
Introduction

Petrochemical products often cause deterioration of surface 
water and groundwater quality Hybská et al. (2018). Removal 
of hydrocarbons from the environment and safe extraction of 
oil are two major challenges for the oil industry (Varjani et al. 
2015). 

Many oil products end up in surface water bodies, causing 
surface runoff. Oil hydrocarbons are the prevailing pollutants 
of surface wastewater. Diesel fuels are complex mixtures that 
consist of a large number of hydrocarbons with C8 to C26 
carbon molecules, as well as organic compounds of sulphur, 
nitrogen and oxygen (Vuruna et al. 2017). Dieseline contains 
from 2,000 to 4,000 hydrocarbons and is a complex mixture 
of linear, branched and cyclic alkanes and polyaromatic 
compounds obtained from the middle fraction of the distillate 
during oil separation process Mauricio-Gutiérrez et al. 
(2020). Oil spills and improper discharge of industrial wastes 
contribute to the rising contamination of the environment with 
petroleum hydrocarbons (Chandra et al. 2013). Many crude oil 
constituents are harmful and highly toxic due to the presence in 
them of toxic, carcinogenic and teratogenic components such as 
benzene, toluene, ethylbenzene, xylene and polycyclic aromatic 
hydrocarbons (Chandra et al. 2013). Inorganic compounds 

can contribute to the spread of oil pollution: suspended solids 
can carry hydrocarbons and various sediments and block the 
penetration of sunlight into water bodies. Oil hydrocarbons in 
the form of an immiscible liquid (fat, oil) accumulate on the 
surface of water bodies due to their lower density. Even a small 
amount of oil can contaminate a large area. For instance, 
a 1 μm-thick oil film significantly reduces the rate of oxygen 
transfer from atmosphere to water (Sari et al. 2018).

The Surface Wastewater Management Regulation lays 
down environmental requirements for the collection, treatment, 
and discharge of surface wastewater in order to protect the 
environment from pollution (The surface waste... 2019). The 
Regulation contains restrictions on concentrations of the 
pollutants discharged into general surface wastewater drains 
and into the natural environment. The Surface Wastewater 
Management Regulation of the Republic of Lithuania 
establishes the following concentrations of pollutants allowed 
for discharges of effluent directly into the natural environment: 
an average annual concentration of SS (suspended solids) stands 
at 30 mg/L (with a maximum instantaneous concentration of 
50  mg/L), and an average annual concentration of OP (oil 
products) stands at 5 mg/L (with a maximum instantaneous 
concentration of 7 mg/L). A range of chemical and physical 
methods can be used for surface wastewater treatment 
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(Yalcinkaya et al. 2020, Lurchenko et al. 2019, Voronov et al. 
2018, Kwasny et al. 2018). Sorption with a solid sorbent is one 
of the possible treatment methods. Sorbents can be used for the 
removal of oil products and organic pollutants from polluted 
water (Gushchin et al. 2018, Akpomie and Conradie 2021, 
Quím 2020, Rudkovsky et al. 2016, Paulauskiene 2018, Króla 
and Rożek 2020, Baiseitov et al. 2016).

Clay minerals and modified clay minerals are also widely 
used for removing oil products and organic pollutants from 
water and soil (Li et al. 2016, Moshe and Rytwo 2018, Bandura 
et al. 2017). Scientists have tested polypropylene and other 
types of plastic for the removal of hydrocarbons and other 
organic pollutants as well (Baig and Saleh 2019, Karyab et al. 
2016, Thilagavathi and Das 2018, Mohammadi et al. 2020). 
The sorption efficiency of oil depends on the porosity of the 
sorbent: sorbents with higher porosity have higher sorption 
capacity. There are three stages of sorption: the first stage is 
the initial one, where sorption is most intensive during the 
first minute. This represents the most intensive process of oil 
products removal in the whole sorption process. The second 
stage is a transitional phase in which sorption is slowed down. 
The third stage is a constant phase in which sorption no longer 
occurs even with increasing contact time. The aim of the study 
was to investigate the influence of oil products (diesel) and 
suspended solids concentrations, sorbent type, water flow rate 
and interfering factors (chlorides) on the dynamic sorption of 
oil products (diesel).

