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Adsorption of Pb(ll) from Solution using Peanut Shell as
Biosorbent in the Presence of Amino Acid and Sodium
Chloride

Xiao-Kun OuYang,* Le-Ping Yang, and Zheng-Shun Wen

Currently, marine protein byproducts are mainly hydrolyzed and
prepared for applications that depend on their physiological activity. Such
uses require strict removal of heavy metal ions from the material. In this
work, a green approach was proposed using peanut shells as adsorbent
to remove PDb(ll) from solutions containing amino acid and sodium
chloride. The effects of amino acids and sodium chloride on the removal
of Pb(ll), as well as the influence of liquid to solid ratio, pH, temperature,
and contact time on the adsorption, were studied. The results showed
that the content of sodium chloride and amino acid could significantly
decrease the adsorption efficiency for Pb(ll). The experimental data
could be described with the Langmuir adsorption isotherm model and
pseudo-second order kinetic model. The adsorption capacity of the
sorbent for Pb(ll) was calculated from the Langmuir isotherm model and
found to be 7.1 mg g™ at pH 4.
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INTRODUCTION

The processing of sea fish can result in bulk protein byproducts (Jayathilakan et
al. 2012), and these marine protein byproducts can be fully utilized by hydrolysis to
prepare products having physiological activity, such that they can be used as feed
ingredients and can be used to prepare antioxidative products (Rojo et al. 2007; Sathivel
et al. 2003; Vieira et al. 2005). With the tremendous increase in the use of heavy metals
in industry, sea water pollution has become a severe problem. Metallic substances can be
ingested by fish and accumulate in vital organs at high levels (Hosseini et al. 2013;
Maulvault et al. 2013; Squadrone et al. 2013). These heavy metals can easily enter the
human body through the food chain, and cause severe damage to organs, exert
teratogenic and carcinogenic effects, or even lead to deadly diseases (Cao et al. 2010;
Zheng et al. 2013, 2007). Therefore, from a food safety point of view, it is necessary to
remove heavy metal ions from marine protein hydrolyzate before utilization of the
protein byproducts.

Lignocellulosic biomass is a type of biopolymer full of fibers and capillaries
(Dridi-Dhaouadi et al. 2011; Yang et al. 2007) and has been used as an environmentally-
friendly adsorbent to remove metal ions from water and wastewaters (Chen et al. 2010b;
Liu et al. 2013). Various studies using lignocelluloses for adsorption of various metal
ions have been investigated (Chamarthy et al. 2001; Wafwoyo et al. 1999; Wilson et al.
2006; Witek-Krowiak et al. 2011). Peanut shells are an inexhaustible, nonedible, and
renewable lignocellulosic material resource that can be used as an economical sorbent
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(Chamarthy et al. 2001; Wafwoyo et al. 1999; Witek-Krowiak et al. 2011). Therefore,
these lignocellulosic sorbents are promising for the removal of heavy metal ions from
aqueous solutions.

In marine protein hydrolyzates solution, there is not only possible contamination
by heavy metal ions (Hosseini et al. 2013; Maulvault et al. 2013; Squadrone et al. 2013;
Zeng et al. 2013), but also by high concentrations of amino acids (Chalamaiah et al.
2012) and sodium chloride (Kim et al. 2003). During the adsorption process, the
competitive adsorption between heavy metal ions, sodium chloride (Wang et al. 2013),
and amino acids can affect adsorption efficiency. Extensive research regarding the use of
plant wastes for adsorption of Pb(ll) from aqueous solutions have been reported
(Amarasinghe and Williams 2007; Chen et al. 2010b; Inagaki et al. 2013; Quek et al.
1998; Rajkumar et al. 2013; Singh et al. 2006; Zhong et al. 2012). However, to the best
of our knowledge, there is still no report about the effects of amino acids and sodium
chloride on the absorption of Pb(Il) from aqueous solution. Therefore, the potential for
the use of peanut shells in the removal of Pb (Il) from solution in the presence of amino
acids and sodium chloride deserves study.

