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Water contamination by arsenic has led to serious 
human-health hazards. Millions of people die every 
year in several countries of the world because of  
arsenic-rich groundwater. To date, adsorption by  
activated carbon, iron-based adsorbents, zeolite and 
hydrogels have been widely used for arsenic-ion  
removal. Among these, adsorption by renewable re-
source-based hydrogels has ignited great interest  
because of biocompatibility, biodegradability, low cost 
and non-toxicity properties. This article discusses the 
biopolymer-based hydrogels like cellulose, chitin, pec-
tin and chitosan for arsenic removal. It also discusses 
the arsenic chemistry, health hazards caused by arsenic, 
pros and cons of various techniques used for arsenic 
removal and different mechanisms involved in arsenic 
adsorption. Though hydrogels are capable of bringing 
down the arsenic level below the WHO limit, their 
reusability, recovery of industrially important metal 
ions from hydrogels and the mechanical stability of 
hydrogels under harsh conditions should be given 
more focus in future research.  
 
Keywords: Adsorption, arsenic, biopolymer, hydrogels, 
reusability. 
 
AMONG the topmost 20 hazardous heavy metals, arsenic 
(As) occupies the first place1. The name ‘arsenic’ is  
derived from the Latin arsenicum, meaning pigment, as it 
is mainly found as a compound in the earth’s crust, like 
iron arsenide sulphide. Arsenic exists in four oxidation 
states: As5+, As3+, As0 and As3–; however, the most com-
mon states of arsenic found in water are As(III) and 
As(V) species. Arsenic exists in organic and inorganic 
forms. Organic forms of arsenic are mainly found in sur-
face water, produced by biological activity, while the in-
organic form is most likely to be found in reducing 
anaerobic environments (such as groundwater)2. 
 Arsenate and arsenite exist in the ratio of about 70 : 30 
in natural water. The arsenate/arsenite ratio can differ in 
groundwater (depending on oxidizing or reducing condi-
tions). As3+ is a hard acid while As5+ is a soft acid; they 
form complexes with hard bases (sulphides) and hard  
acids (oxides and nitrogen) respectively. Environmental 
forms of As include arsenious, arsenic acids, arsenites, 
arsenates, methylarsenic acid, dimethylarsenic acid,  

arsine, etc.3,4. Nowadays, research is mainly focused on 
the removal of As3+ and As5+ ions from contaminated  
water because these ions are more common in water and 
are more toxic in nature (Figure 1).  
 Among the two forms, arsenite is more toxic than its 
coexisting form because of the high mobility of the for-
mer in water. Redox potential and pH are the important 
factors that control arsenic adsorption. Under reducing 
atmosphere, the uncharged H3AsO0

3 predominates (at pH 
less than 9.2), while under oxidizing condition H2AsO–

4 
and HAsO2

4
– dominate, depending on the pH value. Figure 

2 shows the distribution of As(III) and As(V) species as a 
function of pH5,6. 
 More than 150 million people are at high risk because 
of arsenic-contaminated water. The most affected coun-
tries across the world are Bangladesh, India, China, 
Myanmar, Nepal, Pakistan and Vietnam countries. Arsen-
ic-contaminated water is considered to be the most  
serious problem in Bangladesh and hence, much of the 
research has been focused in this area. The population in 
Bangladesh is mostly affected by arsenic-contaminated 
water7. Arsenic ranks 20th in natural abundance and is 
mainly found in combination with sulphur, oxygen and 
iron. Weathering reactions, biological activity, volcanic 
emissions and anthropogenic activities (mining activity, 
fossil-fuel combustion, use of insecticides, pesticides and 
herbicides) are some of the pathways for environmental 
arsenic contamination in nature8,9.  
 Arsenic is toxic in nature, especially the inorganic 
forms such as AsCl3 and H3AsO3. Arsenic enters into the 
human body either by direct or indirect consumption 
(Figure 3). Effects of toxicity of arsenic on human health 
have been studied in various As-contaminated regions. 
High levels of arsenic exposure leads to arsenicosis, and 
its severity depends upon the dose and number of years of 
exposure to arsenic10,11. Table 1 gives the allowable limits 
for As in potable water for various countries. According 
to the World Health Organization (WHO), the permitted 
arsenic level in potable water is 10 μg/l. However, in 
Bangladesh and China, the allowed arsenic level in pota-
ble water is 50 μg/l according to earlier WHO guide-
lines3,12. 
 Several techniques are available for arsenic removal 
like ion exchange, filtration, floatation, etc. (Figure 4)13,14. 
Table 2 lists the advantages/disadvantages of the above-
mentioned strategies3. There is an urgent need for the 
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Figure 1. The decreasing order of toxicity of different arsenic species generated or encountered in water ana-
lyses. (Reprinted from Yogarajah and Tsai4, © 2015, with permission from the Royal Society of Chemistry.) 

