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ABSTRACT
Article History: Adsorption is a widely used, cost-effective method for water purification and recycling. Researchers have
explored various materials and techniques to develop inexpensive and efficient adsorbents. One promising
Received 14 April 2025

approach involves the production of chemically activated carbon (AC) from locally available resources to
remove water contaminants effectively. This study aims to evaluate the effectiveness of date pit-derived
activated carbon (DP-AC) for water treatment, specifically for the removal of Methylene Blue (MB). The
adsorption performance of DP-AC was assessed using two different chemical activating agents, H3PO, and
H,SO,. Additionally, the influence of key parameters, including particle size, temperature, and pH, on
adsorption capacity was investigated. Batch adsorption experiments revealed that adsorption equilibrium
was achieved within 60 to 120 minutes. The highest adsorption efficiency was observed when using H3PO,-
activated carbon, with optimal conditions determined as a particle size of 0.6 mm, a temperature of 30°C, and
an alkaline medium (pH 8.06). Furthermore, results indicated that adsorption performance was superior in
distilled water compared to natural spring water, due to the competitive adsorption effects of naturally
occurring dissolved matter in spring water. The adsorption data were best described by the Freundlich
isotherm model, suggesting a heterogeneous adsorption process with multilayer adsorption behavior. The
findings of this study demonstrate that date pit-derived activated carbon is an effective and low-cost
alternative to commercial AC for water treatment. The use of H3PO, as an activating agent significantly
enhances adsorption capacity, making DP-AC a promising solution for sustainable and affordable water
purification applications.
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Physical, chemical, and biological methods, tailored to the specific
characteristics of the water source and the targeted pollutants, are

Today, the world faces continuous population growth and urbanization, commonly used in water and wastewater treatment (Al-Ghouti and Al-
placing immense pressure on water resources, including their availability Absi, 2020; ]gmrah et al, 20_24)- These methods may include
and quality (Hamaideh et al., 2024). This issue is not limited to developing electrocoagulation, reverse osmosis (Tayeh et .al., 2025; Al-.Zghoul etal,
countries; even developed nations experience persistent water shortages, 20.23; Al-Qodah etal, 2024). The St‘.‘dy C(.)agulatlon/ ﬂocgulatlon, advance'd
further exacerbated by pollution from industrial activities (Hamaideh et oxidation processes membrane ﬁlFr.ann and aeroblc' and anaerobic
al, 2024; Al-Ghouti and Al-Absi, 2020; Jamrah et al,, 2024; Amr et al,, 2024). treatments (Johnson et al, 2024; Rifi et al, 2022; da Silva et al, 2021;
Moreover, with projections indicating that over one billion people may face Preethi, Shanmugavel et al,, 2024; Domingues et al.,.20.21.; Yalhlaoul etal,
water shortages by 2025, the United Nations Sustainable Development 2011). However, e.a.ch of these approaches .has certain llmlFatlons, sucl'llas
Goal 6—ensuring access to clean water and sanitation—has become comple.X{t.y, 1.nefflclency, sludge ] fmjmatlon, limited blodegradabl.hty
increasingly critical (Alazaiza et al., 2025; Naidu et al., 2021). According to unfeasibility in large-scale applications and the need for multiple
the World Health Organization (WHO), approximately 1.6 million deaths in treatment steps to achieve the desired water quality standards (Jamrah et
2018 were attributed to water pollution, underscoring the urgent need for al, 2024; Jamrah et al,, 2024; Chandra et al., 2020; Surkatti et al,, 2021;

1. INTRODUCTION

effective water management (Naidu et al,, 2021; Sanganyado, 2022; Bello
etal, 2022; Bhatnagar and Sillanpaa, 2017).

