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Abstract Carbendazim is widely used on pomegranate
for control of a large number of fungal diseases. Its
residue levels in/on pomegranate fruits and soil were
evaluated under field conditions. The quick, easy, cheap,
effective, rugged, and safe (QuEChERS) method in
conjunction with liquid-chromatography mass spec-
trometry was used for analysis of carbendazim. Recov-
ery of carbendazim was within 78.92–96.28 % and
relative standard deviation within 3.8–10.9 % (n = 6).
Carbendazim residues on pomegranate fruits dissipated
at the half lives of 17.3 and 22.8 days from treatments at
500 and 1000 g active ingredient (a.i.) ha−1, respective-
ly. Its residues in pomegranate aril were highest on the
tenth day and reduced thereafter. The residue level of
carbendazim on pomegranate whole fruits from stan-
dard dose treatment was less than the EU maximum
residue limit (MRL) of 0.1 mg kg−1 at harvest. The
carbendazim residues were <LOQ in the aril and field
soil at harvest. The pre-harvest intervals (PHIs) of
carbendazim on pomegranate were 65.4 and 103.4 days.
The results of this study can be used to determine the
judicious use of carbendazim for plant protection of
pomegranate crop.
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Introduction

Pomegranate (Punica granatum) is an economically
important fruit crop of India. It contains high levels of
flavonoids and polyphenols and potent antioxidants and
reportedly offers protection against a number of dis-
eases. Pomegranate peel, flower, and seed oil have
anti-inflammatory properties (Rinaldi et al. 2013;
Harzallah et al. 2016). India is a major producer of
pomegranate fruits and occupies a significant position
in the world in terms of total production. West Asia and
the European Union are the largest markets for Indian
pomegranates. Pomegranate crop is affected by a large
number of pests and diseases. The major diseases of
pomegranate plant are bacterial blight, wilt, leaf and
fruit spots, and fruit rot (Anonymous 2007).These dis-
eases caused widespread destruction to pomegranate
orchards, and the area under pomegranate crop in India
is reducing due to the onslaught of these diseases
(Jamadar et al. 2011). The affected fruits are usually
non-marketable because of poor quality. For controlling
these devastating diseases of pomegranate, repeated
application of fungicides become a necessity. However,
repeated application of fungicides may result in residue
accumulation on the fruits beyond their maximum res-
idue limits (MRL) as well as contamination of the field
soil.

Carbendazim (methyl benzimidazol-2-yl-carbamate)
is a systemic fungicide with protective and curative
action (Tomlin 1994). It is a broad-spectrum fungicide,
which is used extensively in agriculture. Carbendazim
could control bacterial leaf spot in almond, stem end rot
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in mango, sapota leaf spot disease, and dry bubble
disease and smoky blight canker in apple (Kjindal et
al. 1989; Bhatt and Jadeja 2010; Indra 2013; Jatav et al.
2014; Kumar et al. 2015). It is also widely used for the
control of anthracnose, fruit spot, and Alternaria rot of
pomegranate (Singh and Majumdar 2002; Khosla et al.
2008; Patel 2009; Jamadar et al. 2011; Nargund et al.
2012). Carbendazim is also used to increase post-
harvest shelf life of pomegranate fruits (Sarkale et al.
2003; Navale et al. 2010).

Carbendazim persists for a long time in the environ-
ment, and it is one of the most frequently occurring
pesticides in fruits and vegetables monitored for pesti-
cide residues (Bakirci et al. 2014). Carbendazim residue
has frequently been detected in pomegranate, when
fresh vegetables and fruits were monitored for pesticide
residues (Gurbuz et al. 2014). It is therefore essential to
generate information on the persistence of carbendazim
residue on pomegranate. The information currently
available on the residue dissipation of carbendazim on
pomegranate is from a different agro-climatic zone
(Utture et al. 2011). Crop species and stage of applica-
tion have direct impact on pesticide dissipation in addi-
tion to environmental conditions (Janaki et al. 2013).
Dissipation pattern of flubendiamide on cabbage varied
widely under different agro-climatic conditions (Sharma
et al. 2014). It is therefore necessary to generate infor-
mation on the residue persistence of carbendazim on
pomegranate at different locations. In this study, we
evaluated the residue dissipation of carbendazim in/on
pomegranate and soil as per good agricultural practices
(GAP) under field conditions.

