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a b s t r a c t
The potential use of agriculture and marine biowaste to produce an adsorbent for the removal of 
heavy metals from wastewater was studied. A bio-adsorbent was produced from the combination 
of rice straws and bulk seashells via self-assembled precipitation method. The chitosan:hydroxyap-
atite ratio in coating rice straw was set at 1:1. The molarity of the stabilizer (sodium hydroxide) was 
manipulated to determine the highest adsorption capacity of selected heavy metals and its effect on 
the physical and chemical properties of the prepared adsorbents. Isotherm tests showed that the equi-
librium sorption data were better represented by the Langmuir model. The optimum bio-adsorbent 
(25-CH/HAP/RSA1.5M) was composed of 25% weight combination of chitosan:hydroxyapatite and 
stabilizer solution with a molarity of 1.5 mol L–1 showed the highest adsorption of heavy metal ions 
and was selected for subsequent study. Lead(II) (75.19) had the highest adsorption capacity of heavy 
metal (qmax), followed by zinc(II) (47.39), manganese(II) (22.73), iron(III) (19.23), nickel(II) (15.02), and 
copper(II) (10.72). Therefore, this study highlights the potential of an adsorbent derived from rice 
straw and seashells as a cost-effective alternative for heavy metal removal.
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1. Introduction

The prevention and control of water pollution caused 
by heavy metals are of great emphasis. Water pollution can 
be caused by both natural and industrial activities. Some 
of the heavy metal ions are micronutrients that are needed 
by living organisms. However, if in excess, they may cause 
hyper accumulation in some plants and can be transferred 
to humans via ingestion can cause adverse effects. Lead 
may cause damage to the kidney, brain, gastrointestinal 
distress, and inhibit the physical and mental develop-
ment of infants and children [1,2]. Copper contamination 
may cause toxicity to neurosystem known as Wilson’s dis-
ease and damages the kidney. Overexposed to nickel may 
cause cancer of lungs, nose, and bone [3]. The prolonged 

exposure to cadmium, mercury, lead, aluminum, zinc, and 
arsenic may cause congenital anomaly/birth defects, and 
trigger cancer disease and neurological disorders [4]. The 
Parkinson disorder is related to the long-term exposure of 
manganese through direct uptake especially in drinking 
water [5]. The high concentration of aluminum in drinking 
water also increases risks of humans getting Alzheimer and 
Parkinson disease. For medium poisoning, adverse effect 
of iron may lead to vomiting and gastrointestinal bleeding. 
However, severe iron poisoning may cause hepatic necrosis 
such as anemia and liver failure (hypoglycemia and hyper-
ammonemia) [6,7]. In Malaysia, the drinking water quality 
standard was set to the maximum acceptable value of heavy 
metal ions (i.e., lead, copper, zinc, nickel, manganese, and 
iron at the values of 0.01, 1.0, 3.0, 0.02, 0.1, and 0.3 mg L–1, 
respectively) [8].

The widely used conventional techniques of heavy 
metals treatment from water includes membrane filtration, 
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chemical precipitation, coagulation, solvent extraction, 
reverse osmosis, and electrochemical removal [9]. However, 
these methods are costly and inefficient, with incomplete 
removal of heavy metals and produce toxic sludge [10]. 
Recently studies have focused on the creation of low-cost 
adsorbents for the removal of heavy metals in wastewater. 
Adsorption technique was found to be an effective and eco-
nomic method, with high adsorption capacity toward heavy 
metal ions [11].

Rice straw (RS) is a harvest residue, accounting for 
approximately 45% from the weight of rice production. It 
was composed of cellulose (38.3%), hemicellulose (31.6%), 
lignin (11.8%), and silica (18.3%) [12]. Cellulose is a lin-
ear condensation polymer consists of d-anhydroglucopy-
ranose with the conjunction of β-1,4-glycosidic linkages, 
while hemicellulose was composed of several sugar units 
and exhibits a chain branching. However, lignin is a com-
plex hydrocarbon, which is comprised of the aliphatic and 
aromatic compound and melts at temperature of 170°C 
and above [13]. Commonly, RS is disposed by open burn-
ing activities. However, this activity causes air pollution in 
the form of volatile organic carbons, carbon monoxide, and 
polyaromatic hydrocarbons, all of which are potentially 
harmful to humans if exposed [14].

Most of the naturally available adsorbents have low 
metal removal and slow reaction kinetics [15]. These limita-
tions can be alleviated if the RS is either chemically reacted 
or grafted onto natural polymers such as chitosan and 
hydroxyapatite (Ca10(PO4)6(OH)2, HAP). HAP is known as 
calcium phosphate ceramic or bioceramic, whose structure 
and composition are similar to the mineral phase of bones 
and teeth. About 63,000 metric ton of shell fish wastes are 
produced annually worldwide and about 70% of the total 
weight is made up of clam shells. Modification of these 
abundantly available residues into value-added HAP can be 
highly useful [16]. HAP is known to exhibit various surface 
characteristics, including acidity and basicity, surface charge, 
hydrophilicity, and porosity. The heavy metal adsorption by 
HAP occurs via ionic exchange reaction, surface complex-
ation with phosphate, calcium, and hydroxyl groups and/or 
coprecipitation of new partially soluble phases [17]. Chitosan 
has also been used as a surface modification agent impreg-
nated onto supporting surfaces as adsorption sites because 
its amine functional groups have strong bonding ability to 
various heavy metal ions [18]. HAP has also been reported as 
a binding material to cultivate the mechanical properties of 
chitosan nanofibers as well as to increase metal ions sorption 
efficiency [19]. Chitosan is a copolymer of 2-glucosamine and 
N-acetyl-2-glucosamine units, wherein the former constitutes 
a major fraction of the biopolymer chain. The adsorption 
characteristics of chitosan are due to the large number of 
hydroxyl (–OH) and primary amine (–NH2) groups that 
act as highly active adsorption sites for metal adsorption. 
However, the application of chitosan has been restricted due 
to its inherent water sensitivity, poor thermal stability, high 
cost, dissolution in highly acidic solution, low surface area, 
and relatively low stiffness and strength, especially in moist 
environments [20].

