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Abstract Lead (II)-laden wastewater from lead acid

battery and printed wire board industries are hazardous to

human health and environment due to their toxicity and

persistent characteristics. This study focuses on eco-

friendly industrial Lutjanus erythropterus fish bone meal

waste as biosorbent for Lead (II) removal. In this study, the

effects of optimization of biosorption, isotherm, kinetic,

thermodynamic, characterization of biosorbent were

investigated, and the characteristics of biosorbent were

compared with those of commercial resins. The half satu-

ration removal of biosorbent amount was determined at

0.09 g in order to represent the excessive metal in real

industrial wastewater condition compared to biosorbent

and to minimize the consumption of chemicals and

biosorption operation time. Such approach is supported by

optimization results and Langmuir isotherm. Results

obtained were better with Freundlich than with Langmuir

isotherm, confirming the presence of heterogeneous

monolayer with reversible binding sites. The biosorption

mean energy inferred that chemisorption occurred in Lead

(II) biosorption, and pseudo-second-order kinetics implied

that chemisorption mechanism is the rate-limiting factor.

Thermodynamic described an endothermic non-sponta-

neous reaction with reversible bonding between Lead (II)

ions and binding sites. Characterization analysis further

confirmed a macroporous surface morphology with multi-

binding sites of hydroxyl, carboxyl, and amide groups

which contributed to reversible bonding in chemisorption

mechanism. The 85 % of recovery supported reversible

binding in chemisorption. The biosorbent is at least 70

times cheaper than resins. Hence, this developed biosor-

bent is a potential candidate to replace resins and can be

used in the pretreatment of industrial wastewater applica-

tion due to cost effectiveness and low environmental

impacts. This study successfully gains an insight into green

technology by converting waste to a useable product and

zero waste concept by minimizing environmental solid

management and pollution control.

Keywords Biosorption � Chemisorption � Fish bone meal

waste � Half saturation � Lead (II) � Mechanism

Introduction

Environmental impact of inorganic heavy metal from rapid

industrialization is gaining global attention. Lead (II) is one

of the three most toxic heavy metals that causes acute

human health effect although in low concentration. Its

persistent toxicity and non-biodegradable characteristics

lead to acute and chronic diseases. Lead (II) from lead acid

battery and printed wire board industries which mainly

contributes to wastewater containing Lead (II) even though

in low concentration 1–25 mg/L is becoming a great con-

cern. Consequently, wastewater heavy metal has a stringent

permissible limit in regulations in order to safeguard the

human health and environment. Nowadays, the most wide
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applied technology for Lead (II) removal is ion exchange

process using petrochemical-based resins (Ozacar et al.

2008) and adsorption using coal-based activated carbon

(Agwaramgbo et al. 2013) or mineral-based zeolite (Re-

menarova et al. 2014; Wang and Peng 2010). These

materials have certain drawbacks of being ineffective in

removing heavy metals when present in low concentra-

tions, less cost effective, and not eco-friendly (Mahdavi

et al. 2015). In addition, a lot of researches focus on the

modification of these materials to improve their effective-

ness by means of a chemical approach, but an eco-friendly

perspective is not taken into consideration (Ucar et al.

2015; Zafar et al. 2015). Therefore, a search of alternative

materials from waste and eco-friendly perspective of

biosorbent for heavy metal treatment through biosorption

technology is emphasized.

Biosorption is a passive process using metabolically

inactive non-living biological-based materials to bind with

contaminants of heavy metal. Generally, high amount of

biosorbent and long operation time have been considered

for optimization study in order to understand the perfor-

mance and mechanism of biosorption (Abbas et al. 2014;

Tay et al. 2011). Furthermore, no attempt has been made

on integration of results to explain biosorption mechanism.

To overcome this issue, the half saturation removal of Lead

(II) from aqueous solution has been investigated and

evaluated in this study. This study also relates the experi-

mental and evaluated results with characterization results

in order to elucidate the mechanism involved in Lead (II)

biosorption.

Generally, waste materials locally available from agri-

culture and industries are selected as biosorbent materials

for biosorption technology (Choudhary et al. 2015;

Venkatesan et al. 2014). Industrial Lutjanus erythropterus

fish bone meal waste is chosen as a biosorbent in this study

as it is easily and abundantly available from local fish-

based product industries and is of low cost, but it has

limited applications as a low-value supplementary feed-

stock in aquaculture industries. The industrial fish bone

meal waste is a promising potential biosorbent as it con-

tains high chitosan. As known, chitosan has high capability

of heavy metal biosorption through amino and hydroxyl

groups (Goto and Sasaki 2014; Won et al. 2014; Yong et al.

