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Cypermethrin is a synthetic, pyrethroid insecticide and used for agricultural practices. The leaching of 
this pesticide through soil is of great concern because of the possibility of contaminating ground and 
surface water. The mobility of pesticide in soil being the main environmental reservoir varies among 
soil orders and the concept is still under investigation. Hence, this study was aimed at investigating the 
sorption capability of Alfisol and Inceptisol at different soil depth when leached with simulated 
rainwater of different pH values. The leachates were determined for cypermethrin concentration using a 
new UV/Visible spectrometry method. The CEC, organic matter content of Alfisol were 4.05±0.03 
cmol/kg and 1.74±0.02%, while the corresponding characteristics of Inceptisol were 4.45±0.05 cmol/kg 
and 1.03±0.01%, respectively. pH of Alfisol and Inceptisol soil orders were 5.92 and 6.25, respectively. 
Simulated rainwater (pH 4) of 50, 100 and 150 mL leached out 37.0±0.1, 43.1±0.1 and 59.4±0.2% of 
cypermethrin, respectively from Alfisol at soil depth of 10 cm. At pH 6.8, the corresponding volumes of 
simulated rainwater leached out 31.8±0.1, 35.4±0.1 and 37.4±0.1% of cypermethrin, respectively. For 
each soil order, these proportions of sorbed cypermethrin decreased progressively as soil depth 
increased from 10-30 cm. The proportions of cypermethrin sorbed by Inceptisol were more than the 
corresponding proportions sorbed by Afisol. Afisol has high clay and organic contents, which might be 
responsible for its surpassing potential to sorb cypermethrin compared to Inceptisol. 
 
Key words: Pyrethroid insecticide, leaching, Alfisol-Inceptisol soil orders, simulated rainwater, UV/Visible 
spectrometry. 

 
 
INTRODUCTION 
 
Increase in food production is a major target of all 
countries as the world population increased yearly 
(Saravi and Shokrzadeh, 2011). The demand for food by 
the  entire   world   population   cannot   be    met  without 

improving crop production. Technological advances 
involving the utilization of agrochemicals have contributed 
considerably to increasing yields and regular crop 
production  (Aubertot   et   al.,   2007).   The   process   of 
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increasing crop production currently demands for the 
application of herbicides, insecticides, fungicides, 
fertilizers and soil amendments in higher quantities than 
in the past (Adeyinka and Mustapha, 2005). The demand 
for the use of pesticides is not restricted to developing 
countries. Crop productivity has increased dramatically in 
most developed countries such as United Kingdom and 
USA where wheat and corn yield increased (Akhtar et al., 
2009). French farming has also developed production 
system based on the application of pesticides (Aubertot 
et al., 2007). The use of organochlorine pesticide has 
since been banned for agricultural practices in all these 
developed countries, but is still in use in developing 
countries like Nepal (Sharma et al., 2013), Egypt (Ibitayo, 
2006) and Nigeria (Aiyesanmi and Idowu, 2012; Ize-
Iyamu et al., 2007). As much as pesticides play a vital 
role in agricultural setting, adverse consequences to non 
target organism as well as human often occur (Vijverberg 
and vanden Bercken 1990).  

The applied pesticide retained by soil is often released 
through a number of mechanisms into ground water and 
surface water. Weakly sorbed pesticides are lost from soil 
through storm run-off and percolation mechanisms 
(Ismail et al., 2013). The transport and fate of pesticides 
in soil are greatly affected by many processes such as 
volatilization, leaching, sorption, chemical and biological 
degradation (Hayward et al., 2009; Nolan et al., 2008). Of 
all these processes, sorption of pesticides readily occur 
as either rainwater or irrigation water percolates the soil 
column to affect the environment. Among the available 
pesticides, cypermethrin is one of the most stable 
pyrethroids whose soption potential in soil is still 
generating research interest. It was reported that 
pyrethroid is unlikely to undergo significant migration 
because of its strong tendency to adsorb to soils and 
organic matter. However, cypermethrin has been found in 
groundwater in France (Legrand et al., 1991) and surface 
water and sediment in the United Kingdom (House et al., 
1991). The migration of cypermethrin to the environmental 
media seems to be generating public interest and 
concern due to its increasing use and potential effects on 
food crop and aquatic system. This concern necessitated 
further investigation to its sorption capacity in different 
types of soil. The sorption of pesticides is always 
influenced by some soil properties such as soil type, soil 
texture, organic matter content, soil pH and temperature. 
Several studies on cypermethrin have been reported, 
which include toxicity, occupational exposure and 

