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ABSTRACT 
 

Nigeria is currently the largest rice producing country in Africa. High volumes of waste such as rice 
husk are inevitable with high production. Also pesticides used to rid of pests, diseases and improve 
crop yield find their ways into available surface water that serves domestic purpose. This          
study therefore determined the efficiency of conventional water treatment procedure for 
pesticide/pesticide residue removal and evaluated the performance of rice husk-based biochar as 
adsorbent to remove chlorpyrifos from domestic water supply with a view to manage  solid waste 
(rice husk) for treating pesticide polluted water. Batch adsorption studies were carried out to assess 
the adsorption efficiency of rice husk biochar (RHB) for chlorpyrifos pesticide removal from surface 
water. Adsorbent dosage, initial concentration, contact time and dosage were optimized during 
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simulation experiment. RHB and commercial activated carbon (CAC) were used for the removal of 
chlorpyrifos from surface water sample using the optimum condition from the simulation experiment 
after which the concentrations were determined using Gas Chromatography with Mass 
Spectrometry detector. Both Langmuir and Freundlich adsorption isotherms were investigated. 
RHB gave percentage moisture (5.27±0.94), carbon yield (39.44±0.47), ash (41.96±0.96), fixed 
carbon (35.24±0.55), volatile matter (35.67±1.01 mg/g), Iodine number (85.57±0.81), surface area 
(97.20 m

2
/g), pH (7.90±0.14) and Electrical conductivity (298.8±1.14). Of the elements present in 

the char, Carbon has the highest percentage of 59.14%. Best adsorption conditions for RHB in this 
study were 2.8 mg/L initial concentration; 0.8 g of adsorbent dosage; pH of 5 and contact time of 30 
min. The data fitted Freundlich than Langmuir model (R

2 
0.996 and 0.8315 respectively). 

Percentage removal of chlorpyrifos for CAC and RHB was 93.7±3.96 and 94.5±5.23 respectively 
for the surface water sample. Results concluded that RHB was efficient for removal of chlorpyrifos 
present in water and could be used as alternative for CAC in water treatments. 

 
 
Keywords: Rice husk; biochar; adsorption; pesticide; surface water. 
 

1. INTRODUCTION 
 
Rice (Oryza Sativa) is a staple food in Nigeria 
and other parts of the world. Nigeria is currently 
the largest rice producing country in Africa. This 
is as the result of conscientious efforts by the 
current administration to place more emphasis 
on agrarian production. With the available 
literature, annual rice production in Nigeria has 
increased from 5.5 million tons in 2015 to 5.8 
million tons in 2017 [1]. In 2015, the consumption 
rate now is 7.9 million tons and the production 
rate has increased to 5.8 tons per annum. The 
increase was as a result of the Central Bank of 
Nigeria (CBN)’s Anchor Borrowers Program with 
a total of 12 million rice producers and four 
million hectares of FADAMA rice land [2]. Also, 
through the Anchor Borrowers Program Rice 
farming in the country has received a boost from 
the local central bank through that avails loans 
and distributes requisite tools to farmers to boost 
production. One of the consequences of rice 
production activities is the generation of high 
volumes of waste [3]. The main solid waste 
generated in this process includes: straw, husk, 
ash, bran and broken rice, whose disposal can 
be problematic since it occupies large spaces, 
and when poorly managed can pose 
environmental and health risks for the populace. 
According to Udemezue and Osegbue [1], each 
ton of processed paddy rice generates 200 kg of 
rice husk. 
 

Pesticides, which are mostly used by 
agriculturists to get rid of pests, diseases and to 
improve crop yield find their ways into the 
available surface water that serves domestic 
purpose for humans. Surface runoff, 
mismanagement of pesticides containers, spray 
drift and equipment washing are some of the 

major routes through which pesticides find their 
ways into water bodies. Most of these pesticides 
are harmful to humans at minute concentration, 
and tends to remain in water body over a 
significant period of time. Pesticide contained 
distinctive classes, for example, insecticides, 
fungicides, herbicides and rodenticides. 
Chlorpyrifos is an organophosphate pesticide 
introduced in 1965 by Dow Chemical Company. 
It has other trade name such as Brodan, Detmol 
UA, Dowco 179, Dursban, Eradex, Lorsban, 
Piridane, Stipend which kills various pests in 
which insects and worms are inclusive [4]. It is 
used on crops, animals, and building [4].  
 
