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ABSTRACT
 
The increasing use of pesticides for agricultural production is causing soil pollution problems in different 
parts of Nepal. Uncontaminated agricultural soils are of great importance as they have a direct impact 
on food security and human health. The objective of this study was to investigate the quality and 
quantity of pesticides in soil samples from districts near the capital city of Kathmandu, from where 
fruit and vegetables are brought to the city for consumption. A questionnaire survey was carried out 
in four districts around Kathmandu city to investigate the types of pesticides that are most commonly 
used in these districts. A total of 15 soil samples were taken at a depth of 10 cm and four complete 
soil profiles were sampled at three different depths (10 cm, 30 cm and 50 cm) on the farms of those 
who were interviewed. A total of four replicates of each soil sample were extracted and analyzed. 
The pH, soil texture and organic carbon content of the soil samples were analyzed to understand 
the general soil characteristics. The QuEChERS method used for the analysis of food samples was 
modified and applied to the soil samples. An HPLC-MS/MS was used for the qualification and 
quantification of the pesticide residues in the soil samples. The questionnaire survey revealed that 
carbendazim, chlorpyrifos-methyl, parathion-methyl, imidacloprid, metalaxyl, dimethoate, omethoate 
and dichlorvos were the most commonly used pesticides in the area studied. The chemical analysis 
showed that soil samples from all the districts except Kathmandu city were contaminated with various 
pesticides. The soil samples collected at the depth of 10 cm were found to be contaminated with the 
fungicide carbendazim and the insecticide chlorpyrifos-methyl at rates of up to 0.038 mg kg-1 and the 
systemic insecticide imidacloprid was found at up to 0.016 mg kg-1. The study of soil samples taken 
at different depths (10 cm, 30 cm and 50 cm) showed that pesticides were homogenously distributed 
with soil depth. The recovery between 77.5-112%, linearity between 0.01 mg kg-l - 2 mg kg-l with 
correlation factors R2 higher than 0.99 and LOQ between 0.2 µg kg-1- 6.25 µg kg-l were found. Some 
samples were contaminated with parathion-methyl, a highly carcinogenic organophosphorous insec-
ticide, even though these pesticides had already been banned. For the first time, this study provides 
information about soil contamination levels due to pesticides in Central Nepal and shows that further 
research and information campaigns for farmers are necessary.

RESUMEN
 
El uso creciente de pesticidas para la producción agrícola está ocasionando problemas de contaminación de suelos en 
diferentes partes de Nepal. Los suelos agrícolas no contaminados son de gran importancia puesto que tienen un im-
pacto directo sobre la seguridad alimentaria y la salud humana. El objetivo de este estudio fue investigar la calidad 
y cantidad de pesticidas en muestras de suelo de distintos distritos cercanos a la capital de Nepal, Katmandú, que 
abastecen de fruta y verdura a esta ciudad. Se llevó a cabo un cuestionario en cuatro distritos de los alrededores de 
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Katmandú para evaluar los tipos de pesticidas de uso más común en ellos. Se tomaron 15 muestras de suelo a una 
profundidad de 10 cm y se muestrearon cuatro perfiles de suelos a tres profundidades distintas (10, 30 y 50 cm) en 
las granjas de las personas encuestadas. Se tomaron cuatro réplicas de cada muestra de suelo, analizando pH, textura 
y contenido en carbono orgánico. Para el análisis de las muestras de suelos se utilizó una modificación del método 
QuEChERS aplicado a alimentos y la caracterización y cuantificación de los residuos de pesticidas en suelos se llevó 
a cabo por HPLC-MS/MS. El cuestionario realizado reveló que los pesticidas más comunes utilizados en el área de 
estudio eran carbendazim, chlorpyrifos-methyl, parathion-methyl, imidacloprid, metalaxyl, dimethoate, omethoate 
y dichlorvos. El análisis químico mostró que todas las muestras de suelo de todos los distritos estaban contaminadas 
con varios pesticidas excepto las procedentes de la ciudad de Katmandú. Las muestras de suelo a 10 cm estaban 
contaminadas con el fungicida carbendazim y el insecticida chlorpyrifos-methyl en valores de hasta 0,038 mg kg-1. 
El insecticida sistemático imidacloprid se encontró en concentraciones de hasta 0,016 mg kg-1. El estudio realizado 
con suelos muestreados a varias profundidades (10, 30 y 50 cm) mostró que los pesticidas analizados estaban dis-
tribuidos homogéneamente a lo largo de todo el perfil. Se obtuvo una recuperación entre el 77,5% y 112%, con una 
linearidad entre 0,01 y 2 mg kg-l con factores de correlación R2 superiores a 0,99 y un LOQ entre 0.2 µg kg-1 y 6.25 
µg kg-l. Algunas muestras de suelo estaban contaminadas con parathion-methyl, un insecticida organofosforado con 
alto poder cancerígeno, a pesar de que su uso está prohibido. Este trabajo representa el primer estudio realizado sobre 
niveles de contaminación en suelos debidos a pesticidas en la zona de Nepal Central y muestra que son necesarios 
futuros estudios y campañas informativas para los agricultores de estas áreas. 

