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Fig. 1. Contamination of drinking water due to arsenic in different parts of the world. 
Reprinted with permission from Ref. 1. Copyright © Taylor & Francis 



Fig. 2 Distribution of arsenic species at different depths of iron oxide (left top) and ZVI 

(left down); and overall reactions occurs at the surface of ZVI for arsenite removal in 

adsorption/surface-oxidation mechanism. Reprinted with permission from Ref.   2 

Copyright © Royal Society of  Chemistry



Fig. 3: Schematic illustration of MFC-ZVI hybrid electrochemical cell. Reprinted with 

permission from Ref.  3 Copyright © 2013 Elsevier B.V. 



Fig. 4: Possible electrochemical based redox reactions at Fe-Mn anode 



Fig. 5 Arsenite, arsenate and total arsenic concentration variations during aerated iron 

electrocoagulation. Reprinted with permission from Ref.   4   Copyright © Taylor & Francis



Table 1. List of review papers on arsenite removal technologies since 2000

Title Work reviewed Reference
An Overview of Arsenic 
Removal Technologies in 
Bangladesh and India

Updates on developments in arsenic 
removal methods particularly tested in 
rural Indian and Bangladesh as well as its 
difficulties incurred in the implementation 
in the field was reviewed.

5

Arsenic removal by reverse 
osmosis

Reviewed the natural and anthropogenic 
sources of As, its geochemistry, 
regulation and elimination mechanism of 
As specifically by reverse osmosis

6

Arsenic – a Review.
Part II: Oxidation of Arsenic 
and its Removal in Water 
Treatment

Removal of arsenic from drinking water 
by technologies involving oxidation 
methods were reviewed in detail. 
Additionally, the performance of installed 
technologies in developing countries was 
also discussed. 

7

Arsenic removal 
technologies for drinking 
water treatment

An overview of conventional technologies 
and hybrid membrane technologies 
employed for arsenic removal were given 
along with the limitations associated with 
the membrane filtration processes

8

An overview of arsenic 
removal by pressure-driven 
membrane processes

Provided an overview of the distribution 
of As, its regulation, symptoms on As 
exposure and applications of membrane 
technologies for As removal. In particular, 
different membrane materials, types and 
processes involving As removal in pilot as 
well as bench scale were reviewed.

9

Review of Coagulation 
Technology for
Removal of Arsenic: Case of 
Chile

The concepts related to coagulation 
technology and its operational parameters 
for the removal of arsenic in Chile was 
summarized

10

Arsenic removal from 
water/wastewater using 
adsorbents-A critical review

Remediation of As contaminated water by 
adsorption using low-cost adsorbents, soil 
constituents, oxides, metals and 
commercial adsorbents were critically 
reviewed. In addition to this, desorption 
studies, competitive adsorption and cost 
estimation data were also discussed. 

11

Use of iron-based 
technologies in contaminated 
land and
groundwater remediation: A 
review

Reviewed the development of various 
technologies using iron for the application 
of As removal from land and groundwater 
along with their limitations.

12

Rejection of arsenic minerals 
in sulfide flotation — A 
literature review

Specific review was provided on the 
floatation behaviour as well as selective 
floatation of arsenic minerals and the 
advances made in this area

13



Possible treatments for 
arsenic removal in Latin 
American waters for human 
consumption

Arsenic removal methods suitable for 
water systems in Latin America were 
reviewed. Moreover, technologies that are 
being practised for As removal are 
described by emphasizing on economic 
aspects. 

14

Iron and aluminum based 
adsorption strategies for 
removing arsenic from water

The adsorption of As using iron and 
aluminum based minerals were 
extensively reviewed with specific 
importance given to oxidation of As in 3+ 
states. 

15

Removal of Arsenic from 
Water by
Electrocoagulation and 
Electrodialysis Techniques

Arsenic removal using electro dialysis and 
electrocoagulation were explained in 
detail with specific attention given to 
optimization of parameters for maximum 
removal. Mechanisms related to these 
techniques were also summarized. 

16

Technological options for the 
removal of arsenic with 
special reference to South
East Asia

Various treatment technologies involving 
oxidation, precipitation, adsorption and 
ion-exchange to remediate groundwater 
contamination by As, particularly in 
South east Asia were described.

