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Abstract

Water quality is a critical global concern, and conventional water
treatment using chemical coagulants like aluminum sulfate often has
environmental drawbacks. This study evaluates the potential of
agricultural by-products such as banana stem, lemongrass, and pandan
leaves as sustainable alternatives for water treatment. The bio-
coagulants and biosorbents were extracted using sodium chloride
solution and characterized wusing Fourier-transform infrared
spectroscopy (FTIR). Their effectiveness in reducing turbidity,
stabilizing pH, and improving dissolved oxygen levels in the Muar
River's polluted water was tested using jar tests. Results demonstrated
not significant turbidity reduction as its only reduce 4.6% for banana
stem bio-coagulant, 10.2% for combination bio-coagulant while 6% for
banana stem biosorbent and combination biosorbent. The pH
stabilization for the banana stem bio-coagulant caused a decrease in pH
from 7.32 to 6.71, combination bio-coagulant maintained stable pH
levels between 6.19 and 6.29 while the banana stem biosorbent
exhibited a slight increase in pH, rising from 5.69 to 6.88 ata 1.0 g dose,
The combination biosorbent showed minimal changes in pH (5.82 to
6.08), indicating a balanced chemical composition that avoids
significant fluctuations. The findings suggest that bio-coagulant and
biosorbent are eco-friendly and cost-effective alternatives for enhancing
water quality, promoting public health, and minimizing ecological
impact.

1. Introduction

Water is an essential resource that supports life, ecosystems, and economic growth. However, the quality of water
sources globally has been increasingly compromised due to pollution from industrial discharge, agricultural runoff, and
domestic waste. These pollutants introduce turbidity, harmful chemicals, and pathogens into water bodies, making
effective treatment processes a necessity for ensuring safe and clean water for consumption, agriculture, and industrial
use [1]. Traditional water treatment relies heavily on chemical coagulants, such as aluminum sulfate (alum) and ferric
chloride, to remove suspended particles and contaminants. To ensure high effectiveness, these methods present several
challenges. The high costs of chemical coagulants, particularly in rural or resource-limited areas, the production of
large volumes of sludge, and potential residual chemical contamination in treated water have driven the search for
alternative solutions. Moreover, the environmental concerns associated with chemical coagulants have prompted
researchers to explore natural and biodegradable materials as viable substitutes [2].
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Natural coagulants derived from agricultural by-products, such as banana stems, lemongrass, and pandan leaves,
offer an eco-friendly and cost-effective solution. These materials contain bioactive compounds such as phenols,
glycosides, and flavonoids, which neutralize the charges of suspended particles and facilitate their aggregation and
removal. Additionally, they are biodegradable and non-toxic, making them a sustainable alternative to conventional
coagulants. Previous studies have demonstrated the potential of these natural coagulants in reducing turbidity,
stabilizing pH, and improving water quality parameters [3][4].

The study on banana stem, lemongrass, and pandan leaf powder as bio-coagulants and biosorbents for water
treatment coincides with sustainable water management trends. Due to their biodegradability and non-toxicity, natural
coagulants are a feasible alternative to artificial coagulants like alum[5]. These natural coagulants may reduce water
sample turbidity, TDS, and BOD, which are important water treatment parameters2. Biopolymers like Zeoturb in aided
electrocoagulation could revolutionise surface water pollution removal[5].

Despite these hopeful improvements, insufficient studies exist. More research is needed on these bio-coagulants'
long-term stability and efficiency in different environments. Bio-coagulants are affected by pH, temperature, and
starting turbidity[6]. Natural coagulants provide environmental benefits, but their scalability and cost-effectiveness
compared to traditional methods need further study[6][7]. To maintain uniform performance across applications, bio-
coagulants must be extracted and purified using standardised methods[6]. These gaps must be closed for bio-coagulants
to be widely used in water treatment.

2. Materials and Methods

This study employed a systematic approach to investigate the use of banana stems, lemongrass, and
pandan leaves as natural bio-coagulants and biosorbents in water treatment. The process involved three main
stages: the preparation of materials, characterization of functional groups, and performance evaluation in
treating water from the Muar River.

2.1 Preparation of Materials

The raw materials, including banana stems, lemongrass, and pandan leaves, were sourced locally. The
fresh banana stems were washed thoroughly, cut into small pieces, and dried in an oven at 60°C for 24 hours.
Once dried, they were ground into a fine powder using a grinder. Similarly, the lemongrass and pandan leaves
were washed, chopped, and dried at a temperature between 103°C and 110°C for 24 hours before being ground
into powder. These powders were sieved using a 0.5 mm sieve to ensure uniform particle size, as recommended
in [4].