Chemical modification using organic compounds, min-
erals, organic acids or bases, and oxidizing agents can alter 
the chemical properties of raw material surfaces and enhance 

their adsorption capacity [21–23]. Thus, there is high potential 
to produce bio-adsorbent in large scale using agriculture and 
marine biowaste since they are free and abundant in nature. 
The use of chitosan and HAP to modify the surfaces of RS to 
enhance their affinity to heavy metal is not widely explored. 
This combination is an attractive one because both HAP and 
RS are low-cost and abundantly available natural materials. 
The modified RS-chitosan-HAP bio-adsorbent exhibits the 
combination advantages of having a porous network (RS), 
high chemical affinity (chitosan), and superior surface char-
acteristics (HAP), resulting in the increase of the heavy metal 
uptake efficiency.

Therefore, in this study, a potential bio-adsorbent that 
can be applied in heavy metal removal was produced from 
agriculture (RS) and marine (HAP) biowaste. The HAP was 
self-assembled with chitosan and modified RS to fabricate a 
new bio-adsorbent with an effective adsorption capacity. The 
performance of produced bio-adsorbent to remove heavy 
metal ions such as Zn(II), Pb(II), Cu(II), Fe(III), Ni(II), and 
Mn(II) was evaluated. By utilizing HAP from seashell (SS) 
wastes and polysaccharides from RS incorporate with chi-
tosan for the purposes of heavy metals water treatment, two 
existing problems can be addressed: pollution remediation 
and the revalorization of existing waste materials into new 
value-added product.

2. Materials and methods

2.1. Materials

Glacial acetic acid (CH3COOH, 100%) and NaOH pellets 
(NaOH ≥ 99.0%) were supplied by Merck (Darmstadt, 
Germany). Iron(III) nitrate nanohydrate (Fe(NO3)3·9H2O, 
+98%) was purchased from Acros Organics (New Jersey, 
USA). Lead(II) nitrate (Pb(NO3)2, ≥ 99.0%), copper(II) chloride 
dehydrate (Cu(Cl)2·2H2O ≥ 99.0%), chitosan medium molecu-
lar weight, poly-(d-glucosamine), and ammonium phosphate 
dibasic, ((NH4)·2HPO4 ≥ 98.0) were obtained from Sigma-
Aldrich (Missouri, USA). Stock standard solution and work-
ing standard solutions were freshly prepared and stored in 
refrigerator prior to use. Deionized water was purified using 
Purelab Ultra, ELGA with millipore 18.2 µΩ. All reagents 
used were analytical reagent grade.

2.2. Synthesis of adsorbent

2.2.1. Alkaline rice straw

RS was collected during harvest from the paddy fields 
in Besut Schemes, Terengganu, Malaysia (GPS coordinates: 
N5.672186, E102.504262). The used RS (Oryza sativa L. variety 
MR 127) was derived from Malaysian Agricultural Research 
and Development Institute (MARDI) [24]. RS was cleaned 
with distilled water and dried in oven at 60°C for 24 h. Dried 
RS was grounded into powder and passed through a sieve 
of <212 µm pore size. Then, RS was treated with alkaline 
solution by adding 300 g of RS into 1,000 mL of 0.1 mol L–1 
NaOH and mixed with an orbital shaker at 150 rpm for 
1 h. The treated alkaline rice straw (RSA) was then filtered 
and washed to neutral pH and dried in oven at 50°C for 
48 h before being stored in air tight container for further 
experiment.
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2.2.2. Synthesis of HAP

Bulk SS were randomly collected from Teluk Ketapang 
beach, Terengganu, Malaysia (GPS coordinate: N5.382679, 
E103.116478). The SS were cleaned using tap water and 
dried in oven at 60°C overnight. The dried SS were crushed 
and pulverized before being calcinated in furnace at 1,000°C 
for 1 h. HAP was synthesized by mixing 150 mL solution of 
diammonium hydrogen phosphate to the 150 mL solution of 
calcined SS (CaO) with mole ratio of Ca/P = 1.68. The mix-
ture solution was stirred at room temperature for 48 h. The 
white precipitate of HAP powder was filtered and washed 
several times with distilled water to neutralize the adsor-
bent. The filtered HAP was dried in oven at 100°C for 24 h, 
sieved (in range of 25–38 µm) and stored in dry place prior 
to use [25].