Materials and methods

Chemicals used

Reference standard of carbendazim (purity 99.2%), LC-
MS/MS grade acetonitrile, acetic acid, methanol, am-
monium formate, and formic acid were procured from
Sigma Aldrich Pvt. Ltd. (Bangalore, India). Formula-
tion, carbendazim 50 WP, was purchased from the local
market. Primary secondary amine (PSA) and C-18 sor-
bent of mesh size of 40 μm were procured from Agilent
Technologies (Bangalore, India). Magnesium sulfate,
sodium sulfate, and sodium acetate used were of analyt-
ical grade and procured from Rankem Avantor Perfor-
mance Materials India Ltd (Bangalore, India). PTFE

membrane filter (0.2 μm) was procured from
Phenomenex (Bangalore, India). The deionized water
used in the mobile phase was obtained from Millipore
Water Purification System (ELIX, Merck Millipore,
India Pvt. Ltd.).

Preparation of standard solutions

Preparation of stock solutions, working standards, and
matrix-matched standards were carried out as described
under Mohapatra (2015). Carbendazim stock solution
(200 μg mL−1) was prepared in LC-MS/MS grade ace-
tonitrile and diluted to obtain calibration standards in the
concentration range of 0.0015–0.1 μg mL−1.
Carbendazim free pomegranate fruits grown in the ex-
perimental station of Indian Institute of Horticultural
Research (IIHR) was used for preparation of blank
sample. Preparation of matrix-matched standards was
carried out as per Mohapatra (2014). Blank sample
(1 mL) was evaporated to dryness using a TurboVap
LV Concentration Workstation (Zymark Corporation,
Hopkinton, USA) and reconstituted with 1 mL of work-
ing standard at different concentrations.

Field study

Residue study of carbendazim was carried out on pome-
granate variety, Bhagwa, at the experimental station of
IIHR, Bangalore, India, during September 2014–Janu-
ary 2015 as per Mohapatra (2014). Five pomegranate
plants with three replications were selected for each
treatment. Untreated control plants were kept for com-
parison. Carbendazim (50 WP) spray application was
given at the standard and double doses of 500 and
1000 g a.i. ha−1 during fruit growth stage. The second
spray application was given after 15 days. Analysis of
carbendazim residues in pomegranate whole fruit and
aril was carried out on 0 (2 h), 1, 5, 10, 15, 20, 25, 30,
35, 40, 50, and 60 days after the second spray. The field
soil was analyzed before the second application on 0
(2 h), 15, 30 days, and at harvest (60 days). The climatic
conditions (atmospheric temperature, humidity, and
rainfall) recorded during the study period is presented
in Table 1.

Sample preparation

Sample preparation of pomegranate fruits and soil was
carried out as per Mohapatra (2015). Pomegranate
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samples (approximately 6 kg) were collected from each
treated field and brought to the laboratory in plastic
bags. BApproximately 3 kg of pomegranate fruits were
cut into two parts. One part of each fruit was pooled
together and cut into small pieces. The samples were
homogenized in a Waring blender and 15 g representa-
tive samples in triplicate were then taken for analysis.
The remaining pomegranate fruits (3 kg) were washed
under running water and peeled to obtain the aril sam-
ples. The aril samples were homogenized in a blender
and 15 g of sample (three replicates) was taken for
analysis. Soil samples were collected at a depth of 0–
15 cm from the periphery of each pomegranate plant.
The soil samples were air-dried under room temperature
(25±2 °C) in the laboratory, powdered, and passed
through a sieve (2 mm). A representative 20 g soil
sample (in triplicate) was analyzed for carbendazim
residues^ Mohapatra (2015).

