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Introduction
Wastewater, as a byproduct of human activities, exerts 
significant impacts on the environment, especially on 
aquatic ecosystems. Effective treatment of this waste 
requires tailored approaches that consider factors such as 
volume, concentration, and its specific characteristics. These 
impacts predominantly arise from various anthropogenic 
sources, including both large-scale and small-to-
medium industrial operations. The effectiveness of waste 
management depends on the systematic implementation 
of reduction, treatment, and reuse processes (1).

Domestic wastewater is generally recognized as a 
principal contributor to environmental wastewater 
pollution. A study conducted at Lake Burullus in Egypt 
identified domestic wastewater as the predominant source 
of organic pollution, responsible for approximately 63.2% of 

the total organic pollutant load, while industrial wastewater 
accounted for a comparatively smaller proportion (2). A 
large part of domestic wastewater contains phosphate, 
which mostly comes from detergents used in household 
tasks like doing laundry and washing kitchen utensils 
(3). Large amounts of phosphate can pollute water and 
soil if it is not treated properly. In water environments, 
high phosphate levels can cause eutrophication, which 
means high algae growth. This can upset the balance 
of the ecosystem, lower oxygen levels in the water, and 
harm aquatic life (4). The build-up of phosphate in soil 
can disturb the balance of nutrients and may also pollute 
groundwater. In addition, chemical fumes from phosphate-
based detergents can pollute the air and create unpleasant 
smells. Because of this, reducing and treating phosphate in 
domestic wastewater is very important for protecting the 
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Abstract
Introduction: Domestic wastewater contains phosphates originating from detergents, which 
are recognized as pollutants of aquatic and terrestrial environments. Excessive phosphate 
concentrations contribute to eutrophication, impairing ecosystem health. Adsorption using 
activated carbon has been identified as an effective method for phosphate removal. This study 
investigated the efficiency of activated carbon derived from Moringa oleifera seeds in removing 
phosphate from wastewater.
Methods: The study employed a pre- and post-test design with a control group. The carbon was 
activated using sulfuric acid (H₂SO₄), sodium hydroxide (NaOH), and sodium chloride (NaCl) 
at concentrations of 5%, 10%, and 15%, with an activation duration of 24 hours. Phosphate 
concentrations were quantified at a wavelength of 880 nm using a UV-Vis spectrophotometer. 
Data were analyzed using SPSS and Microsoft Excel, incorporating normality tests and one-way 
analysis of variance (ANOVA).
Results: The activated carbon demonstrated phosphate removal efficiencies ranging from 
73.55% to 79.21%, with the highest efficiency recorded for the G15 treatment (15% NaCl 
activation). The NaCl-activated carbon exhibited the greatest adsorption capacity, averaging 
9.98 × 10⁻³ mg/g. Normality testing confirmed that the data were normally distributed, while 
ANOVA revealed that the interaction between activator type and concentration significantly 
affected the final phosphate concentration (P = 0.001; P < 0.05).
Conclusion: Activation with NaCl enhanced the stability of the carbon structure, likely facilitated 
by active compounds such as Rhamnosyloxy benzyl isothiocyanate (RBITC) in Moringa seeds. 
Optimization of activator concentration and field-scale validation are recommended to improve 
the applicability of Moringa-based activated carbon as a sustainable phosphate adsorbent.
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environment. Some wastewater treatment methods can 
reduce phosphate levels by up to 80%, helping to reduce 
the harm to aquatic ecosystems (5).

Phosphate in domestic wastewater mostly comes from 
detergents. These detergents are widely used in homes and 
industries, especially for cleaning clothes and utensils (6). 
Commercial detergents contain phosphate compounds 
like sodium tripolyphosphate (STPP), which help soften 
water and improve cleaning power. However, STPP is 
hard to break down, and it can cause phosphorus to build 
up in water (7). This process can lower the amount of 
dissolved oxygen in the water and disturb the balance 
of aquatic ecosystems. Because of this, the use of STPP 
should be controlled and replaced with more eco-friendly 
alternatives to reduce its negative impact on water quality 
and the environment (5).

In Indonesia, the use of detergents has increased 
along with population growth and household needs (8). 
As a result, household wastewater with detergents has 
become a major source of phosphate pollution in water 
(5). Detergents that contain phosphate are a key cause of 
phosphate pollution in household water systems (9).

One way to reduce phosphate in wastewater is using 
adsorption with activated carbon. Activated carbon is 
known to be an effective adsorbent because it has a large 
surface area, many pores, and active groups that can bind 
with phosphate ions. However, since commercial raw 
materials are often expensive and limited, researchers 
are looking for cheaper and more sustainable sources. 
Moringa oleifera seeds have shown promise as one of these 
alternative sources.

Moringa seeds are considered a good material for making 
carbon. They contain high levels of organic carbon and 
fiber, with a carbon content of 46.78% (10). In addition, 
they are a common agricultural byproduct that is not yet 
fully used or taken advantage of (11). In addition, the 
bioactive compounds present in Moringa oleifera seeds 
may contribute to the formation of a stable activated 
carbon structure, thereby enhancing its effectiveness as 
an adsorbent (12).

