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Abstract: The present study evaluates the sorption potential of rice husk (R H) and rice straw (R S), 
agriculture waste materials, for removal of Chlorpyrifos from aqueous media. Removal efficiency of the 
sorbents were investigated using a batch sorption experiment. Rice straw exhibited higher removal efficiency 
than rice husk. At 0.4 g sorbent quantity, rice husk showed 90% removal whereas, rice straw removed 93% 
chlorpyrifos. Freundlich isotherm model was used to fit sorption data. The maximum sorption capacity 
calculated by Freundlich equation were 4.3 ± 0.81mol/g and 5.1 ± 1.04 mol/g for RH and RS, respectively. The 
calculated R

2
 value for RH and RS were 0.97 ± 0.05 and 0.96 ± 0.06, respectively. Based on relative cheapness 

and field application potential these sorbents could be recommended for the decontamination of pesticide 
contaminated agricultural runoff.  
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Introduction:  India is primarily an agricultural 
economy with more than 70% of its population 
dependent on agriculture [Sachdeva, 2007]. Extensive 
use of pesticides have been reported for crop 
protection [Bhardwaj and Sharma, 2013]. The 
problems of persistence of higher levels of pesticides 
residue in soil, water and air were also reported 
[Yadav et al., 2015]. Many studies reported the surface 
water contamination due to pesticide runoff from 
agriculture fields [Bhat and Padmaja, 2014; Sangchan 
et al., 2014; Xing et al., 2012; Marino et al., 2005]. High 
concentrations of pesticides and its transport from 
agriculture fields to water bodies is an issue of 
concern as its presence in water adversely effects 
human health and aquatic life [Imo et al., 2007]. 
Chlopyrifos (o,o-ddiethyl o-3,5,6-trichloropyridin-2-yl 
phosphorothioate), with a molecular structure as 
shown in Fig. 1, is an organophosphate pesticide 
which is used in great extent around the world 
[Sereno et al.,  1997].   
 

 
Fig 1: Molecular Structure of Chlorpyrifos 

 
Residual concentrations of chlorpyrifos in range of 
0.2 - 10 µg/L have been reported in agricultural 
drainage [Waghmare et al., 2015; Pujeri et al., 2010; 
Sangchang et al., 2014]. Ingestion of chlorpyrifos (CP) 
by living organisms was found to affect functioning of 
lungs, immune system and central nervous system. It 
showed fish kill even at parts per trillion 
concentration [Quezada et al, 2013; Racke, 1993]. Half 
Life of chlorpyrifos in water was estimated to be 78 
days [Kamrin, 1997].  

 
A number of technologies such as photodegradation, 
anaerobic degradation, ozonation, advanced 
oxidation processes, nanofiltration, ion exchange and 
sorption on different activated carbon have been 
proposed to remove chlorpyrifos from water [Cara et 
al., 2015]. However, most of these technologies suffer 
from limitations of high cost and maintenance. 
Among these available technologies, sorption is 
preferred due to its relative cheapness, ease of 
operation and design simplicity [Sharma et al., 2008]. 
Activated carbon is considered as a universal sorbent 
for the removal of various types of pollutants from 
water [Bansal et al., 2005]. However, extensive use of 
commercially available activated carbon is restricted 
due to its high cost [Gupta et al., 2009]. Various 
attempts have been made to develop economic 
alternative sorbents utilizing agricultural and 
municipal waste materials [Gupta et al., 2009]. 
 
In the present study, an attempt was made to assess 
the sorption potential of rice husk and rice straw 
derived from agricultural waste for the removal of 
chlorpyrifos from aqueous media. 
 
