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ABSTRACT

Treatment and reuse of wastewater can overcome the shortage and pollution of water resources.
The separation of domestic wastewater into greywater and blackwater fractions can reduce the
loads in a huge part of domestic wastewater. The goal of this study is to examine how activated
carbon (CAB) made from chicken bones performs in the treatment of greywater. The physicochem-
ical characteristics of raw and treated greywater were evaluated before and after treatment. The
effect of ashing temperature (300°C and 550°C) of the carbon activated bone (CAB) was investi-
gated. The ideal carbonization temperature was 550°C. The X-ray diffraction and scanning elec-
tron microscopy techniques are used to characterize the CAB particles. The batch adsorption
process was done with different adsorbent doses and contact times. Different doses of chicken
bone ash (CBA) were examined. The optimal CBA dosage at 60 min of contact time was 0.8 mg/L.
The pseudo-second-order models were used to fit the kinetic experimental data. The removal rate
obtained for chemical oxygen demand, PO,, total Kjeldahl nitrogen, and total suspended solids
was 95%, 96%, 97%, and 97% respectively. Meanwhile, with an R? of 0.99, the CBA'’s influence on
batch adsorption was effectively represented by the Langmuir isotherm model. The CAB appears

to be a potential adsorbent for the elimination of contaminants, according to the findings.
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1. Introduction

Water resource degradation has become a severe envi-
ronmental concern across the world. The increase in pop-
ulation rates along with the improvement in the daily life
of people leads to a change in the volume and properties
of wastewater. Water conservation and reuse are becoming
increasingly crucial as serious problems include reduced
groundwater and surface water levels, and droughts.
Greywater is wastewater that hasn’t been mixed with toilet
effluents [1]. Separating home wastewater into black and
greywater is an excellent way to avoid fecal contamination
of greywater and save money on treatment [2]. Greywater
usually contains low concentrations of nutrients compared
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to domestic wastewater. In particular, phosphorous in grey-
water may lead to eutrophication in water streams. The
nitrogenous concentration in greywater is low (not mixed
with urine). The kitchen is the primary source of nitrogen
in greywater. The nitrogen content in greywater is influ-
enced by nitrogen-containing cleaners and proteins in meat
[3]. Nitrogen concentrations in mixed domestic greywa-
ter typically vary from 5 to 50 mg/L. Laundry detergents
and dishwashing are the principal sources of phosphorus
in greywater in countries where phosphorus-containing
detergents are permitted. In areas where non-phospho-
rous detergents are used, average phosphorous values are
typically between 4 and 14 mg/L [4]. Low nitrogen hinders
the decomposition of organic compounds in the biological
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treatment process by reducing microbial activity. When
untreated greywater is applied to soils, organic contami-
nants (oils and, fats) can plug infiltration beds or soil pores
[3]. This danger must be addressed when constructing
natural greywater treatment and reuse systems. Frequent
monitoring and changes (adding nitrogen from alterna-
tive sources such as urine) are required for such systems to
work properly. Greywater reuse has the potential to be quite
important. Sequencing batch reactors (SBR) and membrane
bioreactors (MBR) are two technologies that have proved
their ability to produce treated effluent with high quality
[5,6]. The expensive cost and lack of public knowledge,
however, may limit their usage in small communities, par-
ticularly in rural parts of poor nations. Greywater treatment
and reuse may be accomplished using a range of processes.
To remove organic and pathogenic burdens from greywater,
physical and biological procedures are required [7].

Various methods for treating greywater have been devel-
oped, including sorption, chemical treatment, ion exchange,
membrane separation, electrolytic, and electro-dialysis [8].
Adsorption is still one of the most often used methods for
removing pollutants from greywater due to its cheap cost
and dependability. Wheat straw, sawdust, bone char, and
sugarcane bagasse carbon have all lately received attention
[9,10]. Animal bones are a type of biomass with little eco-
nomic worth as solid waste. When animal bones are used
as raw materials in charcoal production, their economic
value rises significantly [11,12].

