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Abstract— Tea plantations prefers to grow best in acidic soil 

conditions and they are subjected to ravages of insects, mites, 

plant pathogens, nematodes, caterpillar, termites and beetles. 

Pesticide is an important agricultural input for controlling 

array of pest complex in tea crop. The pesticides during its 

spray on tea bushes can enter the ecosystem by leaching into 

soil. An experiment was undertaken to assess the behaviour 

of deltamethrin and dimethoate in tea soil followed by its 

comparative laboratory study. The results for dimethoate 

revealed that residue decline during wet season (not detected 

on 5th day after spray) could be due to moist soil while during 

dry season  (0.31-0.04-Treatment 1 and 0.60-0.06- Treatment 

(2 on 7th day) the loss in dimethoate concentration from the 

soil surface could be attributed to evaporation from dry soil 

surface. For deltamethrin the sunlight might have accelerated 

the decline during dry season (1.02-0.05-T1 and 1.95-0.28-

T2 on 3rd day after spray).Further, during wet season, the 

residue loss was 0.19-0.06-T1 and 0.30-0.10-T2) high soil 

water partitioning indicated a relatively low potential for loss 

due to volatilization. The results obtained in field studies 

were further confirmed by laboratory studies which explained 

the effect of temperature, photo degradation and soil pH on 

the pesticide under study. 
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I. INTRODUCTION 

Tea is a popular invigorating and refreshing drink having 

excellent medicinal properties. 

 Tea plantations are subjected to ravages of insects, 

mites, plant pathogens, nematodes etc. According to Chen 

and Chen more than 1000 species of arthropod pests are 

known to be associated with tea on different parts of 

plants[1].Literature on tea pests management is dominated 

by reports on the use of synthetic pesticides ranging from 

DDT to synthetic pyrethroids contributing to inevitable 

residual problem and spoiling the pleasure of drinking natural 

tea [2].Consequently tea represents a significant potential of 

human exposure to pesticide residues by virtue of high 

application of pesticides to tea crop coupled with the average 

intake of 6 gms of dried (made) tea per day per individual [3]. 

When a pesticide is applied to a tea bush it enters the dynamic 

ecosystem and immediately began to move from one part of 

the system to another. The behavior of pesticide applied to 

plants grown under field condition is both complex and 

variable [4].A pesticide can disappear from the soil by 

volatilization, leaching, surface runoff, uptake by plants or 

migration of invertebrates or small mammals with residue in 

their body. The physico-chemical properties of pesticides like 

water solubility, volatility, polarity, hydrophobicity, 

molecular size, soil mobility, thermal stability, photo stability 

and their formulations are also equally involved in the 

dissipation [5]. Although there are residual studies of 

deltamethrin and dimethoate in tea [6-7] but their exact 

behaviour in acidic tea soil is still not known. A study was 

initiated to obtain information on the persistence of 

deltamethrin and dimethoate in tea soil under different 

environmental conditions and finally it was confirmed by the 

laboratory studies.  

II. METHODOLOGY 

A. Experimental 

1) Standard Solution 

An analytical grade of dimethoate and deltamethrin were 

obtained from Dr.Ehrenstorfer Laboratories, Augsburg, 

Germany (reported purity>98%). For the field studies, 

commercial grade formulation of dimethoate (Rogor® 30 

EC, Isagro Agrochemicals Pvt. Ltd., Mumbai) and 

deltamethrin (Decis® 2.8 EC, Aventis Crop Protection India 

Ltd, Mumbai) were procured from local market. Standard 

solutions (1000mg/l) of dimethoate and deltamethrin were 

prepared in acetone and in n-hexane respectively and the 

spiking solutions (50 mg/l) were diluted from the stock 

solution and the solutions required for preparing a standard 

curve (0.2, 0.5, 1.0, 1.5, 5.0 and 10.0 mg/l) were prepared 

from the stock solution by serial dilutions. All chemicals used 

for extraction and analysis of the residues and activated 

carbon were products of Merck India Limited, Mumbai India 

2) Apparatus 

Gas chromatograph 

For dimethoate analysis nitrogen phosphorus detector (NPD), 

a HP-7673 autosampler and integrator (Hewlett-packard) 

using split-splitless injector, connected to HP3365 

Chemstation system software (Hewlett-packard) was used. 

