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Abstract
The industrialization explosion and agricultural activities, human disruption in the biochemical cycle of
elements has increased the concentration of heavy metal contaminants in ground and water surface. It
creates public concern about the pollution of water sources when the demand for quality of life is
increasing. Therefore, the modi�cation of biochar derived from rice husk can create the novel material
had the potential for application in effective removal of Pb from wastewater. Adsorption has been
regarded as a promising strategy for the elimination of persistent heavy metals pollutants in water.
Biochar (BC) derived from rice husk is an environmentally friendly sorbent for contaminants removal.
This study focused on the impact of functional groups to enhance the removal of lead (Pb) by biochar
material. The results are when used alginate modi�ed biochar (MBC) to alter rice husk biochar (RhBC),
the highest sorption capacities for Pb are enhanced from 33.61 mg g-1 to 101.44 mg g-1. Application of
the Langmuir - Freundlich adsorption isotherm and pseudo second kinetic equation show that the
sorption mechanisms of Pb by MBC in�uenced by both physisorption and chemisorption with
complexation of functional groups is main in�uencer on adsorption of Pb. 

1. Introduction
Heavy metals are noxious and non-biodegradable, at low concentration, some of heavy metals such as
copper, cobalt, iron... is essential for physiological and biochemical activities, but in high doses they may
pose a long-term risk to the ecosystem and human health [1-3]. Lead (Pb) is a heavy metal present in the
atmosphere, pedosphere, hydrosphere, and biosphere. It’s a nonessential element for organisms, and
carcinogenic at minute quantities cause acute and chronic toxicities in human health [4-6]. The
limitations for Pb(II) concentration recommended by the World Health Organization (WHO) is 0.05 mg L-1

and it’s decreased to 0.01 mg L-1 [7]. The seepage of heavy metals from point or non-point sources
into soils and waters causing signi�cant environmental and human health risks with 25 µg kg-1 body
weight is causing decrease of at least 3 intelligence quotient (IQ) points in children. Therefore, removing
of Pb from wastewater is necessary for both environmental conservation and human health. 

Application of many modern methods as electroplating, ion exchange, reverse osmosis, and membrane
processes for the remediation of lead from foul water was developed and attained certain success [8].
However, the high operational costs and emancipation of large amounts of toxic sludge required sludge
handling process, making some methods unsuitable for large-scale application [9]. Adsorption is
appreciated as a universal method has known a long time ago for removal of heavy metals from
wastewater with abundance of adsorbents with high-e�ciency adsorption. Numerous materials can
contact the contaminants for the removal process. The modi�ed - gel silica is a selective removal metal
ion and mineral aqueous soluble that apply for water �lter in living. The zeolite material is using to treat
toxic cations in water like NH4

+, Cu2+, Pb2+…by ion-exchange reaction. Carbon
materials also are used for removing contaminants that have been known for a long time, such as active
carbon or new carbon material (carbon nanotube or carbon nano�ber). Around the world, scientists have
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an unambiguous interest to pursue the research with side- products from agricultural activities together
pertinent modi�cation. The aim of survey to uncover the friendly effective adsorbent for removal of heavy
metals ions from wastewater [10].

4

  Rice is widely planted in Vietnam. After harvest time, the rice husk is typically treated as agricultural
waste. Open burning of crop residue may be a common
practice in rural areas for the elimination of waste, but it is harmful to the atmospheric environment and
human health [11, 12]. In order to reduce the environmental problem of rice husk burning, it is necessary
to �nd a suitable method to remove the excess rice husk. Considering the sustainable use of resource and
environmental protection, raw biochar can prepare from recycling rice husk used as biomass feedstock. 