 
 

 
 

Figure 2. Illustration of Eh–pH for arsenic at 25°C. (Reprinted from Mohan and Pittman3, ©2002, with permission from Elsevier.) 
 
 
Table 1. Minimum permissible limits of arsenic in different  
  countries3 

Country Maximum permissible limits (μg/l) 
 

Argentina 50 
Bangladesh 50 
Cambodia – 
China 50 
Chile 50 
India 10 
Japan – 
Mexico 50 
Nepal 50 
New Zealand 10 
Taiwan 10 
USA 10 
Vietnam 10 

fabrication of cost-effective techniques for water remedi-
ation application.  
 The adsorption technique is considered to be effective 
for water remediation application because of the easy  
set-up, non-requirement of additional chemicals, etc.7. 
Adsorption can also be used for the removal of biological 
pollutants15. Iron hydroxide-coated alumina16, granulated 
Fe(OH)3 (ref. 17), manganese greens, sand coated with  
iron oxide and ferrihydrite, activated carbon, modified fly 
ash, aluminum-loaded coral limestone, nanoparticles of 
hydrous iron oxide, iron oxide minerals, activated neutra-
lized red mud, iron-containing mesoporous carbon, natu-
ral hematite, magnetite and goethite, and activated carbon 
impregnated with iron oxide, chitosan, chitosan deriva-
tives, modified fungal biomass are various adsorbents 
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Figure 3. Schematic diagram showing the transfer of arsenic to human beings through the food chain. 
 
 

Table 2. Pros and cons of various technologies used for arsenic removal3 

Technology       Advantages     Disadvantages  
 

Oxidation/precipitation Simple, low-cost, can oxidize other impurities and kills microbes Effective for As(V) removal  
Coagulation/co-precipitation Low cost, easy to operate, effective at various pH values Further treatment is required, pH  
    adjustment is required 
Sorption and ion-exchange pH-independent, exclusive ion-specific resin to remove arsenic High cost, high-tech operation and  
 techniques    maintenance, difficult to remove As3+ 
Membrane techniques Highly efficient, no solid waste is produced 

 
 
used for arsenic removal18–25. Table 3 gives the pros and 
cons associated with different adsorbents other than  
hydrogels. 

Arsenic remediation by hydrogels 

Recently, biopolymeric hydrogels for arsenic adsorption 
have gained considerable perception because of unique 
advantages like low cost, non-toxicity, biocompatibility 
and biodegradability properties26. Hydrogels are three-
dimensional porous structures capable of absorbing huge 
amounts of H2O because of polar functionality27. Due to 
polar functionality, metal ions can form stable complexes 
with the polar groups and hence can be removed from 
contaminated water. The high flexibility, elasticity and 
permeability of hydrogels can be attributed to their high 

water-absorption ability. Hydrogels with preferred pro-
perties can be achieved by adjusting various synthesis 
factors like reaction temperature, amount of monomer, 
catalyst and crosslinker. Hydrogels can be prepared via 
copolymerization, grafting, semi-interpenetrating poly-
mer network (semi-IPN) and IPN technologies28. 
 Hydrogels are also termed as ‘smart gels’ because of 
their sensitivity towards various stimuli like pH, ionic 
strength, temperature, etc. These distinct features make 
hydrogels efficient in various fields like biomedical, agri-
cultural, sensing and industrial applications. Hydrogels 
can be synthesized in various physical forms like beads, 
microgels, nanogels, cryogles or aerogels. Different kinds 
of biopolymer hydrogels are well reported in the litera-
ture for heavy metal removal. Extensive research has 
been conducted on natural polymer-based hydrogels for 
arsenic removal and most of the natural polymers used 
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Table 3. Advantages and disadvantages of various adsorbents used for arsenic removal3 