2.2.3. Preparation of bio-adsorbents

Bio-adsorbent of 5%-chitosan/HAP (CH/HAP; 1:1) was 
prepared by mixing 0.075 g of HAP powder with the dis-
solved chitosan (0.075 g) in acetic acid solution (100 mL, 2%). 
This solution was mixed in orbital shaker with a constant 
speed of 150 rpm at room temperature for 24 h. Then, RSA 
(3 g) was added and continuously stirred for another 24 h. 
The stabilizing agent, NaOH solution (100 mL, 0.1 mol L–1) 
was added and the solution was stirred for 24 h. Then, 
additional 50 mL of NaOH (0.1 mol L–1) was added and 
left for 1 h. Next, the supernatant was discarded using cen-
trifuge at 3,000 rpm for 5 min, and repeated with washing 
the bio-adsorbent using distilled water for several times to 
remove any residuals. Then the bio-adsorbent was collected 
and dried in oven at 50°C for 48 h prior to further use. These 
experimental procedures were repeated to produce various 
formulation of bio-adsorbent by replacing the weight of CH 
and HAP, respectively, 15%-CH/HAP (0.225 g), 25%-CH/
HAP (0.375 g), 35%-CH/HAP (0.525 g), and 45%-CH/HAP 
(0.675 g). The adsorbents produced were named 5-CH/HAP/
RSA, 15-CH/HAP/RSA, 25-CH/HAP/RSA, 35-CH/HAP/RSA, 
and 45-CH/HAP/RSA, correspondingly.

To study the effect of stabilizing agent’s molarities, the 
selected adsorbent formulation 25-CH/HAP/RSA was repeat-
edly produced using different stabilizing agents, NaOH 
solution molarities (0.5, 1.0, 1.5, and 2.0 mol L–1) and named 
25-CH/HAP/RSA0.5, 25-CH/HAP/RSA1.0, 25-CH/HAP/RSA1.5, 
and 25-CH/HAP/RSA2.0.

2.3. Instrumentation

Fourier transform infrared (FTIR) spectroscopy tech-
nique by Perkin Elmer Spectrum 2000 FTIR Spectrometer 
was used to identify the functional groups on bio-adsorbent 
using potassium bromide (KBr) pellet method and recorded 
in the range of 400–4,000 cm–1. The morphological charac-
teristics of the prepared adsorbents were also determined 
using a scanning electron microscope (JEOL model JSM-6360 
LA). Thin layers of adsorbent were coated using gold (Au) 
to produce fine images depicting the adsorbent surfaces at 
high magnification and protects the surface from the electron 
beam with kinetic energies of about 1–25 kV. For Brunauer, 
Emmett, and Teller (BET) analysis, the surface area analysis 

was performed by using the Micromeritics, ASAP-2020 from 
Florida, USA. Inductively coupled plasma-optical emission 
spectroscopy (ICP-OES) Shimadzu was used to evaluate the 
concentration of heavy metal ions.

2.4. Batch adsorption studies

The bio-adsorbents prepared were further evaluated for 
its metal adsorption capacities through batch equilibrium 
studies. Multimetal ions of Fe(III), Pb(II), and Cu(II) were 
selected based on their common toxicity in environment. 
To study the effect of CH/HAP-coated RS on multimetal 
ions adsorption, 0.4 g of the prepared adsorbent was added 
into a 200 mL of 25 mg L–1 multimetal ions solution. The 
mixtures were then mixed at 150 rpm in an orbital shaker. 
The effect of contact time was evaluated at interval times 
of 15, 30, 60, 90, 120, 150, 180, 210, and 240 min and 10 mL 
of solution was removed and analyzed at each time inter-
val. The concentration of metal ions was analyzed using 
ICP-OES. All experiments were done in triplicates. This pro-
cedure was also repeated to study the effect of stabilizing 
agent’s molarity on heavy metals adsorption. The removal 
efficiency, R% and quantity of heavy metal ions adsorbed 
by bio-adsorbents were calculated using Eqs. (1) and (2) as 
follows [26]:
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where CO, Ct, and Ce (mg L–1) are the concentrations of heavy 
metal ions in solution at initial, at interval time t (min), and 
equilibrium, respectively. qt (mg g–1) is the amount of heavy 
metal ions adsorbed per unit mass of adsorbent at time t 
(min); V (L) is the total volume of heavy metal solution; and 
m (g) is the weight of adsorbent used.

2.5. Adsorption kinetic study

For kinetic study, optimum adsorbent was determined 
using different initial concentration (50–300 mg L–1). 0.4 g of 
25-CH/HAP/RSA1.5 was added into a 250 mL of Schott bottle 
containing 200 mL of heavy metal solutions, Pb(II), Fe(III), 
and Cu(II) of 50–300 mg L–1, separately. 10 mL of the super-
natant was collected using syringe filter at interval times of 
15, 30, 60, 90, 120, 150, 180, 210, and 240 min for each con-
centration of each heavy metal ions. All experiments were 
carried out in triplicates. The filtered supernatant was kept 
in the refrigerator at 4°C before being subjected to ICP-OES 
analysis.

2.5.1. Pseudo-first-order kinetic model

Kinetic study is necessary to describe the biosorption 
mechanism of heavy metals and its potential rate-controlling 
steps such as mass transport and chemical reaction pro-
cesses. It can be determined by fitting the experiment data to 
pseudo-first-order and pseudo-second-order kinetic models. 
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The linear equation of pseudo-first-order is expressed in 
Eq. (3) as follows [27]:

log log
.

q q q
K t

e t e−( ) = − 1

2 303
 (3)

where qe and qt (mg g–1) are the amount of adsorbate adsorbed 
in equilibrium and at time, t (min), respectively. A linear 
graph was plotted using equation log (qe − qt) versus t where 
K1 is the rate constant of pseudo-first-order adsorption.