Biochar - carbonaceous material derived from biomass - is a dark, and porous material [13-15]. Through
much research, this absorbent has a strong ability for both organic and inorganic compounds in the
environments [16]. This result was a vindication of the adsorption based on ion exchange, complexation,
and surface precipitation between toxic metals as arsenic, cadmium, lead, chromium, and mercury with
functional groups or minerals contain on surfaces of biochar [17]. Besides that, physical properties such
as porosity, surface area also affect the sorption of metals, which upon synthesis conditions and
biomass as feedstock [18]. With the same source of biomass, the difference in temperature of pyrolysis
process can create the family biochar has distinct characteristics formation. The most notable case is the
production of biochar at low temperature follow up the formation of oxygen- containing functional
groups are more suitable for the removal of inorganic contaminants [19]. With the aim improve the
performance of biochar, many methods are implemented for modi�cation [20, 21]. Several modified
biochar have great ability to adsorb metals, for instance, the alkaline activation or acidi�cation process is
an effective and convenient method for enhancing the porous structure and sorption
properties [22] surface area of biochar, enhance metal adsorption ability. But with the scale production, a
great number of acid or alkali in waste water need to be treated. As a result, the potential contamination
problems need to be considered. 

In this study, the environment friendly biochar material derived from rice husk was prepared, after that is
modification of this biochar with sodium alginate. Alginate is a biopolymer extracted from brown algal
species. The composition of alginate is linear acidic polysaccharide by alternating blocks of 1–4 linked α-
L- guluronic and β-D-mannuronic acid fragments. The carboxylic acid groups of alginate could react with
divalent metal cations to form gels [23]. The synthesis of the novel biochar material based on the
reaction of the calcium ion cross-link with sodium alginate, so that the functional groups of sodium
alginate are loaded onto the surface of biochar. This process would enable us to produces pelletized
formulations that are relatively uniform in size, and durable rigidity It is commonly believed that the
improved pore property and increased functional groups could enhance the adsorption capacity of
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biochar. Moreover, alginate was used to modify the novel biochar. The substance had no harm to the
environment. Compared with other modi�cation biochar with toxic and noxious agents, the potential
contamination risk in this research is lower. The speci�c objectives of this work were: (1) preparation and
characterization of both rice husk biochar and the alginate modi�ed biochar, (2) comparison of the
adsorption tests between the modified biochar with raw biochar, and (3) analysis of the metal removal
mechanism by absorbents (4) evaluate the regenerable of alginate modi�ed biochar. 

2. Materials And Methods

2.1 Biochar preparation 
The biomass (rice husk) as feedstock for biochar production was collected from the rural area of Hanoi,
Vietnam. The biomass was air-dried naturally and then pyrolyzed at maintained temperature of 450°C in
a furnace reactor for 1h under N2 atmosphere. The biochar collected from the furnace was then
left cooled to room temperature. The prepared biochar was called RhBC.
The alginate modi�ed biochar (MBC) was obtained by the collection biochar RhBC, then it’s was �rst
grinded and sieved to smaller 1mm particles and it’s turn into a �ne-powdered state. Subsequently, 2.0g
of RhBC powder was mixed with 500 mL of sodium alginate 0.1% and shaken for 4h. Using a pipette,
each droplet of mixed (biochar-alginate) solution was transferred to prepared 1000 mL of CaCl2 2% and
then let immersed for 24 h.

After the modi�cation process, the impurities were removed by washing the alginate modi�ed biochar
(MBC) beads with distilled water (H2O) until the pH of the solution reached neutral. The collected
adsorbents were dried naturally at room temperature and stored. 

2.2 Adsorbent characterization 
The morphologies of RhBC and MBC were observed via scanning electron microscopy (SEM)
(TM4000PLUS, Hitachi, Japan), EDX (Oxford Instruments) and the total pore volume, surface area was
measured by the BET method with gas sorption analyzer (NOVAtouch LX4, Quantachrome Instrument,
USA). For indicate the functional groups of absorbent, fourier transform infrared spectroscopy (FT-IR)
were obtained by a spectrophotometer (FTIR4600, JASCO, Japan) attenuated total re�ectance
attachment within the wavelength of 400–4000 cm-1. The point of zero charge (PZC) of materials were
determine by take a quantity of material to be studied into 0.1M KCl solution, the pH of the solution is
adjusted from 3 to 10 by 0.1M KOH solution or 0.1M HCl. After reaching equilibrium, rede�ne the pH of
the solution, which is called the back pH (pHf) of the solution. From this, determine ∆pH = pHf– pHi. Plot
the pH and ∆pH graphs, which cut the Ox axis at what value it is the pHPZC of the material to be studied. 