Ensuring the availability of clean water for various purposes, including
drinking, agriculture, industrial operations, and recreational activities,
depends on effective water and wastewater treatment (Jamrah et al,
2024). This process involves a range of advanced methods and
technologies designed to remove or reduce pollutants and improve water
quality to meet specific standards and regulations (Jamrah et al,, 2024).
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Jamrah et al, 2024; Chandra et al., 2020; Gayakwad et al., 2024). Due to
these challenges, there is an urgent need to develop simple, cost-effective,
and efficient dye removal methods for water treatment (Jamrah et al,
2024; Gayakwad et al., 2024; Sakoor and Nasar, 2016; Jamrah et al.,, 2024).
Among various water treatment methods, adsorption is widely regarded
as one of the most practical approaches due to its simplicity, adaptability,
and low land and initial investment requirements (Ahmad et al., 2012).
Additionally, adsorption is highly effective in removing both soluble and
insoluble contaminants, achieving a removal efficiency of up to 99.9% (
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Surkatti et al, 2021; Ahmad et al, 2012; Castafieda-Diaz et al., 2017).
Recently, there has been a growing interest in identifying low-cost
adsorbents with strong contaminant-binding capabilities (Jamrah et al,,
2024; Zhou et al, 2018). Utilizing locally available materials, such as
natural resources, industrial byproducts, and agricultural waste, presents
a promising solution for wastewater treatment (Jamrah et al, 2024;
Rashed, 2013). Among the various adsorbents, activated carbon (AC) is one
of the most widely used materials due to its ability to remove a broad range
of pollutants from water (Surkatti et al, 2021;Bansal and Goyal, 2005;
Binnie et al., 2017). However, despite its versatility and effectiveness, the
high cost of AC remains a significant limitation, restricting its large-scale
application (Surkatti et al., 2021; Bansal and Goyal, 2005; Binnie et al.,
2017; Hassan et al,, 2024). Consequently, there is a strong incentive to
develop cost-effective alternatives to conventional activated carbon for
water treatment (Jamrah et al., 2024).

Waste materials can be effectively converted into activated carbon (AC)
worldwide (Jamrah et al., 2024). This approach offers a dual benefit: it
reduces waste disposal needs while utilizing industrial and agricultural
byproducts, thereby lowering the overall cost of AC production (Jamrah et
al,, 2024; Surkatti et al, 2021). As part of ongoing efforts to find cost-
effective alternatives to commercial AC several studies have explored the
preparation of activated carbon from inexpensive and readily available
materials, such as date pits (DP) [and olive pits (OP) (Bansal and Goyal,
2005; Jamrah et al., 2024; Al Mesfer et al., 2024; Eder et al., 2021). The date
palm (Phoenix dactylifera L.) is widely cultivated worldwide, particularly
in the Middle East, North Africa, and Gulf regions, primarily for its fruit
(dates)( Surkatti et al., 2021). Date palms begin bearing fruit five to eight
years after planting, and globally, approximately 120 million date palms
are grown across 30 countries, covering an estimated 800,000 hectares of
land (Surkatti et al., 2021; Al-Kaabi et al., 2005).

Date pits (DP) primarily consist of moisture, proteins, lipids, and
carbohydrates. Carbohydrates make up the largest proportion (70% to
86%), followed by fats (5% to 10.5%), while ash (0.84% to 1.2%) and
proteins (2.3% to 6.9%) account for the remainder (Surkatti et al., 2021;
Hossain etal,, 2014).In Jordan, date trees are widely available, making date
pits an economical and sustainable resource for activated carbon
production. Date pit-derived activated carbon (DP-AC) is widely used as an
adsorbent for removing toxic organic and inorganic compounds from
water ( Hijab, 2021). Recycling regional agricultural waste and byproducts
not only reduces waste disposal costs but also provides a cost-effective
alternative to commercial activated carbon (AC) (Surkatti et al., 2021).
Numerous studies have investigated the effectiveness of DP-AC in treating
wastewater, specifically focusing on the removal of industrial pollutants
such as Methylene Blue (MB) (C;6H1sCIN3S) from aqueous solutions
(Surkatti et al,, 2021; Akl et al., 2013).