2015). According to Kizilkaya and Tekinay (2014), fish

bone biosorbent was reported to effectively remove Lead

(II) from aqueous solution. To the authors’ knowledge,

there is a lack of study on industrial L. erythropterus fish

bone meal waste biosorbent in Lead (II) removal. Hence, it

can be hypothesized that the industrial L. erythropterus fish

bone meal waste is a potential biosorbent for Lead (II)

removal which is in line with sustainable concept. It not

only converts waste to a product in solid-waste manage-

ment but also contributes a role in wastewater treatment.

In the present study, biosorption optimization batch

experiment as well as evaluation of isotherm, kinetic, and

thermodynamic equations were investigated through the

half saturation removal of Lead (II) in order to minimize

the consumption of chemicals and operation time. To gain

an insight into mechanism, a characterization analysis was

conducted and integrated with experimental and evaluated

data. The characteristics of the developed biosorbent and

resins were also compared.

Methodology

Biosorbent and Lead (II) solution preparation

Industrial L. erythropterus fish bone meal waste biomass

was collected from food industrial area around Pulau

Pinang, Malaysia. First, the biomass was washed in hot

water (100 ± 3 �C) and followed by pretreatment by

0.1 M sodium hydroxide at 60 �C for 2 h and stirred at

intervals. The pretreatment procedure was carried out at a

solid-to-liquid ratio of 1:10. The sample was washed

thoroughly with ultrapure water till the color of the

washing water was clear with pH 7 and then dried in an

oven at 60 �C to a constant weight. Next, it was milled into

powder and passed through a sieve of size 710 lm. The

prepared sample was kept in the desiccator as biosorbent.

A stock solution of 1000 mg/L was prepared using

0.7994 g of metal salt Lead (II) nitrate, Pb(NO3)2 (Merck,

Germany), in a 500-mL volumetric flask. The stock solution

was diluted to the desired concentration using ultrapurewater.

Biosorption optimization batch experiment

A solution of 50 mL 50 mg/L Lead (II) was added into

250-mL Erlenmeyer flask containing biosorbent at a range

of 0.005–0.600 g. The flasks were placed on incubator

shaker which was agitated at 125 rpm for 60 min at a

temperature of 25 �C. The samples were then separated by

filtration using filter paper. The final filtrates were analyzed

using ICP-OES (Perkin Elmer, Optima 7300DV). The

initial pH of 5.00 ± 0.03 was measured using pH meter.

The percentage of Lead (II) removal and their uptake were

calculated using Eqs. 1 and 2. The biosorbent amount at

the half saturation removal of Lead (II) removal was cho-

sen for further studies.

The percentage of Lead(II) removal, % ¼ Cinitial � Cfinal

Cinitial

ð1Þ

The uptake of Lead(II) removal, % ¼ ðCinitial � CfinalÞV
W

;

ð2Þ
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where Cinitial is the initial concentration of Lead (II) solu-

tion, mg/L; Cfinal the final concentration of lead (II) solu-

tion, mg/L; V the volume of solution, L; and W is

the weight of biosorbent, g.

Experiment was repeated with parameters of pH of 1–6,

contact time of 1–75 min, Lead (II) concentration of

10–60 mg/L, and temperature of 4–45 �C. The optimum

parameters were selected for subsequent experiment. All

samples were prepared in duplicates and the standard

deviation was less than 3.

Isotherm, kinetic, and thermodynamic equations’

evaluation

The results from Lead (II) concentration optimization

biosorption batch experiment were fitted to linearized

Langmuir and Freundlich equations as shown in Eqs. 3 and

4, and the mean energy of biosorption through the Dubi-

nin–Radushkevich constant was calculated using Eq. 5.

Ce

qe
¼ Ce

qmax

þ 1

b qmax

ð3Þ

ln qe ¼ lnKF þ
1

n
ln qe ð4Þ

E ¼ 1
ffiffiffiffiffiffiffiffiffiffi

�2K
p ; ð5Þ

where qe is the equilibrium Lead (II) biosorption uptake

(mg/g), qmax the maximum Lead (II) biosorption uptake

(mg/g), Ce the Lead (II) concentration at equilibrium (mg/

L), b the Langmuir constant, KF and n the Freundlich

constant, E the mean free energy (kJ/mol), and K is

the constant related to the mean free energy of biosorption

per mol of biosorbent (mol2/sJ2).

The contact time was used to fit the pseudo-first-order

kinetic and pseudo-second-order kinetic equations (Eqs. 6

and 7):

log qe � qtð Þ ¼ log qe �
k1 t

2:303
ð6Þ

t

qt
¼ 1

2k2q2e
þ t

qe
; ð7Þ

where qe and qt are, respectively, the Lead (II) biosorption

uptake at equilibrium and at time (mg/g), t the time (min),

and k1 and k2 are, respectively, the constant of pseudo-

first-order and pseudo-second-order kinetics.