The adsorption approach has gotten a lot of attention
compared to other treatment options. Adsorption has sev-
eral advantages, including a low starting cost, a simple and
adaptable design, the ability to reuse effluent, ease of oper-
ation, and insensitivity to harmful pollutants. Electrostatic
processes, ion exchange, bonding interactions, and chemical
reactions are the key mechanisms responsible for the removal
of contaminants via the adsorption process. Activated car-
bon, for example, is a great absorbent for organic contami-
nants in the air, water, and soil. The outstanding properties
of activated carbon, such as a mesoporous structure and
huge surface area, are due to its adsorption ability [13,14].

Egypt has a large population, which increases the
demand for food and chicken flesh is a favorite meal.
Increased consumption of chicken meat leads to an increase
in the accumulation of chicken bones as waste that is dif-
ficult to recycle [15].

The raw waste bone samples’ X-ray diffraction (XRD)
patterns revealed that the predominant component of the
raw chicken bone samples was calcium hydroxyapatite,
[Ca,(PO,)-6(OH),] (HAP). Because hydroxyapatite is a bio-
ceramic substance with a porous surface, it can operate
as an adsorbent [16,17].

The core of this work is to study the performance of the
chicken bones in the treatment of greywater. The investi-
gation was broadened to include how pollutants are elimi-
nated kinetically throughout the adsorption process.

2. Materials and methods
2.1. Chicken bone particles

Bones were collected from area homes. The bones were
meticulously removed from the flesh, washed multiple

times, and then boiled in distilled water for 4 h to elimi-
nate lipids. The cleaning was carried out several times. The
clean bones were then dried for 2 h at 105°C. Crushing,
grinding, and sieving were applied to the dry bones to get
60-90 pm particle size.

2.1.1. Chicken bone ashing

A total of 50 g of dried chicken bones were ashed in
the furnace at 300°C; and 550°C for 30 min. The dried and
ashed bone was crushed in a mortar and sieved at a size no.
60-90 um using a mesh analyzer. Furthermore, the surface
characterization was carried out using the scanning elec-
tron microscope (SEM) technique.

2.2. Characterization of bone material

Both the dried and the ashed chicken bone were crushed
with a mortar and sieved using a mesh analyzer at a size
no. 60-90 um. The bones were analyzed by SEM Model
Quanta 250 FEG, (field emission attracted with accelerat-
ing gun) 30 KV, FEI Co. The approved PAN analytical com-
puter software (X'Pert High Score Software 2006 — Module
License: PW3209) with the aid of the International Center
of Diffraction Database (PDF-2 Database/CD-Release 2005,
Ne. 9430 500 01611) received with the X-ray diffraction
equipment (X'Pert Pro PAN analytical — Manufactured by
PAN analytical B.V Co., The Netherlands (ISO 9001/14001
KEMA - 0.75160)).

2.3. Analysis of greywater

The pH/conductivity meter (WTW) was used to deter-
mine the pH values of raw and treated effluents. LoviBond
digester (Model RD 125) and LoviBond photometer were
used to determine the chemical oxygen demand (COD). The
Kottrmann incubator was used to determine the biochemi-
cal oxygen demand (BOD). Determination of total Kjeldahl
nitrogen (TKN), a Gerhardt distillator (Model Vapodest),
and digester (Model Kieldatherm) were utilized. The shaker
water bath (LabTech), and the mesh analyzer (Model)
were used during the study. All analyses were performed
in complying with APHA [18].

2.4. Adsorption study pattern
2.4.1. Contact time

To 1,000 mL of greywater, 1 g of chicken bone ash
(CBA) was mixed thoroughly. The contact time ranged
from 10 to 120 min. The Jar test procedures of stirring rate
at 200 rpm for 20 s and 40 rpm for the remaining time of
the experiment were carried out. The aliquots were then
analyzed for COD, total suspended solids (TSS), turbidity,
total phosphorus (TP), and TKN.

