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Abstract. Agrochemical-based soil and water contamination has been posing serious threats to ecological
balance. Current research investigates the sorption and mobility behaviour of a Benzylurea insecticide,
Chlorfluazuron (CFZ), by a standard batch equilibrium method. After investigation of soils’ physical and
chemical properties, sorption assays have been performed on five soils from agriculturally significant regions
where CFZ can probably occur. CFZ expressed poor adsorption on the selected soils with linear adsorption
coefficient, i.e. Kd(ads), ranging between 6.08 and 9.57 lg/mL and Freundlich adsorption coefficient Kf(ads)
having a range of 4.18–9.01 lg/mL. Linear and Freundlich models displayed correlation coefficient R2 value to
be [0.84 and 0.83, respectively, reflecting the goodness of fit of the experimental data. Furthermore, the
mobility of CFZ was assessed using the McCall classification based on Koc values. CFZ expressed high mobility
in soils with less adsorption. The adsorptive and desorptive interactions were highly dependent upon soil
physicochemical characteristics. Based on the current investigation, CFZ can be predicted to be a potential threat
for soils with a low adsorptive affinity towards it. Future investigations in this regard can consider the use of
sustainable materials and procedure for CFZ decontamination in vulnerable soils.
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1. Introduction
Vicious agricultural pests have been controlled by means of
different insecticides, which have been gaining an invasion
into the food matrix. In this regard, the effects of these
synthetic insecticides have been investigated on the target
species behaviour [1]. There are some social insects present
on a global scale that are involved in the natural process of
degrading and recycling of organic components in the
agricultural set-ups [2]. Such pests have increased resistivity and enhanced strength for their survival, which has
resulted in the ever-increasing use of synthetic controlling
agents in the form of pesticides. This trend corresponds to
the global scale pesticide usage [3, 4]. Such an increment,
on one hand, is useful in controlling the pests attack,
enhancing the agricultural productivity and putting an end
to the deficiencies in food demand. On the other hand, there
are increased risks of environmental contamination reflected by poor functioning of air, water and soil compartments,
straying away from the normal functioning. Pesticides are
known for causing a major portion of pollution in soils and
*For correspondence

groundwater bodies through leaching [5]. Insecticides have
been known for their persistence and toxicity [6]. In this
regard, efforts have also been made to synthesize insecticides and other pesticides in a way such that they exhibit
less toxicity and ecological disruption. This is done either
by using less persistent and high polarity components or by
making the mode of action more selective [7]. There has
been considerable concern about those substances that
might not be harmful to the target species but they have
commendable transportation towards the deeper soil profiles and consequent groundwater contamination due to
polarity.
An important class of insecticides, known as N-benzoylN0 -phenyl ureas (BPUs), were introduced some six to seven
decades ago for controlling the insect growth by acting as
insect growth regulators (IGRs). BPUs have been categorized as the major preventers of chitin biosynthesis mechanism by a specific mode of action as revealed by
Insecticide Resistance Action Committee (IRAC). These
BPUs are specialized for controlling various pests, and can
be used as acaricides and termiticides in addition to their
use as ectoparasiticides for controlling the infectious animal
diseases in veterinary purposes. BPUs are of significance
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for affecting the larval stage of pests that pose more harm
towards the crops [7]. Chlorfluazuron (N-[[[3,5-dichloro-4[[3-chloro-5-(trifluoromethyl)-2pyridinyl]oxy]phenyl]amino]carbonyl]-2,6-difluorobenzamide, CFZ) is one of the members of the BPUs class of
insecticides. CFZ is available in commercial markets with
the trademarks of Abron for controlling the Lepidoptera
feeding on the major agricultural crops, e.g. vegetables,
fruits, cereals, etc. Furthermore, CFZ does not possess any
kind of system activity in plants in systemic and
translaminar aspect [8]. The purpose of its introduction was
enhanced activity against the lepidopteron pests feeding on
crops that are resistant towards insecticides. CFZ has been
used rampantly because it has no impact on non-target
organisms [9]. For this purpose, programs aimed at integrated pest management (IPM) have been making use of
CFZ [10]. Investigations are suggestive of the half-life
values for CFZ ranging between 6.03 and 8.10 d [11].
CFZ expressed more leaching towards soil profiles
beyond those given by the United States Environmental
Protection Agency (US EPA) [12]. Adsorption models
provide different shape isotherms, which are indicative of
the bonding between insecticide and soils. For most of the
synthetic organic insecticides and many other categories of
pesticides, models such as Henry, Freundlich and hyperbolic Langmuir give the best fit results [13]. Furthermore,
insecticide mobility in different soil profiles is also reflected in such adsorptive interactions. Mobility has been
shown to be enhanced in the presence of dissolved organic
matter (DOM) [14–18].
The agricultural sector of Pakistan is highly dependent
upon the use of synthetic pesticides, including insecticides.
CFZ has been used for controlling different insects. However, no studies have been done on the adsorption–desorption and mobility pattern of CFZ in regions of Lahore,
Rawalpindi, Jhelum, Gujrat and Attock. Thus, current work
has been undertaken to investigate CFZ chemical attachment and detachment with the selected soils by means of a
standard batch equilibrium process. Results of current work
possess significance for soil scientists, agriculturalists,
environmentalists and chemical engineers to comprehend
the threats posed by CFZ in Pakistani soils and devise
remedial measure.