Extraction and clean up

The quick, easy, cheap, effective, rugged, and safe
(QuEChERS) analytical method (Anastassiades et al.
2003) was used for extraction and clean up of pome-
granate samples. BThe samples (15 g) were placed in
50 mL polypropylene tubes, 15-mL LC-MS/MS grade
acetonitrile was added and mixed for 1 min. Next, 6 g of
anhydrous magnesium sulfate and 1.5 g of sodium
acetate were added and mixed for 2 min. The tubes were
centrifuged at 4470×g for 10 min using a Restek Cen-
trifuge (Q-Sep 3000, Bellefonte, PA, USA). The upper
acetonitrile extract (4 mL) was placed in 15 mL centri-
fuge tubes and subjected to dispersive solid phase ex-
traction clean-up. Then 200 mg primary secondary
amine (PSA) sorbent, 100 mg C-18 sorbent and
600 mg anhydrous magnesium sulfate was added to
each tube containing the samples. The tubes were mixed

for 2 min and centrifuged at 4470×g for 10 min. Then
2 mL from the supernatant acetonitrile phase was taken
for LC-MS/MS analysis^ Mohapatra (2015).

BSoil samples (20 g) in triplicate were extracted with
30 mL acetonitrile: water (2:1, v/v) by volume as per the
method described above. The extracts obtained after
centrifugation was transferred to a measuring cylinder
with stopper, 10 mL saturated sodium chloride solution
was added and mixed thoroughly. After separation of
the water and acetonitrile layer, 4 mL of acetonitrile was
taken and passed through anhydrous sodium sulfate to
remove any remaining moisture. The acetonitrile extract
was cleaned up using PSA and magnesium sulfate as
described above and analyzed by LC-MS/MS^
Mohapatra (2015).

LC-MS/MS analysis

Analysis of carbendazim was carried out using a LC-
MS/MS system, 1290 infinity LC coupled with 6460
triple quadrupole mass spectrometer. A Zorbax eclipse
plus C-18 column (2 × 100 mm id, 1.8 μm particle size)
was used for separation of the analyte. BThe mobile
phase was composed of (A) water with 0.1 % ammoni-
um formate (5 mM) and 0.01 % formic acid, v v−1 and
(B) methanol with 0.1 % ammonium formate (5 mM)
and 0.01 % formic acid, v v−1. The gradient programme
started with 85 % A and 15 % B phase (0–1 min). A
linear gradient was established in order to reach 50 % A
and 50 % B composition at 6 min, 5 % A and 95 % B at
12 min; return to the initial conditions at 18 min. The
column temperature was maintained at 40±0.8 °C and
the column flow rate was 0.4 mL min−1. The sample
(2 μL) was injected using an auto-sampler. Determina-
tion of carbendazim residues using multiple reactions
monitoring (MRM) mode and the electro spray ioniza-
tion (ESI) probe was operated in the positive mode. The

Table 1 Environmental parameters during the study period

Period Average maximum
temperature (°C)

Average minimum
temperature (°C)

Average maximum relative
humidity (%)

Average minimum
relative humidity (%)

Total rainfall
(mm)

September 2014 29.7 20.8 69.2 45.4 160.5

October 2014 29.6 21.7 72.4 46.2 197.5

November 2014 28.6 21.6 71.9 43.4 26.0

December 2014 27.8 20.2 71.0 52.1 –

January 2015 28.0 17.3 70.6 44.6 –
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instrument parameters were optimised and two most
abundant MS/MS (precursor–product) ion transitions
were monitored. Out of the two ion transitions, one
was used for quantification and another for confirmation
(quantifier and qualifier). For confirmation, the ion ratio
15.9 (calculated as percent ratio of peak areas of the
qual i f ier and quant i f ier MRMs) was used^
(Siddamallaiah and Mohapatra 2016). The chromato-
gram of carbendazim standard solution, pomegranate
control sample, and pomegranate field sample is given
in Fig. 1. The extracted ion chromatograms of
carbendazim analysis by LC-MS/MS are presented in
Fig. 2.

