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Abstract

The importance of removal of heavy metals from drinking water has
received significant attention of researchers and decision makers across
the globe. Bio-adsorbents have emerged as potential remediation
materials for the removal of heavy metals and metalloids from both
groundwater and surface water. Plants, algae, fungi are some of the
biomass derived adsorbents which are capable of removing heavy
metals and metalloids from aqueous solution by adsorption. For
increasing the adsorption efficiency of bio-adsorbents, treatment of
adsorbents is done by using various kinds of treating agents like
tartaric acid, NaOH. The bio-adsorbents have affinity for heavy metal
ions to form metal complexes or chelates due to having functional
groups including carboxyl, hydroxyl, imidazole, sulphydryl, amino,
phosphate, sulfate, thioether, phenol, carbonyl and amide etc. Rice
husk (RH) is a low cost (agricultural by-product) bio-adsorbent which
has been studied intensively for the removal of various heavy metals
and metalloids (such as Pb, Cd, Zn, Ni and As) from both groundwater
and surface water. The present study is focused on critical review of
previous and current available information on potential of treated and
untreated rice husk for the removal of heavy metals and metalloids
(arsenic). Various studies on adsorption efficiency of rice husk
considering the parameters contact time, adsorbent dose (rice husk),
initial concentration of heavy metals, pH, and temperature have been
evaluated by many researchers. The present study analyzed those
studies and compiled the adsorption efficiency of rice husk and
concluded that treated rice husk gave comparatively better adsorption
efficiency of heavy metals with compared to that of untreated rice
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husk. The treated rice husk can be implemented on large scale
industrial applications after field studies.

Keywords: Adsorption efficiency; Heavy metals and metalloids; and
Rice husk.

1. Introduction

The presence of heavy metals in groundwater and surface water has become one of the
major environmental worries. Heavy metals such as Pb, Cd, Cu, Zn, Ni, Cr, and
metalloids like As in drinking water have adverse impacts on human health such as
allergies, hyper pigmentation, skin lesions, skin cancer, neurological effect,
hypertension, cardiovascular disease and pulmonary disease (Salem et al, 2000; Smith
et al, 2000). The above mentioned heavy metals and metalloids target the liver,
kidneys, lungs, brain and bones once absorbed through various path ways (Salem etal,
2000). For removal of heavy metals and metalloids many conventional techniques such
as chemical precipitation, membrane filtration, ion exchange, carbon adsorption and
co-precipitation have been used. But they are not suitable for high concentration of
metals and also not cost effective (Demirbas, 2008). Bioadsorbents have emerged as
one of the potential alternatives for removal of heavy metals and metalloids. Plants,
algae, fungi are some of the biomass derived adsorbents which are capable of
removing heavy metals and metalloids from aqueous solution by adsorption (Mohan et
al, 2007). For increasing the adsorption efficiency of bioadsorbents, treatment of
adsorbents is done by using various kinds of treating agents like tartaric acid and
NaOH (Wong et al, 2003; Kumar and Bandyopadhyay, 2006). The bioadsorbents have
affinity for heavy metal ions to form metal complexes or chelates due to having
functional groups including carboxyl, hydroxyl, imidazole, sulphydryl, amino,
phosphate, sulfate, thioether, phenol, carbonyl and amide etc (Amin et al, 2006) and
chemical treatment increases the number of these functional groups. Rice husk (RH) is
a low cost (agricultural by-product) bioadsorbent which has been studied intensively
for the removal of various heavy metals and metalloids (such as Pb, Cd, Zn, Ni and
As) from both groundwater and surface water. For decontamination of heavy metals
from drinking water treated adsorbent (rice husk) is comparatively better than
untreated one, because untreated adsorbent can further generate the problems such as
low adsorption capacity, high chemical oxygen demand, biological oxygen demand,
total organic carbon due to release of soluble organic compounds in plant material
(Rice husk)( Ngah and Hanafiah, 2008). Considering reaction time, adsorbent dose,
and initial concentration of adsorbate, pH, and temperature, adsorption efficiency of
rice husk has been reviewed in this study.

2. Physicochemical Characteristics of Rice Husk
Ye et al, (2012) reported physical properties of rice husk such as surface area of
438.05m?/g, bulk density of 0.3086 g/cm® and porosity of 0.38 by fraction. The
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chemical composition of rice husk by component analysis has been reported as 34.4%
cellulose by weight, 29.3% hemicellulose by weight, 19.2% lignin by weight, 17.1%
ash by weight, elemental analysis shows 49.3 % oxygen by weight , 44.6 % carbon by
weight , and 5.6 % hydrogen by weight and by proximate analysis 59.5% volatiles by
weight, 17.1 % ash by weight (composition of mineral ash SiO,
K20,MgO,Fe;0,Al,03,Ca0)and 7.9 % moisture by weight was found (Williams and
Nugranad, 2000). As rice husk is insoluble in water, having good chemical stability,
structural strength due to high silica content (Lee et al, 1994) so researchers are using it
for treating heavy metal from ground water and surface water.