Adsorbent Arsenic species Efficiency (%) pH Advantages Disadvantages 

Alumina manganese  
 oxide 

As(III) 94 Neutral pH Also effective in  
 removing other toxic 
 metals 

Requires long contact time 

Aluminum alum As(III) and As(V) 96  6.6 Low cost and simple  
operation 

Toxic sludges, pre-oxidation is  
 required for high removal  
 efficiency  

Ferric chloride As(III) and As(V) >90, often 95  
 or more 

Wide range Effective at a wide  
 range of pH values, 
 low cost, simple  
 operation 

Pre-oxidation is required, water  
 should have low concentration of 
 phosphate and silicate ions. In  
 addition, for the removal of flocs, 
 filtration may be required at the  
 first step 

Granular ferric  
 hydroxide 

As(III) and As(V)  More than 95 5.5–9 Low maintenance,  
 toxic-free waste,  
 safe technology and 
 simple operation 

Pretreatment with iron needed to  
 avoid clogging of filter bed 

Activated alumina As(V) 98 Bangladesh  
 water tested 

– – 

Wood charcoal As(V) 97--99  High removal  
 efficiency 

Very tedious 

Anion exchangers As(V) 99 Tap water As(V) removal  
 efficiency is very  
 high 

Sulphate and nitrate exchange before 
 arsenic, TDS, selenium and  
 fluoride can also decrease the life 
 of resin 

Mesoporous anion  
 trap (Cu–EDA–Si) 

As(V) 98.5 Between 5  
 and 6 

High arsenic removal High-tech operation 

 
 

 
 

Figure 4. Various techniques used for removal of arsenic from soil and water. (Reprinted from Singh et al.7,  
© 2015, with permission from Elsevier.) 
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Table 4. Various mechanisms for arsenic removal by renewable hydrogels 

Biopolymer hydrogels           Mechanism Reference 
 

Zerovalent/chitosan foam Adsorption-coupled reduction mechanism of ICCFs on As(III) and As(V) 34 
As(V) sorption on molybdate-impregnated chitosan beads Complex formation between arsenates and molybdate ions 35 
Cellulose/Fe3O4·NH3 Electrostatic interaction 36 
Hydrogel–biochar composite Electrostatic interaction 37 
Chitosan beads immobilized with iron Inner sphere complex formation for As(III) at pH less than 9 and  38 
   electrostatic interaction at high pH  
Iron oxyhydroxide–chitosan nanostructure Complex formation 39 

 
 
