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Abstract

Natural absorbents offer a promising avenue for impactful wastewater treatment, utilize the power of nature to
cleanse with minimal environmental footprint. Color removal of textile wastewater using natural absorbents
presents a sustainable, biodegradable, economical and eco- friendly alternative to conventional methods. This
paper exhibits the capability of Eggshell and Moringa Oleifera as natural absorbents to remove color from textile
wastewater and their rate of removal efficiency. This study is based on absorption and filtration process and the
physiological parameters including pH, Color, Conductivity, Turbidity, Odor, BOD, COD, DO, TS, TDS, TSS are
analyzed here and compared with optimum condition. The variables considered are the absorbents dosage and
contact time at constant pH and agitation speed. Furthermore, the pH for Eggshell and Moringa Oleifera are kept
at (4.0-5.5) and (8.5-9.5) as well as the agitation speed is kept at (270-300) rpm by shaker for both Eggshell and
Moringa Oleifera. In case of both Eggshell and Moringa Oleifera, the dosage amount of 4g/L, 6g/L, 8g/L, 10g/L,
15g/L, 20g/L are examined and the contact time of 15 min, 30 min, 1h, 2h, 4h are kept. Via whole investigation,
optimum dosage of absorbents and contact time are found at which removal efficiency is high.
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1 Introduction

Water is one of the essential elements to life, and maintaining its quality is a mandatory aspect of environmental
management. In the realm of environmental monitoring and water quality assessment, wastewater analysis plays a
pivotal role in safeguarding public health and preserving ecological integrity(Mohd-Salleh et al., 2019). In the
analysis of wastewater, several parameters are used to assess its physical, chemical, and biological characteristics.
Among the various parameters used to evaluate wastewater quality such as pH, Turbidity, Biochemical Oxygen
Demand (BOD), and Chemical Oxygen Demand (COD), color plays a crucial role. Color in wastewater carries
significant information about the composition and potential environmental impact of the effluent. Wastewater,
particularly from industrial sources such as textiles, pulp and paper, chemical manufacturing, and food processing,
often contains a broad spectrum of colored compounds that stem from dyes, pigments, organic substances, and
heavy metals(Ahmed et al., 2020). The intensity and nature of these colors can offer crucial clues about the
chemical composition of the effluent and the effectiveness of the treatment process. Therefore, color is not just a
cosmetic concern, it is inherently tied to public health, ecological balance, and industrial accountability. When
untreated or insufficiently treated colored wastewater enters natural bodies of water, it alters the visual landscape
and impedes the penetration of sunlight, thereby disrupting the photosynthetic activity of aquatic plants and
phytoplankton(Amalina et al., 2022). This interference reduces the primary productivity of aquatic ecosystems,
affecting food chains and oxygen levels that support fish and other wildlife(Collivignarelli et al., 2019). In stagnant
or slow-moving water, persistent coloration may lead to the growth of anaerobic bacteria that thrive in low-oxygen
environments, potentially resulting in the production of malodorous compounds such as hydrogen sulfide. These
cascading effects make color an essential parameter in wastewater analysis not only for identifying the source and
type of pollutants but also for predicting downstream environmental outcomes. Many countries and regions have
established discharge limits for color parameters. In Bangladesh, a country with a dense textile industry, the
government has tightened regulations around effluent color to reduce the environmental damage.

Traditional discoloration methods have some disadvantages and these are excess amount of chemical usage or
accumulation of concentrated sludge with obvious disposal problems, expensive plant requirements or operational
costs, lack of effective color reduction, and sensitivity to a variable wastewater input were notably
mentioned(Ratna & Padhi BS, 2012). In view of these disadvantages, bio-sorption or removal of color by natural
absorbents is comparatively easy, low-cost, effective and biodegradable(Ahmed et al., 2020).

2 Objectives

The purposes of the study are:
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* To find economical and eco-friendly natural absorbents as alternatives to conventional methods of
removing color.

*  To select the natural absorbents and to find out their effectiveness of removing textile wastewater.

* To optimize the process parameters of treatment in removing color from textile wastewater.

* To analyze the physiological parameters before and after adding absorbents.

*  To determine the removal rate of color of absorbents from textile wastewater.

*  To determine the optimum dose and contact time at which removal efficiency is maximum.