2.2 Extraction of Bio-coagulant and Biosorbent

The powdered materials were separated into two portions: one for direct use as biosorbents and the other
for bio-coagulant preparation. For the latter, 1 g of each powder was mixed with 1M sodium chloride (NaCl)
solution to extract the active coagulation compounds. The mixture was stirred at 70 rpm for 20 minutes at
41.5°C to ensure proper extraction. After settling for 30 minutes, the supernatant was filtered using a rugged
filter paper (0.45 microns) to obtain the crude bio-coagulant solution. The filtered bio-coagulants were stored at
4°C in a refrigerator for subsequent testing. As for the combination of bio-coagulant, the ratio that used 50%
banana stem extract, 30% pandan leaves extract and 20% lemongrass extract while for the biosorbent was 50%
banana powder, 30% pandan leaves powder and 20% lemongrass powder.

2.3 Characterization using FTIR

Fourier-transform infrared spectroscopy (FTIR) was used to identify the functional groups present in the
bio-coagulants and biosorbents. The analysis was conducted with a Spectrum 65 FTIR spectrophotometer over a
range of 4000 to 400 cm™. Functional groups such as hydroxyl (-OH), carbonyl (C=0), and C-H stretching
vibrations were identified based on their characteristic peaks, consistent with prior research.[2]

2.4 Perfomance Evaluation via Jar Test

The effectiveness of the bio-coagulants was assessed using the jar test method. Muar River water samples
were collected and divided into six 500 mL beakers. A measured dose of bio-coagulant (5 mL) was added to each
beaker. The samples underwent rapid mixing at 100-250 rpm for 1 minute to disperse the coagulant, followed
by slow mixing at 60 rpm for 15 minutes to promote particle collision and floc formation. The flocs were allowed
to settle for 30 minutes, after which the turbidity, pH, conductivity, and dissolved oxygen levels were measured

[3]-
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3. Result and Discussion

The results of this study revealed the potential of banana stems, lemongrass, and pandan leaves as effective
natural coagulants and biosorbents for water treatment.

3.1 Fourier-transform Infrared Spectroscopy (FTIR) Analysis

FTIR analysis provided insights into the functional groups present in the bio-coagulants and biosorbents,
which play a critical role in their water treatment efficacy. The bio-coagulants exhibited peaks corresponding to
hydroxyl (-OH) groups at 3350.26 cm™, indicating their hydrophilic nature and potential for solubility in water.
Carbonyl (C=0) groups observed at 1634.60 cm™ suggest the presence of aldehydes, ketones, or carboxylic
acids, which enhance their ability to interact with and neutralize charged particles. Similar functional groups
were identified in the biosorbents, suggesting comparable organic and hydrophilic properties.[4]
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3.2 Effectiveness in Turbidity Reduction

The effectiveness of various bio-coagulants and biosorbents in reducing turbidity was assessed through jar
tests, revealing significant variations in performance and shows in table 1. The banana stem bio-coagulant
showed limited effectiveness, with turbidity only marginally decreasing from an initial value of 54.7 NTU to a
final range of 52.2-54.5 NTU, indicating a maximum reduction of about 4.6%. This minimal improvement
suggests that the banana stem bio-coagulant lacks sufficient coagulation activity to aggregate and settle
suspended particles effectively, potentially due to inadequate floc formation [8].
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In contrast, the combination bio-coagulant performed moderately better, achieving a turbidity reduction
from 73.4 NTU to a range of 65.9-67.8 NTU, which corresponds to a reduction of approximately 10.2%. While
this result indicates a stronger coagulation effect compared to the banana stem bio-coagulant, it still falls short
of the efficiency levels required for stringent water quality standards, which typically demand turbidity levels
below 1 NTU. Previous research supports the notion that combining coagulants can enhance effectiveness by
targeting a wider range of particle sizes and charges; however, further optimization is necessary to improve
performance. [9]

The banana stem biosorbent demonstrated negligible impact on turbidity reduction, with values
decreasing from an initial 120 NTU to a final range of 113-117 NTU, representing a mere 6% decrease. This
limited performance suggests that the biosorbent may have low adsorption capacity due to factors such as
insufficient surface area or weak interactions with suspended solids. Additionally, the combination biosorbent
exhibited minimal turbidity reduction and even showed an increase in turbidity at higher doses due to leaching
of fine particles from the biosorbent material. These findings highlight the need for pretreatment methods to
enhance adsorption capacity and minimize leaching for effective turbidity removal.[10]