To improve the phosphate adsorption ability of activated 
carbon made from Moringa seeds, it needs to go through 
an activation process. This can be done using physical 
or chemical methods to increase the pore surface area 
and add more functional groups. Previous studies have 
demonstrated the potential of Moringa oleifera seeds as 
natural adsorbents for various contaminants in wastewater, 
including turbidity and color from synthetic dairy effluent, 
chlorpyrifos, red dye, and direct dye (13–16). While these 
findings confirm their versatility, most research has focused 
on single adsorbent forms or specific activation methods. 
Many studies have shown that proper activation, combined 
with optimal dosing and adsorbent selection tailored to 
the physicochemical properties of target pollutants, can 
substantially enhance adsorption efficiency. Building on 
this premise, the present study assessed the effects of three 
chemical activators (H₂SO₄, NaOH, NaCl) at different 
concentrations on phosphate removal using furnace-

activated M. oleifera seed carbon.
This study aimed to find out how different types and 

amounts of activators affect the ability of Moringa seed 
carbon (activated using a furnace) to reduce phosphate 
levels.

Materials and Methods
This study employed an experimental design with a pre- 
and post-test model and a control group to evaluate the 
efficacy of chemically activated carbon derived from 
Moringa oleifera seeds in removing phosphate from 
laundry wastewater. Three chemical activators were 
used: sulfuric acid (H₂SO₄) as an acid activator, sodium 
hydroxide (NaOH) as a base activator, and sodium chloride 
(NaCl) as a salt activator, each applied at concentrations 
of 5%, 10%, and 15%. 

Carbonization process
Dried Moringa seeds were carbonized at 400°C for 45 
minutes, then ground and sieved. This temperature was 
chosen to avoid excessive ash formation, which can block 
pores and reduce activated carbon effectiveness (17).

Activation process
Carbonized Moringa seed charcoal was mixed with the 
activator solutions at a weight-to-volume ratio of 1:10 
(w/v) and incubated for 24 hours (18). After activation, 
the samples were dried in an oven at 105°C for 1 hour, then 
washed repeatedly with distilled water until the wash water 
reached neutral pH (12). 

Adsorption procedure
Each adsorption experiment used 1 g of activated carbon 
with a carbon-to-wastewater mass-to-volume ratio of 1:10 
(g/mL). The adsorption process was conducted at room 
temperature for 24 hours. The laundry wastewater, sourced 
from household laundry activities, contained detergent 
residues. Before adsorption, the wastewater underwent wet 
digestion with nitric acid (HNO₃) to break down complex 
organic compounds. 

Phosphate measurement and analysis 
Phosphate concentrations were measured using a UV-
Vis spectrophotometer at a wavelength of 880 nm. 
Measurements were taken on filtrates obtained after contact 
with activated carbon, as well as on untreated wastewater 
samples used as controls. Activated carbon samples were 
weighed using an analytical balance, placed in labeled glass 
bottles, mixed thoroughly with wastewater, and allowed 
to interact for 24 hours. Post-adsorption, the carbon was 
separated by filtration, and the filtrate was collected for 
phosphate analysis in the laboratory.

Experimental design and data analysis 
A Completely Randomized Design (CRD) was implemented 
to minimize experimental variability and improve the 
accuracy of the results. Data collected from pre- and post-
treatment phases were analyzed using Microsoft Excel and 
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SPSS software.

Effectiveness analysis
The adsorption effectiveness was evaluated by measuring 
the ability of activated carbon to reduce phosphate levels 
in laundry wastewater. Phosphate concentrations were 
measured using spectrophotometry, and removal efficiency 
was calculated by:

0

0

100%C CEffectiveness
C
−

= ×

Where 𝐶₀ is the initial phosphate concentration and 𝐶 is 
the phosphate concentration after treatment.

Adsorption capacity
Adsorption capacity (𝑞ₑ) represents the maximum amount 
of adsorbate that can attach to the adsorbent surface per 
unit mass once the system reaches equilibrium, which 
occurs when the rates of adsorption and desorption are 
equal (19). The adsorption capacity was calculated using 
the following formula:
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Where 𝑞ₑ is the adsorption capacity (mg/g), 𝐶₀ is the 
initial adsorbate concentration (mg/L), 𝐶 is the equilibrium 
adsorbate concentration (mg/L), 𝑉 is the volume of solution 
(L), and 𝑚 is the mass of adsorbent (g).

Results
Figure 1 illustrates how phosphate levels decreased 
when treated with Moringa seed activated carbon 
across nine different treatments: Treatment A, B, and 
G, each tested at concentrations of 5%, 10%, and 15%. 
Phosphate measurements were taken in triplicate using 
UV spectrophotometry, and the average values for each 
replicate were calculated for every treatment.