This paper aims to study the potential for the use of peanut shells for the removal
of Pb(Il) from solution in the presence of amino acids and sodium chloride. In the present
work, the adsorption kinetics and isotherm under different experimental conditions (such
as liquid to solid ratio, pH, temperature, and contact time) were investigated.

EXPERIMENTAL

Materials
Chemical reagents

Peanuts were purchased from a market in Zhoushan (Zhejiang province, China),
and the peanut shells were collected. The peanut shells were milled to a powder and
filtered in a sieve (Test Sieve Shakers, Retsch Gmbh & Co. KG, Germany) to obtain
particles less than 150 pum in size.

The standard solution of Pb(ll) was purchased from National Analysis Center for
Iron and Steel (Beijing, China). A stock solution of Pb(Il) was prepared by diluting the
standard solution of lead nitrate in double distilled water. All the other chemicals were of
analytical grade, and all working solutions were prepared with double distilled water.

Preparation of adsorbent

The peanut shell powder was completely washed with distilled water until the
supernatant was free of color and turbidity. The dried sorbent was then subjected to 0.1
M hydrochloric acid for 24 h and washed with distilled water until the washes were pH 7.
The sorbent material was added to 0.1 M sodium hydroxide for 24 h, washed with
distilled water until neutral, soaked with 90% (w/v) ethanol for 3 h, and then washed
completely with distilled water. Finally, the sorbent was dried in an air oven at 80 °C for
48 h.

The characterization of the peanut shell was carried out by Fourier transform
infrared spectroscopy (FTIR) using a Nicolet 6700 FTIR (Thermo Nicolet Corporation,
USA).1 The spectrum was collected in the range of 4000 to 500 cm ™ with a resolution of
4cm .
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Preparation of Pb(Il) solutions
Pb(I1) solutions containing different concentrations of arginine (0.1 to 0.25 g mL™)
and sodium chloride (5 to 45 mg mL™) were used in batch experiments.

Methods
Adsorption experiment

All absorption experiments were carried out in a batch mode. With the exception
of the liquid to solid ratio studies, all experiments were conducted by mixing 20 mL of
aqueous Pb(ll) solution with 0.4 g of peanut shell powder. The pH values of Pb(ll)
solutions were adjusted with dilute nitric acid or sodium hydroxide solution with a
Mettler Toledo FE20 pH meter (Mettler-Toledo International Inc., Switzerland). The
mixture of the biosorbent and Pb(ll) solutions were shaken in a thermostatic shaker bath
(GFL 1092 shaker, GFL Ges. fur Labortechnik mbH, Germany) at 150 rpm at the desired
temperature and contact time, and then the suspensions were centrifuged at 5000 rpm for
10 min. Different adsorption operating conditions, such as the liquid to solid ratio, pH,
the concentration of arginine and sodium chloride, and the temperature and contact time,
were taken into account. The variation of the uptake of Pb(Il) with adsorption time was
investigated by kinetic experiments. The Pb(ll) concentration in the solution was
determined with the Prodigy XP ICP (Teledyne Technologies, USA). The adsorption
efficiency, E,, was defined as in the following equation,

E, = S0~ Ce . 100% (1)

0
where Cy and C. are the initial and final (equilibrium) concentrations of the Pb(ll) in
solution (mg L™), respectively.

In the batch experiments, a Pb(ll) concentration of 70 mg L™, pH 4.0, sodium
chloride concentration of 5 mg mL™, arginine concentration of 100 mg mL™, liquid to
solid ratio (mL:g) of 30:1, contact time of 100 min, and temperature of 303.2 K were
selected as adsorption conditions (unless otherwise stated).