Materials and methods
By using a mixture of tap water, cellulose and sodium chloride, 
contaminated water was artificially prepared to simulate the 
surface effluent and placed in a 100 l tank (Fig. 1). The flow 

rate was determined and the effluent level in the tank was kept 
constant by adding tap water, in order for the pressure not to 
affect the flow rate.

Water was supplied by a pump from the tank to a pipe 
where it was mixed with oil products. Dieseline was lifted 
from a smaller diesel tank by help of a rotary pump and mixed 
with the water stream. The mixture flowed through a pipe in 
which there were steps with 15 cm distance between them 
to cause stream turbulence and create better conditions for 
mixing water and diesel. Next, the mixture flowed out of the 
tube through a grid that distributes the water stream over the 
entire diameter of the column for more accurate estimation of 
sorption capacity. The test water, filtered through the layer of 
sorbent in the column, flowed through the valve at the bottom 
of the column.

In order to evaluate sorption, sampling of the water 
mixed with oil products was performed before it entered the 
column and after it exited the column at the bottom. Two kinds 
of sorbent were used in the experiment, namely, common 
wheat straw as a natural sorbent, chosen due to its ability to 
remove water-immiscible organic matter; and polypropylene 
as a synthetic sorbent, chosen due to its ability to efficiently 
remove high concentrations of organic matter and solvents. 
Sorption of oil products was tested in three cases. In all the 
cases, the column height and filling height were 100 cm and 
90 cm, respectively (Figure 2):

1.  The column was filled with polypropylene. 
2.  The column was filled with common wheat straw.
3. � The column was filled with a combination of 

polypropylene and common wheat straw (1:1 by 
height). 

The experimental studies used two types of artificially 
contaminated aqueous solutions simulating road surface 

 
Fig. 1. Scheme of laboratory test bench: 1 – tank with water simulating surface wastewater; 2 – water pump;  

3 – rotary pump for oil products; 4 – place of water and oil products supply; 5 – oil and water mixing pipe;  
6 – water outlet; 7 – column with sorbent; 8 – treated water outlet
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effluents, one containing only oil products and the other 
containing a mixture of suspended solids and oil products. 
The study investigated the following factors that impact 
the sorption of oil products: the concentration of oil products, 
the concentration of suspended solids, the type of sorbent, the 
water flow rate, and the influence of the interfering factors 
(chlorides) on sorption.

The impact of the concentration of oil products on the 
sorption efficiency was tested in all the three abovementioned 
cases; the impact of flow, suspended solids, and chlorides was 
tested using a combined sorbent consisting of polypropylene 
and common wheat straw. A SHIMADZU gas chromatograph 
GC-2010 with a flame ionization detector (FID) was used for the 
determination of diesel concentration. An in-house procedure 
was used, as solvent n-hexane was selected for the study. The 
solvent used for the in-house procedure was n-hexane and this 
was selected for the research. N-hexane and diesel were mixed 
through using a range of ratios and a  calibration curve was 
drawn. 

The concentration of chlorides in the test solution was 
determined in accordance with the Lithuanian standard LST 
ISO 9297: 1998. The concentration of suspended solids in the 
test solution was determined in accordance with the Lithuanian 
standard LAND 46-2007. The adsorbed amount (Q) was 
calculated based on the formula as follows:
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Sorbents can be reused after regeneration. According to the results of the experimental 

studies, up to 10% of organic matter may remain in the sorbent after regeneration (Mandal 

and Mayadevi 2009). The solvent used for sorbent desorption must be highly soluble in oil 

products (e.g. diesel), such as methyl ethyl ketone, acetone, light oil, or n-hexane. Based on 
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stage of regeneration was desorption of the solvent. The sorbent was washed with a mixture 

of ethanol: deionized water 1:1 (v/v) to remove residual solvent. After washing, the sorbent 

was dried to constant weight at 60 ± 2 °C, the sorption of oil products was determined and 

compared with the previously determined sorption of a new sorbent.  

Quality control.  
All chemicals and reagents were of analytical grade or higher purity and were used in the 
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experiments were soaked for 24 h in 5M HNO3 and then rinsed 3-4 times carefully with 
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Statistical analysis.  