2.5.2. Pseudo-second-order model

The linear equation of pseudo-second-order may be 
represented by Eq. (4) as follows [28,29]:

t
q K q q

t
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A linear graph of pseudo-second-order was plotted using 
the equation t/qt versus t, where K2qe

2 is the initial biosorption 
rate (mg g–1 min–1) or known as h, and K2 is the rate constant 
of pseudo-second-order kinetics (g mg–1 min–1).

2.6. Equilibrium adsorption isotherm

The adsorption isotherm was determined by adding 0.4 g 
of 25-CH/HAP/RSA1.5 in 200 mL of Pb(II), Fe(III), and Cu(II) 
respectively, each with a concentration of 50 mg L–1. After 
reaching equilibrium, 10 mL of the supernatant was taken 
out using syringe and filtered with Whatman cartridge filter, 
nylon (0.45 µm) at interval times of 15, 30, 60, 90, 120, 150, 
180, 210, and 240 min for each heavy metal ions. All experi-
ments were carried out in triplicates.

The filtered supernatant was kept in the refrigerator at 
4°C prior to ICP-OES analysis to determine the concentration 
of the heavy metal solutions. All experiments were carried 
out in triplicates.

2.6.1. Freundlich isotherm equation

The Freundlich isotherm model represents a nonideal 
sorption on heterogeneous surfaces and multilayer sorp-
tion [30]. Relationship between the adsorbent surface and 
adsorbate in equilibrium state is expressed by the plot-
ted adsorption isotherms. The Freundlich isotherm is 
represented as follows [31]:

log log logq k
ne F e= +
1 C  (5)

where kF and 1/n are the Freundlich constants (mg g–1) related 
to the biosorption capacity and biosorption intensity (dimen-
sionless) of the adsorbent, respectively. Both Freundlich 
constants can be obtained directly from the intercept and 
slope of the linear plot log qe against log Ce, respectively.

2.6.2. Langmuir isotherm equation

The monolayer adsorption can be explained by the 
Langmuir isotherm. The Langmuir equation can be written 
as follows [32]:
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where qe is the amount of adsorbate adsorbed at equilibrium 
(mg g–1), kL is the Langmuir constant related to net enthalpy 
(L mg–1), qm is the maximum sorption capacity corresponding 
to the complete monolayer coverage (mg g–1), and Ce is the 
equilibrium solute concentration (mg L–1). The value of kL 
and qm are obtained from the intercept and slope of the linear 
plot of Ce/qe over Ce, respectively.

2.7. Real sample analysis

For real sample analysis, the adsorption system was 
done in a 2 g L–1 system. 50 mL of samples (WW-1,WWS-2, 
WW-3, WW-4, and WW-5) were poured into 50 mL of cen-
trifuge tubes, respectively, and then 0.1 g of 25%CH-HAP48/
RSA1.5M was added into the samples. These mixtures were 
shaken in an orbital shaker at 150 rpm for 240 min and then 
separated via centrifuge at 3,000 rpm for 5 min before storing 
in the refrigerator at 4°C prior to ICP analysis to validate the 
existence of heavy metal ions. pH was measured using a por-
table pH meter before and after adsorption. All experiments 
were done in triplicates. Table 1 summarizes the location and 
type of wastewater sampling that was conducted.

3. Result and discussion

3.1. Selection of optimum bio-adsorbent

Fig. 1 displays the surface of RS coated with different 
formulation of CH/HAP with the ratio of 1:1. The deposited 
CH/HAP molecules on the RSA surfaces were in the form 
of oval beads. The nucleation and growth of CH/HAP mol-
ecules resulted in the formation of bulky agglomerates in 
various sizes randomly deposited on the RSA surface.

In addition, the CH/HAP (1:1) formulation affected the 
chemical properties of the adsorbent (Fig. 2). Different for-
mulation (%) of CH/HAP resulted in different adsorbing 
capability of the selected heavy metal ions, that is, Fe(III), 
Pb(II), Cu(II), Ni(II), Mn(II), and Zn(II).

Based on the slope at the first 60 min, 25%-CH/HAP 
showed highest heavy metal ions adsorbing capability, 
followed by 15%-CH/HAP > 45%-CH/HAP > 35%-CH/
HAP > 5%-CH/HAP. These prepared bio-adsorbents showed 
higher affinity toward heavy metal ions Fe(III) followed by 
Pb(II), Cu(II), Ni(II), Mn(II), and Zn(II). The availability of 
functional groups hydroxyl, OH (in HAP) and amine, NH2 
(in chitosan) in the adsorbent enabled Fe(III) to be adsorbed, 

Table 1
The detail of real wastewater samples

No Sample ID Type of water sample

1 WW-1 River near to the construction site
2 WW-2 Recreational lake
3 WW-3 Sewage from factory site
4 WW-4 Batik discharge
5 WW-5 Control (deionized water)
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and the higher oxidation number of 3+ in Fe(III) made it the 
most preferable [33]. The higher atomic number and ionic 
radius of Pb(II) ions contributed to its higher adsorption 
compared with Cu(II), Ni(II), Mn(II), and Zn(II). This finding 
is also similar to previous study [34]. Therefore, the formula-
tion of 25-CH/HAP/RSA adsorbent was selected for the study 
on the effect of stabilizing agent’s (NaOH) molarity (0.5, 1.0, 
1.5, and 2.0 mol L–1) on the performance of heavy metal ions 
adsorption. From Fig. 3, most of the metals adsorption was 
improved.

