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a b s t r a c t
Industrialization, urbanization and subsequent technological advancements in Pakistan has raised 
the pollution to threshold level. The current research was conducted with the aim to become the 
part of the solution not the part of pollution. Keeping in view the same objective, refused fish scales 
of common carp were used to extract hydroxyapatite (HAp) and then functionalized with metals 
(Cu and Ni) to synthesize the biocomposites. Samples were characterized using Fourier transform 
infrared spectroscopy, X-ray diffraction and X-ray fluorescence techniques, which confirmed the 
synthesis of the HAp, Cu-HAp (3 wt.%) and Ni-HAp (3 wt.%) biocomposites with the particle size of 
17, 24 and 25 nm, respectively. The synthesized biocomposites were further employed as adsorbents 
for the removal of Malachite green (MG) and cadmium ions (Cd2+) from the wastewater. Results 
showed that Ni-HAp 1:3 (1% metal) and Cu-HAp 1:3 (1% metal) acted as best adsorbents for the 
removal of MG and Cd2+  with the removal efficiency of 94%, respectively. Furthermore, the antibac-
terial nature of these biocomposites was also evaluated against the gram-positive bacterial strain 
(Staphylococcus aureus). Findings showed that selected biocomposites (Cu-HAp 1:1 (1 wt.% metal), 
Cu-HAp 3:1 (3 wt.% metal), Cu-HAp 1:3 (1 wt.% metal), Ni-HAp 1:1 (1 wt.% metal), Ni-HAp 3:1 
(3 wt.% metal), Ni-HAp 1:3 (1 wt.% metal)) can act as the good antibacterial agents but Ni-HAp 3:1 
(3 wt.% metal) was proven as best antibacterial agent with inhibition zone equal to 31 mm. Among 
adsorption isotherms and kinetics, Langmuir isotherm and pseudo-second order shows the best fit-
ting for MG azo dye removal from wastewater whereas Freundlich isotherm and pseudo-first order 
is best fit for Cd2+ adsorption on both composites. Boyd plot shows the best fit for both the adsorbents. 
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1. Introduction

Human society faces vast challenges to access food and 
livings to the population of about 7.7 billion around the 
globe, while addressing the excessive impacts of environ-
mental deterioration and climate change [1]. Safe drinking 
water and food availability are the basic necessities of life. 
With the increase in industrialization and advancement in 
technology, food production has increased but the qual-
ity of food has been compromised [2]. Due to this, a lot 
of contaminants enter the environment leading to more 

waste generation, which subsequently results in health 
problems specifically in underdeveloped countries such as 
Pakistan [3]. 

The contaminants generated from many industries such 
as heavy metals [4] and azo dyes [5] are discharged in the 
water bodies ultimately result in the contamination of water 
resources posing serious threats to human health [6–8]. 
Due to increase in the water organic content, the growth of 
several pathogenic microflora, that is, Salmonella species, 
E. coli, Staphylococcus aureus species etc. also gets increased, 
resulting in major water-borne diseases [9–11]. According to 
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the findings of Daud et al. [12], only 20% of the total pop-
ulation of Pakistan has access to safe drinking water and 
50% of the diseases are caused by unclean drinking water 
followed by the average death rate of around 40% in the 
country. Waste generation from food industry also pollutes 
water and, in this regard, waste produced from fisheries 
and aquaculture industry is targeted. With increase in the 
demand for food, an exponential increase in aquaculture 
industry is also observed in the past years. According to the 
latest report from FAO of UN, global fisheries production in 
2016 has reached 171 million tons [13] and Asia is respon-
sible for 89% of the aquaculture waste in 2010, ultimately 
leading to environmental pollution. 

The main waste from fisheries constitutes fish scales, 
which are made up of proteins, collagen and connective tis-
sues covered with the salts of calcium [14,15]. These scales 
are naturally considered as an important source of calcium 
phosphate [Hydroxyapatite (HAp); (Ca)10(PO4)6(OH)2], 
which is the natural bone and teeth material [16,17]. HAp 
is non-toxic, anti-inflammatory, non-immunogenic, bio-
active and biocompatible and undertakes the process of 
osteointegration, which plays important role in bone tissue 
engineering [18–21]. 

