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Introduction

Rice straw:
The existence of carboxyl and lactone functional groups were 
found based on the IR spectrum. Iron impregnation increased its 
arsenate loadings. 
Rice Husk:
The arsenic loading of rice husk been heated over night at 80 C is
temperature- dependent, and its ash content was the lowest 
among all the rice husk trails. Iron impregnation increased its 
arsenic loadings. 
Coconut husk:
There is a high possibility for the polar and oxygenated functional 
groups on the surface of AC to encourage arsenic removal. 
Empty Fruit Bunch:
Empty fruit bunch-derived adsorbent was good for both As (III) and 
As (V) removal with capacities up to 18.90 mg/g and 5.50mg/g, 
which were further developed to 31.40 mg/g and 15.20 mg/g
respectively. However, the activation method for improved EFB 
carbon was not mentioned in the paper. 
Besides, There was no specific correlation was found between the 
activation conditions and adsorption capacities of adsorbents. 

Result  

In the present study, the properties and As adsorption capacity of 
multiple raw materials have been compared and discussed. 
Materials including rice straw, empty fruit bunch, rice husk, 
coconut husk, peanut hulls, and mango leaves are effective for 
arsenic and arsenate removal. Material such as millet stick and 
sugar beet pulp is fairly efficient for As uptake, and Fe-
impregnation can further advance their sorption. This paper 
should help future study to combine different precursor and 
activation method and create novel As adsorbents. 

Conclusions

Arsenic distributes all over nature, including earth crust, soil, water, 
air, and living organism, precipitates in marine muds and clays, and 
coprecipitates with iron hydroxide and sulfides in sediments. Arsenic 
itself exists in multiple forms and species in different pH environments 
(Fig. 1). At a high pH (> 8), arsenites, like H3AsO3, H2AsO3-, and 
HAsO3

2-, are stable and predominant species while at a lower pH (< 
6), arsenates, like H3AsO4, H2AsO4-, HAsO4

2-, and AsO4
3, are stable 

and predominant forms of arsenic compounds9. 

Figure 1. Arsenic (III and V) predominance diagrams..

Anthropogenic activities, like mining, combustion of fossil fuels, and 
the use of agriculture byproducts, bring in extra impacts. The arsenic 
release caused by anthropogenic activities accumulated in soils, air, 
and water sources. Arsenic contamination in water sources is a 
worldwide threat since exposure to arsenic at different levels 
generates many damages to human bodies. 

Numerous physicochemical techniques have been applied to 
remediate heavy-metal-contaminated water. Comparing to other 
methods, AC and biochar sorption are highly cost-effective and, 
therefore, widely explored. The present paper reviews multiple 
agriculture waste-derived carbon activation methods and compare 
Arsenic (As (III) and As (V) removal ability of each carbon group been 
treated with different activation methods. This paper aims to find out a 
relatively high-efficient activation method and raw-material for 
remediation of arsenic-polluted water sources. 

Models 
Langmuir theory:
a unique site on surface of the adsorbents will form a monolayer of
adsorbed materials20 and theoretically estimate the maximum
adsorption at equilibrium.

Ce/qe= (1/qm) Ce + 1/(Ka*qm)
Where qm is always the monolayer biosorption saturation capacity
(mg/g) while Ka is always the equilibrium constant (L/mg).

Freundlich theory: 
the relation between the concentration of the adsorbent solution to the
concentration of contaminated water sample

log 𝑞𝑒 = log 𝐾𝑓 + 1/n*log 𝐶e
where Ce is the equilibrium concentration (mg/L), qe is the value of
arsenic adsorbed by the adsorbent (mg/g), Kf and n are Freundlich
constants25.
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Raw
material

Arsenic removal capacity
mg/g

Model for 
adsorption 

Reference 

As(III) As(V)
Rice Straw1 - 28.49 Langmuir Nguyen et 

al, 2019
Rice Husk6 30.70 16.90 Langmuir Samsuri et 

al, 2016 
Coconut 
Husk1

146.30 - Langmuir Manju et al, 
1998 

Empty Fruit 
Bunch2

31.40 15.20 Langmuir Samsuri et 
al, 2016

Rice husk8 250.07 
(318K)

- Langmuir Kamsonlian
et al, 2012

Table 1. Adsorption capacity of each group 

Raw
material

Carbon activation 
method 

Activant Details 

Rice Straw1 Pyrolysis FeSO4·7H2O; 
FeCl3·6H2O

At 500 °C for 1 
hour

Rice Husk6 FeCl3 

Coconut 
Husk1

Sulfuric Acid 
chemical activation 

Copper (II) 
solution 

At 150 °C for 24 
h 

Empty Fruit 
Bunch2

- - -

Rice husk8 Pyrolysis Hot air at 80 °C 
over night 

Table 2. Activation Conditions of each group 

Activation method:
Most carbons treated with steam activation obtained a great 
surface area, and functional groups like chromenol, pyrones, 
and quinones were commonly found on the surface of 
adsorbents. Metal impregnation can improve the 
arsenic/arsenate removal capacities of adsorbents. Oxidation
with KMnO4 following with impregnation of FeSO4 was regarded 
as an effective technique to develop both the arsenic and 
arsenate adsorption capacities of the adsorbents by making a 
more heterogeneous structure than the raw materials.
Adsorption Mechanism:
The adsorption of arsenic and arsenate ions are considered in 
the two fashions: affinity adsorption, physical adsorption, and 
chemical complexation or ion-exchange on the chemically active 
sites. Chemical adsorption is benefited by electrostatic and 
chemical interaction when the surface of the adsorbents are 
positively charged, and the adsorption happens in an acidic 
environment. Negatively charged As species encounter 
electrostatic repulsion, so adsorption of arsenic is weakened. 
Functional groups (i.e. phenolic and carboxylic groups) on the 
surface are protonated at acidic pH values, providing surface 
polarity, which contributes to an electrostatic attraction and a 
higher arsenic removal capacity. The chemical adsorption is 
dominated by an ion-exchange mechanism that is featured by 
increased light metal ion (e.g. Ca2+and Mg2+) and H+ with 
increased initial metal concentration. In addition, Most 
experimental data showed that As (III) ions adsorption increases 
sharply for a short time interval and then slows down gradually 
and finally approaches the equilibrium, which can be dye to the 
deceased number of accessible active sites on the surface of the 
adsorbent as the process proceeds. This situation suggests the 
possibility of a monolayer coverage of As ions on the surface of 
the adsorbent. 

Discussion