The bio-adsorbent 25-CH/HAP/RSA stabilized with 
1.5 mol L–1 of NaOH showed the highest heavy metal ions 
adsorption (steepest slopes for most of the heavy metal ions 
analyzed). Fe(III) heavy metal ion had the highest adsorp-
tion capacity (11.88 mg g–1), with the shortest equilibrium 
time of 30 min achieved by 25%-CH/HAP treated with 

1.5 mol L–1, followed by 0.1 mol L–1 (60 min; 10.66 mg g–1), 
0.5 mol L–1 (60 min; 10.58 mg g–1), 2.0 mol L–1 (60 min; 
11.58 mg g–1), and 1.0 mol L–1 (120 min; 11.58 mg g–1). The 
low adsorption capacity of other heavy metal ions might be 
due to the competing effect of multimetal ions of interest for 
sorption sites. The properties of the respective heavy metal 
ions and the sorbate influence their binding strength with 
the sorption sites. In this situation, according to the hard soft 
acid–base theory, hard acids tend to form complexes with 
hard bases and vice versa [35]. This theory was evident in 
this finding, with the presence of hydroxyl and phosphate 
groups of hard ligands contributed to the highest affinity of 
Fe(III) followed by Pb(II), Cu(II), Ni(II), Zn(II), and Mn(II) 
as shown in Fig. 4. Binding process of different metal ions 
on bio-adsorbent materials also depends on its properties. In 
principle, metal ion with larger electronegativity and lesser 

Fig. 1. SEM micrograph at 3,000 magnifications of prepared bio–adsorbents: (a) 5-CH/HAP/RSA, (b) 15-CH/HAP/RSA, 
(c) 25-CH/HAP/RSA, (d) 35-CH/HAP/RSA, and (e) 45-CH/HAP/RSA.
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ionic radii are favorably adsorbed by the bio-adsorbent [36]. 
Pauling’s electronegativity values for the heavy metals used 
in this study were: Pb (1.9), Ni (1.9), Cu (1.9) > Fe (1.8), >Zn 
(1.6), and Mn (1.5) [37]. For the same oxidation number, the 
size of cation decreases from left to right and top to bottom 
of a group in the periodic table [38]. In this case, the oxida-
tion number of Fe, 3+ and the coordinate of Pb at the bottom 
of group contributed to their higher adsorption capacities 
(Fig. 4). The affinity of bio-adsorbent is affected by the ionic 
radius and the atomic weight of the metal ion [39].

Based on the various shapes produced from the depos-
ited CH/HAP molecules on RSA surfaces (Fig. 5), it shows 
that the molarity of stabilizing agent solutions also affected 
the surface morphology of the prepared adsorbent.

The CH/HAP molecules were of oval beads shape when 
stabilized with 0.1 (Fig. 5(a)) and 1.0 mol L–1 (Fig. 5(c)) solu-
tion of NaOH. However, when treated with NaOH solu-
tion of molarity 0.5 (Fig. 5(b)) and 2.0 mol L–1(Fig. 5(e)), the 

 (a) (b) 

 
 (c) (d) 

 
 (e) (f) 
 

Fig. 2. Effect of adsorption capacity of various formulation of 
prepared bio-adsorbent for selected heavy metal ions: (a) Iron, 
Fe(III), (b) copper, Cu(II), (c) manganese, Mn(II), (d) lead, Pb(II), 
(e) zinc, Zn(II), and (f) nickel, Ni(II) (adsorbent dose: 0.4 g, multi-
metal solution: 25 mg L–1, 200 mL) (error bar: standard deviation).

 
 (a) (b) 

 
 (c) (d) 

 
 (e) (f) 

Fig. 3. Effect of adsorption capacity of optimum formulation 
(25%-CH/HAP/RSA) of bio-adsorbent treated with various 
morality of sodium hydroxide, NaOH solution for selected 
heavy metal ions: (a) Iron, Fe(III), (b) copper, Cu(II), (c) manga-
nese, Mn(II), (d) lead, Pb(II), (e) zinc, Zn(II), and (f) nickel, Ni(II) 
(adsorbent dose: 0.4 g, multimetal solution: 25 mg L–1, 200 mL) 
(error bar: standard deviation).
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CH/HAP molecules were in the form of bulky beads. This 
can be assumed that the nucleation and growth process of 
self-assembled chitosan with HAP was influenced by the sur-
rounding pH and the matrix solution. Interestingly, the CH/
HAP molecules formed needle-like structures and agglomer-
ates when the bio-adsorbent was stabilized with 1.5 mol L–1 
of NaOH solution (Fig. 5(d)). This needle-like molecule struc-
tures affected the adsorption capacity of heavy metal ions as 
shown in Fig. 3, which is exhibited the highest percentage of 
heavy metal ions removal. The formulation of 25%-CH/HAP 
was selected as optimum bio-adsorbent for subsequent study.

3.2. Characteristics of optimum bio-adsorbent

The FTIR spectrum of bio-adsorbent and its raw mate-
rials is shown in Fig. 6. FTIR spectrum of chitosan showed 
the presence of the adsorption peaks of amine, NH2, and 
hydroxyl groups, OH which represent the polysaccharides 
compound. RSA spectrum showed the presence of the 

Fig. 4. Adsorption capacity of multimetal ion toward 25%-CH/
HAP/RSA1.5M (adsorbent dose: 0.4 g, multimetal solution: 
25 mg L–1, 200 mL) (error bar: standard deviation).