Materials and Methods: Rice husk and Rice straw 
were collected from the rice cultivation areas of 
Haryana (India). Reference grade standard of selected 
pesticide i.e. chlorpyrifos was from Sigma-Aldrich 
was used for the study. Acetonitrile and ultrapure 
water analytical (HPLC) grade from Sigma Aldrich 
were used. Removal of selected pesticide was studied 
using batch sorption experiments. The studies were 
conducted with synthetic wastewater prepared by 
spiking 50 mg of CP in 1 L of distilled water in a dark 
room to avoid photolysis. In kinetic and sorption 
studies, the flasks (Borosil glass make, 250 mL 
capacity) were shaken at 150 rpm in an orbital shaker 
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to provide homogeneous mixing and uniform 
sorption for 24 h. All experiments were conducted at 
the optimum sorbent dosage (0.4 g) and pH (6) at 
room temperature.  
 
Kinetic and Equilibrium Studies:  Batch sorption 
experiments were conducted at 0.4 g of sorbent (RH 
and RS) and 100 mL of 50 mg/L chlorpyrifos solution. 
The experiments were carried out in triplicate. 5 ml of 
sample was taken out and analysed at time intervals 
of 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 8, 10, 14, 18 and 24 h.  
Sorption equilibrium studies were conducted with 
concentration of chlorpyrifos ranging from 0 to 20 
mg/L. Reaction mixtures were agitated in shaker at 
150 rpm for the estimated equilibrium time from 
kinetics. After estimated equilibrium time samples 
were taken for the analysis.  
 
Analysis by HPLC: Water samples were filtered 
using glass fibre filter and extracted using 
acetonitrile. The samples were analysed in High 
performance liquid chromatograph (HPLC). Extracts 
were analysed using 1100 series HPLC (Agilent Co., 
Sunnyvale, CA) equipped with a UV/Vis detector (UV 
at 230 nm). C18 analytical column was used (5 mm, 
250 mm×4.6 mm i.d.), along with a Phenomenex 
Security Guard column (4mm × 2 mm, C18). Extracts 
were chromatographed with a pre-mixed mobile 
phase comprised 75% acetonitrile/25% ultrapure 
water (pH 4.5) at room temperature. Prior to the 
HPLC analysis, the samples were passed through 0.45 
µm nylon syringe filters and were manually injected 

(20 µl) into the HPLC system each time. The 
identification of the pesticide was performed by 
comparing peak retention times in samples to those 
of peaks in the pure analytical standard and 
quantified according to height / area of 
chromatograms.  
 
Data Analysis: The equilibrium isotherm constants 
and the maximum adsorption capacity of the soils 
were determined by Using Langmuir and Freundlich 
equilibrium models as shown in (I) and (II). 

------------------------------------------------

------(I) 

--------------------------------

------(II) 
Where Qe is the equilibrium concentration of 
chlorpyrifos in solution and Qad amount sorbed on 
sorbents (R H and R S). K is the sorption capacity of 
sorbents, b is Langmuir constant and n is the 
sorption intensity. The plot of Qe/Qad against Qe from 
eq (II) gives Langmuir isotherms and the plot of log 
Qad and Qe from eq (II) Freunlich isotherm.  
 
Results and Discussion: Removal of chlorpyrifos 
was studied with rice husk and rice straw shown in 
Fig. 2 represents the gradual decline in the 
concentration of chlorpyrifos using rice husk. 90% 
and 93% chlorpyrifos was removed by rice husk and 
rice straw, respectively.  

 

 
Fig 2: Removal of Chlorpyrifos by Sorption on Rice Husk and Rice Straw 

 
Akhtar et al., (2007) in their comparative study 
observed higher sorption capacity of rice straw for the 
removal of Pesticides. Low cost adsorbents especially 
derived from agricultural wastes were demonstrated 
to be efficient for the removal of different pesticides 
from aqueous solution [Memon et al., 2009; Memon 
et al., 2007; Shrama et al., 2008; Gisi et al., 2016].  