Peak resolution was done on a HP-17 medium polar capillary 

column (25 m length X0.2 mm id) containing 50% phenyl and 

50% methyl polysiloxane coated fused silica (0.25µm film 

thickness) (Hewlett-Packard, Co., Wilmington, DE). The 

detailed analytical conditions were as follows-The injection 

was made using a split mode (50:1), injector temperature held 

at 260ºC. The temperature of the NPD was held at 280ºC. The 

oven temperature was programmed at 150ºC for the initial 2 

minutes and then ramped @10ºC/min to 300ºC and finally 

maintained for 5 minutes.  

 For deltamethrin analysis the gas chromatograph 

was equipped with Ni63 electron capture detector (ECD). The 

separation was done on a HP-1 capillary column (30 m length 

X 0.53 mm i.d.) containing 100% dimethyl polysiloxane 

coated fused silica (3.0 µm film thickness). The injection was 

made using a split 50:1 injector temperature held at 250ºC. 

The oven temperature was held at 220ºC for the initial 5 

minutes and then ramped @ 4ºC/minute to 280ºC and held for 

10 minutes. The temperature of EC detector was held at 
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300ºC. Carrier gas was nitrogen with a flow rate of 1.0 

ml/min in each case. The injection volume was 2 µl.  

3) Standard calibration curve  

The standard curve was prepared by diluting the stock 

solution to five different concentrations in acetone. The 

column was conditioned by repeated injections (3 times) of 

the standard under constant operating conditions until the 

peaks obtained were reproducible. Dimethoate and 

deltamethrin were injected at 0.2, 0.5, 1.0, 5.0 and 10.0 mg/l 

to validate the method.  

4) Recovery assay 

Before laying the experiments in the field, recovery studies 

were performed at 50.0 mg/l fortification level of active 

ingredient (three replicates) of the soil matrix. These samples 

were prepared by adding a known amount of standard in the 

matrix before extraction. The duplicate injections of each 

extract were made in GC (NPD and ECD).  

5) Soil studies 

Soil samples were drawn from the experimental field for 

analysis. At each sampling occasion, soil samples were 

collected randomly from both the treatment plots and the 

control plots from different depths ranging from 0-25 cms. 

The collected soil was air dried at room temperature, 

desegregated manually using a pestle and a marble mortar and 

passed through a 2 mm screen sieve and mixed thoroughly to 

achieve homogeneity. Three replicates of soil samples were 

taken for each treatment. The sample size for analysis was 

approximately 50 gms each. The soil pH was measured in 

soil/ deionised water mixture (1:1 w/w). 

6) Analytical methodology 

Dimethoate was extracted from soil (50 gms) with 100 ml of 

dichloromethane and deltamethrin in n-hexane by 

mechanically shaking for 3 hours at 240 rpm. The mixtures 

were filtered through Whatman No.1 filter paper into a 250 

ml separatory funnel and the cake was washed twice with 20 

ml solvent each time. Since soil was sieved properly before 

extraction not much cleanup was required. The extracts were 

concentrated on a vacuum rotary evaporator using a water 

bath at 35-40ºC. The residues were reconstituted for GC 

analysis. 

7) Laboratory investigations  

To evaluate the exact behaviour of dimethoate and 

deltamethrin laboratory experiments were also carried out in 

parallel to the field experiments. 