RESUMO
 
A utilização crescente do uso de pesticidas em produção agricola tem conduzido a situações de poluição em diferentes 
zonas do Nepal. Os solos agrícolas não contaminados desempenham um importante papel uma vez que têm um im-
pacto direto na segurança alimentar e saúde humana. O objetivo deste trabalho foi investigar a qualidade e quantida-
de de pesticidas em amostras de solo dos distritos vizinhos da capital, cidade de Kathmandu, locais onde têm origem as 
frutas e legumes consumidos na capital. Foi realizado um inquérito em quatro distritos em redor da cidade de Kath-
mandu para investigar os tipos de pesticidas que são mais comumente usados. Recolheu-se um total de 15 amostras 
de solo com uma profundidade de 10 cm e amostraram-se nas fazendas dos agricultores entrevistados quatro perfis de 
solo  completos a três profundidades diferentes (10 cm, 30 cm e 50 cm). Extraíu-se e analisou-se um total de quatro 
repetições de cada amostra de solo. Determinou-se o pH, textura do solo e teor de carbono orgânico nas amostras de solo 
analisadas para uma melhor compreensão das características gerais do solo. O método QuEChERS utilizado para a 
análise de amostras de alimentos foi modificado e aplicado para a análise dos solos. Para a qualificação e quantificação 
dos resíduos de pesticidas nas amostras de solo usou-se a HPLC-MS/MS. O questionário revelou que o carbendazim, 
cloropirifos-metilo, paratião-metilo, imidacloprid, metalaxil, dimetoato, ometoato e diclorvos eram os pesticidas mais 
utilizados na área estudada. A análise química demonstrou que as amostras de solo de todos os distritos, exceto as da 
cidade de Kathmandu, estavam contaminadas com vários pesticidas. As amostras de solo recolhidas a uma profun-
didade de 10 cm apresentavam contaminação com o fungicida carbendazim e com o insecticida clorpirifos-metilo até 
valores de 0,038 mg kg-1 e com o inseticida sistémico imidaclopride até 0,016 mg kg-1. O estudo de amostras de solo a 
diferentes profundidades (10 cm, 30 cm e 50 cm) demonstrou que ocorreu uma distribuição homogénea dos pesticidas 
com a profundidade de solo. Foi encontrada uma recuperação entre 77,5-112%, linearidade entre 0,01 mg kg-1 - 2mg 
kg-1 com fatores de correlação R2 superiores a 0,99 e LOQ entre 0,2 µg kg-1-6,25 µg kg-1. Algumas amostras foram 
contaminadas com paratião-metilo, um inseticida organofosforado altamente cancerígeno, embora  estes pesticidas já 
tenham sido retirados do mercado e proíbido o seu uso. Este estudo forneceu pela primeira vez informações sobre os 
níveis de contaminação do solo devido a pesticidas no Nepal Central e mostra a necessidade de uma investigação mais 
profunda bem como de realização de campanhas de informação junto dos agricultores.
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1. Introduction
The increasing production of food to fulfill the 
demands of a growing population throughout 
the world has resulted in the widespread use of 
pesticides. Some pesticides are highly persis-
tent; they can last for many years before break-
ing down. These persistent substances can be 
highly mobile and are capable of bioaccumula-
tion. They circulate globally: although they are 
released in one region, they can be easily trans-
ported through the atmosphere and to regions 
far away from the original source by repeated pro-
cesses of evaporation and deposition (Williams 
2000).  

