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Abstract

Surface water contamination is a major civil engineering challenge in Bangladesh, where conventional treatments
are costly. This study investigates orange peel and tea waste as low-cost adsorbents, evaluating their performance
on real pond, river, and canal water against activated carbon (AC) and membrane filtration (MFM), and assessing
impacts on pH and turbidity. Surface water samples were collected from the Turag River, Chailai Canal, and Sadar
Upazila pond in Gazipur, Bangladesh. The natural adsorbents demonstrated high, context-specific efficacy. In
pond water, orange peel achieved 90% color removal, comparable to MFM (92%) and outperforming AC (80%).
In river water, tea waste proved superior, with 88% removal surpassing both MFM (82%) and AC (73%). The
application also affected water quality: orange peel slightly decreased pH while tea waste increased it. Both
adsorbents effectively reduced high initial turbidity, though excessive doses could introduce secondary turbidity,
indicating a need for dose optimization. Performance was limited in highly polluted canal water, establishing an
operational boundary for these materials. This research validates agricultural waste as a viable technology that can
outperform conventional methods for specific water types, contributing to the design of sustainable, decentralized
water treatment infrastructure.
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1 Introduction

Access to clean water is a fundamental requirement for public health and economic development, yet it remains a
critical challenge in developing nations like Bangladesh. Surface water bodies such as rivers, ponds, and canals
are vital resources, but they are increasingly threatened by pollution from industrial and municipal sources
(Chinyere et al., 2019). A significant concern is color contamination, largely caused by effluents from textile,
dyeing, and paper industries, which release complex organic dyes into the environment (Dai et al., 2018). The
presence of color not only diminishes the aesthetic quality of water but also impedes light penetration, disrupting
aquatic ecosystems, and posing potential health risks (Rane & Joshi, 2021).

Conventional water treatment technologies, such as coagulation-flocculation, membrane filtration, and activated
carbon (AC) adsorption, are well-established for color removal. These methods are typically energy-intensive,
expensive, and can generate secondary waste streams, such as chemical sludge, requiring further management
(Memon et al., 2021). This technological and economic barrier necessitates the exploration of innovative, low-
cost, and environmentally sustainable alternatives.
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A promising approach lies in the principle of the circular economy: valorizing abundant, locally available waste
materials as resources for environmental remediation. Bangladesh generates vast quantities of agricultural by-
products, including orange peel (OP) and tea waste (TW), which are typically discarded. However, these materials
are rich in cellulose, pectin, and lignin, which contain functional groups capable of adsorbing pollutants (Ahmed
et al., 2020). Their porous structure further enhances their potential as natural adsorbents.

While previous research has established the potential of these materials, a critical knowledge gap exists in their
comparative performance on real-world, heterogeneous surface water matrices. Many studies focus on synthetic
wastewater containing a single pollutant, which does not reflect the complexity of natural water systems. This
study addresses this gap by directly comparing the efficacy of raw, unprocessed OP and TW against conventional
benchmarks (AC and membrane filtration) for color removal from three distinct surface water sources in
Bangladesh. The objectives are to: (1) quantify the color removal efficiency of OP and TW as a function of
adsorbent dose and water source; (2) assess their impact on key water quality parameters such as pH and turbidity;
and (3) benchmark their performance against conventional methods to evaluate their practical feasibility for
decentralized water treatment applications.

2 Materials and Methods

* Adsorbent Preparation !
¢ Collect Raw Materials:

« Batch Adsorption Experiment (Jar Test) !
o Setup: 500 mL of a water sample is placed

* Sample Processing and Final Analysis *
« Filtration: The supernatant (top layer of

¢ Orange Peels (OP) are sourced locally.

* Used Tea Waste (TW) is collected from
vendors.

* Raw Charcoal (for Activated Carbon - AC)
is sourced as a benchmark.

¢ Wash & Clean:

* OP: Washed thoroughly with purified
water.

¢ TW: Boiled repeatedly in purified water
until the filtrate is colorless to remove
soluble compounds.