2.3 Adsorption of Lead experiments 
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All chemical reagent for analysis was purchased from Sigma-Aldrich. A standard solution of 1000 mg L-1

lead nitrate (Pb(NO3)2) (Merck Millipore,  Germany) used as source contaminant. All batch adsorption
experiments was conducted at ambient temperature (23±0.5)°C. A solution of 100 mL of Pb(II) was
mixed with 0.02g of RhBC or MBC in 150 mL Erlenmeyer �ask. The mixture was then shaken in a
mechanical vibrator for 2h at constant speed 250 rpm. The initial pH of solutions was selected in the
range of 3.0–10.0 for investigating the effects of pH on the adsorption of Pb2+ onto RhBC and MBC and
the initial solution pH were adjusted by 0.1 M HNO3 or 0.1 M NaOH. Adsorption isotherms will

investigated follow the varying the initial Pb concentration from 10 to 50 mg L-1. The adsorption amount
(Qt ) is calculated following eq. (1):

 

Where, Qt is the adsorption amount of metal ions at time t (mg g-1), m is the weight of the absorbents (g),

V is the volume of solution (L), and Co and C t (mg L-1) are the concentrations of metal ions in the
solution at initial and time t, respectively. The mechanism of Pb adsorption will be veri�ed from Langmuir
(eq.(2)) and Freundlich(eq.(3)) models.

The Langmuir model is expressed as: 

Where, Ce (mg L-1) the equilibrium concentration, Qe (mg g-1) is the adsorption capacity at equilibrium,

Qmax (mg g-1) is the maximum adsorption capacity, and K (L m g-1) is a Langmuir constant.

Where, Kf Freundlich constant related to adsorption capacity and n is the dimensionless exponential
adsorption constant typify the heterogeneously surface. When 0<n<1, the adsorption is favorable, when
n=1, the physisorption on homogeneous and species is solitary adsorbed, and when n>1, the adsorption
is unfavorable [24].

For kinetic experiments, at each sampling time (30, 60, 90, 120, 150, 180, 240, 300, 360 min), absorbent
will take out from the solution. The adsorption kinetics of Pb are elucidated by using the pseudo �rst
order and pseudo second order kinetic.
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Where, Qt (mg g-1) is the adsorption capacity at various time t, Qe (mg g-1) calculated when process

reached equilibrium, k1 (L min-1) is the pseudo �rst order rate constant, k2 (g mg-1 min-1) is the rate
constant of the pseudo second order adsorption. After reaching equilibrium, the two phases of adsorption
system were separated by �lter paper. The �ltrate was diluted by nitric acid 2% to adjust a pH<2 for the
determination of Pb by Atomic Absorption Spectroscopy (AA7000, Shimazu). For investigate the
mechanism of sorption Pb, remain solids were collected and dried at room temperature for Fourier
transform infrared spectroscopy regeneration of MBC material is conducted with residual materials that
collected and desorbed by HCl 0.01M in 2h, after that the material dried at room temperature, then the
adsorbent was re-use for next adsorption experiments. The concentration of Pb in the next adsorption
also calculated. Each experiment was carried out triplicate. The results were average of total data.  

3. Results And Discussion

3.1 Characterization of adsorbent
The SEM analysis was investigated for the determination of shape, size, and surface morphological
structure of the RhBC and MBC. The result reveals the surface morphologies of the two samples are
distinctly different, the structures of MBC is a smooth surface, and the RhBC is porosity material (Fig.1).
The BC has abundant pore size, the micro-pore is most popular and it’s interspersed on with mesopore to
form the capillaries channel in this material. After alginate modi�cation, the pore of BC has covered by
silky coating to create MBC.  