Organophosphorous insecticides like chlorpyrifos 
and chlorpyrifos-methyl are the pesticides that 
are most commonly used throughout the world 
– organophosphorous pesticides and their me-
tabolites are still detected in the environment 
although several of them have been banned 
for several years (Kreuger et al. 2006). About 
900 chemical pesticides are still used world-
wide, both legally and illegally, with various food 
products and for the treatment of crops and soils 
(Thurman et al. 2008). The level of pesticide ap-
plication for agricultural production is even more 
severe in developing countries due to efforts 
to eradicate insect borne diseases, to protect 
farms and forests and to produce adequate food 
(Schumann 2005). For several years, organo-
phosphorous pesticides and pyrethroids have 
been widely used in agriculture, especially in 
developing countries. Although the use of or-
ganophosphorous pesticides and pyrethroids 
increases crop production, their usage has a se-
vere negative impact on the environment (Wang 
et al. 2008). 

Like any other country in the world, Nepal is 
confronted with the problems of extensive pes-
ticide use and food security (Baker and Gyawali 
1994; Palikhe 2002; Upadhyaya 2002). Accord-
ing to Dahal (1995), chemical pesticides were 
introduced into this country as early as 1955 
when Paris Green, Gamaxone, and nicotine 
sulfates were imported from the United States 
of America (USA) for malaria control. Dichlordi-
phenyltrichlorethane (DDT) made its first impact 
in Nepal in 1956. This was soon followed by a 
variety of other organochlorine pesticides in the 

1950s, organophosphorous pesticides in the 
1960s, carbamates in the 1970s, and synthetic 
pyrethroids in the 1980s. The most commonly 
used pesticides in Nepal are malathion, chlorpy-
rifos-methyl, cypermethrin, deltametrin, manco-
zeb, parathion-methyl, fenvelarate, dichlorvos, 
endosulfan sulphate, dimethoate and carben-
dazim (Palikhe 2001). Many misuses have been 
reported generally from farmers who do not real-
ize the extent to which pesticides are poisonous 
and hazardous to humans and the environment. 
Farmers and retailers of pesticides do not have 
adequate knowledge regarding pesticide use 
and health safety (Giri 1998; Baker and Gyawali 
1994; Dahal 1995). Furthermore there are no 
strict government control mechanisms to control 
the purchase, trading, import and export of pes-
ticides. A significant proportion - ranging from 20 
to 70%- of an applied pesticide or its associated 
degradation products may remain in the soil as 
a persistent residue bound to soil colloids (Mi-
glioranza et al. 2003). The presence of contami-
nants in agricultural soils above a certain level 
entails several negative consequences for food 
production and for the agricultural ecosystem. 
Through food chain and other pathways, like in-
halation, pollutants can be accumulated within 
the human body and have an adverse impact on 
human health (Tang et al. 2010). There is a po-
tential risk of pesticide contamination of ground 
waters and river systems due to their haphazard 
use. Chemicals seeping into shallow wells may 
quickly appear, but could possibly be cleared 
away within couple of years of treatment. Even 
so, in deep wells, they may still appear after a 
very long time because of the percolation time 
in soils. Such contamination cannot be easily 
treated and it can take many years for the chem-
icals to degrade if they remain distant from the 
active microbial zone (Khanal 2012). Areas with 
sandy soils face a higher risk of contamination 
than clayey soils due to easier water percolation 
(Engle et al. 1993). Carelessness during tank 
filling, mixing, spraying, re-filling, hand washing, 
tank emptying and cleaning, the disposal of pes-
ticides near ground water sources like dug wells 
and tube wells, and/or deep boring, etc., may 
pose a serious threat. 
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Due to the lack of technical, financial and trained 
human resources required for the monitoring 
and analysis of pesticide residues in agricultural 
soils and food products, there is no up- to- date 
database on the pesticide concentrations in dif-
ferent parts of Nepal. Occasional tests for pesti-
cides carried out by the Central Food Research 
Laboratory affiliated to the Nepalese Govern-
ment showed contaminated fruit and vegetables 
brought to Kathmandu markets (Poudel 2011). 
This means that city dwellers depending on food 
products grown in peri-urban and rural parts all 
over the country unknowingly consume pesti-
cides. A systematic study of agricultural soil pol-
lution in different parts of the country is essential 
in order to elucidate the extent of contamination 
due to the use of haphazard pesticides and to 
assess potential risks for the health of local resi-
dents and the security of the agricultural prod-
ucts. In this regard, it was of utmost importance 
to conduct a study in these areas to investigate 
the types of pesticides used for agricultural pro-
duction and their residue levels in soil samples. 
The main objective of this study was therefore to 
investigate the quality and quantity of pesticides 
found in soil samples taken from districts neigh-
boring the capital city of Kathmandu, from where 
fruit and vegetables are brought to market and 
thereby to quantify the risk with both a question-
naire survey and sample analyses. This study 
could be considered a first survey conducted on 
a pilot scale in order to detect the magnitude of 
pesticide pollution in the soils of the Kathmandu 
valley.