MB is commonly used as a cationic dye in the textile industry, including for
dyeing wool, cotton, and silk (Khan et al,, 2022). The printing and dyeing
industries produce substantial amounts of wastewater containing organic
dyes ( Donkadokula et al., 2020). Dye wastewater is characterized by high
discharge volumes, high chromaticity, high organic matter content, and
low biodegradability, making it a significant environmental concern
(Donkadokula et al., 2020). Moreover, exposure to MB can lead to several
harmful effects on human and animal health, including inflammation of the
lips, throat, esophagus, and stomach, as well as vomiting, diarrhea, and
nausea (Donkadokula et al.,, 2020; Valdetaro et al.,, 2023). With increasing
population growth and urbanization, water resources face heightened
pressure in terms of availability and quality, threatening access to clean
water. Estimates suggest that over one billion people may experience
water shortages by 2025, making the United Nations Sustainable
Development Goal 6—ensuring clean water and sanitation—more critical
than ever (Bhatnagar and Sillanpaa, 2017). Many countries, including
developed nations, suffer from water pollution caused by industrial
activities, necessitating effective and affordable treatment technologies
(Al-Zghoul et al., 2023).

The primary objective of this study is to assess the effectiveness of date pit-
derived activated carbon (AC) in water treatment, particularly for the
removal of contaminants such as heavy metals and organic pollutants.
Specifically, the study aims to compare the adsorption capacity of AC
activated using H3P04 and H2S04, investigating their efficiency in water
purification. Additionally, the research explores the impact of various
operating parameters, including pH, contact time, and adsorbent dose, on
adsorption performance. Furthermore, the study evaluates the reusability
and stability of the prepared AC across successive adsorption cycles. These
aims and objectives have been incorporated into the revised manuscript to
enhance its clarity and focus.

2. METHODOLOGY

This study employed a three-step approach to activate date pits (DP) and
evaluate the factors influencing their adsorption performance. The
activation process was designed to enhance the material’s porosity,
thereby improving its adsorption capacity, as described by (Khan et al,
2022).

2.1. Activation of Date Pits

DP activation was performed using two chemical activating agents, H,SO,
and H3PO,, following the procedures outlined by (Al-Balushi et al., 2017;
Reddy et al.,2012). The activation process involved several key steps:

1.  Preparation: The date pits were thoroughly cleaned, dried, and then
subjected to thermal treatment in a furnace at temperatures ranging
from 500°C to 1000°C.

2. Particle Size Reduction: After heating, the activated material was
crushed into different particle sizes to optimize adsorption efficiency.

2.2 Adsorption Isotherm Experiments

To analyze the adsorption capacity, batch experiments were conducted
using methylene blue as a model contaminant. The adsorption isotherms
were generated using a standard “bottle point” batch process:

. Pre-weighed adsorbent samples were placed into tubes.

. Surface water solutions containing different pollutant concentrations
(60 ppm, 70 ppm, 90 ppm, 100 ppm, 120 ppm, 130 ppm, 150 ppm,
200 ppm, 250 ppm, and 300 ppm) were added.

e  Variousadsorbentdoses (0.3g,0.5g,0.7g,0.9g,1.1 g and 1.3 g) were
tested to determine the optimal amount. Based on adsorption
performance, a sample weight of 0.7 g was identified as the most
effective and was used in subsequent experiments.

° The samples were shaken at 100 rpm and maintained at a
temperature of 20°C, with a fixed particle size of 0.6 mm.

e  After the reaction time (determined from Kinetic experiments), the
suspensions were allowed to settle, and phase separation was
achieved via centrifugation. If necessary, additional filtration using
0.45 pm membrane filters was performed.

2.3 Evaluation of Adsorption Conditions

The adsorption process was further analyzed under varying experimental
conditions, including:

° pH: The effect of pH on adsorption capacity was examined.

. Temperature: Experiments were repeated at 25°C and 30°C to assess
temperature influence.

° Particle Size: Different particle sizes were tested to determine their
impact on adsorption efficiency.

e  Water Source: The adsorption performance was evaluated in
different water matrices to understand variations in effectiveness.

Through these systematic steps, the study optimized the adsorption
conditions and provided insights into the reusability and stability of the
prepared adsorbents for water treatment applications. This methodology
aligns with previously established studies aimed at enhancing adsorbent
properties for environmental remediation (Al-Ghouti et al., 2020).

