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ABSTRACT

The wastewater treatment process for middle rank coal employed coagulation-flocculation technology with bio
coagulants to efficiently reduce the concentration of contaminants. This method utilized Moringa oleifera L. seed
powder as the main bio coagulant, in addition to papaya seeds (Carica papaya Linn.) and Ambon banana peel
waste (Musa paradisiaca var.) as secondary bio coagulants, which are combined with the main bio coagulant.
The aim of this study was to determine the characteristics and effectiveness of bio coagulant compounds obtained
from plants and waste materials. The study objective was also to investigate the effectiveness of combining bio-
coagulants derived from Moringa oleifera L., Carica papaya, and Musa paradisiaca var. in treating coal effluent.
Biocoagulant is a natural alternative to chemicals like aluminum sulfate (Alum) that are detrimental to the environ-
ment. It is present in the ecosystem and serves as a substitute for these hazardous substances. The results revealed
that the optimal dosage for combining bio coagulants was 1 gram per liter, with a composition ratio of 2 parts
primary bio coagulant to 1 part auxiliary bio coagulant. The analysis of water pollutants showed a reduction in
turbidity and total suspended solid (TSS) by 99.26% and 99.11% respectively. Additionally, there was a decrease
in the levels of heavy metals iron (Fe) and manganese (Mn) by 98.71% and 99.88% respectively.

Keywords: coagulation, flocculation, coal wastewater, pollutants, bio coagulant, Moringa oleifera L, banana peel
waste, papaya seeds.

INTRODUCTION

such as flotation chemicals, and inorganic pol-
lutants, such as metal ions (Meifiner, 2021).

The mining sector significantly contributes
to the overall prosperity of the global econo-
my. Mining resources serve several purposes,
including the production of jewellery, orna-
ments, construction materials, cars, electricity
generation, and advanced technological uses
(Marimuthu et al., 2021). Significant quanti-
ties of water are required for the extraction
and refinement of mineral resources, and sub-
sequently, these waters are released back into
the environment. The wastewater often above
the discharge limits set by the WHO due to its
high levels of detrimental organic pollutants,
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The discharge of mine effluent into the en-
vironment has sparked considerable public ap-
prehension because to its potential to rapidly
pollute water sources and inflict harm to aquatic
life, terrestrial animals, plants, and human beings
(Yaraghi et al., 2020; Thomas et al., 2022). More-
over, the accessibility of potable water is a preva-
lent issue in numerous global places, especially
in arid and semi-arid areas. Wastewater from coal
mining operations refers to water that comes from
various activities involved in mining coal. These
activities include removing the top layer of soil,
excavating, dredging, transporting, and storing
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coal. The water can come from both upstream
sources, such as open and closed mines, as well
as downstream activities, like loading coal onto
barges. The government determines the quality
criteria for coal wastewater by referencing SNI
6989 in 2019, APHA 5210 B in 2012, and APHA
5220 D in 2017.

Prior to being released into the environment, the
coal mining industry treats the wastewater it gener-
ates through a process of water treatment. The objec-
tive is to guarantee that the water released adheres to
the quality criteria established by the government and
does not harm aquatic organisms. Typically, chemi-
cal coagulants such as alum (AL(SO,),) and iron
chloride (FeCl,) are commonly employed in waste-
water treatment operations within the coal mining
sector. Chemical coagulants can be employed to fil-
ter water prior to its release into the environment (Eri
et al., 2018). The benefits of utilizing this coagulant
include its cost-effectiveness and ready availability.
However, while the use of alum coagulant may be
effective in the short term, it is not advisable in the
long run due to its negative effects on health, such
as Alzheimer’s disease, and its environmental impact
caused by the disposal of alum residue (Gautama
and Saini, 2020; Owodunni and Ismail, 2021). In ad-
dition, the presence of high levels of heavy metals,
like as manganese, in acid mine drainage poses a risk
to human health (Kusdarini et al., 2023).

Moringa seeds (Moringa oleifera L.) and pa-
paya seeds (Carica papaya Linn.) are both effi-
cient bio coagulants utilized in waste treatment.
Papaya seeds possess a significant amount of pro-
tein, which consists of positively charged proteins
capable of binding to negatively charged sub-
stances like mud, clay, bacteria, toxins, and so on.
The binding process described here causes the ag-
gregation of particles, which then settle and ulti-
mately produce clean water through the processes
of adsorption and charge neutralization (Edogban-
ya, 2013). This elucidates the reason behind the
coagulant activities exhibited by papaya seeds.
Papaya seed powder can induce the coagulation of
suspended particles in water, resulting in their sed-
imentation at the bottom. The main protein, papa-
in (also known as papaya proteinase), consists of
a single, completely connected peptide sequence
with 345 amino acid residues (George and Julyn,
2018). In addition, the water has become contami-
nated with fecal germs due to the introduction of
papaya seeds (Kristianto et al., 2018).