RESULTS AND DISCUSSION

Characterization of Peanut Shells

To ascertain the changes of peanut shells before and after absorption, the infrared
spectrum of the peanut shells was obtained by FTIR, and results are shown in Fig. 1.
Based on the attribution of peaks in Fig. 1, adsorption at 3440 and 3410 cm ™" represents
the stretching vibration of the hydroxyl groups (Li et al. 2009). The peaks at 1630 and
1650 cm* can be assigned to C=0 stretching (Adiana and Mazura 2011; Villena et al.
2000). A strong band at 1060 and at 1050 cm ™ corresponds to C—O stretching (Wahab et
al. 2012). The comparison of the spectrum between the peanut shells before and after
absorption show very similar infrared peaks; however, some changes have occurred in
peak intensity. After absorption, the peaks were consistent with an —OH red shift from
3410 to 3440 cm*, and the peak at 1630 cm *had a red shift of 20 cm ™. The peaks at
3440 and 1650 cm* show a remarkable decrease in peak intensity after Pb(Il) loaded.
The above changes in FT-IR spectra indicated that the hydroxyl and carboxyl groups are
involved in Pb(Il) adsorption by surface complexation (Ngah et al. 2008).
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Fig. 1. FTIR infrared spectrum of peanut shells before (a) and after (b) adsorption

Effect of pH

The pH of the Pb(ll) solution is an important variable in the absorption of Pb(ll)
onto the sorbents due to the effect of sorbent on the surface charge and the degree of
ionization, which affects the availability of binding sites (Bansal et al. 2009; Javaid et al.
2011; Liang et al. 2013). Therefore, the influence of the initial pH of the solution on the
adsorption of Pb(ll) onto peanut shell was investigated in the pH range of 2.5 to 6. The
effect of pH is shown in Fig. 2.
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Fig. 2. Effect of pH on adsorption efficiency

As can be seen, when pH was between 2.5 and 5, the adsorption efficiency
exhibited no obvious differences. When the pH was higher than 5.5, the adsorption
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efficiency decreased. The trends showed that the removal of metal ions increased with
increasing solution pH (Lu et al. 2012), but the biosorption capacity increased gradually
in the pH range from 2 to 5 and reached to a maximum value around pH 5. Adsorption
efficiency remained high between pH 2.5 and 5, and then decreased as pH increased to
5.5. This can be explained by noting that the presence of sodium chloride in the solution
may increase the competition between Na® and Pb(Il) for the binding sites of the
adsorbent when pH above 5. To increase the adsorption capacity as much as possible, a
pH of 4.0 was selected for the remaining batch experiments.

Effect of Liquid to Solid Ratio

The liquid to solid ratio is important and will have an influence on the sorption of
metals (Bordas and Bourg 2001). The effect of volume of the Pb(ll) solution to mass of
the peanut shell ratio (mL:g) on metal ion uptake was studied, and the results are shown
in Fig. 3. The adsorption efficiency decreases with an increase of the liquid to solid ratio,
which can be explained by the decrease of the number of sites available for biosorption,
which depends on the amount of absorbent. When the liquid to solid ratio is between 10:1
and 70:1, the adsorption has a high efficiency of 94 to 96%. As the liquid to solid ratio
increases to 90:1, the efficiency decreases slightly. All the adsorption efficiencies under
different liquid to solid ratios are above 87%.
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Fig. 3. Effect of liquid to solid ratio on adsorption efficiency

Effect of Sodium Chloride

Marine protein hydrolyzate commonly contains high concentrations of sodium
chloride. However, ionic strength shows a significant effect on metal ion adsorption on
the sorbent (Guo et al. 2008). Hence, it is necessary to study the effects of sodium
chloride on the Pb(Il) adsorption onto peanut shells. In the group experiments, the
concentrations of sodium chloride were studied in the range from 5 to 45 mg mL™. Figure
4 shows the effect of sodium chloride on Pb(I1) adsorption onto the peanut shell. When
the concentration of sodium chloride is lower than 5 mg mL™, the effect of sodium
chloride on adsorption efficiency is very small. A significant decrease in Pb(ll)
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adsorption occurred when the concentration of sodium chloride was higher than 5 mg
mL™, which may be explained by the formation of outer-sphere complexes due to Na* in
the background electrolyte that may compete with the metal ions for outer-sphere
sorption sites.
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Fig. 4. Effect of sodium chloride on adsorption efficiency

Effect of Amino Acids

In marine protein hydrolyzates there are numerous amino acids. The amino acids
may have an influence on heavy metal adsorption. Hence, the effects of amino acids on
biosorption were investigated using arginine as a model (Fig. 5).

