Environ Monit Assess (2015) 187:4105
DOI 10.1007/s10661-014-4105-y

Risk assessment of mixture formulation of spirotetramat

and imidacloprid in chilli fruits

G. S. Chahil - Kousik Mandal - S. K. Sahoo -
Balwinder Singh

Received: 13 June 2014 / Accepted: 28 October 2014 /Published online: 3 December 2014

© Springer International Publishing Switzerland 2014

Abstract Persistence and risk assessment of
spirotetramat and imidacloprid in chilli fruits were stud-
ied following three applications of a mixture formula-
tion of spirotetramat (12 %) and imidacloprid (12 %) at
1000 and 2000 mL ha'. Residues of spirotetramat and
imidacloprid in chilli were estimated by high-
performance liquid chromatograph (HPLC). Residues
of spirotetramat and imidacloprid dissipated to more
than 65 % after 3 days at both the dosages. Residues
of spirotetramat on chilli fruits were found to be below
its limit of quantification (LOQ) of 0.03 mg kg "' after 5
and 7 days for recommended and double the recom-
mended dosages, respectively. Similarly, imidacloprid
residues were found to be below its LOQ of
0.01 mg kg ' at 7 and 10 days, respectively. Half-life
periods for spirotetramat were found to be 1.91 and
1.30 days, whereas, for imidacloprid, these values were
observed to be 1.41 and 1.65 days at recommended and
double the recommended dosages, respectively. Red
chilli samples collected after 20 days of the last appli-
cation did not show the presence of spirotetramat and
imidacloprid at their respective determination limit. As
the theoretical maximum residue contributions on chilli
fruits are found to be less than the maximum permissible
intake values on initial deposits, a waiting period of
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1 day may follow to reduce risk before consumption at
the recommended dose.
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Introduction

Chilli (Capsicum annuum L), also called “red pepper,”
is an important cash crop in India and used both green
and ripe to impart pungency to the food. Different
varieties are grown for vegetables, spices, condiment,
sauces, and pickles (Chaudhary 2000). Chillies have
high nutritive value, are rich in vitamins like vitamin
A and C (Raju and Luckose 1991), and yield about 160
calories of energy from every 100 g of dried pods
(Narayanan et al. 1999). India has immense potential
to grow and export different types of chillies required to
various markets around the world. Pests are a major
restraint to chilli production, and crop is attacked by
more than 21 insects and non-insect pests major being
sucking pests (Dey et al. 2001).

The combination formulation of spirotetramat and
imidacloprid, Movento Plus® (spirotetramat 12 %+
imidacloprid 36 %, 480 soluble concentrate (SC)) has
increased efficacy against different insect development
phases with outstanding results against sucking pests
(Lozano et al. 2008). As reported by Salles (2002), a
combination of both active ingredients resulted in an in-
creased efficacy in different phases of insect development.
Besides, it gave a good control of plant viruses, transported
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by sucking insects besides the direct damage. The combi-
nation formulation is also a suitable tool for resistance
management and has shown outstanding performance
against sucking pests (Mohapatra et al. 2012).

Spirotetramat, cis-4-(ethoxycarbonyloxy)-8-
methoxy-3-(2,5-xylyl)-1-azaspiro[4.5] dec-3-en-2-one,
is a novel tetramic acid insecticide that inhibits lipid
biosynthesis and affects juvenile stages and adult fecun-
dity of a broad spectrum of sucking insects such as
aphids, whiteflies, scales, mealy bugs, etc. (Fig. la;
Briick et al. 2009; Ramanaidu and Cutler 2012). It is
systemic in action, xylem and phloem mobile, allowing
acropetal and basipetal translocation in the plant. After
foliar application, spirotetramat penetrates through the
leaf cuticle and is hydrolyzed to spirotetramat-enol, the
form in which the compound enters the xylem and
phloem and is translocated throughout the plant
(Fig. 1b; Smiley et al. 2011). This full ambimobility or
two-way systemicity (phloem and xylem transport) en-
sures the control of hidden and soil-living sucking pests
after foliar application and protects new shoots (Briick
et al. 2009). No cross resistance has been reported for
spirotetramat to any other commercially available insec-
ticide (van Waetermeulen et al. 2007). Moreover, only
low adverse effects have been found on beneficial ar-
thropods, which make the product suitable for modern
IPM systems (Briick et al. 2009).