The utilization of both bio coagulant and
banana peel waste is a substantial type of waste

material. This waste is typically produced during
domestic processing and is commonly used as a
means of water purification. Previous research
has demonstrated that banana peels are 88% ef-
fective in reducing turbidity in synthetic waste-
water and river water (Mokhtar et al., 2019). In
addition, they achieved a 60% reduction in tur-
bidity levels. Furthermore, a study conducted by
Maurya and Daverey (2018) revealed that banana
peels have a remarkable efficacy of 59.6% in re-
ducing turbidity and TSS in urban wastewater.

The coagulation-flocculation method is fre-
quently used in the wastewater treatment process,
as evidenced by previous research. Several recent
studies (Camacho et al., 2017; Alam et al., 2020;
Katubi et al., 2021) have been done to identify
sustainable and ecologically friendly natural co-
agulants that can be used as alternatives to inor-
ganic and synthetic coagulants in the manufac-
ture of drinking water. Natural coagulants have
numerous significant advantages, such as their
capacity to biodegrade, their lack of toxicity, their
renewable nature (with readily available feed-
stock), and their cost-effectiveness (both in terms
of the coagulant itself and the sludge processing)
(Ang and Mohammad, 2020).

Certain natural plants are employed as a co-
agulant: Moringa oleifera L. (Chitra and Muru-
ganandam, 2019; Made et al., 2020; Lelusa et al.,
2022), banana peels (Singh et al., 2018 ; Mokhtar
et al., 2019; Musafira et al., 2020), papaya seed
(George and Julyn., 2018; Kristianto et al., 2018)
and aloe vera (Adugna and Gebresilasie., 2018;
Srikanth, 2020). These are some of natural coagu-
lants needed for water and wastewater treatment.

Currently, there is a lack of knowledge re-
garding the impact of combining bio-coagu-
lants to reduce pollutants in coal wastewater.
Specifically, the use of moringa seeds, banana
peels, and papaya seeds for medium rank coal
wastewater is not well understood. To optimize
the results, a comprehensive and methodical in-
vestigation was conducted to improve the pro-
cess by including bio coagulants such as papaya
seeds and waste from Ambon banana peels. The
objective of this current study is to assess the
efficacy of these bio-coagulants in reducing the
concentration of contaminants in coal effluent by
combining Moringa oleifera L, Carica papaya
Linn., and Musa paradisiaca var.

Currently there is only limited study regard-
ing the effectiveness of the mixing bio-coagu-
lants for coal wastewater. The characteristics
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of medium-rank coal effluent may have signif-
icant consequences for both human health and
the environment. This study’s goal is also to
prepare bio-coagulants that can be an alterna-
tive to the use of chemical coagulants that are
not environmentally friendly. The significance
of this study is to examine that the mixing bio-
coagulants from Moringa oleifera L., Carica
papaya Linn., and Musa paradisiaca var. for
best options to treat coal wastewater.

The novelty of this study investigates bio-
coagulants generated from natural sources (Mor-
inga oleifera L., Carica papaya Linn., and Musa
paradisiaca var.) as an environmentally accept-
able alternative to chemical coagulants in the
treatment of coal effluent. This strategy not only
solves the critical need for sustainable wastewa-
ter treatment solutions, but it also contributes to
broader environmental and socioeconomic goals,
which are closely aligned with the United Nations
Sustainable Development Goals (SDGs). This
work directly adds to SDG 6, which aims to guar-
antee universal access to and sustainable manage-
ment of water and sanitation. Effective treatment
of coal effluent with bio-coagulants improves wa-
ter quality, reduces contamination, and ultimately
protects human health and ecosystems.

MATERIALS AND METHODS

Materials

Materials utilized in this study were medium
rank coal wastewater samples, aquadest, sodium
periodate reagent (207769-ID), citrate buffer powder
(2107669-1D), and FerroVer iron reagent (2105769-
ID), moringa seeds (Moringa oleifera L.), papaya
seeds (Carica papaya Linn.), and ambon banana
peel waste (Musa paradisiaca var.)