3. RESULTS

3.1 Analysis of MB

The concentration of Methylene Blue (MB) in the supernatant solution was
measured using a double-beam UV spectrophotometer set at 665 nm, both
before and during the adsorption process. At this wavelength, the activated
carbon (AC) supernatant showed no absorbance, and the calibration curve
exhibited high repeatability. Additionally, the calibration curve remained
linear across the concentration range used in this study.
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3.2 Date Pits
3.2.1 Effect of Particle Size

When assessing the date pit (DP) particle size, the results in Figure 1 show
that samples activated with H3PO, exhibit a higher adsorption capacity of
up to 3.5 mg/l, compared to samples activated with H,SO,, which only
reach 1 mg/l at any equilibrium concentration. Additionally, at a particle
size of 0.6 mm, the adsorption rate using 100 mg/l of H,SO, is 2 mg/g,
while a significantly higher rate of 3.5 mg/g is achieved with H;P0O, at an
equilibrium concentration of just 50 mg/1. The results also demonstrate
that smaller particle sizes result in higher adsorption rates for both
activating agents. However, for samples treated with H3PO, the
adsorption rates for both particle sizes are relatively similar. In contrast,
when using H3PO, as the activating agent, the adsorption rate for the 0.6
mm particles is up to four times higher than that for the 1.18 mm particles.
Smaller particles (0.6 mm) exhibited higher adsorption capacity compared
to larger particles (1.18 mm) due to increased surface area. Similar
findings were reported in earlier studies on agricultural biomass-derived
adsorbents.
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Figure 1: Effect of DP size investigated using 0.6 mm (non-arrowed line)
and 1.18 mm (arrowed line) particles on amount of pollutant adsorption
in mg/g, using two different activating agents: H3P04 (solid line) and
H2S04 (dashed line).

3.2.2 Effect of Temperature

Additionally, the results in Figure 2 indicate that increasing the
temperature enhances the adsorption rates for both activating agents. For
H3PO,, the adsorption rate at an equilibrium concentration of up to 15
mg/1 at 30°C is nearly double the rate observed at 25°C and triple the rate
at 20°C. Moreover, H3;PO, consistently shows significantly faster
adsorption rates than H,SO, at all equilibrium concentrations. In contrast,
when carbonization is performed with H,SO, at 20°C or 25°C, the results
are comparable. However, a substantial increase in the adsorption rate is
observed when the temperature is raised to 30°C. Increasing the
temperature to 30°C significantly enhanced adsorption, indicating that the
process is thermodynamically favorable (Al-Qodah et al,, 2024).

7
—8—®H3P04 (Temp= 20C)

—o—+H3P04 (Temp= 25C)
—@-» H3PO4 (Temp= 30C)

o

]
%> — © -8H2S04 (Temp= 20C)
E
- ~ ®-#H2504 (Temp= 25C)
[
84 ~ @ » H2504 (Temp= 30C)
2
i .
3
—o®

g -

1

0

80 100 120

60
Equilibrium Concentration, mg/I

Figure 2: Effect of temperature investigated at 3 different temperatures
20 oC (Arrow ended), 25 oC (Diamond ended), and 30 oC (Oval Ended) on
amount of pollutant adsorption in mg/g, using two different activating
agents: H3P04 (solid line) and H2S04 (dashed line).

3.2.3 Effect of pH

Furthermore, the results in Figure 3 show a similar pattern for both
activating agents across various pH values. For both agents, the
relationship between the adsorption amount and equilibrium
concentration is linear. However, significantly higher adsorption rates are
observed in a basic solution (pH = 8.6) compared to an acidic solution (pH
=4.65), with rates reaching 3-4 times higher in the basic solution. Notably,
the H3PO, activating agent consistently shows much higher adsorption
rates than H,SO, at all equilibrium concentrations. Adsorption was more
efficient in an alkaline medium (pH = 8.06) compared to an acidic medium,
which can be attributed to surface charge modifications that affect
interactions with the dye (Bello and Ahmad, 2022).
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Figure 3: Effect of pH investigated at 3 different concentrations (pH =
8.06, arrow ended), (pH = 6.4, diamond ended), and (pH = 4.65, oval
ended) on amount of pollutant adsorption in mg/g, using two different
activating agents: H3P04 (solid line) and H2S04 (dashed line).