Imidacloprid [1-(6-chloro-3-pyridylmethyl)-N-
nitroimidazolidin-2-ylideneamine], is the most widely
used neonicotinoid insecticide, globally. It is used as
seed treatment, soil drench, foliar spray, and tree injec-
tion in more than 120 countries for pest management on
over 140 crops (Fig. 1c; Brittain and Potts 2011). In
insects, postsynaptic binding to the nicotinic acetylcho-
line receptors (nAChRs) causes paralysis and ultimately
death due to overstimulation of the central nervous
system (Tomizawa et al. 1999). Imidacloprid is a sys-
temic pesticide with physical or chemical properties that
allow residues to move into treated plants and then
throughout the plant via xylem transport and

Fig. 1 Chemical structures of a HBC\/O\KO
spirotetramat, b spirotetramat cis
enol, and ¢ imidacloprid

CH,
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translaminar (between leaf surfaces) movement
(Buchholz and Nauen 2002). Seed and foliar application
is quite effective against insect herbivores and also helps
in controlling pathogen carried by these insects
(Girolami et al. 2009; Robson et al. 2007).

The indiscriminate and repeated use of insecticides
accumulates the toxic pesticide residue on an agriculture
produce and poses serious threat to health of the con-
sumers. India is dominating the world market in chilli as
spices product. The trend in export of chilli is very
encouraging, but on other hand, the exports are rejected
due to pesticide residues (Reddy et al. 2007a).
Considerable concern is being expressed over the mag-
nitude of pest control chemicals left in foodstuffs fol-
lowing their use on crops. It is important to ensure that
the levels of harvest time residues of pesticides on
foodstuffs do not pose any hazard to consumers and
are admissible in domestic as well as international trade.
Therefore, the present studies were undertaken to know
the persistence and risk of spirotetramat and
imidacloprid on chilli fruits under subtropical conditions
of Punjab, India.

Materials and methods
Chemicals and reagents

Solvents like dichloromethane and acetonitrile (HPLC
grade), sodium chloride (AR grade >99.9 %) (NaCl),
and analytical grade activated magnesium sulfate
(MgS0O,4) were obtained from E. Merck (India)
Limited, Mumbai. Sodium sulfate anhydrous and char-
coal decolorizing powders activated were purchased
from S. D. Fine Chemicals, Mumbai. Primary secondary
amine (PSA) sorbent and activated graphitic carbon
black (GCB, 400 mesh) were obtained from Agilent
Technologies Pvt. Ltd., Bangalore, India. All common
solvents were redistilled in all-glass apparatus before
use. The suitability of the solvents and other chemicals
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was ensured by running reagent blanks before actual
analysis.

The analytical standards of spirotetramat (purity
99.2 %), its metabolite spirotetramat cis enol (purity
99.1 %) and imidacloprid (purity 98.6 %) along with
the formulation mixture of spirotetramat 12 %+
imidacloprid 12 % (240 SC) were supplied by M/s
Bayer CropScience India Ltd., Mumbai, India.
Analysis of acetonitrile extract of the formulation
showed only spirotetramat and imidacloprid and none
of its metabolic product and was found to be accurate
with respect to its active ingredient.