Medium-rank coal wastewater was collect-
ed at the coal loading port (Jetty) site in Palem-
bang, south Sumatra, Indonesia. It was utilized
to treat the wastewater before its release into
nearby river systems. The investigation was
carried out at the coal wastewater processing
facility in Palembang and the laboratory of
the Tirta Musi Palembang Regional Drinking
Water Company. Bio-coagulant materials, in-
cluding Moringa Seeds (Moringa oleifera L.)
were obtained from Kampung Bali, Mariana,
Banyuasin, South Sumatera. Papaya seeds
(Carica papaya Linn.) and Ambon banana peel
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waste (Musa paradisiaca var.) were collected
in Ogan Komering Ilir (OKI), south Sumatera,
Indonesia. The chemicals utilized include so-
dium periodate reagent (207769-1D), citrate
buffer powder (2107669-1D), and FerroVer
Iron Reagent (2105769-1D) were purchased
from Sigma Aldrich.

Equipments

Equipment utilized in this research were 50
and 100 mesh sieve, bulbs, EC meters, beaker
glass, measuring cup, cuvette, magnetic stirrer,
ovens, jar test equipment, tweezers, 10 mL and 1
mL drop pipettes, analytical scales 500 g, and tur-
bidity meter. Plastic sample vials with a capacity
of 1 L were used to collect wastewater samples of
medium-rank coal. Water quality can be assessed
using a range of analytical instruments. The Me-
trom 632 pH Meter was utilized to evaluate the
acidity level (pH), while the Hach 2100Q was
employed for measuring turbidity. Furthermore,
the Hach DR 900 was utilized to identify the exis-
tence of total suspended particles and heavy met-
als, such as Fe and Mn.

Methodology

The study comprises multiple stages, includ-
ing the sampling and analysis of middle rank coal,
followed by the production of bio-coagulant ma-
terials such as Moringa seeds, Papaya seeds, and
Ambon Banana peel waste. The bio-coagulants
optimum dosages were then determined using a jar
test, and the subsequent processes of coagulation,
flocculation, and sedimentation were carried out.
The water samples were analyzed, and the pollut-
ants’ percentage reduction was measured using a
spectrophotometer, specifically for turbidity, TSS,
and heavy metals Fe and Mn. Figure 1 below illus-
trated a detailed flow diagram of the process.

Characteristics of medium-rank
coal wastewater

Coal wastewater samples were collected at
the coal loading port located in Palembang, south
Sumatera. The physical properties include TSS,
total dissolved solid (TDS), turbidity, and elec-
trical conductivity, whilst the chemical properties
comprise the acidity level (pH) and the presence
of heavy metals iron (Fe) and manganese (Mn)
in wastewater (Mabrouki et al., 2020). The initial
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Sampling and initial testing of medium rank coal

v

Preparation of bio-coagulant materials (Moringa seeds,
Papaya seeds, and Ambon Banana peel waste)
(Washing, drying, crushing, sieving)

Determination of bio-coagulant dosage using jar test

A4

Preparation of medium rank coal wastewater samples with
the addition of moringa bio-coagulant

Coagulation, Flocculation and Sedimentation

A 4

Measurement of Pollutants Percentage Reduction Using a Spectrophotometer (Total
Suspended Solid (TSS), heavy metals Fe and Mn)

v

Addition of supporting bio-coagulant (Banana Peel and Papaya Seeds) at the optimum dose

of Moringa bio-coagulant and analysis of water sample

A

Fulfill SNI 6989 of 2019, APHA 5220 D of 2017
and APHA 5210 B 0of 2012

Tested by other
bio-coagulant

dosages

YES
Qlent released into the environD

Figure 1. Experiment diagram

volume of the wastewater was diluted by a factor
of 10. This is necessary because the instrumen-
tation equipment has a limited reading capacity,
which would complicate the analysis procedure if
the volume was not diluted.

Table 1 presented the medium-rank coal
wastewater characteristics. The attributes of
coal wastewater of medium rank may have
negative impacts on both human health and the
environment. By utilizing the primary bio co-
agulant, moringa powder, along with the sup-
plementary bio coagulants, papaya seeds and
Ambon banana peel waste, it was anticipated
that the coagulation-flocculation and sedimen-
tation processes will enhance the water quality
metrics. This meets the specified standards for
wastewater quality for environmental discharge

as outlined in SNI1 6989 0of 2019, APHA 5210 B
0f 2012, and APHA 5220 D of 2017.

