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ABSTRACT 
Plant waste product generation is inevitable from different sectors especially from agricultural sector. 
If not disposed of or used for alternative purposes owing to its organic nature this waste undergoes 
degradation either aerobically but mostly anaerobically which effects environment on to which it is 
disposed. Many methods and technologies have been proposed to convert this waste to useful 
products, which will require technological or mechanical inputs and are also economically burden. 
Using these wastes at the point of generation for treating water will be a promising and efficient way 
of controlling pollution due to these wastes. Hence, in the present review we have aimed at 
amalgamating various such products to be used as coagulants for drinking water treatment. The plant 
wastes like Rice husk, Rice hull, Fruit peels, Peanut cake, Saw dust etc., contain chemical compounds 
like lignin, cellulose, pectin, resins, polysaccharides and proteins. Studies on these compounds have 
proved that they have ability to act as coagulants for drinking water treatment. The use of expensive 
and commercially available coagulants for coagulation can possibly be replaced by using these low-
cost, more effective, abundant and readily available wastes.  
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INTRODUCTION 
The use of natural coagulants from plant origin 
to clarify turbid raw water is not a new idea. 
Natural coagulants have been used by 
households for centuries in traditional water 
treatment.1,2 Frequently studied plant based 
coagulants include Nirmali seeds, Moringa 
oleifera seeds, tannins and cactus. But in future 
the availability of these plants is inconsistent 
due factors like climate change, depletion of 
earth’s natural resources and wide spread 
environmental pollution and degradation. So 
dependence upon these natural coagulants is 
not sustainable. Hence, there is need for 
identification of new methods for clarification 
of water for increasing population. Using plant 
waste products for clearing water is 
economical and will solve the solid waste 
disposable problem. The plant wastes are 
biodegradable, renewable, eco-friendly, low 
cost and easily available. 
India is agricultural country, so there are high 

deposits of agricultural waste in rural areas. In 
urban areas the agricultural wastes are used in 
preparation of cement, paint industry, 
ceramics, adhesives, water stabilizers, making 
nano fibres, dietary fibers and alcohol 
production etc., But in rural and tribal areas, 
these are dumped in local rivers, lakes and 
ditches, the decomposition of organic matter 
leads to water pollution and release dreadful 
pathogens in the surrounding environment 
causing various diseases to residents in the 
surroundings. If these wastes can be used in 
other ways then it would be one of the best 
ways to eliminate this problem. One such way 
is utilizing the agricultural waste for water 
purification. With this perception, in the 
present review we endeavored bringing 
together some of the plant waste products like 
rice husk, rice husk ash, food industry wastes, 
timber industry wastes, oil milling wastes 
which can be applied for water treatment.3 
In the last several decades several agricultural 
wastes are explored as low-cost sorbents. 
Several biosorbents such as rice husks, wheat *Author for correspondence 
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straws, tea factory waste, orange peel, castor 
seed hull, wheat shell, coffee husk, maple 
sawdust has been investigated for adsorbing 
the ion from aqueous solutions. Bhatnagar and 
Sillanpaa reviewed the use of various agro-
based waste materials as low-cost ad- 
sorbents.4-10 Here in this review we mention 
some agricultural wastes obtained in rural 
areas of Visakhapatnam district of Andhra 
Pradesh, India. (Table 1) 

RESULTS AND DISCUSSION 
Agriculture waste 
The lignocellulosics of plant wastes have ion-
exchange capacity and general sorptive 
characteristics, which are derived from        
their  constituent  polymers  and  structure. The               
polymers   include extractives, cellulose, hemi- 
celluloses, pectin, lignin and proteins. These 
are  adsorbents for wide range of solutes  

particularly  divalent  cations.  Lignocellulosic 
resources contain, as a common property of 
phenolic compounds, tannins and lignin, which 
are believed to be the active sites for 
attachment of heavy metal cations to form 
metal complexes or chelates that immobilize 
the contaminants through reactions 
chemisorptions, complexation, absorption on 
surface, diffusion through pores and ion-
exchange. 
Agricultural waste has basic chemical 
constituents like cellulose, hemicellulose, 
lignin, lipids, proteins, sugars, starch, 
polysaccharides, and pigments. These 
constituents contain different functional  
groups such as carboxyl, hydroxyl, sulfhydryl, 
and amino. These groups are present on their 
surfaces and ability to bind the sorbate ions 
and molecules. 