Figure 1 shows that the phosphate adsorption efficiency 
of Moringa seed activated carbon varied depending on the 
chemical activator used. Activation with H₂SO₄ (Treatment 
A) achieved efficiencies between 73.93% and 76.52%, 
averaging 75.47%. NaOH activation (Treatment B) had 
a similar range of 73.55% to 76.43%, averaging 75.41%. 
Meanwhile, NaCl activation (Treatment G) ranged from 

72.68% to 79.21%, with an average efficiency of 75.66%. 
Notably, the G15 treatment recorded the highest efficiency 
at 79.21%, suggesting that NaCl activation offers the greatest 
potential for phosphate adsorption. These results were 
calculated based on the initial phosphate concentration 
of 0.2593 mg/L, which served as the untreated wastewater 
control.

The adsorption capacity of Moringa seed carbon was 
measured after 24 hours of treatment contact.

As shown in Table 1, Treatment A demonstrated 
adsorption capacities ranging from 9.35 to 10 × 10⁻³ mg/g, 
with an average of 9.77 × 10⁻³ mg/g. Treatment B ranged 
slightly higher, from 9.40 to 10.10 × 10⁻³ mg/g, averaging 
9.78 × 10⁻³ mg/g. Meanwhile, Treatment G showed the 
widest range, from 8.90 to 10.42 × 10⁻³ mg/g, and recorded 
the highest average adsorption capacity of 9.98 × 10⁻³ mg/g. 

According to the findings presented in Table 2, the 
results of the normality test indicated that the data were 
normally distributed. This is demonstrated by P-values 
greater than 0.05 for each of the variables that were tested.

As shown in Table 3, the results of analysis of variance 
(ANOVA) indicate that neither the type of activator 
(P = 0.893) nor its concentration (P = 0.415) had a 
significant effect on the final phosphate concentration, 
as both P-values exceeded 0.05. However, the interaction 
between the type and concentration of the activator 
exhibited a significant effect on the final phosphate 
concentration (P = 0.001; P < 0.05). 

A portion of the documentation from the research 
process is presented in Figure 2.

Discussion
Figure 1 shows that the effectiveness of Moringa seed 

Figure 1. Phosphate Adsorption Efficiency

Table 1. Adsorption Capacity of Activated Carbon

No. Treatment
Kapasitas Adsorpsi (× 10⁻³ 

mg/g)

1 1st Replication of Treatment A5 10

2 2nd Replication of Treatment A5 9.65

3 1st Replication of Treatment A10 10

4 2nd Replication of Treatment A10 9.80

5 1st Replication of Treatment A15 9.82

6 2nd Replication of Treatment A15 9.35

7 1st Replication of Treatment B5 9.40

8 2nd Replication of Treatment B5 9.67

9 1st Replication of Treatment B10 10.10

10 2nd Replication of Treatment B10 9.75

11 1st Replication of Treatment B15 9.85

12 2nd Replication of Treatment B15 9.92

13 1st Replication of Treatment G5 8.90

14 2nd Replication of Treatment G5 9.95

15 1st Replication of Treatment G10 9.92

16 2nd Replication of Treatment G10 9.55

17 1st Replication of Treatment G15 10.12

18 2nd Replication of Treatment G15 10.42 
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activated carbon in adsorbing phosphate is strongly 
influenced by both the type and concentration of the 
chemical activator used during activation. It has been 
demonstrated that strong acid-based (H₂SO₄) and strong 
base-based (NaOH) activators have a tendency to reduce 
the effectiveness of adsorption when employed at high 
concentrations. This reduction is likely due to damage to 
the carbon’s pore structure. Activation with H₂SO₄ tends 
to cause strong dehydration reactions, which increases 
rigidity in the carbon framework (20). On the other hand, 
activation with NaOH can cause excessive dissolution of 
the carbon surface, which may damage the micropores (21).

Additionally, excess ions from activation using strong 
acids or bases can create steric hindrance, making it harder 
for phosphate to penetrate the pores of the activated carbon 
(22). This phenomenon can form a barrier layer on the 
adsorbent surface, hindering diffusion (23). These findings 
imply that under conditions of ionic imbalance, adsorption 
efficiency undergoes a substantial decline (24,25). 

In contrast, activation with NaCl shows a positive trend, 
where higher concentrations steadily improve phosphate 
adsorption efficiency. The study found that NaCl activation 
yielded the highest adsorption capacity, with an average 
of 9.81 × 10⁻³ mg/g, and the highest phosphate removal 

efficiency of 75.66%. Based on Table 2, the G15 treatment 
demonstrated the highest efficiency, reaching 80.37%, and 
exhibited an adsorption capacity of 10.42 × 10⁻³ mg/g. This 
benefit comes from the way NaCl activates the carbon—
rather than damaging its structure, it helps open and clean 
the pores by removing tar and carbonization residues, while 
also increasing the number of active pores (26,27).