2. Experimental
2.1 Materials
Analytical grade CFZ, anhydrous sodium chloride and
calcium chloride were purchased from Sigma Aldrich,
Germany, and used without further modifications. All
experiments were performed by utilization of distilled
water (DW). Prior to each experiment, the apparatus was
rinsed with acetone and oven dried to prevent
contamination.
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2.2 Soil sampling and preparative procedure
Soil samples were collected through random sampling from
five arcadian soils of Punjab province in Pakistan. Soil
samples were obtained from Lahore (31.5204°N,
74.3587°E), Rawalpindi (33.5651°N, 73.0169°E), Jhelum
(32.9425°N, 73.7257°E), Gujrat (32.5731°N, 74.1005°E)
and Attock (33.7660°N, 72.3609°E). Samples were collected from a depth of 0–20 cm and were stored in wellsterilized polythene bags. Subsamples of the respective
regions were mixed thoroughly in order to achieve homogeneity followed by air drying for 24 h. Dried soil samples
were later disaggregated manually using a mortar and
pestle. Samples were passed through a sieve of size 2 mm
in order to ensure the homogeneity of soil samples. The
prepared soils were kept in well-sterilized polythene bags
labelled with the name of respective regions.

2.3 Soil physicochemical characterization
Selected soils were characterized for different physical and
chemical parameters, i.e. electrical conductivity (EC), pH,
organic matter (OM), available phosphorus, available
potassium, cation exchange capacity (EC), total nitrogen,
total organic content, texture and colour of the prepared soil
samples.
2.3a Soil EC: A conductivity meter was used to determine
the EC of the soil samples. Soil solution was prepared with
DW by taking 1 g of the soil in a beaker and subsequently
adding 10 mL of re-distilled water in the soil sample in
order to make a paste-like material, which was left for 1 h
to ensure the dissolution of salts present in the solution. The
conductivity meter was then calibrated using a standard
solution of 0.01 N KCl. After 1 h, the temperature of the
calibrated conductivity meter was adjusted at 25°C and the
cell was dipped in the soil water suspension, making sure
that there were no air bubbles. Final EC value of the
solutions was then noted in mS cm-1 or dS m-1.
2.3b Soil pH: pH is the measure of acidity or alkalinity of
any aqueous solution measured using a pH meter (MM40?
Crimson Company). Soil–water solution was prepared in
1:10 ratio and left for 1 h. The electrode of the pH meter
was dipped in the soil solution and pH was noted down. For
each soil sample, electrode of the pH meter was washed
with DW, dried with a cotton cloth and was calibrated using
standard buffer solutions of pH 4.01, 7.0 and 9.21 in order
to avoid any inconvenience in results due to systematic
error. pH was measured thrice, followed by taking its
average.
2.3c Soil organic matter: Loss by ignition method was used
to determine organic matter content (%OM) of soil samples. A 5-g soil sample was kept in a hot air dryer oven at
105°C for 24 h. After 24 h, soil samples were weighted
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2.3h Total organic carbon: Total organic carbon (TOC) of
the soil samples was calculated using following formula:

Soil
Soil
Soil
Soil
Soil

ð2Þ

Code

Total nitrogen ¼ OMð%Þ  0:05:

Sample

2.3g Total nitrogen (N): Total nitrogen of the soil samples
was calculated using the following formula:

Table 1. Physical and chemical characteristics of adsorbents, i.e., soils.