Table 1: Turbidity Reduction Result

Sample Initial Turbidity Final Turbidity Turbidity
(NTU) (NTU) Reduction (%0)

Banana Stem Bio-coagulant (Extracted by
NaCl) 54.7 52.2-54.5 0.37-4.57

Combination Bio-coagulant (Extracted by
NaCl)

(50% banana stem extract, 30% pandan leaves
extract, 20% lemongrass extract)

Banana Stem Biosorbent

(100% banana stem powder) 120.0 113-120 0.00-583
Combination Biosorbent
(50% banana stem powder, 30% pandan leaves 47.3 43.5-53.2 -12.46 —8.03
powder, 20% lemongrass powder)

73.4 65.9-73.4 0.00-10.22

3.3 pH Stabilization and Conductivity Changes

The assessment of pH changes resulting from the application of different bio-coagulants and biosorbents
reveals varying impacts on water chemistry. The banana stem bio-coagulant caused a decrease in pH from 7.32
to 6.71, indicating mild acidification, which may introduce challenges for applications that require pH neutrality,
such as drinking water treatment. This acidification could result from the release of organic acids or hydrolysis
of active compounds within the coagulant. While this level of pH change is not extreme, it is significant enough to
warrant consideration in contexts where maintaining neutral pH is crucial for preventing corrosion and
ensuring effective disinfection. [8]

In contrast, the combination bio-coagulant maintained stable pH levels between 6.19 and 6.29, suggesting
that it does not introduce significant acidic or basic compounds into the water. This stability is advantageous for
applications requiring tight pH control, such as coagulation-flocculation processes and chlorine-based
disinfection, which are most effective within a specific pH range. The observed stability may result from the
interaction of the combined materials neutralizing each other’s effects, enhancing its suitability for water
treatment applications.[9]

The banana stem biosorbent exhibited a slight increase in pH, rising from 5.69 to 6.88 at a 1.0 g dose,
although variability was noted at higher doses. This behavior suggests that the biosorbent may release alkaline
compounds or adsorb acidic species from the water. However, the inconsistent performance at higher doses
raises concerns regarding its reliability in systems requiring precise pH control. Such fluctuations highlight the
need for potential chemical or thermal modifications to enhance the biosorbent's stability and performance.[11]
The combination biosorbent showed minimal changes in pH (5.82 to 6.08), indicating a balanced chemical
composition that avoids significant fluctuations.

Regarding conductivity, the banana stem bio-coagulant caused a substantial increase from 31 pS/m to
1,217 puS/m at a 25 mL dose, suggesting significant ion leaching into the water, which can be detrimental for
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applications requiring low conductivity levels. In contrast, the combination bio-coagulant effectively reduced
conductivity from 109.8 pS/m to as low as 5.7 puS/m, indicating successful ion removal through adsorption
mechanisms. The banana stem biosorbent also increased conductivity significantly from 37.3 pS/m to 536 puS/m
at higher doses due to potential leaching of ions from its material composition. Meanwhile, the combination
biosorbent exhibited a moderate increase in conductivity (from 75.7 uS/m to 188.2 uS/m), suggesting some ion
exchange or leaching occurs but is less severe than with single-material biosorbents. Overall, understanding
these interactions is essential for selecting suitable materials for specific water treatment objectives and
highlights the importance of optimizing coagulants and biosorbents for effective performance. [12]

Sarmple Imitial pH Final pH range Sample Initial Conductivity | Final Conductivity
Banana Stem (nS/m) Bange {uS/m)
Bio-coagulant 732 671 —7.66 Banana Stem
(Extracted by ' ' ' Bio-coagulant 310 32.0-1217.0

NaCl) (Exctracted by NaCl)

Combination Combination
%‘;{ﬁ;’jﬁﬂg 6.19 621 -630 Bio-coagulant 100.8 5.70-23.5

NaCl) - (Exctracted by NaCl)

" Banana Stem - - -
Banana Stem - - . 373 373-53360

Bioscrbent 3.69 3.69 -6.88 CBDZS];QIbEm
Caombination - - manon 757 _ 7
Biosotbert 582 599 -5.08 Bioscrbent 75.] 480-1882
(a) (b)