Table 1 : List of plant waste products and their water purification ability 

 

 

 

 

 

 

 

 

 

Kingdom   :   Plantae 
Clade         :   Angiosperms 
Clade         :  Monocots 
Order         :  Asparagales 
Family       :   Amaryllidaceae 
Subfamily  :   Allioideae 
Genus        :  Allium 
Species      :    A. cepa 

Fig. 1 : Ligocellulosics of onion 

Effectiveness in removal of Cu2+ from aqueous 
stream was investigated by using onion and 
garlic skins, as they are having high adsorptive 
capacity, these can be considered as alternative 

to costly adsorbents such as activated carbon, 
resins,  etc.  Onion  skins  are  a new adsorbent. 
Adsorption  applications  of  onion  skins  have 
been  carried  out  by various assays. Saka et al.  

S/N Plant coagulant Plant part used 

1 O. sativa (Rice) Rice husk 

2 M. paradisica (Banana) Fruit peelsb (dried powder) 

3 P. dulcis (Almonds) Fruit shells (dried) 

4 C. cinensis (Orange) Fruit peels (dried) 

5 A. cepa (onion) Bulb skins (tunica) 

6 O. sativa Bran (seed coat) 
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reported the adsorption characteristics of Pb2  
formaldehyde treated onion skins were  ions 
prepared from pre boiled and evaluated. Ait  
 

Ouaissa et al., when applied the processes    of 
adsorption11-17 and electro coagulation a removal of  
97%  of  the  total Cr(VI) in a pH range of 3-6

 

Kingdom    :  Plantae 
Clade          :  Angiosperms 
Clade          :  Monocots 
Order          :  Asparagales 
Family        :  Amaryllidaceae 
Subfamily   :  Allioideae 
Genus         :  Allium 
Species       :  A. sativum 

Fig. 2 : Lignocellulosics of garlic 
was achieved. (Fig. 1 and Fig. 2) 
Rice husk 
India generates around 18 to 22 million tons of 
rice husk annually. It is an easily available 
agricultural byproduct, having 20-25% of its 
weight and mainly consists of organic 
materials and hydrated silicon. Organic material  

include cellulose (55-60) wt% (including 
cellulose and hemicelluloses), lignin (22 wt%), 
crude protein (3%), etc. Carboxyl, hydroxyl 
and amidogen etc. are some of the functional 
groups which make the adsorption process 
possible.(Fig. 3) 

 

 

Kingdom      :  Plantae 
(unranked)   :  Angiosperms 
(unranked)   :  Monocots 
(unranked)   :  Commelinids 
Order :  Poales 
Family :  Poaceae 
Genus :  Oryza 
Species  :  O. sativa 

Fig. 3 : Rice husk 

Metals like Fe, Mn, Zn, Cu, Cd and Pb which 
are found in the drain containing the 
agriculture and sewage wastewater, were 
removed using two types of sorbents made 
from rice husk. The removal efficiency was 
observed to be 100% . 
Abdul Kader et al., have reported 99.99% of 
COD and 99.96% colour from surface water of 
river Dhalassori using rice husk ash. Ash from 
two types of rice hull i.e. unparboiled and 
parboiled was prepared. Studies were 
performed to evaluate efficiency of rice hull 
ash in removing turbidity from water. Both     
the ashes used showed controlled pH              
to the acceptable level (7.00-8.50). A good 

