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Abstract: The aim of the study was to use regenerated activated carbon to adsorb phenol from a river. Coconut shell
activated carbon was derived from used tap water filter cartridges. The activated carbon was carbonised and then
activated with KOH at 200°C, under a nitrogen atmosphere. The resulting adsorbent was characterised on the basis of
nitrogen adsorption by Brunauer-Emmett-Teller (BET), scanning electron microscopy (SEM) analysis and point of
zero charge (pH PZC). The study of periodic adsorption included kinetic and equilibrium modelling, determined the
effect of solution pH on efficiency and the possibility of regeneration and reuse of the adsorbent. The efficiency of
phenol removal from model water was evaluated, followed by the possibility of their adsorption from a polluted river in
Silesia Province. Phenol adsorption followed pseudo-second-order kinetics. The adsorbents showed high adsorption
abilities, as determined by the Langmuir isotherm model. The model fits the experimental data well. The concentration
of phenol in the river was in the range of 0.45-0.77 mg-dm >, which means that its value was at least five times higher
than the standard values. The use of regenerated activated carbon from waste filter cartridges removed phenol from the

CITP-PIB

river by 78% using optimal test parameters.
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INTRODUCTION

The adsorption process using activated carbon is a frequently
used method for removing various types of pollutants and toxins
from the environment (Sultana et al., 2022). Unfortunately, the
adsorbent after a period of active use becomes waste and thus
a troublesome problem. The solution to this issue may become
the regeneration of the adsorbent, which can then be reused to
remove contaminants. Activated carbon was derived from used
water filter cartridges used in filter pitchers, very common in our
households. The aim of research on reusing used adsorbents is to
strive to minimise the environmental burden. It is also related to
the implementation of the so-called “closed-loop economy”,
i.e. increasing the level of recycling and reuse of materials.
According to current literature reports, so far there has been no
research into the reuse of waste cartridges from water filter
pitchers. Therefore, it was decided to test the possibility of using
regenerated activated carbon for the adsorption of pollutants
found in a river in the Silesian province.

Rapid industrialisation and urban development have led to
the introduction of large amounts of pollutants into rivers,
decreasing water quality and negatively affecting the ecosystem
(Fadlillah et al., 2023). River pollution is often associated with the
presence of toxic elements, which is a serious problem worldwide
(Jaskula and Sojka, 2022). Rivers are often polluted with heavy
metals (Ciazela, Siepak and Wojtowicz, 2018; Talbi and Kachi,
2019; Kadriu et al. 2021; Jablonska-Czapla and Grygoy¢, 2022) as
well as sulphates, sodium and chlorides, which is mainly due to
upstream discharge of mine water (Nédudvari and Fabianska,
2015). For example, studies conducted on the Vistula showed that
the river’s water quality has deteriorated over the past 40 years. In
addition to heavy metals, the river is also contaminated with
phenols, which come from infiltration of surface pollution and
from tanneries (Guéguen et al., 2004). Phenol is also widely used
in petrochemicals, pharmaceuticals, refineries, coal conversion,
wood products, polymers, paints, pesticides and the paper
industry. Wastewater from these industries can contain high
concentrations of phenol (Silva da et al, 2022). Phenol is
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a dangerous pollutant, so its permanent removal from the
environment is required (Dehmani et al., 2022).

Adsorption is one of the extremely efficient and inexpensive
methods (Cho et al., 2022; Abdel-Gawwad et al., 2023; He et al.,
2023). The application of waste materials becomes an additional
advantage of the process (Mittal et al., 2009; Li et al., 2022) for
example, Ghasemi et al. (2016b) used Sargassum hystrix algae as
a biosorbent to remove Fe(Il) or manganese from aqueous
solutions collected along the Gulf coast (Ghasemi et al., 2016a;
Ghasemi et al., 2016b). Another study looked at the assessment of
the biosorption capacity of Padina sanctae crucisalgi in removing
fluorides from the aqueous phase carried out by Dobaradaran
et al. (2016). In turn, Lua (2022) used waste from oil palm shells
to produce activated carbon, which was used for the adsorption of
phenol. The biosorbent showed a high adsorption capacity of
275.5 mg phenol per g of activated carbon (Lua, 2022). Liitke
et al. (2019) used activated carbon from black acacia bark waste to
remove phenol from an aqueous solution. Based on the literature,
a growing trend can be observed towards the use of waste
materials for the adsorption of various pollutants.