3.2.4 Competition effect at 20 oC for 0.6 mm particle size.

Finally, the results in Figure 4 show a similar pattern for both activating
agents, with a higher adsorption rate observed when using distilled water.
The adsorption rate with distilled water is up to a 200% increase in
efficiency compared to natural spring water, particularly when the
equilibrium concentration exceeds 35 mg/I1 for the H;PO, activating agent
and 70 mg/1 for the H,S0, activating agent. Overall, the results suggest that
using H3PO, as an activating agent yields significantly higher adsorption
compared to H,SO,4, especially under conditions of higher temperature, a
basic medium, smaller particle sizes, and the use of distilled water.
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Figure 4: Effect of water source investigated using distilled water (arrow
ended) and natural water (diamond ended) on amount of pollutant
adsorption in mg/g, using two different activating agents: H3P04 (solid
line) and H2S04 (dashed line).

4. CONCLUSION

This study demonstrates the effectiveness of date pit-derived activated
carbon (DP-AC) as an adsorbent for pollutant removal. Consistent with
previous research, this approach offers an efficient, cost-effective, and
environmentally friendly alternative for water treatment. The findings
align with existing literature, confirming that activated carbon materials
exhibit significantly higher porosity compared to raw materials, which
enhances their adsorption capacity. This improvement is attributed to the
loss of volatile matter during carbonization, which results in an advanced
pore structure and increased porosity. The study compared the use of
H3;PO, and H,S0, as activating agents under various conditions, revealing
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that H;PO, activation achieved superior adsorption rates.

During chemical activation, H;PO, played a key role in decomposing
organic material, releasing volatile matter, and developing a microporous
structure. Additionally, it facilitated the dehydration of cellulose,
weakening the precursor structure and enhancing pore formation. The
effect of particle size was also assessed, confirming the findings of previous
studies. Results showed that smaller particles (0.6 mm) exhibited higher
adsorption rates compared to larger particles (1.18 mm). This is likely due
to the increased microporosity volume and higher surface area, both of
which contribute to enhanced adsorption efficiency.

The impact of pH on adsorption performance was also investigated.
Results indicated that adsorption was significantly higher at pH 8.6
compared to lower pH values (6.4 and 4.65). This effect can be explained
by the influence of pH on surface chemistry and charge distribution. At
lower pH levels, the adsorbent surface becomes positively charged, leading
to electrostatic repulsion and reduced adsorption efficiency for cationic
pollutants.

Temperature variations (20°C, 25°C, and 30°C) were examined to
determine their influence on adsorption efficiency. The findings confirmed
that the adsorption process is spontaneous at room temperature, with the
highest adsorption occurring at 30°C. These results align with previous
studies recommending this temperature range for optimizing DP-AC
performance in aqueous solutions.

Finally, the effect of water source on adsorption capacity was evaluated.
Distilled water resulted in the highest adsorption efficiency, whereas
adsorption capacity was reduced when using spring water. This reduction
is attributed to the presence of dissolved minerals (e.g., Na, K, Li, Ca, Ba),
which compete with the target pollutant for adsorption sites, thereby
lowering the overall adsorption performance.

Overall, this study highlights the high efficiency of locally available DP-AC
as a sustainable adsorbent for pollutant removal. The comparison of H;PO,
and H,SO, activation emphasizes the importance of surface area and
porosity in determining adsorption capacity, providing valuable insights
for optimizing AC-based water treatment solutions.

ACKNOWLEDGEMENT

This research was financially supported by Abdul Hameed Shoman
Foundation (funding number: 230800346), Deanship of Academic
Research at The University of Jordan, and the Jordanian Higher Council for
Science and Technology (HCST) under CYCLOLIVE Project ID 1977 one of
PRIMA II projects.

REFERENCES

Ahmad, T., Danish, M., Rafatullah, M., Ghazali, A., Sulaiman, O., Hashim, R.,
and Ibrahim, M.N.M., 2012. The use of date palm as a potential
adsorbent for wastewater treatment: a review. Environmental
Science and Pollution Research, 19, Pp.1464-1484.