environmental impact studies (Abu‐Zreig et al., 2000; 
Chauhan et al., 2012; Ismail and Kalithasan, 2004; Ismail 
et al., 2013; Kaufman et al., 1981; Persson et al., 2008; 
Rani et al., 2014). There is still dearth of data on the 
sorption of cypermethrin with respect to soil type and 
nature of the solution that leaches the pesticide. 
Therefore, the objective of this study was to investigate 
the extent to which simulated rainwater solutions of 
different   pH   values   can   leach  cypermethrin  through  
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different soil orders such as Alfisol and Inceptisol packed 
at different depths in a column. In a way, the understanding 
of how to define such soil orders better based on the 

adsorption capacity to immobilize pyrethroid insecticide 
will be established. 
 
 
MATERIALS AND METHODS 
 
Chemicals and standard solution preparation 
 
Commercial grade of cypermethrin (10% Emulsifiable Concentrate) 
were obtained from Jubaili-Agrotec, Beirut Lebanon. Appropriate 
dilutions of the 10% emulsifiable concentrate of cypermethrin were 
done with ethanol and used for the experiments. The analytical 
grade of cypermethin (100 µg/mL) was obtained from Sigma Aldrich, 
Germany. For the calibration curve, working standard solution of 1.0 
– 6.0 μg/mL were prepared by appropriate dilution of the standard 
stock solution with ethanol. Alfisol and Inceptisol which are 
cypermethrin-free soil classes were collected from Forestry 
Research Institute of Nigeria. 
 
 
Soil sampling, preparation and characterization 
 
The soil samples were collected in an aluminium foil and air-dried. 
The air-dried samples were manually ground to a fine powder 
mortal and passed through a 2 mm mesh. The physicochemical 
properties of the soil as shown in Table 1 were determined using 
the standard methods of analysis. The pH of soil samples was 
determined in a soil to water (1:1) suspension using a glass 
electrode. Organic matter contents of the soil samples were 
determined using the Walkley-Black method (Nelson and Sommers, 
1982). The soil texture analysis was carried out using hydrometer 
method. Cation exchange capacity (CEC) of the soils were 
analysed by the sodium acetate method. The physicochemical 
analyses of the soil order were replicated five times. 
 
 
Procedure for soil column set up 
 
Three glass columns of 2.5 cm internal diameter each were used in 
the leaching experiments. The air-dried sieved soils were uniformly 
packed in each column to depths of 10, 20 and 30 cm, respectively. 
Another set of glass column was set up for control experiment Soil 
columns were tapped uniformly to ensure compact packing of the 
soil in the columns to the required depth. Each of the packed 
columns was clamped and supported by a retort stand. 

Each column was packed with Alfisol and soaked with de-ionized 
water above soil level. The de-ionized water was then allowed to 
drain completely. Each column was spike with 5 mL of 10 mg/L 
cypermethrin. After 1 h, the three columns were eluted with varying 
volume of rainwater of pH 4.0 and 6.8 separately. The rainwater 
was collected without passing through roof material over some days 
and the pH was adjusted to 4.0 and 6.8 using 0.1 M HNO3 to 
simulate the common pH range of rainwater acidity data. Clean 
rainwater has a pH value of 5.0-5.5 but can become much more 
acidic when combine with oxides of sulphur and nitrogen to give pH 
value of 4.0. The understanding of the acidification phenomenon of 
rainwater as available in the literature necessitated the choice of 
the pH values (Esmen and Fergus, 1976). Cypermethrin was leached 
down the Afisol with 50, 150 and 150 mL of simulated rainwater. 
The leachates were collected in a glass flask and cypermethrin 
concentrations were determined by UV/Visible Spectrometry 
(Spectro UV/Vis spectrophotometric version 3.5 Labomed Inc.). 
This procedure  was  replicated  five  times  for  Alfisol and repeated
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Table 1. Physicochemical properties of Alfisols and Incetptisol. 
 