Adsorption on activated carbon is the most advantageous
method due to its large specific surface area, well-developed
internal pore structure and surface chemical functional groups
located on the outer and inner surfaces (Kumar and Jena, 2016).

The innovative point of this research was to conduct tests
according to the possibility of regenerating and reusing using
waste materials from our households and to determine the
efficiency of phenol removal from river water by static
adsorption. The research focused on the characterisation of
adsorbents (SEM, BET, pH PZC), adsorption isotherms and
kinetics, and the effect of pH on the adsorption process.

MATERIALS AND METHODS
STUDY MATERIALS

The filter cartridges were cleaned of contaminants and dirt with
distilled water, dried and then the ion exchanger was separated
from the activated carbon. The resulting activated carbon was
sieved in a pneumatic sifter, obtaining granules of 0.5 to 1.0 mm
in size. The activated carbon was then subjected to a carbonisation
process in a muffle furnace at 500°C for 2 h. The next step was the
activation of the adsorbent with KOH. In the activation process,
the ratio of adsorbent to KOH was 1:1, then the material was kept
in the furnace for 6 h at 200°C under a nitrogen atmosphere.
After that, the adsorbent was washed with distilled water to
pH 6.5 and dried in a laboratory dryer at 110°C.

The surface morphology of the studied minerals was
investigated by scanning electron microscopy (SEM). The
scanning electron microscope of model JSM 6360LA was used.
The structural properties of the adsorbents were determined by
measuring the surface area and pore size distribution using the
low-temperature nitrogen adsorption and desorption technique
according to the Brunauer-Emmett-Teller (BET) method.
Measurement of the zero charge point (pH PZC) was performed
using the suspension method. For this purpose, 100 mg of the
adsorbent was added to 100 cm® of distilled water with a different
pH (from 2 to 10) and stirred at 25°C for 24 h. The final pH f of
the solutions was then measured. The pH PZC value is the point

at which the ApH (pH f - pH i) curve as a function of pH i
intersects the zero line. The pH was adjusted using 0.1 mol-dm™
HNO; and NaOH solution (Marszatek, 2022).

STUDY METHODS

The effect of contact time and dose on adsorption capacity was
investigated. Adsorption was carried out in 100 cm® glass flasks in
a shaker with an incubator at 300 rpm. The effect of the adsorbent
dose on phenol removal was determined. Preliminary studies
were conducted on model water prepared by dissolving phenol in
deionised water. The volume of the solution was 50 cm?, and the
weight of the sorbents varied from 0.1 g to 0.5 g per 50 cm’.
Kinetic experiments were carried out as follows: 0.2 g of
adsorbent was added to 50 cm® of model water in glass flasks,
and the flask was shaken at 300 rpm for the following times: 10,
20, 30, 40, 60, 90, 120 min. The pH of the solution was kept
constant. Samples of adsorbent were separated from the liquid for
analysis at fixed intervals. Samples of the adsorbent were
separated from the liquid for analysis at fixed intervals.
Experiments were also conducted to study the effect of solution
pH; pH was controlled with a 0.1 mol-dm™ HNO; and NaOH
solution. In these experiments, an adsorbent dose of 0.2 g per
50 cm> was used, and the contact time was 80 min. Next, specific
tests were conducted on river water.

The adsorption process in the studied adsorbent-adsorbate
systems was determined according to the equation:

Cy — C;
Co

A% = 100 (1)

where: A% = degree of removal of phenol from solution,
C, = initial concentration of the metal (mg-dm’3), C, = concentra-
tion of phenol in solution after time ¢ (mg-dm‘s).

The amount of adsorbed metal ions was determined as:

Vv
q=(Co— Ct)% (2)
where: g = quantity of adsorbed (mg-g™"), C, = initial concentra-
tion of phenol (mg:dm™), C, = concentration of phenol in
solution after time ¢t (mg-dm’3), V = volume of solution (dm?),
m = mass of adsorbent (g).

The experimental data were then analysed using a pseudo-
second-order kinetics model, as described in Marszalek, Kamin-
ska and Fathy (2022). The experimental data were also fitted
using three popular adsorption isotherm models: the Langmuir
model and the Freundlich model. All the calculations used in the
article were described in a previous paper by Marszalek et. all
(2022)

STUDY SUBJECT

The subject of this study was river water from the Silesian
province. Many years of underground coal mining and the
consequent subsidence of the land surface have contributed to the
disruption of water relations on the river’s surface. Deformations
of the riverbed and the formation of counter-slopes, disrupting
the conditions of gravitational water flow, are also consequences
of the mining (Czajkowska, 2017).
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Water was collected three times over a period of five weeks.
In each week, the average of the measurements was calculated.
Samples for testing were taken in the spring period (April-May
2023). The river’s treatment efficiency was evaluated by
monitoring conductivity, pH, colour, and sulphate and phenol
concentrations.