Bio-coagulant materials preparation

Bio-coagulant resources, such as Moringa
Plants, Papaya seeds, and Ambon banana peel
waste, sent to a purification procedure to elimi-
nate any impurities that may be present on these
materials. Subsequently, the bio coagulant de-
rived from Moringa seeds, papaya seeds, and
banana peel waste underwent a thorough rinsing
process using clean water. Afterwards, the sub-
stance was subjected to a drying process under
direct sunlight for a duration of 3—4 days, while
maintaining a temperature range of 32-34 °C
(Musafira and Dzulkifli, 2020). Prior to the drying
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Table 1. Characteristics of medium-rank coal wastewater

Parameter Unit Test result Environmental quality standard Methods
Suspended solids mg/L 3607 199 SNI 6989.3 :2019
pH - 6.8 6.5-8.5 SNI 6989.11: 2019
Manganese (Mn) mg/L 2.97 1 APHA 5210 B: 2012
Iron (Fe) mg/L 3.88 2 APHA 5220 D Ed. 23: 2017

process, banana peels were cut into segments that
are approximately 2—3 cm long. Subsequently,
bio coagulant component performed an equaliza-
tion procedure by confining it within a specified
area and monitoring its mass reached a steady
state. The bio-coagulant combination was further
crushed using a blender and then strained through
a sieve with a size of 100 mesh (0.149 mm).

Determining the optimal
dosage using jar test

The main goal of this study was to examine
the effectiveness of Moringa seeds as a natural
substance that can help remove pollutants from
middle rank coal effluent. The dose estimation
was dependent on the operating characteristics
that are found in the wastewater treatment area.
The additional quantity of Moringa coagulant
varied from 0.5 g to 1.5 g, with increments of
0.25 g. Each dose was then mixed with 1 liter of
wastewater (Nugraha and Sumiyati., 2010). The
coagulation-flocculation process consists of ini-
tial agitation at a speed of 100 rpm for a duration
of 30 seconds, followed by a subsequent slower
agitation at 30 rpm for a period of 10 minutes,
and ultimately allowing the mixture to settle for
30 minutes. After determining the optimum dose
of Moringa bio coagulant, additional bio-coag-
ulants in the form of papaya seeds and Ambon
banana peel waste were introduced in different
ratios: (1:0), (1:2), (2:1), (1:1), and (0:1). The
findings suggested that by optimizing the mixing
of bio-coagulants, it was possible to effectively
minimize pollutants in medium rank coal effluent.
This can be achieved by maintaining the same pa-
rameters for the coagulation-flocculation process.

Percentage of pollutants reduction
utilizing a spectrophotometer

The objective was to identify the most ef-
fective conditions for treating medium rank coal
wastewater using Moringa bio-coagulant. This

236

involved adjusting the parameter values or re-
moval percentages for each concentration of Mo-
ringa and incorporating additional bio coagulants
like papaya seeds and Ambon banana peel waste.
The water quality parameter values were mea-
sured using the Hach DR 2001Q type Spectro-
photometer to determine the TSS values, and the
Hach DR 900 type Spectrophotometer to analyze
the concentrations of the heavy metals Fe and Mn.
These values were then compared to the medi-
um rank coal wastewater quality standards speci-
fied in the SNI 6989 standard. The APHA 5210 B
standard in 2012, and the APHA 5220 D standard
in 2017. The percentage of removal was calcu-
lated by comparing the change in each parameter
value to the control treatment. To enhance the ex-
tent of parameter reduction in wastewater quality
with the use of Moringa bio-coagulant, the water
was examined both prior to and following the ad-
dition of the bio-coagulant. The allowed percent-
age was determined using the formula provided
by Linggawati (Linggawati, 2002).
R=%x100% (1)
where: R — removal percentage (%); 4 — results
of water quality analysis before treatment

(control); B — results of water quality
analysis after treatment.

This removal percentage formula can be used
for various parameters such as turbidity, TSS,
heavy metals Fe and Mn.

RESULT AND DISCUSSION

Bio-coagulants production

The main bio coagulant utilized was derived
from Moringa seeds, sourced from two distinct
origins: commercial Moringa and local Moringa
(Figure 2 displays the raw materials). The weight
of the commercial Moringa seeds was 60.70 g,
whereas the weight of the local Moringa seeds
is 13.99 g. The amount of bio coagulant utilized
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consisted of 51.81 g of papaya seeds and 72.56 g
of Ambon banana peel waste. After being dried in
the sun for a duration of 3—4 days, the major bio
coagulants, specifically the commercial and local
moringa bio coagulants, were weighed and found
to be 60.63 g and 13.49 g respectively. Further-
more, the bio-coagulants used for support, specif-
ically the papaya seeds and Ambon banana peel
waste, weighed 8.39 g and 7.47 g respectively.
Afterwards, the bio-coagulation material under-
went an equilibration procedure at a room tem-
perature of 27-28 °C until its weight stabilized.
Subsequently, it was crushed utilizing a blender.
The weight of each bio-coagulant material was
measured as follows: the commercial moringa,
local moringa, papaya seeds, and banana peel
waste had weights of 60.68 g, 13.68 g, 8.53 g, and
7.61 g, respectively. Figure 2 illustrated the pro-
cedure for preparing the bio-coagulant materials.