2. Materials and Methods
2.1. Questionnaire survey

A total of four districts, Kathmandu (Kirtipur I & II 
and Kathmandu I & II), Lalitpur (Lalitpur I & II and 
Godavari), Bhaktapur (Thimi I & II and Bhaktapur) 
and Dhading (Chattradeurali I, II & III and Dhad-
ing besi I & II) were selected as study sites (Figure 
1). From these districts, fruits and vegetables are 
brought to Kathmandu markets every morning. A 
multiple choice questionnaire survey was carried 
out with thirty farmers from the selected sites at 
the end of September 2008. The main objective 
of the questionnaire survey was to gather informa-
tion about the types of pesticides used by farmers 
to be used as baseline data for the purposive soil 
sample collection and laboratory analysis. 

2.2. Sample collection 

The soil samples collected on the farms of in-
terviewed farmers were randomized across the 
field. A total of fifteen soil samples were collected 
at a depth of 10 cm. In order to determine the 
distribution of pesticide residues at different soil 
depths, a total of four soil profiles from Godavari, 
Lalitpur district were collected from the depths 
of 10 cm, 30 cm and 50 cm. About 2 kg of each 
soil sample was collected and then packed in 
a clean plastic bag and stored at -18 0C until 
analysis. The extraction and analyses of soil 
samples were carried out at the Institute of Soil 
Research, University of Natural Resources and 
Life Sciences (BOKU), Vienna, Austria.

Figure 1. The map of Nepal showing the sampling points in the studied sites. 

 100 km  
N 
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2.3. General soil characteristics

The soil texture, pH and Organic Carbon (Corg) 
were analyzed according to the methods devel-
oped by Austrian Standards Institute (OENORM 
L 1061, OENORM L 1083 and OENORM L 
1080). The pH was analyzed after extraction 
with water in the ratio of 1:5 for 2 hours. The 
Corg was analyzed by using Carlo Erba NA 1500 
(CNS) analyzer.

2.4. Reagents, standards and apparatus

Magnesium sulfate anhydrous (MgSO4), sodium 
chloride (NaCl), ultra residue reagent acetoni-
trile (ACN), HPLC/MS grade methanol (MeOH), 
ultra HPLC/MS grade water (H2O) and HPLC/
MS grade formic acid (HCOOH) were purchased 
from J.T. Baker. Bondesil-PSA 40µm was from 
Varian. Pesticide standards and triphenylphos-
phate (TPP) as an internal standard were pur-
chased either from Dr. Ehrenstorfer or from 
Sigma-Aldrich with the highest available pu-
rity. The pesticides analyzed in this study were: 
chlorpyrifos-methyl, carbendazim, dichlorvos, 
dimethoate, imidacloprid, omethoate, metalaxyl 
and parathion-methyl. Stock solutions (1000 mg 
l-1) of each pesticide were prepared in acetoni-
trile. From each of the single stock standards, 
a mix standard of 10 mg l-1 was prepared and 
used for the preparation of calibration standards 
with subsequent dilution with acetonitrile. The 
single and mix standards were stored at -4 0C 
while the calibration standards were prepared 
fresh on the day of analysis.