 To see the effect of photodegradation, thermal 

degradation and soil pH on deltamethrin and dimethoate 

dissipation, four sets of experiments were carried out. Each 

set was triplicated. First set comprised petri dish (P1) 

containing solvent evaporated pesticides kept in the open 

under direct sunlight to see the effect of environmental factors 

like photodegradation, moisture and temperature. Second 

petri dish (P2) contained same concentration of pesticides 

kept in a UV chamber under direct UV light of wavelength 

318 nm (iEC, Indian Equipment Corporation). And the third 

petri dish containing samples (P3) had a layer of soil obtained 

from the same experimental farm. Besides these, in the fourth 

set of experiment four beakers (100 ml) containing same 

samples as mentioned above were kept over the thermostatic 

water bath at different temperatures (25,50, and 75ºC) to study 

the effect of thermal degradation. 

8) Photo degradation studies  

Photo degradation studies were also carried out using three 

sets of experiments. In the first set, a known amount of 

dimethoate and deltamethrin  (0.1gm) dissolved in acetone 

and n-hexane were poured into a petri dish (20cm i.d.) 

containing a layer of soil, solvent evaporated and exposed to 

direct irradiation under sunlight from 9 am to 5 pm for a shiny 

week (8 hours per day for 7 days). In the second set of 

experiment, samples were kept under direct UV light (318 

nm) for the same period. And in the third set, the samples 

were stored in the dark at room temperature (25ºC).  

 The residues were extracted at different time 

intervals (1, 3, 5, 7 days), reconstituted in acetone and n-

hexane respectively and injected for final analysis by GC.  

9) Soil pH effect  

To study the effect of soil pH on the degradation rate of 

dimethoate and deltamethrin, field soil samples were 

prepared at different pH under laboratory conditions and 

analyzed them at three different temperatures (25,50 and 

75ºC). For pH study the soil was extracted overnight with a 

suitable solvent (dichloromethane and n-hexane).Emphasis 

were laid to observe the effect of acidic pH on dimethoate and 

deltamethrin as tea grows on well drained soils having a good 

depth, acidic pH in the range 4.5 to 5.5 and more than 2% 

organic matter.  

III. RESULTS AND DISCUSSION 

A. Quantification 

The GC analytical conditions were optimized in terms of 

temperature program that allowed an improvement of the 

time and the chromatographic run resolution. To avoid the 

cross contamination between high and low spiked samples, 

the sequence of injections was in the following order: solvent, 

blank sample, sprayed samples and finally standard solution.  

 The adopted oven programming allowed a good 

chromatographic separation of dimethoate and deltamethrin. 

The total run time was 14 minutes and 35 minutes 

respectively and the retention time in the given 

chromatographic conditions was 8.68 and 18.95 minutes for 

dimethoate and deltamethrin respectively.  

B. Linearity 

The calibration curve of the analysed dimethoate gave a good 

regression line (r2=0.8827 for dimethoate and r2= 0.8636 for 

deltamethrin) in the range of explored concentrations, 0.1-10 

mg/kg.) The detection limit of dimethoate was taken to be 

0.01 mg/kg in tea (MRL-0.2 mg/kg) while  the detection limit 

of deltamethrin was taken to be 0.05 mg/kg, (MRL-5 mg/kg) 

which were much lower than the maximum residue limits 

fixed by European Comission [8][9] 
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Fig. 1: Standard curve of dimethoate    Figure 2: Standard 

curve of deltamethrin 

C. Residues in soil 

The data relating to the persistence of dimethoate and 

deltamethrin in tea soil are summarized in Table 3.1. As 

observed, from the table 3.1, the residue in the top 20 cms of 

soil degraded from 0.31±0.03, 0.60±0.03 mg/kg to no 

detection limit at two different treatments respectively, over 

a period of one week during dry season. Further, during wet 

season the initial residue was 0.23±0.03 mg/kg and 0.38±0.02 

mg/kg that declined to no detection limit on 5th day after 

spray. The results of the dimethoate studies indicated that it 

dissipated in the field soil with a half-life ranging between 

0.9-7.9 days during dry and wet seasons. The dissipation rate 

of dimethoate exhibits first order kinetics. The residue decline 

was faster during wet season that could be due to moist soil. 