The obtained results from temperature optimization

were evaluated by thermodynamic equations using Eqs. 8

and 9. Thermodynamic parameters of Gibbs free energy

(DG), enthalpy (DH), and entropy (DS) were calculated.

logKc ¼ � DH
2:303RT

þ DS
2:303R

ð8Þ

DG ¼ DH � TDS; ð9Þ

where Kc (L/g) is the distribution coefficient; qe (mg/g) and

Ce (mg/L) the biosorption capacity and Lead (II) concen-

tration at equilibrium, respectively; T the temperature in

Kelvin, and R is the gas constant. DG is free energy

(kJ/mol). DH and DS were obtained from the slope and

intercept of the plots of log Kc versus 1/T.

Biosorbent characterization

Characterization study of industrial fish bone meal waste

biosorbent was analyzed using BET surface area (BEL-

SORP-MINI-II), SEM/EDX (Quanta FEG 650), zero point

charge (pHpzc), and Fourier Transform Infrared Spec-

troscopy (FTIR) (Thermo Electron Corporation Nicolet

380) in order to understand the surface characteristic and

functional groups of industrial fish bone meal waste

biosorbent.

Biosorbent comparison experiment

Commercial resin products of Amberlite IRC-86 and

Dowex 50 W X8 were used in this biosorbent comparison

experiment. Similar amounts of biosorbent and resins were

applied under similar selected optimal parameters of

biosorption batch study. The obtained results were evalu-

ated and compared. Cost estimation of biosorbent prepa-

ration per kg was estimated and desorption of loaded Lead

(II) on the biosorbent was conducted using 0.1 M nitric

acid.

Results and discussion

Biosorption optimization batch experiment

Figure 1a–e shows effects of investigated parameters on

biosorption batch experiment, such as biosorbent amount,

pH, contact time, Lead (II) concentration, and temperature.

The half saturation removal was found to be at 0.09 g of

biosorbent amount from experimental result as shown in

Fig. 1a. The half saturation removal was selected over

100 % removal because excessive Lead (II), compared to

biosorbent amount, minimizes consumption of chemicals

and materials, experimental time, as well as human power

requirements. In addition, this selected parameter also

serves as a reference point in subsequent optimization

experiments. Such half saturation removal is also supported

by the Sigmoidal curve with r2 of 0.9973 (Eq. 10).

y ¼ 93:8112

1þ e
xþ0:0833
0:0508

: ð10Þ
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The optimum pH was observed at unadjusted pH of 5

since it corresponds to the maximum removal condition

and reduces chemicals consumption as well as labor

requirements (Fig. 1b). As illustrated in Fig. 1c, the satu-

ration condition was achieved at 60 min of contact time

which supported the experimental design of the half satu-

ration removal approach which minimized the chemicals,

materials, and time for further evaluation (Tay et al. 2012).

The inverse relationship between percentage of Lead (II)

removal and Lead (II) concentration was attributed to the

increase ratio of Lead (II) ions to biosorbent (Fig. 1d). The

removal of Lead (II) increased with the increasing tem-

perature as shown in Fig. 1e. This suggested that Lead (II)

biosorption using industrial fish bone meal waste is an

endothermic reaction and needs to be confirmed through

thermodynamic evaluation.

The average Lead (II) removal and uptake for selected

biosorbent amount of 0.09 g at unadjusted pH of 5 for

50 mL and 50 mg/L Lead (II) solution, operation condi-

tions of 60 min, 125 rpm agitation, and temperature 25 �C
were 50 ± 0.43 % and 14.49 ± 0.34 mg/g, respectively.

This also indicated that the developed half saturation

removal approach is reliable and consistent as standard

deviation is low. The uptake Lead (II) showed an

increasing trend with the increasing Lead (II) concentra-

tion. The comparison of uptake capacity with other studies
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concentration, (e) temperature
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should be referred to Langmuir maximum uptake in the

following section (Table 2).

Isotherm, kinetic, and thermodynamic equations’

evaluation

Table 1 shows the comparison between the Langmuir and

Freundlich isotherm using industrial fish bone waste

biosorbent. The obtained data were better interpreted with

Freundlich with R2 of 0.9853 compared to Langmuir with

R2 of 0.9776. The results of the present study are consistent

with those of Wang et al. (2015), where Freundlich iso-

therm better fitted than Langmuir isotherm. Based on cal-

culation, the maximum uptake value as determined

experimentally (16.44 mg/g) corresponded excellently

with the maximum uptake value as calculated using

Langmuir equation (16.72 mg/g). These fittings deduced

that biosorption is governed by a complete monolayer

heterogeneous surface at multiple binding sites. The high

value of b inferred that the industrial fish bone meal waste

biosorbent has a high selectivity towards Pb(II) and

therefore can be used as an effective treatment in industrial

wastewater application. Meanwhile, the high n value

revealed that a weak bond is formed between the Pb(II)

ions and binding sites, suggesting the possibility of

chemisorption mechanism. In addition, the calculated mean

biosorption energy was found to be 40.82 kJ/mol, implying

chemisorption mechanism (Crini and Badot 2008).