Parameter  Alfisol Inceptisol 

pH 5.92 ± 0.02 6.25 ± 0.03 

Cation exchange capacity (cmol/kg) 4.05 ± 0.03 4.45 ± 0.05 

Organic matter (%) 1.74 ± 0.02 1.03 ± 0.01 

Total organic carbon (%) 1.00 ± 0.01 0.60 ± 0.01 

Sand (%) 19.2 ± 0.2 88.0 ± 0.3 

Silt (%) 61.6 ± 0.4 4.8 ± 0.1 

Clay (%) 19.2 ± 0.2 7.2 ± 0.1 

Classification of soil Sandy-loam Sandy 
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Figure 1. UV/Visible scanned spectrum of cypermethrin standards of different concentrations. 

 
 
 
for Inceptisol. The columns for the control experiment at various soil 
depths were run with rainwater without spiking with cypermethrin. 
 
 
Instrumental analysis 
 

A sensitive spectrophotometric method was employed to determine 
the concentration of cypermethrin (Janghel et al., 2007). The 
wavelength for the UV/Visible spectrometric determination of 
cypermethrin was determined by scanning the absorbance of 0.1, 
0.2 and 0.3 µg/mL of cypermethrin standard solutions. The 
solutions were prepared by adding 1 mL of 20% NaOH to little 
volume of each standard solution in a 25 mL volumetric. The 
solutions were kept for  10 min  at  room  temperature  for  complete 

hydrolysis of cypermethrin. 1 mL of 0.1% potassium iodide in acidic 
medium was added followed by 1 mL leuco crystal violet indicator. 
The librated iodine selectively oxidizes the leuco base dye to 
liberate iodine. The solutions were kept for 15 min for full colour 
development and made up to the mark with ethanol. The 
absorbance values of the solutions were scanned through the 
wavelength range of 190 to 800 nm (Figure 1). The reagent blank 
had negligible absorbance at this wavelength. This procedure was 
followed for standard working solutions prepared for the calibration 
curve. Calibration curve was prepared using working standard 
solutions of 1.0 – 6.0 μg/mL prepared by appropriate dilution of 
cypermethrin standard stock solution of 100 μg/mL with ethanol. 
Ethanol was used because of the low solubility of cypermethrin in 
water. The  absorbance  values  of  the solutions were measured at  
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Table 2. Proportion (%) of cypermethrin leached by simulated rainwater of pH 4.0 from Alfisol and Inceptisol at various soil depths. 
 

Soil depth (cm) 
Alfisol  Inceptisol 

50 mL 100 mL 150 mL  50 mL 100 mL 150 mL 

10 37.0 ± 0.1
a
 43.1 ± 0.1

b
 59.4 ± 0.2

c
  39.5 ± 0.2

b
 46.6 ± 0.1

b
 66.6 ± 0.1

b
 

20 35.4 ± 0.2
a
 36.5 ± 0.1

a
 40.1 ± 0.1

b
  37.0 ± 0.2

a
 43.5 ± 0.1

b
 63.2 ± 0.2

a
 

30 32.1 ± 0.2
a
 35.7 ± 0.1

a
 37.7 ± 0.1

a
  35.2 ± 0.1

a
 38.1 ± 0.1

a
 62.6 ± 0.1

a
 

 

Mean values along the column with different supercript (a,b,c) are significantly different. 

 
 
 
213 nm against a reagent blank. The corresponding concentrations 
of cypermethrin were determined from the calibration curve whose 
R2 value was 0.9847. 
 
 
Procedure for cypermethrin analysis in leachates 
 
1 mL of 20% sodium hydroxide was added to a 25 mL volumetric 
flask containing 1 mL of the leachate. After 10 min, 1 mL of 0.1% 
potassium iodide was added in acidic medium followed by 1 mL 
leuco crystal violet. The solution was shaken and allowed to stand 
for 15 min for full colour development. A light crystal violet solution 
obtained was made up to the mark with ethanol and the 
absorbance was measured at 213 nm against a reagent blank. The 
cypermethrin concentrations in the leachates were deduced from 
the calibration curve. 
 