Mean, standard deviation, and confidence intervals were calculated. Microsoft Excel 2016 

software was used for statistical estimation. Based on Council Directive 98/83/EC of 3 
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Fig. 2. Column packing options: a – polypropylene; b – common wheat straw; 

c – 50% polypropylene and 50% common wheat straw
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All experiments were conducted in triplicate and the mean 
of the three was calculated. A Shimadzu gas chromatograph 
GC-2010 with ф flame ionization detector was used for the 
determination of diesel concentration. An in-house procedure 
devised in a chemical laboratory and using n-hexane as solvent 
was selected for research. N-hexane and diesel were  mixed 
using a range of ratios and a calibration curve was drawn. 

Statistical analysis
Mean, standard deviation, and confidence intervals were 
calculated. Microsoft Excel 2016 software was used for 
statistical estimation. Based on Council Directive 98/83/EC 
of 3 November 1998, the result is acceptable when trueness 
and precision of the method is less than 10%. Trueness is 
a measure of systematic error, i.e., the difference between the 
mean value of a large number (10 measurements) of repeated 
measurements and the true value. Precision is a measure of 
random error and is usually expressed as standard deviation 
(within and between batches) of the spread of results from 
the mean. Acceptable precision is twice the relative standard 
deviation. Trueness and precision of the method were tested 
and the results for diesel (5 mg/L) were presented.

The result obtained in the study is the arithmetical average 
of concentrations of three samples, when distribution does not 
exceed 6%. Tests resulting in distribution exceeding 6% were 
repeated. The calculated confidence interval stands at 95%.

Results and discussion
Setting the filtration rate
The optimal filtration rate was determined during the 
experimental study, where the concentration of diesel (50 mg/L) 
was a constant. The following filtration rates were tested: 0.5, 
1.0, 2.0, 2.5, and 3.0 L/min. The option of 3.0 L/min filtration 
rate was chosen due to the maximum possible speed of the water 
flow possible for generation in the column. Fig. 3 shows that 

the efficiency of diesel removal varies slightly (65–70%) when 
the filtration rate is changed (0.5–3.0 L/min). It can therefore 
be assumed that the filtration rate does not affect the diesel 
removal efficiency in the range the of studied filtration rates 
and no statistically significant difference was found between the 
obtained diesel removal efficiency results. For the purposes of 
the experimental study, a flow rate of 2.0 L/min was chosen, 
which is the maximum speed in the laboratory bench at which 
the column does not cause flooding.

A similar filtration rate of 1.3 L/min was used in other 
research, but this method of sorption, namely the one 
that employs a column, has not been studied adequately 
(Mažeikienė, Švedienė 2015). Various synthetic sorbents were 
tested for removing diesel from contaminated water by using 
a filled column (Vilunas et al. 2014, Mazeikiene et al. 2014)). It 
was determined that diesel removal efficiency was in the range 
of 91–99%, when diesel concentration was 30–158  mg/L. 
Most commonly used commercial sorbents are synthetic 
sorbents made of polypropylene or polyurethane. They have 
good hydrophobic and oleophilic properties (Deschamps et 
al. 2003). In the study, two natural sorbents were tested for 
the removal of diesel from contaminated water under dynamic 
conditions. Experimental results revealed that the removal 
efficiency was 87% and 37% for Schoenoplectus lacustris and 
Acorus calamus, respectively (Chaouki et al. 2020).

Influence of oil product concentration 
The experimental study investigated the impact of oil product 
concentration on the efficiency of oil product removal using 
polypropylene. The following concentrations were tested: 
10 mg/L (twice the permissible limit of 5 mg/L based on the 
Surface Wastewater Management Regulation), 20, 30, 40, 50, 
60, 70, 80, 90, and 100 mg/L. The results in terms of efficiency 
of oil product removal at different concentrations are presented 
in Fig. 4. Oil product removal efficiency has been found to 
range from 65% to 88%. The efficiency varies regardless of 

 

Fig. 3. Setting the optimal filtration rate for diesel removal

Table 1. Trueness and precision of method

Parameter Trueness of diesel Precision of diesel
Average value, mg/L 4.9 5.1
Assigned value, mg/L 5.0 5.0
Standard deviation, mg/L 0.21 0.24
Relative standard deviation,% 4.2 4.8
Acceptable trueness,% 8.4 9.6
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the concentration of oil product(s) in the filtered solution, so 
it can be assumed that the removal efficiency does not depend 
on the concentration of oil product(s) as long as the sorbent 
(polypropylene, in this case) reaches its maximum sorption 
capacity. The reason for the high (23%) difference in removal 
efficiency between the lowest and highest value may be error in 
the method selected for the determination of diesel concentration 
resulting from insufficient mixing of diesel with n-hexane.