Method validation

The method used to determine carbendazim residues in
pomegranate fruit and soil was validated as SANCO
(Santé et Consommateurs 2013). The parameters stud-
ied were recovery, limit of detection (LOD), limit of
quantification (LOQ), linearity, accuracy, and precision
and selectivity (SANCO 2013). To obtain the recovery
percent, pomegranate fruits and soil were spiked with
carbendazim at 0.005, 0.01, 0.025, 0.05, and
0.1 mg kg−1. For each spiking level, six replications
were taken. The LOQ of the method was considered
the lowest concentration of carbendazim that could be
quantified in pomegranate fruits and soil with accept-
able precision and accuracy.

To determine the LOQ, carbendazim analysis in the
matrices (pomegranate fruits and soil) was carried out at
five levels in the concentration range of 0.005–
0.1 mg kg−1. For LOD determination, carbendazim
standard solution analysis was carried out at 0.0015,
0.0025, 0.005, 0.01, 0.025, 0.05, and 0.1 μg mL−1.
The linearity curve was obtained by plotting the con-
centration versus the peak area. The accuracy of the
method was determined to evaluate the closeness of test
results to the true value. To determine the precision of
the method, the spiked sample analysis was carried out
in 1 day (intraday) and over a period of 6 days
(interday). The precision was expressed as relative stan-
dard deviation (%RSD). BSelectivity of a method is the
extent to which analyte/analytes can be determined in a
complex matrix without interference from other compo-
nents in the matrix^ Mohapatra (2015). To determine
the selectivity, we analyzed blank and spiked (five con-
centrations) pomegranate whole fruit, aril, and soil
samples.

Matrix effect

Matrix effect from co-eluting matrix components can
affect ionization efficiency of target analytes, leading to
quantification errors of the analytes of interest (Wang et
al. 2016). For accurate quantification of the target,
analytes matrix matching of the calibration solution is
required (Yarita et al. 2015). In this study, we prepared
matrix matched calibration standards by adding
carbendazim (0.0015–0.1 μg mL−1) to blank samples.
Quantification of carbendazim in pomegranate fruits
and soil was carried out using the matrix-matched
standards.

Data analysis

Carbendazim dissipation in/on pomegranate fruits and
soil was studied by fitting the residue data into the first
order rate equation:

In
A½ �t
A½ �0 ¼ −kt

where [A] is the concentration at time t and [A]0 is the
concentration at time 0, and k is the first-order rate
constant (Petrucci 2007).

The half-life, t1/2, was calculated using the equation:

t1=2 ¼
In 2ð Þ
k

≈
0:693

k

The pre-harvest interval was calculated as per
Hoskins (1961).

Results and discussion

Method validation

Satisfactory results were obtained for the method vali-
dation parameters studied based on SANCO (2013).
The calibration curve was linear, and the correlation
coefficient R2 = 0.999 within a concentration range of
0.0015–0.1 μg mL−1 (Fig. 3). For quantification of
carbendazim, matrix-matched calibration curve was
used to nullify the matrix effect. The LOD of the method
was 0.0015 μg mL−1. The LOQ of the method was
0.005 mg kg−1, which was the lowest level, at which
carbendazim could be measured with acceptable accu-
racy and precision in pomegranate whole fruit, aril, and
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soil. Recoveries of carbendazim were within the accept-
able range of 78.92–96.28 % (Table 2; SANCO 2013).
The accuracy of the method was demonstrated by

spiking carbendazim at 0.005–0.1 mg kg−1, which gave
satisfactory results. The precision of the method,
expressed as the %RSD of repeated observations (n =

Fig. 1 Chromatogram of a carbendazim standard solution at 0.0025 μg mL−1, b pomegranate control sample, and c pomegranate whole
fruit sample on the 30th day at the standard dose
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6), was within 3.8–10.9 % (Table 2). The method was
highly selective as determination of carbendazim could
be carried out at a range of 0.005–0.1 mg kg−1 in
pomegranate fruit and soil with acceptable accuracy
and precision.