NaCl also functions as a mild and effective dehydrating 
agent, which does not cause hardening but instead 
enhances the interaction space between adsorbent and 
adsorbate through van der Waals forces (28). In addition, 
activation with NaCl does not require complex chemical 
reactions. It also helps reduce the moisture in the carbon, 
which in turn increases the number of active pores (29–31). 
The ability of Moringa seed activated carbon to remove 
phosphate is also supported by the presence of a compound 
called Rhamnosyloxy benzyl isothiocyanate (RBITC). This 
compound has a positive charge and a strong attraction 
to phosphate ions (32). The activation process makes the 
carbon more effective by increasing its surface area and 
adding more functional groups (33).

The effectiveness of the activated carbon depends on 
the type and concentration of the activator used during 
the activation process. This matches the results from the 
ANOVA test in Table 3, indicating that these two factors 
have a significant effect. In this study, NaCl gave better 
results than NaOH and H₂SO₄, based on the properties 
of the filtrate. The filtrate produced during activation 
can be an early sign of how well the activator reacts with 
the carbon structure. Activation with NaOH and H₂SO₄ 
resulted in a dark and dense filtrate, indicating excessive 
reactions (i.e., overreaction). A significant portion of the 
organic compounds from the carbon precursor dissolved 
into the activator solution. Such overreaction has been 
demonstrated to cause damage or dissolution of the carbon 
pore structure, thereby reducing its adsorption capacity 
(21). This phenomenon can be attributed to the corrosive 
and reactive nature of NaOH (a strong base) and H2SO4 (a 
strong acid). These substances have the capacity to dissolve 
not only impurities present in the carbon material but also 
significant structural components, such as lignin, cellulose, 
and hemicellulose.

Treatment with NaOH, especially at higher 
concentrations (up to 60%) and pretreatment temperatures 
around 170°C, has been found to remove up to 97.3% of 
hemicellulose and 45% of lignin from biomass (34). Indeed, 
the extent of lignin removal has been shown to reach 
58.6–75.3%, contingent upon the type of biomass utilized 
(35). Furthermore, the majority of hemicellulose is known 
to dissolve during treatment with NaOH/urea, while the 
crystalline structure of cellulose has been observed to 
transform from form I to form II, suggesting structural 

Table 2. Results of the data normality test

No. Treatment Description P-value

1 The final phosphate concentration of treatment A5 0.420

2 The final phosphate concentration of treatment A10 0.115

3 The final phosphate concentration of treatment A15 0.233

4 The final phosphate concentration of treatment B5 0.086

5 The final phosphate concentration of treatment B10 0.062

6 The final phosphate concentration of treatment B15 0.972

7 The final phosphate concentration of treatment G5 0.058

8 The final phosphate concentration of treatment G10 0.332

9 The final phosphate concentration of treatment G15 0.689

Table 3. Result of ANOVA Test

No. Treatment P-value

1 Activator Type 0.893

2 Activator Concentration 0.415

3 Type * Concentration 0.001

Figure 2. A portion of the documentation from the research process
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modification of the cellulose.
In contrast, using a NaCl solution produces a noticeably 

clearer filtrate, indicating a more controlled activation 
process that avoids excessive dissolution of the carbon 
material. As a neutral salt, NaCl is less corrosive than strong 
acids or bases. As a result, NaCl activation helps preserve 
the carbon’s structure, allowing pores to form without 
causing significant damage to the active surface (36,37). 

The clearer filtrate seen during the NaCl activation 
process suggests that fewer substances dissolved from 
the carbon material. This indicates effective impurity 
removal without damaging the core carbon structure. 
Activated carbon produced with NaCl shows efficient pore 
formation and an optimal surface area-to-burn-off ratio, 
reflecting a selective and gentle activation process (38). This 
outcome suggests that the activated carbon’s effectiveness 
is enhanced due to the preservation of its microporous 
structure and high surface area.

The physical form of the activated carbon after activation 
varied noticeably depending on the type of activator used. 
Carbon treated with NaOH and NaCl tended to retain a 
fine granular texture both before and after neutralization, 
showing little change in shape. In contrast, carbon activated 
with H₂SO₄ appeared clumped and slightly sticky as shown 
in Figure 2. This occurred due to a significant drop in pH 
during activation, resulting in highly acidic carbon. The 
low pH affects how the carbon particles interact, making 
them more likely to stick together (39). This process also 
leads to the decomposition of organic compounds on the 
surface of the activated carbon, forming residual substances 
that accelerate the aggregation of carbon particles (40). This 
clumping is disadvantageous because it lowers the specific 
surface area, which is crucial for effective adsorption.

This study shows that chemically activated carbon 
derived from Moringa oleifera seeds effectively enhances 
phosphate adsorption, with the type of activator influencing 
the physical, chemical, and adsorption properties of the 
carbon. Industrial wastewater can also be processed and 
utilized as liquid organic fertilizer to increase agricultural 
productivity, such as the treatment of wastewater from 
the WWTP of PT X, which has a significant effect on 
the growth of Brassica rapa L. (41). At a larger scale, this 
method can be combined with the use of sludge from 
wastewater treatment. If the sludge meets safety standards 
and contains beneficial nutrients, it can be directly applied 
as fertilizer (42). Additionally, sludge can be co-composted 
with other organic wastes to produce high-quality compost 
that is safe for agricultural use (43). 