2.4.2. Adsorbent doses

Different doses of CBA 0.1, 0.2, 0.5, 0.8, and 1.0 g/L were
tested. The same procedure was considered. At ambient
temperature, 1,000 mL of greywater contained in a plas-
tic beaker was stirred in an adsorption batch study. The
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supernatant was filtered, and the filtrates were tested to
assess the contents. The pH was ranging from 7.0 to 8.3.

2.5. Equilibrium sorption isotherms

Langmuir and Freundlich isotherm models were used
to characterize the process equilibrium. To correlate the
experimental results, the standard Freundlich and Langmuir
models were applied. The Langmuir model implies mono-
layer adsorption, whereas the Freundlich model is empir-
ical, assuming heterogeneous adsorption on the surface
[19]. Egs. (1) and (2) give the linear forms of the Freundlich
and Langmuir models, respectively:

logg, = logKf +1logCe (1)
n

l: 1 _l+i )
9 Koo Co o

where g, (mg/g) is the concentration of pollutant adsorbed/
weight of CBA at equilibrium, C, is the residual concentra-
tion of pollutants in the greywater at equilibrium (mg/L),
g, is the amount of pollutant adsorbed/unit of adsorbent
(mg/g), K and n are Freundlich constants that could be cal-
culated from the slope and intercept of the plots of each iso-
therm. While K is the Langmuir constant (L/mg) [19].

2.6. Evaluation of the kinetic process

In this study, kinetic models were used to characterize
the behavior of the sorption process. Pseudo-first-order is
commonly used during the sorption process [20]. This linear
kinetic model is expressed using the following equation:

K
log(q, —q,) =logg, “ 30" ®)

The site occupancy is proportional to the square of the
number of unoccupied sites. The pseudo-second-order
chemisorption kinetic rate equation is as the following:

= @

3. Results and discussion
3.1. Characterization of CBA
3.1.1. Surface morphology of the adsorbent

Fig. 1 presents the SEM analysis of the CBA before (a)
and after (b) the treatment of greywater. The CBA contains
crystalline structures with a rough and porous surface.
Hence, there is evidence that the CBA can be used as an
adsorbent [21].

At various magnifications, Fig. 2A depicts the CBA’s
irregular morphology (heterogeneous). The presence of
pores with different shapes and sizes (micro., meso., and
macropores) results in structural variability. Mesopores
and macropores were discovered in the CBA. Mesopores
can also be utilized to adsorb big molecules or when a
quicker rate of adsorption is needed [14,22].

3.1.2. XRD elemental analysis of the CBA

Table 1 shows the structure of raw bone and the
CBA before and after contact with greywater. The calcite
decreases while hydroxyapatite increases gradually.

Figs. 3-5 depict the chemical properties of raw bone,
CBA, and CBA following greywater treatment, respec-
tively. The CBA showed transformation of calcite (CaCO,)
into hydroxyapatite (Ca,,(OH),"(PO,),) [22,23]. The CBA’s
phase purity and crystalline structural characteristics
were evaluated using XRD (Figs. 3-5). The XRD analysis
was used to investigate the crystal structure of the CBA.
Additionally, the CaCO, was identified in the spectrum
of the CBA and can be attributed to the dissolution of
non-stoichiometric carbonate-containing apatite bone and
assigned after burning to hydroxyapatite. A signal from
Ca, (PO,),(OH), was also seen. The diffraction patterns of
the crystalline form of hydroxyapatite were also visible
in the CBA’s XRD data. The pattern of the bio-diffraction
adsorbent is very similar to that of swine, animal bone
meal, and bovine bones chars [22].

Fig. 1. (a) Dried chicken bones at 300°C and (b) chicken bones ashed at 550°C for 30 min (CBA).
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Fig. 2. SEM of the CBA (a) chicken bones ashed in the furnace at 550°C for 30 min (CBA) before treatment and (b) chicken bones
ashed in the furnace at 550°C for 30 min (CBA) after treatment of greywater.

