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ABSTRACT

One of the biggest industrial sectors in the world and a major driver of economic expansion is the textile
industry. However, because textile effluents contain a variety of pollutants, such as dyes, heavy metals,
and organic compounds, their disposal into water bodies has sparked grave environmental concerns. This
study looked into the evaluation of water quality in textile effluent and how to treat it with banana peel, an
inexpensive adsorbent. Through batch tests, the efficiency of banana peels (Musa sapientum) in eliminating
contaminants from textile effluent was assessed and contrasted with traditional treatment techniques. The
outcomes showed that banana peels could be a viable substitute for treating textile effluent, providing the
textile sector with an economical and environmentally friendly way to reduce water pollution.

Key words: Textile effluents, Banana peel (Musa sapientum), Sustainable, Textile industry effluent treatment, Pollution
mitigation.

Introduction

Textile waste leads to pollution and landfill accumu-
lation, making it a major environmental concern.
Conventional approaches of managing textile waste,
such as burning and land filling, harm the environ-
ment and don’t sufficiently handle the expanding
issue (Kumar et al., 2021). Consequently, there is a
need for creative and environmentally responsible
methods to address textile waste. It is well recog-
nized that the textile sector has a big waste output
and an impact on the environment (Kumar, 2021).
Numerous contaminants are released into water
bodies during the textile production operations of
dyeing, printing, and finishing. Organic dyes, heavy
metals, hazardous chemicals, and high concentra-
tions of compounds with chemical and biological
oxygen demands (COD and BOD, respectively) are
some of these pollutants. These contaminants pro-

vide a serious risk to the environment in textile
wastewater (Odhaib and Jaeel, 2023). Without
enough treatment, it can be released into water bod-
ies and contaminate soil, groundwater, and surface
water. This pollution poses threats to human health,
harms wildlife, and disturbs aquatic ecosystems. In
addition, water scarcity problems in water-stressed
areas are exacerbated by the extensive use of water
in textile production. The operations of dyeing, rins-
ing, and finishing demand large amounts of water,
which results in high water consumption and the
loss of freshwater resources (Sharma, 2014). Regula-
tions and industry monitoring have escalated as a
result of environmental concerns about textile
waste. Stricter regulations are being implemented
globally by governments and environmental organi-
zations to reduce and manage the pollution result-
ing from textile effluents (Singh and Ansari, 2023).
This has led scholars and business experts to inves-
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tigate economical and environmentally friendly
techniques for treating textile wastewater (Rahman,
2022).

Natural adsorbents have drawn interest as an
environmentally beneficial water treatment option
(Qasim and Mane, 2013). The ability of various ag-
ricultural waste materials, including banana peel
(Musa sapientum), to adsorb and remove contami-
nants from textile effluent has been investigated.
Banana peels are widely accessible, reasonably
priced, and have demonstrated encouraging out-
comes in the adsorption of heavy metals and organic
pigments. Because of their high cellulose and lignin
content, banana plants are a natural plant material
that is effective at adsorbing and eliminating pollut-
ants from contaminated water. Banana peels’ natu-
ral qualities, affordability, and ease of availability
have made them a popular candidate for elimina-
tion of textile waste (Prastuti et al., 2019). Cellulose,
a biopolymer found in banana peels, is used for tex-
tile production among other things. By removing
cellulose from banana peels and using it in the
manufacturing of textiles, we may encourage envi-
ronmentally friendly methods and lessen our need
on non-renewable resources. Therefore, recycling
can be beneficial for the environment and public
health and safety by helping to improve wastewater
quality so that it can be utilized again (Pan, 2020).

The plant material banana peel (Musa sapientum)
was utilized in the current investigation, together
with particular coagulants, to evaluate the inte-
grated treatment effectiveness of textile effluent. The
significance of this eco-friendly approach lies in sev-
eral aspects:

Waste Reduction: By keeping organic waste out of
landfills, using banana peels to make textiles helps
lessen the amount of garbage that is produced and
its impact on the environment (Podeh, 2001).