percentage of turbidity removal up to 96% 
with increasing TDS (816 ppm) was achieved 
by Adams and Mulaba-Bafubiandi.18-25 
Fruit waste 
Fruit peel waste can be separated into different 
wastes like orange peel waste, banana peel 
waste, pomegranate peel and garlic waste, all 
these can be used for the removal of pollutants 
like metals, dyes, and organic pollutants from 
waste water. 
Orange peel (OP), banana peel (BP), 
pomegranate peel (PP), and garlic peel       
(GP) were effectively used for removal           
of pollutants (metal, dyes, and organic 
pollutants) from wastewater. Natural products 
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usually considered waste, such as sugar cane 
bagasse, peanut shells, and apple waste,      
have been employed to extract metals from   
water. 
Banana waste 
Banana is an edible fruit found all around the 
world. These peels are discarded after 
consumption and considered as waste 
materials. Most of these peels are used in 
cosmetics and in compositing, still million tons 
of peels are left to decompose. As these are 
easily available, economical and environment 
friendly bio material, can be considered as 

coagulants. Banana peels are rich in 
lignocelluloses and has high adsorbing 
potentiality. (Fig. 4) 
The effectiveness of banana stem juice as a 
natural coagulant for treatment of spent 
coolant wastewater was investigated. The 
highest recorded COD, SS, and turbidity 
removal percentages by banana stem juice 
were 80.1%, 88.6%, and 98.5%, respectively, 
observed for effluent at pH 7 using 90 mL 
dosage. It could be concluded that banana stem 
juice showed tremendous potential as a natural 
coagulant for water treatment purposes. 

 

 

Kingdom      :  Plantae 
(unranked)   :  Angiosperms 
(unranked)   :  Monocots 
(unranked)   :  Commelinids 
Order :  Poales 
Family :  Poaceae 
Genus :  Oryza 
Species  :  O. sativa 

Fig. 4 : Banana peels 

 

Kingdom      :  Plantae 
(unranked)   :  Angiosperms 
(unranked)   :  Eudicots 
(unranked)   :  Rosids 
Order           :  Sapindales 
Family         :  Rutaceae 
Genus          :  Citrus 
Species        :  C. sinensis 

Fig. 5 : Orange peel waste 

Orange peel waste 
Orange peel principally consists of cellulose, 
pectin, hemicellulose, lignin, chlorophyll 
pigments and other low molecular weight 
hydrocarbons. These components contain 
various functional groups, such as carboxyl 
and hydroxyl groups which make the orange 
peel to be a potential adsorbent material for 
removing  metal  ions from aqueous solutions. 
(Fig. 5) 

Orange peels as natural coagulant helps to 
form a low cost coagulant agent for 
coagulation process in water treatment plant 
and act as an important environmental friendly 
product.The optimum pH is at 5.0 and the 
optimum dosage of 60 mg/L, were the highest 
turbidity removal reached at 88.40% and 84% 
respectively.  The results  proved  that  the  use  
of  orange  peels  as  new composite  coagulant  
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in  water  treatment  is  a  feasible  option  in  
enhancing  the reduction performance of 
turbidity.26-35 
Orange peel is mostly composed of cellulose, 
pectin, hemicellulose, lignin, chlorophyll- 
pigments and other low molecular weight 
hydrocarbons. Many of these contain several 
hydroxyl functional groups, which make the 
orange peel a potential substrate for the 
synthesis of xanthates. Application of orange 
peel xanthate for the adsorption of Pb2+ions 
from aqueous solutions was investigated by 
Liang et al. in batch experiments.  
Coagulation was a relatively effective single 
treatment method, removing 99.7% of the 
colour and 86.9% of the organic substances 
(TOC) from the printing ink wastewater 
samples. The adsorption treatment with ground 
orange peel achieved efficiencies comparable to 
those of the granular activated carbon 
treatments. Orange  peel  and  neem36-40  leaf 