WATER QUALITY ANALYSIS

Concentrations of chemical oxygen demand (COD), nitrate
nitrogen, ammonium nitrogen, phosphate phosphorus, sulphate,
phenol and heavy metals were determined spectrophotometrically
using Merck test kits (Spectroquant® Pharo 300, Merck). Total
organic carbon (TOC) was measured using a TOC-L series
analyser (Shimadzu). Values of pH and conductivity were
monitored with a CPC-505 multifunction analyser (Elmetron).
Phenol, KOH, NaOH and HNO; were purchased from Sigma
Aldrich.

RESULTS AND DISCUSSION

PHYSICOCHEMICAL CHARACTERISTICS OF THE RIVER

The evaluation of water quality in typical rivers and their
pollution characteristics are important issues in the regulation
and management of water reservoirs. Table 1 shows the results
obtained from the physicochemical analysis.

High concentrations of phenol were observed in river
water, exceeding five times the permissible values set by the
Regulation (Rozporzadzenie, 2019). Among heavy metals, high

concentrations of zinc were noted, exceeding standards over two
times. Also, the high salinity of the river was noted based on
measurements of conductivity which were of up to 9.43 mS-dm™>.
As well as high concentrations of sulphate were noted in the
river. River pollution is caused by the rapid economic
development of urban areas, and the scale of cities is increasing.
The amount of wastewater discharged is increasing significantly,
causing a high pollutant load, resulting in the deterioration of
surface water quality (Xue et al., 2023). Phenol and heavy metals
found in surface waters are associated with the discharge of
wastewater from various industries in the metropolitan area (Raj
et al., 2023).

MATERIAL STRUCTURE

The first step in the adsorption study was to find out the structure
and morphology of the adsorbents used and evaluate the
regeneration. The surface morphologies of the adsorbents were
observed using SEM (Fig. 1).

Figure 1 shows SEM images of spent activated carbon (a),
carbon after carbonisation (b) and KOH-regenerated carbon (c)
with magnifications of 5000 times. Activated carbon after KOH
activation has a rough and irregular surface structure, as shown in
the figure, which is favourable for phenol adsorption (Silva da
et al., 2022). The regeneration was also followed by the presence
of circular cavities. In the raw carbon, rather elongated cavities
were seen. Regeneration resulted in a well-developed pore
structure, which can be clearly observed. It is clearly visible that
the process of carbonisation, and reactivation with KOH
expansion in the atmosphere of nitrogen in high temperature
affected the development of pores which was caused by the

Table 1. Physical and chemical characteristics of river water and limit values acc. to Rozporzadzenie (2019)

Value in river water in week
Parameter Unit Limit value
1 2 3 4 5

pH - 8.2 7.7 7.9 7.9 7.8 6.5-9.0
Conductivity mS-cm™' 6.60 7.50 8.86 9.43 7.50 -
Colour mg Pt-dm™ 40 59 50 41 59 -
COD mg O,-dm™ 71 63 59 78 64 125
TOC mg-dm™? 6.27 3.28 3.20 3.80 3.50 30
N-NH," mg-dm™ 23 2.1 2.6 2.5 24 10
N-NO;~ mg-dm™? 2.8 2.8 3.0 3.2 2.5 30
P-PO,*" mg-dm™ 0.1 0.4 0.1 0.2 0.2 2.0
Neha mg-dm™’ 342 438 461 429 456 250
Iron mg-dm™? 0.65 0.50 0.40 0.50 0.60 10
Zinc mg-dm™ 0.35 5.10 4.38 441 3.90 2.0
Copper mg-dm™? 0.21 0 0 0 0 0.5
Nickel mg-dm™? 0.30 0.20 0.23 0.24 0.37 0.5
Lead mg-dm™ 0.65 0 0 0 0 0.5
Cadmium mg-dm™’ 0.05 0 0 0 0 04
Phenol mg-dm™? 0.48 0.31 0.40 0.44 0.50 0.1

Explanations: COD = chemical oxygen demand, TOC = total organic carbon.

