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ABSTRACT

Introduction. The increasing demand for laundry services in various regions presents challenges in managing wastewater generated by the laundry industry.
Wastewater from laundry operations contains pollutant levels that can cause environmental pollution if not properly treated. Two key parameters found in laundry
wastewater are Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD).

Objective — to identify and analyze research findings related to the use of natural filtration combinations in environmentally friendly and sustainable laundry
wastewater treatment.

Materials and methods. This research is a literature review using secondary data from articles published in the Springer Link (n = 64), ProQuest (n = 91), and
Google Scholar (n = 49) databases over the past ten years and relevant to the topic. Inclusion and exclusion criteria were applied during the article selection process.
A total of 204 articles were initially identified based on the search terms, and 200 articles were excluded based on the predetermined inclusion and exclusion criteria,
leaving 4 articles for narrative synthesis.

Results. The analysis revealed that combinations of natural filtration media, including activated charcoal, zeolite, and other supplementary materials such as silica
sand and gravel, exhibited considerable efficacy in reducing BOD and COD concentrations in laundry wastewater. The pollutant removal efficiency ranged from
20% to 85.67% for BOD, while COD reduction reached up to §7.80%, depending on the composition and ratio of the filtration materials used. These results indicate
that the proper selection and combination of filtration media significantly influence the final quality of the treated wastewater.

Limitations. The limited number of reviewed articles and differences in filtration material composition and treatment parameters may affect the comparability
of the findings.

Conclusion. Natural filtration combinations demonstrate potential as environmentally friendly and sustainable methods for laundry wastewater treatment.
The use of activated charcoal, zeolite, silica sand, and gravel contributes to the reduction of BOD and COD levels, while the effectiveness of treatment depends
on the composition and ratio of filtration materials applied.
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3¢ PeKTMBHOCTD KOMOUMHALMIA eCTECTBEHHOW GUANbTPALUM B CHUXKEHUU
YPOBHEH 6MOXMMMYECKOro M XMMUUYECKOro NoTpebneHns Kucnopoaa
B CTOYHbIX BOAAX MPAYEYHbIX: CMCTEMATUYECKUI 0630p
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PE3IOME

Beedenue. Pacmywuii cnpoc Ha ycayeu npaueytsix 8 paiuutbix pecuonax mpedyem ocob02o KOHmMpoAs CMOYHBIX 800, 00paszyowuxcs 6 amoi ompacau. Cmou-
Hble 600bl RPAYEHHBIX COOEPIHCam 8elecmea, Komopble 6e3 00ANCHOL O4UCIKU MOZYM 8bi3bI6aMb 3a2psi3HeHUe OKpydcaroueil cpedsl. Jléa KarUeabix nokazame-
A51, Onpedensiembix 8 CMOYHbIX 800aX NPAYEUHbIX: OuoXuMu1eckoe nompebnenue kucaopooa (BIIK) u xumuueckoe nompebaenue kucaopooa (XIIK).

Ileav nacmosiweii pabomot — NOUCK U AHAAU3 OGHHBIX, KACAIOWUXCS UCHONB306AHUS KOMOUHAUUL NPUPOOHBIX (DUAMPYIOUUX MAMEPUAN08 045 IKON02UHECKU
0e30nacHoll U YCmouMUgoll OYUCIKU CHOYHBIX 600 NPAYEUHDIX.

Mamepuaaot u memoowt. Hccaedosarnue npedcmaeasem coboii 0030p aumepamypst ¢ UCNOAb306AHUEM cmameil, onyoaIuUK08aHHbIX 6 6azax 0aHHbix Springer
Link (n = 64), ProQuest (n = 91) u Google Scholar (n = 49) 3a nocaeonue decamo nem. Ombop cmameii npo6eOEH No Kpumepusm KAI04eHUsl U UCKAIOYeHUs].
IlepsonauansHo no nouckogsim 3anpocam 6bi10 evisieaeHo 204 cmamou, u3 komopsix 200 6biau UCKAOUEHbl HA OCHOBAHUU ONPEOeNEHHBIX KPUMePUes BKAUEHUS.
U UCKAIOUeHUS1, 8 pe3yabmame Yezo 015 HAPPAMUEHO20 CUHMe3d UCN0Nb308ANU Hembipe CHAMbU.