The effect of the dosage moringa
seeds (Moringa oleifera L.) on the
reduction of total suspended solids

An experiment was conducted to evaluate the
efficacy and efficiency of Moringa seeds as the
primary bio coagulant in decreasing pollutants
in medium-rank coal wastewater. This was done
before the addition of papaya seeds and Ambon

banana peel waste as secondary bio coagulants.
This experiment involved using five measur-
ing glasses, each with a capacity of 1000 mL, to
prepare samples with different doses of Moringa
seeds. The doses used were 0.5 g, 0.75 g, 1 g,
1.25 g, and 1.5 g. The purpose of this experiment
was to compare the quality of commercial Mor-
inga seeds with local Moringa seeds in terms of
their ability to reduce pollutants in wastewater.

According to Figure 3, the test findings dem-
onstrated that using 1 gram of the commercial
moringa coagulant per liter of water led in a TSS
value of 29.3 mg/L, with a percentage of 99.19%.
In contrast, the TSS concentration of natural mo-
ringa was measured at 21 mg/L, with a removal
rate of 99.42%. To effectively remove high levels
of TSS from water, which includes both organic
and inorganic pollutants, it is crucial to determine
the exact dosage or concentration of a coagulant.
This will ensure the best settling of the colloidal
particles that contribute to TSS.

Moringa seeds contain polyelectrolyte mac-
romolecular proteins with positive charges. When
these proteins break down, they attract negatively
charged particles, leading to an increase in TSS.
When using a dose of 1.25 g/L of commercial
moringa coagulant and a dose of 1.5 g/L of natu-
ral moringa, the TSS decreased. This decline oc-
curred because the concentration of the coagulant

NS,
c) Papaya Seed

d) Ambon Banana Peel Waste

Figure 2. Bio-coagulant materials preparation
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Figure 3. Effect of Moringa seed dosage on reducing TSS

surpassed the optimal level, causing defloccula-
tion. As a result, the TSS value increased again
(Hak et al., 2018). In addition, despite the use
of a 100-grit screen for filtration, the coagulant
particles exhibited non-uniform size, resulting in
their retention and subsequent re-coagulation (re-
stabilization). The seed powder contains a variety
of proteins that are water soluble cations.
According to reports, the water-soluble di-
meric cationic proteins found in the seeds of
Moringa oleifera L. were what give the plant its
coagulant properties. This implies that the water
solution would become basic because of the ba-
sic amino acids included in the proteins of Mo-
ringa oleifera L. seeds accepting a proton from
the water and releasing a hydroxyl group (Hen-
drawati et al., 2016). Proteins function as natural
polyelectrolytes, possibly through a combination
of adsorption, charge neutralization, and particle
bridging of destabilized particles (Camacho et al.,
2017). Adsorption and charge neutralization are
the primary activities associated with Moringa
seeds, although it is challenging to determine the
specific mechanism at work due to their simul-
taneous occurrence (Hendrawati et al., 2016).
When moringa seeds were introduced into turbid
water, it was expected that the negatively charged
particles, such as dust, bacteria, clay, and others,
will adhere to the protein in the seeds, resulting in
the formation of bigger flocs that can settle down.
Although this study focused primarily on the
effects of coagulant dose, flocculant dose, and
agitation time, it is important to note that the
treatment’s success was dependent on other pa-
rameters such as agitation speed. It was critical
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to understand the role of the applied velocity
gradient in the coagulation flocculation process.
The velocity gradient was an important factor in
determining the likelihood of particles colliding
during coagulation and flocculation. This contact
is critical for floc development and proliferation,
which has a direct impact on the overall efficacy
of the treatment process. Excessive velocity can
cause mechanical shear pressures that destabilize
flocs and reduce their ability to agglomerate sus-
pended particles (Jebun et al., 2018; Adesina et
al., 2019; Djeffal et al., 2021).

Effect of dosage Moringa seeds
(Moringa oleifera L.) in reducing
iron and manganese metals

Heavy metals are hazardous contaminants
that could build up in the environment and com-
bine with both organic and inorganic substances
in aquatic environments, resulting in the forma-
tion of intricate compounds. Exceeding toler-
ance limitations of heavy metals can harm hu-
man physiological and biological systems. Heavy
metals are introduced into the tissues of organ-
isms by various pathways, including the respira-
tory system, the digestive system, and absorption
through the skin (Anthony and Godfrey., 2014).
The heavy metal content tested in this study in-
cluded Fe and Mn. These two elements, classified
as heavy metals, form part of the chemical com-
position of middle rank coal effluent.

The presence of heavy metals in medium rank
coal wastewater primarily originates from the
coal rock’s formation layers, which collected in
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the rock’s core layer. The initial concentrations
of the heavy elements Fe and Mn in middle
rank coal effluent were 3.88 mg/L and 2.97
mg/L, respectively. Fe metal analysis was con-
ducted for each dosage of both commercial and
natural Moringa coagulant.