powder were added in different doses (1g, 2g, 
4g, 6g, 8g and 10g) as coagulants to assess the 
effectiveness and dosing level. This study 
proved that natural material have the potential 
of adsorption and removal of higher 
concentration of chemical constituents from 
the dairy industrial wastewater.41-45 
Lemon peel waste 
Lemon peels are the fruit waste, which are 
easily available can be used as coagulant for 
the turbidity removal. As is non-toxic and non-
corrosive material, can be used in              
water treatment plants will decrease the 
volume of toxic sludge and minimize the 
sludge handling and management. Zuraisah 
Dollah et al., tested46 his coagulant by using 
JAR test apparatus for the turbidity removal.      
They have noted 89% of turbidity removal      
at an optimum dosage of 60 mg/L and at a  pH 
of 4. (Fig. 6) 

 

 

Kingdom :  Plantae 
(unranked) :  Angiosperms 
(unranked) :  Eudicots 
(unranked) :  Rosids 
Order :  Sapindales 
Family :  Rutaceae 
Genus :  Citrus 
Species :  C. limon 

Fig. 6 : Lemon peel waste 

Tea waste 
In recent years, tea factory waste (TFW) has 
also gained popularity due to its potential to 
remove heavy metal pollutants. The insoluble 
cell walls of tea leaves are largely made up of 
cellulose and hemicelluloses, lignin, 
condensed tannins and structural proteins. 
Therefore, one-third of the total dry matter in 
tea leaves should have good potential to act as 
metal scavengers from solutions and 
wastewaters since the above constituents 
contain functional groups. The useful groups in 
lignin, tannin or other phenolic compounds are 
mainly corboxylate aromatic carboxylate, 

phenolic hydroxyl and oxyl groups. In India, 
the yearly production of tea is ca. 857,000 
tonnes which is 27.4% of total world 
production. The amount of dry tea produced 
from 100 kg of green tea leaves is 22 kg on 
average, and ca. 18 kg of tea is packed for  
the   market.  The  other  4 kg  of  dry  tea 
material is wasted. (Fig. 7) The amount of 
TFW produced per year after processing is 
ca. 190,400 tonnes in India alone. Very few 
investigators have researched TFW as             
an adsorbent for the removal of heavy 
metals.47 
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Kingdom       :  Plantae 
(unranked)    :  Angiosperms 
(unranked)    :  Eudicots 
(unranked)    :  Asterids 
Order            :  Ericales 
Family          :  Theaceae 
Genus           :  Camellia 
Species         :  C. sinensis 

Fig. 7 Tea leaves waste 

 

Kingdom      :  Plantae 
(unranked)   :  Angiosperms 
(unranked)   :  Eudicots 
(unranked)   :  Rosids 
Order            :  Rosales 
Family          :  Rosaceae 
Genus           :  Prunus 
Subgenus     :  Amygdalus 
Species         :  P. dulcis 

Fig. 8 : Almond nut 

Almond Nut 
It was found that bio coagulant developed from 
almond nutshell can be effectively used for 
treatment48 of turbid water. This is bio- 
degradable natural coagulant and does not have 
any harmful effects on human beings. 
Almond49 nutshell has the potential to become 
new source of the environmental friendly and 
natural coagulant for the treatment of the turbid 
water. It was found that crude extract which is 
extracted from the Almond nutshell removed 
the turbidity of water up to the 70% at an 
optimize dose of 0.5 gram. (Fig. 8) 

CONCLUSION 
Cities in the present scenario are growing in all 
sectors of industry, business, software etc. 
leading to increase in population growth 
resulting in tremendous increase of 
environmental pollution. Cities are extending 
its boundaries in all directions incorporating 
the nearby villages. Pollutants released from 
industries are therefore affecting these areas 
also consequentially the freshwater bodies are 
being polluted making them unfit for 
consumption. Hence, there is an urgent need to 

address this issue, so that native materials can 
be used for point of water treatment. All the 
above discussed plant coagulants are optimistic 
methods that can be adopted for such waters.  
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