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Abstract
Environmental contamination by heavy metals has continued to be a source of serious concerns to researchers because of 
its far-reaching implications on the earth as we know it. This is because environmental pollution occasioned by heavy met-
als (HMs) which are non-biodegradable pose direct or indirect negative effects on environmental health, including that of 
plants, animals, and humans owing to their increased bioaccumulation in environmental matrices. Wastewater from indus-
tries producing chemicals is disposed of directly without proper treatment into the environment. However, HMs enter the 
food chains and food webs via the air, water, and soil, thereby inducing several diseases and disorders in both humans and 
animals. The features of rice husk (RH) as novel adsorbent are because it is chemically stable as well as being insoluble in 
water in addition to its large surface area relative to other agricultural waste products. There is an increasingly high awareness 
of the roles played by RH in environmental uses or applications for the sequestration of environmentally harmful chemical 
substances This review summarizes some recent developments in the use of RH and its derivatives as an environmentally 
friendly adsorbent that is highly suitable for the removal of heavy metal.
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Introduction

Heavy metal contamination simply means the anthropogenic 
introduction, direct or indirectly of toxic HMs in any envi-
ronmental medium in such an elevated concentration beyond 
natural background level in the environment and living 
organisms. Environmental contamination by toxic elements 
is a global problem because of its persistence nature (Okoro 
et al. 2012; Okoro et al. 2018; Basheeru et al. 2021). Studies 
have shown that these released toxic elements from indus-
trial and agricultural wastes could undergo several physio-
chemical processes in the environment, especially in lagoon 
system which can lead to different organic and in organic 
speciation in marine environment (Okoro et al. 2014; Okoro 
et al. 2017; Basheeru et al. 2020). The target organ toxic-
ity of heavy metals in human beings is provided in Fig. 1. 
Studies have documented that air, water, and soil are the 
natural sinks for HMs but soil serves as the most important 
geochemical sink of HM pollution (Infotox 2000) (Fig. 2). 
Be that as it may, as of late the general environmental con-
tamination in both developed and developing nations moves 
toward becoming serious.
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In Europe, Toth et al. (2016) reported that an estimated 
6.24% of total agricultural lands are contaminated and need 
remediation actions while Panagos et al. (2013) put heavy 
metals and mineral oil as the main contaminant of soil with 
60% quota. In sub-Saharan Africa, UNEP (2011) estimated 
heavy metals concentrations in water, soil, and air in ten 
communities of Ogoniland of Nigeria was almost 1000 times 
greater than the allowable threshold levels. Heavy metal 
(HM) contamination was not previously given significant 
consideration but in recent times, it has become serious 
issues of concern worldwide due to their increased use and 
processing in various. It is based on the global threat of 
a rapid increase in environmental contamination by HMs 
that more consideration is put on the remediation of HMs 
in environmental media such as soil and water. Adsorption 
method as a remedial technique for HM contamination in 
soil and aqueous media has been proposed because nearly 

all HM ions can be remedied and adsorbed via adsorbents 
(Wang and Zhou 2004). There are several adsorbents used 
to immobilize and remove HM ion contaminants from soil 
and aqueous media. For instance, pyrolyzed organic wastes 
have been reported to be good absorbents for immobilizing 
HMs like Cd, Pb, Cu, etc., in soils ( Ogunkunle et al. 2018).

Rice husk (RH) is the principal agricultural waste gener-
ated during rice processing worldwide. RH accounts for a 
momentous menace to the environment owing to the release 
of carbon dioxide (CO2) in surrounding areas where they are 
dumped and long-lasting smoke and methane produced from 
its open-air combustion (Sneh and Samadder 2014). There-
fore, the use of RH by commercial industries is the alterna-
tive remedy to the disposal problem, due to easy availability 
and low cost (Oyetola and Abdullahi 2006).

This review article provides reports on the removal effi-
ciency/potential of RH as an adsorbent and its applicabil-
ity in various aspects. Several attempts have been made to 
harvest scientific information from several published studies 
relating to RH. Recently, the adsorption method for metal 
removal has gained much attention for its efficient treatment 
of wastewater through the low-cost adsorbent. Agricultural 
wastes are easily available, affordable, eco-friendly and have 
a high capacity for the adsorption of HMs (Sud et al. 2008). 
Agricultural junks had been employed for surface assimi-
lation of heavy metals in the environment (Agbozu and 
Emoruwa 2014); RH used for the adsorption of Cu (Zhang 
et al. 2014); sawdust for Cu, Pb and Cd removal (Sciban 
and Klasnja 2003; Bulut and Tez 2007; Witek-Krowiak 
2013); peanut husk for Cu, Zn and Mn removal (Oliveira 
et al. 2010); pigeon pea pod for removing Ni (Aravind et al. 
2013); and tea wastes for removing Pb and Cu (Amarasinghe 
and Williams 2007) have been previously investigated.