Instrumentation

High-performance liquid chromatography (HPLC) was
used for the estimation of spirotetramat, spirotetramat
cis enol, and imidacloprid residues. The high-
performance liquid chromatograph (Model DGU-
2045) equipped with reverse phase (RP) C;g column
and photo diode array (PDA) detector, dual pump was
supplied by M/s Shimadzu Corporation, Kyoto, Japan.
The HPLC column, a Luna 5 um C;g column (250%
4.6 mm size, 5.20+£0.30 um particle size, 2.20+0.30
(90/10 %) particle distribution, 95+£15 A° pore diame-
ter, 430+40 m*> g ' surface area, <55.0 ppm metal
content, 19.00+0.70 % total carbon, and 3.25+0.50
pmoles m 2 surface coverage), was obtained from M/S
Spincotech Pvt. Ltd. Chennai, India. The sample injec-
tor was equipped with a 20-pL loop. For instrument
control, data acquisition, and processing, LC Solution
software was used.

Field experiment

Chilli (variety CH-1) was raised at Entomological
Research Farm, Punjab Agricultural University,
Ludhiana, following recommended agronomic prac-
tices. There were three replications for each treatment
arranged in a randomized block design, and the size of
each plot was 100 m?.

The first application of mixture formulation of
spirotetramat (12 %)+imidacloprid (12 %) at 1000 and
2000 mL ha ' was made at fruit initiation stage followed
by another two applications at 10-day intervals.
Pesticide was sprayed as foliar application with the help
of'a Knapsack sprayer fitted with hollow cone nozzle. In
control plots, only water was sprayed. The range of
maximum temperature was 27.0—43.5 °C, minimum

temperature was 19.8-32.0 °C, maximum relative hu-
midity was 48—100 %, minimum relative humidity was
19-95 %, and total rainfall was 276.9 mm.

Sampling procedure

About 500 g of green chillies were collected randomly
from different plots separately at 0 (2 h), 1, 3, 5, 7, and
10 days after the third application of the insecticide. Red
chilli samples were also collected at the time of harvest
(20 days). Samples were extracted and cleaned up im-
mediately after sampling. A representative 50 and 15 g
samples of chilli fruits were processed for spirotetramat
and imidacloprid, respectively.

Extraction and cleanup for spirotetramat residues

The samples were processed and analyzed at Pesticide
Residue Analysis Laboratory, Department of
Entomology, Punjab Agricultural University,
Ludhiana. The extraction and cleanup of chilli fruit
samples for residues of spirotetramat and spirotetramat
cis enol were carried out as per methodology described
by Singh et al. (2013). A representative 50-g sample of
chopped and macerated chilli fruits was extracted with
acetonitrile followed by liquid-liquid partitioning with
dichloromethane. The dichloromethane extract was
treated with activated charcoal to remove colored impu-
rities and filtered through Whatman filter paper No. 1
along with rinsings of acetonitrile. The eluate was con-
centrated to near dryness and then reconstituted to 5 mL
of acetonitrile for estimation on HPLC.

Extraction and cleanup for imidacloprid residues

The extraction and cleanup of chilli fruit samples were
prepared following the QUEChERS (quick, easy, cheap,
effective, rugged, and safe) method for the determina-
tion of imidacloprid residues. A subsample of 15 g of
chilli fruit was weighed into a 50-mL centrifuge tube,
and then, 30 mL acetonitrile was dispensed into it. The
sample was homogenized using high-speed homogeniz-
er (Heidolph Silent Crusher-M®) for 2-3 min at
14,000-15,000 rpm. Sodium chloride (NaCl) 10+0.1 g
was added for phase separation. The contents were
centrifuged at 2500-3000 rpm for 3 min. An aliquot of
15 mL acetonitrile layer was transferred over 10£0.1 g
anhydrous sodium sulfate (Na,SQO,) in a test tube. The
acetonitrile extract subjected to cleanup by dispersive
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solid-phase extraction (DSPE). An aliquot of 6 mL ace-
tonitrile was taken in a test tube containing 0.15+0.01 g
PSA sorbent, 0.90+0.01 g anhydrous MgSO,, and 0.05+
0.01 g graphitic carbon black, and the contents were
thoroughly vortexed on a vortex shaker. Again, it was
centrifuged at 2500-3000 rpm for 1 min. Four-milliliter
aliquot of this acetonitrile extract was evaporated to dry-
ness using low-volume evaporator at 40 °C. Volume was
made up to 2 mL with acetonitrile.