Source: own study and Rozporzadzenie (2019).
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a)

b)

c)

Fig. 1. Scanning electron microscopic images of: a) spent activated carbon,
b) carbonised carbon, ¢) KOH regenerated carbon; source: own study

decomposition of part of the material (Ahmad, Puad and Bello,
2014). The reaction rate between the activator, which is KOH,
and carbon also increases when the precursor is exposed to a high
activation temperature (Ahmad, Puad and Bello, 2014). The BET
surface area of the adsorbent used was 779 m>g™" and for the one
activated with KOH, it was 863 mz-g’l. This shows that activation
affected the specific surface area of the adsorbent.

Effects of dose, time and solution ph
on phenol adsorption

The second stage of the work was to find out the effect of
adsorbent dose, process time, and solution pH. It can be seen
from the study that the adsorption ability of phenol, was at a high
level. The obtained test results are shown in Figure 2.
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Fig. 2. The amount of adsorbed phenol depending on: a) dose, b) time,
¢) solution pH; q = quantity of adsorbed metal ions (mg-g™"); source:
own study

The study showed that the sorption kinetics has two areas,
i.e. an area of fast kinetics during the first 30 min of contact and
an area of slower kinetics after 30 min. The speed of the
adsorption process in the initial phase was related to the presence
of a high gradient of adsorbate concentration in the solution. This
applies to both model water and river water. In turn, Lv et al.
(2020) reached the adsorption equilibrium of phenol to activated
carbon within 12 min. However, in addition to regeneration,
KOH also used EDTA-4Na modifications. As presented by the
results obtained, one can see the great influence of the impurities
present in the river water on the efficiency of phenol removal.
Both in the case of the dose of adsorbent, the time of conducting
the process and during the determination of pH. It was also found
that as the weight of the adsorbent increased, the amount of
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adsorbed phenol decreased. The dose of 3 g-dm™ may be
sufficient for phenol adsorption. At this dose, the phenol removal
rate was 91% (C = 0.09 mg-dm’3) in model water. In contrast, the
adsorption efficiency of phenol from the river was reduced for
this dose by 19%. Silva da et al. (2022) prepared activated carbons
from Brazil nut shells. They used a dosage of 5 g-dm™ and
observed an adsorption capacity of 43.96% for phenol from
industrial wastewater. Lower adsorption capacity can be caused
by a higher amount of pollutants in wastewater compared to
a river. In turn, Dehmani et al. (2022) demonstrated the
adsorption efficiency of phenol from an aqueous solution in the
range of 81.64 to 98.77% for acid-activated carbons and 91.48%
for commercial activated carbon. Cho et al. (2022) achieved >90%
phenol reduction using a dose of 10 g:dm™ activated carbon
made from the fast-growing kenaf plant. Kumar and Jena (2016)
used activated carbon from fox nut shells, and they also obtained
a high phenol adsorption efficiency, i.e. 99.19%.

The effect of pH on the sorption of phenol by activated
carbon was tested in the range from 4 to 10. The pH value of the
water solution impacts both the surface charges of the adsorbent
and the degree of ionisation of the pollutants. Therefore, it is
a variable affecting the adsorption effect. The figure shows that
the degree of phenol removal changed over the pH range studied.
In order to determine the effect of pH on adsorption, surface
landing (pH PZC) studies of the regenerated adsorbent were also
performed (Fig. 3). Based on these results, the pH PZC of the
regenerated activated carbon was 5.8. When the pH of the
solution was <pH PZC, the adsorbents reacted as positive surface
charges, while when the pH was >pH PZC - with a negative
surface charge (Garmia, Zaghouane-Boudiaf and Viseras Ibbora,
2018). The pH of the river water was 7.8 while that of the model
water was 7.2. Both solutions had a pH higher than the surface
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charge of the adsorbent. The pH of the solution plays a very
important role in the adsorption of phenol by activated carbon,
since pH has a significant effect on the existing form of phenol
and the chemical characteristics of the activated carbon surface.
The highest efficiency was observed at pH 6, and then the
amount of adsorbed phenol began to decrease. Dehmani et al.
(2022) obtained high adsorption efficiency of phenol on activated
carbon at pH 4. Kumar and Jena (2016) achieved the maximum
rate of phenol removal at pH 7. At higher pH, phenol exists
mainly in the phenolic anion, and the activated carbon surface is
negatively charged, which reduces the affinity of activated carbon
for phenol due to its electrostatic repulsion (Lv et al., 2020).