 
RESULTS AND DISCUSSION 
 
Physicochemical characteristics of soil 
 
Sorption behavior of pesticide is influenced by soil 
properties and pesticide characteristics, which are 
equally essential for the assessment of environmental 
fate of pesticide Both Alfisol and Inceptisol were acidic in 
nature, with pH of 5.92±0.06 and 6.25±0.03, respectively. 
Based on the soil texture composition, Alfisol was 
classified as sandy loam while Inceptisol as sandy. This 
implies that cypermethrin can permeate Inceptisol more 
than Alfisol due to its larger pores, thus allowing 
cypermethrin to move through rapidly. The higher 
permeability of Inceptisol over Alfisol can make it more 
sensitive than Alfisol that has low leaching potential. The 
clay content of Alfisol was observed to be almost thrice 
the content found in Inceptisol. Surface inorganic and 
organic functional groups in soil that play significant role 
in sorption process are associated with clay. Such 
functional groups include phenolic, carbonyl, and aluminol 
which are chemically reactive molecular units that have 
potential of binding unto pesticides such as cypermethrin. 
The fact that Inceptisol permits more pesticide movement 
rapidly is corroborated by its low organic matter content 
of 1.03±0.01% compared with Alfisol that has organic 
matter content of 1.74±0.02%. Organic matter improves 
soil water holding capacity and its high content for Alfisol 
compared to contents found in Inceptisol may be 
responsible for Afisol surpassing ability over Inceptisol  to 

sorb cypermethrin. This suggests that Inceptisol was 
more sensitive to ground water contamination. 
 
 
Impacts of simulated rainwater on the mobility of 
cypermethrin 
 

The amount of rainfall is an essential factor in determining 
how far a pesticide can migrate down the soil. Simulated 
rainwater leached out appreciable proportion of 
cypermethrin from Alfisol and Inceptisol packed at 
various depths. The proportions of cypermethrin leached 
out with rainwater of pH 4 from Alfisol of depth 10 cm 
were 37.0±0.1, 43.1±0.1 and 59.4±0.2%, respectively. 
This proportion decreased as soil depth increased from 
10 to 30 cm (Table 2). The corresponding proportions at 
soil depth of 30 cm were 32.1±0.2, 35.7±0.1 and 
37.7±0.1%, respectively. For Inceptisol, rainwater of pH 4 

leached out 39.5±0.2, 46.6±0.1 and 66.6±0.1% of 
cypermethrin for soil depth of 10 cm. These proportions 
of cypermethrin leached out for soil depth of 10 cm were 
significantly higher than (P < 0.05) the corresponding 
proportions for soil depth of 30 cm. 

With the increasing volume of rainwater, the proportion 
of cypermethrin leached out increased for all the soil depths. 
This implies that more of cypermethrin applied on a farmland 
can be leached down soil depth by heavy downpour on the 

farmland compare to when the rain is not heavy. This seems 
to be different from the report that cypermethrin would 
remain mostly in top (0-10 cm) layer of Malaysian soils 
and that only small concentration (0.5 mg/kg) could be 
detected at 50 cm soil depth (Chai et al., 2012). Figures 2 
and 3 show the concentrations of cypermethrin sorbed by 
the soil orders with soil depth. There was a progressive 
increase in the concentration of cypermethrin sorbed by 
both Alfisol and Inceptisol as soil depth increased. 
 
 
Effects of pH on the mobility of cypermethrin in soil 
 

Cypermethrin of 32.1 – 59.4% and 35.2 – 66.6% were 
leached from soil depth of 10 -30 cm containing Alfisol 
and Inceptisol respectively when eluted with the 
simulated rainfall of pH 4.0 (Table 2). In comparison, less 
proportions of cypermethrin was leached in Alfisol(26.2 - 
37.4%) and  Inceptisol  (28.7  -  40.1%)  when eluted with
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Figure 2: Variation of concentrations of cypermethrin retained by Alfisol (A) and Inceptisol (I) 
for rainwater of pH4 
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Figure 3. Variation of concentrations of cypermethrin retained by Alfisol (A) and 
Inceptisol (I) for rainwater of pH 6.8. 
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Table 3. Proportion (%) of cypermethrin leached by simulated rainwater of pH 6.8 from Alfisol and Inceptisol at various soil depths. 
 