Water serves as an essential resource for 
advancement. In 2015, Target 10 of Objective 7 
of the Millenium Development Goals (MDGs) 
was built up with the intension to decrease the 
extent of individuals living without access to 
quality drinking water. Legitimate fundamental 
sanitation issues of water supply in urban center 
(especially in developing nations) as detailed by 
[5], is a problem which is being addressed in 
MDGs and is significantly caused due to high 
populace development rate, absence of 
monetary assets, and suitable infrastructure. 
Numerous hazardous compounds have turned 
into a major toxin of surface water these days, a 
portion of these toxins include untreated and 
partially treated industrial effluents as well as 
agricultural run-off and a significant number of 
these contaminants are not effectively targeted 
for treatment by conventional water treatment 
approach. The majority of the water treatment 
plants especially in developing nations make use 
of basic techniques for water treatment, for 
example, coagulation-flocculation process which 
does not provide adequate purification. There are 
several methods by which pesticides can be 
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removed from drinking water which include 
photo-catalytic degradation, combined photo-
Fenton and biological oxidation, advance 
oxidation process, nanofiltration, ozonation and 
adsorption [6].   
 
Adsorption processes have been studied 
intensively using a significant range of adsorption 
materials and the results of which have made it 
most encouraging techniques as a result of their 
low-cost, simplicity of activity and efficiency for 
the removal of low concentrations of organic and 
inorganic micropollutants including pesticides. As 
of late, some agricultural waste items, biomass, 
and different solid substances have been 
produced into biochar as alternative cheap 
adsorbents to remove pesticides [7,8]. However, 
there was paucity of information on the use of 
rice husk despite increase in production of rice in 
Nigeria. Therefore, this study employed the use 
of rice husk which is produced in large quantities 
as waste from rice milling and agro-based 
biomass industry as renewable precursor for 
preparation of rice husk biochar (RHB) for 
chlorpyrifos removal. 
 

2. MATERIALS AND METHODS 
 
2.1 Structure of the Adsorbate 
 
Chlorpyrifos (C9H11Cl3NO3PS) was obtained from 
an agrochemical store and used as an 
adsorbate. De-ionized water was used to prepare 
the stock solution. 
 

2.2 Preparation and Characterization of 
Rice Husk Biochar 

 
The rice husk was collected from a local mill as a 
by-product of rice production. The rice husk was 
washed, sun dried, and milled. Rice husk biochar 
was produced from slow pyrolysis of the dried 
rice husk at 700°C for 1 hour 30 mins using a 
muffle furnace (EK18/18 ESSEN, Germany). The 
RHB obtained was washed with 0.1M HCL and 
subsequently with distilled water till neutral pH 
was achieved, it was then oven-dried at 110°C till 
constant weight. Afterwards, gently ground using 
mortar and pestle, and homogenized to pass 
through sieve of 100µm and kept inside a plastic 
container for further use. The elemental 
composition of biochar sample was determined 
based on the dry combustion method using 
Bruanner-Emmett-Teller (BET) CHNS/O 
Elemental Analyzer (VARIO EL III, Elementar, 
Germany). The surface morphology of the 

biochar was determined using Scanning Electron 
Microscope (SEM) and also the structural 
chemical functional groups in the biochar were 
determined using the Fourier Transform Infrared 
technique (SHIMADZU-FTIR-8400S).  
 