* AC: Washed to remove impurities.

into a 1000 mL beaker using a standard jar
test apparatus.

¢ Dosing: Varying doses of a single
adsorbent (OP, TW, or AC) are added to
different beakers for each water source.

* Mixing: The mixture is rapidly stirred at 40
rpm for 15 minutes to ensure thorough
contact between the adsorbent and the
water.

o Settling: The stirring is stopped, and the
mixture is allowed to settle for a 5-minute
quiescent period.

* Comparative Conventional Treatment !

water) from the settled jar test samples is

carefully decanted and filtered through

standard filter paper.

¢ Measure Final Parameters: The treated

(filtered) water is analyzed to measure the

final:

e Color (in Pt-Co units using a
spectrophotometer)

* pH (using a calibrated pH meter)

¢ Turbidity (using a calibrated turbidity
meter)

* Data Calculation *

*Dry: " i ¢ Calculate Removal Efficiency: The
« All material elF o * Membrane Filtration (MFM): A sample of percentage of color removal for each test
materials are dried In an oven a raw water from each source is also treated is calculated using the formula:
$1057{\circ}CS.

using a membrane filter attached to a
* Process: suction apparatus to serve as another
¢ The dried materials are ground into a benchmark.
fine powder using a mixer grinder.
* The powder is passed through a sieve
(No. 50, 300 pm) to ensure uniform
particle size.
o Store:
 The final adsorbent powders (OP, TW,
AC) are stored in airtight containers.
* Water Sample Collection & Initial Analysis !
e Collect Samples: Water is collected from
three distinct sources in Gazipur,
Bangladesh:
* Pond (high in natural organic matter)
* Turag River (urban and industrial runoff)
 Chailai Canal (heavy industrial effluent)
 Characterize Raw Water: The initial
properties of the raw water from each
source are measured and recorded (pH,
Turbidity, Color, BODs, COD, etc.).

e Color Removal (%) = [(Initial Color - Final
Color) / Initial Color] x 100
* Analyze Results: The results are compiled
to compare the performance of OP, TW,
AC, and MFM across the three different
water sources.

Figure 1. Flowchart of methodology

Table 1. Data of initial physical properties of raw water.

Ssample BODs COD TS TDS TSS pH Turbidity
(mg/L) (mg/L) (mg/L) (NTU)
Pond water 10 15 0.635 0.245 0.394 7.19 82.7
River water 14 20 0.208 0.201 0.007 7.70 415
Canal water 23 40 0.591 0.558 0.003 6.84 10.95
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Table 2. Key physicochemical properties of prepared adsorbents.
Property Orange Peel (OP) Tea Waste (TW)

Primary Organic Components Pectin, Cellulose, Lignin Lignin (25%), Cellulose (27%)

. Carboxyl (-COOH), Hydroxyl (-OH), Amino (-NH.),

Key Functional Groups Hydroxyl (-OH) Tannins
Key Inorganic Elements (%) Ca (as ﬁ;)olb‘lf%') Mg@s (5.11), ca (8.49), Mg (1.08)
Organic Matter (%) 97.83 ~53 (calculated from C, N)

3 Results and Discussions

3.1 Color Removal Efficiency
The performance of orange peel (OP) and tea waste (TW) varied significantly across the different water sources,
highlighting the influence of water matrix composition on adsorption efficacy.
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Figure 2. Color removal efficiency in pond water.

In Pond Water, which was characterized by high initial color from natural organic matter, both adsorbents were
highly effective (Figure 1). Orange peel achieved a maximum color removal of 90.3% at a dose of 0.8 g/L. Tea
waste also performed well, reaching 87.8% efficiency but at a higher dose of 2.0 g/L, suggesting OP is more dose-
efficient for this water type.
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Figure 3. Color removal efficiency in river water.

In River Water, the trend was reversed (Figure 2). Tea waste was significantly more effective, achieving a
maximum removal of 88.7% at a low dose of 0.4 g/L. In contrast, orange peel's peak performance was only
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67.2% at 0.2 g/L. The superior performance of tea waste may be due to its surface chemistry having a higher
affinity for the specific mix of pollutants in the Turag River.
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Figure 4. Color removal efficiency in canal water.

