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ABSTRACT

To prevent adverse effects of pesticides on human, it is a must to establish control measures in order
to ensure maximum residue limits (MRLs) to be respected. Considering the concerns about pesticide
residues in food and their environmental impacts, this study designed to find out the biological degradation
of conventional and bio pesticides sprayed on cauliflower crop. Bio pesticides are environment-friendly
products and highly biodegradable with low persistency and residual effects. Imidacloprid, endosulfan
and profenofos were selected as convectional, while spinosad and biosal (neem compound) as bio
pesticides, and were sprayed at the rates of 49.4, 642.2, 988, 35.5 and 158 g a.i. ha! respectively. The
pesticide residues were analyzed after 0, 1, 3 and 7 days of application in the leaves and cauliflower
curd using high performance liquid chromatography. First order degradation kinetics was fitted on this
data and degradation rate constants and half-life were calculated. Conventional pesticides were found to
be more persistent in the crop (Average half-life: 2.94, 4.06 and 2.74 days for imidacloprid, endosulfan
and profenofos respectively) than bio pesticides (Average half-life: 3.87 and 1.81 days for spinosad and
biosal respectively). The crops treated with bio pesticides were found safer for human consumption
even after few hours of spray compared with codex and EU MRLs. Whereas, endosulfan and profenofos
treated crops were not found to be fit for consumption even after 7 days of application, as they were not
degraded down to the EU and Codex MRL within usual pre-harvest interval (PHI). Imidacloprid being
bio-rational (low risk) pesticide degraded quickly and the crop was also safe for consumption on the next
day of application. This study also endorsed the hazardous impacts of endosulfan as its worldwide use is
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recommended to be phased out globally.

INTRODUCTION

nsect pests are responsible for potential damage to
human by devastating food, commodities and crops
(Pogacnik and Franko, 1999). Pesticides are important
for boosting agricultural production as an essential tool in
Integrated Pest Management (IPM), but their injudicious
use causes negative effects on human health (Soomro et al.,
2008) and non-target organisms in the environment, with
increased resistance to insect pests (Kranthi et al., 2001,
Saleem and Akbar, 2019). High reliance on pesticides by
untrained farmers has augmented health hazards to the
farm workers (Ahmad and Soomro, 2001) and the ultimate
consumers due to residual effects (Ahmad et al., 2013).
Additionally, they have severe disadvantages like
development of pesticide resistance, pest resurgence,
pest upsets and secondary pest outbreak and incidence
of undesirable residue (Gurusubramanian et al., 2005;
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Sarnaik et al., 2006).

The intense practice of pesticides usage has created
a great concern particularly in case of vegetables, as these
are consumed within few days after their harvest. Masud
and Hasan (1992) reported higher level of insecticide
residues in vegetables above maximum residue limits.
Pesticides residues on fruits and vegetables may result in
countless damage to male fertility; as 30 out of 37 crop
chemicals tested impeded with the action of testosterone,
an important hormone (Ahmad, 2004). It is quite an
alarming situation that highly toxic organophosphate
and organochlorine pesticides are most frequently being
used on various vegetables including okra, brinjal,
cauliflower, tomato, peas and onion etc. (Khan et al,
2006). Bio-pesticides provide a much safer alternative to
their synthetic counterparts. Plant derivatives have good
potential (Isman, 2000; Dhingra et al., 2008) as insect
control agent, as they are believed to be environment
friendly, safe to human and other non-target organisms.
The dissipation of neem compound in the environment
is supposed to be quick, but literature on its degradation
rates in different crops is scare. Spinosad®, composed
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of spinosyns A and D, substances derived from naturally
occurring soil bacterium Saccharopolyspora spinosa by
aerobic fermentation of this actinomycete species. Its
degradation has extensively been studied by Tomkins et
al. (1999) on different crops, but not on cauliflower. It is
classified as a reduced risk pesticide by US Environmental
protection agency (Cleveland ef al., 2002).