Table 1
Chemicals composition of raw bone, CBA before and after contact with greywater*
Item XRD of raw bone XRD of CBA at 550°C  XRD of CBA after treatment of
greywater and burn at 550°C
Calcite (CaCO,) 20 0 0
Hydroxyapatite (Ca,,(OH), (PO,),) 0 40 70
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Fig. 3. XRD for the dried chicken crushed bones (of size
60-90 um).

3.2. Selection of ashing temperature

The CBA at two different temperatures (300°C and 550°C)
were examined for the treatment of greywater at a 0.5 g/L
dose (Figs. 6 and 7). The Jar test procedures were followed
(20 s at 200 rpm, 60 min at 40 rpm, and 30 min settling). All
the pollutants were removed at different values. The ashed
CBA at 550°C was highly efficient than that ashed at 300°C.

The adsorption of pollutants was high at 550°C. A
recent study found that pollutants adsorption rises with
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Fig. 4. XRD for the ashed chicken bones, CBA (550°C for 30 min,
60-90 um) before treatment.
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Fig. 5. XRD for the ashed chicken bones, CBA (550°C for 30 min,
60-90 um) after treatment of greywater.
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rising temperature, possibly because the physical interaction
between adsorbate molecules and active sites of carbon sur-
faces is strong at high temperatures, resulting in increased
adsorption of pollutants [23,24].

3.3. Effect of CBA dose

The influence of adsorbent dose on batch equilib-
rium research is an essential parameter since it reflects
the sorbent—sorbate equilibrium of a system as well as the
adsorption capabilities of the adsorbent. Different doses
of CBA 0.10, 0.20, 0.50, 0.80, and 1.0 g/L were used for the
removal of COD, BOD,, TKN, TP, and TSS from greywater.
The Jar test procedures were carried out (200 rpm for 20 s,
40 rpm contact time for 60 min, and 30 min settling). Fig.
8 depicts the R% of pollutants in relation to the adsorbent
(CBA) dosage. The plots show that as the CBA dose was
increased from 0.10 to 0.8 g/L, the clearance efficiency rose
rapidly. The elimination efficiency indicated a small pla-
teau between 0.8 and 1.0 g/L. All of the parameters investi-
gated had the same adsorption pattern. This result may be
attributed to the interwoven nature of these pollutants. The
increase in removal capacity could be attributed to increas-
ing the CBA dose, which resulted in more sorbent surfaces
and hence more active sites for pollutant uptake. These find-
ings were consistent with the trend of contaminants being
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Fig. 6. Effect of ashing temperature (300°C, 550°C), on removal of
TSS, COD, and turbidity (average of ten samples).
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Fig. 7. Relationship between ash temperature (300°C, 550°C), and
concentration of TKN, and PO, (average of ten samples).
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removed by bone [25]. The adsorption process for COD and
other contaminants approaches saturation with the addi-
tion of 0.8 g. The addition of increasing doses of adsorbent
(CBA) causes stability in adsorption effectiveness because
the contact surface area between the adsorbate and the
adsorbent decreases throughout the adsorption process [26].
Because increasing the dose to 1.0 mg/L is not economically
possible, the best adsorbent dose was 0.8 mg/L.

