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Abstract: Herbicides and their transformation products (TPs) have been reported in ground and surface water
and can pose a potential risk to non-target organisms and environment. Therefore, the present study was aimed
to investigate the leaching potential of pendimethalin (both aged residue and freshly applied) atrazine and their
TPs in silty loam soil. Different doses (recommended application rate i.e; X and 10X) of pendimethalin and
atrazine (used as reference) were applied to the disturbed soil columns under controlled laboratory conditions.
A simulated rainfall of 90 mm per week was applied to each soil core, considering the worst case scenario. The
leachate from the each soil core was collected on weekly basis while the leachate from the aged residue was
collected after the application of 2L of artificial rainfall. Solid phase extraction was used to extract the
pendimethalin, atrazine and their TPs from the leachates followed by the analysis via reversed phase high
performance liquid chromatography (HPLC). Atrazine was found more mobile and detected in the leachate of
all the samples collected weekly, while no pendimethalin was detected in the leachates collected from soil cores
with X application rate. However, pendimethalin was detected in the leachates of week 11 and 12 collected from
the soil cores treated with 10X application rate. 3 unknown compounds that might be the TPs of pendimethalin
were detected but too low to quantify. It can be concluded that pendimethalin has poor leaching tendency in
silty loam soil as compared to atrazine. At a very high application rate, however, pendimethalin can impose a
risk to ground water. 
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INTRODUCTION control  annual  grasses  and  broad  leaved  weeds in

Herbicides play important role in the production of process by inhibiting the formation of the microtubule
agricultural yield by protection the crops from pests. The protein,  tubulin  [7].  It  is  a  low  mobile  having  low
large use of herbicides and other pesticides in agriculture water solubility and low volatile herbicide [8].
causes serious environmental problems through leaching Pendimethalin adsorbs rapidly and strongly to soil
and run-off from the site of application. Persistent particles and organic matter because of its high potential
herbicides remain to the soil surface and contaminate for hydrogen bonding. Its persistence in the soil is
surface water and also effect the yield of the next crop affected by soil temperature, cultivation and moisture
cultivated on the same land [1, 2]. The persistence conditions [9].
herbicides may affect animal health and non-target plants. Herbicide leaching through soil is particularly
Various processes such as adsorption, transformation important in a number of environmental and agronomic
process in addition climatic conditions, agricultural problems [10]. Herbicides leaching is considered as the
practices, soil and herbicides properties are governed the main cause of groundwater contamination by [11], which
fate of applied herbicides in the environment [3-6]. is largely determined by physical and chemical properties

Herbicide pendimethalin N-(1-ethylpropyl)-2, 6- of herbicides.. Leaching and transport of herbicides may
dinitro-3-4 xylidine is dinitroaniline group-containing not only result in low efficacy, but also causes
compound used as selective pre-emergence herbicide to groundwater contamination [12-14].

field crops. Pendimethalin interfere with the mitotic
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Pendimethaline is largely uses in Pakistan to prevent manifold and used for the extraction. Pre-conditioning was
field crops from the weeds infestations. Pendimethaline done by subsequently each of 5 mL methanol and water
and its TPs are of environmentally important and hence (HPLC grade). Sample was loaded onto the SPE Isolute
need to be considered during monitored studies. This cartridge at 3 mL min  under high vacuum. Once the
research project is, therefore, designed to run experiments sample loading has been done, SPE cartridge was washed
to assess the leaching potential of pendimethaline and its with 5 mL of distilled water to remove the traces of salt,
TPs in soil under controlled laboratory conditions there ions etc hence helps in high recoveries. The SPE cartridge
by predicting the risk of groundwater pollution. was dried for 15 minutes under high vacuum to remove
Pendimethaline and its TPs extracted using different the  excess  of water.  The  analytical  elution  of  sample
extraction techniques followed by reversed phase HPLC was carried out with different solvents i.e. 5 mL methanol,
for further qualitative and quantitative analysis. 5 mL acetonitrile and 5 mL methanol:DCM (9:1 v/v)