Fig. 5. SEM micrograph at 3,000 magnification of 25-CH/HAP/RSA treated with different molarity of NaOH: (a) 25-CH/HAP/RSA0.1, 
(b) 25-CH/HAP/RSA0.5, (c) 25-CH/HAP/RSA1.0, (d) 25-CH/HAP/RSA1.5, and (e) 25-CH/HAP/RSA2.0.
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phenolic compound and aromatic ring, C=C from the broad 
peak at 3,414 cm–1 and stretching peaks vibration at 1,632 and 
1,400 cm–1. Strong vibration at 1,035, 961, 602, and 564 cm–1 of 
the phosphate, PO4

3– peaks were observed in the HAP spec-
trum. The hydroxyl group, OH was located at 3,430 cm–1 of 
the HAP spectrum. A broad peak of OH indicates that water 
molecules were combined with the bio-adsorbent’s structure. 
These main functional groups found in the HAP of the cur-
rent study were also reported in previous findings of pre-
pared and commercial HAP [40,41]. Some peaks of the main 
characteristics of the origin materials (i.e., chitosan, RSA, 
and SSHAP) were found in the FTIR spectra of the optimum 

bio-adsorbent, 25-CH/HAP/RSA1.5. This indicates that the 
coating process was successful and a new adsorbent was pro-
duced. Stretching vibration (1,162, 1,035, 603, and 563 cm–1) 
in the spectrum of 25-CH/HAP/RSA1.5 showed the overlap-
ping of certain functional groups of chitosan (C–O; 1,153 and 
1,031 cm–1), SSHAP (PO4

3–; 1,035 and 602–564 cm–1), and RSA 
(Si–O; 1,032 and 537–470 cm–1), indicating that new bonds 
were formed. The stretching peaks of C–O (1,163–1,036 cm–1) 
in the spectrum of 25%-CH/HAP-RSA1.5 were due to the 
formation of hydrogen bonds between the functional groups 
of alkyl-substituted ether in the lignin structure of RSA 
and the hydroxyl group of b-1,4-glycosidic linkage in the 

Fig. 6. The FTIR spectra of (a) chitosan (CH), (b) rice straw (RSA), (c) hydroxyapatite (HAP), and (d) 25-CH/HAP/RSA1.5.
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structure of chitosan. This similar situation was also reported 
in the characteristics of chitosan/lignin composite [42]. The 
bio-adsorbent also exhibited a stretching peak at 1,163 and 
1,036 cm–1, proposing that a chemical interaction occurred 
between C–O (1,153 and 1,031 cm–1) of chitosan with the 
PO4

3– (1,035 cm–1) of HAP. The band of silica stretching of 
RSA disappeared as RSA overlapped with the PO4

3– of HAP 
at 604 and 563 cm–1, causing asymmetric stretching vibration. 
Table 2 summarizes the observed FTIR spectra band of origin 
materials of bio-adsorbent.

Effect of various molarities of stabilizing agent on bio- 
adsorbents prepared was evaluated in terms of solid surfaces 
characteristics using BET technique. From the isotherms 
graph of N2 adsorption–desorption depicted in Fig. 7, iso-
therms type IV were observed in all formulations of the 
CH-HAP48 bio-adsorbents, implying the mesoporous struc-
ture and the hysteresis loops of a Type H3 bio-absorbent. 
From Table 3, the pore volumes of prepared bio-adsorbents 
increased as the molarity of NaOH increased. However, 
the NaOH molarity higher than 1.5 M showed decreasing 
trend. The highest value of pore volumes was achieved by 
25%CH-HAP48/RSA1.5M at about 0.0272 cm3 g–1. However, 
at the highest molarity (25%-CH-HAP48/RSA2.0M), the 
nature of the solid surfaces was affected, increased agglom-
eration of CH-HAP48, resulting in a reduced pore volume 
(0.0192 cm3 g–1) and surface area (3.56 m2 g–1) (Table 3).

3.3. Batch kinetic adsorption studies

The adsorption data of single-metal ions were fitted into 
pseudo-first-order and pseudo-second-order kinetics equa-
tion in Fig. 8. From the previous study, the value of R2 close 
to value 1, indicates the suitability of the model with the 
adsorption model [43]. From the value of coefficient of deter-
mination (R2) of both linear graphs, the adsorption data were 
better fitted with pseudo-second-order model. The R2 > 0.99 
for Zn, Pb, Cu, and Mn ions. The R2 > 0.9 value for Fe(III) and 
Ni(II) fitted into pseudo-second-order kinetics was higher 
compared with R2 of pseudo-first-order model. This model 
assumes that the rate of limiting step of adsorption was con-
trolled by chemical adsorption through sharing or exchange 
of electrons between the adsorbate and the functional groups 
on the adsorbent surfaces [44]. The qe theoretical values of the 

pseudo-second-order model by metal ions were similar to the 
qe experimental values (Table 4). This finding is consistent 
with previous works on palm oil shells and carboxymethyl 
chitosan–hemicellulose resin as heavy metal removal from 
wastewater solution [45,46].