Renewable Resource: An easily accessible agricul-
tural byproduct is banana peels. By using them as a
raw material, we may lessen our reliance on non-
renewable resources, such synthetic fibers made of
petroleum.
Biodegradability: Fabrics made from banana peel
fibers have the ability to spontaneously break down
without leaving behind any hazardous residues.
This feature improves the textile industry’s overall
sustainability.
Carbon Footprint: Reducing the carbon footprint
associated with conventional textile production pro-

cesses may be possible with the extraction and inclu-
sion of cellulose from banana peels into textiles. This
strategy reduces resource use and makes use of
waste resources to support a circular economy
(Sharma and Kaur, 2018).

Economic Opportunities: Putting this environmen-
tally beneficial strategy into practice could open up
new business prospects by assisting local communi-
ties that grow bananas and building a value chain
for banana peels.

In conclusion, using banana peels as a resource
for textile manufacturing offers a sustainable solu-
tion to the issue of textile waste. We can minimize
the environmental impact of textile manufacturing
while reducing waste, promoting sustainability, and
creating economic opportunities by utilizing the cel-
lulose content found in banana peels.

Materials and Methods

Sample collection and characterization

From Sangamner textile factories, seven distinct tex-
tile effluent samples were gathered. The samples
were brought to the lab for examination after being
kept in sterile, clearly marked containers (S-1 to S-7).
The textile effluent’s physicochemical properties,
such as pH, conductivity, color, turbidity, total sus-
pended solids (TSS), chemical and biochemical oxy-
gen demand (BOD), and concentrations of particular
contaminants (such heavy metals and dyes), were
measured (Jaiman et al., 2023).

Physico-chemical Analysis

The physico-chemical analysis was performed fol-
lowing standard methods (Agarwal et al., 2022).  The
brief details of analytical methods and equipment
used in the study are given in the Table 1.

Experimental Setup

Adsorbent Preparation

Banana peels from the Musa sapientum plant were
gathered, cleaned with distilled water, and allowed
to air dry in order to prepare the plant material for
the adsorbent. Using a grinder and pestle, the dried
banana peels were ground into a fine powder. In
order to achieve a consistent particle size for adsorp-
tion studies, the powdered banana peel was sieved.
To create a  slurry, distilled water was combined
with powdered banana peel. To guarantee even dis-
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persion, a magnetic stirrer was used to agitate the
slurry aggressively.

Batch Adsorption Experiments

All seven samples (S-1 to S-7) were used in adsorp-
tion studies. 500 ml of textile effluent and 100 ml of
banana peel slurry were combined. For twenty-four
hours, the mixture was stirred at room temperature
with a stirrer set at a steady speed. Coagulants (40 g
FeSO4 + 10 g CaO) were added after the required
contact time, and the mixture was left for two hours.
Following the removal of the sedimented sludge,
treated samples were separated and examined in
order to determine the pollutant concentrations.

Results and Discussion

Physico-chemical characteristics of textiles effluent
samples (S-1 to S-7) before and after treatment are
depicted in Table 2 and 3 respectively.

Studies comparing the physical and chemical
properties before and after treatment (Tables 2 and
3) amply demonstrate a discernible drop in pH,
TDS, BOD, COD, and other indices (Odhaib and

Jaeel, 2023). Figure 1 displays the percentage reduc-
tion in features.

As a result, treating the plant material with ba-
nana peels was very successful in absorbing textile
effluents, and applying coagulants-a mixture of
FeSO4 and CaO-further sped up and improved the
effectiveness of the pollutant removal process. The
best place to forecast the results is from the graphs
in Figures 2 and 3, which compare the levels of BOD

Table 1. Parameters and Methods Employed for Measurement Physiochemical Analysis

S.NoParameter Methodology Unit

1 pH pH meter -
2 Electrical Conductivity (EC) Digital conductivity meter mhos/cm
3 Temperature Thermometer oC
4 Total Suspended Solids (TSS) Digital conductivity meter mg/l
5 Total Hardness (HD) With EDTA volumetrically mg/l
6 Chloride (Cl-) With AgNO3 volumetrically mg/l
7 Fluoride (F-) UV-visible spectrophotometer mg/l
8 Alkalinity With HCl volumetrically mg/l
9 BOD Winkler’s Method ppm
10 Turbidity Nephlometer NTU

Table 2. Physico-chemical characteristics of textiles effluent samples before treatment