Fig. 2: Parameter Result (a) pH Stability; (b) Conductivity Changes

3.4 Analysis of Methodological Flaws and Resulting Inefficiencies in Water Treatment
Study

The intention of the study was to treat Muar River water in order to assess how well natural coagulants
banana stem, lemongrass, and pandan leaves improve water quality. Although there is a lot of promise in using
these natural coagulants, the methodology and findings highlight important issues that could lead to the
approach's failure or poor performance. The preparation of natural coagulants relied on using 1M sodium
chloride for the extraction process. While this method is effective in dissolving active compounds, it raises
questions about the purity and stability of the extracted bioactive components. Sodium chloride might interact
with the coagulant compounds, influencing their efficacy in removing turbidity, pH stabilization, and dissolved
oxygen levels. As indicated by prior studies, alternative solvents or techniques, such as ethanol extraction, might
yield more robust and efficient coagulants.[13]

The jar test used to evaluate coagulation effectiveness did not sufficiently optimize dosage and mixing
conditions. Rapid mixing at inconsistent speeds (100-250 rpm) and settling periods lacked a rigorous
optimization framework, which is crucial to maximize the effectiveness of natural coagulants. Literature
suggests that fine-tuning mixing speeds and times based on specific water chemistry is essential for effective
coagulation.[2] While the study observed significant turbidity reduction, it did not explore critical trade-offs,
such as conductivity increases due to the added salts from the extraction process. Additionally, the lack of
comparison with conventional chemical coagulants under identical conditions diminishes the reliability of the
results. Effective benchmarking against industry standards is necessary to assess the practicality of natural
coagulants [14].

Fourier Transform Infrared Spectroscopy (FTIR) analysis identified functional groups, such as hydroxyl (-
OH) and carbonyl (C=0), but failed to correlate these groups with coagulation performance metrics. Without a
detailed functional analysis, it becomes challenging to establish a mechanistic link between the chemical
structure of the coagulants and their performance. Studies on coagulant mechanisms emphasize the importance
of such correlations to refine coagulant design [15].

4. Conclusion

This study evaluated the effectiveness of banana stem, lemongrass, and pandan leaves as natural coagulants and
biosorbents for improving water quality from the Muar River. The results indicated that these natural
coagulants not significantly reduced turbidity, with combination bio-coagulant showing the highest efficiency in
term of turbidity reduction that is 10.6% reduction, has stable pH values between 6.19 and 6.29 while reduced
the conductivity from 109.8 uS/m to as low as 5.7 uS/m, indicating successful ion removal through adsorption
mechanisms. This shown that the combination have potential to be a pH stabilizer for water treatment.
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However, comparison with traditional chemical coagulants like alum shows that this type of agricultural waste
no suitable for an option to replace the traditional coagulant.

In conclusion, while the research highlights the potential of agricultural waste products as sustainable
alternatives for water treatment, further investigation is necessary to refine methodologies and optimize
performance for scalability in broader applications. The eco-friendly nature of these coagulants could provide a
cost-effective solution for enhancing water quality, particularly in regions facing clean water shortages, but
addressing economic feasibility and practical implementation remains essential for their widespread adoption.
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Appendix A : Jar Tests Result for Bio-coagulant

Result for banana stem bio-coagulant Result for combination bio-coagulant
extracted by NaCl extracted by NaCl
Banana Stem Beaker ]g_ binati T _ Bealcer - . _
= - 5 io-coag c 2 3
Bio-coagulant Blank | 1 |3 4 2 Volume of 0 100 | 110 | 120 | 130 | 140
Volume of coagulant, mL - 5 10 | 15 | 20 | 25 coagulant, mL
IniLialpH 732 7321732732732 | 732 _I_m.ialp_H_ 6.19 6.19 6.19 6.19 6.19 6.19
Tritial turbidity, NTU | 547 | 547 | 547 | 347 | 547 | 347 e T T T e
Imtial conduetivity, pSm | 310 [31.0 {310 [31.0 | 310 (310 Tritial conductivity, | 1098 | 1098 | 1068 | 10698 | 1058 | 1098
Initial terperature 260 | 260|265 2609|260 | 265 Tritial ;mraMe 352 | 52 | 52 | B2 | 52 | 52
Initial DO, mg'T 6.36 |6.36 | 636 | 6.36 | 6.36 | 6.36 Tnitial DO, mz/L_| 503 | 503 | 503 | 503 | 503 | 503
Final pH T66 | 723704686683 [671 Final pH 633 | 621 | 626 | 630 | 633 | 620
Fmal rbide NTO 5 523550 527520 550 Fnaltubidity, | 734 | 671 | 671 | 678 | 666 | 659
SR | des | DA | Jel | T [ NTU
Final conductivity, pS/m | 32.0 | 180 | 506 | 933 | 1217 | 776 Final conductivity, | 235 | 1112 | 573 | 3598 | 570 | 1443
Final Tenperature 242 | 242242242 | 242 | 242 e _;S'm =3 =3 =3 =3 5 =5
r; B 5 ) 5 ) jist EII]IJEIELLT(E £, £3. £ L34 - L.
Final DO, mg'T 601 |552]5.09]5.28 | 5.10 | 5.03 Fnal DO, mzL | 564 | 650 | 572 | 508 | 534 | 5