 
are of polysaccharide origin. Besides, biopolymeric  
hydrogels are used in different sectors like hygiene pro-
ducts, agriculture, biomedical materials, heavy metal 
ions, dyes, biosensors, etc.29–33.  
 Several mechanisms of arsenic adsorption have been 
reported in the literature like electrostatic interactions, 
complex formation and physical adsorption (Table 4)34–39. 
As evident from the literature, the key mechanisms for 
arsenic adsorption are electrostatic interactions and com-
plex formation of heavy metal ions with the polar groups. 
Besides, the ion exchange mechanism has also been re-
ported by some researchers. The complex mechanism of 
arsenic remediation by hydrogels has been reported using 
FTIR-spectroscopic technique. The pH also influences 
hydrogel performance.  
 Biopolymers like sodium alginate, chitosan, chitin, 
pectin, cellulose and hemicellulose are widely used for 
arsenic removal. For instance, radiation-grafted polyvinyl 
alcohol and polyvinyl alcohol/polysaccharide blend  
hydrogels have been synthesized by Chowdhury et al.40 
The prepared materials showed good adsorption efficien-
cies for both As3+ and other heavy metals (Mn2+, Cr2+, 
Fe3+, Ni2+, Cu2+ and Pb2+). The TiO2 nanoparticles rein-
forced chitin hydrogel was synthesized for As(V) remov-
al41 and the study revealed that inclusion of TiO2 
enhanced the adsorption capacity of As(V). In another 
study, hydrogel-rice husk-derived biochar composite was 
used for As(V) adsorption42. Polyethylenimine and ferric 
ion-coated coffee powder (coffee-PEI-Fe) hydrogel was 
synthesized for As(V), Cu(II) and P(V) ions removal43. 
Hybrid materials prepared by immobilizing oxides of Fe 
and Mn into a konjac glucomannan have been used for 
the removal of As(III) from contaminated water. The  
effect of varying pH and of coexisting anions on arsenite 
elimination was also studied in detail44. Cellulose-g-
poly(N,N-dimethyl aminoethyl methacrylate) hydrogel 
for arsenic and F- was reported by Meng et al.45. The  
adsorption characteristic of modified hydrogel was  
also studied at various pH values. The modified cellulose 
hydrogel showed high adsorption capacity compared  
to other reported adsorbents (AsO3

4
– is 88.99 mg g–1). 

Calcareous soil-alginate composites for Fe3+, Mn2+ and 
As5+ adsorption were synthesized by El-Sherbiny et al.46. 
The study revealed that the synthesized soil-alginate 

composites exhibited maximum adsorption efficiency  
for iron followed by manganese and arsenic metal  
ions. 
 As evident from the literature, different hydrogels have 
shown prominent arsenic adsorption: however, comparing 
the adsorption efficiencies of different hydrogels against 
As(III) and As(V) ions is challenging as the adsorption 
efficiency of any adsorbent depends upon various factors 
like pH, temperature, arsenic concentration, interfering 
ions, adsorbent dosage as As(III) and As(V) ratios. Fur-
thermore, comparison of different hydrogel adsorption  
efficiencies is tedious as some of the experiments are  
either documented in batches or columns. Moreover, the 
presence of interfering ions affects the adsorption effi-
ciency of the targeted pollutant. Hence, in order to avoid 
the competitive mechanism, research should be focused 
on determining the water quality and adsorbent-selective 
adsorption mechanism towards a particular metal ion. 
Moreover, the difficulties of developing a biopolymer 
hydrogel for real-world applications are ingrained in the 
various complicated factors like presence of organic mat-
ter, ligands, variation in pH and temperature in different 
water samples.  

Conclusion and future perspective 

This article discusses the adsorption of arsenic metal ion 
using biopolymer-based hydrogels. Among the available 
techniques for arsenic removal, adsorption technique  
using biopolymer hydrogels is considered to be the most 
effective. Various natural polymers like chitin, cellulose, 
pectin, sodium alginate, etc. have been widely used for 
arsenic removal because of low cost, non-toxicity, biode-
gradability and biocompatibility properties. Here we have 
summarized the different types of biopolymer-based  
adsorbents, their advantages and disadvantages, and the  
mechanisms involved in arsenic removal. Though bio-
polymer-based hydrogels are effective in reducing arsenic 
level below the WHO limit, arsenic waste disposal is a 
challenging task in different parts of the world. Further, 
reusability, recovery of hydrogels, removal of selective 
metal ions and stability of the biopolymer-based hydro-
gels in harsh conditions should be considered in future 
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research in order to make the overall process more  
sustainable and economic. We believe that natural poly-
mer-based hydrogels have a bright future; however, some 
collaborative efforts are needed among the scientific 
community in order to commercialize the hydrogels for 
water remediation application.  
 
 

1. Sohel, N., Persson, L. Å., Rahman, M., Streatfield, P. K., Yunus, 
M., Ekström, E.-C. and Vahter, M., Arsenic in drinking water and 
adult mortality: a population-based cohort study in rural 
Bangladesh. Epidemiology, 2009, 20(6), 824–830. 