Table 2 compares the uptake of Lead (II) by Industrial

fish bone meal waste with that by other biosorbents. In

view of abundantly local available and cheapness, this

industrial waste is a good candidate for biosorption.

Table 2 also shows the time taken for biosorption process

is comparable with other Lead (II) biosorption studies with

advantages of using less biosorbent amount. Hence, this

supported that the credibility of half saturation removal

approach is highly reliable and contributes towards

sustainability.

Regression analysis of linearized pseudo-second-order

kinetic (R2 = 0.9833) has a higher fit than pseudo-first-

order kinetic (R2 = 0.9676), as shown in Fig. 2a, b. The

value of maximum uptake of Lead (II) as determined

experimentally (14.93 mg/g) well fitted to that calculated

using pseudo-second-order kinetic (15.46 mg/g) than that

using pseudo-first-order kinetic (7.84 mg/g). Hence, Lead

(II) biosorption of industrial fish bone meal waste biosor-

bent was better fitted by pseudo-second-order kinetic than

pseudo-first-order kinetic, describing that chemisorption

mechanism is the rate-limiting factor in biosorption pro-

cess. It signified and confirmed that chemisorption is a

major mechanism in biosorption process. Kizilkaya and

Tekinay (2014) also concurred that pseudo-second-order

kinetic has a higher coefficient and reliable maximum Lead

(II) uptake value by fish bone-based biosorbent.

The calculated values of the thermodynamic parameters

of DG, DH, DS, and R2 are summarized in Table 3. The

negative DG indicated non-spontaneous reaction and an

increase of spontaneous biosorption process as environ-

mental temperature increased. The positive DH exhibited

endothermic reaction and supported the result of Fig. 1e.

The negative DS inferred weak and reversible bonds were

formed, and supported by Freundlich high n value in

Table 1. This implied chemisorptions through valence

force due to sharing of electrons. This also specified that

chemisorption meddles in Lead (II) biosorption mecha-

nism, and such biosorbent is a potential candidate for

regeneration and reuse after metal recovery. Coelho et al.

(2014) and Yuvaraja et al. (2014) also reported endother-

mic reaction for Lead (II) removal using Solanum melon-

gena leaf powder and cashew nut shell Anacardium

occidentale L. as biosorbent, respectively.

Biosorbent characterization

BET surface area analysis

The surface area and BET surface area were 1.4292 and

1.5504 m2/g, respectively. Meanwhile, the pore volume

was 0.0027 cm3/g and pore size was 70.4113 Å. Table 4

compares BET surface area and particle size of industrial

fish bone meal waste biosorbent with those used in other

studies. This indicated that industrial fish bone meal waste

biosorbent is a macroporous biomaterial and has a high

surface area. High surface area and pore volume con-

tributed to biosorption process and implied that this

industrial fish bone meal waste is a potential biosorbent

(Subbaiah et al. 2011). However, this result needs to be

investigated and supported by SEM/EDX analysis.

SEM/EDX analysis

Figure 3a, b shows the SEM micrographs of the industrial

fish bone meal waste biosorbent before and after biosorp-

tion. Before biosorption, the biosorbent surface was clear

with macroporous structures. After biosorption, changes in

the morphology of the biosorbent surface were observed:

Table 1 Comparison of Lead (II) Langmuir and Freundlich iso-

therms using industrial fish bone meal waste biosorbent

Langmuir Freundlich

qexp (mg/g) 16.44 KF 0.15

qmax (mg/g) 16.72 n 4.18

b (L/mg) 0.33 R2 0.9853

R2 0.9776
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the surface became rough due to the deposition of Lead (II)

ions. This may be due to clear opening pores which pro-

vided easy accessibility of Lead (II) ions into the internal

part of the biosorbent and enhanced chemisorption process

that changed in eternal bulk fluid thus creating an impact

on surface morphology. Figure 4a, b depicts the EDX

spectrum of industrial fish bone meal waste biosorbent

before and after biosorption. The presence of calcium,

carbon, magnesium, oxygen, phosphorus, and sodium was

observed in industrial fish bone meal waste biosorbent

before biosorption (Kizilkaya and Tekinay 2014). The

additional peaks of Lead (II) that emerged after biosorption

indicated that Lead (II) has been attached on the surface of

industrial fish bone meal waste biosorbent. This observa-

tion supported the macroporous surface of industrial fish

bone meal waste biosorbent as reported in BET analysis.

This result was consistent with the previous studies con-

ducted by Wen et al. (2011) and Lim et al. (2012).