3.4. Effect of adsorption time

Fig. 9 shows the influence of contact time 10-120 min
with 10 min intervals on the elimination of pollutants by
CBA material. As previously stated, the experiment was
done utilizing Jar test techniques. Fig. 9 shows the influ-
ence of contact time 10-120 min with 10 min intervals on
the elimination of pollutants by CBA material. As previ-
ously stated, the experiment was done utilizing Jar test
techniques. At the optimal dose of CBA 0.8 g/L, the adsor-
bent’s efficiency was assessed at different contact times.
The adsorption rate of contaminants increased fast at first
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Fig. 8. Removal efficiency of the bone dose of CBA (0.10, 0.20,
0.50, 0.80, and 1.0 g/L) for removal of COD, TSS, TKN, TP, and
turbidity (average of ten samples).
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Fig. 9. Removal efficiency related to contact time 10 to 120 min
at the optimum dose of bone ash (0.8 g/L) (average of ten
samples).
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contact time till reaching equilibrium adsorption at 40 min
followed by a plateau between 60-120 min. Because the
equilibrium phase had been reached, increasing the con-
tact period did not result in a substantial change in adsorp-
tion [24]. As a consequence, 60 min was chosen as the
ideal contact period for studying the kinetic removal of
pollutants with the CBA.

3.5. Sorption characteristics

The sorption process of the adsorbent for COD, TSS,
TKN, turbidity, and TP can be assessed by comparing the
obtained results of equations of the adsorption isotherm
[Egs. (1) and (2)]. Table 2 shows the predicted parameters
for the Freundlich and Langmuir sorption isotherms. These
numbers show that both the Freundlich and Langmuir mod-
els suit the experimental data well. However, the Langmuir
model (R? = 0.9909) is better matched to experimental data
than the Freundlich isotherm (R? = 0.64434) in relation to
the R? value for the CBA. The values of n in Table 2 are all
bigger than 1.0. Using the correlation value, CBA calculates
adsorption models for COD, TSS, TKN, turbidity, and TP
(R?. The correlation values of the two equations are com-
pared in Table 2 [24]. The data are presented in Figs. 10-15.

Modeling the isotherm data with isotherm models is
one of the basic requirements for the efficient design of

Table 2
Estimated parameters for Freundlich and Langmuir sorption
isotherms, at the optimum dose of the CBA (0.8 g/L)

Parameter Langmuir adsorption Freundlich
study adsorption
study
RZ qmax RZ N

COD 0.909 1,250 0.9066 2.5
TSS 0.946 2,500 0.9434 1.2
TKN 0.804 17.27 0.9422 1.4
Turbidity 0.788 120.48 0.7089 6.0
TP 0.967 588.24 0.5103 22
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Fig. 10. Langmuir isotherm for TP, and TKN as affected by the
CBA, at the optimum dose of 0.8 g/L.
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Fig. 11. Langmuir isotherm for TSS, and COD as affected by the
CBA, at the optimum dose of 0.8 g/L.
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Fig. 12. Langmuir isotherm for turbidity as affected by the CBA,
at the optimum dose of 0.8 g/L.
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Fig. 13. Freundlich isotherm for turbidity, TP, and TKN as
affected by CBA, at the optimum dose of 0.8 g/L.
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adsorption treatment systems and the determination of g,
of an adsorbent for the target pollutant. In this study, four
isotherm models were applied, and their compatibility with
the isotherm data was analyzed: Langmuir, and Freundlich
models. The Langmuir model [Eq. (1)] assumes that in
adsorption systems, each pollutant molecule interacts with
one active site located on the adsorbent surface (monolayer
adsorption), and all the active sites located on the adsor-
bent are homogeneous and have equal binding energies.
Thus, in the Langmuir model, adsorption is characterized
as monolayer and homogeneous [13,14].

The g, (mg/g) is a very important parameter in adsorp-
tion studies, denoting the maximum g, of the adsorbent
for the target pollutant. Freundlich equation [Eq. (2)] is an
empirical isotherm model generally used to express mul-
tilayer and heterogeneous adsorption systems. Moreover,
it supposes that the total adsorption energy exponentially
decreases during adsorption. R* values of isotherm models
applied in the present study are listed in Table 2. The high-
est R? values were found for the Langmuir model; thus, the
adsorption of pollutants on the bone surfaces is consistent
with the Langmuir model. These results indicate that the
pollutants molecules are adsorbed on a monolayer of the
homogeneous active sites [13,27].
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Fig. 14. First-order model for TKN, TP, COD, TSS, and turbidity
as affected by the CBA at contact time 10 to 120 min.
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Fig. 15. Second-order model for TP, and TKN as affected by the
CBA at contact time 10 to 120 min.