During dry season the loss in dimethoate concentration from the 

soil surface could be attributed to evaporation from dry soil 

surface. The log octanol/water partitioning (log Kow=0.33) and 

high water solubility (39g/l) of dimethoate might have enabled it 

to leach in the soil as was confirmed by the soil samples collected 

from different depths.  

 Table.3.1, showed that the deltamethrin residue in 

the top 20 cms of soil degraded from 1.02±0.02 mg/kg and 

1.95±0.06 mg/kg to no detection limit in the dry season and 

from 0.19±0.01 mg/kg and 0.30±0.02 mg/kg to no detection 

limit in the wet season over a period of 7 days at 16 gm a.i/ha 

and 32 gm a.i/ha dosage. The sunlight might have accelerated 

the decline of deltamethrin residue during the dry season as 

the vapour pressure for deltamethrin at 25ºC was 1.24X10-

8Pa .This could not attributed to its surface losses to volatility 

in soil. Further, during the wet season, high soil water 

partitioning indicated a relatively low potential for loss due 

to volatilization. This might be the reason for variability in 

dissipation reported. According to Hill in the absence of 

sunlight, a half-life for deltamethrin could be as long as 

several months, whereas when sprayed on the soil surface 

under field conditions, its half-life was in the one to two week 

range [10]. No significant residues were found below 20 cm 

of the surface even during wet season indicating its immobile 

behavior that might be attributed to its high partition 

coefficient and low water solubility due to which the 

rainwater could not have carried the chemical easily into the 

soil. Thus the physical properties of deltamethrin and 

impenetrable tea bushes were the main factors that 

contributed to low deltamethrin residues in soil profile.  

D. Laboratory studies 

1) Thermal degradation effect 

Results of effect of temperature on the dimethoate residues 

are summarized in Table 5. No significant thermal 

degradation effect was observed on dimethoate residues at 

25°C. However the results revealed that at elevated 

temperature 50°C there was a little loss i.e. 1.67±0.02, 

3.80±0.21and 5.24±0.13% in the concentration of dimethoate 

residues when it was kept on regulated water bath for 

different time intervals i.e. 3,5 and 10 hours. This loss in 

dimethoate may be due to the combined effect of two factors 

i.e. fugacity (due to its low vapour pressure) and thermal 

degradation at elevated temperature conditions [11] while the 

little loss in deltamethrin was due to the fact that it is 

thermally less degradable [12]. 

 Effect of temperature on the deltamethrin residues is 

summarized in Table 6. There was no noticeable thermal 

degradation of deltamethrin residue at 25°C. While at 50°C, 

loss in the residue concentration was 1.16%±0.27 and 

1.83%±0.20 at 5 and 10 hours of exposure. Further at 75°C 

the loss was 1.52%±0.15, 2.11%±0.07, 3.06%± 0.12 and 

4.04%±0.21 at 1, 3, 5 and 10 hours respectively.  

2) Photodegradation effect  

Photodegradation is one of the most important factors 

involved in the dissipation of pesticide in the environment 

[13]. Results showed that dimethoate was stable to photolysis 

in sterilized soil (table 7). There was no loss observed when 

dimethoate standard was kept in darkroom and in room 

conditions. Further no variations in results were obtained as 

observed from the data presented in table 7 confirming its 

photo stable nature. When aqueous dimethoate was irradiated 

under direct UV light, TLC showed no specific change and 

no photoproducts were identified.  

 Similarly results compiled in tables 8 showed that 

there was no loss when deltamethrin standard was kept in 

darkroom and at room conditions. No effect of sunlight 

exposure was observed on deltamethrin when it was exposed 

for few hours. In case of deltamethrin the overexposure 

(5&7days) had shown photo degradation effect (9.52%±0.28 

and 12.11%± 0.29) on the residues. Alteration in isobutenyl 

group attached to the cyclopropane moiety has made 

pyrethroids more stable to sunlight [14]. Ruzo et.al.  have 

documented the photo-labile nature of deltamethrin in 

solution as well as the solid phases on glass and silica gel 

[15]. 