3.4. Batch equilibrium adsorption studies

The equilibrium adsorption data were fitted to Langmuir 
isotherm model according to the high values of R2 for all 
metal ions (R2 > 0.9) (Table 5). This model states that all 
interaction sites on the adsorbent are similar and limited 
in number, and each site interacts with one adsorbate only. 
Langmuir isotherm kinetics also suggests a homogenous and 
monolayer adsorption mechanism of the solute [47,48]. The 
equilibrium isotherm parameters obtained for the metal ions 
adsorption onto bio-adsorbent is presented in Table 5. The 
maximum adsorption capacity, qmax (mg g–1) of heavy metal 
ions by bio-adsorbent was highest in Pb(II) (75.19), followed 
by Zn(II) (48.08), Mn(II) (22.73), Fe(III) (14.56), Ni(II) (12.77), 
and Cu(II) (10.72). The single-metal ions system was found 
to be more effective (more adsorption) compared with multi-
metal (Fig. 4) due to lesser competitive effects. The bio-adsor-
bent used in this study managed to recover heavy metal ions 
of higher adsorption capacity compared with previous heavy 
metal removal studies using modified RS [49,50].

The plotting of adsorption isotherm system can be 
classified according to the initial slope of the curves. From 
Fig. 9, the initial curves show the adsorption isotherms of 
all heavy metal ions were classified as L-curve shape which 
postulates to Langmuir isotherms. The system defines the 
flatwise solute orientation and the intermolecular interac-
tion of monofunctional ionic substances such as ion–ion 
interaction [51].

Pb(II), Mn(II), and Zn(II) were classified as L2 sub-
group of L-curve which is explained as the rate adsorption 
of solute on surface directly proportional to the concentra-
tion of a solution. While for Fe(III), Ni(II), and Cu(II) was 
classified as L5 subgroup of L-curve which is exhibited the 
second plateau which postulates to complete saturation of 
the surface. It also represents an amount of surface may 
be uncovered by re-orientation of the already adsorbed 
solute [52].

Table 2
The description of FTIR spectra band observed in materials of bio-adsorbent

Description
Wavenumber of sample (cm–1) 

Rice straw Chitosan Hydroxyapatite (HAP) 25%CH-HAP48/RSA1.5M

Phenolic compound, hydroxyl, –OH 3,414 3,409 3,430 3,413
–CH stretching 2,919 2,924 2,918
Amine, –NH2 1,651, 1,437 1,651
–NO3 1,383–1,323 1,380–1,320
Aromatic ring, C=C 1,632, 1,400 1,425
Phosphate, –PO4

3– 1,035, 961, 602, 564 1,036, 604
C–O stretching 1,032 1,153, 1,031 1,163
Silica stretching 537, 470 563
Carbonate, –CO3

2– 1,456–1,420



225N. I. Yatim et al. / Desalination and Water Treatment 118 (2018) 216–229

Fig. 7. The adsorption and desorption of isotherm linear plot of BET analysis of 25%-CH-HAP48/RSA adsorbent stabilized with 
different molarity of NaOH: (a) 0.1 M, (b) 0.5 M, (c) 1.0 M, (d) 1.5 M, and (e) 2.0 M (quantity adsorbed versus relative pressure).

Table 3
BET analysis data for 25%CH-HAP48/RSA adsorbent stabilized using various molarity of NaOH

Adsorbent Surface areaa (m2 g–1) Pore volumeb (cm3 g–1) Pore widthc (nm)
25%-CH-HAP48/RSA0.1M 3.50 0.0129 22.36
25%-CH-HAP48/RSA0.5M 3.72 0.0174 17.14
25%-CH-HAP48/RSA1.0M 4.22 0.0212 16.77
25%-CH-HAP48/RSA1.5M 4.05 0.0271 19.71
25%-CH-HAP48/RSA2.0M 3.56 0.0192 19.19

aBET surface area, bBJH desorption, cBJH desorption average pore width (4V/A).
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The binding strength of adsorbate and adsorbent was 
demonstrated by the kL values, which was positively cor-
related with the maximum adsorption capacity of the heavy 
metals. Based on the RL values, the isotherm can be either 

unfavorable (RL > 1), linear (RL = 1), or favorable (0 < RL) [53]. 
The values of RL were found in range 0.12–0.37 for Pb(II), 
Zn(II), and Mn(II) indicate it is favorable adsorption process. 
The negative values of Langmuir constant and RL values for 
cation Fe(III), Cu(II), and Ni(II) indicate that the adsorption 
of these cations was difficult and unfavorable. It also high-
lights the inadequacy of this model to describe the adsorp-
tion process. Higher initial concentration can also decrease 
the adsorption capacity [54,55]. This situation was due to the 
reduced availability of binding sites and the external sites 
were occupied [56].

The heavy metal adsorption capacities for these modified 
RS were found to be significant with high uptake levels, thus 

 

(a) 

 
(b)

 
Fig. 8. Kinetic adsorption model of heavy metal ions on 25-CH/
HAP/RSA1.5: (a) pseudo-first-order, and (b) pseudo-second-order.