Fig. 1   The target organ toxic-
ity of heavy metals in human 
beings

Fig. 2   Soil contamination caused by human activities
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Removal of HMs from soil medium was possible using 
agricultural wastes, such as the use of RH as adsorbent 
(Fig. 3). Plant wastes are of low cost and are easily avail-
able since they are perceived to be of little or no economic 
value. Using rice husks, sawdust, and maize cobs as low-
cost adsorbents, Abdel-Ghani et al. (2007) have proved that 
rice husk can provide removal efficiency of ⁓98.15% for Pb 
at room temperature and proved to be effective adsorbents 
for several metal ions. Therefore, this review paper aims at 
providing information on the application of rice husks as a 
prospective absorbent for HMs elimination from contami-
nated aqueous and soil media.

Properties of rice husk

Rice husk (RH) is by-product biomass of rice processing 
constituting about ⁓ 20 wt% of bulk grain weight (Hossain 
et al. 2018). They are highly rich in silica with about 75–90% 
organic matter content. Table 1 presents the typical proper-
ties of RH according to Bronzeoak (2003).

Several applications of rice husk ash

Rice husk ash (RHA) is an amorphous silica produced 
from pyrolyzed RH at a certain temperature range (Katsuki 
et al. 2005). RHA has varying particle structures depend-
ing on pyrolysis temperature (Table 1) and the ecological 
origin of the rice. It is composed of 90% Si2O, 1.48% CaO. 

1.23% MgO, 1.09% MnO, 1.54% Fe3 O3, and 1.21% Al2O3 
(Rao et al. 2016). RHA is known to be useful in vari-
ous industrial applications such as water purification, soil 
amendment, and fertilizers as well as in the steel, ceram-
ics, and refractory industry. The suitability of RHA has 
been reported to strongly depend on the ash chemical com-
position which is predominantly silica in nature and was 
also confirmed to be senior to surrogate substances such as 
silica fume, fly ash, and slag (Agus et al. 2002). RHA has 
also been found useful in high-quality steel production. 
RHA has also been established to be useful as a quality 
insulator owing to its features such as high melting point, 
low thermal conductivity, high porosity, and low bulk den-
sity. RHA has also found application in the coating over 
of molten metal and steel in tun-dishes and ladles (Ahmed 
et al. 2008), thereby acting as a very good insulator and 

Fig. 3   Schematic representa-
tion of HM removal from soil 
contamination using modified 
rice husk

Table 1   Typical properties of rice husks

Property Range

Bulk density 96–160 (kg/m3)
Hardness 5–6 (Mohr’s scale)
Ash 22–29%
Carbon ⁓35%
Hydrogen 4–5%
Oxygen 31–37%
Nitrogen 0.23–0.32%
Sulfur 0.04–0.08%
Moisture 8–9%
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prevents too rapid cooling of metal and ensuring homoge-
neity in solidification during casting. Other applications 
of RHA are described below.

Admixture in the production of low‑cost concretes

The presence of amorphous silica (85–95%) with high 
pozzolanic properties has made RHA a good candidate 
for cement replacement. Addition of RHA with lime and 
aggregates this will now follow by casting in preferred shape 
and sizes. Mixed proportion of RHA (binder) and some 
other admixtures in the ratio of 20% and 80% lime, close 
to 7 MPa strength, is achieved in two weeks. Amorphous 
RHA is reported to be more preferred in the manufacturing 
of concrete owing to its high pozzolanic property (Giddel 
and Jivani 2007).

Use in ceramics and refractory industry

Silica content of RHA in the amorphous form allows it to 
serve as non-heat conducting substance, which has found 
applications in the production of refractory bricks (Pal et al. 
2012). Insulation refractories made from RHA are produced 
through the mixture of various flux contents serving as bind-
ers, plasticizers, and pore-forming agents to raise the poros-
ity of the products (Bhardwaj and Majhi 2017; Sobroza et al. 
2017). RHA serves as a source of silca during the produc-
tion of cordierite. Giddel and Jivani (2007) reported that 
when kaolinite was replaced with RH silica in the mixture, 
cordierites yield was much higher at a reduced crystalliz-
ing temperature and also in decreased activation energy for 
crystallization.