HAp can be functionalized with metals such as zinc, 
silver, cobalt, iron, etc. to overcome the bacterial infections 
during implants, and to enhance its properties as poten-
tial adsorbents for various pollutants [22,23] especially 
for the remediation of water and several researches also 
reported the functionalized HAp with metals and poly-
mers to enhance the rate of adsorption. Ma et al. [24] in 2009 
reported the fabrication of Ag–TiO2/hydroxyapatite/Al2O3 
bioceramic composite membrane that aids in the effec-
tive adsorption of bacteria (E. coli) and its photocatalytic 
inactivation, which ultimately suggests its ability to treat 
bacterial contaminated groundwater and drinking water. Li 
et al. [25] also synthesized novel Ag3PO4-loaded hydroxy-
apatite (HAp) composites and reported that these materi-
als are very effective in the adsorption of lead ions from 
wastewater and readily degrade the azo dyes (rhodamine 
B, methyl orange and methylene blue). Moreover, these 
composites also act as good antibacterial agents in case 
of E. coli and S. aureus [25]. Another composite adsorbent 
hydroxyapatite/magnetite (HAp/Fe3O4) has been synthe-
sized by Dong et al. [26] to remove lead ions from water. 
Post experimental studies revealed that this composite can 
remove lead ions with the reported efficiency of 99% [26]. 
These evidences proved the ability of HAp composites 
as good adsorbents thus playing an important role in the 
treatment of wastewater by the process of adsorption.

To the best of our knowledge, it is the first research 
report presenting the synthesis of HAp from common carp 
scales by alkaline heat treatment, and Cu and Ni functional-
ized hydroxyapatite biocomposites via calcination method. 
Because of the good catalytic and antibacterial properties 
of Cu and Ni, these metals are selected for the synthesis 
of desired product. These biocomposites can also be used 
in bone implants and Cu plays important role in the main-
tenance of bone health and takes part in the interaction of 
more than 300 enzymes [27]. In the present research, these 
biocomposites are used as adsorbents for the removal of 
cadmium and Malachite green from wastewater as well 

as antibacterial agents against the gram-positive bacterial 
strain (S. aureus).

2. Materials and methods

The research methodology comprises of the extraction 
of hydroxyapatite (HAp), synthesis of Cu-HAp and Ni-HAp 
biocomposites, isolation of a bacterial strain (Staphylococcus 
aureus), and catalase test. Disk diffusion method for anti-
bacterial activity is also used in order to evaluate the 
antibacterial nature of synthesized biocomposites.

2.1. Extraction of hydroxyapatite (HAp)

The present study was conducted using methodology 
from already reported literature [14,17,28–30] with some 
modifications. Refused scales of common carp (Gulfam) 
were collected from fish selling point located in Rawat, 
Islamabad, Pakistan followed by cleaning, washing and 
air drying at room temperature for 2 d [17,30] and these 
scales were then used to extract hydroxyapatite (HAp) 
via acid treatment [14,28] and alkaline heat treatment [29]. 

The clean fish scales were initially deproteinized by 
soaking into 0.1 M HCl (Lab Scan, 37% w/v) solution for 
an hour followed by subsequent washing. In order to 
get white precipitates, 5% w/v NaOH (Salt of Scharlau, 
40 g/mol) solution were added at 70°C for 7 h followed by 
filtration, washing and oven drying at 60°C, respectively 
[29]. Further, hydroxyapatite was extracted from treated 
material using NaOH (Salt of Scharlau, 40 g/mol) solution 
(50% w/v) under 800 rpm at 80°C for an hour. The HAp 
obtained was filtered, washed several times with deionized 
water to reduce its alkaline nature and dried at 100°C [28]. 
The resultant coarse product was ground in order to obtain 
homogenized/refined hydroxyapatite powder, which 
was then coded as HAp (CC) [14,17].

2.2. Synthesis of Cu-HAp (CC) and Ni-HAp (CC) biocomposites

Extracted HAp powder was mixed with copper sul-
fate (Riedel-deHaen, CuSO4·5H2O-249.68 g/mol) and nickel 
sulfate (Riedel-deHaen, NiSO4-262.85 g/mol) separately 
in varying proportions (1–3 wt.%) for preparation of the 
biocomposites (Cu-HAp and Ni-HAp). The homogeneous 
mixing of metal salts with hydroxyapatite was carried 
out by using mortar and pestle for almost 20 min and cal-
cination was done in electric furnace at 800°C for 1 h to 
acquire the interacted Cu-HAp and Ni-HAp biocompos-
ites. Furthermore, uniaxial press was used to make the 
pellets (disks) of these biocomposites and baked them in 
an electric oven at 200°C for almost 3 h, which were then 
used for antibacterial evaluation tests.

2.3. Isolation of Staphylococcus aureus 
(gram positive bacterial strain) 

Staphylococcus aureus is a commonly known human 
pathogen and belongs to the genus of gram positive non-
spore-forming cocci. In the current research, S. aureus was 
isolated from the milk samples. Mannitol salt agar (MSA, 
Bioworld, Dublin, USA, 111 g/L) was used as selective, 



43A. Khalid et al. / Desalination and Water Treatment 221 (2021) 41–55

differential and indicator media for this purpose. MSA media 
was prepared, autoclaved and poured in separate petri plates 
by pour plate method. After this, the dilution factor of 106 was 
applied by using sterile saline solution and milk sample, fol-
lowed by the spreading of these dilutions on agar plates in 
duplicates. The plates were then incubated at 37°C for 24–48 h.