A study by other researchers who used a column filled with 
polypropylene, but did not check for changes in the concentration 
of oil products, obtained removal efficiency of 85–87% by 
using a light fraction of oil product (diesel) (Bayat et al. 2005), 
Another study (Bayat et al. 2005) examined a range of sorbent 
grids that were made of straw, rice husks and polypropylene and 
were used for oil products collection at their spills. The study 
analyzed different types of oil products, including gasoline, 
volatile (crude oil) and non-volatile oil products (motor oil). The 
maximum sorption capacity was determined using a mesh made 
of polypropylene (7–9 g/g); the sorption capacity reached 5–6 
g/g for straw, and 3–5 g/g for rice husk. 

The study of other researchers compared this efficiency 
with the removal of light fraction oil product, namely, gasoline 
(94.27%) and heavy fraction oil product, namely, grease (95.67%). 
Other researchers (Li et al. 2015) also investigated polyester, 
whose sorption capacity was equal to 6.89 g/g for diesel. 

In the present experimental study, the influence of 
changes in the concentration of oil products on the efficiency 
of their removal using wheat straw was determined. The 
same concentrations of oil products with polypropylene  
(10–100  mg/L) were studied. The results are presented in 
Figure 5. The oil product removal efficiency has been found 
to range from 45% to 75%. The efficiency varies regardless 
of the concentration of oil products in the filtered solution, so 

it can be assumed that the removal efficiency does not depend 
on the concentration of oil products as long as the sorbent 
(wheat straw in this case) can fully sorb the contaminant. The 
large difference in efficiency (45–70%) may be due to the high 
sorption capacity of water on common straw and the leaching 
of oil products through contaminated water.

A single factor (one-way) ANOVA was used to test the null 
hypothesis that there is a difference in the efficiency of the 
removal of different concentrations of diesel using polypropylene 
and common wheat straw. The f-ratio value is 10.38672. The 
p-value is .005316. The result is significant at p < .05. 

Studies by other researchers, (Adebajo et al. 2003) who 
used agricultural waste as filling for the column without 
checking the concentration of oil products, produced the 
following results: the efficiency of rice husk stood at 
90–96% and the efficiency of barley straw was 78–80% 
using light fraction oil product. The study compared this 
efficiency with the efficiency of removal of light fraction 
oil product, i.e., gasoline (94.27%) and heavier fraction oil 
product, i.e, grease (95.67%). The content of polypropylene 
in the plastic waste stream reaches up to 20% (American 
Chemistry Council 2018) and requires investment in surface 
wastewater filtration. It was decided to test the column with 
both sorbents by placing 50% of polypropylene on top due 
to hydrophobicity and high oil sorption and 50% of common 
wheat straw at the bottom in order to remove residual oil 
products. The results in terms of the removal efficiencies in 
a range of concentrations of oil  products (diesel) for both 
sorbents are presented in Fig. 6.

It was found that the efficiency of oil product (diesel) 
removal (65–80%) is similar to the use of sorbents alone 
and does not depend on the concentration of oil products, so 
it can be assumed that for economic reasons it is possible to 

 

Fig. 4. Efficiency of removal of different concentrations of diesel using polypropylene

 

Fig. 5. Efficiency of removal of different concentrations of diesel using common wheat straw
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use a  filler consisting of 50% of polypropylene and 50% of 
common wheat straw.

It was found that the efficiency of oil product (diesel) 
removal (65–80%) is similar to the use of sorbents alone and 
does not depend on the concentration of oil products, so it can 
be assumed that, for economic reasons, it is possible to use 
filling containing 50% of polypropylene and 50% of common 
wheat straw.

A single factor (one-way) ANOVA was used to test the 
null hypothesis that there is a difference in the efficiency of 
the removal of various concentrations of diesel by using 
polypropylene, on the one hand, and a combination of 
polypropylene and common wheat straw, on the other (1:1, 
v/v). The f-ratio value is 1.4016. The p-value is .253746. The 
result is not significant at p < .05.

A single factor (one-way) ANOVA was used to test the 
null hypothesis that there is a difference in the efficiency of 
the removal of various concentrations of diesel by using 
common wheat straw, on the one hand, and a combination of 
polypropylene and common wheat straw, on the other (1:1, 
v/v). The f-ratio value is 34.36457. The p-value is .000015. 
The result is significant at p < .05.