2.3 Batch Adsorption Experiments  
 
Batch adsorption studies were carried out in a 
set of conical flasks of 250 mL capacity where 50 
mL of chlorpyrifos solution (2.8 mg/L) were put in 
each flask and RHB was introduced as 
adsorbent. Parameters such as adsorbent 
dosage, contact time, pH and initial concentration 
were optimized. The mixture was shaken on a 
rotary shaker (CELTECH KJ-201BD) at 120 
osc/min. All samples were filtered prior to 
analysis in order to minimize interference of the 
carbon fines with the analysis.  Each batch of the 
experiment was replicated under identical 
conditions. The filtrate was then extracted, 
concentrated and analyzed for residual 
chlorpyrifos after the contact period have been 
reached using Gas chromatography coupled  
with Mass Spectrophotometer (GC-MS). The 
percentage of pesticides adsorbed per unit mass 
of the adsorbent was calculated by using the 
following percentage balance equation. The 
procedure was repeated using the optimized 
conditions with simulation experiments for the 
inlet field surface water. 
 

                        [9] 

 
where Co and Ce are the pesticide concentration 
measured before and after adsorption (mg/L), V 
is the volume of aqueous solution (L) and W is 
dry weight of the adsorbent (g).          
 

           [10]   

 
Where: 
 
Ci is the initial concentration before adsorption 
(mg/L).  
Ce is the final concentration of Chlorpyrifos 
solution (mg/L) in the filtrate after adsorption. 
 

2.4 Extraction of Chlorpyrifos 
 
Each filtrate from the batch adsorption and 10 ml 
solvent (ethyl acetate) were mixed in a 250 ml 
capacity separating funnel (DURAN, Germany) 
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and was shaken by mixing well for about 10 min 
and then were allowed to stand for 10 – 15 min 
for clear separation [11]. The organic solvent 
layer was collected in a test tube. The aqueous 
layer was re-extracted by adding another 10 ml 
of ethyl acetate using a similar procedure. The 
organic solvent layers were added together and 
2 g of anhydrous sodium sulphate (Merck, 
Germany) was added to remove the residual 
water. The collected extract was then 
concentrated to dryness under reduced 
temperature using a water bath (HH-W420 
Thermostatic water cabinet). The concentrates 
were then reconstituted with ethyl acetate to a 
1.5 ml in GC-MS vials for analysis [12]. 
 

2.5 Gas Chromatographic Analysis 
 
The reconstituted organic solvent in 1.5 ml GC-
MS vial was placed in the port of GC-MS Agilent 
7890 series equipped with a Mass Spectrometry 
Detector (GC-MS) and ChemStation software 
(This was used for the identification and 
integration of peaks of the analytes). The column 
consisted of a DB-5 fused silica capillary column 
(30 m length × 250 µm × 0.25 µm film thickness). 
The column temperature was programmed from 
60°C for 1 min and increase at the rate of 
10°C/min to 200°C, held for 0 min and then 
continued at a rate of 5°C/min to 250°C, held for 
4 min [13], in other to enhance good resolution at 
different boiling points. The oven temperature 
was 300°C. The injection was done on a splitless 
injector at 300°C and the purge activation time 
was 30s. The carrier gas was Helium at 44.854 
cm.sec-1. The run time was 30 minutes.  
 

2.6 Sampling and Physicochemical 
Analysis of Water Samples 

 
The 2.5 L size Amber bottles used for water 
sampling was pre-cleaned following the standard 
procedure for organic contaminant sampling [14-
16]. The bottles were allowed to air dried for 
about 24hours and the mouth part were wrapped 
with aluminum foil to prevent further 
contamination till the time of sampling. Water 
samples were collected from two sampling points 
(the raw water stage and disinfection stage) in 
triplicate from water treatment plant. Parameters 
such as Temperature, Electrical conductivity, and 
pH of the water samples were determined in-situ. 
The water samples were properly labelled, 
acidified with concentrated H2SO4 and put in ice 
boxes and then transferred to the laboratory 
immediately for further analysis. The water 
samples were characterized for the presence of 

chlorpyrifos residue in the raw and disinfected 
water to determine the efficiency of the treatment 
plant to remove chorpyrifos [12]. Other 
physiochemical parameters such as Total 
dissolved solids, Total suspended solids, 
Alkalinity, Total Organic Carbon, Total Hardness, 
Nitrates, Nitrites, Chloride, Sulphates and 
Chemical Oxygen Demand, of the water were 
determined following the standard procedures by 
[17]. 
 