Isotherms and kinetics of phenol adsorption

Analysing the mathematical description of the sorption equilibrium,
it was found that the best fit was given by the Langmuir equation
(Fig. 4a). In the case of the description of sorption kinetics, a pseudo-
second-order equation was chosen to give the correct fit (Fig. 4b).
According to Table 2, the adsorption behaviour of activated
carbon for phenol is more consistent with the Langmuir model,
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Fig. 4. Fit of: a) equilibrium model, b) sorption kinetics model; Q. = the
equilibrium adsorbed amount, g, = the amount of phenol adsorbed at
time; source: own study

Table 2. Parameters of Freundlich and Langmuir equations, and the correlation coefficients for the adsorption of phenol

Langmuir Freundlich
Sample Qn K, & Ky . &
(mg.gfl) (de‘mgil) ((mg'gil)'dma'mgilln)
Model water 0.305 3.498 0.956 7.461 0.616 0.955
River 0.035 4.281 0.94 66.069 0.278 0.907

Explanations: Q,, = the maximum adsorption capacity, K, = the Langmuir fitting parameter, Kr = the Freundlich adsorption coefficient, n = correction
factor is the number describing surface heterogeneity and sorption intensity, R* = determination coefficient.

Source: own study.
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with the model water R? = 0.956, while for the river R* = 0.94.
This model suggests the characteristics of single-layer adsorption
on a homogeneous adsorbent surface. The maximum adsorption
capacity for phenol is 0.3 mgg™" according to the Langmuir
model parameters.

The maximum adsorption capacities and the determination
coefficient R* calculated from the pseudo-second-order model are
shown in Table 3. Phenol adsorption was consistent with the
second-order kinetic model, as the R? values were close to unity.
In addition, the calculated values of Q. are close to the
experimental data values of Qyexp) — Table 3.

Table 3. Parameters for the pseudo-second-order kinetic model
for the adsorption of phenol

Pseudo-second-order equation parameter
h
S K, ) Qt(exp)l Qt(cal)l tiz (mg: R?
-(mg-min) ") |(mg-g~ mg-g~ min e
(g:(mg:min)~) | (mg-g™)| (mg-g™) |( )(g_mm)l)
Model 0.646 0239 | 0230 [0155| 004 |0.986
water
River 0.44 0.099 0.084 0.044( 0.004 [0.968

Explanations: K, = the pseudo-second-order rate constant, Qyxp) = the
experimental adsorption capacity (mg-g’l), Qi(cay = the calculated
adsorption capacity, t;, = he half adsorption time, h = the initial
adsorption rate, R* = determination coefficient.

Source: own study.

CONCLUSIONS

1. It was found that the surface morphology of the regenerated
adsorbent changed under the influence of physicochemical
activation. The pores changed their structure from oblong to
round. The specific surface area of adsorption increased
slightly.

2. Removal of phenol by adsorption on activated carbon derived
from used KOH regenerated overflow filters allows to achieve
adsorption efficiency of 78% under the following optimal con-
ditions: adsorbent mass 0.2 g, contact time 120 min, phenol
concentration in river water 0.5 mg-dm™,

3. It was found that the high salinity of the river (conductivity

' and sulphate concentration 456 mg-dm™)

from 7.5 mS-cm™
could affect the adsorption of phenol on the adsorbent used.
The efficiency of the phenol adsorption process from model
water was 17% higher than from river water.

4. The highest adsorption capacity was observed at pH 6, the rate
of phenol removal from the model water was 85% and from
the river 70%.

5. The results show that the use of waste materials and their
regeneration has great potential due to lower production costs
as well.

6. The results of this work open up promising possibilities for
the use of an inexpensive and efficient adsorbent that can
potentially be used as an adsorbent for effective phenol re-
moval.

ACKNOWLEDGEMENTS

The publication is supported by the Rector’s pro-quality grant
(Silesian University of Technology, 08/040/RGJ23/0187) and
from the Project Based Learning under the Excellence Initiative —
Research University program.

REFERENCES

Abdel-Gawwad, H.A. et al. (2023) “Utilization of red clay brick waste in
the green preparation of an efficient porous nanocomposite for
phenol adsorption: Characterization, experiments and statistical
physics treatment,” Sustainable Chemistry and Pharmacy, 32,
101027. Available at: https://doi.org/10.1016/j.scp.2023.101027.