Table 4
Kinetic parameters for Fe(III), Pb(II), Cu(II), Mn(II), Zn(II), and 
Ni(II) ion adsorption

Metal 
ion

qe·exp Pseudo-first-order Pseudo-second-order

R² K1 qe R² K2 qe

Fe(III) 16.85 0.892 0.0127 11.61 0.946 0.0009 22.99
Pb(II) 86.03 0.3232 0.0152 11.11 0.9952 0.0013 91.74
Cu(II) 21.44 0.2973 0.0101 4.16 0.9985 0.0079 22.08
Mn(II) 21.25 0.8033 0.0159 13.59 0.9943 0.0032 22.08
Zn(II) 54.41 0.5659 0.0177 20.14 0.9938 0.0011 61.35
Ni(II) 29.15 0.9543 0.0150 25.13 0.9827 0.0012 31.45

Table 5
Freundlich and Langmuir isotherms constants of selected heavy 
metal ions onto 25-CH/HAP/RSA1.5

Metal 
ion

Freundlich constants Langmuir constants

R² kF n R² qmax kL RL

Fe(III) 0.946 31.64 −6.64 0.9998 14.56 −1.07 −0.02
Pb(II) 0.8247 17.87 3.12 0.9988 75.19 0.17 0.12
Cu(II) 0.5923 24.22 −9.37 0.9433 10.72 −0.05 −0.75
Mn(II) 0.807 3.78 3.14 0.9877 22.73 0.04 0.37
Zn(II) 0.6019 7.14 2.63 0.9559 48.08 0.09 0.16
Ni(II) 0.0061 23.80 −22.12 0.9547 12.77 −0.04 −0.73

  

(a)                                                          (b) 

 

 (c) (d) 

 

   

 (e) (f) 

Fig. 9. Fitting of Langmuir isotherm into experimental data for 
heavy metal ion on 25-CH/HAP/RSA1.5: (a) Zn(II), (b) Pb(II), 
(c) Fe(III), (d) Cu(II), (e) Mn(II), and (f) Ni(II).
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highlighting their potential to be used as heavy metal adsor-
bents made from eco-friendly waste materials.

3.5. Application in real sample analysis

From the result obtained in Table 6, the pH changed from 
acidic to alkaline after treated with 25%CH-HAP48/RSA1.5M, 
indicating that interaction of metal ions with adsorbents had 
occurred. Samples with pH lower than 7 (samples of WW-1, 
WW-2, and WW-5) demonstrated high adsorption capacity 
due to the reduced concentration of heavy metal ions after 
the treatment.

The acidic pH in samples triggered the dissolution of 
HAP and created the partial negative charges on adsorbent 
surfaces, leading to heavy metal adsorption. Alkaline metal, 
Ca2+ was replaced via ionic exchange mechanism by divalent 
ions due to its labile characteristic [57]. In this study, the diva-
lent ions were the heavy metal ions of Pb2+, Cu2+, Mn2+, Zn2+, 
and Ni2+. Removal percentage of these cations tabulated dis-
plays the descending trend of removal by 25%CH-HAP48/
RSA1.5M dominated by Pb2+ > Cu2+ > Zn2+ > Ni2+ > Mn2+.

Sample WW-5 was a control sample with no interfer-
ence ions. It shows high removal of Fe3+, Pb2+, and Cu2+. Less 
removal of Mn2+, Zn2+, and Ni2+ can be explained through 
the Pearson’s theory. For hard acceptors group, the adsorp-
tion was dominated by Fe3+ which produced Fe(OH)3 
yellow/brown precipitate and inhibited the interaction of 
Mn2+. However, the intermediate group was dominated by 
Pb2+ > Cu2+ > Ni2+ > Zn2+ ions based on their electronegativ-
ity gradient. Self-dissociation reaction of metal in water also 
could increase the pH of sample solution [58].

Sample pH solution close to neutral (WW-3) revealed 
the condition of heavy metal ion removal for cations Mn2+, 
Zn2+, Al3+, and Ni2+. This finding conforms with the findings 
of previous study, suggesting that the maximum adsorp-
tion of Zn2+, Ni2+, and Mn2+ were about pH 7.5, while for Fe3+, 
Cu2+, and Pb2+ occurred at pH 6.5 [59]. Different pH binding 
profiles for different metal ions are also postulated based on 
the physicochemistry interaction between the bio-adsorbent 
surfaces.

At pH 10, active sites from electron-pairs of biomass such 
as –NO2+, –P–OH, and –Ca–OH are likely increased and thus 
increasing the metal ion interaction by complexation or che-
lating mechanism [60]. Previous study proposed that the 
mechanism of interchange ion was occurred between the Ni2+ 

ion and bio-adsorbent surface [61]. Therefore, the pH of the 

solution (WW-4) decreased after the uptake of Ni2+ onto the 
adsorbent due to the ionic exchange mechanism occurred 
between Ni2+ and H+ in the solution. However, the slight 
difference in pH values was due to the low concentration of 
Ni2+ in the sample WW-4.

The result was comparable with that of previous study, 
suggesting that the characteristic of heavy metal ions, the pH, 
and the dosage of heavy metal ions influenced the adsorp-
tion capacity. However, the combination of CH, HAP, and 
RS strengthened each other and enhanced the performance 
of adsorbent in wide ranges of heavy metal ions species. In 
addition, the heavy metal wastewater treatment (pH near 
to neutral and alkaline) shows that the treated water can 
be returned to the environment without any additional pH 
adjustment. Therefore, this bio-adsorbent is made of natural 
sources which is environment-friendly and can be applied as 
pollutant adsorbents.

4. Conclusion

This study demonstrated the effectiveness of 25%-CH/
HAP/RSA1.5M as the heavy metal removal adsorbent from 
synthetic wastewater. The adsorption capacity of modified 
adsorbent was higher compared with raw adsorbent. Thus, 
this work shows that RS and SSs are suitable to be used as 
bio-adsorbent and have the potential to be recommended 
as alternatives to the conventional method available for 
heavy metal removal. Consequently, it can generate profit, 
reduce disposing wastes, and tackle heavy metal pollution 
concurrently.
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