3 Methodology
There are 6 steps of the methodology which are illustrated in the following.
3.1 Selection of Study Area

Rajshahi, Bangladesh is selected as study area in this study. Wastewater is collected from the different discharge
points of Sopura Silk Mills Limited and Usha Silk Fashion which are located in Sopura, Rajshahi, Bangladesh.

3.2 Collection of Water Sample
Wastewater is collected from the different discharge points of Sopura Silk Mills Limited and Usha Silk Fashion
which are located in Sopura, Rajshahi. Some of the discharge points of selected textile mills are shown here :
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At the time of collecting wastewater, enough care has been taken and proper hygiene has been maintained. The
sample is collected 2 times in a week from the different discharge points. Collected wastewater is reserved at room
temperature and safe place.

3.3 Selection of Water Quality Parameters and Laboratory Testing

The whole work is based on absorption and filtration process and the physiological parameters including pH, Color,
Conductivity, Turbidity, Odour, BOD, COD, DO, TS, TDS, TSS are analyzed here and compared with before
adding absorbent and after adding absorbent. The parameters considered for eggshell powder are pH, color,
conductivity, turbidity, odour, BOD, COD, DO, TS, TDS, TSS and the parameters considered for moringa oleifera
leaf powder are pH, color, conductivity, turbidity, odour. Here color is the primary and main parameter which is
measured by Lovibond Comparator 2000.

Figure 2. Lovibond Comparator 2000, other instruments & reagents

3.4 Selection and Preparation of Natural Absorbents

Eggshell powder: Waste eggshell has been collected from a local restaurant called ‘Tong’ , located at RUET. After
collecting eggshell, these have been washed well. These have been dried in the air for 4-6 days(depend on weather)
and grounded into powder by domestic blender . Then the absorbent has been passed through the no. 200 (75
microns opening) sieve . The final product will be stored in an airtight plastic container.

Figure 3. Preparation of eggshell powder [Left picture is collected from internet]
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Moringa Oleifera leaf powder: Moringa oleifera leaves has been collected from the moringa tree of Nawab
Faizunnesa Chowdhurany Hall at RUET. Some direct powder is also collected from local market. After collecting
leaves, it has been washed well and dried in the air properly. After drying, it has been grounded into powder by
domestic blender and then has been placed in a coil heater(above 350°C) . The absorbent has been heated at for
20-30 min. The adsorbents has been cooled to room temperature, and passed through a mechanical sieve shaker.
The samples has been passed through the no. 200 (75 microns opening) sieve . The final product is stored in an
airtight plastic container(Hasan et al., 2024).
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Figure 4. ‘Preparation of M(;r‘iﬁg Oleifera lea poWder [before heating and after heating]

3.5 Determination of Process Parameter

For removing color, various variables can be examined like pH, agitation speed, temperature, contact time,
absorbent dosage etc. In this study, the variables considered are the dosage of absorbents and contact time at
constant pH and agitation speed. The whole work is done in room temperature. The pH for Eggshell powder and
Moringa Oleifera leaf powder is kept at (4.0-5.5) and (8.5-9.5).The pH is decreased by adding HCI and increased
by adding NaOH according to need and type of collected wastewater. The agitation speed is kept at (270-300) rpm
by shaker for both eggshell powder and Moringa Oleifera leaf powder. In case of both eggshell powder and
Moringa Oleifera leaf powder, the dosages amount of 4g/L, 6g/L, 8g/L, 10g/L, 15g/L, 20g/L are examined and the
contact time with intervals of 15 min, 30 min, 1h, 2h, 4h are kept. At every dosage and amount, the parameters are
determined. Finally, optimum dosage of absorbents and contact time are found at which removal efficiency is high.
The parameters can be compared with DPHE & WHO standard.

Table 1.Water quality parameters according to DPHE & WHO

3.6 Removal of color using natural absorbents
Removal of Color is done by following formula-
(A—-B) =100

Percentage Removal of Color(%) = 1

Where, A=Initial Amount (Before Adsorbent), B=Final Amount (After Adsorbent)
Rest of the parameters(pH, Conductivity, Turbidity, DO, COD, TS, TSS, TDS) can also be analyzed in percentage
and by the formula of Percentage (%) = (A~B) * 100/A.