Ahmad, M.A., Puad, N.A.A. and Bello, O.S. (2014) “Kinetic,
equilibrium and thermodynamic studies of synthetic dye removal
using pomegranate peel activated carbon prepared by micro-
wave-induced KOH activation,” Water Resources and Industry, 6,
pp. 18-35. Available at: https://doi.org/10.1016/j.wri.2014.06.002.

Cho, E.J. et al. (2022) “Adsorption of phenol on kenaf-derived biochar:
Studies on physicochemical and adsorption characteristics and
mechanism,” Biomass Conversion and Biorefinery, pp. 1-18.
Available at: https://doi.org/10.1007/s13399-022-03262-X.

Ciazela, J., Siepak, M. and Wojtowicz, P. (2018) “Tracking heavy metal
contamination in a complex river-oxbow lake system: Middle
Odra Valley, Germany/Poland,” Science of The Total Environ-
ment, 616-617, pp. 996-1006. Available at: https://doi.org/10.
1016/j.scitotenv.2017.10.219.

Czajkowska, A. (2017) “Ksztaltowanie si¢ zasiggu stref zalewowych
w nastepstwie obnizen powierzchni terenu wywotanych progno-
zowang eksploatacja wegla kamiennego [Shaping of the flood-
plain boundaries following the land area slump caused by the
forecasted coal mining exploitation],” Zeszyty Naukowe Uni-
wersytetu Zielonogorskiego: Inzynieria Srodowiska, 167(47),
pp. 5-17. Available at: https://zbc.uz.zgora.pl/dlibra/publication/
60376/edition/51495/content (Accessed: April 12, 2023).

Dehmani, Y. et al. (2022) “Adsorption removal of phenol by oak wood
charcoal activated carbon,” Biomass Conversion and Biorefinery
[Preprint]. Available at: https://doi.org/10.1007/s13399-022-
03036-5.

Dobaradaran, S. et al. (2016) “Biosorption of fluoride from aqueous
phase onto Padina sanctae crucis algae: evaluation of biosorption
kinetics and isotherms,” Desalination and Water Treatment, 57(58),
Pp- 28405-28416. Available at: https://doi.org/10.1080/19443994.
2016.1182081.

Fadlillah, L.N. et al. (2023) “Ecological risk and source identifications
of heavy metals contamination in the water and surface
sediments from anthropogenic impacts of urban river, Indone-
sia,” Heliyon, 9(4), e15485. Available at: https://doi.org/10.1016/j.
heliyon.2023.e15485.

Garmia, D., Zaghouane-Boudiaf, H. and Viseras Ibbora, C.V. (2018)
“Preparation and characterization of new low cost adsorbent
beads based on activated bentonite encapsulated with calcium
alginate for removal of 2,4-dichlorophenol from aqueous
medium,” International Journal of Biological Macromolecules,
115, pp. 257-265. Available at: https://doi.org/10.1016/j.ijbiomac.
2018.04.064.

Ghasemi, F.F. et al. (2016a) “Biosorption of Mn (II) from aqueous
solution by Sargassum hystrix algae obtained from the Persian
Gulf: Biosorption isotherm and kinetic,” International Journal of
Pharmacy and Technology, 8(3), pp. 18227-18238.

© 2023. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP — PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)


https://doi.org/10.1016/j.scp.2023.101027
https://doi.org/10.1016/j.wri.2014.06.002
https://doi.org/10.1007/s13399-022-03262-x
https://doi.org/10.1016/j.scitotenv.2017.10.219
https://doi.org/10.1016/j.scitotenv.2017.10.219
https://zbc.uz.zgora.pl/dlibra/publication/60376/edition/51495/content
https://zbc.uz.zgora.pl/dlibra/publication/60376/edition/51495/content
https://doi.org/10.1007/s13399-022-03036-5
https://doi.org/10.1007/s13399-022-03036-5
https://doi.org/10.1080/19443994.2016.1182081
https://doi.org/10.1080/19443994.2016.1182081
https://doi.org/10.1016/j.heliyon.2023.e15485
https://doi.org/10.1016/j.heliyon.2023.e15485
https://doi.org/10.1016/j.ijbiomac.2018.04.064
https://doi.org/10.1016/j.ijbiomac.2018.04.064

Evaluation of the use of regenerated activated carbons for the adsorption of phenol from a river 99

Ghasemi, F.F. et al. (2016b) “Data on Fe (II) biosorption onto
Sargassum hystrix algae obtained from the Persian Gulf in
Bushehr Port, Iran,” Data in Brief, 9, pp. 823-827. Available at:
https://doi.org/10.1016/j.dib.2016.10.018.