The HPLC-MS/MS analyses were performed us-
ing an Agilent 1200 liquid chromatographic sys-
tem interfaced to an Agilent 6440 triple quadru-
pole mass spectrometer (Agilent Technologies, 
Waldbronn). Mass Hunter software was used for 
data acquisition and data processing.

2.5. Soil sample preparation and extraction

The soil samples were freeze dried for 24 h, 
gently crushed in a ceramic mortar and sieved 
(< 2 mm). A total of four replicates of each soil 

sample were made for extraction followed by the 
laboratory analysis. The QuEChERS method re-
ported by Anastassiades et al. (2003) and devel-
oped for the extraction of pesticides from fruits 
and vegetables was modified and applied to the 
extraction of soil samples as follows: 10 g of 
homogenized soil sample was weighed in a 50 
ml teflon tube and 10 ml of ultrapure water was 
added. The mixture was vigorously shaken for 1 
min using a vortex, and then 10 ml of ACN was 
added and the suspension sonificated with an 
ultrasound system for 1 min. Four g MgSO4 and 
1 g NaCl were added and the sample shaken 
again for 1 min. Fifty µl of 10 mg l-1 TPP as inter-
nal standard was added and the tube shaken for 
30 s followed by centrifugation at 3452 g for 30 
min. Six ml of an aliquot of the supernatant was 
transferred to a teflon centrifuge tube (15 ml), 
and 0.90 g MgSO4 and 0.15 g PSA were added. 
The tube was shaken for 30 s and centrifuged 
at 3452 g for 15 min. A 1.5 ml aliquot of the su-
pernatant was filtered through a Whatmann sy-
ringe filtering vial (0.45 µm) and transferred to a 
LC vial. The extract was evaporated to dryness 
in a nitrogen stream and the residue was redis-
solved with ACN to make up 1.5 ml, and was 
used for further qualification and quantification 
in the LC-MS/MS system.

2.6. Recovery experiments

The recovery was determined using 3 replicates 
at 8 spiking concentrations from 0.01 mg kg-1 to 
2 mg kg-1, with eight calibration solutions pre-
pared in acetonitrile. The linearity was tested 
with eight concentrations between 0.01 mg l-1 to 
2 mg l-1 and correlation factors (R2) were calcu-
lated. 

2.7. Chromatography and mass spectrometry

The chromatographic separation was achieved 
using a Zorbax SB-C-18 column 2.1×100 mm, 
1.7 µm particle size from Agilent Technologies at 
a flow rate of 0.6 ml min-1. The column was ther-
mostated at 40 0C and the injection volume was 
5 µl. The mobile phases consisted of A: H2O-
MeOH, 90% - 9.95% (v/v) with 0.05% HCOOH 



SJSS. SPANISH JOURNAL OF SOIL SCIENCE           YEAR 2012           VOLUME 2           ISSUE 3

25

[ GIRI N., BLUM W. E. H., SIEGHARDT M., LESUEUR C. & MENTLER A. ]

and B: H2O-MeOH, 9.95%-90% (v/v) with 0.05% 
HCOOH. The solvent gradient used is given in 
Table 1.

The MS/MS was equipped with an electrospray 
ionization (ESI) interface operated in positive 
mode. The nebulizer gas (nitrogen) pressure 

was 25 psi, the drying gas flow rate was 8 ml 
min-1 and the drying gas temperature was 300 0C. 
Collision cell energy and fragmentor voltage 
were optimized in the dynamic Multiple Reaction 
Monitoring mode (MRM) for each pesticide and 
are listed in Table 2.

All the above mentioned compounds were analyzed in positive polarity mode with a dwell time of 30 ms.