Peszyromamot. Ananu3z 8visi6un, 4mo KOMOUHAUUY NPUPOOHBIX PUAMPYIOUUX MAMEPUAN08 (AKMUBUPOBAHHYIL Y201b, Ueoaum u dpyaue 0ONOAHUMENbHbIE MA-
mepuanvl, maKue Kax K6apyeswlii Necox U epasuil) 3Hayumenvho chuxcarom xkonyenmpayuio BITK u noxazamens XITK 6 cmounvix 6o0ax npaveunvix. Iggher-
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mueHocmb yoanenus 3azpasHsiouux eewecme cocmagasna 20—85,67% oas BIIK, a cnuocenue XIIK docmueano 87,8% 6 3agucumocmu om cocmasa u coom-
HOUCHUSL UCROAb3YEMbIX (PUALMPYIOUUX MAMEPUAL08. DM pe3yIbmambl NOKA3bI8AION, YMo NPAGUAbHbIIL 6b100D U KOMOUHAUUS DUABMPYIOUWUX MAMEPUAN08
CYUeCMBEeHHO BAUSIOM HA KOHEUHOE KA4eCME0 O4UULEHHBIX CHOYHBIX 800.

Oczpanunenus uccaedosanus. OzpanutenHoe KOAUYeCmeo UCHOAb308AHHbIX 8 AHAAU3E CAMEIl U PA3AUMUS 8 COCMAGe (UALMPYIOUUX MAMEPUAN0E8 U NApaMe-
mpax 06padomKu Mo2ym noeAusmy Ha COROCMAGUMOCHb Pe3YAbIMAamos.

Saxarouenue. IIpodemoHcmpuposan nOMEHYUAA KOMOUHAUUU IKOA02UMECKU HUCIbIX NPUPOOHBIX (DUALMPYIOUUX MAMEPUAN08 U IPHeKmusHbix Memoios
OUUCMKU CIMOYHBIX 600 npaueurvix. Mcnoav3oseanue aKmusuposaniozo yeis, yeoiuma, Keapueeozo necka u epagus cnocoocmeyem cruicenuro yposnei bITK u
XIIK, npu smom s¢hghexmuerocmo ouucmiu 3a8ucum om cocmaed U COOMHOUCHUs UCNONb3YeMbIX (PUAMPYIOUUX MAMEPUANOE.

Karouesvte crosa: cmounvie 600v npaveunvix; bBIIK; XIIK; ecmecmeennas gurvmpayus

s unrnposanns: Yibdax H.X., Anu C., Xymaiipo M.B., Abunun M.H.H., ®agunax A.H., Cypau A. Db deKTuBHOCTh KOMOMHALIMIA €CTECTBEHHOM (DMIIBTpAllui B CHU-
JKEHUM yPOBHEH OGMOXUMHUYECKOTO M XMMUYECKOTO TIOTPeBICHUST KUCJIOPOa B CTOYHBIX BOAX MPAYEUHBIX: CUCTEMAaTHIYeCKUii 0030p. [ueuena u canumapus. 2026; 105(5):
493—498. https://doi.org/10.47470/0016-9900-2026-105-5-493-498 https://elibrary.ru/dijykh

s koppecnonnenmun: Hypranunecux Xepvs Yavghax, e-mail: nurnaherya.fik@um.ac.id
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BaaronapHocTs. ABTOPHBI BbIpaxaloT 06J1aroqapHocTh ['ocynapcTBeHHOMY yHUBepcuTeTy MajaHra 3a NOAAEpXKKY MpY MPOBeJCHUN JTAHHOTO MCCIeNOBaHMs. YCIOBUS, aKaje-