2.7 Adsorption Isotherm 
 

Equilibrium models and sorption isotherms were 
used to explore how an adsorbate interacts with 
an adsorbent. Common equilibrium models used 
to describe isotherms of pesticide sorption on 
biochars include Langmuir and Freundlich which 
are applied in this study. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Physicochemical Parameter of Rice 
Husk and Its Biochar 

 
The physicochemical characteristics of rice husk 
and its biochar are shown in Table 1.  
 

3.2 Elemental Composition of the RHB  
 
The result as shown in Table 2 shows that 
carbon has the highest percentage of all the 
elements present. Also, nitrogen, hydrogen and 
oxygen content was as low as 0.89%, 2.06% and 
35.58% separately as a result of the high 
pyrolytic temperature (700oC) [18]. As reported 
by Kim, et al. [19] that nitrogen distribution in the 
biochars varied with biomass material and 
however not affected by biochar formation 
temperature. 
 

3.3 Determination of the Functional 
Groups in RHB 

 
The Fourier Transform Infra-Red (FTIR) spectra 
of rice husk biochar is presented in Fig. 1, the 
figure also highlights the major stretching 
frequencies of the surface functional group 
present in rice husk biochar. The Fourier 
Transform Infra-Red (FTIR) analysis affirms the 
presence of O-H as shown by the stretching 
frequency at 3410.26 cm-1. 2891.39 cm-1 and 
1440.87cm

-1
 peak was due to – CH3 and =CH2 

bonding extending recurrence while the 
extending recurrence at 808.49 cm-1 was 
because of =CH2 bonding. The band at 1695.49 
cm-1 may be credited to ketonic and aldehydic 
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C=O extending frequencies. Additionally, the 
band at 1099.46 cm

-1
 was ascribed to -C-O-H 

extending and -OH distortion, while band at 
557.45 cm

-1
 was due to metal-halogen bond. 

 

3.4 SEM Image of Rice Husk Biochar 
 
The SEM image as revealed in Fig. 2a and 2b 
shows that rice husk biochar appears in ridges, 
of which are firmly interlocked with each other 
and are marked with prominent  pores [20]. 

3.4.1 Effect of adsorbent dosage 
 
The results Fig. 3 demonstrated that increasing 
the mass of the biochar from 0.2 to 0.8 g 
increased the percentage of chlorpyrifos removal 
from 50.88 to 98.39%, this could be ascribed to 
the increased in number of available adsorption 
sites as the solid mass increases in solution. 
Similar adsorption studies using biochar and 
different adsorbent for pesticide removal have 
reported a similar effect [9,21]. 

 
Table 1. Physicochemical analysis of rice husk and its biochar 

 
Parameter Unit Rice husk Rice husk biochar 
pH -         - 7.90±0.14 
Electrical Conductivity (µS /cm)         - 298.8±1.14 
Ash (%) 41.96±0.96 - 
Yield (%)         - 39.44±0.47 
Fixed  Carbon (%) 35.24±0.55 - 
Moisture Content (%) 5.27±0.94 - 
Volatile Content (%) 35.67±1.01 - 
Braunauer-Emett-Teller (BET) Surface area (m2/g)         - 97.20 
Total pore volume (m

2
/g)         - 0.038 

Micro pore volume 
Iodine Number 

(m2/g) 
(mg/g) 

        - 
        - 

0.0044 
85.57±0.81 

 
Table 2. Elemental composition of rice husk biochar 

 
Element Percentage composition 
Carbon 59.14% 
Hydrogen 35.58% 
Nitrogen 2.06% 
Oxygen 0.89% 
Sulphur 2.06% 