The surface areas of RhBC and MBC determined by BET analysis were 34.0, 91.5 m2/g, respectively, and
the pore volume were 0.289, 0.580 cc/g, respectively (Table 1). The results indicated that, compared with
the RhBC the surface area MBC improved signi�cantly after modi�cation. Meanwhile, the analysis of
surface morphology indicated that the RhBC has richer pore structure than MBC. The phenomenon can
be explained by that after the impregnation alginate will occupied in the pores of biochar, when drop the
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solution of biochar-alginate in CaCl2 solution, the Ca2+ will crosslink with alginate form the gel �ll up the
pore. 

The results of EDX-image show composition element present in RhBC and MBC material. The carbon and
oxygen content of RhBC occupies 72% and 24% respectively. The note is a silicon appearance due to the
affection of biomass. However, the material modi�cation with alginate, the peak of Si content is reduced
and the peak of O content is increased. It’s indicated that Si was dissolved and removal through the
modi�cation process, and the -COO, -OH groups of alginate contributed to O content. Besides that, the
weight % Ca has been increased and the new presences of Cl element (Fig.1) indicated that the alginate
was loaded onto the biochar composites when Ca(II) ion in solution crosslink with alginate impregnated
with RhBC. 

The pHpzc is a very important characteristic that determines the pH at which the surface has net
electrical neutrality. At pH higher than pHpzc, the surface of the material is negatively charged that
increase the adsorption for cation species. The pHpzc of RhBC and MBC is 7.28 and 6.10 (Fig.2)
respectively. The decreasing in pHpzc involves the function groups - COOH, and -OH of alginate that it
was dissociated hydronium ion (H+). For the removal of lead in the aqueous phase, the pH should be
higher than pHpzc because the net negatively charged surfaces are favorable to attract the cation.
Generally, adsorbent with greater structured porosity has better adsorption performance [25]. Thereby,
MBC with the relatively low structured porosity will not better adsorbent as well as RhBC. In the other
hand, functional groups are improved due to alginate loaded, which enhanced the �nal adsorption
e�ciency off MBC. The Pb removal capacity of RhBC and MBC were 101.44 mg g-1 and 33.61 mg g-1,
respectively (Table 3). The results suggested that functional groups on MBC work better than the pore of
RhBC for Pb adsorption. 

Table 1 

Parameters of speci�c area alginate modi�ed biochar (MBC) and biochar from rice husk (RhBC) 

Parameters BC MBC

Speci�c surface area (m2/g) 34.06 91.45

Volume of the hole (cc/g) 0.2891 0.5805

Average size of pore (nm) 9.00 6.31

3.2 Effect of pH on sorption process
pH value is one of the important factors can affect the adsorption process. The initial pH could in�uence
the removal performance of RhBC or MBC by electrostatic a�nity-
repulsion between adsorbents and Pb2+, also as the process of ion exchange between adsorbents and
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lead. pH decides the charge of material surface, also the stability of the metal ion con�guration is
changed. The effect of solution pH on the adsorbent’s lead sorption (removal) was identi�ed by varying
the initial solution pH while keeping other sorption parameters in constants.  

The enhancement of adsorption capacity follows with the increasing initial pH shown in Fig 3. This
trending is related to the hydrolysis of metal ions under the high pH and the competition reduction of
protons (main occur in low pH) combine to active sites on
surface of material. Furthermore, according to the point of zero charge theory, at pH higher pHpzc the
surfaces of RhBC or MBC will be negatively charged due to the deprotonation of the functional groups,
which will facilitate the process of chelation with Pb2+, thereby the adsorption e�ciency will enhance.
The adsorption capacities of Pb by MBC were higher than those of RhBC at vary initial pH points due to
the more functional group loaded into RhBC surfaces, especially, oxygen-containing functional groups as
– COOH can form the bond with Pb express as chemically adsorbed. Thereby, usage of alginate as a
modi�er-agent is improving the adsorption e�ciency. The favorable initial pH for Pb removal is 7 (Fig.3). 