100

90 4

80

Ea (%)

70 4

60

50 T T T T T T
90 120 150 180 210 240 270

concentration of arginine (mg mL'l)

Fig. 5. Effect of concentration of arginine on adsorption efficiency
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The initial arginine concentrations used in this study were 0.10, 0.15, 0.20, and
0.25 g mL™ for the sorbent. As can be seen in Fig. 5, the adsorption efficiency of the
sorbent for Pb(Il) decreased with an increasing initial concentration of arginine; the
higher the concentration of arginine, the lower the adsorption efficiency. This was
probably due to competitive adsorption between Pb(ll) and arginine. The possibility that
arginine binding with Pb(l1) also should be responsible for this trends.

Effect of Contact Time

To investigate the effect of contact time, adsorption experiments were conducted
at different times in the range of 6 to 120 min. The effect contact time on the removal of
Pb(I1) by peanut shells is shown in Fig. 6. The value of E, increased as the contact time
increased, until the equilibrium was reached. Adsorption of Pb(I1) onto peanut shells is a
very fast process, where more than 90% of the adsorption occurred within the first 30 min
and equilibrium was attained within 100 min.
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Fig. 6. Effect of contact time on adsorption efficiency

Effect of Temperature

The effect of temperature on adsorption was studied at seven temperatures (293.2,
298.2, 303.2, 308.2, 313.2, 323.2, and 333.2 K). Increasing the temperature can cause a
decrease in adsorption efficiency (Fig. 7). This indicates that the adsorption process is
exothermic, so lower temperatures are more favorable for the adsorption of Pb(ll) ions.

Adsorption Studies
Sorption kinetics of Pb(Il)

To investigate the Pb(ll) adsorption rate, the kinetics of Pb(Il) adsorption by
peanut shells was modeled using the pseudo-first order and pseudo-second order equation
(Bajpai et al. 2012; Chen et al. 2011). Pseudo-first order assumes that the rate is
proportional to the number of unoccupied sites. However, pseudo-second order assumes
that the rate is proportional to the square of the number of unoccupied sites (McKay and
Ho 1999). The linear form of pseudo-first order and pseudo-second models is expressed
as equations (2) and (3), respectively,
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Fig. 7. Effect of temperature on adsorption efficiency
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where Q; is the amount of the Pb(l1) ion adsorbed at various times t (mg g), Qe is the
amount of sorption at equilibrium adsorption capacity (mg g™), ki is the pseudo-first order
rate constant (min™?), and k; is the pseudo-second order rate constant for the adsorption (g
mg™ min™).

The values of In(ge — q;) are calculated from the data of the Kinetic experiment.
The models are examined by linear plot of In(ge — ;) versus t and t/q versus t,
respectively. The characteristic parameters of the model are listed in Table 1. By
comparing the two kinetic models, the R,® value calculated by pseudo-second order
model is relatively high (0.999), and the experimental values also agree with the
calculated values. This suggests that the experiment data fits the pseudo-second order
model better than pseudo-first order model. It can be explained that the compact structure
of lignocellulosic biomass poses a hindrance for Pb(Il) adsorption into the interior of
adsorbent, hence, some binding sites of the adsorbent may be difficult to reach.