MUYeCKasi cpelia M PeCypchl, MpeloCTaBIeHHbIE YHUBEPCUTETOM, CHITPAJIN BAXXHYIO POJIb B YCIICIIIHOM 3aBEPLICHUN 3TOTO UCCIIEIOBAHUSI.
KondaukT naTepecoB. ABTOPbI 3asIBJISIIOT 00 OTCYTCTBUHU SIBHBIX Y OTEHLIMAJIbHBIX KOHGJIMKTOB MHTEPECOB B CBSI3U C MyOIMKALIMel TaHHOI CTaTby.

Mocrynuia: 09.12.2025 / Mpunsra K nevaru: 24.03.2026 / OnyonrkosaHa: 18.06.2026

Introduction

Rapid urbanization and increased population density across
regions have substantially intensified the demand for laundry
services, giving rise to considerable environmental challenges,
particularly in managing laundry wastewater. Laundry effluent
is characterized by high concentrations of organic pollutants,
including surfactants and other chemical compounds, resulting in
high levels of Biochemical Oxygen Demand (BOD) and Chemical
Oxygen Demand (COD) in receiving water bodies. Elevated
BOD and COD levels can lead to oxygen depletion in aquatic
ecosystems, disturb ecological equilibrium, and pose serious risks
to environmental health [1].

The growing demand for laundry services aligns with urban
expansion and population growth. This has become one of the
primary challenges for developing countries, including Indonesia,
in addressing wastewater management issues. According to
Statista (2024), Indonesia’s laundry market is projected to
grow annually by 3.65% until 2024. A report by the Ministry of
Environment and Forestry (2020) found that approximately 70%
of Indonesia’s rivers are polluted by domestic and industrial waste,
with the laundry sector contributing significantly. This not only
contaminates water bodies but also puts pressure on the existing
wastewater treatment infrastructure, which is often insufficient to
handle increasing volumes and more complex pollutants.

Laundry wastewater typically contains surfactants, chemicals,
and organic matter that contribute to elevated BOD and COD
levels in aquatic environments. BOD measures the amount of
oxygen required by microorganisms to break down organic matter
in water, while COD measures the chemical oxidation needed to
degrade both organic and inorganic matter [2]. High BOD and
COD concentrations in laundry wastewater indicate a significant
organic impact that may cause eutrophication and potential harm
to aquatic ecosystems [3].

Conventional methods for treating laundry wastewater
generally focus on reducing surfactants and other organic
compounds. However, these approaches often fail to address
the persistent problem of high BOD and COD levels [4].
Recently, attention has shifted toward using natural materials as
environmentally friendly alternatives for wastewater treatment.
Zeolite and charcoal are two materials widely studied for their
ability to adsorb chemicals and organic substances. Zeolite, with
its unique porous structure, has a high ion-exchange capacity,
enabling it to bind specific ions in wastewater, including those that
contribute to BOD and COD [5]. Charcoal, on the other hand,
has a large surface area and high porosity, making it effective in
absorbing complex organic compounds [6].

Several studies have demonstrated the success of using zeolite
and charcoal individually to reduce BOD and COD levels. For

example, research by Pungut et al. (2021) found that zeolite could
reduce COD levels by up to 30%. Meanwhile, a study by Palilingan
et al. (2019) reported that charcoal reduced BOD levels by 53%.
However, most of these studies focused on surfactant removal,
overlooking the broader impact on BOD and COD reduction.
This study focuses specifically on BOD and COD removal using
natural filtration materials — zeolite and charcoal. While these
findings are promising, further research is necessary to develop
more efficient and sustainable methods for treating laundry
wastewater. This study aims to identify, analyze, and synthesize
research findings on natural filtration materials to support the
development of environmentally friendly laundry wastewater
treatment techniques.