Staphylococcus aureus has an ability to ferment manni-
tol sugar (the only source of carbohydrates) producing the 
pigments of deep yellow color on MSA plates [31]. After 
24 h of incubation, the round yellow colonies of S. aureus 
had been identified on the agar plates based on morpho-
logical characteristics of the appeared colonies as shown 
in Fig. 1. The colonies were further streaked onto other 
plate containing MSA and incubated for 24–48 h to observe 
the lawns of the desired bacterial specie as shown in Fig. 2.

2.4. Catalase test 

This test was conducted to confirm the isolated strains 
of S. aureus. Pure culture of S. aureus was swabbed on the 
glass slide with cotton swab and a droplet of hydrogen 
peroxide (Scharlau, 30% w/w, extra pure) was dropped 
on that culture. The appearance of bubbles instantly con-
firmed the presence of S. aureus (catalase producing bac-
teria), which broke down hydrogen peroxide into water 
and oxygen (Fig. S1). The reaction is as follows:

2H O H O O2 2 2→ +2 2  (1)

2.5. Antibacterial activity test (disk diffusion method)

The isolated strains of S. aureus (gram positive) were 
used to perform disk diffusion method. Colonies of the 
bacterial strain were picked with the help of sterile cotton 
swabs/inoculating loop and streaked on separate agar plates 
of Muller Hinton Agar (MHA, Merck, Germany, 34.0 g/L). 
The prepared disks of all the previously mentioned com-
posites were placed on that agar plates carefully under 
complete sterilized conditions and incubated at 37°C, for 
24–48 h, without inversion [17].

2.6. Batch adsorption experiments

The ability of prepared adsorbents to remove Cd2+ and 
azo dye (Malachite Green) from aqueous solutions was 
evaluated by batch adsorption experiments. In the current 
research, close batch experiments were conducted because 
of their environment friendly nature and among the dif-
ferent synthesized composites, only two were selected as 
adsorbents because of their good adsorption capacity. 
Three concentrations of Cd2+ (0.1, 0.3, 0.5 ppm) were taken 
whereas for malachite green (MG), concentrations of 0.01, 
0.03 and 0.05 ppm were selected to carry out further exper-
iments. Each experiment was conducted for 60 min with 
the time lapse of 5 min at optimal conditions. The dose of 
each adsorbent was kept as 20 mg and was added in work-
ing solutions. An aliquot of 5 mL was taken out from that 
solution after every 5 min, filtered by using syringe filters 
and then analyzed by flame atomic absorption spectropho-
tometer (FAAS) (Shimadzu, Japan, Model: A7000F) and 

UV-visible spectrophotometer (Shimadzu, Japan, Model: 
UV-1601). By using the following equation stock solutions 
and working solutions were prepared:

C V C V1 1 2 2=  (2)

where C1 is volume of stock solution, V1 is required volume, 
which is to be calculated, C2 is required solution and V2 is 
required volume of solvent.

Percentage removal (removal efficiency) of pollut-
ants and adsorption capacity was calculated by using the 
following equations, respectively:

%R
C C
C
i f

f

=
−

×100  (3)

q
C C
m

Vi f
max =

−
×  (4)

where Ci is initial concentration and Cf is final concentration 
of the solution, qmax is adsorption capacity, V is volume of 
adsorbate and m is mass of adsorbent. 

2.7. Adsorption isotherms and kinetic models 

The process of understanding the nature of adsorp-
tion and surface properties through graphs is known as 
adsorption isotherms and kinetic models. These models 
are necessary for the clear and detailed understanding of 
the mechanism and rate of the uptake of pollutants on the 

Figs. l & 2. Yellow colonies of Staphylococcus aureus on mannitol 
salt agar showing fermentation. Staphylococcus aureus lawn on 
mannitol salt agar plate.
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surface of adsorbents. In the current research, Langmuir 
isotherm, Freundlich isotherm, pseudo-second order kinet-
ics, first order kinetics and Boyd plot were applied to assess 
the kinetic studies of the adsorption mechanism. 

The linear form of Langmuir model is expressed in 
Eq. (5) as:

C
q Kq q C
e

e e

= +
1 1

max max

 (5)

where Ce is the equilibrium concentration of adsorbate, qe is 
the amount of adsorbate adsorbed per unit mass of adsor-
bent, K is Langmuir constant (L/mg) and qmax is maximum 
adsorption capacity (mg/g) [32,23]. The value of R2 is 1 or 
close to 1 for the adsorption capacity of composites if the 
model fits well. 