By integrating these two approaches- carbon activation 
from Moringa biomass and sludge co-composting- the 
value of waste materials can be significantly enhanced. 
Activated carbon serves as an effective adsorbent for 
wastewater treatment, while co-composted sludge 
contributes to improving soil quality. This integrated 
approach supports sustainable waste management while 
increasing agricultural productivity and resource use 
efficiency.

Conclusion
The key finding of this study is that the type of chemical 
activator greatly influences the phosphate adsorption 
efficiency of activated carbon made from Moringa oleifera 
seeds. Activation with NaCl proved to be the most effective, 
achieving a peak adsorption of 79.21% in the G15 treatment 
and an average efficiency of 75.66%. Meanwhile, the 
activators H₂SO₄ and NaOH showed almost similar average 
efficiencies of 75.47% and 75.41%, respectively. In addition, 
the adsorption capacity of the activated carbon followed a 
similar trend, with NaCl exhibiting the highest capacity of 
9.98 × 10⁻³ mg/g, followed by NaOH (9.78 × 10⁻³ mg/g) and 
H₂SO₄ (9.77 × 10⁻³ mg/g), respectively.

The activation process was visually monitored, and the 
observations support the earlier findings. Activation with 
NaCl produced a clearer filtrate and finer carbon deposits, 
indicating a more controlled reaction. In contrast, using 
NaOH and H₂SO₄ resulted in thicker, more viscous filtrates 
and sticky, clumped carbon formations. These results 
suggest that the highly reactive nature of strong acids and 
bases can cause overreaction, which not only removes 
impurities but also breaks down important biomass 
components like lignin, cellulose, and hemicellulose.

The effectiveness of Moringa seed activated carbon in 
adsorbing phosphate is further supported by the active 
compound Rhamnosyloxy benzyl isothiocyanate (RBITC). 
This compound carries an electropositive charge, giving it 
a strong attraction to phosphate anions. As a result, RBITC 
enhances the ionic interactions between the carbon surface 
and phosphate ions in the wastewater, boosting the overall 
adsorption process.

This study highlights the promising potential of Moringa 
seed activated carbon as an eco-friendly, natural adsorbent—
especially when activated with NaCl. This method not 
only efficiently removes phosphate but also preserves 
the carbon’s structural integrity. These findings provide 
a solid foundation for developing sustainable adsorption 
techniques to treat laundry wastewater. Future research 
should focus on optimizing activator concentrations, scaling 
up carbon production, and evaluating its performance in 
real wastewater conditions. Moreover, gaining a deeper 
understanding of the chemical and structural changes 
that occur during activation is essential for improving 
adsorption performance. Combining these insights could 
pave the way for developing more efficient and sustainable 
solutions for managing phosphate waste in the future.

Acknowledgments
The authors would like to express gratitude to Sebelas Maret 
University for their support.

Authors’ Contribution
Conceptualization: Lathifa Putri Wiedhya Syahrani. 
Data Curation: Lathifa Putri Wiedhya Syahrani.
Formal Analysis: Lathifa Putri Wiedhya Syahrani.
Funding Acquisition: Siti Rachmawati.
Investigation: Lathifa Putri Wiedhya Syahrani.
Methodology: Hashfi Hawali Abdul Matin.
Project Administration: Siti Rachmawati.
Resources: Hashfi Hawali Abdul Matin.



Syahrani et al

Environ Health Eng Manag 2026;13:16526

Software: Lathifa Putri Wiedhya Syahrani.
Supervision: Siti Rachmawati.
Validation: Siti Rachmawati.
Visualization: Siti Rachmawati.
Writing–Original Draft: Lathifa Putri Wiedhya Syahrani.
Writing–Review & Editing: Hashfi Hawali Abdul Matin.

Competing Interests
None.

Ethical Approval
Does not require any ethical issues.

Funding
This study was funded by Sebelas Maret University.

References
1.	 Kamaludin A, Iqbal M, Kahar K, Aripin S. Effect of varying 

weight of mealworms (Tenebrio molitor L.) on styrofoam 
degradation. Environ Health Eng Manag 2025;12:1385. 
doi:10.34172/ehem.1385

2.	 Moussa MS, Mostafa MK. Rapid assessment method for 
evaluation of the weighted contribution of anthropogenic 
pollution: a case study of Lake Burullus, Egypt. Water 
2021;13(23):3337. doi:10.3390/w13233337

3.	 Kuswoyo A, Ulimaz A. Pengaruh Jenis dan Ketebalan Karbon 
Aktif pada Sistem Constructed Wetlands untuk Pengolahan 
Limbah Cair Rumah Tangga. Bioscientist Jurnal Ilmiah Biologi 
2022;10(1):173-81. doi:10.33394/bioscientist.v10i1.4436