2.3f Cation exchange capacity: Cation exchange capacity
(CEC) of the selected soils was calculated by adding 33 mL
of reagent A (1 N Sodium acetate) in 5 g soil and shaken for
10 min followed by centrifugation at 1200–2000 rpm for
5 min. Reagent A was added twice while reagent B (95%
ethanol) was added once and the same procedure of shaking
and centrifugation was followed. The same procedure was
repeated using reagent B twice. Reagent C was prepared by
dissolving 77.08 g ammonium acetate into DW. The volume was then raised up to the mark in the flask. Ammonium
hydroxide was used to maintain the pH up to 7. The reaction
mixture was added with reagent C and the same procedure
was repeated again. In the final step, the volume was raised
up to 100 mL with DW. The solution was then taken to a
flame photometer in order to determine replaced Na.

Total nitrogen
(%)

2.3e Available potassium (K) In all, 2.5 g of prepared soil
was added in a 250 mL conical flask; 50 mL of extracting
solution was also added and the whole solution was shaken
well for 30 min using a flatbed reciprocal shaker. The
extract was then filtered using Whatman No. 42 filter paper
and the amount of available K in soil samples was determined using a flame photometer using graph readings.

4.7
4.7
5.7
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6.2

CEC
((Meq/100 g)

Soil texture

Clay
(%)

Sand
(%)

Silt
(%)

2.3d Available phosphorus (P): Available phosphorus was
calculated by adding 50 mL of extracting solution in 2.5 g
of prepared soil. The solution was shaken for 30 min to
obtain homogeneity, which was later filtered using Whatman No. 42 filter paper; 5 mL aliquot of this solution was
added in 25 mL volumetric flask along with 5 mL of colour
developing agent. The solution was shaken well to remove
water bubbles. The volume of the solution in the volumetric
flask was raised up to 25 mL by adding stock solution. As
soon as the stock solution was added in the volumetric
flask, colour of the solution transformed to bluish. The
intensity of colour was directly proportional to amount of
phosphorus in the solution and was subjected to analysis
using a UV–visible spectrophotometer (BMS 1602) at
880 nm wavelength.

2.4
2.36
0.3
0.2
0.25

pH

ð1Þ

1.48
2.12
0.94
1.57
1.10

TOC

%OM ¼
pre - ignition weight ðgÞ  post - ignition weightðgÞ
 100:
pre - ignition weight ðgÞ

Lahore
Rawalpindi
Jhelum
Gujrat
Attock

Primary crops

again and placed in crucibles, which were then kept in a
muffle furnace at 375°C for 1 h. After ignition, soil samples
were weighted again and %OM was calculated by the following formula:
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Table 2. Linear and Freundlich parameters of Chlorfluazuron adsorption in the selected soils.
Region

SR-1
SR-2
SR-3
SR-4
SR-5

Lahore
Rawalpindi
Jhelum
Gujrat
Attock

Kd (lg/mL)

R2

Koc

S

Kf (lg/mL)

77.92
9.57
6.08
8.04
6.87

0.85
0.98
0.90
0.84
0.88

576
697
454
619
525

2.24
2.08
1.14
0.38
2.03

7.35
9.01
4.72
4.18
6.05

1/0.59
1/0.82
1/0.40
1/0.14
1/0.49

na

R2

S

Kfoc

KOM

DG (kJ/mol)

1.70
1.22
2.46
7.09
2.01

0.83
0.96
0.90
0.92
0.98

0.13
0.09
0.08
0.03
0.05

299
656
353
574
462

174
381
205
334
268
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-14.7
-13.2
-14.4
-13.9
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Figure 1. Comparative linear and Freundlich adsorption of Chlorfluazuron.

TOC ¼ OMð%Þ=1:72:

ð3Þ

2.3i Soil texture: Soils were sieved for texture determination using an Octagon digital sieve shaker by taking 100 g
of soil in the shaker for 1 h. Selected soils were separated
between four different sieves having sizes from 425 to
38 mm. Soil texture was determined by weighing the
amount of soil in respective sieves.