3.3 Adsorption isotherm 
The Langmuir and Freundlich models for adsorption of Pb with the initial concentration range of
10 to 50 mg L-1 was shown in Fig.4. Their constants and correlation coe�cients (Table 2) is calculated to
have a relatively assessment of adsorption process. Results are the adsorption capacity increased with
increasing equilibrium concentration. At low equilibrium solution concentration of Pb, the adsorption
increased dramatically. The steadiness of sorption capacity of Pb on material was reached with any
increased concentration of equilibrium solution. The adsorption capacities of the MBC were about three
times higher than the RhBC. Through the results of previous characterization experiments, explanation for
sorption of aqueous lead by the modi�cation biochar can be attributed to the facts that MBC showed
much higher surface area, more active sorption sites, more oxygen containing surface functional groups
than the RhBC. Several previous studies have demonstrated that surface area, surface functional groups
play important roles in controlling the sorption of heavy metals onto carbonaceous materials. With a
greater regression coe�cient R2 (Table 2), the adsorption process obeys both the Langmuir isotherm and
Freundlich isotherm indicate that the adsorption Pb on materials in�uence by active site (multilayer) and
functional groups (monolayer). The calculated adsorption capacities of Pb by MBC and RhBC were 96.89
and 31.50 mg g-1, respectively. It’s close to the experiment data are 101.44 mg g-1 and 33.61 mg g-1.  

Table 2 

Parameters for Pb sorption by alginate modi�ed biochar (MBC) and biochar from rice husk (RhBC)
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Materials Langmuir model   Freundlich model

K Qmax R2 RL   Kf n R2

MBC 0.7676 96.8850 0.9745 0.1461   49.4808 0.2096 0.9814

RhBC 0.5428 31.4950 0.9542 0.2509   19.2640 0.1284 0.9612

 

Table 3 

Lead adsorption capacities of class carbonaceous adsorbents 

Adsorbents Adsorption capacity (mg g-1) References

Activated carbon 26.6 [26]

Alginate modi�ed biochar (MBC) 101.44 This study

Rice husk biochar (RhBC) 33.61 This study

Oak biochar 13.10 [27]

Bagasse biochar 5.0-20.5 [28]

Biochar loaded with nano particles 146.8 [29]

Biochar derived from anaerobic digestion sludge 54.0 [30]

 

The results indicated that the modi�cation using alginate improved the adsorption performance of
pristine biochar. A comparison of the maximum adsorption capacities in Pb removal of absorbents
reported in the literature (Table 3) show MBC matched or outperformed than many other carbonaceous
adsorbents, moreover the synthesis of MBC material was convenient with friendly agent – easy to treat. 

3.4 Adsorption kinetic
The kinetics of adsorption of metal ions depends on the physical and/or chemical properties of
materials [13]. To understand the characteristics of the adsorption process, pseudo first-order model,
pseudo second- order model was applied to verify the adsorption kinetics [31, 32]. The adsorption kinetic
is conducted at the same initial concentration also the pH of Pb solution, but the contact time with RhBC
and MBC material is increased. The adsorption capacity of Pb2+ by RhBC and MBC rising in the initial 4
hours and then approached equilibrium (Fig. 5). At the �rst stage, adsorption may mainly occur on the
exterior surfaces of those two sorbents in which the active sites occupied follow increasing reaction time.
After that Pb2+ ions were distributed into the capillaries channel (formed by arrangement of pore) through
the diffusion process. At the last stage, the Pb2+ particles further reacting with the internal active sites
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and the diffusion resistance increased so the adsorption process slowly arrives reaching equilibrium.
Both kinetics models especially the pseudo-second order model, (both R2 > 0.95) displayed good �t with
the measured data (Table 4), suggesting the mechanism of Pb adsorption mainly controlled by physical-
chemical adsorption when the pore of material have high capillary attraction with Pb species, beside that
functional groups can electrons transference. 