4.	 Syakur A, Faradila R, Huboyo HS. The application of 
ionization technology to reduce water pollutant level 
of domestic wastewater. IOP Conf Ser Earth Environ Sci 
2023;1268(1):012038. doi:10.1088/1755-1315/1268/1/012038

5.	 Chen X, Wang Y, Bai Z, Ma L, Strokal M, Kroeze C, et al. 
Mitigating phosphorus pollution from detergents in the 
surface waters of China. Sci Total Environ 2022;804:150125. 
doi:10.1016/j.scitotenv.2021.150125

6.	 Koohsaryan E, Anbia M, Maghsoodlu M. Application of zeolites 
as non-phosphate detergent builders: A review. J Environ Chem 
Eng 2020;8(5):104287. doi:10.1016/j.jece.2020.104287

7.	 Carpenter SR, Caraco NF, Correll DL, Howarth RW, Sharpley 
AN, Smith VH. Nonpoint pollution of surface waters with 
phosphorus and nitrogen. Ecol Appl 1998;8(3):559-68. 
doi:10.1890/1051-0761(1998)008[0559: nposww]2.0.co;2

8.	 Mulyasari TM. Effectiveness of “SM” tool to reduce 
detergent levels in laundry wastewater. Buletin Keslingmas 
2020;39(4):199–202. doi:10.31983/keslingmas.v39i4.6587

9.	 Mohan S, Manthapuri V, Chitthaluri S. Assessing factors 
influencing greywater characteristics around the world: a 
qualitative and quantitative approach with a short-review on 
greywater treatment technologies. Discov Water 2024;4:37. 
doi:10.1007/s43832-024-00094-w

10.	 Balittas. Potensi dan manfaat biji kelor dalam bidang 
lingkungan. Badan Penelit dan Pengemb Pertan [Internet]. 2019. 
Available from: https://repository.pertanian.go.id/server/api/
core/bitstreams/82d9d234-b6b6-4041-b8b1-14e684819af8/
content. 

11.	 Dani BY, Wahidah BF, Syaifudin A. Etnobotani Tanaman Kelor 
(Moringa oleifera Lam.) di Desa Kedungbulus Gembong Pati. 
Al-Hayat J Biol Appl Biol 2019;2(2):44-52. doi:10.21580/
ah.v2i2.4659

12.	 Ekawati CJ. Alternatif Bahan Baku Arang Aktif. Malang: Rena 
Cipta Mandiri; 2023. 

13.	 Wagh MP, Aher Y, Mandalik A. Potential of Moringa oleifera 
seed as a natural adsorbent for wastewater treatment. Trends 
Sci 2022;19(2):2019. doi:10.48048/tis.2022.2019

14.	 Hamadeen HM, Elkhatib EA, Badawy ME, Abdelgaleil 
SA. Green low cost nanomaterial produced from Moringa 
oleifera seed waste for enhanced removal of chlorpyrifos from 

wastewater: mechanism and sorption studies. J Environ Chem 
Eng 2021;9(4):105376. doi:10.1016/j.jece.2021.105376

15.	 Jabar JM, Odusote YA, Alabi KA, Ahmed IB. Kinetics and 
mechanisms of Congo-red dye removal from aqueous solution 
using activated Moringa oleifera seed coat as adsorbent. Appl 
Water Sci 2020;10(6):136. doi:10.1007/s13201-020-01221-3 

16.	 Susmanto P, Yandriani Y, Dila AP, Pratiwi DR. Processing of 
Direk waste liquid colors from Jumputan industry use active 
carbon of coconut waste in adsorption column. Jurnal Riset 
Sains dan Teknologi 2020;4(2):77-87. doi:10.30595/jrst.
v4i2.7309

17.	 Putri RW, Haryati S, Rahmatullah R. Pengaruh suhu karbonisasi 
terhadap kualitas karbon aktif dari limbah ampas tebu. Jurnal 
Teknik Kimia 2019;25(1):1-4. doi:10.36706/jtk.v25i1.12 

18.	 Sirajuddin, Atasa C. Pengaruh waktu aktivasi kimia terhadap 
karakteristik karbon aktif dari tandan kosong kelapa sawit (Elaeis 
guineensis). Prosiding Seminar Nasional Teknologi Industri 
(SNTI) 2023;10(1):195-8. 