Table 1. Adsorption Kinetic Model

0.2 Pseudo-first-order Pseudo-second-order
Co (mg/L) e/ Q. .1 2 b : 2
(mg/g) (ma/g) ky (min™) R, Q."(mg/g) | ka(g/mgmin) R,
70 3.47 0.216 0.030 0.951 3.483 0.451 0.999
 Experimental

P Calculated
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Isotherm study

The Langmuir and Freundlich isotherm models are commonly used to describe
the adsorption process. Normally, Langmuir isotherm assumes that the adsorption process
only takes place at specific homogenous sites within the adsorbent surface with uniform
distribution of energy level. If the Langmuir isotherm provides a good fit to the data, then
it can be concluded that the adsorption process is monolayer in nature (Weber and
Chakravorti 1974). However, the Freundlich isotherm supposes that the adsorption occurs
at heterogeneous sites with non-uniform distribution of energy levels. The Freundlich
isotherm describes reversible adsorption and is not restricted to the formation of a
monolayer (Mohd Din et al. 2009). The Langmuir and the Freundlich isotherm models
are defined in Eqgs. (4) and (5), respectively.

c.__ 1 .c s
Q.  KQu  Qu )

InQ, =InK, +1InCe (5)
n

In Equations 4 and 5, C. (mg L) is the concentration of the Pb(Il) solution at
equilibrium, and Qe (Mg g™) is the amount of sorption at equilibrium. In the Langmuir
equation, Qmax is the maximum sorption capacity and K is the Langmuir constant. In the
Freundlich equation, K; and 1/n are empirical constants. The values of the isotherm
constants are presented in Table 2. By comparing the two models, the R? values
calculated by Langmuir model is relatively high (R*=0.916). This indicates that the
experiment data were fit by the Langmuir model better than by the Freundlich model.

Table 2. Langmuir and Freundlich Equations, the Related Parameters, and
Correlation Coefficients

Langmuir Freundlich
Qmax (Mg/g) KL (mL/mg) R’ Ki(mg/g)(mL/mg) n R®
7.13 1.48 0.916 2.56 1.27 0.892

CONCLUSIONS

1. This work examined the efficiency of peanut shells in the removal of trace Pb(ll)
from the solution containing sodium chloride and amino acid. The liquid to solid
ratio, solution pH, amino acid and sodium chloride concentration, temperature, and
contact time of the biosorption system played important roles in Pb(Il) adsorption on
peanut shells.

2. The results revealed that the presence of amino acid and sodium chloride in the
solution can decrease the adsorption efficiency of Pb(ll) to a large extent, depending
on their concentrations. The pseudo-second order kinetic model was found to be a
good fit for the sorption Kinetics onto peanut shells, and equilibrium data fit the
Langmuir model better than Freundlich model, with a maximum Pb(Il) adsorption
capacity of 7.1 mg/g.
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3. Because peanut shells can be readily obtained, they can be regarded as effective
economical biosorbents for the removal of toxic heavy metal ions from solutions
containing sodium chloride and amino acid, such as marine protein hydrolyzate
solutions.

ACKNOWLEDGMENTS

The authors are grateful for the support of the Zhejiang Provincial Natural
Science Foundation of China (Z3110487 and Y2111223), China Spark Program
(2012GA700212), Funds of Science and Technology Department of Zhejiang Province,
China (2013C24028), and Funds of Zhoushan Municipal Bureau of China (2011C22044
and 2013C41006).

REFERENCES CITED

Adiana, M. A., and Mazura, M. P. (2011). “Study on Senna alata and its different
extracts by Fourier transform infrared spectroscopy and two-dimensional correlation
infrared spectroscopy,” Journal of Molecular Structure 991(1-3), 84-91.

Amarasinghe, B. M. W. P. K., and Williams, R. A. (2007). “Tea waste as a low cost
adsorbent for the removal of Cu and Pb from wastewater,” Chemical Engineering
Journal 132(1-3), 299-309.