Assessment of the influence of external factors  
on the disposal of oil products
As an additional study, the impact of important surface 
wastewater parameters, namely, the concentrations of 
chlorides and suspended solids, on the removal of oil products 

was studied by using filling made of polypropylene and 
common wheat straw (Fig. 7). A proven hypothesis has been 
made by other researchers (Kamble et al. 2007) that chlorides 
have very little effect on the sorption of oil products, but the 
effect may have a negative impact on sorption capacity as 
inorganic salt ions block active sites on the sorbent surface, 
thereby deactivating the sorbent. The study ensured the 
same concentration of oil product (diesel, 50 mg/L) and the 
concentration of chlorides (NaCl) from 10 mg/L to 2.000 
mg/L (twice the permissible value). Polypropylene and 
common wheat straw were found not to sorb or otherwise 
retain chlorides, and the diesel removal efficiency did not 
depend on the chloride content and remained in the range 
from 71% to 83%. 

Suspended solids and chlorides were added to water 
containing an oil product, for checking their impact on the 
sorption of an oil product (diesel) (Fig. 8). The study ensured 
a uniform concentration of oil products (50 mg/L) and 
suspended solids (microcrystalline cellulose) ranging from 
50  mg/L to 1.000  mg/L. Polypropylene and common wheat 
straw do not retain suspended solids, so the removal efficiency 
was independent from the amount of suspended solids (SS) 
and ranged from 70% to 85%.

Studies using natural zeolite for the removal of phenols 
from a mixture of organic matter and water were carried out 
by other researchers Kamble et al. (2007). It was found that the 
efficiency of NaCl removal was reduced by 45% to 10%, and 
the effect of suspended solids was not studied.

 

Fig. 6. Efficiency of removal of different concentrations of diesel using a combination of polypropylene  
and common wheat straw (1:1, v/v)

 

Fig. 7. Dependence of diesel removal efficiency on chloride concentration using a combination of polypropylene  
and common wheat straw (1:1, v/v)



36	 D. Paliulis

Evaluation of sorbent modification possibility
The change in water and diesel sorption in polypropylene 
and wheat straw modified with 30% hydrogen peroxide 
(H2O2) solution was tested in the experimental study. The 
H2O2 solution was selected based on previous experimental 
studies with biochar modification using oxidants for 
increasing the hydrophobicity of the sorbent (Xiao Jun et 
al. 2016). 

The sorption results of water and diesel on modified 
polypropylene and their comparison with the sorption values 
of unmodified polypropylene are presented in Fig. 9–10.

In an experimental study, the maximum water sorption on 
polypropylene (0.60 g/g) was reduced 1.3-fold (to 0.46 g/g). 
This level was reached in half an hour and no longer changed. 
The change in diesel sorption was not significant (Fig. 10). 
The obtained results show that the modified polypropylene bed 
has a shorter water insertion time. Therefore, the modified PP 
reached its maximum adsorption faster. 

Based on the obtained modification result for 
polypropylene, common wheat straw was modified in 
the same way to increase its hydrophobicity. The results 
of water and diesel sorption for modified common wheat 
straw and their comparison are presented in Fig. 11–12. 
In the experimental study, the maximum water sorption 
of modified common wheat straw (6.0 g/g) was reduced  
1.6-fold (to 3.84 g/g) and reached the maximum value in 
5 hours (Fig.  11). It was assumed that hydrogen peroxide 
increased the hydrophobic properties of the sorbent due to 
the oxidizing properties of wheat straw.

It was found that the sorption of an oil product (diesel) 
on modified common wheat straw did not increase, but the 
character of sorption changed as diesel sorption was slower 
during the first 4 hours (3.42 g/g for wheat straw, 3.04 g/g for 
modified common wheat straw), but the sorption maximum 
(3.73 g/g) was reached in 5 hours. 

It can be assumed that the oxidizing properties of hydrogen 
peroxide enhance the hydrophobic properties of wheat straw 
but do not enhance its diesel sorption properties.

Evaluation of polypropylene recovery potential
Due to the hydrophobic nature of oil products (i.e. diesel), aqueous 
solutions are not suitable for sorbent regeneration. The possibility 
of thermal regeneration has also been ruled out, as diesel 
decomposes when heated, carbon dioxide and carbon monoxide 
are formed during decomposition, and the concentration of these 
gases in an enclosed space or room can reach a limit deemed 
dangerous by Orlen (Lithuania) under the Diesel Data Safety 
Sheet. Based on the results of our experiments, desorption of the 
sorbed oil product (diesel) is required. (Folleto et al. 2002). 