Zero point charge (pHpzc) analysis

Figure 5 illustrates an inverse relationship between pH

difference (DpH) and initial pH (pHi). The pHpzc was

determined at pH 7.5 which implied the maximum Lead

(II) removal. When the pH of solution was lower than the

pHpzc value, the acidic solution donated more protons

causing the biosorbent surface to become positively

charged. The result demonstrated that the increase of pH

(Fig. 1b) increased the biosorbent affinity towards cations

and hence increased the efficiency of Lead (II) removal.

Based on the biosorption study, Lead (II) removal

Table 2 Comparison of the amount of Lead (II) uptake by biosorbents in recent studies

Biosorbent qmax

(mg/g)

Contact time

(min)

Biosorbent amount per

50 mL (g)

Operation pH and Pb(II)

concentration (mg/L)

References

Sugarcane bagasse 7.297 120 0.5 pH 5, 1–220 mg/L Martin-Lara et al.

(2010)

Adononsia digitata fruit

shells

7.65 120 0.45 pH 6, 10–100 mg/L Chigondo et al.

(2013)

Plant Acacia nilotica

leaves

2.51 50 2.0 pH 5, NA Waseem et al.

(2014)

Nanocellulose fibers 9.42 40 0.125 pH 6, 1–50 mg/L Kardam et al.

(2014)

Maize stover 19.65 60 0.5 pH 5, 10–50 mg/L Guyo et al. (2015)

Industrial fish bone meal

waste

16.72 60 0.09 pH 5, 10–60 mg/L This study

NA not available

(a)

(b)

y = -0.0133x + 0.8945
R² = 0.9679

lo
g 

(q
e -

qt
)

t, min

y = 0.0647x + 0.392
R² = 0.9833

t/q
t

t, min

Fig. 2 Lead (II) kinetic for industrial fish bone meal waste biosor-

bent: (a) pseudo-first-order kinetic, (b) pseudo-second-order kinetic

Table 3 Calculated

thermodynamic parameters of

Lead (II) biosorption using

industrial fish bone meal waste

biosorbent

Temperature (K) DG (kJ/mol) DH (kJ/mol) DS (kJ/mol/K) R2

278 ?3.426 ?36.848 -0.1190 0.9539

288 ?2.870

298 ?1.503

308 ?0.711

318 ?1.535
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Table 4 Comparison properties of industrial fish bone meal waste biosorbents with those used in other studies

Biosorbent BET surface area (m2/g) Particle size (lm) References

Fungus Trametes versicolor 3.103 200–300 Subbaiah et al. (2011)

Wheat straw Triticum aestivum 8.17 \100 Farooq et al. (2011)

Sisal fiber Agave sisalana 0.0233 152 dos-Santos et al. (2011)

Iodine (20 %)-pretreated chitosan 0.29 \150 Dongre (2014)

Industrial fish bone meal waste 1.5504 B710 This study

Fig. 3 SEM of industrial fish

bone meal waste biosorbent

(a) before and (b) after Lead (II)
biosorption
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decreased after pH 5, not as predicted by pHpzc due to the

precipitation of the metal. A similar pHpzc was reported by

Trakal et al. (2014). In addition, this observation also

deduced that the weak acidic functional groups such as

carboxyl, hydroxyl, and amide interact with Lead (II) ions

during biosorption process. However, this needs to be

further investigated through FTIR analysis.

FTIR analysis

Table 5 and Fig. 6 illustrate the shifted peaks and assig-

nation of biosorbent before and after biosorption. The

changes of wavelength signified the functional groups

involved in biosorption. The spectrum of biosorbent shifted

from 3281.77–3282.77 cm-1, assigning to –NH and –OH

stretching. The C=O and C–O–C stretchings appeared at

1643.66 and 1018.23 cm-1with the increased intensity in

biosorbent, respectively. The -NH band intensity at

1537.67 cm-1 reduced to 1537.48 cm-1 when lead (II)

chelated on the biosorbent surface. In conclusion, the

functional groups involved in Lead (II) biosorption were –

NH, –OH, C=O, and C–O–C which are consistent with the

study conducted by Wen et al. (2011) and Lim et al.

(2012). This result also confirmed the heterogeneous weak

acidic binding sites of industrial fish bone meal waste

biosorbent as suggested by Freundlich isotherm and pHpzc

analysis.