Bajpai, S., Dey, A., Jha, M. K., Gupta, S. K., and Gupta, A. (2012). “Removal of
hazardous hexavalent chromium from aqueous solution using divinylbenzene
copolymer resin,” International Journal of Environmental Science and Technology
9(4), 683-690.

Bansal, M., Singh, D., and Garg, V. K. (2009). “A comparative study for the removal of
hexavalent chromium from aqueous solution by agriculture wastes' carbons,” Journal
of Hazardous Materials 171(1-3), 83-92.

Bordas, F., and Bourg, A. (2001). “Effect of solid/liquid ratio on the remobilization of
Cu, Pb, Cd and Zn from polluted river sediment,” Water, Air, and Soil Pollution
128(3-1), 391-400.

Cao, H., Chen, J., Zhang, J., Zhang, H., Qiao, L., and Men, Y. (2010). “Heavy metals in
rice and garden vegetables and their potential health risks to inhabitants in the
vicinity of an industrial zone in Jiangsu, China,” Journal of Environmental Sciences-
China 22(11), 1792-1799.

Chalamaiah, M., Kumar, B. D., Hemalatha, R., and Jyothirmayi, T. (2012). “Fish protein
hydrolysates: Proximate composition, amino acid composition, antioxidant activities
and applications: A review,” Food Chemistry 135(4), 3020-3038.

Chamarthy, S., Seo, C. W., and Marshall, W. E. (2001). “Adsorption of selected toxic
metals by modified peanut shells,” Journal of Chemical Technology and
Biotechnology 76(6), 593-597.

Chen, H., Zhao, J., Dai, G., Wu, J., and Van, H. (2010b). “Adsorption characteristics of
Pb(I1) from aqueous solution onto a natural biosorbent, fallen Cinnamomum
camphora leaves,” Desalination 262(1-3), 174-182.

OuYang et al. (2014). “Pb(ll) sorption by biomass,” BioResources 9(2), 2446-2458. 2455



PEER-REVIEWED ARTICLE b | oresources.com

Chen, H., Zhao, J., Wu, J., and Dai, G. (2011). “Isotherm, thermodynamic, kinetics and
adsorption mechanism studies of methyl orange by surfactant modified silkworm
exuviae,” Journal of Hazardous Materials 192(1), 246-254.

Dridi-Dhaouadi, S., Ben Douissa-Lazreg, N., and M'Henni, M. F. (2011). “Removal of
lead and yellow 44 acid dye in single and binary component systems by raw
Posidonia oceanica and the cellulose extracted from the raw biomass,”
Environmental Technology 32(3), 325-340.

Guo, X., Zhang, S., and Shan, X.-Q. (2008). “Adsorption of metal ions on lignin,”
Journal of Hazardous Materials 151(1), 134-142.

Hosseini, S. M., Sobhanardakani, S., Navaei, M. B., Kariminasab, M., Aghilinejad, S. M.,
and Regenstein, J. M. (2013). “Metal content in caviar of wild Persian sturgeon from
the southern Caspian Sea,” Environmental Science and Pollution Research 20(8),
5839-5843.

Inagaki, C. S., Caretta, T. D. O., da Silva Alfaya, R. V., and da Silva Alfaya, A. A.
(2013). “Mexerica mandarin (Citrus nobilis) peel as a new biosorbent to remove
Cu(ll), Cd(I1), and Pb(I1) from industrial effluent,” Desalination and Water
Treatment 51(28-30), 5537-5546.

Javaid, A., Bajwa, R., Shafique, U., and Anwar, J. (2011). “Removal of heavy metals by
adsorption on Pleurotus ostreatus,” Biomass & Bioenergy 35(5), 1675-1682.

Jayathilakan, K., Sultana, K., Radhakrishna, K., and Bawa, A. S. (2012). “Utilization of
byproducts and waste materials from meat, poultry and fish processing industries: A
review,” Journal of Food Science and Technology-Mysore 49(3), 278-293.