17

Application of titanium 
dioxide in arsenic removal 
from water: A review

A comprehensive review on 
photocatalytic oxidation of As on TiO2, 
improvements in As elimination by TiO2, 
influence of co-existing factors and 
mechanisms involved in the removal of 
As by TiO2 was provided.

18

Arsenic Removal from Water 
by Adsorption Using Iron 
Oxide Minerals as 
Adsorbents: A Review

Elimination of arsenic by adsorption 
process form contaminated water on iron 
oxide minerals by highlighting the 
mechanism of arsenic sorption was 
reviewed in detail. 

19

Application of low-cost 
adsorbents for arsenic 
removal: A review

The applicability of waste products from 
various industries and natural materials as 
adsorbent material for arsenic removal 
was summarized. The cost effectiveness 
and feasibility of using such adsorbents 
were discussed.

20

Use of chitosan and chitosan-
derivatives to remove arsenic 
from aqueous solutions—a 
mini review

Mechanisms and kinetics pertaining to 
arsenite and arsenate removal from water 
using chitosan and chitosan derivatives 
were reviewed 

 21

A review on sources, toxicity 
and remediation technologies 
for removing arsenic from 
drinking water

Natural and anthropogenic sources of 
arsenic, its toxic effects in humans and 
various technologies adopted for the 
treatment of arsenic bearing water were 
discussed in detail. 

22

Arsenic Removal from 
Natural Water Using Low 

A detailed review on utilization of 
granular adsorbents for arsenic removal 

23



Cost Granulated Adsorbents: 
A Review

was given with particular importance to 
regeneration of spent adsorbents and cost 
involved in the treatment processes 

Arsenic contamination, 
consequences and 
remediation techniques: A 
review

Provided an extensive review of various 
sources of As, elimination of As from 
water and soil by different conventional 
as well as the advanced integrated 
technologies. A brief description of 
sludge disposal was also given. 

24

Arsenic and fluoride 
contaminated groundwaters: 
A review of current
technologies for 
contaminants removal

Processes that are used for the removal of 
As and F individually and simultaneously 
were reviewed along with the discussion 
of disposal of As/F laden concentrate.

25

Application of biopolymer 
composites in arsenic 
removal from aqueous 
medium: A review 

A specific review on the application of 
arsenic adsorption by biopolymers and its 
composites was provided by including the 
adsorption capacity and LD50 of the 
arsenic species.

26

Arsenic removal by 
nanoparticles: a review

Benefits of metal and metal oxide 
nanoparticles and their composites as 
adsorbents in arsenic removal when 
compared to conventional adsorbents 
were discussed in detail. Additionally, 
mechanisms pertaining to removal 
process were explained.

27

Inorganic nano-adsorbents 
for the removal of heavy 
metals and arsenic: a review

Different types of nanoadsorbents and 
their various forms towards arsenic 
elimination were reviewed with 
importance given to morphology of 
nanoadsorbents and functional groups 
present on the adsorbent site

28

Removal of arsenic from 
water using nano adsorbents 
and challenges: A review

Different nanoadsorbent materials 
employed for arsenic elimination from 
water environment along with their 
challenges were reviewed. Factors 
influencing As removal using these 
materials were also critically discussed.

29

Arsenic removal from 
naturally contaminated 
waters: a review of methods 
combining chemical and 
biological treatments

A brief discussion on the conventional 
technologies and biological methods for 
arsenic removal was provided with prime 
importance given to biological oxidation 
of arsenite. A case study based on arsenic 
bacterial communities in aquatic 
environment of Italy was also provided.

30

Technologies for Arsenic 
Removal from Water: 
Current Status and Future 
Perspectives

An overview of conventional technologies 
for the removal of arsenic from water was 
provided along with the applicability of 
nanoparticles to treat arsenic 
contaminated water

31



The global menace of arsenic 
and its conventional 
remediation – A critical 
review

Presence of arsenic in the environment, its 
occurrence across the globe and its 
toxicity effects on humans were 
summarized. A brief overview on 
conventional remediation techniques for 
arsenic was also provided.