Keeping in view the environment-toxicological
problems due to the residues of synthetic insecticides;
present study was designed to evaluate the effectiveness of
bio-insecticides as compared to conventional insecticides
with focus on their degradation kinetics. The practical
expediency of insecticide depends on its effectiveness
against insects as well as its degradation rate. The
dissipation rate of insecticides selected in this study,
except biosal (azadirachtin) has been previously reported
under different agro-ecological conditions on different
crops, but not in conditions of Karachi region. Since
the degradation rate depends on nature of compound,
environmental factors and the type of crop, therefore
one of the objectives of this study was to find out the
degradation rate of synthetic insecticides in comparison
with bio-insecticides in consumable and non consumable
parts of the vegetable crops. The modeling of degradation
was performed to determine the safe pre-harvest intervals
(PHIs) as per codex and EU MRLs.

MATERIALS AND METHODS

Chemicals

HPLC grade solvents were purchased from Fisher
Scientific (USA). Pesticide standards viz, Endosulfan,
Imidacloprid, Profenofos and Spinosad were purchased
from Dr. Ehrenstorfer GmbH, Germany. Azadirachtin
standard was obtained from Sigma Aldrich (Steinheim,
Germany). All other chemicals used for analysis were of
analytical grade.

Sampling for residual studies

For the purpose of residual studies, representative
samples of cauliflower leaves and curd were taken from
each treated plot after insecticides’ application. One
hundred g cauliflower leaves and 500 g of caulifiower
curd were collected after 1 h (0 Day), 1, 3 and 7 days of
insecticide treatment. From these samples, sub samples
were made for extraction, clean up and further analysis.

Extraction of conventional insecticides (imidacloprid,
endosulfan, profenofos)

Conventional insecticides were extracted and cleaned
up by the method of Shahida and Hassan (2002) with
modification. Thirty gram sample was homogenized in
a high speed blender with 100 mL mixture of n-hexane,

acetone (3:1, v/v). The homogenate was shaken on
electric shaker (Orbital Shaker Model QSM-747, Digitek
Instrument China) at 200 RPM for 4 h and then left at
-20°C for 24 h. The clear supernatant was decanted and
concentrated to 2 ml on rotary vacuum evaporator (Buchi
Rotavapor® R-210) at 30°C. The concentrated extract was
then passed through a mini-column. The mini column was
prepared by loading Florisil (1 g) + activated charcoal
(0.1 g) into a pasture pipette with a layer of anhydrous
sodium sulphate on both sides of the column. The column
was plugged with glass wool. The eluent was evaporated
completely and re-dissolved in 1 mL respective mobile
phase (Table I).

Extraction of bio-insecticides (spinosad and biosal)

Spinosad was extracted and cleaned up by the
method of Sharma ef al. (2007) with modifications. Thirty
gram sample was blended with 100 mL acetonitrile and
water mixture (8:2, v/v) for 2 min. The homogenate
was shaken on electric shaker at 200 RPM for 30 min.
The homogenate was filtered through a Buchner funnel
and the residues were rinsed with 20 mL acetonitrile
and water mixture (8:2, v/v). The combined filtrate was
partitioned with dichloromethane in a separating funnel.
After phase separation, the organic phase was collected.
Ten mL methanol and 1 mL (IN) sodium hydroxide
along with additional dichloromethane was added to the
aqueous phase. The mixture was again partitioned. The
pooled organic phase was evaporated to dryness in a rotary
vacuum evaporator at 30°C and the residue was finally
dissolved in respective mobile phase (Table I).

Biosal (a. i. Azadirachtin) was extracted with a
modified procedure of Caboni et al. (2002). Thirty gram
sample was blended with 50 mL acetonitrile in the presence
of 10 g Na,SO,. The homogenate was shaken on electric
shaker at 200 RPM for 30 min and then filtered. The filtrate
was dried under nitrogen flux. The residue was dissolved
in 10 mL n-hexane. The hexane extract was purified by
the method of Ramesh and Balasubramanian (1999) using
graphitized carbon black containing SPE (Solid Phase
Extraction) cartridge. The cartridge was preconditioned
with n-hexane.