Carbendazim residues in/on pomegranate fruit

Average initial residue deposits of carbendazim in/on
pomegranate whole fruit were 1.36 and 2.35 mg kg−1

from treatment at the standard and double doses of 500
and 1000 g a.i. ha−1, respectively (Table 3). Dissipation
of carbendazim on pomegranate whole fruit and aril is
presented in Fig. 4. Carbendazim residue dissipation
from pomegranate fruits was a very slow process. With-
in a day, about 11 % of the residues dissipated from the
two treatments and within 5 days, 22 % residues had
dissipated. From the tenth day, onward carbendazim
residues from standard dose treatment dissipated faster
compared with the double-dose treatment. Carbendazim
residues on pomegranate dissipated by 53.5 and 44.2 %
after 20 days and by 66.2 and 58.3 % after 30 days from
treatments at standard and double-doses, respectively.
At harvest (60 days), the residue level at the standard

dose treatment reached the European Union maximum
residue limit (MRL) of 0.1 mg kg−1 (Anonymous 2008).
In the double-dose treatment, the residues exceeded the
MRL even after 60 days. Carbendazim residues in the
edible aril increased from 0 to 10 days and decreased
thereafter. On day 0, the residue level of carbendazim in
aril at the standard dose treatment was 0.01 mg kg−1,
which had increased to 0.11 mg kg−1 by day 10 and
reached <LOQ by day 35. Similarly, in the double-dose
treatment, the residue level in the aril on day 0 was
0.02 mg kg−1, increased to 0.24 mg kg−1 by day 10,
and reached <LOQ by day 40. At harvest (60 days), the
edible aril was free from residues; however,
carbendazim residues could be detected on the whole
fruit.

Pomegranate fruit contains edible and non-edible
portions. The edible arils of the pomegranate fruit are
enclosed in a thick leathery rind, which is also known as
the husk (Babu et al. 2014). As a result of the systemic
nature of carbendazim, it can be absorbed by the fruits
quickly. However, the movement to the edible aril may
have beenminimized by the thick outer layer of the fruit.
The residues absorbed by the fruits would have
remained beyond 60 days in the current study. Sharma

Fig. 2 Extracted ion
chromatograms of carbendazim
analysis by LC-MS/MS

Fig. 3 Standard curve of
carbendazim
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and Bharat (1994) showed that carbendazim persisted
on apple fruit up to 35 days and on apple leaves up to
45 days. Movement of carbendazim to the inner part of
apple has been reported by Leroux et al. (1975).

Pesticides disappeared rapidly from the surface of
plants, but the absorbed residues were more persistent

(Moody et al. 1977). Reduction of pesticides on fruits
can be attributed to the dilution effect caused by fruit
growth (Cabras et al. 1995; Juraske et al. 2012). Pome-
granate fruits grow slowly, and the time taken from fruit
set to maturity is about 120–130 days. Therefore, resi-
due dissipation due to growth dilution would be lower in

Table 2 Recovery of carbendazim from pomegranate whole fruit, aril and soil at various spiked levels

Spiked concentration (mg kg−1) Average recovery (%) ± SDa

Pomegranate whole fruit Pomegranate aril Soil

Recovery RSD (%) Recovery RSD (%) Recovery RSD (%)