Fig. 4 EDX of industrial fish

bone meal waste biosorbent

(a) before and (b) after Lead (II)
biosorption

y = -0.9624x + 7.1191
R² = 0.9971

pH
 d

iff
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Fig. 5 The pHpzc of industrial fish bone meal waste biosorbent
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Biosorbent comparison experiment

The performance of Lead (II) biosorption between

biosorbent and commercial resins is summarized in

Table 6. The percentage removal and uptake by industrial

fish bone meal waste biosorbent was 40 % lower than that

by Resin Amberlite IRC-86 and Dowex 50 W X8. In terms

of cost estimation, this developed biosorbent is 70 and 240

times more cost effective than Resin Amberlite IRC-86 and

Resin Dowex 50 W X8, respectively. Details of calculation

for cost estimation of industrial fish bone meal waste are

shown in Table 7. Therefore, the biosorbent is a potential

competitive material to commercial resins. Furthermore,

this biosorbent can be used to desorb Lead (II) using 0.1 M

nitric acid with Lead (II) recovery of 85 %, due to rever-

sible binding sites in chemisorption mechanism as sug-

gested in the previous sections. These situations shed light

for replacement of resin or pretreatment application in

industrial wastewater which reduce the consumption of

chemicals and disposal problem of toxic sludge or resin

materials. In short, this developed biosorbent is a cost-

effective eco-friendly product which contributes to zero

waste concept by recovery the metal from biosorbent and

final discarded material could be used for composite filler

or organic compost material in downstream industries.

Conclusion

Industrial fish bone meal waste, which is a cost-effective

and eco-friendly biosorbent, was evaluated as a potential

biosorbent for Lead (II) removal. An amount of 0.096 g

biosorbent was found at the half saturation removal of Lead

(II) in order to reduce operation time and the consumption

of chemicals. This approach is supported by optimization

results and Langmuir equation. The chemisorption mech-

anism is supported by the mean energy value of

40.82 kJ/mol and SEM analysis of surface morphology

changes. Pseudo-second-order kinetic aptly described that

chemisorption is the rate-limiting factor in biosorption

process. The pHpzc and FTIR analysis revealed heteroge-

neous surface functional groups as suggested by Freundlich

isotherm. Functional groups of Hydroxyl, carboxyl, and

amides serve as multi-binding sites of Lead (II) ions which

contributed to reversible bonding of chemisorption

Table 5 The shifted peaks and assignation of biosorbent before and after biosorption

Wavenumber before biosorption (cm-1) Wavenumber after biosorption (cm-1) Assignations References

3281.77 3282.77 –NH/–OH Lim et al. (2012)

1643.66 1644.00 C=O Khan et al. (2011)

1537.67 1537.48 –NH Wang and Chen (2014);

Wen et al. (2011)

1018.23 1018.98 C–O stretching of –OH and

COOH

Yipmantin et al. (2011)

Fig. 6 FTIR spectrum of industrial fish bone meal waste biosorbent

(a) before and (b) after Lead (II) biosorption

Table 6 Comparison performance of industrial fishbone meal waste biosorbent with other commercial resins

Characteristics Industrial fish bone meal waste biosorbent Resin amberlite IRC-86 Resin dowex 50 W X8

Percentage removal (%) 50 77 79

Uptake (mg/g) 14.65 23.78 24.39

Estimated cost (RM/kg) 10.00 [2.50 USD] 700.00* [175 USD] (709) 2400.00* [600 USD] (2409)

Desorption Yes (85 %) Yes Yes

* Estimated price obtained from suppliers and industries operators
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mechanism. In addition, thermodynamic revealed that Lead

(II) biosorption is endothermic and non-spontaneous in

nature with reversible weak bonding formed during the

biosorption process due to sharing of electrons in

chemisorption mechanism. The developed biosorbent is

cheap, with an estimated cost of RM10.00/2.50 USD per kg

that is at least 70 times cheaper than commercial resins.

Furthermore, Lead (II) could be recovered from biosorbent

for downstream applications with the efficiency of 85 %

and this supported reversible bonding in chemisorption

mechanism. In application, this biosorbent could be con-

sidered to replace resin or used in pretreatment process in

industrial wastewater application as it is cost effective and

eco-friendly. Therefore, this study sheds light on waste-to-

wealth green technology and zero waste eco-friendly

concept.

Acknowledgments This research was funded by grants from Min-

istry of Higher Education Malaysia under the project number

203/PKT/6720004 (LRGS) and RAGS/2013/UiTM/SG01/4 (RAGS).

The authors would like to acknowledge Universiti Teknologi MARA

for facility support.