Appendix B : Jar Tests Result for Biosorbent

Result for banana stem biosorbent Result for combination biosorbent
Banana Stem Biosorbent Beaker Combination Biosorbent Beaker
Blank | 1 2 3 4 5 Blank | 1 2 3 4 5
Volume of coagulant, g 0 o3l 1o 15201023 Volume of coagulant, g 0 03|10 15 20 25
Initial pH 5609 | 569 | 369 [5369) 560|569 Imtial pH 5 582 | 582
Tnitial turbidity, NTU 120 120 ) 120 | 120 [ 120 | 120 Initial turbidity, NTU 473 | 473
Imtial conductivity, uS/m | 373 [373 | 373 |373[373 (373 Iritial conductivity, pS'm 757 | 7137
Iritial temperature 232|232 | 252 (252252252 Iritial termperatire 247 | 247
Initial DO, mg'L 447 (442 | 442 | 4421442 (442 Irtial DO, mg'L 350 | 3.50
Final pH 569 |630 | 688 |382 (380|572 Final pH 500 (605 (606 | 6,08 | 6.07 | 6.04
Final turbidity, NTU 120 113 117 | 115 [ 114 | 116 Final turbidity, NTU 454 (435 (483 480 | 511 | 532
Final conductivity, uS/m | 373 |71.6 |2531.2 | 361 | 437 | 336 Final conductivity, pSm | 480 {805 |736|146.1 | 1680 [ 1882
Final Temperature 235|232 232 |232(232|230 Final Temperatire 230 (238 (236 236 | 235 | 232
Final DO, mg'L 447 (464 | 465 | 465|448 (432 Final DO, mg'L 400 (405413 401 | 444 | 421
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Appendix C : Flowchart of Bio-coagulant and Biosorbent Preparation

selection and collection of natural [Preparation f Biosarbeat
coagulant « Banana Stem
1. Wash the banana stem with pure water and
dry it in an oven at 100°C for 24 hours.
Collection of water sample 2. Grind the dried banana stem into a powder.
3. Sieve the powder through 2 mm, 125 mm, and
0.5 mm sieves.
FTIR Analysis « Lemongrass [Preparation of Bio-coagulant
1. Wash the lemongrass with tap water, slice it, and 1. Mix 1 g of the fine powder with NaCl (1 M)
-coagul 2
Treatment with natural coagulant g:;"::;‘;’;?b'::( bio-coagutant dry it in an oven at 103°C to 105°C for 24 hours. |——»| solution B
2. Grind the dried lemongrass into a fine powder 2. Stir the mixture at 41.5°C for 20 minutes and let
« Lemongrass solution and + The combining bio- using a grinder and pestle it settle for 30 minutes. i
powder coooulort and 3. Sieve the powder through 2 0.4 mm screen 3. Filter the supematant through a 0.45 micron filter
« Banana stem solution and |———»{ biosorbent contain paper to obtain the coagulant extract.
powder 0% beria ctoim « Pandan leaves 4. Repeat the step 1, 2 and for pandan leaves and
« Pandan leaves solution and 0% Do te e lemongrass powder
powder v pal : 1. Wash the pandan leaves with tap water, slice
and 20% lemongrass them, and dry them in an oven at 103°C o 105°C
for 24 hours.
v 2. Grind the dried pandan leaves into small pisces
using  grinding mill
Sample analysis after treatment 3. Sieve the powder through 2 0.4 mm screen.
o Using jar test to analyze
the effectiveness of the

« Turbidity
pH

bio-coagulant and

= Conductivity biosorbent

« Dissolved oxygen

Flowchart of Bio-coagulant and Biosorbent Preparation
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