Estimation of spirotetramat and imidacloprid residues

The HPLC analysis was carried out at column temper-
ature 25 °C under condition acetonitrile with pump flow
at 0.50 mL min™'. The instrument was set at wavelength
210 and 272 nm for spirotetramat and imidacloprid,
respectively. An injection volume of 20 puL was used
in all experiments. Residues of these insecticides were
quantified by comparison of peak height/peak area of
standards with that of unknown or spiked samples run
under identical conditions.

Results and discussion
Efficiency of the method

In the present investigations, recovery experiments were
carried out at different levels to establish the reliability
and validity of analytical method and to know the effi-
ciency of extraction and cleanup procedures. Chilli fruit
samples were spiked with spirotetramat, spirotetramat
cis enol, and imidacloprid at different levels and ana-
lyzed separately as per the methodology described
above. The control samples from untreated plots and
reagent blanks were also processed in the same way so
as to find out the interferences, if any, due to the sub-
strate and reagents, respectively. The mean percent re-
coveries of these insecticides from chilli fruit samples at
the fortification level of 0.01 to 0.30 mg kg ' ranged
from 84.63 to 91.67. The average recovery values were
found to be more than 85 %; thus, the results have been
presented as such without applying any correction fac-
tor. The precision of the method was determined by
repeatability studies of the method and expressed by
relative standard deviation (RSD) values. The RSD for
repeatability ranged from 1.67 to 5.54 % for these
insecticides for different spiking levels as shown in
Table 1. The limit of quantification (LOQ) of both
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Table 1 Recovery and repeatability (RSD) of spirotetramat,
spirotetramat cis enol, and imidacloprid on chilli fruit at different
levels

Insecticides Level of Mean® SD RSD
fortification recovery (%)
(mgkg) (%)
Spirotetramat 0.30 89.06 3.01 3.38
0.15 86.52 2.65 3.06
0.03 84.63 442 522
Spirotetramat 0.30 84.63 2.30 2.72
cis enol 0.15 89.72 357 3.98
0.03 87.24 4.83 5.54
Imidacloprid 0.10 91.67 1.53 1.67
0.05 86.33 1.53 1.77
0.01 87.67 1.53 1.75

#Number of replicates at each level (n=3) all made under the same
conditions on the same day

SD standard deviation, RSD relative standard deviation

spirotetramat and spirotetramat cis enol in chilli fruits
was 0.03 mg kg ', whereas the limit of detection (LOD)
of both spirotetramat and spirotetramat cis enol was
0.01 mg kg '. Similarly, LOQ of imidacloprid was
found to be 0.01 mg kg ' and LOD being
0.003 mg kg ". The cleaned-up procedure for this meth-
odology was found to be efficient and as such no sig-
nificant matrix effect was observed.

Persistence studies of spirotetramat residues on green
chilli fruits

The overall results of the analysis of green chilli fruits
following the third application spirotetramat 12 %+
imidacloprid 12 % at 1000 and 2000 mL ha ' are
presented in Table 2. The mean initial deposits of
spirotetramat were 0.55 and 1.22 mg kg ' on the green
chilli fruits following the third application with respect
to spirotetramat at 120 and 240 g a.i.ha '. These de-
posits dissipated to 0.25 and 0.58 mg kg " after 1 day at
recommended and double the recommended dosages,
respectively, thereby showing a loss of more than 50 %.
The residues of spirotetramat reached below its LOQ of
0.03 mg kg ' in 5 and 7 days at recommended and
double the recommended dosages, respectively
(Table 2). Metabolite of spirotetramat, spirotetramat cis
enol, was not detected in any of the sample.
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Table 2 Residues of spirotetramat and imidacloprid (mg kg ") on green chilli and red chilli fruits at different times after the application of
spirotetramat 12 %-+imidacloprid 12 % (240 SC) at 1000 and 2000 mL ha™'

Interval (days)

Spirotetramat

Imidacloprid

At 120 g a.iha’!