Table 4 

Parameters of kinetics models for Pb sorption by alginate modi�ed biochar (MBC) and rice husk biochar
(RhBC) 

Materials Pseudo �rst order   Pseudo second order

K1 Q R2   K2 Q R2

MBC 0.0146 105.0124 0.9977   0.0001 126.3114 0.9980

RhBC 0.0130 25.5622 0.9784   0.0005 30.9660 0.9929

The sorption capacities of Pb by MBC were approximately four times higher than those by BC300, while
the rate constants (k2) of MBC sorption of Pb were lower than that of RhBC. This is probably due to
improved e�cacy of biochar in the adsorption of heavy metals by changes in its surface area, and ion
exchange capacity with the alginate modi�cation.  

3.5 Mechanism of adsorption Pb onto material
The adsorption mechanisms usually involve complexation, ion exchange, physical adsorption, and micro-
precipitation [33]. Correspondence with presence of oxygen-containing functional groups, biochar reveals
greater more attract with cation like Pb2+ [34]. To conceived the adsorption mechanism through above
assumption, FTIR spectroscopy was applied to identify the existence of functional groups on materials
surface. The relatively considerable broadband at around 3400 cm-1 (Fig. 6) was allocated to the –OH
bond [35]. The functional groups existing on RhBC and MBC, by the analysis results on the FT- IR infrared
spectrum of these materials (Fig. 6) shows the appearance of OH, C = C, C = CH, ... groups on the surface.
 

On the infrared spectrum of biochar materials, there are associated spectral lines corresponding to the
alignment oscillations of the OH group (3400 cm-1, 1321 cm-1), C=O (1640 cm-1), CO of C-OH (1111 cm-1).
These links characterize the straight-chain structure with the appearance of carbonyl and alkyl groups.
This structure is completely in accordance with the assumption about the composition of biochar
from rice husks. After the modi�cations, the peak of carbonyl group more sharped indicate that the
carboxylate groups on surface of RhBC are enhanced because of that the alginate contains mannuronic
and guluronic, besides that the new presence of a peak at 1417 cm-1 (- OH of carboxyl acid) is more



Page 11/20

clarifying this result. Thereby the MBC from RhBC can make the ability with metal ions by the reaction
with carboxylic group. The characteristic peaks of MBC after adsorption also examined by FT-IR (Fig. 6).
The peak within 1400 - 1700 cm-1 associate with the vibrations of carboxylic bonds [36]. Carboxylate is
polar so it’s can donate and accept both H+ and OH-. In the presence of ligand,
metal ions are enabled to substitute H+ for coordination with carboxylic groups. The abovementioned
peaks were shifted after Pb adsorption by virtue of the formation layer organometallic complex lie on the
surface of MBC adsorbent. 

3.6 The regeneration of alginate modi�ed biochar
For investigate the ability of regeneration of MBC, this material was desorbed and using for two other
adsorptions under the same optimal condition. From �g. 7 the removal e�ciency of MBC has a slight
decrease from the �rst to the second adsorption with data of 80.9% pointed that MBC is still good
absorbent. However, the e�ciency massive decline to 52.2% in the third adsorption, MBC may not
available utilize for the next adsorption. Hence, MBC could be regenerated and used two times. 