Study Design

This research employs a systematic review method following
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) framework [7]. It aims to analyze existing
studies on the use of natural filtration combinations—specifically
charcoal and zeolite—to reduce BOD and COD levels in laundry
wastewater.

Search Strategy

Literature searches were conducted across several international
online databases, including SpringerLink, ProQuest, and Google
Scholar (figure). The search used a combination of keywords with
Boolean operators: “Laundry Wastewater” AND “COD” OR
“Chemical Oxygen Demand” AND “BOD” OR “Biochemical
Oxygen Demand” AND “Charcoal” OR “Carbon” AND “Zeolite.”
Articles published within the last 10 years (2015—2025) in English or
Indonesian were prioritized. Cross-references from relevant articles
were also examined to ensure comprehensive coverage.

Eligibility Criteria

Inclusion criteria for the systematic review were: 1) primary
research; 2) inclusion of experimental or laboratory testing methods;
and 3) quantitative data on BOD and COD measurements. Articles

in the form of reviews, theses, reports, or those with limited
accessibility were excluded from the analysis.

Data Extraction

Data extracted from each article included the authors, year of
publication, article title, study location, research method, and the
effectiveness of BOD and COD reduction in laundry wastewater.
Additional data, including treatment methods, filtration material
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combinations, and laboratory test parameters, were also collected.
Initial and final BOD and COD values, along with key conclusions
from each study, were organized into tables for easy comparison
(Table).

Data Analysis

Descriptive data analysis was performed to compare the
effectiveness of BOD and COD reduction across charcoal and
zeolite types and conditions of use. Quantitative data were
summarized in tables to visualize general patterns. Narrative
analysis was used to explore the advantages, limitations, and
influencing factors of the reviewed studies.

Quality Assessment

Article quality was assessed based on clarity of research
objectives, methodological rigor, appropriateness of data analysis,
and transparency of data presentation. Two independent reviewers
evaluated each study, and only those deemed valid were included
in the final analysis to ensure the review’s validity and reliability.

Characteristics of the Studies Reviewed

Initially, 204 articles were identified from SpringerLink,
ProQuest, and Google Scholar. After removing 19 duplicates, 186
articles remained. Of these, 172 were excluded for not meeting
eligibility criteria, such as lacking focus on laundry wastewater or
not being primary research. Thirteen articles underwent further
review, and ultimately, four studies were included in the final
analysis.

The included studies varied in their filtration material
combinations, including gravel, silica sand, coconut fiber,
anthracite, and ferrolite, in addition to charcoal and zeolite.
Charcoal is recommended as a filtration medium due to its proven
efficiency in reducing physicochemical pollutants [12]. Zeolite
is widely used due to its high ion exchange capacity, making it
suitable for removing various pollutants in wastewater [13].

Laundry Wastewater Characteristics

Laundry wastewater is domestic waste resulting from washing
activities that involve the use of cleaning agents such as detergents
and soaps. Physically, it appears grayish, cloudy, and odorous [14].

These characteristics indicate the presence of organic substances
and persistent chemical compounds in the water

Laundry wastewater has high pollution potential due to
the presence of organic substances, chemicals, and suspended
solids. Based on Table 1, the parameters used to assess laundry
wastewater quality include Total Suspended Solids (TSS),
phosphate, pH, BOD, and COD. High BOD and COD values
indicate a significant organic impact. For example, Mafhum
(2023) reported BOD and COD values of 492 mg/L and 1500
mg/L, respectively, with a pH of 7.5 and TSS of 424 mg/L [15].

If untreated, the content of laundry wastewater may severely
pollute the environment. TSS can interfere with photosynthesis
in water [16]. High phosphate concentrations can lead to
eutrophication [17]. Elevated BOD and COD levels reduce
dissolved oxygen, potentially causing the death of aquatic
organisms [18]. Hence, these compounds necessitate efficient
wastewater treatment to minimize environmental impact.