3) Soil pH & moisture effect 

The results obtained from unautoclaved moist soil from the 

field is presented in Table 9. In the case of autoclaved soil 

there was no degradation achieved within the study period 
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and dimethoate existed almost as undissociated molecule. In 

the case of farms (moist) soil the results indicate that the 

dimethoate was more stable under neutral and acidic 

conditions (half life 96d and 102 d) rather than the alkaline 

soil at 25°C (pH 8.9, half life 6.54 d). The loss of dimethoate 

was less rapid in neutral and acidic pH soils even at elevated 

temperature conditions (29.7d & 32.6d at 50°C) and (5.34d & 

4.32d at 75°C) respectively. At temperature 75°C half-life of 

dimethoate is even less than one day (0.16 d) in alkaline soil 

(pH 8.9).  

 In the case of deltamethrin as observed in table 10 

autoclaved soil showed no degradation within the study 

period and deltamethrin existed almost as undissociated 

molecule. In case of farms (moist) soil the results indicate that 

the deltamethrin was more stable under neutral and acidic 

conditions (half life 90-100d) rather than the alkaline soil at 

25°C (pH 8.9, half life 90-100d). The loss of deltamethrin was 

less rapid in neutral and acidic pH soils even at elevated 

temperature conditions (42-52 days at 50°C) and (26-31days 

at 75°C) respectively. Moreover high temperature (50°C and 

75°C) resulted in faster degradation in alkaline soil. At 

temperature 75°C the half-life of deltamethrin was 1.20d in 

alkaline soil (pH 8.9) while at soil pH 3.5 with same 

temperature conditions deltamethrin degraded into half in 26 

days. 

 Results obtained for both the pesticides indicated 

that their degradation in soil might be due to its moisture 

content and some aerobic microbial activity which was totally 

absent in the case of autoclaved dry soil. Pesticide 

photodegradation on soil surface thus encounters most of the 

biotic and abiotic environmental factors [16-17].The soil 

moisture and temperature greatly influence the chemical 

behavior of the compound. Overall the soil moisture is a vital 

factor in the mobility and degradation of this chemical in soil 

[18]. 

IV. CONCLUSION 

The behavior of dimethoate and deltamethrin in acidic tea soil 

is thus dependent on many factors all affecting the residue at 

the same time. Rapid decrease of dimethoate during wet 

season could be due to moist soil. During the dry season the 

loss in dimethoate concentration from the soil surface could be 

attributed to evaporation from dry soil surface. The sunlight 

might have accelerated the decline of deltamethrin residue 

during dry season as the vapour pressure for deltamethrin at 

25ºC was 1.24X10-8 Pa. This could not attributed to its 

surface losses to volatility in soil. Further, during wet season, 

high soil water partitioning indicated a relatively low 

potential for loss due to volatilization. Laboratory studies 

showed that the degradation of both the pesticides in soil 

might be due to its moisture content and some aerobic 

microbial activity which was totally absent in the case of 

autoclaved dry soil. 
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Season Pesticides 
Treatment 

gma.i/ha 
Days ± SD at different time intervals 

 Dimethoate 200 0 1 3 5 7 10 14 21 
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Dry ND 0.31±0.03 0.16±0.02 0.04±0.00 ND ND ND ND 

400 ND 0.60±0.03 0.21±0.03 0.06±0.01 ND ND ND ND 

 

Deltamethrin 

16 ND 1.02±0.02 0.05±0.01 ND ND ND ND ND 

32 ND 1.95±0.06 0.28±0.005 0.03±0.00 ND ND ND ND 

 

Wet 

Dimethoate 
200 ND 0.23±0.03 0.05±0.00 ND ND ND ND ND 

400 ND 0.38±0.02 0.17±0.02 ND ND ND ND ND 

Deltamethrin 
16 0.19±0.01 0.16±0.05 0.06±0.005 ND ND ND ND ND 

32 0.30±0.02 0.21±0.01 0.12±0.005 0.05±0.005 ND ND ND ND 

Table 3.1: Dimethoate and Deltamethrin residues in soil in dry and wet season 

Pesticides seasons 
Treatment 

gm a.i/ha 

t- test of difference 

between dry and wet 

season 

Significance 

Level 

T tab= 1.761 

Dimethoate Dry & Wet 
200 0.5694 not statistically significant 

400 0.6282 not statistically significant 

Deltamethrin 
Dry & Wet 

 