Figure 4 depicts the results of the analysis of
the heavy metal Fe in effluent from medium rank
coal. The wastewater underwent treatment by
adding Moringa coagulant, and the analysis con-
sidered various dosages and particle sizes. The
content of the heavy metal Fe was significantly
reduced by 99.10% for commercial moringa and
97.16% for natural moringa when a dose of 1
g/L was used, considering other factors that may
have contributed to the reduction. The obtained
findings meet the quality criteria for medium-
grade coal effluent, enabling its safe discharge
into the environment. More precisely, the out-
comes meet the criteria of 2 mg/L as stipulated
by APHA 5220 D of 2017.

Figure 3 illustrates that when the coagulant
dose of 1.25 g/L is applied for both commercial and
natural moringa, which exceeds the recommended
amount, the efficiency of eliminating the heavy
metal Fe would diminish. The phenomenon happens
when the coagulant has achieved the optimal dos-
age, resulting in an excess or insufficient amount of
coagulant being saturated and forming particles that
are challenging to settle (Rani, 2010). Moringa seeds
contain amino acids with a low molecular weight.
These amino acids form a biologically active group
of molecules that can bind to metals even at low con-
centrations, facilitating the absorption of metal ions.
In addition, these amino acids, which are composed
of proteins, have pH-dependent characteristics that
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create an environment with a negative charge. This
negative charge is crucial in facilitating the binding
of heavy metals (Costa et al., 1997; Muyibi et al.,
2002). Therefore, the inclusion of a higher dosage
did not improve the effectiveness of a coagulant.

The analysis of Mn metal was conducted us-
ing both commercial and natural moringa at an op-
timal dose of 1 g/L.. Table 2 displays the reduction
in manganese content resulting from the application
of varying quantities of commercially available Mo-
ringa seeds and naturally occurring Moringa seeds.
The concentration of natural moringa decreased by
0.052 mg/L, while the concentration of commercial
moringa reduced by 0.050 mg/L. The objective of
this study was to quantify the extent of Mn metal re-
duction using Moringa coagulant. Subsequently, the
coagulant was combined with Ambon banana peel
and papaya seed coagulant to assess the impact of
their addition. Moringa seeds, scientifically known
as Moringa oleifera L. are frequently utilized as
biocoagulants due to their abundant protein content.
These seeds can effectively serve as biocoagulants
in waste treatment processes owing to the presence
of positively charged proteins (Edogbanya, 2013).
These proteins can bind with negatively charged par-
ticles such as mud, clay, bacteria, and toxins, result-
ing in the formation of clumps that settle down and
yield purified water through the processes of adsorp-
tion and charge neutralization.

Table 2. Effect of Moringa seed dosage on reducing
manganese (Mn)

Natural Moringa seed Commercial Moringa seed
(mg/L) (mg/L)
0.052 0.050
1 1,25 1,5

Coagulant Dosage (g)

—l—Moringa Seed (Commercial)

Moringa Seed (Local)

Figure 4. Effect of Moringa seed dosage on Fe reduction

239



Ecological Engineering & Environmental Technology 2024, 25(8), 232-244

Evaluation of the efficacy of combining
papaya seed bio-coagulant with
Ambon banana peel waste

Combination of Moringa seeds and
Papaya seeds for bio-coagulant |

This study utilized two natural coagulants,
namely papaya seeds (Carica papaya Linn.) and
Ambon banana peel waste (Musa paradisiaca
var.), as mixing components with Moringa oleif-
era L. seeds. The concentration of Moringa was
1 g/L. The mixing ratio for combining bio co-
agulant I (made from Moringa seeds and Papaya
seeds) and bio coagulant II (made from Moringa
seeds and Ambon banana peel) was in a ratio of
1:0, 1:1, 1:2, 2:1, and 0:1. Afterwards, the find-
ings from the investigation of test parameters in
medium rank coal waste water will be contrasted
to determine the most favorable conditions for
combining the two bio coagulant substances.

Table 3 and 4 demonstrated that when papaya
seeds (Carica papaya) were added in a dose ra-
tio of 0.25 g papaya: 0.75 g moringa, or a ratio
of 1:2, under ideal conditions, they successfully
decreased pollutant levels, particularly heavy
metals Fe. When 0.25 g of papaya was mixed
with commercial coagulants, the resultant levels
decreased to 0.05 mg/L, whereas the natural co-
agulants had a higher iron level of around 0.31
mg/L. The TSS concentration was 32 mg/L when

using a combination of commercial coagulants,
and roughly 51 mg/L when using a mixture of
natural moringa.