In Canal Water, which is heavily polluted with industrial waste, the performance of both natural adsorbents was
considerably lower (Figure 3). Orange peel reached a maximum efficiency of 57.2% at a very low dose of 0.04
g/L, while tea waste peaked at 47.7% at 0.2 g/L. At higher doses, the adsorbents began to leach color, rendering
the results invalid. This finding is critical from an engineering perspective, as it defines the operational boundary:
these adsorbents are not suitable for treating highly concentrated industrial effluents without pre-treatment.

3.2 Effect on Water Quality Parameters

The application of the adsorbents had a noticeable effect on the pH and turbidity of the treated water. The addition
of orange peel consistently caused a slight decrease in pH, making the water more acidic. This is likely due to the
release of protons (H* ions) from the abundant carboxylic and hydroxyl functional groups present in pectin and
cellulose. Conversely, tea waste tended to slightly increase the pH, which may be attributed to the adsorption of
H* ions from the water onto its surface. Importantly, these shifts were minor, and the final pH values generally
remained within acceptable ranges.
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Figure 5. Comparison of pH, turbidity & color removal efficiency in pond water.
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Figure 6. Comparison of pH, turbidity & color removal efficiency in river water.
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Figure 7. Comparison of pH, turbidity & color removal efficiency in canal water.

Both adsorbents were effective at reducing initial high turbidity, as seen in the pond and river water samples (Figure
5,6), where they likely acted as coagulating agents. However, at higher doses, turbidity began to increase again.
This is caused by the release of fine, colloidal particles from the adsorbent material itself. This indicates that while
these materials can reduce turbidity, there is an optimal dose beyond which they can become a source of secondary
turbidity, necessitating a post-filtration step in a practical system.

3.3 Comparative Analysis with Conventional Methods

A key objective was to benchmark the natural adsorbents against activated carbon (AC) and membrane filtration
(MFM). The results, summarized in Figure 8, show that OP and TW are highly competitive and, in some cases,
superior.
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Figure 8. Comparison of color removal efficiency among different methods.

In Pond Water, membrane filtration was most effective (92.1%). However, orange peel (90.3%) performed at a
nearly equivalent level and significantly outperformed activated carbon (80.4%). This is a powerful finding,
suggesting that for certain water types, these no-cost waste materials can replace expensive conventional methods
with minimal loss in performance.

In River Water, tea waste (88.7%) was the top-performing method, surpassing both MFM (82.2%) and AC
(73.2%). This result underscores that the choice of adsorbent should be tailored to the specific water chemistry.
In Canal Water, activated carbon was by far the most effective (83.7%). Its high porosity and large surface area
make it better suited for the wide range of synthetic pollutants in the canal. The natural adsorbents were not
competitive in this highly contaminated environment.
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This comparative analysis demonstrates that while conventional methods may be more robust for highly
industrialized wastewater, low-cost natural adsorbents are a technically viable and economically superior option
for treating surface water contaminated primarily with natural organic matter or specific pollutant types.

4 Conclusion

This study validates unprocessed orange peel and tea waste as effective, low-cost adsorbents for color removal
from surface water. The key finding is that performance is highly context-specific: orange peel is superior for
removing natural organic matter from pond water (90.3% removal), while tea waste excels in treating polluted
river water (88.7% removal). In these applications, both natural adsorbents performed at levels comparable or
superior to activated carbon, establishing them as viable technological alternatives. However, their limited efficacy
in heavily industrialized wastewater defines a critical operational boundary for their use.

The practical significance for Bangladesh is substantial. Valorizing these abundant agricultural by-products offers
a direct pathway to develop sustainable, decentralized, and affordable water treatment systems for rural and semi-
urban communities, turning a local waste problem into a resource for clean water. Future work should focus on
optimizing operational parameters and piloting larger-scale systems to advance this promising technology toward
implementation.
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