Table 1. Solvent gradient used for the separation of the pesticides

Time (min) Solvent B (%)

0 10

28 98

30 100

31 100

31.5 10

40 10

Table 2. Optimized LC-MS/MS parameters for the selected pesticides

Compound name
Retention 
time (min)

Precursor ion 
(m/z)

Product ion 
(m/z)

Fragmentor 
voltage (v)

Collision cell 
enegry (V)

Chlorpyrifos-methyl 
(Qualifier)

27.1 321.9 289.6 80 12

Chlorpyrifos-methyl 27.1 321.9 124.8 80 20

Metalaxyl (Qualifier) 20.4 280.2 191.9 90 12

Metalaxyl 20.4 280.2 219.9 90 8

Parathion-methyl 
(Qualifier)

22.2 264 231.7 110 12

Parathion-methyl 22.2 264 124.8 110 16

Dimethoate (Qualifier) 15.4 230 170.8 70 8

Dimethoate 15.4 230 198.7 70 4

Dichlorvos (Qualifier) 18.7 221 144.8 130 12

Dichlorvos 18.7 221 108.9 130 16

Imidacloprid (Qualifier) 14.8 256 179 60 12

Imidacloprid 14.8 256 209 60 4

Carbendazim (Qualifier) 6.6 192 160 95 40

Carbendazim 6.6 192 132 95 18

Omethoate (Qualifier) 11.7 214 154.8 80 20

Omethoate 11.7 214 182.8 80 4
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3. Results and Discussion 
3.1. Questionnaire survey

The questionnaire survey revealed that the 
farmers were using various pesticides for ag-
ricultural production: carbendazim (fungicide), 
chlorpyrifos-methyl (organophosphorous insec-
ticide), cypermethrin (insecticide-synthetic pyre-
throid), parathion-methyl (organophosphorous 
insecticide), imidacloprid (systemic insecticide), 
metalaxyl (systemic fungicide), dimethoate (or-
ganophosphorous insecticide), omethoate (or-
ganophosphorous insecticide) and dichlorvos 
(organophosphorous insecticide). According to 
a survey carried out by Dahal (1995) in some 
parts of eastern, western and central Nepal or-
ganochlorine insecticides like aldrin, endosulfan 
and BHC (benzene hexachloride) dust were 
found to be used in larger amounts by 95% of 
interviewed farmers. The study also concluded 
that farmers used chemical pesticides not only 
to control pests on crops but also to store the 
food grains, lentils, vegetables and fruits (Da-
hal 1995). However, in the present study, out 
of a total of thirty farmers interviewed, none of 
them were using organochlorine pesticides. The 

reason could be that the number of interviewed 
farmers was not big enough and was restricted 
only to a few districts around Kathmandu city. 
It might also be that organochlorine pesticides 
are not purchased anymore and have been sub-
stituted by persistent organophosphorous pes-
ticides.

3.2. Recovery experiments

The recovery of the analyzed compounds was 
found to be 77.5-112% (standard deviation be-
tween 1.78% and 4.01%). All the compounds 
under study were found to be linear over a con-
centration range between 0.01 mg kg-1 - 2 mg 
kg-1 with correlation factors R2 between 0.996-
0.999. The LOQ (limit of quantitation) of the 
analyzed compounds were between 0.2 µg kg-1 
and 6.25 µg kg-1. The highest value of LOQ was 
found to be 6.25 µg kg-1 for parathion-methyl 
while the lowest value of 0.20 µg kg-1 was found 
for metalaxyl. The recoveries, relative standard 
deviation, correlation factors and LOQ are rep-
resented in Table 3.

Compound name
Recovery 

(%)
Standard deviation 

(%)
Correlation factor  

(R2)
LOQ (µg kg-1)

Chlorpyrifos-methyl 98 1.78 0.998 1.81

Metalaxyl 78 3.38 0.997 0.20

Parathion-methyl 77.5 4.01 0.996 6.25

Dimethoate 112 2.27 0.997 0.22

Dichlorvos 97 2.04 0.999 0.65

Imidacloprid 108 2.04 0.998 0.61

Carbendazim 78 3.27 0.998 0.58

Omethoate 83 3.86 0.998 0.62

Table 3. The recoveries, relative standard deviation, correlation factor and LOQ (limit of quantitation) 
of the studied pesticides. The measurements were made for eight calibration solutions 

with three replicates of each
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3.3. Results of the soil analyses 