Guéguen, C. et al. (2004) “Water toxicity and metal contamination
assessment of a polluted river: The Upper Vistula River
(Poland),” Applied Geochemistry, 19(1), pp. 153-162. Available
at: https://doi.org/10.1016/S0883-2927(03)00110-0.

He, H. et al. (2023) “Phenol adsorption properties and microstructural
changes of organically modified bentonite,” Environmental
Geotechnics, pp. 1-10. Available at: https://doi.org/10.1680/
jenge.21.00123.

Jabloniska-Czapla, M. and Grygoy¢, K. (2022) “Selected technology-
critical elements as indicators of anthropogenic contamination of
surface water and suspended solids on the example of the Biata
Przemsza River (Poland),” Chemosphere, 307(2), 135801. Avail-
able at: https://doi.org/10.1016/j.chemosphere.2022.135801.

Jaskuta, J. and Sojka, M. (2022) “Assessment of spatial distribution of
sediment contamination with heavy metals in the two biggest
rivers in Poland,” Catena, 211, 105959. Available at: https://doi.
org/10.1016/j.catena.2021.105959.

Kadriu, S. et al. (2021) “Impact of Kishnica mines on pollution of the
Graganka River and water wells nearby, Kosovo,” Journal of
Water and Land Development, 48, pp. 16-21. Available at: https://
doi.org/10.24425/jwld.2021.136142.

Kumar, A. and Jena, H.M. (2016) “Removal of methylene blue and
phenol onto prepared activated carbon from Fox nutshell by
chemical activation in batch and fixed-bed column,” Journal of
Cleaner Production, 137, pp. 1246-1259. Available at: https://doi.
0rg/10.1016/j.jclepro.2016.07.177.

Li, H. et al. (2022) “Preparation of waste coffee-grounds carbon and
study on phenol adsorption ability,” Journal of Wuhan University
of Technology - Materials Science Edition, 37, pp. 38-46.
Available at: https://doi.org/10.1007/s11595-022-2497-z.

Lua, A.C. (2022) “A comparative study of the pore characteristics and
phenol adsorption performance of activated carbons prepared
from oil-palm shell wastes by steam and combined steam-
chemical activation,” Green Chemical Engineering [Preprint].
Available at: https://doi.org/10.1016/j.gce.2022.11.004.

Liitke, S.F. et al. (2019) “Preparation of activated carbon from black
wattle bark waste and its application for phenol adsorption,”
Journal of Environmental Chemical Engineering, 7(5), 103396.
Available at: https://doi.org/10.1016/j.jece.2019.103396.

Lv, S. et al. (2020) “A functional activated carbon for efficient
adsorption of phenol derived from pyrolysis of rice husk, KOH-
activation and EDTA-4Na-modification,” Applied Surface
Science, 510, 145425. Available at: https://doi.org/10.1016/j.
apsusc.2020.145425.

Marszatek, A. (2022) “Encapsulation of halloysite with sodium alginate
and application in the adsorption of copper from rainwater,”

Archives of Environmental Protection, 48(1), pp. 75-82. Available
at: https://doi.org/10.24425/aep.2022.140546.

Marszatek, A., Kaminska, G. and Fathy Abdel Salam, N. (2022)
“Simultaneous adsorption of organic and inorganic micropollu-
tants from rainwater by bentonite and bentonite-carbon
nanotubes composites,” Journal of Water Process Engineering,
46, 102550. Available at: https://doi.org/10.1016/j.jwpe.2021.
102550.

Mittal, A. et al. (2009) “Adsorption studies on the removal of coloring
agent phenol red from wastewater using waste materials as
adsorbents,” Journal of Colloid and Interface Science, 337(2),
pp. 345-354. Available at: https://doi.org/10.1016/j.jcis.
2009.05.016.

Nédudvari, A. and Fabianska, M.J. (2015) “Coal-related sources of
organic contamination in sediments and water from the Bierawka
River (Poland),” International Journal of Coal Geology, 152(B),
pp. 94-109. Available at: https://doi.org/10.1016/j.coal.2015.
11.006.

Raj, A.R.A. et al. (2023) “Heavy metal pollution of river water and eco-
friendly remediation using potent microalgal species,” Water
Science and Engineering [Preprint]. Available at: https://doi.org/
10.1016/j.wse.2023.04.001.