32

Removal of As(III) and 
As(V) from water by 
chitosan and chitosan 
derivatives: a review

A wide review was provided on the 
elimination of arsenate and arsenite using 
chitosan and modified chitosan with 
special attention given to the effect of pH 
and kinetics of adsorption

33

Recent progress of arsenic 
adsorption on TiO2 in the 
presence of coexisting ions: 
A review

Elimination of arsenic by adsorption onto 
TiO2 by both batch and column studies in 
the presence of various ions that co-exist 
along with arsenic in the groundwater 
were explored in detail.

34

Electrocoagulation treatment 
of arsenic in wastewaters: A 
comprehensive review

Developments in arsenic removal by 
electrocoagulation method were 
summarized with specific importance 
given to parameter optimization, reactor 
configuration and final product 
characterization based on different 
electrodes.

35

Arsenic adsorption from 
water using
graphene-based materials as 
adsorbents:
a critical review

Performances of various 2-D dimensional 
and 3-D grapheme based adsorbents for 
arsenic elimination were reviewed. 
Mechanism and factors affecting the 
adsorption process were critically 
discussed.

36

Arsenic Removal from 
Drinking Water: Experiences 
with Technologies and 
Constraints in Practice

Provided an overview of treatment 
technologies for the elimination of As 
which are installed at full scale in 
different parts of the world as well as the 
practical difficulties associated with the 
same.

37

Arsenic-related 
microorganisms in 
groundwater: a review on 
distribution, metabolic 
activities and potential use in 
arsenic removal processes

The potential of arsenic related microbes 
to oxidize As3+ in groundwater and the 
various technologies that utilize microbes 
to eliminate arsenic from groundwater 
were reviewed.

38

Conventional as well as 
Emerging Arsenic Removal 
Technologies—a Critical 
Review

Arsenic chemistry, sources and effects 
were briefly discussed. An elaborative 
and critical review was provided on the 
conventional and emerging techniques for 
arsenic removal along with the discussion 
of their advantages and disadvantages.

39

Arsenic removal by 
electrocoagulation process: 
Recent trends and removal

Arsenic contamination in drinking water, 
mechanism involved in electrocoagulation 
process, recent trends in arsenic removal, 

40



mechanism sludge disposal issues and challenges 
incurred in the real field implementation 
were elaborated in detail.

Recent advances in 
exploitation of
nanomaterial for arsenic 
removal from
water: a review

Synthesis, characterization and 
performance of Zr-based, Cu based, TiO2 
based and Fe based nanomaterials towards 
arsenic removal were reviewed.

41

Iron-based subsurface 
arsenic removal technologies 
by aeration: A review of the 
current state and future 
prospects

Reviewed the significance of in-situ 
arsenic remediation technology, its 
operational attributes and different 
conditions of iron dosing and aeration.

42

A critical review on arsenic 
removal from water using 
iron-based adsorbents

A review on arsenic removal from water 
was provided by critically discussing the 
importance of iron-based minerals as well 
as low cost and natural adsorbents. A 
brief discussion on mathematical 
modelling related to adsorption was also 
given.

43

Arsenic removal from 
water/wastewater using 
layered double hydroxide 
derived adsorbents, a critical 
review

Significance of layered double hydroxides 
and its composites as an adsorbent 
material for arsenic removal from water 
as well as wastewater were explained in 
detail. Moreover, insights into the 
influence of competing ions were also 
provided.

44

Rare-earth metal-based 
adsorbents for effective 
removal of arsenic from 
water: A critical review

Adsorptive behavior of rare earth metals 
including yttrium, cerium and lanthanum 
and their oxides were elaborated by 
highlighting their mechanism of 
adsorption was overviewed. Applicability 
of these adsorbents from industrial 
perspective was also mentioned.

45

Review of processes 
controlling Arsenic retention 
and release in soils and 
sediments of Bengal basin 
and suitable iron-based 
technologies for its removal

Causes of arsenic retention in sediment 
and soil particularly in Bengal basin, 
domestic and community level removal 
technologies and iron-based technologies 
for arsenic removal were discussed well.   

46

Metal-organic frameworks 
for aquatic arsenic removal

Systematically reviewed the 
characteristics and performance of MOF 
materials for As elimination from aqueous 
media. Moreover, the mechanisms of As 
interaction with MOF were also provided.

47

Biochar versus bone char for 
a sustainable inorganic 
arsenic mitigation in
water: What needs to be done 
in future research?