MATERIALS AND METHODS

Soil: Soil samples were collected from the top surface conducting in control laboratory conditions in soil
layer (0-35 cm deep) of an agricultural field in Peshawar, columns according to Organization For Economics Co-
Pakistan that had not received any pesticides from last Operation and Development (OECD) guidelines (2003).
five years. Their characteristics were: 6.3% clay, 62.13% Polyvinylchloride (PVC) pipes with an inner diameter of 5
silt,   31.46%   sand,   0.82%   organic   matter,   pH  8.27, cm and height of 38 cm were used during the present
1.04 m.cm  electrical conductivity (EC) and 12% moisture study. These columns were picked with up to the height1

(w/w). of 35 cm in such a manner that represent the soil position

Products and Reagents: Pendimethaline (98.8 % purity) in the bottom, 15-25 cm in the middle while top 15 cm was
and atrazine (97.4 % purity) of analytical grade were occupied by the top layer. Pendimethaline (Analytical
purchased from Sigma Aldrich (Cophenhegan, Dinmark). grade) was applied to the soil columns at different rates.
HPLC-grade acetonitrile, methanol, dichloromethane Soil cores were treated with approximately 300 µg
(DCM) and water were obtained from Merck (Darmstadt, corresponding to its maximum recommended application
Germany). Isolute SPE C  cartridges were purchased from rate (X), while other soil core was treated with 3 mg which18

UK. is ten fold (10X) more than their recommended application

Extraction of Pendimethaline from Soil: Soil sample of 10 applied to the soil cores according to the following
g was treated with analytical grade pendimethalin (0.10 mg formula,
a.i), shacked and placed in dark for two days to provide
enough time for interaction of pendimethalin with soil
particles. After two days 20 mL methanol was added to
pendimethaline-treated soil. After one hour shacking the
soil samples were centrifuged at 3000 rpm for 5 minutes.
Supernatant was collected in separate clean, sterilized
glass bottles. For maximum recoveries 10 mL more solvent
was added to each soil sample and centrifuge. The pooled
extract was refrigerated. Same procedure was repeated for
n-hexan and DCM. The later were washed with distilled
water to remove the salt and water soluble polar
compound.

Extraction of Pendimethalin from Leachate:
Pendimethalin and its TPs were extracted via SPE using
Isolate C18 cartridges (UK). Leachate of 20 mL was treated
with 50µg analytical grade pendimethalin and sonicated
for few minutes. The SPE were put on the vacuum

1

separately.

Soil Leaching Column: This leaching experiment was

at sampled location, hence soil from 25-35 cm was packed

rate (Triplicate). The amount of pendimethaline was

A [kg/h].10 [µg/kg]. d [cm ].9 2 2

M (µg) = -------------------------------------------------
10  [cm /ha].48 2

Where,
M = amount of the herbicide applied per column (µg)
A = herbicide rate of application [kg/h]
d = inner diameter of the soil column (cm)

 = 3.14

Artificial rain (0.01 M CaCl  solution) was used for2

irrigation of the soil cores corresponding to the average
rainfall of the Peshawar area (Pakistan). After two days of
the herbicides applications, approximatly of 90 ml artificial
rain which is ten fold more than the corresponding area
rainfall during the months of Oct-Dec, (Assuming worst
case scenario) was applied to each soil column on weekly
bases.
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Aged Residue Leaching: Pendimethaline dissolved in recovery of pendimethalin from soil. Similarly
methanol (300 µg mL ) and added (1mL) to 100 g of pendimethalin was extracted from leachate via SPE and1

untreated dried soil. Inorder to obtain 20% soil moisture maximum recovery was obtained with MeOH followed by
contact, added 25 mL distilled water and incubated at 50°C MeOH:DCM (9:1 v/v) and acetonitrile (Table 2). The
for 6 days for half-life (DT ). Soil moisture content was elution strength of solvent depends on the sorbent which50

kept constant during the incubation period by weighting. has to be used. It showed that pendimethalin has strong
The experiment conditions used during the experiment affinity towards sorbent material C . High polar solvent
were same as that of the leaching experiment. Top of the is required to get maximum recovery of the pendimethalin
soil core was occupied by incubated soil. Each soil using this sorbent material. Before samples analysis HPLC
column was irrigated with 2000 mL artificial rain. was optimized by using different mobile phases (Table 3)