Rozporzadzenie (2019) “Rozporzadzenie Ministra Gospodarki Mors-
kiej i Zeglugi Srédladowej z dnia 12 lipca 2019 r. w sprawie
substancji szczegdlnie szkodliwych dla $rodowiska wodnego oraz
warunkow, jakie nalezy spelni¢ przy wprowadzaniu do wéd lub
do ziemi $ciekéw, a takze przy odprowadzaniu wéd opadowych
lub roztopowych do wod lub do urzadzen wodnych [Regulation
of the Minister of Maritime Affairs and Inland Navigation of July
12, 2019 on substances particularly harmful to the aquatic
environment and conditions to be met when discharging
wastewater into waters or into the ground, as well as when
discharging rainwater or snowmelt into waters or into water
facilities],” Dziennik Ustaw, 2019, 1311.

Silva da, M.C.F. et al. (2022) “KOH activated carbons from Brazil nut
shell: Preparation, characterization, and their application in
phenol adsorption,” Chemical Engineering Research and Design,
187, pp. 387-396. Available at: https://doi.org/10.1016/j.cherd.
2022.09.012.

Sultana, M. et al. (2022) “A review on experimental chemically
modified activated carbon to enhance dye and heavy metals
adsorption,” Cleaner Engineering and Technology, 6, 100382.
Available at: https://doi.org/10.1016/j.clet.2021.100382.

Talbi, H. and Kachi, S. (2019) “Evaluation of heavy metal contamina-
tion in sediments of the Seybouse River, Guelma - Annaba,
Algeria,” Journal of Water and Land Development, 40, pp. 81-86.
Available at: https://doi.org/10.2478/jwld-2019-0008.

Xue, Y. et al. (2023) “Evaluation of water quality pollution and analysis
of vertical distribution characteristics of typical rivers in the Pearl
River Delta, South China,” Journal of Sea Research, 193, 102380.
Available at: https://doi.org/10.1016/j.seares.2023.102380.

© 2023. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP — PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)


https://doi.org/10.1016/j.dib.2016.10.018
https://doi.org/10.1016/S0883-2927(03)00110-0
https://doi.org/10.1680/jenge.21.00123
https://doi.org/10.1680/jenge.21.00123
https://doi.org/10.1016/j.chemosphere.2022.135801
https://doi.org/10.1016/j.catena.2021.105959
https://doi.org/10.1016/j.catena.2021.105959
https://doi.org/10.24425/jwld.2021.136142
https://doi.org/10.24425/jwld.2021.136142
https://doi.org/10.1016/j.jclepro.2016.07.177
https://doi.org/10.1016/j.jclepro.2016.07.177
https://doi.org/10.1007/s11595-022-2497-z
https://doi.org/10.1016/j.gce.2022.11.004
https://doi.org/10.1016/j.jece.2019.103396
https://doi.org/10.1016/j.apsusc.2020.145425
https://doi.org/10.1016/j.apsusc.2020.145425
https://doi.org/10.24425/aep.2022.140546
https://doi.org/10.1016/j.jwpe.2021.102550
https://doi.org/10.1016/j.jwpe.2021.102550
https://doi.org/10.1016/j.jcis.2009.05.016
https://doi.org/10.1016/j.jcis.2009.05.016
https://doi.org/10.1016/j.coal.2015.11.006
https://doi.org/10.1016/j.coal.2015.11.006
https://doi.org/10.1016/j.wse.2023.04.001%2022
https://doi.org/10.1016/j.wse.2023.04.001
https://doi.org/10.1016/j.cherd.2022.09.012
https://doi.org/10.1016/j.cherd.2022.09.012
https://doi.org/10.1016/j.clet.2021.100382
http://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-5ac1f01d-a284-4257-8e97-b82f2b8d3291
https://doi.org/10.2478/jwld-2019-0008
https://doi.org/10.1016/j.seares.2023.102380

	INTRODUCTION
	MATERIALS AND METHODS
	STUDY MATERIALS
	STUDY METHODS
	STUDY SUBJECT
	WATER QUALITY ANALYSIS

	RESULTS AND DISCUSSION
	PHYSICOCHEMICAL CHARACTERISTICS OF THE RIVER
	MATERIAL STRUCTURE
	Effects of dose, time and solution ph on phenol adsorption
	Isotherms and kinetics of phenol adsorption


	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