Efficiency of BOD and COD Reduction

The efficiency of filtration material combinations depends
on the ratio and types of materials used. The efficiency of
filtration material combinations depends on both the ratio and
type of materials used. Moreover, the effectiveness of a filtration
method also depends on the specific characteristics of the
wastewater. This aligns with the study by Dewangan (2025), which
integrated advanced oxidation processes with physical methods
and membrane filtration in the treatment of pharmaceutical
wastewater. Dewangan highlighted that this integrated approach
offers a promising solution. Nevertheless, the most suitable
procedure depends on the quality and volume of the wastewater,
the residual compounds, and their potential hazards [19].

Based on the reviewed articles, it was found that reducing BOD
levels in laundry wastewater requires a combination of natural
filtration materials. According to a study by Gemala et al. (2019),
a combination of activated carbon from coconut shells, zeolite, and
gravel successfully reduced BOD levels from 25 mg/L to 20 mg/L,
showing a BOD reduction efficiency of 20%. However, the same
combination altered COD levels from 84 mg/L to 138 mg/L.
According to Gemala, the increase in COD levels was still within the
quality standard limits and therefore not considered effective [8]. This
indicates that effective COD reduction in laundry wastewater also
requires an appropriate combination of natural filtration materials.
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Study Location Efficiency, %
Study Mecro Sampling Date Materials Combination Study Method Laboratory Test DibexTBHOCTS, %
HUccnenosanue nposenennss | Jlara oroopa npod | KomOuHamus Matepuasion MeToz ucciieoBaHus JlaGopaTopHbiii TecT
HCCJIE0BAHMS BOD CcoD
Gemala M., Batam, Not spesified Zeolite Experimental research TSS, pH, BOD, 20 —64.29
Oktarizal H., Indonesia He ykazaHo Gravel with one group pretest — COD, Phospate
2019 8] Baram, Active charcoal posttest design O6ee
Nnnonesus Lleonur DKCIepuMeHTaIbHOE KOJIMYECTBO
I'paBuii UCCIIeIOBAaHUE C OMHOM B3BEIIEHHBIX
AKTUBMPOBAHHBIN yroyib  rpyrroi. Juzaiix: yactuu (OKBB),
npeaBapuTeabHblii TecT —  pH, docdatsl
MOCTTECT
Assiddieq M., Kendari, 17 June — Silica sand Quantitative descriptive TSS, BOD, 78.49 87.80
etal, 2017 [9] Indonesia 19 August 2017 Zeolite KosuecTBeHHas COD
Kennapu, 17 mionsi — 19 Activated charcoal XapakTepUCTUKA OKBB, BIIK,
Nunonesus asrycta 2017 . KapueBblii ecok XITK
Leonut
AKTHBUPOBAHHBII yrojib
Pungus M., Manado, Not spesified ~ Active charcoal Not spesified — but using BOD, COD 53 54
etal, 2019 [10] Indonesia He yka3zaHo Zeolite grains an experimental approach  BITK, XITK
Mamnaso, Silica sand in the laboratory
NHunone3us Anthracite He yxazaHo, HO B
Ferrolite (active sand)  naGoparopuu ucnosbsyercs
Gravel SKCIIEPUMEHTATbHBII
Coconut fiber MOIXOM
Plain sand
Regular charcoal
AKTUBUPOBAHHBII YTOJIb
3€pHa ueonuTa
KpemHe3EMHBII TTecok
AHTpanuT
Depponur
(aKTUBUPOBAHHBI
TeCOK)
IpaBuii
KoxkocoBoe BOJIOKHO
OOBIYHBIH TIECOK
OObIYHBIH yroyib
Rahmadani N., Bantaeng, First of July —  Cipping Quantitative with BOD, COD 85.67 86. 94
etal, 2022 [11] Indonesia Middle of Active charcoal pre-eksperimental design  BITK, XITK
BaHTaeHr, September 2021 Zeolite KonuuecTBeHHbII aHAIN3
Wnponesus  C 1 urons CIP-moliika C NIPEIKCIIePUMEHTATbHBIM