AKl, M. A, Yousef, A. M., and AbdElnasser, S., 2013. Removal of iron and
manganese in water samples using activated carbon derived from
local agro-residues. J. Chem. Eng. Process Technol.

Al Mesfer, M. K., Parthasarthy, V. Danish, M., Shah, M, Ansari, K. B,
Ammendola, P., Khan, M. I,, and Raganati, F., 2024. A critical review
on current progress and challenges in post-combustion CO 2
separation from flue gas. Separation Science and Technology,
59(15), Pp. 1454-1476. https://doi.org/ 10.1080/ 01496395.
2024.2377585.

Alazaiza, M. Y., Mokaizh, A. A. B, Baarimah, A. 0., and Al-Zghoul, T., 2025.
From agro-waste to bioactive wealth: Analyzing nutraceutical
extraction and applications. Case Studies in Chemical and
Environmental Engineering, 11, 101066.

Al-Balushi, K, Revanuru, S., and Sajjala, S. R, 2017. Preparation of
activated carbon from date seeds and evaluation of its applications.
In International Conference on Civil, Disaster Management and
Environmental Sciences (CDMES-17) Feb, Pp. 2-3.

Al-Ghouti, M. A, and Al-Absi, R. S., 2020. Mechanisms and factors
influencing the removal of heavy metals and dyes from water using
agricultural wastes-based adsorbents: A review. Environmental
Science and Pollution Research, 27(36), Pp. 44715-44748

Al-Kaabi, K., Al-Khanbashi, A., and Hammami, A., 2005. Date palm fibers as
polymeric matrix reinforcement: DPF/polyester composite
properties. polymer composites, 26 (5), Pp. 604-613.

Al-Qodah, Z., Al-Zghoul, T. M., and Jamrah, A., 2024. The performance of
pharmaceutical wastewater treatment system of
electrocoagulation assisted adsorption using perfo rated
electrodes to reduce passivation. Environmental Science and
Pollution Research, 31(13), Pp. 20434-20448.

Al-Zghoul, T. M., Al-Qodah, Z., and Al-Jamrah, A., 2023. Performance,
modeling, and cost analysis of chemical coagulation-assisted solar
powered electrocoagulation treatment system for pharmaceutical
wastewater. Water, 15(5), Pp. 980.

Amr, S.S.A,, Abujazar, M.S.S., Alazaiza, M.Y., Albahnasawi, A., and Omer, F.,
2024. Heavy metals removal from industrial wastewater using date
seeds powder and aluminum chloride-based hybrid
natural/chemical coagulation. Desalination and Water
Treatment, 318, 100392.

Bansal, R.C,, and Goyal, M., 2005. Activated Carbon Adsorption. CRC Press.

Bello, 0. S., and Ahmad, M. A., 2022. Recent advances in low-cost
adsorbents for methylene blue dye removal: A review. Journal of
Environmental Chemical Engineering, 10(4), Pp. 108521.

Bhatnagar, A., and Sillanpaa, M., 2017. Applications of agro-based
biomasses in water purification: A review. Chemical Engineering
Journal, 323, Pp. 190-222.

Binnie, C., Kimber, M., and Thomas, H., 2017. Activated carbon adsorption.
In Basic Water Treatment, Pp. 147-155. ICE Publishing.

Castafieda-Diaz, J., Pavon-Silva, T., Gutiérrez-Segura, E., and Colin-Cruz,
ARTURO.,, 2017. Electrocoagulation-adsorption to remove anionic
and cationic dyes from aqueous solution by PV-energy. Journal of
Chemistry 2017.

Chandra, S., Dohare, D., and Kotiya, A., 2020. Study of Electrocoagulation
Process for Removal of Heavy Metals from Industrial Wastewater.
A Review. Int. ]. Eng. Res. Technol. 9, Pp. 993-999.

da Silva, S.W., Welter, ].B., Albornoz, L.L., Heberle, A.N.A,, Ferreira, ].Z., and
Bernardes, A.M. 2021. Advanced electrochemical oxidation
processes in the treatment of pharmaceutical containing water and
wastewater: A review. Current Pollution Reports 7: Pp. 146-159.