 

 
 

Fig. 1. FTIR image of rice husk biochar 
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(a) Before adsorption (b) After adsorption 
 

Fig. 2. SEM image of rice husk biochar 
 

 
 

Fig. 3. Effect of adsorbent dosage on 
chlorpyrifos adsorption 

 

 
 

Fig. 4. Effect of initial concentration on 
chlorpyrifos adsorption 

 

3.4.2 Effect of initial concentration 
 

Fig. 4 demonstrates the adsorption efficiency of 
chlorpyrifos onto rice husk biochar. It was 
observed that adsorption efficiency increases 
with decrease in initial concentration of 
chlorpyrifos in solution. This result is in 
agreement with earlier studies of Thuy, et al.     
and   Memon, et al. [9,22]. The lowest adsorption 
efficiency was recorded at 280 mg/L while the 
highest adsorption efficiency was obtained at 2.8 
mg/L. This may be deduced that at low sorbate 
ion/sorbent ratio, sorbate ion sorption involves 
the higher energy sites. As the sorbate 
ion/sorbent ion increases, the higher energy sites 
are saturated and sorption begins on lower 
energy site, bringing about a reduction in percent 
sorption [23]. 
 

3.4.3 Effect of contact time 
 

Fig. 5 demonstrates the effect of contact time on 
adsorption of chlorpyrifos. Effect of shaking time 
on percentage sorption of chlorpyrifos onto rice 
husk biochar was considered over a agitating 
time of 30 – 90 min, while other parameters were 
kept constant, at 120 osc/min shaking speed, for 
50 ml of 280 mg/L of chlorpyrifos solution. 
Percent sorption increased with the increase of 
shaking time. The equilibrium was set up at 30 
min. This might be because of the initial 
availability of large number of vacant sites for 
adsorption, later the adsorption limit tailed off 
because of the saturation of vacant sites. The 
dynamic increment in adsorption and 
consequently the attainment of equilibrium 
adsorption maybe due to limited mass transfer of 
Chlorpyrifos molecules from the bulk solution to 
the outside surface of the adsorbent [24,25]. 
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Fig. 5. Effect of contact time on chlorpyrifos 
adsorption 

 

 
 

Fig. 6. Effect of pH on adsorption of 
chlorpyrifos 

 
3.4.4 Effect of pH 

 
Percentage sorption decreased with an increase 
in the pH of the solution from 5 to 9 as shown in 
Fig. 6. Adsorption as a function of pH was 
performed at known concentration, adsorbent 
doses and contact time. It was seen that best 
efficiency was at pH of 5 (acidic). At low pH 
value, the surface of the sorbent would be 
surrounded by the hydrozonium ions, which may 
enhance the sorbate interaction with binding 
sites of the sorbent by greater attractive forces 
and thus increase its take-up on polar sorbent 
[26]. The possible binding sites in the cells of rice 
husk biochar maybe dissociated at different pH 
values according to their dissociation constants 
and subsequently may participate in surface 
complexation. In this manner, pH assumes an 

important role in the sorption onto surface of 
sorbent. 
 

3.5 Physicochemical Analysis of Raw 
Water Sample 

 

Table 3 presents the result of GC-MS analysis of 
raw and disinfected water; it was observed that 
chlorpyrifos is available in the raw water sample 
at a concentration of 5.29 µg/L. This might be 
because of direct run-off, leaching, careless 
disposal of empty pesticide container, equipment 
washing and so on, though, in disinfected water 
chlorpyrifos was below detection limit, the 
removal perhaps depends on the change in 
suspended and colloidal organic matter 
concentration that is accomplished after 
coagulant addition and flocculation after pre-
oxidizing it with chlorine [27] because adding a 
coagulant causes agglomeration of suspended 
solids and colloids. This implies that the methods 
of coagulation and flocculation is effective in the 
treatment plant.  Natural micropollutants, for 
example, pesticides may adsorb to these 
agglomerated particles. Likewise, chlorination 
process used in the majority of drinking water 
treatment plants ensures the removal of a 
significant number of the pesticides that may be 
available in natural water [28]. Also in the table, 
the percentage removal of pesticides with 
activated carbon and rice husk biochar in raw 
water sample confirms that the substances (e.g., 
natural organic matter) present in river water 
surface interact with the adsorbents and reduced 
the adsorbents' surface area available for 
adsorption [29] contrast with conventional water 
treatment technique. 
 