2. Ungureanu, G., Santos, S., Boaventura, R. and Botelho, C., Arse-
nic and antimony in water and wastewater: overview of removal 
techniques with special reference to latest advances in adsorption. 
J. Environ. Manage., 2015, 151, 326–342. 

3. Mohan, D. and Pittman, C. U., Arsenic removal from water/ 
wastewater using adsorbents – a critical review. J. Hazardous  
Mater., 2007, 142(1), 1–53. 

4. Yogarajah, N. and Tsai, S. S., Detection of trace arsenic in 
drinking water: challenges and opportunities for microfluidics. 
Environ. Sci.: Water Res. Technol., 2015, 1(4), 426–447. 

5. Chatterjee, S. and De, S., Adsorptive removal of arsenic from 
groundwater using a novel high flux polyacrylonitrile (PAN)–
laterite mixed matrix ultrafiltration membrane. Environ. Sci.:  
Water Res. Technol., 2015, 1(2), 227–243. 

6. Vasudevan, S., Mohan, S., Sozhan, G., Raghavendran, N. S. and 
Murugan, C. V., Studies on the oxidation of As(III) to As(V) by 
in-situ-generated hypochlorite. Indus. Eng. Chem. Res., 2006, 
45(22), 7729–7732. 

7. Singh, R., Singh, S., Parihar, P., Singh, V. P. and Prasad,  
S. M., Arsenic contamination, consequences and remediation 
techniques: a review. Ecotoxicol. Environ. Safety, 2015, 112, 247–
270. 

8. Mondal, M. K. and Garg, R., A comprehensive review on removal 
of arsenic using activated carbon prepared from easily available 
waste materials. Environ. Sci. Pollut. Res., 2017, 1–12. 

9. Smedley, P. and Kinniburgh, D., A review of the source, 
behaviour and distribution of arsenic in natural waters. Appl. 
Geochem., 2002, 17(5), 517–568. 

10. Hsueh, Y.-M., Cheng, G., Wu, M., Yu, H., Kuo, T. and Chen, C. 
J., Multiple risk factors associated with arsenic-induced skin  
cancer: effects of chronic liver disease and malnutritional status. 
Br. J. Cancer, 1995, 71(1), 109. 

11. Maharjan, M., Watanabe, C., Ahmad, S. A. and Ohtsuka, R.,  
Arsenic contamination in drinking water and skin manifestations 
in lowland Nepal: the first community-based survey. Am. J. Trop. 
Med. Hygiene, 2005, 73(2), 477–479. 

12. USEPA, A., Final rule. Federal Register, 2001, 66(14), 6976–
7066. 

13. Barakat, M., New trends in removing heavy metals from industrial 
wastewater. Arab. J. Chem., 2011, 4(4), 361–377. 

14. Chen, Y., Chen, L., Bai, H. and Li, L., Graphene oxide–chitosan 
composite hydrogels as broad-spectrum adsorbents for water 
purification. J. Mater. Chem. A, 2013, 1(6), 1992–2001. 

15. Ali, I., New generation adsorbents for water treatment. Chem. 
Rev., 2012, 112(10), 5073–5091. 

16. Han, C., Li, H., Pu, H., Yu, H., Deng, L., Huang, S. and Luo, Y., 
Synthesis and characterization of mesoporous alumina and their 
performances for removing arsenic (V). Chem. Eng. J., 2013, 217, 
1–9. 

17. Sun, X., Hu, C., Hu, X., Qu, J. and Yang, M., Characterization and 
adsorption performance of Zr‐doped akaganéite for efficient  
arsenic removal. J. Chem. Technol. Biotechnol., 2013, 88(4), 629–
635. 

18. Srivastava, V. C., Mall, I. D. and Mishra, I. M., Adsorption of toxic 
metal ions onto activated carbon: Study of sorption behaviour 
through characterization and kinetics. Chem. Eng. Proc.: Proc.  
Intensification, 2008, 47(8), 1269–1280. 