Domingues, E., Fernandes, E., Gomes, |, Castro-Silva, S., and Martins, R. C,,
2021. Olive oil extraction industry wastewater treatment by
coagulation and Fenton’s process.Journal of Water Process
Engineering, 39, Pp. 101818.

Donkadokula, N. Y., Kola, A. K, Naz, I, and Saroj, D., 2020. A review on
advanced physico-chemical and biological textile dye wastewater
treatment techniques. Revie ws in environmental science and
bio/technology, 19, Pp. 543-560.

Eder, S., Miiller, K., Azzari, P., Arcifa, A., Peydayesh, M., and Nystrom, L.,
2021. Mass transfer mechanism and equilibrium modelling of
hydroxytyrosol adsorption on olive pit-derived activated
carbon. Chemical Engineering Journal, 404, 126519.

Gayakwad, K., Ambade, B., Kumar, A.,, and Gautam, S., 2024. Sustainable
Solutions: Reviewing the Future of Textile Dye Contaminant
Removal with Emerging Biological Treatments. Limnological
Review/Limnological Review, 24(2), Pp. 126-149.
https://doi.org/10.3390/limnolrev24020007.

Hamaideh, A., Al-Zghoul, T., Dababseh, N., and Jamrah, A., 2024. Enhancing
water management in Jordan: A fresh tomato water footprint
analysis. Jordan Journal of Agricultural Sciences, 20(4), Pp. 276-
294.

Hassan, H., Rodriguez-Ubinas, E., Al Tamimi, A., Trepci, E., Mansouri, A.,
and Almehairbi, K., 2024. Towards innovative and sustainable
buildings: A comprehensive review of 3D printing in construction.
Automation in Construction, 163, 105417.
https://doi.org/10.1016/j.autcon.2024.105417.

Hijab, M. S., 2021. Minimizing Adsorbent and Time Requirements Using
Multi-Stage Batch Adsorption for Malachite Green Removal Using
Date Pit Derived Activated Carbons (Doctoral dissertation, Hamad

Cite The Article: Heba Al-Jawaldeh, Ahmad Jamrah, Tharaa M. Al-Zghoul (2025). Date Pits Activated Carbon As An Effective Adsorbent For

Water Treatment Using H3po4 And H2s04 Activating Agents. Water Conservation & Management, 9(2): 383-387.




Water Conservation & Management (WCM) 9(2) (2025) 383-387

Bin Khalifa University (Qatar)).

Hossain, M. Z.,, Waly, M. I, Singh, V., Sequeira, V., and Rahman, M. S., 2014.
Chemical composition of date-pits and its potential for developing
value-added product-a review. Polish journal of food and nutrition
sciences, 64(4).

Jamrah, A., Al-Jawaldeh, H., Al-Zghoul, T.M., Hamaideh, A., Darwish, M.M.,
and Al-Karabliehg, E. (2024). Olive Pits Activated Carbon As An
Effective Adsorbent For Water Treatment Using H3po4 And H2s04
Activating Agents. Water Conservation and Management, 8(4), Pp.
415-419.

Jamrah, A., AL-Zghoul, T.M,, and Al-Qodah, Z., 2024. An Extensive Analysis
of Combined Processes for Landfill Leachate
Treatment. Water, 16(12), Pp.1640.

Johnson, J. L., Dodder, N. G., Mladenov, N., Steinberg, L., Richardot, W. H.,
and Hoh, E., 2024. Comparison of Trace Organic Chemical Removal
Efficiencies between Aerobic and Anaerobic Membrane Bioreactors
Treating Municipal Wastewater. ACS ES&T Water, 4(4), Pp. 1381-
1392. https://doi.org/10.1021/acsestwater.3c00 542.

Khan, I, Saeed, K., Zekker, 1., Zhang, B., Hendi, A. H.,, Ahmad, A., and Khan,
I.,2022. Review on methylene blue: Its properties, uses, toxicity and
photo degradation. W ater, 14(2), Pp. 242.