3.6 Adsorption Isotherm 
 

The sorption performance of rice husk biochar 
was evaluated through determination of               
sorption isotherm of Chlorpyrifos. Fig. 7a shows 

the plot of  against  (Langmuir isotherm) 

and Fig. 7b shows the plot of Inqe against InCe 
(Freundlich isotherm). Langmuir and Freundlich 
constants for the adsorption of Chlorpyrifos are 

presented in Table 4. Values of  and  are 

determined from the slope and intercepts of the 

plots of against while the values of  

and  are obtained from the intercept and 

slope of the graph between  against . 
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Table 3. Physicochemical analysis of raw and disinfected water sample 
 

S/N Parameters Units Raw water before 
adsorption 

Raw water after 
adsorption  

Disinfected 
water 

1 Temperature 
o
C 25.95±0.07 26.00±0.04 26.25±0.07 

2 pH - 6.30±0.00 6.92±0.01 6.90±0.14 
3 Conductivity µS/cm 110.85±0.25 98.41±1.63 303.5±12.02 
4 Turbidity NTU 8.58±0.12 4.28±0.23 0.94±0.59 
5 Total Dissolved Solids mg/L 128.50±0.71 113.98±0.15 144.5±0.71 
6 Total Suspended Solids mg/L 2.73±0.28 2.25±0.39 1.38±0.02 
7 Alkalinity mg/L 65.67±0.94 59.96±0.09 54.81±0.12 
8 Total Organic Carbon mg/L 6.70±1.15 3.71±0.40 5.40±0.047 
9 Total Hardness mg/L 

CaCO3 
66.84±9.90 51.05±0.78 32.81±0.89 

10 COD mg/L 18.84±0.09 16.12±0.01 2.24±0.014 
11 NO3

- mg/L 1.27±0.03 0.64±0.15 0.87±0.02 
12 NO2

- 
mg/L 0.015±0.007 0±0.00 0±0.00 

13 SO4
2-

 mg/L 4.64±0.02 3.51±0.07 0.5±0.71 
14 
15 

Cl- 

Chlorpyrifos with RHB 
(GC-MS) 

mg/L 
µg/L 

19.00±2.60 
5.29±0.00 

9.61±0.23 
0.33±0.21 

19.50±0.04 
- 

16 Chlorpyrifos with CAC 
(GC-MS) 

µg/L 5.29±0.00 0.29±0.28 - 

17 Chlorpyrifos (GC-MS) µg/L - - BDL 
BDL: Below Detection Limit 

 
In accordance with the results given in Table 4, 
the results of students’ t-test of the adsorption of 
chlorpyrifos using rice husk biochar and 
commercial activated carbon shows that there is 
no statistical significance difference between the 
two adsorbents (rice husk biochar and 
commercial activated carbon). The analysis 
shows a sig. (2-Tailed) value of 0.537 which is 
greater than the probability level of 0.05. The 
removal efficiency of low initial chlorpyrifos 
concentration (5.29 µg/L) is nearly the same for 
rice husk biochar (93.7%) and industrially 
available activated carbon (94.5%). This 
demonstrates that at low initial chlorpyrifos 
concentration, the surface area and available 
sorption sites were relatively high in the two 
adsorbents. Therefore, it can be concluded that 
the structure of the pores of rice husk biochar is 
appropriate for adsorption of Chlorpyrifo as 
commercial activated carbon. 
 