The following equation is used for the description of 
Freundlich isotherm. 

log log logq K
n

Ce f e= +










1  (6)

where Ce is the concentration of adsorbate at equilibrium, 
qe is the amount of adsorbate adsorbed per unit mass of 
adsorbent, KF is Freundlich constant and n is the constant, 
which shows intensity of adsorption [32].

The linear form of the pseudo-second order kinetic 
model is as in Eq. (7):

t
q K q q

t
t e e

= +
1 1

2
2  (7)

where K2 represents the constant, qe shows the adsorptive 
capability of adsorbent at equilibrium, qt shows the concen-
tration of adsorbent at time t [33].

Eq. (8) describes the pseudo-first order linear kinetic 
model:
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te t e−( ) = −






log 1

2 303  (8)

where qe and qt are the uptake amounts of adsorbates 
adsorbed (mg/g) at equilibrium and at time t (min) and k1 is 
the pseudo-first order adsorption rate constant (min−1) [34]. 

Boyd plot was also applied to check the adsorption 
pattern and slow step of the overall adsorption process. 
The linear form of it is given below:

B Ft = − − −( )0 497 1. ln  (9)

where F is the fraction of solute sorbed at different 
times t [35].

2.8. Characterization 

Samples were characterized by different techniques to 
confirm the synthesis of desired biocomposites. Fourier 
transform infrared spectroscopy (FTIR) (8400, Shimadzu, 
Japan) for the identification of functional groups present in 

the sample while X-ray diffraction spectroscopy was used to 
determine the phase angle as well as particle size. Elemental 
composition of the desired samples was determined by 
X-ray fluorescence spectroscopy (Oxford Instruments 
X-MET 8000 Expert XRF Analyzer, UK). To evaluate the 
success of adsorption experiments, two different analyti-
cal techniques, UV-visible spectrophotometer (Shimadzu, 
Japan, Model: UV-1601) and FAAS (Shimadzu, Japan, Model: 
A7000F) were used to assess the removal efficiencies of  
MG and Cd2+ metal, respectively. 

2.9. Hypothetical adsorption mechanism

Fig. 3 shows the hypothetical model for the mecha-
nism of adsorption of Cd2+ and malachite green by Cu and 
Ni-HAp biocomposites. 

3. Results and discussion

3.1. Fourier transform infrared spectroscopy 

In the current research, FTIR technique was used 
to detect the functional groups present in the HAp and 
metal-HAp biocomposites synthesized from the com-
mon carp scales. Fig. 5a illustrates the FTIR spectrum of 
HAp (CC). The broad peak at 3,416.05 cm–1 demonstrates 
the stretching vibrations of hydroxyl group (O–H) sup-
ported by researchers in the literature [36]. The peak, 
which appeared at 1,662 and 1,465 cm–1, corresponds to the 
trapped molecules of water (H2O) and carbonates group 
(CO3

2–), respectively. The indicated carbonated group 
confirms the type B carbonate group because the carbon-
ate ions can be a good substitution for phosphate ions as 
reported by the literature [29]. The bands observed at 1,043 
and 565 cm–1 represents the presence of phosphate group 
(O–P–O) stretching vibrations [37]. The peak at 603 cm–1 
represents the bending vibrations of phosphate group.

Figs. 5b and c show the overlay spectra of Cu-HAp 
(1–3 wt.%) and Ni-HAp biocomposites, respectively. 
The broad bands of water appeared at 2,500–3,416 cm–1 in 
the spectrum of raw HAp gets decreased in Cu/Ni-HAp 
biocomposites due to calcination treatment. Results show 
that as the wt.% of Cu and Ni metal in HAp increases, the 

Fig. 3. Hypothetical model showing the adsorption mechanism 
of Cd2+ and MG by Cu/Ni-hydroxyapatite (HAp) biocomposites.
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bands get decreased accordingly. Same results were also 
reported by Sathiskumar et al. [17]. The incorporation of 
copper and nickel metals in the structure of HAp results 
in low crystallinity (to view all the functional groups 
present in HAp, Table S1).