Ningsih (2020) states that TSS deficiency is
caused by the presence of protein in the water, and
the consumption of papaya seeds yields beneficial
outcomes in a significant proportion of samples. The
pH data did not indicate any significant variation be-
tween the different dosages of both the commercial
and natural coagulants. The size of the coagulant par-
ticles directly affects this value. If the size is not op-
timized, it might result in inadequate waste process-
ing outcomes, hence reducing the effectiveness and
efficiency of the coagulation-flocculation method.
Conversely, if the size of the coagulant particles is
very large, it will cause the scattered particles to dis-
perse, thus disrupting the particle deposition process
(Ngadi and Aida, 2013).

Papaya seeds exhibited significant efficacy
in reducing the content of heavy metals, such as
Mn, in middle rank coal effluent. Using 1 gram of
moringa, the parameter value for Mn metal was
0.05 mg/L for commercial moringa and 0.052
mg/L for natural moringa. With the inclusion of
papaya seeds, there was a significant decrease in
the concentration of Mn metal. More precisely,
there was a reduction of 0.004 mg/L (correspond-
ing to a 93% decrease in commercial moringa)
and a reduction of 0.008 mg/L (equivalent to an
85.48% decrease in natural moringa) when the bio

Table 3. Results of analysis of adding papaya seeds to commercial Moringa

Test parameter
Coagulant dosage (g)
pH TSS (mg/L) Fe total (mg/L)

1 g (papaya seed) 6.85 132.00 0.27
0.75 g (papaya seed) 6.84 42.00 0.15
0.5 g (papaya seed) 6.86 17.50 0.06
0.25 g (papaya seed) 6.80 32.00 0.05
1 g (moringa) 6.98 29.30 0.04

Note: Mn analysis at the optimum dose of 0.25 g papaya is 0.004 mg/L

Table 4. Results of analysis of adding papaya seeds to natural Moringa

Test parameter
Coagulant dosage (g)
pH TSS (mg/L) Fe Total (mg/L)

1 g (papaya seed) 6.85 132.00 0.27
0.75 g (papaya seed) 6.84 219.50 0.38
0.5 g (papaya seed) 6.88 60.50 0.20
0.25 g (papaya seed) 6.84 51.50 0.31
1 g (moringa) 6.62 21.00 0.11

Note: Mn analysis at the optimum dose of 0.25 g papaya is 0.008 mg/L
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coagulant was mixed under optimal conditions
(with a ratio of 1 part papaya to 2 parts moringa).

The inclusion of papaya seeds (Carica papaya
Linn.) will enhance the ability to draw metals into
the floc. The decrease in metal levels is ascribed
to the interaction between the cationic protein
present in papaya seed powder and the negatively
charged component that binds the metal ions. The
binding process enhances the formation of solid
metal ions (Ali et al., 2019).

Combination of Moringa seeds with
banana peel for bio-coagulant II

In this study, an additional natural coagulant,
Ambon banana peel waste (Musa paradisiaca
var.), was included as a mixing material together
with Moringa oleifera L. seeds. The bio coagu-
lants were mixed at the ideal dosage of 1 g/L us-
ing Moringa seeds. The mixing ratios for bio co-
agulant II include 1:0, 1:1, 1:2, 2:1, and 0:1. Sub-
sequently, the findings from the measurement of
test parameters for medium rank coal wastewater
was contrasted with different coagulant materials
that exhibit superior efficacy in reducing contami-
nants in medium rank coal wastewater. The effica-
cy of integrating Ambon banana peel waste in reduc-
ing pollutant levels, particularly in relation to TSS
and the heavy metal Fe, was illustrated by Tables 5
and 6. When combining papaya seeds, adding a dose
ratio of 0.25 g of banana seeds to 0.75 g of moringa,
or a ratio of 1:2, significantly reduced the level of
pollutants. When 0.25 g of papaya were combined
with commercial coagulants, the TSS readings
were found to be 14.33 mg/L. On the other hand,
when natural mixed coagulants were used, the TSS
values were 52.80 mg/L. The utilization of Ambon
banana peel leads to a drop in TSS content, indicat-
ing that the banana peel can adsorb dissolved parti-
cles in wastewater, hence causing a reduction. The
intensity of the contact increases with the duration
of the circulation. This aligns with the findings of

Hanifah and Hadisoebroto (2020) study, which re-
vealed that banana peel is rich in minerals, vita-
mins, proteins, carbohydrates, and lipids. Protein
is a crucial element in the process of coagulation.
This is the process that leads to the purification of
wastewater and the reduction of TSS.