4. Conclusions
Novel biochar derived from rice husk has been synthesis and modi�ed by sodium alginate solution. The
characterization of material was conducted by SEM-EDX, FT-IR, BET. The optimum pH for lead removal
was 7.0. The speci�c surface area was strengthened, and the enlargement of total oxygen-containing
functional groups post alginate cover the surface of the material. The adsorption capacity of Pb2+ was
greatly enhanced. The maximum adsorption capacity Qmax of alginate modi�ed biochar is estimated to
be 101.44 mg/g. which is far more than most adsorbents for Pb removal. The pseudo second-order
model and the Langmuir model describe more details about the kinetics and isotherms of the Pb (II)
adsorption. The mechanism study showed that functional groups of alginate modi�ed biochar worked
for selective adsorption. On the one hand, carboxyl could complex with Pb (II) through monodentate and
bidentate linked. This study suggested that the novel alginate modi�ed biochar from rice husk can be
utilized as an excellent green adsorbent with high adsorption e�ciency, and regenerative for practical
application in effective removal of Pb from wastewater. 

Declarations
Ethics approval and consent to participate: (Not applicable) our manuscript does not report on or involve
the use of any animal or human data or tissue. 

Consent for publication: All presentations of case reports had consent for publication by all authors. 

Availability of data and materials: All data generated or analysed during this study are included in this
published article. 



Page 12/20

Competing interests: The authors declare that they have no competing interests. 

Funding: This article was granted by VNU Vietnam National University, Hanoi, Vietnam. 

Authors’ contributions: All authors reviewed the manuscript, as well as draw the manuscript as original
draft. Nguyen Trung Son, Nguyen Van Noi: prepared �gures, and several tables. Nguyen Thi Nham, Minh-
Tri Nguyen-Le: prepared the tables and wrote the conclusions in the results. Chu Thi Thu Hien, Suresh K.
Ghotekar: common data analysis. Nguyen Minh Viet, Tran Dinh Minh: wrote the main manuscript text,
and major results. 

Acknowledgements: This article was granted by VNU Vietnam National University, Hanoi, Vietnam. 

References
1. E. Agra�oti, D. Kalderis and E. Diamadopoulos Journal of environmental management 133, (2014) 

2. Christou, C.P. Theologides, C. Costa, I.K. Kalavrouziotis and S.P. Varnavas Journal of Geochemical
Exploration 178, (2017) 

3. R. Xiao, S. Wang, R. Li, J.J. Wang and Z. Zhang Ecotoxicology and Environmental Safety 141, (2017)
 

4. G. WHO World Health Organization 216, (2011) 

5. H.L. Needleman, C. Gunnoe, A. Leviton, R. Reed, H. Peresie, C. Maher and P. Barrett New England
journal of medicine 300, 13 (1979) 

�. D. Simms, M. Quinn and J. Thomas Environmental monitoring and assessment 8, 2 (1987)

7. F. Edition WHO chronicle 38, 4 (2011) 

�. M.I. Inyang, B. Gao, Y. Yao, Y. Xue, A. Zimmerman, A. Mosa, P. Pullammanappallil, Y.S. Ok and X. Cao
Critical Reviews in Environmental Science and Technology 46, 4 (2016) 

9. N. Bordoloi, R. Goswami, M. Kumar and R. Kataki Bioresource technology 244, (2017) 

10. F.-M. Pellera, A. Giannis, D. Kalderis, K. Anastasiadou, R. Stegmann, J.-Y. Wang and E. Gidarakos
Journal of Environmental Management 96, 1 (2012) 

11. J. Chen, C. Li, Z. Ristovski, A. Milic, Y. Gu, M.S. Islam, S. Wang, J. Hao, H. Zhang and C. He Science of
the Total Environment 579, (2017) 

12. J. Hong, L. Ren, J. Hong and C. Xu Journal of Cleaner Production 112, (2016) 

13. D. Kołodyńska, J. Krukowska and P. Thomas Chemical Engineering Journal 307, (2017) 

14. X. Tan, Y. Liu, G. Zeng, X. Wang, X. Hu, Y. Gu and Z. Yang Chemosphere 125, (2015) 

15. S. Wu, H. He, X. Inthapanya, C. Yang, L. Lu, G. Zeng and Z. Han Environmental Science and Pollution
Research 24, 20 (2017) 

1�. J.H. Park, G.K. Choppala, N.S. Bolan, J.W. Chung and T. Chuasavathi Plant and soil 348, 1 (2011) 