The adsorption of COD, TKN, TSS, turbidity, and TP
using CBA follows the Langmuir adsorption isotherm
pattern (Table 2). On the surface of the chicken bone ash
adsorbent, the adsorbates COD, TKN, TSS, turbidity, and
TP form a monolayer layer [26].

3.6. Kinetic study of CBA

Kinetic analysis is essential to evaluate the practical
applicability of an adsorbent as it is useful for understand-
ing the mechanism and rate of adsorption. In addition, the
determination of a mathematical formula that can describe
the kinetic reactions of an adsorbent-adsorbate system
is necessary for the precise design of large-scale treat-
ment processes [13,14,28].

To investigate the governing mechanism of adsorption
processes such as mass transfer and chemical reaction, the
pseudo-first-order and pseudo-second-order equations were
employed to simulate the kinetics of pollutants removal
onto the surface of the CBA powder [29]. Figs. 16 and 17
show straight-line plots of log(q,~g,) against time (¢) to cal-
culate the rate constant, k,, and correlation coefficients, R2.
With the coefficient of 05902, 0.608, 0.6517, 0.7561, and
0.8226 for COD, TSS, TKN, turbidity, and POE‘, respectively.
As a result, when compared to the correlation coefficient,
the adsorption of contaminants on the CBA surface did
not follow pseudo-second-order kinetics.
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Fig. 16. Second-order model for turbidity as affected by the CBA
at contact time 10 to 120 min.

0.4

0.3
—e—T55

0.25
—i—COD

0.2

0.15 A

t/qt

0.1

0.05

(1] 20 40 60 80 100 120 140
t/min

Fig. 17. Second-order model for COD, and TSS as affected by the
CBA at contact time 10 to 120 min.
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If pseudo-second-order kinetics were used, the plot of t/
g, vs. t should yield a straight line, and g, k, and & can be
calculated from the slope and intercept of the plot, respec-
tively. Figs. 1 and 2 illustrate the plot of the linearized
form of the pseudo-second-order [30,31]. The pseudo-first-
order and pseudo-second-order rate constants, as well as
the related correlation coefficients, were determined in
Figs. 16-20 and provided in Table 3.

The plot of t/q, vs. t Figs. 18-20 show a standard set
of straight lines, for the pseudo-second-order model,
(correlation coefficient, with the coefficient of 0.9505, 0.9709,
0.9002, 0.9211 and 0.8920 for COD, TSS, TKN, turbidity, and
PO?, respectively). The theoretical R*> values for adsorp-
tion of CBA are based on the pseudo-second-order kinetic
model. This presupposes that the rate-determining step is
the chemisorption process. The COD, TSS, TKN, and tur-
bidity chemisorb to the CBA surface by forming a chemi-
cal (covalent) bond, and they tend to choose areas with the
highest coordination number. It was clear from the R* val-
ues obtained from plots of pseudo-first-order and pseudo-
second-order rate equations that as the concentration of the
adsorbate increases, the correlation of experimental data
with the pseudo-second-order kinetics model increases
while the correlation with the pseudo-first-order model
reduces [29].

The mechanism governing the adsorption process, such
as a chemical reaction, intra-particle diffusion, or mass trans-
fer, was investigated using pseudo-first-order and second-or-
der kinetics patterns. In order to characterize the kinetics of
absorption, various formalisms have been established in the
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Fig. 18. Relation between R% of pollutants and time in column
test at different contact time (1, 2, 3, 4, and 5 h), 2.5 mL/min flow
rate, and 50 cm column height (average of ten samples).