2.4 Batch equilibrium method
CFZ adsorption–desorption in soils was performed by
standard batch equilibrium method following the OECD
Guidelines for the Testing of Chemicals [19]. Sorption
experiments were performed at room temperature of
25 ± 1°C. All experimentations were performed in triplicates. CFZ stock solution was arranged by dissolving
10.3 mg of CFZ in 1000 mL of DW followed by magnetic
stirring for 24 h. Discrete CFZ dilutions were prepared
including 0.25, 0.5, 0.75, 1.0, 2.5, 5.0 and 7.5 ppm; 10 mL
of 0.1 M NaCl was added to each dilution in a centrifuge
tube. NaCl facilitated the stimulation of ionic strength of
solution by impersonating as a background electrolyte
mimicking the ionic phase in the natural pedosphere; 0.5 g
of the selected soils was also added in the respective tubes.

Subsequently the tubes were placed in a Stuart Orbital
Shaker at room temperature for 24 h at 150 rpm for the
establishment of the equilibrium. Furthermore, a blank soilless sample containing only dissolved CFZ and 0.1 M NaCl
was treated in parallel with each set of a batch experiment
in order to quantitate the losses and to rationalize possible
degradation during the adsorption process. The centrifuge
tubes containing equilibrated material were then centrifuged at 3000 rpm for 25 min at 25°C. The centrifuged
tubes were decanted by filtering soil water suspension
through a 0.2 lm Nucleopore nylon membrane and clear
aliquots were taken for the analysis of CFZ via the UV–
visible spectrophotometer. Following the adsorption process, CFZ desorption concentration was examined. The
supernatant was decanted and the same batch was poured
with 9 mL freshly prepared 0.01 M CaCl2 solution. A
similar procedure was followed for desorption encompassing shaking and centrifugation with subsequent analysis by UV–visible. Linear and Freundlich adsorption and
desorption models were applied to the experimental values
to obtain various isotherms [20–22].
The adsorbed and desorbed concentration of CFZ
(lg/mL) on soil was determined by various linear and
Freundlich equations as previously mentioned in various
research works [20–22].
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Figure 2. Minitab linear isotherms of Chlorfluazuron adsorption.

3. Results and discussion
Xenobiotic contamination is one of the major hitches of
using synthetic organic chemicals in the agricultural
domain. Research works have also been suggestive of the
fact that once pesticides are released into the natural
environments, there is a myriad of factors that facilitate the
transportation of insecticides to lower profiles and
groundwater reservoir [20]. Current investigations performed by standard batch equilibrium process with five
selected soils are indicative of the sorption and mobility of

the CFZ and show the dependence on the soils’ physicochemical parameters [21–23].

3.1 Physicochemical characterization
Soils selected from different regions of Pakistan with no
previous history of pesticide application have shown a difference in their physical and chemical characteristics. Such
difference can be attributed to a variety of factors, inclusive
of these regions’ climatic pattern, precipitation, parent rock
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Figure 3. Minitab Freundlich isotherms of Chlorfluazuron adsorption.

Table 3. Linear and Freundlich parameters of Chlorfluazuron desorption in the selected soils.
Soil
SR-1
SR-2
SR-3
SR-4
SR-5

Region
Lahore
Rawalpindi
Jhelum
Gujrat
Attock

Kd(des) (lg/mL)
6.57
4.05
8.72
4.12
5.35

R2

S

0.99
0.95
0.93
0.80
0.99

0.58
1.36
0.48
0.64
0.22

Kf(des) (lg/mL)
1.24
3.91
3.77
6.69
4.12

1/n

Nd

R2

S

H

1/0.96
1/0.46
1/1.44
1/0.83
1/0.89

1.04
2.17
0.69
1.21
1.12

0.98
0.92
0.89
0.87
0.95

0.10
0.12
0.09
0.23
0.14

0.86
1.28
0.28
0.60
0.55
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Figure 4. Comparative linear and Freundlich desorption of Chlorfluazuron.