 
Kinetic Studies: Kinetic studies showed that 
sorption of chlorpyrifos best fit to pseudo second 
order model (Fig. 3). The rate of sorption of 
chlorpyrifos on sorbents (R H and R S) are shown in 
Table 1.   
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Fig 3: Pseudo Second Order Plot of Sorption of Chlorpyrifos 

On Rice Husk and Rice Straw 
 

Table 1: Rate of Sorption of Chlorpyrifos on Rice Husk and Rice Straw 

Sorbents Rate of sorption , k (mg/mL/min ) R
2 

Rice Husk 0.04±  0.01 0.98±  0.07 

Rice Straw 0.03±  0.02 0.97±  0.05 

 
Equilibrium Studies: In order to find the 
equilibrium constant of sorption of chlorpyrifos on 
sorbents, isotherm studies were carried out for 
equilibrium time obtained from kinetics. The results 
showed that adsorption of chlorpyrifos followed 
Freundlich isotherm model as shown in Fig 4. 

Adsorption capacity and adsorption intensity was 
calculated from equation (II). Sorption capacity of RH 
was 4.3 ± 0.81 mol/g and that of RS was 5.1 ± 1.04 
mol/g. Table 2 represent the sorption constants of 
rice husk and rice straw.  

 

 
Fig. 4: Freundlich Sorption Isotherm of Chlorpyrifos on Rice Husk and Rice Straw 

 
Table 2: Freundlich Constants for Sorption of Chlorpyrifos on Rice Husk and Rice Straw 

Rice Husk Rice Straw 

K  (mol/g)
 

1/n
 

R
2 

K (mol/g)
 

1/n R
2
 

4.3 ± 0.81 0.41 ± 0.03 0.971± 0.05 5.1 ± 1.04 0.32  ± 0.02 0.964±  0.06 
 
Conclusion: Utilization of waste material is 
recognized as a sustainable solution for the removal 
water contaminants and same time it contributing to 
the waste minimization by recovering and reuse. Rice 

husk and rice straw show great potential for the 
removal of chlorpyrifos pesticide from aqueous media 
and can be applied on the field for decontamination 
of agricultural drainage contaminated with pesticides

.  
References:  
1. Akhtar M., Hasany S.M., Bhanger M.I. and Iqbal 

S., 2007. Low cost sorbents for the removal of 
methyl parathion pesticide from aqueous 
solutions. Chemosphere, 66, pp.1829– 1838. 

2. Bansal R.C. and Goyal M., 2005. Activated 
carbon adsorption. Baca Raton: Taylor & Francis, 
CRC Press, ISBN 0-8247-5344-5.  

3. Bhardwaj T. and Sharma J. P., 2013. Impact of 
pesticides application in agricultural industries: 



Engineering Sciences International Research Journal Vol 5 Spl Issue (2017)                ISSN 2320 - 4338 

 

IMRF - Biannual Peer Reviewed International Research Journal 74 

 

An Indian Scenario, International Journal of 
Agricultural and Food Science Technology, 4, 
pp.817-822. 

4. Bhat D. and Padmaja P., 2014. Assessment of 
organic pesticides in ground water and surface 
water in Bhopal India. Journal of Environment 
Science, Toxicology and Food Technology, 8, 
pp.51-52. 

5. Cara I.G. and Jitareanu G., 2015. Application of 
low cost adsorbent for pesticide removal. 
Technical report, Bulletin UASVM Agriculture, 
72(1)/ 2015. 

6. Gisi S.D., Lofrano G., Grassi M. and Notarnicola 
M., 2016. Characteristics and adsorption 
capacities of low cost sorbents for wastewater 
treatment: A review. Sustainable Material and 
Technology, 9, pp.10-40.   

7. Gupta V.K. and Suhas, 2009. Application of 
Low-Cost Adsorbents for Dye Removal—A 
Review. Journal of Environmental Management, 
90, pp. 2313-2342 

8. Imo S.T., Sheikh M.A., Hirosawa E., Domori T. 
and Tamaki F., 2007. Contamination by 
organochlorine pesticides from rivers. 
International Journal of Environmental Science 
and Technology, 4, pp.1-9. 

9. Kamrin M. A., 1997. Pesticide profiles toxicity 
environment impact and fate, Boca Raton FL: 
Lewis Publisher, CRC Press, pp.147-152. 