3.2. X-ray diffraction

Crystalline and amorphous nature of the raw mate-
rial and composites were determined by the XRD analy-
sis. Fig. 5d shows the XRD spectra of HAp and metal HAp 
biocomposites. The high intensity peaks represent the 
crystalline nature and the broad peaks/low intensity peaks 
indicate the amorphous nature of the sample. According 
to literature, HAp exhibits hexagonal crystalline structure 
system [38–41]. The spectrum of HAp shows the characteris-
tic peaks of the sample while in the spectra of Cu-HAp and 
Ni-HAp biocomposites, these peaks get broader because 
of the incorporation of metals. In the spectrum of Cu-HAp 

biocomposite, some new peaks, at 2θ range of 38°–45°, were 
observed for metallic copper. These findings are consis-
tent with the results of Yurieva et al. [42]. The new peaks 
observed at 2θ range of 35°–45° and 61° show the Bragg’s 
reflections due to nickel metal as reported by literature 
[43,44]. The crystallite size of the characterized samples was 
calculated by DeBye–Scherrer equation. Eq. (10) is as follows: 

D k
=

λ
β θcos

 (10)

where D shows crystallite size in nm, K is constant, l is the 
wavelength of X-ray, b is the full width half maximum in 
radians and theta shows the peak position [45]. The aver-
age crystallite size of HAp, Cu-HAp (3 wt.%) and Ni-HAp 
(3 wt.%) biocomposites is 17, 24 and 25 nm, respectively, 
according to the analyzed results (Table S2).

Fig. 4. Schematic representation of our work.
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3.3. X-ray fluorescence (XRF) analysis 

In the current research, HAp and metal HAp biocom-
posites (at all weight percentages) were characterized by 
XRF analyzer, at the calibrations of plastic FP and alloy 
LEFP, to investigate the percentage of metals and basic 
elements present in the raw samples as well as in biocom-
posites. According to the recorded data, the most abun-
dant elements present in the raw HAp samples are calcium 
and phosphorous and, in the metal-HAp biocomposites, 
quantity of desired metals is also present indicating the 
metal functionalization and formation of desired product. 
Several trace metals were also found in minute quantities. 

Table 1 shows the elemental composition detected by 
XRF gun analyzer for all the samples.

3.4. Adsorptive removal of cadmium ions (Cd2+)

Cadmium (Cd2+) is a heavy metal and gets released in 
environment by many natural and anthropogenic sources 
as industrial waste from smelting process, dye and elec-
trochemical industries [46]. It is harmful for living entities 
and it specifically targets the bones and most susceptible 

organs, that is, kidneys and liver, of living organisms [47]. 
The Cu-HAp (CC) 1:3 and Ni-HAp (CC) 1:3 biocompos-
ites proved to be good adsorbents to remove Cd2+ from 
wastewater. Hydroxyapatite has many welcoming bind-
ing sites (mainly OH–) [40] that undergo substitutions and 
make it efficient as adsorbent. Cation exchange reactions 
occur and Cd2+ ions get substituted with Ca2+ ions as shown  
in Fig. 3. 

3.4.1. Effect of adsorbent with respect to time

One of the important parameters to study the adsorptive 
removal of biocomposites is the function of time (min) [48]. 
Porosity and number of available active binding sites, on the 
surface of adsorbents, play vital role in adsorption. Results 
showed an increase in adsorption efficiency with increase 
in time [49] from 0 to 40 min until first dynamic equilib-
rium was achieved. After this time, an increase–decrease 
sorption process was noted, which can be attributed 
towards rapid adsorption–desorption phenomenon and 
attainment of dynamic equilibrium. Maximum adsorp-
tion efficiency of 94% was observed at 0.1 ppm in case of  
Cu-HAp 1:3 (CC).

Fig. 5. (a) FTIR spectrum of HAp (CC), (b) overlay spectra of CuHAp (CC) biocomposites, (c) overlay spectra of NiHAp (CC) biocom-
posites, and (d) X-ray diffraction overlay spectra of HAp (CC) biocomposites.
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3.4.2. Effect of concentration 

Relative concentration of adsorbate is another crucial 
parameter to evaluate the adsorption efficiency of adsor-
bents. Effect of concentration of Cd2+ on the adsorptive 
nature of biocomposites was observed at 0.1, 0.3, 0.5 ppm 
by keeping the dosage (20 mg) of adsorbent constant 
throughout the experiment. It has been observed that 
with an increase in dye concentration, the % removal gets 
decreased indicating an inverse relation between adsor-
bate and adsorbent. Decrease in adsorption shows that all 
the binding sites were already occupied, and no space was 
left on the surface of adsorbent for further adsorption [50]. 

According to findings, the Cu/Ni-HAp (CC) biocompos-
ites show the best removal efficiency towards the removal 
of Cd2+ because of high porosity and active binding sites, 
by cation exchange reactions. CuHAP 1:3 (CC) has the best 
removal efficiency towards cadmium as compared with 
other composites because of its active binding sites avail-
able on the surface. The overall trend towards cadmium 
removal by the synthesized adsorbents is as under:

Cu-HAp 1:3 (CC) 94% > Ni-HAp (CC) 91% (11)

Figs. 6a and b show the removal of cadmium by the 
synthesized adsorbents, respectively.