Kim, J. S., Shahidi, F., and Heu, M. S. (2003). “Characteristics of salt-fermented sauces
from shrimp processing byproducts,” Journal of Agricultural and Food Chemistry
51(3), 784-792.

Liang, F. B., Song, Y. L., Huang, C. P., Li, Y. X,, and Chen, B. H. (2013). “Synthesis of
novel lignin-based ion-exchange resin and its utilization in heavy metals removal,”
Industrial & Engineering Chemistry Research 52(3), 1267-1274.

Liu, X., Zhu, H., Qin, C., Zhou, J., Zhao, J. R., and Wang, S. (2013). “Adsorption of
heavy metal ion from aqueous single metal solution by aminated epoxy-lignin,”
BioResources 8(2), 2257-2269.

Li, Z., Tang, X., Chen, Y., Wei, L., Wang, Y. (2009). “Activation of Firmiana Simplex
leaf and the enhanced Pb(Il) adsorption performance: Equilibrium and kinetic
studies,” Journal of Hazardous Materials 169(1-3), 386-394.

Lu, Q. F., Huang, Z. K., Liu, B., and Cheng, X. (2012). “Preparation and heavy metal
ions biosorption of graft copolymers from enzymatic hydrolysis lignin and amino
acids,” Bioresource Technology 104, 111-118.

Maulvault, A. L., Cardoso, C., Nunes, M. L., and Marques, A. (2013). “Risk-benefit
assessment of cooked seafood: Black scabbard fish (Aphanopus carbo) and edible
crab (Cancer pagurus) as case studies,” Food Control 32(2), 518-524.

McKay, G., and Ho, Y. S. (1999). “Pseudo-second order model for sorption process,”
Process Biochemistry 34(5), 451-465.

Mohd Din, A.T., Hameed, B.H., Ahmad, A.L. (2009). “Batch adsorption of phenol onto
physiochemical-activated coconut shell,” Journal of Hazardous Materials 161(2-
3),1522-1529.

Ngah, W. S. W., and Hanafiah, M.A.K.M. (2008). “Biosorption of copper ions from
dilute aqueous solutions on base treated rubber (Hevea brasiliensis) leaves powder:

OuYang et al. (2014). “Pb(ll) sorption by biomass,” BioResources 9(2), 2446-2458. 2456



PEER-REVIEWED ARTICLE b | oresources.com

Kinetics, isotherm, and biosorption mechanisms,” Journal of Environmental Sciences
20(10), 1168-1176.

Quek, S. Y., Wase, D. A. J., and Forster, C. F. (1998). “The use of sago waste for the
sorption of lead and copper,” Water SA 24(3), 251-256.

Rajkumar, P., Kumar, P. S., Kirupha, S. D., Vidhyadevi, T., Nandagopal, J., and
Sivanesan, S. (2013). “Adsorption of Pb(ll) ions onto surface modified Guazuma
ulmifolia seeds and batch adsorber design,” Environmental Progress & Sustainable
Energy 32(2), 307-316.

Rojo, A., Ellis, M., Bechtel, P. J., Bin, Y., and Castaneda, E. (2007). “Nutritional value of
processed fish byproducts for young pigs,” Journal of Animal Science 85(2), 105-
106.

Sathivel, S., Bechtel, P. J., Babbitt, J., Smiley, S., Crapo, C., Reppond, K. D., and
Prinyawiwatkul, W. (2003). “Biochemical and functional properties of herring
(Clupea harengus) byproduct hydrolysates,” Journal of Food Science 68(7), 2196-
2200.

Singh, K. K., Talat, M., and Hasan, S. H. (2006). “Removal of lead from aqueous
solutions by agricultural waste maize bran,” Bioresource Technology 97(16), 2124-
2130.

Squadrone, S., Prearo, M., Gavinelli, S., Pellegrino, M., Tarasco, R., Benedetto, A., and
Abete, M. C. (2013). “Heavy metals in Mugil cephalus (Mugilidae) from the Ligurian
Sea (North-West Mediterranean, Italy),” Food Additives and Contaminants: Part B:
Surveillance 6(2), 134-138.