Table 3
Estimated parameters for first-order and second-order kinetic
study at contact time 10 to 120 min

First-order Second-order

R? R?
COD 0.5902 0.9505
TSS 0.608 0.9709
TKN 0.6517 0.9002
Turbidity 0.7561 0.9211
TP 0.8226 0.892

literature. Lagergren’s model [22] yields the rate constant
for first-order adsorption. Table 3 lists the constants of the
kinetic models for the adsorption of contaminants by car-
bon activated bone (CAB). The findings revealed that the
adsorption follows a pseudo-second-order model with an
R? value indicating a good coefficient of determination and
that experimental data may be changed to fit the model.

3.7. Column test and breakthrough curve

In continuous studies using bone, the CBA columns
were used to investigate the removal capacity of pollutants
at different contact times (1, 2, 3, 4, and 5 h) (Fig. 21 and
Table 4). As seen by the R%, the pollutants’” breakthrough
curves were the inverse of their adsorption. After 3 h the
pollutant breakthrough points were reached. The various
contact periods revealed that increasing the contact time
enhanced the adsorbents” adsorption capacity [32]. The flow
rate was 2.5 mL/min, and the height of the column was 50 cm.

4. Conclusion

In this study, chicken bone ash was prepared and used
as an adsorbent to remove pollutants from greywater.
Characterization analyses reveal that chicken bone ash pos-
sesses unique properties and a high potential as an efficient
adsorbent. In addition, these analyses showed that several
characterization parameters, such as surface morphology,
of the original chicken bone ash material were improved
after its modification via the thermal process. According to
the results of the Langmuir model, which fitted best with
the experimental data, the R* of chicken bone ash for COD,
TSS, TKN, turbidity, and TP was 0.909, 0.946, 0.804, 0.788,
and 0.967. Furthermore, the kinetic study demonstrated
that the experimental kinetic data at different COD, TSS,
TKN, turbidity, and TP concentrations followed the pseu-
do-second-order kinetic model, the R? of chicken bone ash
for COD, TSS, TKN, turbidity, and TP was 0.9505, 0.9709,
0.9002, 0.9211, and 0.892. Moreover, the optimum experi-
mental condition for achieving the maximum chicken bone
ash was as follows: temperature ash = 550°C. Based on the
above results, it can be seen that the addition of chicken
bone-based adsorbent can reduce the COD value in grey-
water by 74.45%; The TDS value of waste decreased by

Table 4

Concentration of pollutants at different steps in column test dif-
ferent contact time (1, 2, 3, 4, and 5 h), 2.5 mL/min flow rate,
and 50 cm column height (average of ten samples)

Breakthrough curve

Test COD Turbidity TSS TKN TP
Raw 619 69 375 11 4.12
ST 523 40 202 9.8 2.15
1 285 6.15 136 52 1.16
2 153 5.95 105 3.5 0.52
3 75 6.38 40 1.12 0.189
4 86 10.56 62 1.98 0.086
5 75 9.75 60 1.43 0
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63.64% and 51.35%, respectively. Likewise, the TSS value
in waste decreased by 66.67% and 46.15%, respectively.

The adsorbent from chicken bone ash characteristically
contains apatite carbonate compound minerals and rough
and porous surface morphology. Increasing the ashing tem-
perature, contact time and doses of the adsorbent used will
increase the adsorption performance. Chicken bone ash
adsorbent can reduce levels of COD, turbidity, TSS, TKN,
and TP and improve the quality of waste.

The application of CBA adsorbent can reduce the levels
of pollutants in greywater.

Apatite carbonate compound minerals and a rough
and porous surface shape were found in the CBA.

Increasing the ashing temperature, contact time and
doses of the adsorbent used will increase the adsorption
performance. The existence of calcium hydroxyapatite,
[Ca,(PO,),(OH),] (HAP), as a substantial component of the
bone material was discovered by analysis.

Removal of COD, TKN, TSS, turbidity, and TP using
CBA was carried out according to the Langmuir adsorption
isotherm model. While the pseudo-second-order model
describes the removal kinetics.

Data availability statement

All data, models, and code generated or used during the
study appear in the submitted article.
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