References

Abbas SH, Ismail IM, Mostafa TM, Sulaymon AH (2014) Biosorption

of heavy metals: a review. J Chem Sci Technol 3:74–102

Agwaramgbo L, Lathan N, Edwards S, Nunez S (2013) Assessing

lead removal from contaminated water using solid biomaterials:

charcoal, coffee, tea, fishbone and caffeine. J Environ Prot

4:741–745

Chigondo F, Nyamunda BC, Sithole SC, Gwatidzo L (2013) Removal

of lead (II) and copper (II) ions from aqueous solution by baobab

(Adononsia digitata) fruit shells biomass. IOSR-JAC 5:43–50

Choudhary S, Goyal V, Singh S (2015) Removal of copper(II) and

chromium(VI) from aqueous solution using sorghum roots (S.

bicolor): a kinetic and thermodynamic study. Clean Techn

Environ Policy 17:1039–1051

Coelho GF, Goncalves AC Jr, Tarley CRT, Casarin J, Nacke H,

Francziskowski MA (2014) Removal of metal ions Cd (II),

Pb(II) and Cr(III) from water by the cashew nut shell

Anacardium occidentale L. Ecol Eng 73:514–525

Crini G, Badot P (2008) Application of chitosan, a natural

aminopolysaccharide, for dye removal from aqueous solutions

by adsorption processes using batch studies: a review of recent

literature. Prog Polym Sci 33:399–447

Dongre RS (2014) Lead (II) abatement by pretreated chitosan

biosorbent. Int Innovative J Eng Sci 1:19–40

dos Santos WNL, Cavalcante DD, da Silva EGP, das Virgens CF, de

Sauza-Dias F (2011) Biosorption of Pb(II) and Cd(II) ions by

Agave sisalana (sisal fiber). Microchem J 97:268–273

Farooq U, Khan MA, Athar M, Kozinski JA (2011) Effect of

modification of environmentally friendly biosorbent wheat

(Triticum aestivum) on the biosorptive removal of cadmium(II)

ions from aqueous solution. Chem Eng J 171:400–410

Goto T, Sasaki K (2014) Effect of trace elements in fish bones on

crystal characteristics of hydroxyapatite obtained by calcina-

tions. Ceram Int 40:10777–10785

Guyo U, Mhonyera J, Moyo M (2015) Pb(II) adsorption from aqueous

solutions by raw and treated biomass of maiz stover: a

comparative study. Process Saf Environ Prot 93:192–200

Kardam A, Raj KR, Srivastava S, Srivastava MM (2014) Nanocel-

lulose fibers for biosorption of cadmium, nickel and lead ions

from aqueous solution. Clean Techn Environ Policy

16:385–393

Khan A, Badshah S, Airoldi C (2011) Biosorption of some toxic metal

ions by chitosan modified with glycidylmethacrylate and

diethylenetriamine. Chem Eng J 171:159–166

Kizilkaya B, Tekinay AA (2014) Utilization to remove Pb(II) ions

from aqueous environments using waste fish bones by ion

exchange. J Chem 2014:1–12

Lim HK, Teng TT, Ibrahim MH, Ahmad A, Chee HT (2012)

Adsorption and removal of zinc (II) from aqueous solution using

powdered fish bones. APCBEE Procedia 1:96–102

Table 7 Cost estimation for

industrial fish bone meal waste

from sample collection to

biosorbent

Activities Estimated cost (RM/kg)

Sample collection and transportation 3.00

Washing in hot 100 ± 3 �C water

Water 0.0012a

Heating 100 ± 3 �C 2.2 kW 9 0.05 h 9 RM0.50* = 0.055

0.1 M sodium hydroxide pretreatment at 60� C for 2 h

0.1 M sodium hydroxide RM54/kg 9 0.054 = 2.92

Ultrapure water system 0.15 kW 9 24 h 9 RM0.50* = 1.80

Water for ultrapure water system 0.2a

Water for sodium hydroxide 0.04a

Heating 60� C 0.15 kW 9 2 h 9 RM0.50* = 0.15

Ultrapure water for washing 0.08a

Drying sample in an oven at 60 �C 0.3 kW 9 10 h 9 RM0.50* = 1.50

Grinding and sieve of sample 1.5 kW 9 0.17 h 9 RM0.50* = 0.125

Total cost 9.87?10.00

* Estimated cost for electricity for 1 kWh = RM0.50
a Estimated cost for water per 1000 kg/1 m3 = RM4.00

C.-C Tay et al.

123

Author's personal copy



Mahdavi S, Jalali M, Afkhami A (2015) Heavy metals removal from

aqueous solutions by Al2O3 nanoparticles modified with natural

and chemical modifiers. Clean Techn Environ Policy 17:85–102

Martin-Lara MA, Rica ILR, Vicente I, de La CA, Garcia GB, de

Hoces MC (2010) Modification of the sorptive characteristics of

sugarcane bagasse for removing lead from aqueous solutions.