Application of RHA in the production of silica

RHA has been reported as the most promising waste for 
the generation of silica (Hossain et al. 2018). The amor-
phous form of RHA features high silica content and this 
makes it an important candidate for a wide variety of 
applications in industries like chemicals, construction, 
electronics, and ceramics. Owing to huge silica content 
of RHA, the production of silica and subsequently silicon 
carbide and silicon nitride flour was economical (Adam 
et al. 2006). Silicon carbide is an important component in 
some engineering applications like ceramic and metal fab-
rications and other materials in the production of optic and 
electronic devices (Davidson and Regener 2000; Hossain 
et al. 2017). Soltani et al. (2015) highlighted the use of sil-
ica from RHA to manufacture non-oxide ceramics, nano-
SiO2, and silicon. Giddel and Jivani (2007) also asserted 
increase demand for amorphous silica in the manufacture 
of high-grade cement and concrete for bridge construction 
and marine environments. Also, due to the high demand 
for highly purified nanosilica for many scientific applica-
tions (Wantala et al. 2012), RHA derived from combus-
tion with either acid or alkali treatment has been proposed 
to increase the silica content to > 99 wt% (Hossain et al. 
2018). A typical extraction procedure of silica from RHA 
is schematically presented in Fig. 4 as proposed by Zulkifli 
et al. (2013).

Insulation of fire bricks using RH

Owing to the presence of pores developed in RH when 
organic contents are burnt off during heating, it has found 

Fig. 4   Schematic representa-
tion of the extraction procedure 
of silica from RHA  (Adapted 
from Zulkifli et al., (2013)
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application in the production of bricks for better thermal 
insulation. The pores function as entrapment for air, thus 
enhancing its insulating features and making the brick 
structure a good insulation material (Agus et al. 2002).

Other uses of RH

RH as a common raw material has found utility in the pro-
duction of ethanol, furfural, acetic acid, and xylitol. Litera-
ture also indicated that RH can be used as polishing agents 
in metal industries, fabrication of everlasting building mate-
rials, industrial raw materials, and so on. Recent advances 
have led to the manufacturing of composite materials such as 
RH-derived C/SiO2 composite (Hossain et al. 2017). The C/
SiO2 appears to be the main component of the next genera-
tion of high-performance lithium-ion batteries (Wang et al. 
2014).

Use of RH for the removal of HMs

Removal of HMs from aqueous media

These days, risky overwhelming metal pollution of wastewa-
ter is posing serious environmental concerns globally owing 
to increase urbanization and industrialization; for example, 
As3+/AS5+, Pb2+, Cd2+, Ni+, Cr3+/Cr6+, Zn2+, Cu2+, Hg+/
Hg2+, Co2+, etc., contained in wastewater are progressively 
legitimately or in a roundabout way released into water 
bodies especially in creating countries (Jiang et al. 2009). 
Moreover, the dirt encompassing army installations offer a 

potential danger of certain overwhelming metals, which can 
be a risk to groundwater and surface water (Joseph et al. 
2015). Figure 5 describes several causes of heavy metal tox-
icity. Characteristically, these overwhelming metal particles 
are not biodegradable and will in general effectively gather 
in living organisms. Although taking in a few amounts 
of various heavy metals is very important for individuals 
because of their quality for certain nutrients or co-factors, 
unnecessary introduction or admission can have hazardous 
results. Furthermore, a great deal of physical and mental 
hindrance, for example, queasiness, spewing, looseness of 
the bowels, asthma, pneumonia, skin degeneration, kidney 
and liver glitch, inborn variations from the norm, weight 
reduction, and different tumors, can be the consequence of 
heavy metals found in industrial wastewater (Ray and Ship-
ley 2015). Fabrication of a cost-effective, eco-friendly, non-
toxic adsorbent is required to remove these HMs from con-
taminated soil. Keeping the above point in view, researchers 
and scientists have exploited rice husk in several ways as an 
alternative material suitable for the removal of HMs from 
polluted soil. A few of them are briefly reviewed in this 
section.