At 240 g aiha !

At 120 g aiha’!

At240 g aiha’

Before the third application

0 (1 h after spray)
1

3

5

7

10

20

BDL®
0.55+0.03 (0.00)°
0.25+0.07 (54.55)
0.17+0.02 (69.09)
BDL
BDL
BDL
BDL

BDL
1.22+0.05 (0.00)
0.580.06 (52.46)
0.33+0.04 (72.95)
0.070.01 (94.26)
BDL

BDL

BDL

BDL
0.73+0.12 (0.00)
0.43+0.03 (41.09)
0.17+0.03 (76.71)
0.060.02 (91.78)
BDL

BDL

BDL

BDL
1.49+0.16 (0.00)
1.00+0.06 (32.88)
0.52+0.05 (65.10)
0.33+0.05 (77.85)
0.06+0.01 (95.97)
BDL

BDL

aBDL, below determination limit of 0.03 mg kg ™' for spirotetramat and 0.01 mg kg™' for imidacloprid

® () Percentage dissipation

These results are not in agreement with those of
Mohapatra et al. (2012) who studied the persistence of
spirotetramat in mango fruits following application of
spirotetramat 12 %-+imidacloprid 12 % (240 SC) at 90
and 180 g a.i.ha ' and reported that the residues were
found to be below determination limit of 0.05 mg kg '
at 10 days for both the dosages. This may be due to
variation in substrates in which pesticide applied and
varied weather conditions. Similarly, the major
metabolite, spirotetramat cis enol, was not detected in
mango. Pandiselvi et al. (2010) studied the residues of
spirotetramat in cotton plant, seed, lint, and oil following
application of spirotetramat 12 %+imidacloprid 36 %
(480 SC) at 750 and 1500 mL ha ™' (90 and 180 g a.i.
ha™'). The initial residues of spirotetramat on cotton
plant were found to be 0.04 and 0.08 mg kg ' at recom-
mended and double the recommended dosages, respec-
tively. These residues were found to be below determi-
nation limit of 0.03 mg kg " at 3 and 5 days, respective-
ly. Cotton seed, lint, and oil samples collected at the time
of harvest showed no detectable residues of
spirotetramat.

Persistence studies of imidacloprid residues on green
chilli fruits

The average initial deposits of imidacloprid on green
chilli fruits were found to be 0.73 and 1.49 mg kg ',
respectively, following three applications of a combina-
tion mixture of spirotetramat 12 %+imidacloprid 12 %
at 120 and 240 g a.i.ha " with respect to imidacloprid at

10-day intervals. These imidacloprid residues were dis-
sipated to 0.43 and 1.00 mg kg ' at recommended and
double the recommended dosages, respectively, after
1 day of application. More than 65 % of these residues
got dissipated in the third days at both these dosages.
Residues of imidacloprid dissipated below LOQ of
0.01 mg kg ! after 7 and 10 days at recommended and
double the recommended dosages, respectively (Table 2).

Persistence of imidacloprid in chickpea pods and
leaves was studied following three applications at 7-
day interval of Solomon 300 OD (B-cyfluthrin 9 %+
imidacloprid 21 %) at 200 and 400 mL ha '. The
average initial deposits of imidacloprid on chickpea
pods were found to be 0.29 and 0.49 mg kg ' at recom-
mended and double the recommended dosages, respec-
tively. More than 85 % of these residues got dissipated
in 5 days at both these dosages. Residues of
imidacloprid dissipated below LOQ of 0.01 mg kg’
after 10 and 15 days at recommended and double the
recommended dosages, respectively. Pesticides were not
detected at harvest time. Imidacloprid residues were not
detected at the pre-harvest interval (PHI) of 20 days in
both the dosages (Chahil et al. 2014).