17. H. Li, X. Dong, E.B. da Silva, L.M. de Oliveira, Y. Chen and L.Q. Ma Chemosphere 178, (2017) 



Page 13/20

1�. N. Khan, I. Clark, M.A. Sánchez-Monedero, S. Shea, S. Meier, F. Qi, R.S. Kookana and N. Bolan
Chemosphere 142, (2016)  

19. J. Zhang, J. Liu and R. Liu Bioresource Technology 176, (2015) 

20. B. Chen, Z. Chen and S. Lv Bioresource technology 102, 2 (2011) 

21. M. Zhang, B. Gao, Y. Yao, Y. Xue and M. Inyang Chemical Engineering Journal 210, (2012)

22. P. Regmi, J.L.G. Moscoso, S. Kumar, X. Cao, J. Mao and G. Schafran Journal of environmental
management 109, (2012)

23. S. Cataldo, A. Gianguzza, D. Milea, N. Muratore and A. Pettignano International journal of biological
macromolecules 92, (2016)

24. N. Ertugay and E. Malkoc Polish Journal of Environmental Studies 23, 6 (2014)

25. B. Li, L. Yang, C.-q. Wang, Q.-p. Zhang, Q.-c. Liu, Y.-d. Li and R. Xiao Chemosphere 175, (2017)

2�. M. Sekar, V. Sakthi and S. Rengaraj Journal of colloid and interface science 279, 2 (2004)

27. D. Mohan, C.U. Pittman Jr, M. Bricka, F. Smith, B. Yancey, J. Mohammad, P.H. Steele, M.F. Alexandre-
Franco, V. Gómez-Serrano and H. Gong Journal of colloid and interface science 310, 1 (2007)

2�. W. Ding, X. Dong, I.M. Ime, B. Gao and L.Q. Ma Chemosphere 105, (2014)

29. C. Wang and H. Wang Chemosphere 192, (2018)

30. S.-H. Ho, Z.-k. Yang, D. Nagarajan, J.-S. Chang and N.-q. Ren Bioresource technology 246, (2017)

31. E. Asuquo, A. Martin, P. Nzerem, F. Siperstein and X. Fan Journal of environmental chemical
engineering 5, 1 (2017)

32. S. Guo, P. Jiao, Z. Dan, N. Duan, G. Chen and J. Zhang Chemical engineering journal 317, (2017)

33. H. Jin, M.U. Hanif, S. Capareda, Z. Chang, H. Huang and Y. Ai Journal of Environmental Chemical
Engineering 4, 1 (2016) 

34. Z. Ding, X. Hu, Y. Wan, S. Wang and B. Gao Journal of Industrial and Engineering Chemistry 33,
(2016)

35. H. Yang, R. Yan, H. Chen, D.H. Lee and C. Zheng Fuel 86, 12-13 (2007)

3�. B. Chen, D. Zhou and L. Zhu Environmental science & technology 42, 14 (2008) 

Figures



Page 14/20

Figure 1

SEM (S1 and S2) and EDX (E1 and E2) images of biochar from rice husk RhBC (S1 and E1) and alginate
modi�ed biochar MBC (S2 and E2)
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Figure 2

Point of zero charge of alginate modi�ed biochar (MBC) and rice husk biochar (RhBC)
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Figure 3

Effect of pH on sorption of Pb by alginate modi�ed biochar (MBC) and rice husk biochar (RhBC)
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Figure 4

Sorption isotherms for Pb by alginate modi�ed biochar (MBC) and biochar from rice husk (RhBC)
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Figure 5

Sorption kinetics of Pb by alginate modi�ed biochar (MBC) and rice husk biochar (RhBC)
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Figure 6

Sorption kinetics of Pb by alginate modi�ed biochar (MBC) and rice husk biochar (RhBC)
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Figure 7

Sorption performances of Pb by alginate modi�ed biochar (MBC) through vary adsorption 
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