HPLC Instrument: The Agilent 1200 LC system (Agilent v/v)  and  240  nm  were consider suitable mobile phase
Technology, USA) equipped with isocratic pump and UV wavelength respectively for the analysis of
(G1361A), manual injector with 20 µL injection loop and pendimethalin. While atrazine was analyzed at 238 nm.
Agilent 1200 variable ultraviolet detector (G1314B) was Pendimethalin was not detected in all leachates collected
used. Reversed phase Xterra C (150 cm × 4.60 mm × 5 µg: from the soil cores treated with X (300 µg) of a.i. of18

Waters, Milford, USA) column was used. Mobile phase, pendimethalin, while leachates of only week No. 11 and 12
methanol:water in different composition (90:10, 85:15 and contain pendimethalin collected from soil cores treated
80:20) and various UV wavelength (220, 223, 238 and 240) with 10X a.i. of pendimethalin (Fig. 2). It shows that
were used to obtain the optimum instrumental conditions. pendimethalin has strong affinity towards soil organic

RESULTS AND DISSCUSSION leaching tendency of pendimethalin. High application rate

Maximum recovery of pendimethalin from soil was atrazine was detected in all leachates which shows that
obtained with DCM followed by MeOH and n-Hexan atrazine is highly mobile and has less affinity towards
(Table 1). Its means that pendimethalin make some organic matter and soil particles. Three unknown
complex moderately polar compound in soil which are compounds that might be metabolites of pendimethalin
strongly adsorbed with soil particles. Therefore, was detected in the leachates collected from aged
moderately   polar  solvent  is  required  to  obtained  high residues soil cores. 

18

and detector wavelengths (Table 4). MeOH:H O (80:202

matter and soil participles. However application rate affect

favor leaching of pendimethalin. On the other hand

Table 1: Pendimethalin recoveries from the soil with different solvents (n=3)

S. No. Solvent Conditions % Recoveries (Mean ± S.D)

1 MeOH Shacking (1hr) and centrifugation (3000 rpm, 5 min) 74 ± 2.52
2 DCM Shacking (1hr) and centrifugation (3000 rpm, 5 min) 84 ± 2.71
3 n-hexane Shacking (1hr) and centrifugation (3000 rpm, 5 min) 67 ± 2.83

MeOH = methanol, DCM = dichloromethane

Table 2: SPE recoveries of pendimethalin with different solvent(s) (n=3)

S. No. Conditioning Sample Loading flow rate Washing Drying Analytical Elution % Recovery (Mean ±S.D)

1 5 mL MeOH 3 mL min 5 mL H O 15 minutes 5 mL Methanol 86 ± 3.061
2

2 5 mL MeOH 3 mL min 5 mL H O 15 minutes 5 mL MeOH:DCM (9:1) 69 ± 2.821
2

3 5 mL MeOH 3 mL min 5 mL H O 15 minutes 5 mL Acetonitrile 22 ± 2.171
2

MeOH = methanol, DCM = dichloromethane 

Table 3: The effect of mobile phase on the retention time of pendimethalin (n=3)

S. No. Sample concentration Injection volume Flow rate UV wavelength Mobile Phase (MeOH:H O) Retention Time (Min)2

1 250 µg.mL 20 µL 0.8 mL min 240 nm 90:10 2.91 1

2 250 µg.mL 20 µL 0.8 mL min 240 nm 85:15 4.61 1

3 250 µg.mL 20 µL 0.8 mL min 240 nm 80:20 7.31 1

MeOH = methanol, DCM = dichloromethane 
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Table 4: The response of the detector to the pendimethalin at different wavelengths (n=3) 

Sample Injection Mobile Phase Retention Peak Area
S. No. Concentration volume Flow rate UV wavelength (MeOH:H O) Time (Min) (Mean ± S.D)2

1 250 µg.mL 20 µL 0.8 mL min 210 nm 80:20 7.3 1416 ± 191 1

2 250 µg.mL 20 µL 0.8 mL min 220 nm 80:20 7.3 2634 ± 241 1

3 250 µg.mL 20 µL 0.8 mL min 240 nm 80:20 7.3 9135 ± 221 1

MeOH = methanol, DCM = dichloromethane 

Fig. 1: Standard curve of pendimethalin obtained is a result of a series of serial dilution of pendimethalin. The curve
shows a linear response of the UV detector.

Fig. 2: Leachates profile of pendimethalin
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