3.5. Adsorptive removal of azo dyes 

Malachite green is a cationic dye, basic in nature and 
has positive charge on it. The positive charge shows that 
it has the property to either gain hydrogen or lose hydrox-
ide ion in water. Carcinogenic effects in the immune sys-
tem and reproductive system of those fishes have been 
reported, which has been treated with malachite green 
dye [51]. Structure of malachite green contains many func-
tional groups, which ultimately made it possible for the 
adsorption on the surface of synthesized adsorbents [50]. 

HAp consists of tetrahedral phosphate group, where 
four oxygen atoms surround one phosphate atom and this 
tetrahedron is surrounded by calcium ions. The sites con-
taining calcium ions are of special interest because they 
act as host of hydroxyl ions (OH–). The area, which covers 
the OH– sites, is very much susceptible for substitutions 
by controlling the acid–base sites. HAp, with the molar 
ratio of 1.57, behaves similar to an acid catalyst having 
the existing basic sites [40]. The existence of these evac-
uated sites in the structure of hydroxyapatite possibly 
plays the role in adsorption of pollutants such as azo dyes.

3.5.1. Effect of time 

The effect of time was studied and the percentage 
removal of MG dye was calculated, keeping the dosage 

Table 1
Percentage of elements present in raw HAp and Cu/Ni-HAp biocomposites

Samples Percentage of elements

Ca Sr Sn P Fe Zn Ni Cu

HAp (CC) 7.75 0.98 0.02 69.24 1.42 0.59 – –
CuHAp 1 wt.% (CC) 6.63 0.73 0.02 7.93 0.02 0.02 0.01 12
CuHAp 3 wt.% (CC) 4.89 0.67 0.02 0.25 0.02 0.04 0.04 25.3
CuHAp 1:3 (CC) 8.17 – 0.38 12.45 – 0.08 – 13
NiHAp 1 wt.% (CC) 6.57 0.98 0.01 8.71 – 0.02 51 –
NiHAp 3 wt.% (CC) 3.33 0.54 0.02 0.55 0.02 0.01 45 –
NiHAp 1:3 (CC) 5.87 – – 8.84 – 0.19 28.30 –

Fig. 6. (a) Graph of Cd2+ with CuHAp 1:3 (CC) and (b) Graph of Cd2+ with NiHAp 1:3 (CC).
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of adsorbent as 20 mg at the concentration of 0.01, 0.03, 
0.05 ppm solution. All the other parameters (dose of adsor-
bent, pH, temperature) were kept constant except the 
contact time. The rate of adsorption got decreased with 
increase in time and removal efficiency got increased as 
the time increased [52] and at some point, equilibrium was 
achieved which gives the information about the possible 
saturation of sites after which adsorption and desorption 
both can occur simultaneously as shown in Figs. 7a and b. 

3.5.2. Effect of concentration

The concentration of MG solution is considered as an 
important parameter, which may impact the adsorption 
efficiency of the adsorbents [53]. Adsorption efficiency 
was calculated on three different concentrations of MG 
(0.01, 0.03, 0.05 ppm) at the constant dose of 20 mg for each 
adsorbent. It is evident from the results that increase in 
dye concentration leads to decrease in removal efficiency 
of the adsorbents. Similar results in the process of adsorp-
tion were reported by other researchers [54]. The removal 
efficiency is high in 0.01 ppm concentration of adsorbate. 
Taking one aliquot from the solution at different times, 
the solution volume will be changed but it does not affect 
the residual concentration of pollutants in the solution 
because the desired aliquot was taken from the optimized 
concentration, prepared from stock solution of 1,000 ppm.

Both biocomposites showed good removal efficiency 
towards the cationic dyes (Malachite Green). NiHAp 1:3 
(CC) acted as the best composite for the removal of MG with 
the removal efficiency of 94% followed by CuHAP 1:3 (CC). 
The overall trend is as under:

NiHAp 1:3 (CC) 94% > CuHAP 1:3 (CC) 83% (12)

Figs. 7a and b show the removal of Malachite green 
by the synthesized adsorbents, respectively.

3.6. Antibacterial activity of synthesized biocomposites

Antibacterial activity of the synthesized biocomposites 
had been studied by disk diffusion method and the results 

conclude that, after 24 h of incubation, the plates were taken 
out from the incubator and bacterial inhibition zones were 
observed and measured in mm. The inhibition zone got 
increased with the increase in the weight percentage of met-
als in biocomposites, which ultimately point out the antibac-
terial nature of the synthesized biocomposites as proposed 
in the literature. Several mechanisms were assumed by 
scientists, which show the process of the reduction of bac-
terial growth by initiating cell death and carry out several 
structural changes in the membrane proteins of bacteria as 
reported by the literature [55].