Dissipation of imidacloprid on brinjal was studied
following three applications of a combination formula-
tion of Solomon 300 OD (B-cyfluthrin 9 %+
imidacloprid 21 %) at 42 and 84 g a.i.ha ' Initial
deposits were 0.24 and 0.37 mg kg ' at single and
double dose, respectively. Limit of quantification
(LOQ) of imidacloprid was 0.01 mg kg '
Imidacloprid residues took 10 days to reach LOQ at
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both the dosages (Mandal et al. 2010). Sahoo et al.
(2012) studied the imidacloprid residues on okra fruits
following application of Solomon 300 OD at 200 and
400 mL ha" which dissipated to below detectable level
0f 0.01 mg kg ' after 5 and 7 days at single and double
the dosages.

Spirotetramat and imidacloprid residues on red chilli
samples

After 20 days, spirotetramat and imidacloprid residues
on red chilli samples were found to be below their
determination limit of 0.03 and 0.01 mg kg, respec-
tively (Table 2). Similarly, the residues of fipronil and
profenofos in dried red chillies (collected at harvest)
were below detectable limit (Reddy et al. 2007b). The
residues of endosulfan, dicofol, dimethoate, and A-
cyhalothrin in harvested red chillies were also below
detectable levels in all the treatments (Reddy et al.
2007a). Jyot et al. (2013) studied the residues of chlor-
pyriphos and cypermethrin in red chilli following appli-
cation of Nurelle-D 505 (chlorpyriphos 50 %+
cypermethrin 5 %) at 1 and 2 L ha . Residues of
cypermethrin in red chilli collected after 15 days of the
last spray were found to be below its determination limit
of 0.01 mg kg™ ' at both the dosages. But red chilli
samples were found to contain residues of chlorpyriphos
at 0.08 and 0.11 mg kg ' at recommended and double
the recommended dosages, respectively, at 15 days (Jyot
et al. 2013).

Half-life values of spirotetramat and imidacloprid

Statistical data on regression analysis and half-life for
the dissipation of spirotetramat and imidacloprid on
chilli fruits were given in Table 3. The persistence of
spirotetramat and imidacloprid are generally expressed
in terms of half-life (7' ,) or DTsy, i.e., time for disap-
pearance of pesticide to 50 % ofits initial concentration.
The T,,, of spirotetramat and imidacloprid was

calculated using Hoskins formula (1966) for each treat-
ment separately. The half-life of spirotetramat on chilli
fruits was observed to be 1.91 and 1.30 when applied at
120 and 240 g a.i.ha ' (Table 3). Pandiselvi et al. (2010)
reported the half-life values of 2.6 and 3.0 days on
cotton plant following application of spirotetramat at
90 and 180 g a.i.ha™', respectively. The half-life values
of spirotetramat in mango were 3.3 and 5.2 days follow-
ing application of mixture formulation (spirotetramat
12 %+imidacloprid 12 %, 240 SC) at 90 and
180 g aiha’, respectively (Mohapatra et al. 2012).
Half-life of imidacloprid on chilli fruits was observed
to be 1.41 and 1.65 when applied at 120 and 240 g a.i.
ha ' (Table 3). Half-life of imidacloprid on chickpea
pods was observed to be 2.07 and 2.31 and leaves were
1.75 and 1.72 days, respectively, when applied at 42 and
84 g aiha ' (Chahil et al. 2014).

Risk assessment of spirotetramat and imidacloprid

The use of pesticides on food crops leads to unwanted
residues, which may constitute barriers to exporters and
domestic consumptions when they exceed maximum
residue limits (MRLs). However, MRLs for
spirotetramat and imidacloprid on chilli fruits are not
available; hence, the risk assessment was calculated.
Theoretical maximum residues contribution (TMRC)
were calculated and compared with maximum permis-
sible intake (MPI) to evaluate the risk to the consumer
for the spirotetramat and imidacloprid on chilli fruits.
However, acceptable daily intake (ADI) for
spirotetramat has been observed to be 0.05 mg kg
body weight day ' (European Food Safety Authority
2013). Maximum permissible intake (MPI) was obtain-
ed by multiplying the ADI with the weight of an average
Indian person (55 kg) (Mukherjee and Gopal 2000).
MPI was calculated to be 2750 ug person ' day” ' with-
out any appreciable risk of life. An average Indian
consumes 2.5 g of green chilli for an Indian balanced
diet (Anonymous 2002). The TMRC values on 0 day are