The soil texture, pH and organic carbon con-
tent are presented in Table 4. The sites Kath-
mandu, Godavari, Thimi and Chattradeurali had 
loamy sand, Kirtipur and Bhaktapur had silty 
sand, and Lalitpur and Dhading Besi had clay 
sand and sandy loam respectively. Generally, 
sandy soils tend to have a low organic matter 
content. The lesser the organic matter content 
in soil, the lesser the microbial activity, which in-
creases the probability of pesticide contamina-

tion on the soil surface (Kerle et al. 2007). The 
soils from Kathmandu and Thimi were strongly 
acidic, from Kirtipur, from Godavari and Bhakta-
pur very strongly acidic and from Chattradeurali 
and Dhading Besi moderately acidic when the 
values were compared with Bruce and Rayment 
(1982). The organic carbon content of the soil 
from Thimi was higher than that of the other 
sites with a value of 3.7%. Soils that have an 
organic layer, such as crop residues or thatch 
in turf grass, may strongly sorb pesticides and 
reduce their mobility (Kerle et al. 2007).

The soil samples at 10 cm from all the selected 
sites except that from Kathmandu (Kathman-
du and Kirtipur) were contaminated by various 
pesticides (Figure 2). The soil samples were 
contaminated with the fungicide carbendazim 
up to 0.038 mg kg-1, the insecticide chlorpyrifos-
methyl up to 0.038 mg kg-1 and the systemic in-
secticide imidacloprid up to 0.016 mg kg-1. A stu-
dy carried out by the Soil Entomology Division 
of Nepal Agricultural Research Council (NARC) 
revealed that the analytical results of soil sam-
ples from the vegetable growing area of Kavre, 
Dhading, Chitwan and Bhaktapur showed only a 
few isomers of γ and α–BHC (γ-BHC -0.001 mg 
kg-1 and α–BHC 0.003 mg kg-1) in some samples 
(Soil Entomology Division 1998). 

The pesticide amounts in the soil samples of 
the present study were lower than the reported 
amount of applied pesticides according to the 
field survey. As far as we know, target values 
for pesticide residues in soil have not yet been 
developed, and therefore the present data could 
not be compared with any of the internationally 
authorized target values. However, according to 
environmental quality standards for soil (Wang 
et al. 2008), three soil contamination degrees 
are depicted: slightly polluted soils containing 
0.05-0.5 mg kg-1, moderately polluted soils with 
0.5 to 1 mg kg-1 and heavily polluted soils with > 
1 mg kg-1. In the present study, the soil samples 
collected at the depth of 10 cm were found to be 
contaminated with the fungicide carbendazim and 

Table 4. Analytical results of soil characteristics (10 cm depth) from studied sites 
(n = number of samples)

S.N. Soil sampling sites Soil Texture pH (H2O)
Organic carbon 
content [w/w%]

1 Kathmandu (n=2) loamy sand 5.4 1.74

2 Kirtipur (n=2) silty sand 4.5 1.05

3 Lalitpur (n=2) clay sand 5.8 1.55

4 Godavari (n=1) loamy sand 4.7 1.30

5 Thimi (n=2) loamy sand 5.2 3.70

6 Bhaktapur (n=1) silty sand 4.5 1.52

7 Chattradeurali (n=3) loamy sand 5.9 1.30

8 Dhading Besi (n=2) sandy loam 5.6 1.63
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the insecticide chlorpyrifos-methyl up to 0.038 
mg kg-1 and the systemic insecticide imidacloprid 
up to 0.016 mg kg-1. When the pesticide residue 
levels in the soil samples of this study are com-
pared with these target values, each soil sample 
of this study can be defined as having little pollu-
tion. The reason could be due to different soil 
properties and climatic conditions (Herrmann et 
al. 2002). An investigation into the degradation 
of pesticide in soil samples contaminated with 
malathion, dimethoate, fenvalarate and metalaxyl 
at different moisture contents and temperatures 
under defined laboratory conditions showed 
that the disappearance of pesticides was mainly 
dependent on moisture content and incubation 
temperature (Vinke et al. 2002). Other factors 
responsible for the concentration of pesticide 
residues in soil are the chemical properties of 
soil, soil use and type, persistence of the pes-
ticide, the technique and rate of application, the 
frequency and timing of precipitation, soil organic 
carbon, the tillage system etc. (Redondo et al. 
1994; Wang et al. 2006; Fabietti et al. 2009; Ling 
et al. 2010). The soil samples in the present stu-
dy were collected during monsoon season at the 