Kuang, Y., Zhang, X., and Zhou, S., 2020. Adsorption of methylene blue in
water onto activated carbon by surfactant modification. Water,
12(2), Pp. 587.

Naiduy, R, Biswas, B, Willett, L.R,, Cribb, J., Singh, B.K.,, Nathanail, C.P., ... and
Aitken, RJ., 2021. Chemical pollution: A growing peril and potential
catastrophic risk to humanity. Environment International, 156,
106616.

Preethi, Shanmugavel, S. P., Kumar, G., Yogalakshmi, K. N., Gunasekaran,
M, and Rajesh Banu, ]., 2024. Recent progress in mineralization of
emerging contaminants by advanced oxidation process: A review.
Environmental Pollution, 341, 122842-122842.
https://doi.org/10.1016/j.envpol.2023.122842.

Rashed, M.N., 2013. Adsorption technique for the removal of organic
pollutants from water and wastewater. Organic pollutants
monitoring, risk and treatment, Pp. 167-194.S.

Reddy, K. S. K., Al Shoaibi, A, and Srinivasakannan, C., 2012. A comparison

of microstructure and adsorption characteristics of activated
carbons by CO2 and H3P0O4 activation from date palm pits. New
Carbon Materials, 27(5), Pp. 344-351.

Rifi, S.K,, Fels, L.E., Driouich, A., Hafidi, M., Ettaloui, Z., and Souabi, S., 2022.
Sequencing batch reactor efficiency to reduce pollutant in olive oil
mill wastewater mixed with urban wastewater. International
Journal of Environmental Science and Technology, 19(11), Pp.
11361-11374.

Sakoor, S., and Nasar, A, 2016. Removal of methylene blue dye from
artificially contaminated water using citrus limetta peel waste as a
very low-cost adsorbent. Journal of the Taiwan Institute of
Chemical Engineers, 66, Pp. 154-163.

Sanganyado, E., 2022. Policies and regulations for the emerging pollutants
in freshwater ecosystems: Challenges and opportunities. Emerging
freshwater pollutants, Pp. 361-372.

Surkatti, R, Ibrahim, M.H., and El-Naas, M.H., 2021. Date pits activated
carbon as an effective adsorbent for water treatment. In Sorbents
Materials for Controlling Environmental Pollution, Pp. 135-161.
Elsevier.

Tayeh, Y. A., Alazaiza, M. Y., Alzghoul, T. M., and Bashir, M. ], 2025. A
Comprehensive Review of RO Membrane Fouling: Mechanisms,
Categories, Cleaning Methods and Pretreatment Technologies.
Journal of Hazardous Materials Advances, 100684.

Valdetaro, L., Thomasi, B., Ricciardi, M. C., de Melo Santos, K., de Mattos
Coelho-Aguiar, J., and Tavares-Gomes, A. L., 2023. Enteric nervous
system as a target and source of SARS-CoV-2 and other viral
infections. AJP Gastrointestinal and Liver Physiology, 325(2), Pp.
G93-G108. https://doi.org/10.1152/ajpgi.00229.2022.

Yahiaoui, O., Lounici, H., Abdi, N., Drouiche, N., Ghaffour, N., Pauss, A., and
Mameri, N.,, 2011. Treatment of olive mill wastewater by the
combination of ultrafiltration and bipolar electrochemical reactor
processes. Chemical Engineering and Processing: Process
Intensification, 50(1), Pp. 37-41.

Zhou, H., Wei, C,, Zhang, F,, Liao, J., Hu, Y., and Wu, H.,, 2018. Energy-saving
optimization of coking wastewater treated by aerobic bio-
treatment integrating two-stage activated carbon
adsorption. Journal of Cleaner Production 175: Pp. 467-476.

- 9 =
e —————

Cite The Article: Heba Al-Jawaldeh, Ahmad Jamrah, Tharaa M. Al-Zghoul (2025). Date Pits Activated Carbon As An Effective Adsorbent For

Water Treatment Using H3po4 And H2s04 Activating Agents. Water Conservation & Management, 9(2): 383-387.