The combination of 0.75 g of commercial mo-
ringa and 0.25 g of banana also led to a decrease
in Mangan content by 0.021 mg/L. Although natu-
ral moringa was added, no significant change was
found, especially in the reduction of the pollutant
Mn, which had a concentration of 0.028 mg. In their
study, Budiman et al. (2018) discovered that the
peel of Kepok banana (Musa acuminate) can absorb
metal ions, making it a potential biomaterial for this
purpose. Cellulose is a constituent of Ambon banana
peel. The cellulose in Ambon banana peels en-
ables them to adsorb metal ions. Cations will be
drawn to hydroxyl groups that possess a surplus
of electrons. Disposing of Ambon banana peels
can efficiently reduce the concentration of Fe?*
ions in aqueous solutions. Ambon banana peels
possess the capacity to efficiently absorb manga-
nese ions found in well water.

The optimal removal of Fe metal was achieved
by combining 0.25 g of banana peel with com-
mercial moringa at a concentration of 0.13 mg/L,
resulting in a removal efficiency of 96.73%. The
utilization of natural moringa at a concentration
of 0.17 mg/L resulted in a removal effectiveness
of 95.53%. The low efficiency is due to the use
of powdered natural coagulant obtained from dis-
carded Ambon banana peels. Furthermore, the ef-
fect of a low stirring velocity of 30 revolutions per
minute (rpm) should be considered. Consequently,
reducing the stirring or flocculation speed leads
to a more significant elimination of Fe metal in
medium rank coal effluent. Angraini et al. (2016)
demonstrated that when stirring speeds are low, the
attractive forces between colloid particles become
stronger and overcome the repulsive forces, result-
ing in the formation of bigger flocs.

Table 5. Results of analysis of the addition of ambon banana peel to commercial Moringa

Test parameter
Coagulant dosage (g)
pH TSS (mg/L) Fe total (mg/L)

1 g (banana peel) 6.44 140.00 0.47
0.75 g (banana peel) 6.49 81.67 0.25
0.5 g (banana peel) 6.46 45.33 0.14
0.25 g (banana peel) 6.43 14.33 0.13
1 g (moringa) 6.98 29.30 0.04

Note: Mn analysis at the optimum dose of 0.25 g of banana is 0.021 mg/L
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Table 6. Results of analysis of the addition of Ambon banana peel to natural Moringa

Test parameter
Coagulant dosage (g)
pH TSS (mg/L) Fe total (mg/L)

1 g (banana peel) 6.44 354.00 0.47
0.75 g (banana peel) 6.41 203.00 0.44
0.5 g (banana peel) 6.41 124.00 0.30
0.25 g (banana peel) 6.46 52.80 0.17
1 g (moringa) 6.62 21.00 0.11

Note: Mn analysis at the optimum dose of 0.25 g of banana is 0.028 mg/L

CONCLUSIONS

This work stands out in that it takes an inno-
vative approach to wastewater treatment by us-
ing bio-coagulants derived from natural sources,
providing a sustainable alternative to chemical
coagulants. This research tackles immediate en-
vironmental concerns while also contributing to
broader global sustainability efforts by aligning
with key Sustainable Development Goals such as
clean water and sanitation.

The effectiveness of bio-coagulants in treating
medium rank coal wastewater was significantly
affected by the dosage and particle size. Utilizing
the ideal dosage and particle size ensured that the
coagulation-flocculation process operates at its
optimal level, leading to a reduction in the physi-
cal and chemical properties of middle rank coal
effluent. The study determined that the ideal dos-
age for the primary bio coagulant derived from
Moringa oleifera L. seeds were 1 gram per liter.

The analysis of medium rank coal wastewa-
ter, treated with a bio coagulant made from papa-
ya seeds (Carica papaya Linn.) and commercial
moringa, yielded significant results. The addition
of the bio coagulant resulted in TSS showed a re-
duction of 99.11%. Furthermore, the heavy metal
content of Fe and Mn decreased by 98.71% and
99.88% respectively. The results suggest that the
addition of the papaya seed bio-coagulant mix-
ture significantly improved the quality of waste-
water, bringing it very close to the minimum
quality standards set for coal processing/washing
wastewater in SNI 6989 of 2019, APHA 5210 B
of 2012, and APHA 5220 D of 2017.

The analysis of medium rank coal wastewa-
ter, treated with a bio coagulant derived from Am-
bon banana peel waste (Musa paradisiaca var.),
yielded the following results: TSS of 99.60%, and
a significant reduction in the concentrations of the
heavy metals Fe and Mn by 96.73% and 99.30%
respectively. The results demonstrated that the
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addition of the bio-coagulant mixture derived
from wasted banana peels of the Ambon banana
variety improves the quality of wastewater.
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