Srivastava et al. (2008) worked on the adsorption of Cd2+ 
and Zn2+ ions from binary systems using RHA. In their find-
ings, the prime pH for the removal of subject metals was 
found to be 6.0. It was established from the studies that Zn2+ 
ions were absorbed more than Cd2+ ions. It was also found 
that there was equilibrium metal removal decline following 
any increase in the concentration of the counterpart metal 
ion as the combined effect of Cd2+ and Zn2+ ions on RHA is 
usually seen to be non-complementary. Remediation of Zn2+ 

Fig. 5   Different causes of heavy 
metal toxicity in the environ-
ment



	 Applied Water Science (2022) 12:259

1 3

259  Page 6 of 8

and Hg2+ from the water on a carbonaceous sorbent that was 
chemically prepared from RH has been carried out by El-
Shafey et al. 2010. In a similar vein, rice husk has been used 
to eliminate heavy metals ions Fe2+, Pb2+, Ni2+, Cd2+ and 
Cu2+ from wastewater of electroplating industries. Results 
reveal that this low-cost adsorbent can be successfully used 
for the removal of HMs with a concentration level ranging 
from 20 to 60 mg/l. The level of removal of heavy metal ions 
was based on the dose of low-cost adsorbent and adsorbent 
concentration (Hegazi et al. 2013).

Rice husk was used to adsorb Zn2+ and Pb2+ ions to 
remove the metals ions in dairy wastewater using the batch 
method. Adsorbent dose, contact time, and pH value of 
wastewater were the factors influencing Zn2+ and Pb2+ ions 
sorption. The maximum adsorption capacity of the adsor-
bent for Zn2+ and Pb2+ ions was found to be 19.617 and 
0.6216 mg/g, and the maximum percent adsorption of Zn2+ 
and Pb2+ ions was found to be 70% and 96.8% (Elham et al. 
2010). Gupta et al. (2007) worked on the removal of HMs, 
i.e., Cu2+, Pb2+, and Zn2+ using low-cost hybrid precursor 
fabricated from rice husk. The high adsorption capacity of 
90% was achieved. Ajmal et al. (2003) reported that adsorp-
tion of Ni2+ and Cd.2+ was higher when PRH was used as 
adsorbent. It was also reported that an adsorption rate of 
more than 90% was obtained at a pH value of 12. The mech-
anism for adsorption involves surface phenomenon, where 
an adsorbate adsorbs on the active sites of an adsorbent. The 
schematic diagram for the adsorption is provided in Fig. 6

Removal of HMs from soil

Rice husk dust has been found useful for the improvement 
of soil properties. In an experiment by Uguru et al. (2015) 
to examine the effects of RH dust on soil properties such as 
the distribution of particle size, total porosity, bulk density, 
hydraulic conductivity, and subsequent influence the yield 
of maize in Abakaliki, South-Eastern Nigeria, the authors 
found out that there was a noticeable increase in soil prop-
erties like the total porosity, hydraulic conductivity, and 
grain yield. It was also observed that the non-pyrolyzed RH 
dust greatly improved the soil properties when compared to 
pyrolyzed RH dust, and the improvement was RH dust dose 
dependent. The authors recommended that RH dust should 
be utilized as a form of soil amendments.

In a similar study, Amponsem et al. (2017) subjected 
soil samples from an e-waste dumpsite in Accra, Ghana, 
to amendments using RH at rates of 20%, 40%, and 60% 
w/w in separate rubber containers for 21 days. The authors 
reported that the RH application minimized the concentra-
tions of Cu, Fe, and Zn in the e-waste dumpsite soil. Also, it 
was found that 97% RH amendment showed high adsorption 
for Cu in relation to Zn and Fe and that the more the RH 
dose, the higher the adsorption capacity. Amponsem et al. 
(2017) confirmed, through the outcome of the study, that 
RH is a highly suitable bio-adsorbent for metal ions in soils 
with great potential as components for remediation and soil 
fertility management.

Fig. 6   Schematic diagram for 
adsorption of the heavy metal 
ion
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Conclusion

Over the years, there has been lackadaisical attitude toward 
environmental laws and thus there is need for an improved 
quality treatment for the removal of hazardous materials 
and metal ions from the environment in other to protect the 
human health and aquatics life. Recently, different adsorbent 
has been fabricated by various agricultural waste products. 
However, rice husk-base adsorbent, rice husk ash-derived 
silica, and untreated rice husk can be used efficiently for 
the elimination of toxic metals from water and soil owing to 
their unique characteristics. Rice husks are good remediation 
substances as they can easily be produced, environmental 
friendly during their usage, cost-effective, low cost, sim-
ple regeneration and reusability for a better environmental 
sustainability.
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