Critically reviewed the preparation and 
modification of various types of biochar 
and bone char materials used for the 
sorptive removal of As. In addition to this, 
mechanisms pertaining to immobilization 

48



of As on these materials were discussed.
Promising prospects of 
nanomaterials for arsenic 
water remediation: A 
comprehensive review

Extensively reviewed the nanomaterials 
employed for As elimination from water, 
its shortcomings and ways to modify to 
enhance the removal efficiency. They 
have also summarized the mechanism of 
As with virgin and modified 
nanomaterials. 

49

Metal-air fuel cell 
electrocoagulation 
techniques for the treatment 
of arsenic in water

Arsenic removal using conventional 
technologies and electrocoagulation in 
particular was described. The 
significance, mechanism, configuration, 
operational parameters and performance 
of metal air fuel cell electrocoagulation 
were elaborated.

50

Titanium-based 
nanocomposite materials for 
arsenic removal from water: 
A review

Nano composites prepared from titania 
with metal and metal oxides for the 
elimination of arsenic from water were 
summarized.

51

Technology alternatives for 
decontamination of arsenic-
rich groundwater—A critical 
review

Different physicochemical biological 
methods which are currently practiced and 
which are under investigation were 
extensively reviewed with specific focus 
given to their mechanism, cost and 
sustainability aspects.

52

Applications of biological 
sulfate reduction for 
remediation of arsenic - A 
review

An overview on bioremediation of arsenic 
contaminated area with sulphate reducing 
bacteria, its fundamentals and mechanism 
was provided. 

53

Detoxification of water and 
wastewater by advanced 
oxidation processes

A critical review was provided on the 
detoxification of wastewater by advance 
oxidation processes with special 
importance given to arsenic elimination. 
Challenges incurred after the treatment 
processes were also discussed with major 
focus given to the toxicity of the by-
products.

54

Alginate-based 
biotechnology: a review on 
the arsenic removal 
technologies and future 
possibilities

The potential of alginate-based adsorbents 
for removing arsenic from drinking water 
and the possibilities of regenerating 
adsorbents were discussed in detail. 

55

Use of (modified) natural 
adsorbents for arsenic 
remediation: A review

Arsenic remediation using modified 
natural adsorbents including minerals, bio 
sorbents and industrial by-products were 
extensively reviewed.

56

Arsenic reduction to < 1 
µg/L in Dutch drinking water

Specifically reviewed the As occurrence, 
its mobility and treatment technologies 
prevailing in Netherlands and the current 
investigations which are involved in 
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reducing As below 1 µg L-1

A review of functional 
sorbents for adsorptive 
removal of arsenic ions in
aqueous systems

A comparative evaluation of the 
performance of both conventional and 
advanced adsorbents based on partition 
coefficient was reviewed. Factors 
affecting adsorption, the regeneration of 
adsorbents and their disposal were also 
summarized. 

58

A review on coal fly ash-
based adsorbents for mercury 
and arsenic removal

A systematic review was provided on coal 
fly ash-based adsorbents for capturing As 
and Hg from flue gas and water.

59

A review on decontamination 
of arsenic-contained water by 
electrocoagulation: Reactor 
configurations and operating 
cost along with removal 
mechanisms

A detailed review was given by 
highlighting the mechanistic and 
theoretical aspects of electrocoagulation. 
The influence of operational parameters, 
reactor configurations and sludge disposal 
were also discussed.

60

Exploring carbonaceous 
nanomaterials for arsenic and 
chromium removal from 
wastewater

The applicability of carbon nanomaterials 
and their composites in arsenic removal 
was elaborated extensively by considering 
their adsorption capacity, reusability and 
toxicity aspects of the nanomaterials

61

The role of plant growth 
promoting bacteria on 
arsenic removal: A review of 
existing perspectives

The characteristics of plant growth 
promoting bacteria that can assist 
phytoremediation of As and the 
mechanisms that reduce the adversities of 
As in plants were reviewed.

62

MOFs for the treatment of 
arsenic, fluoride and iron 
contaminated drinking water: 
A review

Synthesis and modifications of metal 
organic frameworks and its advancement 
in the treatment of As, F and Fe 
contaminated water were extensively 
discussed with specific insight given on 
the mechanism

63

Arsenic (V) removal from 
water using hydrotalcites as 
adsorbents: A critical
review

The significance of hydrotalcites in As 
elimination by adsorption mechanism was 
summarized. Additionally, the dissolution 
of components present in the hydrotalcites 
during adsorption process and its 
implications was discussed. 