The extract was added to the cartridge and completely
eluted. The cartridge was then eluted with acetonitrile,
eluent was collected and dried in rotary vacuum evaporator
and the residue was reconstituted with 1 mL mobile phase
(Table I).

HPLC determination

All the insecticides were determined by High
Performance Liquid Chromatography (HPLC). Perkin
Elmer HPLC system equipped with series 200 binary



Biological Degradation of Pesticides Sprayed on Cauliflower Crop 1123

Table I.- HPLC conditions for insecticides residue determination.

S.No. Insecticides Mobile phase Flow rate Detector
1 Imidacloprid H,0 70% + ACN* 30% 1.0 254
2 Endosulfan ~ ACN 70% + H,O 30% 2.0 214
3 Prophenofos  ACN 65% +H,O 35% 2.0 282
4 Spinosad MeOH** 35% (containing 0.5% ammonium acetate) + 65% ACN 2.0 250
5 Azadirachtin - MeOH 35 % + ACN 15 % + H O 50% 1.2 220

*ACN, Acetonitrile; ¥*MeOH, Methanol.

pump and series 200 UV visible detector was used.
Brownlee column Spheri-5 ODS 5m, 250 x 4.6 mm
was used for all insecticides. All solvents were properly
degassed using sonicator and filtered through 0.45 p nylon
filter medium before use. Twenty pL of the filtered (0.45
p nylon filter) sample was injected. HPLC conditions are
given in Table 1. Data was recorded and analyzed using
TotalCrom Workstation version 6.3.

Statistical analysis
Generalized exponential decay curve of below type
was fitted on the residual data using regression analysis.

Where Co= amount of insecticide recovered at time
(t) =0, A = the degradation constant and, t = time in days, e
= the base of natural logarithm.

Half life was calculated using these fitted curves.

RESULTS

Residue levels in cauliflower crop are presented in
Table II and are compared with codex and EU MRLs.
Residue less than practical limit of quantification are not
presented and are indicated as ND (not detected).

The initial concentration of imidacloprid at time 0
days was found to be high in cauliflower leaves (2.694
mg kg'), while it was low in cauliflower curd (0.975 mg
kg™"). The residue levels of endosulfan were found higher
in leaves (5.188 mg kg'), while it was comparatively low
in cauliflower curd (2.205 mg kg™). Initial concentration
of profenofos in leaves was somewhat comparable to
endosulfan (3.958 mg kg'), whereas in cauliflower curd
it was 2.557 mg kg''. For spinosad these initial values in
leaves were 3.222 mgkg' and in cauliflower curd 2.540
mg kg

After 7 days of spray the residues of endosulfan and
profenofos were higher than the codex and EU MRLs in
consumable part i.e. cauliffower curd as 0.820 mg kg,
whereas for profenofos these levels were 0.538 mg kg''.
The residues for imidacloprid and spinosad were below
the prescribed levels of codex and EU MRLs.

Half life (Table II) of imidacloprid in cauliflower was
2.53 and 3.35 days in leaves and curd, respectively. For
endosulfan half life in the leaves of cauliflower was 2.91
days, whereas for cauliflower curd half life was 5.21 days.
Half life of profenfos in the leaves was observed as 2.49
days, whereas in the consumable parts of cauliflower, it
was 2.99 days. For spinosad half life observation was 3.87
days both in the leaves and cauliflower curd.

Since azadirachtin was not detected at the dose used
in field trials, hence, a separate experiment was conducted
using ten times more from recommended dose i.e. 158 g. a.
i. ha! (Table III). The initial concentration of azadirachtin
was found to be 0.413 mg kg' in cauliflower leaves,
while it was 0.178 mg kg in cauliflower curd. At 7 days
post- application azadirachtin was not detected in the
leaves and cauliflower curd. Half life of azadirachtin was
observed as 1.75 days in cauliflower leaves, whereas for
the consumable parts it was recorded as 1.87 days.