Soil depth (cm) 
Alfisol  Inceptisol 

50 mL 100 mL 150 mL  50 mL 100 mL 150 mL 

10 31.8 ± 0.1
b
 35.4 ± 0.1

c
 37.4 ± 0.1

b
  33.6 ± 0.1

b
 36.5 ± 0.1

b
 40.1 ± 0.2

b
 

20 29.4 ± 0.2
a
 30.5 ± 0.1

b
 33.6 ± 0.1

b
  29.6 ± 0.2

a
 34.5 ± 0.2

b
 39.5 ± 0.1

b
 

30 26.2 ± 0.1
a
 26.9 ± 0.2

a
 29.1 ± 0.1

a
  28.7 ± 0.1

a
 30.9 ± 0.1

a
 34.1 ± 0.1

a
 

 

Mean values along the row with different supercript (a,b,c) are significantly different. 

 
 
 
simulated rainfall of pH 6.8 (Table 3). The proportion of 
cypermethrin leached from both soil orders at pH of 4.0 
were much higher than the corresponding proportions 
leached at higher pH of 6.8. It can be deduced that more 
of cypermethrin is expected to be leached at lower pH 
than at neutral pH of the rainwater. This conforms to the 
observation on degradation of cypermethrin, malathion 
and dichlorovos in water and in tea leaves (Lin et al., 
2012). In the study, more proportion of cypermethrin was 
leached from tea leaves when distilled water of pH 3.5 
was used than when pH 6.8 was used for elution. 
Hydrolysis of cypermethrin by photolysis to either ester or 
nitrile acid metabolites occurs at higher pH particularly in 
alkaline condition. The photoproducts exert more toxic 
effect on beneficial and target insects (Al-Mughrabi et al., 
1992). 
 
 

Conclusion 
 

Inceptisol has high leaching potential compared with 
Alfisol. Retention of cypermethrin in Alfisol cores was 
comparatively more than the retention found in Inceptisol. 
The surpassing ability of Inceptisol over Alfisol for 
leaching process of cypermethrin is attributable to its low 
clay and soil organic matter contents. There is likelihood 
that cypermethrin moves feely in Inceptisol because of its 
sandy nature to contaminate nearby groundwater and 
surface water. Sorption of pesticide by Alfisol and 
Inceptisol are pH dependent. More of the insecticide 
leached in both soils at lower pH than at neutral pH of 
rainwater. The texture of both Alfisol and Inceptisol 
played a crucial role in the mobility of cypermethrin 
through the soil. 
 
 

CONFLICT OF INTERESTS 
 

The authors have not declared any conflict of interests. 
 
 
REFERENCES  
 

Abu‐Zreig M, Rudra R, Dickinson W (2000). Influence of surfactants on 
leaching of atrazine through soil columns. Toxicol. Environ. Chem. 
75:1-16. 

Adeyinka JS, Mustapha R (2005). An assessment of pollution from 
agrochemical application. Int. J. Environ. Stud. 62:323-327. 

Aiyesanmi AF, Idowu GA (2012). Organochlorine pesticides residues in 
soil of cocoa farms in Ondo State Central District, Nigeria. Environ. 
Nat. Resour. Res. 2:65. 

Akhtar M, Iqbal S, Bhanger MI, Zia-Ul-Haq M, Moazzam M (2009). 
Sorption of organophosphorous pesticides onto chickpea husk from 
aqueous solutions. Colloids Surf. B Biointerfaces 69:63-70.  

Al-Mughrabi KI, Nazer IK, Al-Shuraiqi YT (1992). Effect of pH of water 
from the King Abdallah Canal in Jordan on the stability of 
cypermethrin. Crop Prot. 11:341-344. 

Aubertot J-N, Barbier JM, Carpentier A, Gril J-N, Guichard L, Lucas P, 
Savary S, Voltz M (2007). Pesticides, agriculture et environnement. 
Réduire l'utilisation des pesticides et en limiter les impacts 
environnementaux. Expertise scientifique collective Inra-Cemagref 
(décembre 2005). 

Chai L-K, Zaidel N-D, Hansen HCB (2012). A rapid multi-residue 
method for the determination of pesticide residues in choi sum, 
yardlong beans and aubergines. Food Chem. 131:611-616. 