end of September 2008, which could be one of 
the reasons for the lower than expected pes-
ticide concentration when the values are com-
pared with the standard values as described in 
Wang et al. (2008).

The distribution pattern of pesticide residues at 
different soil depths (10 cm, 30 cm and 50 cm) 
of the four collected soil profiles from Godavari 
(Lalitpur district) showed that they were conta-
minated with dimethoate, omethoate, dichlor-
vos, parathion-methyl and metalaxyl at different 
concentrations. The soil profile survey revealed 
a homogenous distribution of the pesticides in 
all the studied depths (Figures 3a to 3e). As all 
the samples of this study were agricultural soils, 
the tillage activity could have churned and ho-
mogenized the concentration of the pesticide re-
sidues in the studied soil depths. A similar study 
carried out to investigate the pesticide residue 
level at different soil depths (surface (0-30 cm) 
and subsurface (30-60 cm)) showed that the 
distribution in surface layer was higher than in 
the sub surface layer (Al-Wabel et al. 2011). The 
movement of pesticides through a soil profile de-

Figure 2. Levels of pesticide residues in the soil samples at 10 cm depth.
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Figure 3. Distribution of pesticide residues (a) omethoate (b) dimethoate (c) dichlorvos (d) metalaxyl (e) parathion-methyl in the soil 
samples at 10 cm, 30 cm and 50 cm. The sites A to D indicate different sampling points of Godavari, Lalitpur district.

Fig. 3c Dichlorvos                                                               

Fig. 3e Parathion-methyl

Fig. 3a Omethoate                                                               Fig. 3b Dimethoate

Fig. 3d Metalaxyl

pends mainly on solubility, adsorption and des-
orption of the compounds. Most pesticides and 
their biologically active metabolites only pene-
trate to deeper soil layers in very special circum-

stances, although penetration in the deeper soil 
layers has been reported by some researchers 
(Manandhar 2005).
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4. Conclusions 
The field study revealed that various organophos-
phorous pesticides, insecticides, systemic fungi-
cides and synthetic pyrethroids were detectable 
in the soils. The soils were acidic and sandy with 
an organic carbon content in the range of 1.5% 
for all the samples except those from Thimi. 
The soil samples collected at 10 cm depth were 
found to be contaminated with pesticides at vari-
ous concentrations. Maximum concentrations of 
0.038 mg kg-1 for carbendazim and 0.038 mg kg-1 
for chlorpyrifos-methyl were found in the Chat-
tradeurali II of Dhading and Godavari of Lalitpur 
districts respectively. However, the concentration 
of pesticide residues in the analyzed samples 
was found to be less than that observed in the 
field application. Another test carried out at dif-
ferent soil depths (10 cm, 30 cm, and 50 cm) 
showed that the pesticides were distributed ho-
mogenously through the profile. An “old” insecti-
cide parathion-methyl, which has been banned 
for use in many countries, was still applied and 
found in some samples. The findings of the present 
study are based on a small sample size, which 
decreases the probability of finding contami-
nated samples. However, this study is the first 
to quantify the magnitude and type of soil con-
tamination due to pesticide use in central Nepal, 
and by doing so, reveal the pesticide use and 
safety among farmer communities in the region. 
It could act as a base for a comprehensive study 
covering all the ecological divisions of Nepal (Te-
rai, Hills and Mountain), which would result in a 
better understanding and more meaningful con-
clusions to be drawn for the whole country. This 
study also shows that an information campaign 
regarding pesticide use and food safety for farm-
ers and consumers is essential.
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