Vieira, G. H. F., Vieira, R., Macrae, A., and Sousa, O. V. (2005). “Peptone preparation
from fishing by-products,” Journal of Science Food and Agriculture 85(7), 1235-
1237.

Villena, J. F. V., Dominguez, E., and Heredia, A. (2000). “Monitoring biopolymers
present in plant cuticles by FT-IR spectroscopy,” Journal of Plant Physiology 156(3),
419-422.

Wafwoyo, W., Seo, C. W., and Marshall, W. E. (1999). “Utilization of peanut shells as
adsorbents for selected metals,” Journal of Chemical Technology and Biotechnology
74(11), 1117-1121.

Wahab, M. A., Boubakri, H., Jellali, S., and Jedidi, N. (2012). “Characterization of
ammonium retention processes onto cactus leaves fibers using FTIR, EDX and SEM
analysis,” Journal of Hazardous Materials 241-242, 101-109.

Wang, T., Liu, W., Xiong, L., Xu, N., and Ni, J. (2013). “Influence of pH, ionic strength
and humic acid on competitive adsorption of Pb(l1), Cd(11) and Cr(I1l) onto titanate
nanotubes,” Chemical Engineering Journal 215, 366-374.

Weber, T. W., and Chakravorti, R. K. (1974). “Pore and solid diffusion models for fixed-
bed adsorbers,” AIChE Journal 20(2), 228-238.

Wilson, K., Yang, H., Seo, C. W., and Marshall, W. E. (2006). “Select metal adsorption
by activated carbon made from peanut shells,” Bioresource Technology 97(18), 2266-
2270.

Witek-Krowiak, A., Szafran, R. G., and Modelski, S. (2011). “Biosorption of heavy
metals from aqueous solutions onto peanut shell as a low-cost biosorbent,”
Desalination 265(1-3), 126-134.

Yang, H. P, Yan, R., Chen, H. P., Lee, D. H., and Zheng, C. G. (2007). “Characteristics
of hemicellulose, cellulose and lignin pyrolysis,” Fuel 86(12-13), 1781-1788.

OuYang et al. (2014). “Pb(ll) sorption by biomass,” BioResources 9(2), 2446-2458. 2457



PEER-REVIEWED ARTICLE b | oresources.com

Zeng, X. C., Li, J., Zheng, H. B., and Huang, Z. Y. (2013). “Determination of trace lead
in fish sauces by ID-ICP-MS after Mg(OH), coprecipitation,” Journal of Aquatic
Food Product Technology 22(6), 584-594.

Zheng, J., Chen, K. H,, Yan, X., Chen, S. J., Hu, G. C., Peng, X. W., Yuan, J. G., Mai, B.
X.,and Yang, Z. Y. (2013). “Heavy metals in food, house dust, and water from an e-
waste recycling area in South China and the potential risk to human health,”
Ecotoxicology and Environmental Safety 96, 205-12.

Zheng, N., Wang, Q., Zhang, X., Zheng, D., Zhang, Z., and Zhang, S. (2007).
“Population health risk due to dietary intake of heavy metals in the industrial area of
Huludao city, China,” Science of the Total Environment 387(1-3), 96-104.

Zhong, L. X., Peng, X. W., Yang, D., and Sun, R. C. (2012). “Adsorption of heavy
metals by a porous bioadsorbent from lignocellulosic biomass reconstructed in an
ionic liquid,” Journal of Agricultural and Food Chemistry 60(22), 5621-5628.

Article submitted: January 6, 2014; Peer review completed: March 4, 2014; Revised
version received and accepted: March 12, 2014; Published: March 19, 2014.

OuYang et al. (2014). “Pb(ll) sorption by biomass,” BioResources 9(2), 2446-2458. 2458