0.005 78.92 ± 8.6 10.9 84.70 ± 6.3 7.4 82.64 ± 7.4 8.9

0.010 83.60 ± 6.5 7.8 88.36 ± 5.8 6.5 86.78 ± 7.0 8.0

0.025 87.55 ± 5.4 6.1 90.67 ± 5.3 5.8 87.53 ± 6.5 7.4

0.050 90.86 ± 5.0 5.5 92.76 ± 4.6 4.9 91.95 ± 5.1 5.5

0.100 94.34 ± 4.8 5.1 96.28 ± 3.7 3.8 93.66 ± 3.6 3.8

a Average of six replicate analyses ± standard deviation

Table 3 Residue level of carbendazim on pomegranate

Days after treatment Untreated control Residues of carbendazim recovered (mg kg−1) ± SDa

Treatment at 500 g a.i. ha−1 Treatment at 1000 g a.i. ha−1

Whole fruit Aril Whole fruit Aril

0 ND 1.36 ± 0.150 0.01 ± 0.001 2.35 ± 0.025 0.02 ± 0.001

1 ND 1.20 ± 0.098 (11.7) 0.07 ± 0.008 2.10 ± 0.202 (10.6) 0.10 ± 0.011

5 ND 1.06 ± 0.076 (22.0) 0.06 ± 0.004 1.83 ± 0.166 (22.1) 0.09 ± 0.008

10 ND 0.84 ± 0.080 (38.2) 0.11 ± 0.003 1.70 ± 0.180 (27.7) 0.24 ± 0.017

15 ND 0.76 ± 0.053 (44.1) 0.06 ± 0.005 1.52 ± 0.134 (35.3) 0.11 ± 0.008

20 ND 0.63 ± 0.053 (53.6) 0.05 ± 0.004 1.31 ± 0.121 (44.2) 0.09 ± 0.007

25 ND 0.54 ± 0.028 (60.3) 0.05 ± 0.004 1.16 ± 0.150 (50.5) 0.08 ± 0.008

30 ND 0.46±0.033 (66.2) 0.04 ± 0.003 0.98 ± 0.092 (58.3) 0.06 ± 0.004

35 ND 0.38 ± 0.021 (72.0) <LOQ 0.82 ± 0.078 (65.1) 0.03 ± 0.003

40 ND 0.32 ± 0.016 (76.5) <LOQ 0.74 ± 0.060 (68.5) <LOQ

50 ND 0.18 ± 0.015 (86.7) <LOQ 0.53 ± 0.032 (77.4) <LOQ

60 ND 0.1 ± 0.011 (92.6) <LOQ 0.32 ± 0.026 (86.4) <LOQ

Field soil before spray ND 0.02 ± 0.011 0.06 ± 0.013

Field soil on 0 day ND 0.37 ± 0.032 0.60 ± 0.044

Field soil on 15 days ND 0.27 ± 0.014 0.48 ± 0.025

Field soil on 30 days ND 0.05 ± 0.001 0.15 ± 0.016

Field soil on 60 days ND <LOQ <LOQ

Figures in the parenthesis are the percent dissipation of residues

ND not detected, LOQ limit of quantification
a Average of three replicate analyses ± SD
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pomegranate than inmany other fruits. Long persistence
of cypermethrin on pomegranate has also been reported
in previous work (Mohapatra 2014).

Carbendazim residues in soil

Carbendazim residues from treatments at the standard
and double doses of 500 and 1000 g a.i. ha−1 were 0.02
and 0.06 mg kg−1, respectively, just before the second
application (Table 3). The residue levels were 0.37 and
0.60 mg kg−1 after the second application. Carbendazim
residues degraded in soil and reached 0.27 and
0.48 mg kg−1 after 15 days and 0.05 and 0.15 mg kg−1

after 30 days. However, at harvest (60 days) the residue
level in soil was <LOQ. The adsorption of carbendazim
was inversely correlated to the pH of the soil (Paszko
2012). As the pH of the experimental field soil was 6.6,
adsorption of carbendazim may be reduced and it is
more likely to be leached after rainfall. Carbendazim is
known to persist for a long time in soil but degrades
faster with high moisture level and soil microorganisms
(Gupta and Sharma 1989). The total cumulative rainfall

of 384 mm (during the study) could have accelerated
degradation of carbendazim in soil in the current study.