64

A review on electrochemical 
treatment of arsenic from 
aqueous medium

A detailed review on electrochemical 
based As separation technologies were 
provided. Complete oxidative removal by 
combination of various electrochemical 
techniques was also discussed. 

65

Recent advances of 
graphene-based strategies for 
arsenic remediation

Design criteria adopted for the 
development of graphene based nano 
adsorbents and membranes for As 
remediation was reviewed.

66

Removal of arsenic from 
contaminated groundwater 

As adsorption by biochar and modified 
biochar was reviewed with special 
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using biochar: a technical 
review

attention given to real time monitoring 
and treatment scenarios.

Remediation of arsenic by 
metal/ metal oxide-based 
nanocomposites/ 
nanohybrids: contamination 
scenario in groundwater, 
practical challenges, and 
future perspectives

Nano adsorbents employed for As 
removal was reviewed with a discussion 
on the polymorphic structure and stability 
of the adsorbents.

68

Arsenic removal from water 
by nanofiltration membrane: 
potentials and limitations

An overview on nanofiltration membranes 
employed for the As removal and 
operational parameters governing the 
filtration process was provided. 

69

Nanofiltration for arsenic 
removal: challenges, recent 
developments, and 
perspectives

Various types of nanofiltration 
membranes, their fabrication process, 
performance in As removal was 
deliberated.

70

Removal of arsenic, 
chromium and uranium from 
water sources by novel 
nanostructured materials 
including graphene-based 
modified adsorbents: a mini 
review of recent 
developments

An overview on nano metal oxide 
composites and graphene-based 
composites developed for the elimination 
of arsenic, uranium and chromium from 
groundwater was provided. 

71

Arsenic removal 
technologies and future 
trends: A mini review

Various physico-chemical processes, 
biological methods and other advanced 
technologies adopted for As removal was 
reviewed. The practicability of employing 
adsorption process and the use of various 
functional materials was discussed.

72

Treatment of aqueous arsenic 
– A review of biosorbent 
preparation methods

An overview on biomasses that have been 
used for As sorption was provided. The 
significance of modified biomass over 
untreated biomass in enhancing the 
sorption capacity was highlighted 

73

A critical review on arsenic 
removal from water using 
biochar-based sorbents: The 
significance of modification 
and redox reactions

The potential of biochar and modified 
biochar in arsenic remediation were 
critically reviewed. Various factors that 
govern the As removal by biochar, 
removal mechanisms, fate and redox 
transformations were discussed in detail. 

74

Review: Efficiently 
performing periodic elements 
with modern adsorption 
technologies for arsenic 
removal

Various adsorbents employed for the 
removal of As from water was reviewed.  
Emphasis was given to the periodic 
elements that have been used in As 
removal. 

75

Advanced application of 
nano-technological and 
biological processes as well 

Nanoparticles, advanced iron 
nanoparticles, composites, advanced 
adsorbent materials used for As removal 
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as mitigation options for 
arsenic removal

was reviewed. Phytoremediation and 
bioremediation by various microbial 
species were deliberated.   

Arsenic and fluoride removal 
by electrocoagulation 
process: A general review

Removal of As and fluoride from 
groundwater and wastewater by 
electrocoagulation (EC) process, 
parameters influencing the EC process, 
energy consumption and operating cost 
were reviewed.

77

Arsenic contamination, 
effects and remediation 
techniques: A special look 
onto membrane separation 
processes

An overview on the sources, occurrence, 
mobilization and exposure pathways of 
As were given. Further, As removal using 
physico-chemical process and membrane 
separation processes were reviewed.

78

Insights into conventional 
and recent technologies for 
arsenic bioremediation: A 
systematic review

As removal using algae, fungi, yeast and 
bacteria were reviewed by emphasizing 
the mechanisms involved in remediation 
process. Various phytoremediation 
technologies and their potential in As 
remediation were discussed. 

79

Selective removal of arsenic 
in water: A critical review

Various methods, mechanism of factors 
and selective removal of As, were 
reviewed. An overview on 
microbiological methods were also 
provided.
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