19.	 Masoud MS, Zidan AA, El Zokm GM, Elsamra RM, Okbah 
MA. Humic acid and nano-zeolite NaX as low cost and eco-
friendly adsorbents for removal of Pb(II) and Cd(II) from water: 
characterization, kinetics, isotherms and thermodynamic 
studies. Biomass Convers Biorefin 2024;14(3):3615-32. 
doi:10.1007/s13399-022-02608-9

20.	 Jaber L, Backer SN, Laoui T, Abumadi F, Koujan MM, Khalil 
KA, et al. Recent trends in surface impregnation techniques 
on activated carbon for efficient pollutant removal from 
wastewater. Desalin Water Treat 2024;319:100562. 
doi:10.1016/j.dwt.2024.100562

21.	 Arman M, Sabara Z, Arief T. The effect of pyrolysis temperature 
on sawdust-biomass activated carbon using NaOH and NaCl 
activators. Eng J 2024;28(8):1-11. doi:10.4186/ej.2024.28.8.1 

22.	 Putra SE, Khairuddin K, Puspitasari DJ, Sosidi H. Pemanfaatan 
Karbon Aktif Ampas Tahu Teraktivasi NaCl sebagai Penyerap 
Zat Warna Congo Red. KOVALEN Jurnal Riset Kimia 
2019;5(1):109-15. doi:10.22487/kovalen.2019.v5.i1.11474

23.	 Jeirani Z, Niu CH, Soltan J. Adsorption of emerging pollutants 
on activated carbon. Rev Chem Eng 2017;33(5):491-522. 
doi:10.1515/revce-2016-0027

24.	 Wang B, Lan J, Bo C, Gong B, Ou J. Adsorption of heavy metal 
onto biomass-derived activated carbon: review. RSC Adv 
2023;13(7):4275-302. doi:10.1039/d2ra07911a

25.	 Putrianda DC, Yuliana L, Budiastuti H. Aktivasi karbon aktif 
kulit singkong dengan aktivator NaCl, ZnCl2, dan Na2CO3 
untuk adsorben Pb2+. Semin Nas Terap Ris Inov 2019;5(1):274-
81.

26.	 Dzigbor A, Chimphango A. Production and optimization of 
NaCl-activated carbon from mango seed using response surface 
methodology. Biomass Convers Biorefin 2019;9(2):421-31. 
doi:10.1007/s13399-018-0361-3 

27.	 Tarmidzi FM, Putri MA, Andriani AN, Alviany R. Pengaruh 
aktivator asam sulfat dan natrium klorida pada karbon aktif 
batang semu pisang untuk adsorpsi Fe. Jurnal Rekayasa Bahan 
Alam dan Energi Berkelanjutan 2021;5(1):17-21. doi:10.21776/
ub.rbaet.2021.005.01.03

28.	 Kameda T, Horikoshi K, Kumagai S, Saito Y, Yoshioka T. 
Adsorption of urea, creatinine, and uric acid onto spherical 
activated carbon. Sep Purif Technol 2020;237:116367. 
doi:10.1016/j.seppur.2019.116367

29.	 Fatimura M, Masriatini R, Putri F. Pemanfaatan limbah kulit 
pisang menjadi karbon aktif dengan variasi konsentrasi 
aktivator NaCl. J Redoks 2020;5(2):87-95. doi:10.31851/redoks.
v5i2.4924

30.	 Wang S, Huang L, Zhang Y, Li L, Lu X. A mini-review on the 
modeling of volatile organic compound adsorption in activated 
carbons: equilibrium, dynamics, and heat effects. Chin J Chem 
Eng 2021;31:153-63. doi:10.1016/j.cjche.2020.11.018

31.	 Yin J, Zhang W, Alhebshi NA, Salah N, Alshareef HN. 
Synthesis strategies of porous carbon for supercapacitor 

https://doi.org/10.34172/ehem.1385
https://doi.org/10.3390/w13233337
https://doi.org/10.33394/bioscientist.v10i1.4436
https://doi.org/10.1088/1755-1315/1268/1/012038
https://doi.org/10.1016/j.scitotenv.2021.150125
https://doi.org/10.1016/j.jece.2020.104287
https://doi.org/10.1890/1051-0761(1998)008
https://doi.org/10.31983/keslingmas.v39i4.6587
https://doi.org/10.1007/s43832-024-00094-w
https://repository.pertanian.go.id/server/api/core/bitstreams/82d9d234-b6b6-4041-b8b1-14e684819af8/content
https://repository.pertanian.go.id/server/api/core/bitstreams/82d9d234-b6b6-4041-b8b1-14e684819af8/content
https://repository.pertanian.go.id/server/api/core/bitstreams/82d9d234-b6b6-4041-b8b1-14e684819af8/content
https://doi.org/10.21580/ah.v2i2.4659
https://doi.org/10.21580/ah.v2i2.4659
https://doi.org/10.48048/tis.2022.2019
https://doi.org/10.1016/j.jece.2021.105376
https://doi.org/10.1007/s13201-020-01221-3
https://doi.org/10.30595/jrst.v4i2.7309
https://doi.org/10.30595/jrst.v4i2.7309
https://doi.org/10.36706/jtk.v25i1.12
https://doi.org/10.1007/s13399-022-02608-9
https://doi.org/10.1016/j.dwt.2024.100562
https://doi.org/10.4186/ej.2024.28.8.1
https://doi.org/10.22487/kovalen.2019.v5.i1.11474
https://doi.org/10.1515/revce-2016-0027
https://doi.org/10.1039/d2ra07911a
https://doi.org/10.1007/s13399-018-0361-3
https://doi.org/10.21776/ub.rbaet.2021.005.01.03
https://doi.org/10.21776/ub.rbaet.2021.005.01.03
https://doi.org/10.1016/j.seppur.2019.116367
https://doi.org/10.31851/redoks.v5i2.4924
https://doi.org/10.31851/redoks.v5i2.4924
https://doi.org/10.1016/j.cjche.2020.11.018