0 CepeanHY
ceHtsiopst 2021 r. Lleonur

AKTUBUPOBAHHEIN YTOTb

NU3aHOM

Assiddieq et al. (2017) reported that the combination of
activated carbon, zeolite, and silica sand reduced BOD levels from
98.6 mg/L to 21.20 mg/L, resulting in a BOD reduction efficiency
of 78.49%. In addition to being effective in reducing BOD, this
combination also demonstrated a COD reduction efficiency of
87.80%, lowering COD levels from 210 mg/L to 25.60 mg/L.
The study by Assiddieq et al. (2017) explained that the quantity
of filtration materials used significantly influences the filtration
efficiency of laundry wastewater [9].

Pungus et al. (2019) used a different combination of filtration
materials for laundry wastewater, including activated carbon,
zeolite granules, silica sand, anthracite, ferrolite, gravel, palm fiber
(ijuk), sand, and regular charcoal. This combination achieved
a BOD reduction efficiency of 53%, lowering the initial BOD
concentration from 263 mg/L to 125 mg/L. It also showed a COD
reduction efficiency of 54%, from an initial COD concentration
of 952 mg/L to 443 mg/L. The findings suggest that this filtration
method can also reduce other organic pollutants present in
laundry wastewater [10].

A high level of BOD and COD reduction was demonstrated
by Rahmadani et al. (2022), who used a combination of cipping
(wood chips), activated carbon, and zeolite. This combination
reduced BOD levels by 85.67%, from 325.00 mg/L to 46.55 mg/L,
and COD levels by 86.94%, from 648.80 mg/L to 84.69 mg/L.
The results of this study indicate that the treated water met the
established quality standards [11].

The review reveals that various natural filtration combinations
in laundry wastewater treatment are effective to differing
extents in reducing BOD and COD. Common media include
activated charcoal, zeolite, silica sand, and gravel, each with
unique mechanisms and effectiveness depending on wastewater
characteristics and filtration design.

Activated Charcoal

Activated charcoal is an adsorptive medium widely used
in various industries to remove pollutants from wastewater. It
is utilized as a filtration medium due to its higher adsorption
capacity compared to biochar, particularly in reducing dissolved
Chemical Oxygen Demand (COD) in wastewater treatment [19].
Several studies show that activated charcoal effectively reduces
both COD and BOD concentrations.

Melian (2023) stated that filtration using activated charcoal is
both cost-efficient and effective in reducing COD levels in laundry
wastewater to an acceptable level [20]. In laundry wastewater
treatment, Mukti et al. (2024) demonstrated that activated
charcoal effectively reduced BOD by 96.66% and COD by 93.07%
[21]. Similarly, Mongiovi (2024) reported that activated charcoal
reduced COD and BOD concentrations in laundry wastewater by
more than 70% and 60%, respectively [22].

The level of effectiveness is influenced by the dosage of
activated charcoal used. Zahmatkesh (2023) applied activated
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charcoal as a filtration medium in varying doses—0.15, 0.2,
and 0.25. The study revealed that the 0.25 dose had the highest
effectiveness, with COD and BOD removal rates of 91% and 93%,
respectively [23].

Zeolite

Zeolite is a crystalline microporous aluminosilicate, whose
framework consists of TOs tetrahedra and possesses highly useful
properties as a catalyst and adsorbent due to its crystal structure
and composition [24]. Zeolite functions as an adsorbent by
utilizing its porous three-dimensional framework structure, which
allows small molecules to enter and become trapped within [25].