DISCUSSION

Several methods have been developed for the
estimation of insecticides residue; most of them rely on
gas chromatography (GC) (Guerin et al., 1992; Polese et
al., 1996; Brito et al., 2002; Siddique et al., 2003). High
performance liquid chromatography (HPLC) provides
broad spectrum alternatives, because it can simultaneously
handle acidic, basic, neutral, ionic, and thermally unstable
insecticides (Siddique et al., 2003).

Analysis of insecticide residues by HPLC

All the insecticides were successfully separated
under the employed chromatographic conditions without
interfering impurities. This also support that the applied
clean up techniques were adequate. Endosulfan, spinosad
and azadiractin were resolved to their constituents,
endosulfan a and B, spinosad A and D and azadirachtin A
and B. A diminutive peak broad banding was observed in
the samples for endosulfan, this might be due to initially
high impurities in the purified extract. However, the peaks
were still detectable and quantifiable. Comparatively noisy
base line was observed in case of azadirachtin samples;
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Table I1.- Residues and degradation Kinetics of insecticides crop*.

M.F. Akbar et al.

Time (Day) Imidacloprid Endosulfan leaf  Prophenofos Spinosad
Residue (mg kg-1)

0 2.694+0.103 5.188+0.047 3.958+0.201 3.222+0.223
1 1.884+0.039 4.071+0.190 2.959+0.167 2.658+0.104
3 1.225+0.047 2.439+0.034 1.740+0.083 1.949+0.017
7 0.387+0.024 1.075+0.011 0.547+0.009 0.876+0.029
AE* 0.274+0.018 0.238+0.011 0.278+0.021 0.179+0.016
Half Life 2.53+0.18 2.91+0.15 2.49+0.21 3.87+0.39
R2%k* 0.982 0.99 0.977 0.959
Cauliflower curd

0 0.975+0.043 2.205+0.036 2.557+0.140 2.540+0.132
1 0.818+0.008 2.054+0.116 2.094+0.083 2.188+0.122
3 0.516+0.025 1.609+0.017 1.230+0.019 1.455+0.069
7 0.233+0.009 7 0.820+0.027 0.538+0.002 0.745+0.023
A 0.207+0.012 0.133+0.011 0.232+0.017 0.179+0.015
Half Life 3.35+0.23 5.21+0.51 2.99+0.24 3.87+0.38
R? 0.982 0.955 0.975 0.96
EU-MRLs 0.5 0.05 0.05 2

Codex- 0.5 N/AH*** N/A N/A
MRLsPHI-EU**** 3.24+0.19 28.67+2.37 17.05+1.25 1.34+0.11
PHICodex***** 3.24+0.19 N/A N/A N/A

*Data is displayed as mean + SEM, **\ , Decay constant (Days™); ***R2, Coefficient of determination; ****N/A, Not Available; ****PHI-EU, Pre-
harvest interval based on EU MRLs; *****PHI-Codex, Pre-harvest interval based on Codex MRLs.

this is possibly due to the fact that the applied insecticide
biosal is a mixture of very closely related compounds.

Degradation kinetics of insecticides

The insecticide residue levels are shown in Table
II. Just after application the residues were detected in
both leaves and curd. The initial residual level of same
insecticide was found different in both the parts. This can
be explained by differences in surfaces which received
these insecticides. Especially the surface area and surface
characteristics e.g. presence or absence of wax and spines
affect the amount of insecticide which retain after spray
(Freeman and Beattie, 2008).