Chauhan R, Chopra I, Kumari B (2012). Leaching Behaviour of 
Bifenthrin And Λ-Cyhalothrin in Sandy Loam Soil. Glob. J. Sci. Front. 
Res.12. 

Esmen NA, Fergus RB (1976). Rain water acidity: pH spectrum of 
individual drops. Sci. Total Environ. 6:223-226. 

Hayward SJ, Gouin T, Wania F (2009). Levels and seasonal variability 
of pesticides in the rural atmosphere of Southern Ontario. J. Agric. 
Food Chem. 58:1077-1084. 

House W, Farr I, Orr D (1991). The occurrence of synthetic pyrethroid 
and selected organochlorine pesticides in river sediments. K618974--
Environment/Nontarget effects/Rivers/ insecticides/residues/ 
Sediment. Monograph-British Crop Protection Council (United 
Kingdom). 

Ibitayo OO (2006). Egyptian farmers' attitudes and behaviors regarding 
agricultural pesticides: implications for pesticide risk communication. 
Risk Anal. 26:989-995. 

Ismail B, Kalithasan K (2004). Adsorption, desorption, and mobility of 
permethrin in Malaysian soils. J. Environ. Sci. Health Part B 39:419-
429. 

Ismail B, Mazlinda M, Tayeb M (2013). Adsorption, desorption and 
mobility of cypermethrin and deltamethrin in Malaysian soils. Int. J. 
Plant Anim. Environ. Sci. 3:23-29. 

Ize-Iyamu O, Asia I, Egwakhide P (2007). Concentrations of residues 
from organochlorine pesticide in water and fish from some rivers in 
Edo State Nigeria. Int. J.  Phys. Sci. 2:237-241. 

Janghel E, Rai J, Rai M, Gupta V (2007). A new sensitive 
spectrophotometric determination of cypermethrin insecticide in 
environmental and biological samples. J. Braz. Chem. Soc. 18:590-
594. 

Kaufman DD, Russell BA, Helling CS, Kayser AJ (1981). Movement of 
cypermethrin, decamethrin, permethrin, and their degradation 
products in soil. J. Agric. Food Chem. 29:239-245. 

Legrand M, Costentin E, Bruchet A (1991). Occurrence of 38 pesticides 
in various French surface and ground waters. Environ. Technol. 
12:985-996. 

Lin L, Xie M, Liang Y, He Y, Sing Chan GY, Luan T (2012). Degradation 
of cypermethrin, malathion and dichlorovos in water and on tea 
leaves with O3/UV/TiO2 treatment. Food Control 28:374-379.  

Nelson D, Sommers LE (1982). Total carbon, organic carbon, and 
organic  matter.  Methods  of  soil  analysis. Part  2. Chem.  Microbiol.  



36          Afr. J. Pure Appl. Chem. 
 
 
 

Prop. pp. 539-579. 
Nolan BT, Dubus IG, Surdyk N, Fowler HJ, Burton A, Hollis JM, 

Reichenberger S, Jarvis NJ (2008). Identification of key climatic 
factors regulating the transport of pesticides in leaching and to tile 
drains. Pest Manag. Sci. 64:933-944. 

Persson Y, Hemström K, Öberg L, Tysklind M, Enell A (2008). Use of a 
column leaching test to study the mobility of chlorinated HOCs from a 
contaminated soil and the distribution of compounds between soluble 
and colloid phases. Chemosphere 71:1035-1042. 

Rani M, Saini S, Kumari B (2014). Leaching behaviour of chlorpyriphos 
and cypermethrin in sandy loam soil. Environ. Monit. Assess.186: 
175-182. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Saravi SSS, Shokrzadeh M (2011). Role of pesticides in human life in 

the modern age: a review INTECH Open Access Publisher. 
Sharma P, Sharma P, Jain S, Kumar P (2013). An integrated statistical 

approach for evaluating the exceedence of criteria pollutants in the 
ambient air of megacity Delhi. Atmos. Environ. 70:7-17. 

Vijverberg HP, vanden Bercken J (1990). Neurotoxicological effects and 
the mode of action of pyrethroid insecticides. Crit. Rev. Toxicol. 
21:105-126.  