SL Parameters Bangladesh Standard WHO Methods/Equipments
(mg/)

1 Color 15 Hazen 15 Hazen Lovibond comparator 2000

2 pH 6.5-8.5 6.5-8.5 pH Meter

3 BOD,DO 0.2,6 - Titrimetric

4 CoD 4 - Diluted H2S04,Standard KMnO4

5 TS 20-1000 - Oven/Heater

6 TDS 1000 1000 Oven/Heater

7 TSS 20-1000 - Oven/Heater

8 Turbidity 10 NTU 5NTU Turbidity meter

9 Conductivity -us/cm - Conductivity Meter

10 Odor Odorless - Odorless
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4 Results & Discussion

4.1 Removal percentage for Eggshell powder

Amount, g/L

75.00% 80.00% 85.00% 90.00% 95.00% 100.00%
Removal percentage, %

m4h =2h m1lh m30min =15 min

Figure 5. Test result for eggshell powder

4.2 Removal percentage for Moringa Oleifera leaf powder

Amount, g/L
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Removal percentage, %
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Figure 6. Test result for Moringa Oleifera leaf powder

After adding 6 dosage amounts of 4g/L, 6g/L, 8g/L, 10g/L, 15g/L, 20g/L of eggshell powder and moringa oleifera
leaf powder with an interval of 15 min, 30 min, 1h, 2h, 4h to sample wastewater , from figure 5. & figure 6., it is
found that maximum color removal efficiency is 97% for eggshell and 90% for moringa leaf. The dosage amount
and time at maximum color removal are 10g/L and 30 min for eggshell and 4g/L and 1 hour for moringa leaf.
Condition of other parameters are also determined which are shown in the following.

4.3 Graphical representation of parameters at maximum removal condition(10g/L & 30 min) for Eggshell
powder
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Figure 7. Analysis of color of eggshell at maximum Figure 8. Analysis of pH of eggshell at maximum removal
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Figure 11. Analysis of TS, TSS, TDS of eggshell at maximum removal
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Figure 12. Analysis of DO of eggshell at maximum Figure 13. Analysis of COD of eggshell at maximum
removal removal

In case of eggshell, at maximum removal condition, from figure 7 to figure 13, the parameters of color, pH,
Turbidity, Conductivity, TS, TSS, TDS, DO, COD are found to be 70 Hazen, 6.6, 12.3 NTU, 2400 pQcm™,
2068.97 mg/L, 965.52 mg/L, 1103.45 mg/L, 0.4 mg/L, 1125 mg/L respectively after adding eggshell.

4.4 Graphical representation of parameters at maximum removal condition(4g/L & 1 hour) for Moringa
Oleifera leaf powder
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Figure 15. Analysis of pH of moringa leaf at maximum

Figure 14. Analysis of color of moringa leaf at
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Figure 16. Analysis of Turbidity of moringa leaf at Figure 17. Analysis of Conductivity of moringa at
maximum removal maximum removal

In case of moringa leaf, at maximum removal condition, from figure 14 to figure 17, the parameters of color, pH,
Turbidity, Conductivity are found to be 50 Hazen, 8.3, 9.65 NTU, 1600 uQcm™ respectively after adding moringa.
Via whole investigation, we found two economical and eco-friendly natural absorbents and its performance of
removing color from textile wastewater. In this study, only Lovibond comparator 2000 is used for measuring color.
The range of the investigation can be expanded by using spectrophotometry, FTIR(Fourier Transform Infrared
Spectroscopy), SEM(Scanning Electron Microscopy) and other methods(Kubra et al., 2021).

5 Conclusion

»  Eggshell powder and Moringa Oleifera powder are selected as natural absorbents.

*  The optimum amount and contact time for eggshell powder are found to be 10g/L and 30 minutes.

*  The optimum amount and contact time for moringa leaf powder are found to be 4g/L and 1 hour.

+  The efficiencies of eggshell powder and moringa leaf powder in removing color are found to be 97% and
90% respectively.

» According to removal efficiency, eggshell powder is more efficient absorbent than moringa leaf powder.
According to absorbent dosages, moringa leaf powder is more efficient absorbent than eggshell powder
because the amount of dosages is more in eggshell powder and sludge will be more also for eggshell
powder. According to contact time, eggshell powder is more efficient absorbent as it needs less time than
moringa leaf powder.

* Finally, two economical and eco-friendly natural absorbents as alternatives to traditional methods of
removing color are determined.
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