As an adsorptive medium, zeolite primarily affects suspended
solids and organic compounds present in laundry wastewater
[26]. Its use in improving water quality has been widely adopted,
as zeolite is a natural material that has been studied for various
parameters such as Fe, Mn, organic substances, CO, and other
pollutants [27]. Pirsaheb (2019) demonstrated that filtration using
zeolite in wastewater can reduce BOD levels by up to 68% and
COD levels by 78% [28]. In laundry wastewater, Ma’ruf (2019)
reported the effectiveness of zeolite as a filtration medium,
showing a BOD reduction of 83.38% and a COD reduction of
89.86% [29].

Silica Sand

The use of a combination of silica sand with other natural
materials, such as zeolite and activated carbon, as a filtration
medium for contaminated water has proven effective in reducing
various pollutant parameters, including physical, chemical, and
organic content. This aligns with the study conducted by Rahman
et al. (2022), which used a combination of manganese zeolite,
activated carbon, and silica sand as a filtration media to treat
contaminated water, making it suitable for daily use [30].

In the filtration process of laundry wastewater, silica sand is
capable of reducing Total Suspended Solids (TSS), turbidity, and
phosphate levels. A study by Wicaksono and Rosariawari (2025)
showed that silica sand was more effective in reducing phosphate
levels in laundry wastewater, achieving a reduction of 83.48%,
compared to recycled glass, which only achieved a reduction of
46.74% [31].

Gravel

Gravel is one of the commonly used filtration media in
wastewater treatment due to its ability to filter organic substances
that are difficult to degrade. The filtration method using gravel
has been shown to reduce Chemical Oxygen Demand (COD)
levels by 83.9% in leachate using the Upflow Gravel Filtration
(UGF) method [32]. In another study, gravel combined with
quartz sand and rubber powder achieved an effectiveness of 92—
98% in removing suspended solids from wastewater [33].

Previous studies have shown that gravel plays a supportive role
in the filtration of laundry wastewater, although its effectiveness
in reducing pollutants is not as strong as that of active media

such as zeolite. In a study using the Multi Soil Layering (MSL)
method, the gravel layer contributed to a significant reduction
in pollutants, with COD removal efficiency reaching 95%,
although the zeolite layer generally produced higher results [14].
This highlights that while gravel does not possess high adsorptive
capacity, its presence remains crucial in supporting the overall
performance of the filtration media.

Limitations and Variation Findings

Although this review provides an overview of the effectiveness
of combining activated carbon and zeolite in reducing BOD and
COD levels in laundry wastewater, several limitations should be
considered:

Variation in Reviewed Research Methods

The literature used in this study comes from various
sources employing different research methods. Differences in
experimental design, types of carbon and zeolite used, as well
as other environmental parameters, may influence the reported
outcomes.

Limitations in Experimental Data

This review relies on previously published literature and
does not include direct experimental testing. Therefore, the
effectiveness of the activated carbon and zeolite combination under
specific conditions—such as variations in pH, temperature, and
specific pollutant concentrations—requires further investigation
through laboratory experiments.

Lack of Information on Regeneration and Long-Term
Effectiveness

Most of the reviewed studies assess only the short-term
effectiveness of natural carbon and zeolite, without discussing the
potential for reuse or the efficiency of material regeneration.

Conclusion

Based on the review findings, the combination of activated
carbon and zeolite filtration media shows significant potential
in reducing BOD and COD levels in laundry wastewater.
Activated carbon is effective in adsorbing organic compounds
and contaminants, while zeolite plays an important role in
reducing organic matter and heavy metal ions through its
microporous crystalline structure. Additionally, supporting media
such as silica sand and gravel enhance the filtration process by
trapping suspended particles and maintaining system stability.
Nevertheless, variations in research methodologies and the lack
of experimental data present challenges in drawing uniform
conclusions. Therefore, further experimental studies are needed
to evaluate the long-term effectiveness and regeneration potential
of the filtration media in order to support sustainable and
environmentally friendly laundry wastewater treatment.
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