Sample code S1 S2 S3 S4 S5 S6 S7 MEAN SD MAX MIN

pH 8.7 8.5 9.2 8,2 7.8 9.8 9,3 8.80 0.75 9.8 7.8
TDS 405 395 410 390 435 410 445 412.86 20.18 445 390
Cl- 147 126 183 126 189 143 166 154.29 25.65 189 126
F- 1.4 1.2 1.7 1.5 1.6 1.9 1.3 1.51 0.24 1.9 1.2
Turbidity 9.4 8.2 8 7.6 9.3 8.5 9.2 8.60 0.71 9.4 7.6
BOD 530 440 540 410 600 530 590 520.00 71.18 600 410
COD 1560 1550 1385 1410 1435 1500 1485 1475.00 67.70 1560 1385
EC 1300 1175 1298 1073 1361 1043 1375 1232.14 135.60 1375 1043
HD 202 162 238 182 129 176 235 189.14 39.23 238 129
Temp 27.8 28 29.4 28.7 28.6 26.7 27.5 28.10 0.89 29.4 26.7

Fig. 1. Percentage reduction in characteristics  pH, TDS,
BOD, COD, EC and HD.
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and COD before and after treatment with banana
peel.

Conclusion

The results of this study unequivocally demonstrate
that banana peels are inexpensive, readily acces-
sible, natural plant material that may be utilized to

treat textile wastewater. The plant components are
inexpensive, widely accessible, plentiful, and easily
cultivable at a low cost. Nevertheless, treating textile
effluent with banana peel and a specific mixture of
coagulants (FeSO4+CaO) improved the water’s qual-
ity and reduced the amount of BOD and COD as
well as the pollutant load and color.

Conflict of Interest: None

References

Aghasian, K., Moridi, A., Mirbagheri, A. and Abbaspour,
M. 2019. Selective withdrawal optimization in a
multipurpose water use reservoir. International Jour-
nal of Environmental Science and Technology. 16(10):
5559-5568. https://doi.org/10.1007/s13762-019-
02363-x

Agrawal, R., Nair, R. and Ojh, P. 2022. Excess of fluoride
and nitrate in ground water of Rajasthan - Their
health hazards and remedial methods. Ecology, En-
vironment and Conservation . 548-550. https://
doi.org/10.53550/eec.2022.v28i03s.080

Imtiazuddin, S.M., Majid Mumtaz and Khalil A. Mallick,
2012. Pollutants of wastewater characteristics in tex-
tile industries. Journal of Basic & Applied Sciences. 8(2):
554-556. https://doi.org/10.6000/1927-5129.2012.
08.02.47

Jaiman, V., Nama, S., Pandey, H., Bhoot, N. and Awasthi,
G. 2023. Analysis of physicochemical characteristics
of textile and printing industrial effluents and their
influence on vegetation near industrial drain areas
in Sanganer, Jaipur (Rajasthan). Materials Today:
Proceedings . https://doi.org/10.1016/
j.matpr.2023.06.381

Kaur, N., Kaushal, J., Mahajan, P. and Srivas, A.L. 2020.
Screening of plant species for phytoremediation of
synthetic textile dye wastewater. https://doi.org/
10.21203/rs.3.rs-61075/v3

Kumar, N. 2021. Sustainable methods for effluent treat-
ment of textile chemical processing: A review. Inter-

Table 3. Physico-chemical characteristics of textiles effluent samples after treatment

Sample code S1 S2 S3 S4 S5 S6 S7 Mean SD Max Min

pH 7 7.1 7.3 7.2 7.6 7.6 7.1 7.27 0.24 7.6 7
TDS 385 315 400 395 410 365 410 382.86 33.77 410 315
Cl- 103 85 95 80 100 98 110 95.86 10.35 110 80
F- 0.7 0.8 1 0.7 1.2 1.1 0.9 0.91 0.20 1.2 0.7
Turbidity 6.5 5.4 5.5 6.2 7.5 7.8 5.5 6.34 0.98 7.8 5.4
BOD 420 380 480 380 520 480 530 455.71 62.68 530 380
COD 1485 950 1105 870 1235 1300 1240 1169.29 211.29 1485 870
EC 1255 1080 1150 980 1245 960 1135 1115.00 116.62 1255 960
HD 185 155 205 170 115 145 205 168.57 33.00 205 115
Temp 25 23 27 26 24 22 28 25.00 2.16 28 22