Environ Health Eng Manag 2026;13:1652 7

Syahrani et al

applications. Small Methods 2020;4(3):1900853. doi:10.1002/
smtd.201900853

32.	 Elemike EE, Uzoh IM, Onwudiwe DC, Babalola OO. The role 
of nanotechnology in the fortification of plant nutrients and 
improvement of crop production. Appl Sci 2019;9(3):499. 
doi:10.3390/app9030499

33.	 Bagheri A, Abu-Danso E, Iqbal J, Bhatnagar A. Modified biochar 
from Moringa seed powder for the removal of diclofenac from 
aqueous solution. Environ Sci Pollut Res 2020;27(7):7318-27. 
doi:10.1007/s11356-019-06844-x

34.	 Zamora Zamora HD, de Freitas C, Pasquini D, Masarin F, 
Brienzo M. Enhanced Fractionation of Guava Seed Cake Using 
Alkali-Catalyzed Ethanol Organosolv Pretreatment. Bioenergy 
Res 2024;18(1):8. doi:10.1007/s12155-024-10813-9

35.	 Zhao J, Xu Y, Wang W, Griffin J, Wang D. Conversion of 
liquid hot water, acid and alkali pretreated industrial hemp 
biomasses to bioethanol. Bioresour Technol 2020;309:123383. 
doi:10.1016/j.biortech.2020.123383

36.	 Wu R, Wan X, Deng J, Huang X, Chen S, Ding W, et al. NaCl 
protected synthesis of 3D hierarchical metal-free porous 
nitrogen-doped carbon catalysts for the oxygen reduction 
reaction in acidic electrolyte. Chem Commun (Camb) 
2019;55(61):9023-6. doi:10.1039/c9cc02986a

37.	 Liu Y, Kang W, Huang G, Liu Y, Liu Z, Yao Y, et al. NaCl-
assisted synthesis of porous carbons with ultra-high 
electrical conductivity for high-performance supercapacitors. 
J Power Sources 2023;553:232301. doi:10.1016/j.

jpowsour.2022.232301
38.	 Liu D, Su R, Hao Z, Zhao X, Jia B, Dong L. Catalytic effect of 

NaCl on the improvement of the physicochemical structure of 
coal-based activated carbons for SO2 adsorption. Processes 
2019;7(6):338. doi:10.3390/pr7060338

39.	 Hussain Z, Chang N, Sun J, Xiang S, Ayaz T, Zhang H, et al. 
Modification of coal fly ash and its use as low-cost adsorbent 
for the removal of directive, acid and reactive dyes. J Hazard 
Mater 2022;422:126778. doi:10.1016/j.jhazmat.2021.126778

40.	 Ntakirutimana S, Tan W, Wang Y. Enhanced surface activity 
of activated carbon by surfactants synergism. RSC Adv 
2019;9(45):26519-31. doi:10.1039/c9ra04521j

41.	 Afifah RN, Setyono P, Rachmawati S. Utilization of WWTP 
output into liquid organic fertilizer on the growth of pak 
choi (Brassica rapa L.). J Ecol Eng 2024;25(10):76-90. 
doi:10.12911/22998993/191746

42.	 Merabet S, Idder T, Idder A, Gherbi A. Evaluating the 
accumulation rates of residual sludge and the possibility of 
their agricultural valorization in a Saharan context: the aerated 
lagoon wastewater treatment plant at the Ouargla Oasis 
(Algerian south-east). Environ Health Eng Manag 2025;12:1348. 
doi:10.34172/ehem.1348

43.	 Parvar Z, Amiri H, Nasiri A, Hashemi M, Medipour M, 
Pourafshar M. Integrated windrow-based co-composting of 
domestic wastewater treatment plant sludge and solid waste 
for high-quality compost fertilizer production. Environ Health 
Eng Manag 2025;12:1428. doi:10.34172/ehem.1428

https://doi.org/10.1002/smtd.201900853
https://doi.org/10.1002/smtd.201900853
https://doi.org/10.3390/app9030499
https://doi.org/10.1007/s11356-019-06844-x
https://doi.org/10.1007/s12155-024-10813-9
https://doi.org/10.1016/j.biortech.2020.123383
https://doi.org/10.1039/c9cc02986a
https://doi.org/10.1016/j.jpowsour.2022.232301
https://doi.org/10.1016/j.jpowsour.2022.232301
https://doi.org/10.3390/pr7060338
https://doi.org/10.1016/j.jhazmat.2021.126778
https://doi.org/10.1039/c9ra04521j
https://doi.org/10.12911/22998993/191746
https://doi.org/10.34172/ehem.1348
https://doi.org/10.34172/ehem.1428