16 0.5436 not statistically significant 

32 0.4436 not statistically significant 

Table 3.2: Significance level (t test) 

Percent Loss based on a variable 

factor 
Pesticide 

Environmental 

Conditions 

(Temperature °C) 

Percent loss ± SD at different time intervals 

1hr                 3hrs            5hrs              10hrs 

(For sunlight condition) 

1day               3days         5days             7days 

Thermal 

degradation 

Dimethoate 
25 --- --- --- --- 

50 --- 1.67±0.02 3.80±0.21 5.24±0.13 

Deltamethin 
25 --- --- --- --- 

50 --- --- 1.16±0.27 1.83±0.20 

Sunlight 

Condition 

Dimethoate 

Dark Room --- --- --- --- 

Room conditions --- --- --- --- 

Sunlight --- --- --- --- 

Deltamethin 

Dark Room --- --- --- --- 

Room conditions --- --- --- --- 

Sunlight --- --- 9.52±0.28 12.11±0.09 

Table 3.3: Dimethoate and Deltamethrin residues in Laboratory studies 

--- negligible 

Pesticides/Factors Factors/Pesticides T test of difference of between two factors 
Significance 

Level 

Dimethoate & 

Deltamethrin 

Thermal 

Sunlight 

0.1875 

0.1555 

Not statistically significant 

Not statistically significant 

Thermal & 

Sunlight 

Dimethoate 

Deltamethrin 

0.0904 

0.2175 

Not statistically significant 

Not statistically significant 

Table 3.4 Significance Level (t-Test) 

Pesticide 
Soil pH 

Half life (days) at different temperatures 

Dimethoate 

25ºC 50ºC 75ºC 

3.5 96.52 29.78 3.62 

5.2 102.3 32.60 4.23 

7.0 118.0 92.24 5.34 

8.9 6.54 3.02 0.12 

Autoclaved (5.2) P P P 

Deltamethrin 

3.5 25 12 1.20 

5.2 90 42 31 

7.0 100 50 32 

8.9 98 52 26 

Autoclaved (5.2) P P P 

Table 3.5 Dimethoate and Deltamethrin residues in soil P=Persistence greater than 100 days 

Factors Soil pH 
T test of difference 

between two pesticides 

Significance 

Level 

Unautoclaved 

soil 

3.5 

5.2 

7.0 

0.3438 

0.8279 

0.7919 

Not statistically significant 

Table 3.6 Significance Level (t-Test) 
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pH 

Residue 
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was faster in 

wet season 
than dry 

season and 

showed 
considerable 

leaching 

Due to its high 
water 

solubility and 

low Koc it 
leached into 

the soil and 

residue 
declined fastly 

in wet season. 

In dry season 
due to its low 

vapour  

pressure & 
Henrys law 

constant it has 

low tendency 
to volatilze so 

decline was 

due to 
Sunlight 

condition 

Dimethoate 39g/l 0.33 1.107 0.247 
1.42 X 

10-06 
20 µg/g 10.5 

Hydrolysis 

faster in 

Alkaline 

pH 

Deltamethrin 2µg/l 4.6 
Non 

volatile 

1.24X10-

8 

Pa 

0.031 704000 11-19 

Hydrolysis 

faster in 

alkaline 
H 

Residue 
decline 

was faster in 

wet season 
than dry 

season. 

Showed 
no 

leaching 

During dry 
season the 

decline was 

due to 
sunlight while 

in wet 

season high 
log Kow 

indicated low 

potential for 
loss due to 

volatilization. 

Due to large 
Koc the 

residue 

remained 
bound to the 

soil 

Table 3.7 Characteristics of the Pesticide

 