Table 2 illustrates the inhibition zones of all biocom-
posites with S. aureus, highly pathogenic gram-positive bac-
terial strain and Ni-HAp 3:1 (3 wt.% metal) was proved as 
best antibacterial agent with inhibition zone equal to 31 mm 
(For inhibition zones, see Fig. S2).

3.7. Kinetic models and adsorption isotherms

The adsorption isotherms are used to predict the 
adsorption patterns of the process and kinetic modeling 
is used to predict and explain the rate of adsorption and 
adsorption mechanisms. Langmuir isotherm indicates the 
monolayer adsorption patterns while Freundlich isotherm 
suggests the multilayer adsorption patterns as reported in 
literature [57]. In the regard of kinetics, the pseudo-first 
order kinetic model explains the relationship between the 
rate the sorption sites of the adsorbents are occupied and 
the number of unoccupied sites. This model is characteris-
tic for physical adsorption while the pseudo-second order 
kinetic model can be used to describe one chemical adsorp-
tion process [58]. According to the results, it was observed 
that the synthesized biocomposites exhibit monolayer and 
multilayer adsorption, which generally shows that the sites 
required for the adsorption are equal and pollutants are 
immovable at the surface of adsorbents as well as surface of 
the adsorbent is heterogenous in nature [53]. For the adsorp-
tion of Cd2+, the phenomena of multilayer adsorption were 
observed for both composites. Whereas in case of Malachite 
Green adsorption, all composites exhibit monolayer and 
multilayer adsorption except NiHAp 1:3 (CC), which shows 
only monolayer adsorption pattern because of the saturation 

Fig. 7. (a) MG with CuHAp 1:3 (CC) and (b) MG with NiHAp 1:3 (CC).
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of all adsorption sites at the surface and non-availability 
of more binding sites. Results demonstrated that the syn-
thesized composites followed the pseudo-second order 
reaction for malachite green adsorption and pseudo-first 
order for Cd2+ adsorption on both composites. Boyd plot 
also showed good regression values in case of malachite 
green adsorption and Cd2+ adsorption by both composites, 
respectively. CuHAp 1:3 (CC) showed best value of 0.9472 
in case of Cd2+ adsorption. 

Table 3 shows the summarized results of adsorption 
isotherms and kinetic models (see Figs. S3–S7, which show 
the graphical representations of Langmuir and Freundlich 
isotherms, pseudo-second order and pseudo-first order 
kinetics and Boyd plot, respectively).

4. Conclusion

Hydroxyapatite (HAp) and Cu/Ni-HAp biocomposites 
were synthesized successfully from common carp scales 
in a cost effective and ecofriendly manner. It is concluded 
from the analysis that all the synthesized biocomposites 
showed best removal efficiency towards the cadmium, mal-
achite green dye and brought a novel and unique approach 
towards the wastewater treatment and in biomedical field 
as well. 

• FTIR bands, XRD spectra and XRF analysis confirmed 
the formation of the desired products. 

• CuHAp 1:3 (CC) showed highest removal efficiency (94%) 
towards Cd2+ as compared with other biocomposites.

• NiHAp 1:3 (CC) acted as the best composite as compared 
with other synthesized biocomposites, with the removal 

efficiency of 94% at the concentration of 0.01 ppm for the 
adsorptive removal of malachite green. 

• All the biocomposites showed best trends toward the 
monolayer and multilayer adsorption while biocom-
posites of metal-HAp (CC) showed the best fit in case 
of pseudo-second order reaction for the removal of dyes. 

• The synthesized biocomposites showed excellent anti-
bacterial properties. In case of bacterial growth inhi-
bition, among all biocomposites, Ni-HAp 3:1 (3 wt.% 
metal) acted as the best biocomposites with the inhibition 
zone of 31 mm for S. aureus species.

5. Recommendations

HAp is the vital constituent of living bodies and plenty 
of its uses and applications are explored by the research-
ers but there is still room for further research on its com-
pounds. Scientists can explore this compound further 
by doping and functionalizing with other compounds to 
make it more efficient and suitable adsorbent for many 
contaminants such as dioxins, polychlorinated biphenyl, 
colored water (dyes contaminated water), many heavy 
metals and pesticides from different environmental com-
partments. Metal HAp biocomposites possess antibac-
terial properties but their antimicrobial properties can 
also be explored that will aid in killing several hazardous 
species of microbes thus revolutionizing the biomedi-
cal field. Regeneration and desorption studies of synthe-
sized materials will also be carried out after applications. 
Commercial level applications of these adsorbents are 
encouraged and biosynthesis of these biocomposites will 
be helpful in promoting green environment.