19. Erdem, E., Karapinar, N. and Donat, R., The removal of heavy 
metal cations by natural zeolites. J. Colloid Interf. Sci., 2004, 
280(2), 309–314. 

20. Kandile, N. G. and Nasr, A. S., Environment friendly modified 
chitosan hydrogels as a matrix for adsorption of metal ions, 
synthesis and characterization. Carbohydrate Polym., 2009, 78(4), 
753–759. 

21. Sudhavani, T., Reddy, N. S., Rao, K. M., Rao, K., Ramkumar, J. 
and Reddy, A., Development of thiourea-formaldehyde 
crosslinked chitosan membrane networks for separation of  
Cu(II) and Ni(II) ions. Bull. Korean Chem. Soc., 2013, 34(5), 
1513–1520. 

22. Vani, T. S., Reddy, N. S., Reddy, P. R., Rao, K. K., Ramkumar, J. 
and Reddy, A., Synthesis, characterization, and metal uptake capa-
city of a new polyaniline and poly (acrylic acid) grafted sodium 
alginate/gelatin adsorbent. Desalin. Water Treat., 2014, 52(1–3), 
526–535. 

23. Li, N. and Bai, R., Copper adsorption on chitosan–cellulose  
hydrogel beads: behaviors and mechanisms. Separat. Purificat. 
Technol., 2005, 42(3), 237–247. 

24. Geckeler, K. E., Polymer-metal complexes for environmental 
protection. Chemoremediation in the aqueous homogeneous phase. 
Pure Appl. Chem., 2001, 73(1), 129–136. 

25. Boddu, V. M., Abburi, K., Talbott, J. L., Smith, E. D. and  
Haasch, R., Removal of arsenic (III) and arsenic (V) from aqueous 
medium using chitosan-coated biosorbent. Water Res., 2008, 42(3), 
633–642. 

26. Elvira, C., Mano, J., San Roman, J. and Reis, R., Starch-based 
biodegradable hydrogels with potential biomedical applications as 
drug delivery systems. Biomaterials, 2002, 23(9), 1955–1966. 

27. Yetimoğlu, E. K., Kahraman, M., Ercan, Ö., Akdemir, Z. and 
Apohan, N. K., N-vinylpyrrolidone/acrylic acid/2-acrylamido-2-
methylpropane sulfonic acid based hydrogels: synthesis, 
characterization and their application in the removal of heavy 
metals. React. Funct. Polym., 2007, 67(5), 451–460. 

28. Li, X., Li, Y., Zhang, S. and Ye, Z., Preparation and 
characterization of new foam adsorbents of poly (vinyl 
alcohol)/chitosan composites and their removal for dye and heavy 
metal from aqueous solution. Chem. Eng. J., 2012, 183, 88–97. 

29. Das, D. and Pal, S., Modified biopolymer-dextrin based cross-
linked hydrogels: application in controlled drug delivery. RSC 
Adv., 2015, 5(32), 25014–25050. 

30. Yetimoğlu, E. K., Kahraman, M., Ercan, Ö., Akdemir, Z. and 
Apohan, N. K., N-vinylpyrrolidone/acrylic acid/2-acrylamido-2-
methylpropane sulfonic acid based hydrogels: synthesis, 
characterization and their application in the removal of heavy 
metals. React. Funct. Polym., 2007, 67(5), 451–460. 

31. Vashist, A., Vashist, A., Gupta, Y. and Ahmad, S., Recent advan-
ces in hydrogel based drug delivery systems for the human body. 
J. Mater. Chem. B, 2014, 2(2), 147–166. 

32. Peppas, N., Bures, P., Leobandung, W. and Ichikawa, H., 
Hydrogels in pharmaceutical formulations. Eur. J. Pharmaceut. 
Biopharm., 2000, 50(1), 27–46. 

33. Van Vlierberghe, S., Dubruel, P. and Schacht, E., Biopolymer-
based hydrogels as scaffolds for tissue engineering applications: a 
review. Biomacromolecules, 2011, 12(5), 1387–1408. 