Half-life and PHI

The degradation kinetics of carbendazim was studied by
fitting the data into a first-order rate equation. The half-
life of degradation (DT50) of carbendazim was defined
as the time required for the amount of the fungicide to
fall to half of its initial concentration. Carbendazim
residues on pomegranate whole fruits degraded at the
half-lives of 17.3 and 22.8 days from treatments at the
standard and double doses of 500 and 1000 g a.i. ha−1

(Table 4). The half-life of carbendazim on mushroom
was about 1 day and brinjal, 5 days (Dubey et al. 1994;
Mousa et al. 2004). These DT50 values are much lower
than that of pomegranate. The higher DT50 values of
pomegranate can be attributed to its slow-growing na-
ture, where residue dilution due to fruit growth is re-
duced. In a previous study, we found that the half-life of
cypermethrin on pomegranate was 11.5 days when ap-
plied at 500 g a.i. ha−1 (Mohapatra 2014). Carbendazim
half-life determined from a post-harvest treatment to
mango was within 17.3–21.6 days (Devarajan et al.
2000).

The pre-harvest intervals (PHIs) of carbendazim on
pomegranate fruits calculated as per Hoskins (1961)
were 65.4 and 103.4 from treatments at the standard
and double doses of 500 and 1000 g a.i. ha−1 (Table
4). BThe PHI is the time interval between the last appli-
cation of the pesticide and harvest of the crop and should
be long enough to allow the pesticide residues in the
harvested crop to reduce to the MRL^ Mohapatra
(2015). The PHI is dependent on the nature of the
pesticide, growth dilution factors and various environ-
mental factors (Gupta and Sharma 1989; Sadlo 2001).
The persistent nature of carbendazim, coupled with the
slow growing nature of pomegranate fruit and lowMRL
value (0.1 mg kg−1), is likely to cause the high PHI
values. The PHI of cypermethrin on pomegranate was
50–73 days (Mohapatra 2014), substantially lower than
that of carbendazim. The systemic nature of
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Fig. 4 Dissipation of carbendazim in pomegranate whole fruit
and aril

Table 4 Rate of residue decay and safety constants of carbendazim residues on pomegranate

Rate of application (g a.i. ha−1) Regression equation Regression coefficient Half-life (t½) (days) PHI (days)

500 Y = 3.13666 − 0.01739X −0.99 17.3 65.4

1000 Y = 3.36709 − 0.01323X −0.99 22.8 103.4
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carbendazim coupled with its low water solubility
(http://www.inchem.org/documents/jmpr/jmpmono/
v073 pr11.htm) may be the reason for its longer
persistence on pomegranate compared to other
pesticides.

Conclusions

Validation of the QuEChERS method, in conjunction
with LC-MS/MS, gave satisfactory results for analysis
of carbendazim residues in pomegranate and soil. The
limit of quantification (0.005mg kg−1) was substantially
below the European Union MRL of 0.1 mg kg−1

(Anonymous 2008). Carbendazim recovery from pome-
granate fruits and soil was satisfactory (within 70–
120 %) and the precision, expressed as %RSD, was
within 3.8–10.9%. Carbendazim residues were detected
on pomegranate whole fruits at harvest (60 days) but at
the standard dose treatment the residue level reached the
MRL by that time. Carbendazim residues were detected
up to 30 days after application in the edible aril (standard
dose treatment). However, excluding the tenth day, the
residues in the aril were always less than the MRL. The
field soil contained carbendazim residues, but at harvest
these values were <LOQ. Carbendazim is effective
against several diseases of pomegranate crop; however,
as it is persistent in nature and requires a long PHI, it
should be applied before fruit set.
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