Table 2
Inhibition zones (mm) of biocomposites (CC) with Staphylococcus aureus

S. no. Metal HAp biocomposites (CC) Inhibition zones (mm) of biocomposites 
(CC) with Staphylococcus aureus

01. Cu-HAp 1:1 (1 wt.% metal) 20
02. Cu-HAp 3:1 (3 wt.% metal) 28
03. Cu-HAp 1:3 (1 wt.% metal) 25
04. Ni-HAp 1:1 (1 wt.% metal) 22
05. Ni-HAp 3:1 (3 wt.% metal) 31
06. Ni-HAp 1:3 (1 wt.% metal) 21

Table 3
Summarized results of adsorption isotherms and kinetic models

Isotherms and kinetic 
models

Malachite green Cadmium ions (Cd2+)

Parameters Cu-HAp 1:3(CC) Ni-HAp 1:3(CC) Cu-HAp 1:3(CC) Ni-HAp 1:3(CC)

Langmuir isotherm R2 0.95 0.74 0.62 0.80
qmax 6.11 –10.66 3.08 5.11

Freundlich isotherm R2 0.99 0.24 0.70 0.97
Pseudo-first order R2 0.72 0.87 0.93 0.92
Pseudo-second order R2 0.98 0.99 0.83 0.65
Boyd model R2 0.77 0.80 0.94 0.72
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Table S1
Fourier transform infrared spectroscopy data of HAp (CC)

Serial no. Sample name Obtained peaks (cm–1) Indicated functional groups References

01 HAp powder (CC)

3,416.05 O–H stretch (broad, s) [36]
1,662.69 H2O [17]
1,465.95 CO3

2– [17]
1,043.62 O–P–O PO4

3– [37]
866.07 CO3

2– [17]
603.74 O–H bend [36]
565.16 O–P–O PO4

3– [37]

Supporting information

Fig. S1. Catalase positive test.
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Table S2
Particle size data conversion

X-ray diffraction data

Sample 2θ FWHM d-Spacing Crystallite size

CuHAP 3% CC

25.340 0.253 0.351 33.856
36.058 0.425 0.248 20.145
37.202 0.396 0.241 21.605
38.517 0.305 0.233 28.049
40.643 0.413 0.221 20.729
43.240 0.416 0.208 20.587

Average crystallite size = 24.162 nm

NiHAp 3% CC

25.262 0.239 0.352 0.352
32.516 0.245 0.275 0.275
35.931 0.525 0.249 0.249
37.138 0.406 0.241 0.241
38.470 0.177 0.233 0.233
40.566 0.391 0.222 0.222
43.175 0.451 0.209 0.209
53.032 0.554 0.172 0.172
62.853 0.753 0.147 0.147

Average crystallite size = 25.596 nm

HAp (CC)

25.866 0.610 0.344 13.930
31.886 0.920 0.280 9.374
41.986 0.231 0.214 38.361
49.532 0.647 0.183 14.108
63.960 0.693 0.145 14.094

Average crystallite size = 17.973 nm

FWHM: full width half maximum; XRD: X-ray diffraction.

Fig. S2. Inhibition zones; (a–c): Cu-HAp 1:1 (1 wt.% metal), Cu-HAp 3:1 (3 wt.% metal), Cu-HAp 1:3 (1 wt.% metal), respectively, 
(d–f): Ni-HAp 1:1 (1 wt.% metal), Ni-HAp 3:1 (3 wt.% metal), Ni-HAp 1:3 (1 wt.% metal), respectively.
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Fig. S3. Langmuir isotherms; (a and b): CuHAp 1:3 (CC) and NiHAp 1:3 (CC) with MG; (c and d): CuHAp 1:3 (CC) and NiHAp 1:3 
(CC) with Cd2+, respectively.

Fig. S4. Freundlich isotherms; (a and b): CuHAp 1:3 (CC) and NiHAp 1:3 (CC) with MG; (c and d): CuHAp 1:3 (CC) and NiHAp 1:3 
(CC) with Cd2+, respectively.
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Fig. S5. Pseudo-second order; (a and b): CuHAp 1:3 (CC) and NiHAp 1:3 (CC) with MG; (c and d): CuHAp 1:3 (CC) and NiHAp 1:3 
(CC) with Cd2+, respectively.

Fig. S6. First order; (a and b): CuHAp 1:3 (CC) and NiHAp 1:3 (CC) with MG; (c and d): CuHAp 1:3 (CC) and NiHAp 1:3 (CC) with 
Cd2+, respectively.
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Fig. S7. Boyd plot; (a and b): CuHAp 1:3 (CC) and NiHAp 1:3 (CC) with MG; (c and d): CuHAp 1:3 (CC) and NiHAp 1:3 (CC) with 
Cd2+, respectively.
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