The initial level of imidacloprid was found to be
in the range of 0.97 mg kg to 2.69 mg kg, which is in
consistence with the findings of (Mansoor-ul-Hassan et
al., 2005; Arora, 2009). The initial level of endosulfan
was found to be in the range of 2.20 mg kg to 5.18 mg
kg!'. Mukherjee (2003) analyzed 44 samples of different
vegetables, sprayed with endosulfan and found all samples
of brinjal, cabbage, tomato, cauliflower, chilli, okra and
mustard were contaminated with endosulfan as compared
to maximum residue limits 2 mg kg'. The initial level of
profenofos was found to be in the range of 2.55 mg kg-1

to 3.95 mg kg'. While, for spinosad this level was found
to be in the range of 2.54 mg kg-1 to 3.22 mg kg'. This is
in the line with Sharma et al. (2007) who applied spinosad
at 17.5 and 35.0 g ha' a.i. respectively and found the
initial level of 3.8 mg kg' to 5.8 mg kg'. In the initial
trials the azadirachtin containing biosal was not detected
at the recommended usage level. Therefore, a separate
study at 10 time’s higher level i.e 158 g a.i ha'. Table
IIT was constructed to assist the degradation kinetics of
azadirachtin (Caboni et al., 2002).

The degradation rate and half life of same insecticide
were found different in cauliflower leaves and curd. This
could be due to difference in crop morphology as the
leaves of different crops have different cuticle and other
environmental factors such as temperature and humidity.

Endosulfan was found to be most persistent followed
by profenofos and imidacloprid. Conventional insecticides
showed comparatively higher degradation rate in leaf than
in fruit. The leaves have a great rate of metabolism due
to a large number of varieties of enzymes as compared to
the fruits. This difference of the phenomenon exhibited by
the endosulfan as compared to the others could be due to
the fact that endosulfan is a non-polar compound, whereas,
rest of the two are polar ones. Being highly soluble in water
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polar compounds are absorbed readily and are degraded.
Contrarily, endosulfan being non-polar penetrates slowly
and degrades gradually as well.

Table III: Residues and degradation Kkinetics of
Azadirachtin (@158 grams a.i ha) in cauliflower crop*.

Time (Day) Residue (mg kg')  Residue (mg kg™)
cauliflower leaves caulifiower curd

0 0.413+0.018 0.178+0.009

1 0.266+0.014 0.131+0.001

3 0.108+0.001 0.055+0.002

7 ND* ND

A 0.396+0.027 0.371+0.024

Half Life 1.75+0.11 1.87+0.14

R¥™™ 0.988 0.986

EU-MRLs 1 1

Codex-MRLs N/A™™ N/A

PHI-EU*** N/Ap™* N/Ap

PHI-Codex™ ™ ™™ N/A N/A

“Data is displayed as mean + SEM, "ND, Not detectable; A, Decay
constant (Days'); "*"R?, Coefficient of determination; """ N/A, Not
available; """ PHI-EU, Pre-harvest interval based on EU MRLs; ****** N/
Ap, Not applicable; PHI-Codex, Pre-harvest interval based on
Codex MRLs

Half life of spinosad was found to be comparable to
conventional insecticide. The half life was found to be
same in both the parts as 3.87 days. This is in agreement
with Sharma et al. (2008) as they worked on dissipation
behavior of spinosad in cabbage and cauliflower. They
reported its half life 1.43 and 0.99 days for lower rate (17.5
g a.i. ha') and 1.66 and 1.52 for higher rate (35.0 g a.i.
ha'!) for cabbage and caulifiower respectively, which are
winter season crops. Akbar et al. (2010) and Abar et al.
(2012) reported the half life of spinosad as1.20 and 1.31
days in the leaves and fruits of summer season crop-okra,
while the half life of spinosad in the winter season crop-
cabbage, leaves and head was reported as 3.45 and 3.50
days, respectively. The lower half life in summer season
crops can be explained by the fact that spinosyns are to be
broken down by sunlight or high temperature (Cleveland
et al., 2002).The half-life for spinosyn- A, has also been
reported as 1.6 to 16 days, which mostly depends on the
amount of sunlight received.

The half life of azadirathnin was found to be lowest
among all the insecticides studied. Caboni et al. (2002)
pointed out that the major cause of degradation of
azadirathnin is sunlight.