Desalination 256:58–63

Ozacar M, Sengil IA, Turkmenler H (2008) Equilibrium and kinetic

data and adsorption mechanism for adsorption of lead onto

valonia tannin resin. Chem Eng J 143:32–42

Remenarova L, Pipiska M, Florkova E, Hornik M, Rozloznik M,

Augustin J (2014) Zeolites from coal fly ash as efficient sorbents

for cadmium ions. Clean Techn Environ Policy 16:1551–1564

Subbaiah MV, Yuvaraja G, Vijaya Y, Krishnaiah A (2011) Equilib-

rium, kinetic and thermodynamic studies on biosorption of Pb(II)

and Cd(II) from aqueous solution by fungus (Trametes versi-

color) biomass. J Taiwan Inst Chem Eng 42:965–971

Tay CC, Liew HH, Yin CY, Abdul-Talib S, Surif S, Suhaimi AA,

Yong SK (2011) Biosorption of cadmium ions using Pleurotus

ostreatus: growth kinetics, isotherm study and biosorption

mechanism. Korean J Chem Eng 28:825–830

Tay C, Lew H, Yong S, Surif S, Redzwan G, Abdul-Talib S (2012)

Cu(II) removal onto fungal derived biosorbents: biosorption

performance and the half saturation constant concentration

approach. Int Res Chem Environ 2(3):138–143

Trakal L, Sigut R, Sillerova H, Faturikova D, Komerek M (2014)

Copper removal from aqueous solution using biochar: effect of

chemical activation. Arabian J Chem 7:43–52

Ucar S, Erdem M, Tay T, Karagoz S (2015) Removal of lead (II) and

nickel (II) ions from aqueous solution using activated carbon

prepared from rapeseed oil cake by Na2CO3 activation. Clean

Techn Environ Policy 17:747–756

Venkatesan G, Senthilnathan U, Rajam S (2014) Cadmium removal

from aqueous solutions using hybrid eucalyptus wood based

activated carbon: adsorption batch studies. Clean Techn Environ

Policy 16:195–200

Wang J, Chen C (2014) Chitosan-based biosorbents: modification and

application for biosorption of heavy metals and radionuclides.

Bioresour Technol 160:129–141

Wang S, Peng Y (2010) Natural zeolites as effective adsorbents in

water and wastewater treatment. Chem Eng J 156:11–24

Wang G, Zhang S, Yao P, Chen Y, Xu X, Li T, Gong G (2015)

Romoval of Pb(II) from aqueous solutions by Phytolacca

americana L. biomass as a low cost biosorbent. Arabian J

Chem. doi:10.1016/j.arabjc.2015.06.011

Waseem S, Din MI, Nasir S, Rasool A (2014) Evaluation of Acacia

nilotica as a non conventional low cost biosorbent for the

elimination of Pb(II) and Cd(II)ions from aqueous solutions.

Arab J Chem 7:1091–1098

Wen Y, Tang Z, Chen Y, Gu Y (2011) Adsorption of Cr(VI) from

aqueous solutions using chitosan-coated fly ash composite as

biosorbent. Chem Eng J 175:110–116

Won SW, Kwak IS, Yun Y (2014) The role of biomass in

polyethylenimine-coated chitosan.bacterial biomass composite

biosorbent fiber for removal of Ru from acetic acid waste

solution. Bioresour Technol 160:93–97

Yipmantin A, Maldonado HJ, Ly M, Taulemesse JM, Guibal E (2011)

Pb(II) and Cd(II) biosorption on Chondracanthus chamissoi (a

red alga). J Hazard Mater 185:922–929

Yong SK, Shrivastava M, Srivastaa P, Kunhikrishnan A, Bolan N

(2015) Environmental application of chitosan and its derivatives.

Rev Environ Contam Toxicol 233:1–43

Yuvaraja G, Krishnaiah N, Subbaiah MV, Krishnaiah A (2014)

Biosorption of Pb(II) from aqueous solution by Solanummelon-

gena leaf powder as a low-cost biosorbent prepared from

agricultural waste. Coloids Surf B 114:75–81

Zafar MN, Aslam I, Nadeem R, Munir S, Rana UA, Khan SU (2015)

Characterization of chemically modified biosorbents from rice

bran for biosorption of Ni(II). J Taiwan Inst Chem Eng 46:82–88

The half saturation removal approach and mechanism of Lead (II) removal using eco-friendly…

123

Author's personal copy

http://dx.doi.org/10.1016/j.arabjc.2015.06.011

	The half saturation removal approach and mechanism of Lead (II) removal using eco-friendly industrial fish bone meal waste biosorbent
	Abstract
	Introduction
	Methodology
	Biosorbent and Lead (II) solution preparation
	Biosorption optimization batch experiment
	Isotherm, kinetic, and thermodynamic equations’ evaluation
	Biosorbent characterization
	Biosorbent comparison experiment

	Results and discussion
	Biosorption optimization batch experiment
	Isotherm, kinetic, and thermodynamic equations’ evaluation
	Biosorbent characterization
	BET surface area analysis

	SEM/EDX analysis
	Zero point charge (pHpzc) analysis
	FTIR analysis
	Biosorbent comparison experiment

	Conclusion
	Acknowledgments
	References