material, nutrient recycling, etc. The soils varied in their
respective EC (table 1). The EC of the soil is the measure of
the total ionic content of those soils. EC thus gives the
number of soluble salts in the soil. Any soil having higher
EC will possibly be providing more attractive forces for
binding with the organic contaminates and heavy metals. In
the current investigation, the highest EC was exhibited by
SR-2 taken from Rawalpindi region (2.12 mS cm-1). EC
also influences the OM deposition in an area by developing
different types of bonds with the functional groups of
decaying substances. pH ranges obtained in the current
investigation have shown the soils to be in the neutral range
except for SR-2 taken from Rawalpindi region, which possessed a slight acidic pH (6.25). Current results are in concordance with the previous research works on Punjab’s soils
in having neutral pH ranges [24, 25]. The OM content of
soils displays its ability for greater binding of pesticides
molecules to soil particles. The OM in the current collection
of tested samples ranged from 0.94% to 2.12%. Sample SR1 expressed higher OM percentage of 2.4%. The lowest OM
was observed in SR-3 while the highest was in SR-2.
Another decisive factor for various mechanisms is soil sand
percentage. Sand content in the present research varied from
20% to 70%. The highest sand content was present in SR-4
(70%). A greater sand content impedes the binding of
molecules to soil particles, thus promulgating itself as an
imperative component of soil physicochemical properties.
The lowest amount of sand was observed in SR-1 (20%),
indicating the fact that this soil might display better binding
with various molecules. Furthermore, the soils with a high
OM content have been observed to possess low sand percentage, as depicted by SR-1.

3.2 Adsorption variation with soils
physicochemical parameters
Sorption experiments were performed on SR-1–SR-5 to
understand the effects of soils’ physicochemical parameters

on the adsorption of CFZ. For this purpose, two multilayer
adsorption models, i.e., linear and Freundlich, were applied
for comprehending CFZ attachment and detachment with
SR-1–SR-5 in the lab-based experiments. Different
parameters found for both models have been tabulated in
table 2. Obtained model data was then plotted in the form
of comparative graphs on Microsoft Excel (2013) by taking
equilibrium concentration (lg/mL) on X-axis and CFZ
adsorbed (lg/mL) on Y-axis (figure 1). For the Freundlich
model, the log of this data was taken and plotted in the
same manner on X- and Y-axis. The isotherms were drawn
using Minitab software (figures 2 and 3).
Research works have supported the impact of binding
forces on pesticide adsorption. Some of the results have
also pointed out that there could be chances for pesticides
possessing negligible water solubility but an elevated
octanol–water partition coefficient (Pow) and consequently
such pesticides showed stronger adsorption with soils [26].
In the present investigation, the linear adsorption coefficient Kd(ads) ranged from 6.08 to 9.57 lg/mL in the
selected soils exhibiting attachment of CFZ to the selected
soils. However, among all soils, SR-2 obtained from
Rawalpindi region expressed the highest value of 9.57 lg/
mL followed by SR-4 with Kd(ads) having 8.04 lg/mL.
The overall Kd(ads) trend observed was SR-2 [ SR4 [ SR-1 [ SR-3 [ SR-5. Kom represents the adsorption
coefficient of CFZ normalized on OM. Kom ranged from
174.3 to 381.7 lg/mL. SR-2 exhibited the highest Kom
value since it also displayed the highest Kd(ads). R2 for linear
adsorption ranged from 0.85 to 0.98. The R2 value displays
the best fit of the experimental results to linear adsorption
model.
The experimental values were also subjected to Freundlich sorption model for adsorption and desorption
evaluation of CFZ in the soil tests. The Freundlich
adsorption distribution coefficient values ranged from 4.18
to 9.01 lg/mL. The Kf values are in consonance with the Kd
values obtained from the calculations. The value of Kfoc
depends upon the value of organic carbon (OC) present in
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Figure 5. Minitab linear isotherms of Chlorfluazuron desorption.

the soil. Freundlich adsorption coefficient is also in conformity with Kd(ads).
The rate and extent of adsorption in soils are greatly
dependent on and influenced by the soils’ properties. The
highest Kd(ads) for SR-2 can be attributed to the highest EC,
good OM and low pH encouraging the larger survival of
microbial fauna, which can convert the dead organisms into
soil OM. OM is a significant factor affecting the adsorption.
The CFZ–OM complex formed in soils acts as a providence
of abundant functional groups in the form of active sites to

the CFZ molecules. There is a general agreement on the
influence of the OM on pesticide adsorption in soils
[15, 27–29]. Nevertheless, the complete mechanism justifying the domineering role of OM in attracting the CFZ
molecules and not leaching them downwards needs to be
investigated using advanced approaches and technological
aid [30]. Research works investigating the adsorption of
different insecticides have stressed upon the exploration of
a large number of samples so that a meaningful conclusion
can be arrived regarding insecticide–soil adsorption [31].
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Figure 6. Minitab Freundlich isotherms of Chlorfluazuron desorption.