Fig. 2. Comparative study of BOD before and after treat-
ment with banana peel

Fig. 3. Comparative study of COD before and after treat-
ment with banana peel



OJHA AND JOSHI S203

national Journal of Bioresource Science. 8(2). https://
doi.org/10.30954/2347-9655.02.2021.8

Kumar, R., Saini, G.K. and Jawed, M. 2021. Challenges in
industrial wastewater treatment using biological
reactors. Biological Treatment of Industrial Wastewater.
105-130. https://doi.org/10.1039/9781839165399-
00105

Nidheesh, P.V. and Gökkuº, Ö. 2023. Aerated iron electro-
coagulation process as an emerging treatment
method for natural water and wastewater. Separa-
tion Science and Technology. 58(11): 2041-2063. https:/
/doi.org/10.1080/01496395.2023.2227913

Ojha, P. and Shrivastava, R. 2023. Electrochemical oxida-
tion of textile effluents and further treatment by
coupled system electrooxidation using Prosopis cin-
eraria. Indian Journal of Chemical Technology. 30(2):
242-246.https://doi.org/10.56042/ijct.v30i2.69010

Odhaib, W.Y. and Jaeel, A.J. 2023. A review of color and
COD removal from textile effluent by coagulation
and advanced oxidation processes. IOP Conference
Series: Earth and Environmental Science. 1232(1):
012001. https://doi.org/10.1088/1755-1315/1232/
1/012001

PAN, M. 2020. Biochar adsorption of antibiotics and its
implications to remediation of contaminated soil.
Water, Air, & Soil Pollution. 231(5). https://doi.org/
10.1007/s11270-020-04551-9

Podeh, M R., Sarhadi, M. and Ghoreishi, S.M. 2001. A com-
bined chemical reduction and biological oxidation
process for the treatment of textile wastewater.
Water Quality Research Journal. 36(3): 605-617. https:/
/doi.org/10.2166/wqrj.2001.032

Prastuti, O.P., Septiani, E.L., Kurniati, Y., Widiyastuti and
Setyawan, H. 2019. Banana peel activated carbon in
removal of dyes and metals ion in textile industrial
waste. Materials Science Forum. 966: 204-209. https:/
/doi.org/10.4028/www.scientific.net/msf.966.204

Qasim, W. and Mane, A. 2013. Characterization and treat-

ment of selected food industrial effluents by coagu-
lation and adsorption techniques. Water Resources
and Industry. 4: 1-12. https://doi.org/10.1016/
j.wri.2013.09.005

Rahman, M. 2022. An overview on the impacts of textile
effluents on the aquatic ecosystem in Turag river at
Bangladesh. Journal of Textile Science & Fashion Tech-
nology . 9(4). https://doi.org/10.33552/
jtsft.2022.09.000719

Renu, Agarwal, M., Singh, K. and Pandey, G. 2023.
Physico-chemical characterization of industrial ef-
fluents collected from industrial area of Jaipur and
Kanpur cities, India. 3RD International Conference of
Bio-Based Economy For Application And Utility. https:/
/doi.org/10.1063/5.0113012

Sharma, N., Sharma, S.K. and Gehlot, A. 2014. Influence
of dyeing and printing industrial effluent on physi-
cochemical characteristics of water – Case study on
the printing cluster of Bagru, Jaipur (Rajas than),
India. IOSR Journal of Applied Chemistry. 7(4): 61-64.
https://doi.org/10.9790/5736-07416164

Sharma, S.K., Sharma, N. and Khandelwal, Y. 2014. Com-
parative analysis of physio chemical characteristics
of dyeing industry effluent between Sanganer and
Bagru printing clusters, Jaipur (Rajasthan). IOSR
Journal of Environmental Science, Toxicology and Food
Technology. 8(4): 15-18. https://doi.org/10.9790/
2402-08411518

Sharma, S. and Kaur, A. 2018. Various methods for re-
moval of dyes from industrial effluents - a review.
Indian Journal of Science and Technology. 11(12): 1-21.
https://doi.org/10.17485/ijst/2018/v11i12/120847

Singh, G.P. and Ansari, A.A. 2023. Effluent management
in textile chemical processing. Sustainable Textile
Chemical Processing. 328-367. https://doi.org/
10.1201/9781032629933-12

Sustainability and Water, 2021. Natural Wastewater Treat-
ment Systems and Sustainability.  3-31. https://
doi.org/10.1142/9781800610842_0001