The parameters of Langmuir and Freundlich for 
the adsorption capacity of chlorpyrifos pesticide 

onto rice husk biochar are obtained as described 
below in Table 5. The isotherm obtained using 
these parameters is presented in Fig. 7, together 
with experimental data points [30]. The 
Freundlich had the correlation coefficients (R

2
) 

always >0.95, which shows the suitability of 

experimental isotherm data. The value of 

(0.63) determines the adsorption capacity of an 
adsorbent at equilibrium concentration in a 

solution [31]. A higher value corresponds to 

a higher adsorption capacity.  
 

According to the  values in Table 5, the 

adsorption capacities of the pesticide studied are 
high for chlorpyrifos. Because adsorption of 
pesticides depends on their physicochemical 
properties [29], a more hydrophobic compound 
has a higher adsorption capacity and thus a 
higher removal efficiency [29]. This was 
confirmed in the experiment as the chlorpyrifos is 
slightly soluble in water. 

 
Table 4. Adsorption efficiency of rice husk biochar and activated carbon on raw water sample 

 
Contaminant Adsorbent Adsorption efficiency 
Chlorpyrifos RHB 93.7±3.96 

CAC 94.5±5.23 
▪▪
Confidence level = 0.05; 

▪
Sig. value =0.537 

 

fK

fK

fK
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(a)                                                                          (b) 
 

Fig. 7. Langmuir and freundlich adsorption isotherm for the adsorption of chlorpyrifos by rice 
husk biochar 

 
Table 5. Langmuir and freundlich constants for the adsorption of chlorpyrifos using rice husk 

biochar 
 

Adsorbent Langmuir constants Freundlich constants 

  

 

 

 

 

RHB 19.61 0.026 0.8315 0.63 0.8066 0.9996 
▪
R

2 
= correlation coefficient 

 

The slope  value in Freundlich gives room 

for the assessment the adsorption intensity of a 
given substance from water phase of adsorbent 

[31]. The value of  is known as the 

heterogeneous factor and ranges between 0 and 
1 [30]; the more heterogeneous the surface, the 

closer  is to 0 [32]. The slope  values for 

the three chlorpyrifos concentrations were <1 
suggesting nonlinear adsorption isotherms. A 
slope <1 which are characterized by a decrease 
in the adsorption at higher aqueous 
concentration of compounds, thus, sorption of 
chlorpyrifos pesticide on rice husk biochar was 
concentration dependent [33]. This type of 
adsorption isotherms is observed when the 
molecules are sorbed in a flat position, not 
suffering a strong competition from the water 
molecule, which explains that rice husk biochar 
has a high affinity for Chlorpyrifos at low 
concentration and there is no competition from 
the solvent for adsorption site [30].  
 
Both Langmuir and Freundlich isotherm have 
correlation coefficient (R

2
), which are calculated 

from the graphs in Table 5, falls within 0<R2<1 
and both isotherms adequately describe the 

experimental data of the adsorption of 
chlorpyrifos, Freundlich isotherm had a better 
fitting than Langmuir isotherm for the adsorbent 
(rice husk biochar). This is because the 
correlation coefficients of Freundlich isotherm

 is higher correlation coefficients of 

Langmuir isotherm . 

 
4. CONCLUSION  
 
Best adsorption conditions for rice husk biochar 
in this study were 2.8 mg/L initial concentration; 
0.8 g of adsorbent dosage; pH of 5 and contact 
time of 30 min. Rice husk biochar demonstrates 
a quantifiable adsorption for chlorpyrifos that is 
practically identical to activated carbon. This 
study demonstrated that agricultural wastes, for 
example, rice husk instead of constituting 
nuisance to the environment could be handled to 
fill in as less expensive, non-hazardous 
alternative adsorbent to the commercially 
expensive available activated carbon for treating 
consumable water for town supply. 
 

DISCLAIMER 
 
The products used for this research are 
commonly and predominantly use products in our 
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