Current results are in conformity with the latest similar
studies that have evaluated a number of pesticides based on
the soils’ physicochemical characteristics [32–36].
The present investigation shows that the value of Gibbs
free energy (DG) is in the range of - 12.79 to
- 14.7 kJ/mol, pointing towards the fact that, consistent
with previous scientific results, CFZ is physically adsorbed
in all selected soil samples through weaker interactions,
e.g. van der Waal’s forces. These weak interactions are
further reflected from lower Kd(ads) and Kf(ads) values.

Furthermore, DG B –40 kJ/mol also indicates the reaction
to be spontaneous and exothermic.

3.3 CFZ migratory behaviour
Current research also aimed at the exploration of pedotransfer of CFZ in the soil matrix reaching the groundwater
reservoirs. In the present era, when humanity is in need of
pure and fresh water, the pressure on the underground water
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Figure 7. Analysis of variance (ANOVA) for soil physicochemical properties and adsorption distribution coefficient Kd.

reserves has been elevated. Water harvesting from such
sources will render the same health issues as the surface
water contaminated with organic pollutants do [37, 38].
Nevertheless, such practice also affects soil inherent properties [39–41]. The mobility of CFZ was assessed via the
McCall classification (1980) based on Koc values. The
sorption capacity of the soil is directly proportional to the
Koc value of the soils. CFZ expressed high mobility in soils
with low adsorption and low mobility for soil samples from
Rawalpindi and Gujrat (Koc = 697.5 and 619.1 lg/mL,
respectively). Studies on other pesticides have also
expressed that soils showing poor adsorption potential are
at the risk of contamination [20, 42].

3.4 CFZ desorption
CFZ desorption was also studied by UV–visible spectrophotometry. Soil samples with higher adsorption coefficients, i.e., SR-2 and SR-4, expressed lower desorption
(4.05 and 4.12 lg/mL) (table 3, figures 4, 5 and 6). These
samples develop strong adsorptive interaction with CFZ,
due to which they were not desorbed readily. Furthermore,
SR-4 also possessed highest pH among all samples (7.6),
thus displaying the least adsorption and highest rate of
desorption. A high pH of soil obstructs and discourages
the attachment of pesticide molecules to soil moiety.
However, the other three soil samples expressed lower

adsorption values for CFZ. In the present study, desorption
hysteresis coefficient, H, in all five soils is found to be in
the range of 0.28–1.28. Value of H close to 1 implies that
the desorption process takes place as quickly as sorption
does. The relatively high value of Kd(ads) compared with
Kd (des) for studied soils shows that adsorption is
irreversible.

3.5 Statistical evaluation
Soil physicochemical properties such as pH, OM and TOC
were subjected to statistical evaluation in relation to its
adsorptive nature (Kd). All statistical tests were performed
using Minitab statistical software 17. The dependence of
CFZ adsorption on the soil properties was assessed by
applying the general linear model for the analysis of variance (ANOVA), which displayed various residual graphs
(figure 7). The residual plots obtained determined the
goodness of fit of the experimental results.

4. Conclusion
This investigation revealed that CFZ displayed low binding
capability in different agricultural soils. The adsorption and
desorption of CFZ in soils followed the linear and Freundlich isotherms well and depended significantly on the

Sådhanå (2019)44:212
properties of soils. The adsorption behaviour of CFZ was
largely dependent upon soil pH value, OC, clay content and
OM. The extent of adsorption increased as pH value
decreased, while the extent of adsorption increased as OC,
clay content and OM increased. In this study, the desorption
hysteresis of CFZ decreased from low to high solution
concentrations and correlated significantly with the content
of OM, OC and clay, suggesting that both solute concentration gradient and physicochemical properties of soil
commonly controlled the adsorption–desorption behaviour
of this herbicide. This study can set the future course of
action of different studies on pesticides in soils and
groundwater in Pakistan.
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