10. Marino D. and Ronco A., 2005. Cypermethrin 
and chlorpyrifos concentration levels in surface 
water bodies of the Pampa Ondulada, Argentina. 
Environmental Contamination and Toxicology, 
75, pp.820-826. 

11. Memon G.Z., Bhanger M.I. and Akhtar M., 2007. 
The removal efficiency of chestnut shells for 
selected pesticides from aqueous solutions. 
Journal of Colloid Interface Science, 315, 
pp.33–40. 

12. Memon G.Z., Bhanger M.I. and Akhtar M., 2009. 
Peach-nut shells - an effective and low cost for 
the removal of endosulfan from aqueous 
solutions. Pakistan Journal of Analytical 
Environmental Chemistry, 10, pp.14–18. 

13. Pujeri U.S., Pujar A.S., Hiremath S.C. and 
Yadawe M.S., 2010. The status of pesticide 
pollution in surface water of Bijapur. 
International Journal of Applied Biology and 
Pharmaceutical Technology, 1, pp.436-441. 

14. Quezada M., Teresa M., Boris A.L., Dana B., Kyle 
S., Karen L., Barry R.P., Veronica I., Sergio A., 
Carlos C., Evelyn R. and Catalina V., 2013. 

Neurodevelopmental effects in children 
associated with exposure to organophosphate 
pesticides: A systematic review. Neuro 
Toxicology, 39, pp.158–168. 

15. Sachdeva, S. 2007. Pesticides and their 
socio-economic impact on agriculture. South 
Economy., 41, pp.42-53. 

16. Sangchan W., Bannwarth M., Ingwersen J., 
Hugenschmidt C., Schwadorf K., 
Thavornyutikarn P., Pansombat K. and Streek J., 
2014 . Monitoring and risk assessment of 
pesticides in a tropical river of an agriculture 
watershed in north Thailand. Environment 
Monitoring Assessment, 186, pp. 1083-1099. 

17. Sangchan W., Bannwarth M., Ingwersen J., 
Hugenschmidt C., Schwadorf K., 
Thavornyutikarn P., Pansombat K. and Streck T., 
2014. Monitoring and risk assessment of 
pesticides in a tropical river of an agriculture 
watershed in northern Thailand. Environmental 
Monitoring and Assessment, 186, pp.1083-1099. 

18. Serrano R., Loppez F.J., Roig-Navarro A. and 
Hernandez F., 1997. Automated sampling 
clean-up and fractionation of chlorpyrifos, 
chlorpyrifos-methyl and metabolites in mussels 
using normal phase liquid chromatography. 
Journal of Chromatography A. 778, pp.151-160.   

19. Sharma R.K., Kumar A and Joseph P.E., 2008. 
Removal of atrazine from water by low cost 
adsorbents studies. Bulletin of Environment 
Contamination and Toxicology, 13, pp.102–106. 

20. Waghmare B.D. and Kulkarni A.N., 2015. 
Analysis of Pesticides in Lendi River, District 
Nanded, (M.S.), India. Journal of Environmental 
Science, Computer Science and Engineering & 
Technology, 5, pp.94-98. 

21. Xing Z., Chow L., Cook A., Benoy G., Ree H., 
Ernst B., Meng F., Li S., Zha T., Murphy C., 
Batchelor S. and Hewitt L.M., 2012. Pesticide 
application and detection in variable 
Agricultural Intensity watersheds and their river 
system in the maritime region of Canada. 
Environment Contamination Toxicology, 63, 
pp.471-479. 

22. Yadav I.C., Devi N.L., Syed J.H., Cheng Z., Li J., 
Zhang G. and Johnes K.C., 2015. Current status of 
persistent organic pesticides residue in air, water 
and soil and their possible effect on 
neighbouring countries: A comprehensive 
review of Indi. Science of the Total Environment, 
511, pp.123-137. 

*** 
Dev Kumari, Research Scholar/Environment Engineering/PEC University of Technology 

Siby John, Professor and Head of Civil Engineering/PEC University of Technology/Chandigarh (India) 
mine.dev@gmail.com ; johnsiby1@gmail.com  


