHBIA — 53% 1 67% cooTBeTcTBeHHO. [Ipy Gojiee HU3KMX HaYaJdbHBIX KOHIICHTpALUAX KUPOB (10 12,7 r/kr
rpyHTa) HanboJee BHICOKMIA MPOLEHT PACLICIUICHHBIX XUPOB JOCTUraJCs MpY MPUMEHEHUH IUIEBeIa THOPUIHOTO U Kile-
Bepa J1yroBoro — 76%. Ilocne npruMeHeHus 3TanoB Ouoaerpajanry 1 GpuropeMeanalyiy 1l OYMCTKY TPYHTA, 3arpsi3HeH-
HOT'0 JKUPaMH, KOJIMYECTBO KHUPOB B IPYHTE CHU3UIOCH Ha 99% Tipu uX HavdainbHOM KoHueHTpauun 1389 r/kr u Ha 90%
MPY WX KOHIIEHTpaImu 222.2 r/Kr rpyHTa.

KarwoueBble ciioBa: >KUPOBBIC OTXOJbI, OHOpeMenuanus, (uropemeanaiys, kiesep nyrosoii (7rifolium pratense L.),
ruieBen ruOpuaHblii (Lolium hybridum Hausskn), oBcsHuua nyrosas (Festuca pratensis Huds.).
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