This can be achieved by using organic solvents such as 
methyl ethyl ketone, acetone, oil ether or n-hexane. N-hexane 
was used in this study. Polypropylene was regenerated after 
the sorption of diesel (when the maximum level of sorption of 
diesel was reached). Fig. 13 shows that, after the regeneration 
of polypropylene, the sorption of diesel (4.60 g/g) decreases 
by 1.2  times (up to 3.73 g/g) or by ≈19% during the first 
regeneration. It is assumed that polypropylene can be 
regenerated a limited number of times.

 

Fig. 8. Dependence of diesel removal efficiency on the amount of suspended solids using a combination  
of polypropylene and common wheat straw (1:1, v/v) (SS – suspended solids)

 
Fig. 9. Comparison of polypropylene and modified polypropylene water sorption (PP – polypropylene)
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Fig. 10. Comparison of polypropylene and modified polypropylene diesel sorption (PP –polypropylene)

 
Fig. 11. Comparison of water sorption of common wheat straw and modified common wheat straw

 

Fig. 12. Comparison of diesel sorption with common wheat straw and modified common wheat straw

 

Fig. 13. Comparison of diesel sorption using polypropylene and regenerated polypropylene
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Polypropylene was regenerated for the second time by 
employing the same procedure. After the second regeneration, 
the sorption of diesel through using polypropylene (3.73 g/g) 
decreased 1.2-fold (3.04 g/g), i.e., by ≈19%, which is  
a 1.5-fold decrease, i.e., ≈34% lower than the sorption of 
new polypropylene. Polypropylene was regenerated for the 
third time by employing the same procedure. After the third 
regeneration, the sorption of diesel by using polypropylene 
(3.04 g/g) decreased by an additional 1.5-fold (1.94 g/g), i.e., 
by ≈36%, which is a 2.37-fold decrease, i.e., ≈58% lower 
than the sorption of new polypropylene. It may be concluded 
that the recommended use of the same polypropylene for the 
sorption of diesel from water or wastewater should not exceed 
two times. 

Conclusions
1. �It was found that the filtration speed in the range of 

investigated speeds does not affect the diesel removal 
efficiency. Therefore, the flow rate of 2.0 L/min was chosen 
for experimental studies, which is the maximum speed in 
the laboratory bench at which the column does not cause 
flooding.

2. �It has been found that the removal efficiency varies 
regardless of the concentration of diesel in the filtered 
solution. Therefore, it is assumed that the removal efficiency 
does not depend on the concentration of diesel, because the 
sorbent does not reach its maximum sorption capacity.

3. �Regardless of the diesel concentration, the removal 
efficiency in the column filled with both sorbents (65–80%) 
was found to be similar for both polypropylene (60–88%) 
and common wheat straw filling (50–70%). Therefore, it 
was decided for economic reasons to use a filling containing 
50% of polypropylene and 50% of wheat straw.

4. �Polypropylene and wheat straw do not sorb or retain chlorides 
and suspended solids from solution; the removal efficiency of 
diesel is independent of the concentration of these pollutants 
in the water and remains in the range from 70 to 83%.

5. �Modification of polypropylene and wheat straw with 
hydrogen peroxide solution showed that the maximum 
water sorption of polypropylene (0.60 g/g) decreased 
1.3-fold (to 0.46 g/g) and the maximum water sorption 
of modified wheat straw (6.0 g/g) decreased 1.6-fold (to 
3.84 g/g). The solution of hydrogen peroxide increased the 
hydrophobic properties of common wheat straw, but did not 
affect the sorption of diesel.

6. �The number of regenerations of polypropylene for the 
removal of oil products (diesel) from water or wastewater 
should be limited to two. After the first regeneration, the 
sorption of diesel (4.60 g/g) on polypropylene decreases 
1.2-fold (to 3.73 g/g), i.e., by ≈19%. After the second 
regeneration, the sorption of diesel (3.73 g/g) decreases 
1.2-fold (3.04 g/g), i.e., by ≈19%, which is 1.5 times or 
≈34% lower compared to the sorption achieved by using 
new polypropylene.
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