Pre-harvest interval (PHI)

Residue data was successfully fitted on exponential
decay kinetics, this is shown by the high coefficient
of determination R2>0.9 (Sharma et al, 2007). Using

this prediction equations pre-harvest interval (PHI) was
calculated considering EU/Codex MRLs.

The residue data (Tables II) revealed that the crops
treated with endosulfan were not consumable in usual
practices of harvesting because the insecticide was not
degraded up to the required EU/Codex MRLs before 28
days for caulifiower. Similarly, the crops treated with
profenofos cannot be consumed even after 17 days of
spray, because the edible parts were found to contain
higher than maximum residue limit set by the European
Union (EU- MRLs, 0.05 mg kg™!) and codex (No, 2004).
The pre-harvest interval (PHI) obtained in this study is
in consistence with persistent nature of endosulfan and
profenofos, which has been reported in several studies
(Mukherjee, 2003; Chowdhury et al., 2007; Baig et al.,
2009). Since these crops cannot be retained in the field for
such a long time (Talukder et al., 2003) after last spray
that is why these two insecticides should not be used on
vegetable crops, as they are consumed after very short
time of harvest. Our conclusion is supported by Mukherjee
(2003) who analyzed 44 samples of different vegetables
(sprayed with endosulfan) for residues and found all
samples of egg plant, cabbage, tomato, cauliflower, chilli,
okra and mustard were contaminated with endosulfan as
compared to maximum residue limits 2 mg kg -'. Similarly,
for the case of profenofos, Baig et al. (2009), analyzed 36
samples collected from fields of egg plant and okra, and
found 1.45 and 1.6 mg kg ' residues, respectively.

Imidacloprid treated crops were safe to consume after
3 days of spray (EU-MRL 0.5 mg kg '), as already reported
safe PHI by (Akbar et al., 2010; Abar et al., 2012) for okra
and cabbage. This is in agreement with Santharam et al.
(2003) who did not found the residues of imidacloprid in
chilli fruits collected in the first harvest when applied at
250, 375 and 500 ml ha''. In the case of bio-insecticides
the EU MRLs are 1 mg kg ! for azadirachtin and 1 mg
kg ! for spinosad. This level was not achieved even just
after the spray, in this study. This is in consistence with the
findings of Mossler and Dunn (2005). They suggested 4 h
pre-harvest interval (PHI) for spinosad and the restricted
entry interval (REI) for azadirachtin and spinosad under
the Worker Protection Standard is 4 h. We concluded
that both bio-insecticides can be applied up to the day of
harvest (PHI=0 day).

The low level of azadirachtin found at time zero
indicates thathigh level ofit can be applied. The degradation
rate given in Table II can be used to approximate the level
of application. For example, if we consider usual PHI of
3 days (Talukder ef al., 2003), based on field conditions,
then the regression equation reveals that application
dosage of azadirachtin can be increased up to 15 times to
initial dosage we used, i.e. 15.8 g ha'. However, a separate
study is required to find out the impact of high dose on
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environment, insects and plant physiology, with their
economic feasibility.

CONCLUSION

The present study led to the conclusion that bio-
insecticides; biosal and spionsad, and bio-rational
insecticide; imidacloprid can successfully be incorporated
as a part of insect pest management program; reducing
the sole dependency on conventional insecticides.
Additionally, the HPLC technique can be successfully
applied to follow the residues of conventional and
bio-insecticides. It was observed that bio-insecticides
degraded rapidly as compared to synthetic insecticides,
which is good for the environment and human health. Due
to very low degradation rate endosulfan and profenofos
were not found to be safe for application on vegetable
crops, as they were not found to be degraded down to the
EU and Codex MRL within usual pre-harvest interval
(PHI). Hence both the insecticides should not be used due
to their long persistent nature, particularly on vegetable
crops. Considering the health and environmental hazards
of organochlorine insecticides, the worldwide use of
endosulfan is recommended to be phased out globally.
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