3. Materials and Methods

Collection of rice husk may be done from local rice mill and may be prepared as an
adsorbent by sieving through different sieve sizes to get the various particle size of rice
husk. The untreated adsorbent (RH) is prepared by washing it with tap water followed
by distilled water (Ranjan et al, 2008; Amin et al, 2006), but the treated adsorbent
(RH) is prepared by soaking the adsorbent for sometime (soaking time varies for
different treating agent) with treating agent like epichlorohydrin (ERH) (Kumar and
Bandyopadhyay, 2006), tartaric acid (Wong et al, 2002), orthophosphoric acid (Dada
et al, 2013), and polyaniline (Lashkenari et al, 2011). Adsorption capacities of treated
and untreated rice husk at various parameters are shown in Table 1.

Table 1: Adsorption capacity of treated and untreated adsorbent (Rice husk)

Modifying agents | Metals | Parameters | Adsorption |Adsorptio| References
remove Capacity(mg/gjn isotherm
d )
Untreated As (I11) | pH-7,temp.- 0.139 Langmuir | Ranjan et al
2001C (2009)
As (V) [pH-4, temp.- 0.147
2001C
Water washed | Cd (Il) | pH-6.6t0 8.58 Langmuir | Kumar and
6.8,temp. 28- Bandyopadhya
Epichlorohydrin 3001C, initial 11.12 y (2006)
treated rice husk Cd
(ERH) concentration
Sodium - 16.18
bicarbonate treated 10 mg/L,
rice husk (NCRH) Particle size
NaOH 505 pm 20.24
treated rice husk
(NRH)
Tartaric acid (TA) | Cu(ll) | pH-5.2-5.3, 29 Langmuir | Wong et al
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Pb(Il) Temp.- 108 (2003)
27.2°C
sodium carbonate, | As (V) | pH-7.5, 18.98 Langmuir Lee et al
sodium temp.- (1999)
hydroxide,4M N- 28+2°C
(3-chloro-2-
hydroxypropyl)
trimethylammoniu
m chloride
(quaternized rice
husk)
Orthophosphoric | Pb(ll) | pH- 6.30- 138.89 Langmuir | Dada et al
acid(O-PA) 6.50 (2013)
Untreated Pb (11) pH 4 4.23 -- | Tarley and
Arruda (2004)
cd (1) 1.42
Pulverized rice | As(V) -- 615.11 -- Roy et al
husk (1993)
Polyaniline/ As pH- 10, 34.48 Freundlich| Lashkenari et
HCl/distilled water adsorbent al (2011)
dosage of 10
g/L and
equilibrium
time 30
minutes.
Rice husk based Ni Temp.- at | 2.69(RHAC4) -- Taha et al
Activated carbon room temp., | 3.88(RHACS6) (2011)
(carbonized at Contact time-| 6.23(RHACS)
temp. 400°C Zn | 30 min. (for | 5.28(RHACA4)
(RHAC4), 600°C Ni),15 min. | 5.38(RHACS6)
(RHACS6), 800°C (for Znand |6.17(RHACS)
(RHACS) Pb Pb) 6.01(RHAC4)
respectively ) 6.06(RHACSG)
6.17(RHACS)

4. Results and Discussion

Untreated or water washed rice husk that has been used for removal of As (V) (Ranjan
et al, 2008), Cd (Kumar and Bandyopadhyay, 2006), Pb and Cd (Tarley and Arruda,
2004), the adsorption capacity for these were found to be 0.147mg/g, 8.58 mg/g, 4.23
mg/g, 1.42 mg/g respectively. After chemical treatment it has been found that
adsorption capacity of rice husk is increased to 11.2mg/g (with ERH), 20.24mg/g (with
NRH), 16.18mg/g (with NCRH) for Cd (Il) (Kumar and Bandyopadhyay, 2006),
29mg/g (with TA) and 108 mg/g(with TA) for Cu(ll) and Pb(Il) respectively (Wong et
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al, 2003), 138.89 mg/g(with O-PA) for Pb(ll) (Dada et al, 2013), 615.11mg/g
(pulverized rice husk) for As (V) (Roy et al, 1993). Taha et al, (2011) observed
adsorption efficiency for Pb (Il) that is 6.01 mg/g (RHAC4), 6.06 mg/g (RHACS6), and
6.17 mg/g (RHACS); for Zn it is 5.28 mg/g (RHAC4), 5.38 mg/g (at RHACS), 6.17
mg/g (at RHACS); for Ni 2.69 mg/g (RHAC4), 3.88 mg/g (RHACS), and 6.23mg/g
(RHACS) (Table 1).

5. Conclusion

This review summarizes the various studies on removal of heavy metals using rice
husk which revealed that treated rice husk attracted more attention than untreated one
due to comparatively higher adsorption capacity favored by higher number of active
binding sites, improved ion exchange properties and enhancement of functional groups
after chemical treatment. The treated rice husk may be implemented on large scale
industrial applications after field studies.
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