34. Su, F., Zhou, H., Zhang, Y. and Wang, G., Three-dimensional  
honeycomb-like structured zero-valent iron/chitosan composite 
foams for effective removal of inorganic arsenic in water. J. 
Colloid Interf. Sci., 2016, 478, 421–429. 

35. Dambies, L., Guibal, E. and Roze, A., Arsenic (V) sorption on 
molybdate-impregnated chitosan beads. Colloid. Surf. A 
Physicochem. Eng. Asp., 2000, 170(1), 19–31. 



REVIEW ARTICLES 
 

CURRENT SCIENCE, VOL. 118, NO. 10, 25 MAY 2020 1546

36. Nata, I. F., Sureshkumar, M. and Lee, C.-K., One-pot preparation 
of amine-rich magnetite/bacterial cellulose nanocomposite and its 
application for arsenate removal. RSC Adv., 2011, 1(4), 625–631. 

37. Sanyang, M., Ghani, W. A. W. A. K., Idris, A. and Ahmad, M. B., 
Hydrogel biochar composite for arsenic removal from wastewater. 
Desalin. Water Treat., 2016, 57(8), 3674–3688. 

38. Marques Neto, J. D. O., Bellato, C. R., Milagres, J. L., Pessoa, K. 
D. and Alvarenga, E. S. D., Preparation and evaluation of chitosan 
beads immobilized with Iron(III) for the removal of As(III) and As 
(V) from water. J. Braz. Chem. Soc., 2013, 24(1), 121–132. 

39. Kumar, A. A. et al., Confined metastable 2‐line ferrihydrite for  
affordable point‐of‐use arsenic‐free drinking water. Adv. Mater., 
2017, 29(7). 

40. Chowdhury, M. N. K., Ismail, A. F., Beg, M. D. H., Hegde, G. and 
Gohari, R. J., Polyvinyl alcohol/polysaccharide hydrogel graft  
materials for arsenic and heavy metal removal. New J. Chem., 
2015, 39(7), 5823–5832. 

41. Ramos, M. L. P., González, J. A., Albornoz, S. G., Pérez, C. J., 
Villanueva, M. E., Giorgieri, S. A. and Copello, G. J., Chitin  
hydrogel reinforced with TiO2 nanoparticles as an arsenic sorbent. 
Chem. Eng. J., 2016, 285, 581–587. 

42. Sanyang, M. L., Ghani, W. A. W. A. K., Idris, A. and Ahmad, M. 
B., Hydrogel biochar composite for arsenic removal from 
wastewater. Desalin. Water Treat., 2016, 57(8), 3674–3688. 

43. Hao, L., Wang, P. and Valiyaveettil, S., Successive extraction of 
As(V), Cu(II) and P(V) ions from water using spent coffee powder 
as renewable bioadsorbents. Sci. Rep., 2017, 7. 

44. Ye, S., Jin, W., Huang, Q., Hu, Y., Shah, B. R., Liu, S., Li, Y. and 
Li, B., Fabrication and characterization of KGM-based FMBO-
containing aerogels for removal of arsenite in aqueous solution. 
RSC Adv., 2015, 5, 41877–41886. 

45. Meng, L. D., Wu, M., Tian, Y., Kuga, S. and Huang, Y., 
Absorption behavior of a modified cellulose hydrogel for both 
fluoride and arsenic. Adv. Mater. Res., 2013, 726–731, 733–738. 

46. El-Sherbiny, I. M., Abdel-Hamid, M. I., Rashad, M., Ali, A. S. M. 
and Azab, Y. A., New calcareous soil–alginate composites for  
efficient uptake of Fe(III), Mn(II) and As(V) from water. 
Carbohydr. Polym., 2013, 96, 450–459. 

 
 
ACKNOWLEDGEMENT. S.P. thanks the Department of Science and 
Technology, Government of India for award of a fellowship under the 
Women Scientists Scheme (WOS-B; Ref. No. (SR/WOS-B/565/2016)). 
 
 
Received 12 December 2019; accepted 1 January 2020 
 
doi: 10.18520/cs/v118/i10/1540-1546 

 
 
 
 
 
 
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