Table 3 Statistical data on regression analysis and half-life for the dissipation of spirotetramat and imidacloprid on green chilli fruits

Insecticides Dose (g aiha™) Regression equation () Half-life (days) Correlation coefficient (R%)
Spirotetramat 120 1.6671-0.1579%x 191 0.8622

240 2.0775-0.2322x 1.30 0.9622
Imidacloprid 120 1.8563—0.2139x 141 0.9993

240 2.2222-0.1826x 1.65 0.9336
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Table 4 Maximum permissible intake (MPI) and theoretical maximum residue contributions (TMRC) in green chilli fruits for spirotetramat and imidacloprid

Imidacloprid

Spirotetramat

Interval
(days)

At240 g aiha™

At120 g aiha™

At240 g aiha”' MPI (ug

At120 g aiha

MPI (g

person ' day ")

1

person
day ")

TMRC (g

Average residues

TMRC (ng

Average residues

TMRC (g

Average residues

TMRC (g

Average residues

person” ! day ") (mg kg ") in T, person ! day ')

(mgkg)in Ty

person” ! day ") (mg kg ") in 7° person” ! day ')

(mg kg ") in T

3.725

1.49

3.050 3300 0.73 1.825

0.55 1.375 1.22

2750

0 (1 h after

spray)

2.500
1.300
0.825

1.00
0.52
0.33
0.06

1.075
0.425

0.43
0.17
0.06

3300
3300
3300
3300
3300

1.450
0.825

0.58
0.33
0.07

0.625

0.25

2750

0.425

0.17

2750

0.150

0.175

BDL
BDL

2750
2750

0.150

BDL
BDL

BDL
BDL

BDL

BDL

2750

10

MPI maximum permissible intake, TMRC theoretical maximum residues contribution, BDL below determination limit of 0.03 mg kg ' for spirotetramat and 0.01 mgkg ' for imidacloprid

found to be 1.375 and 3.050 pg person ' day ', in
case of recommended dose (120 g aiha ') and
double the recommended dose (240 g a.i.ha™'),
respectively (Table 4). Both the values are low as
compared to MPI; hence, the insecticide is well
below the acceptable risk level at the time of
consumption of such chilli fruits.

ADI for imidacloprid has been observed to be
0.06 mg kg ' body weight day ' (Sharma 2013).
Likewise, an adult of 55 kg can tolerate an intake of
3300 pg day ' without any appreciable risk to life. The
TMRC values on 0 day are found to be 1.825 and
3.725 ug person ' day ! in case of imidacloprid at 120
and 240 g ai.ha ', respectively (Table 4). Both these
values are low as compared to MPI. As the theo-
retical maximum residue contributions on chilli
fruits are found to be less than the toxicologically
estimated MPI value of 3300 pg person ' day ',
the consumer health risks are minimal at both the
dosages on chilli.

These studies, therefore, suggest that the use of
spirotetramat and imidacloprid mixture formulation
at recommended and double the recommended
dosages does not seem to pose any hazards to
the consumers and a waiting period of 1 day is
suggested to reduce the risk before consumption of
chilli fruits.

Conclusions

Half-life values for spirotetramat and imidacloprid fol-
lowing two applications at recommended dosages on
chilli fruits were observed to be 1.91 and 1.41 days,
respectively. Residue data showed that the initial de-
posits of spirotetramat and imidacloprid were below
the theoretical maximum residues contribution at both
recommended and double the recommended dosages. A
waiting period of 1 day is suggested to reduce the risk
before consumption of chilli fruits. Therefore, applica-
tion of spirotetramat and imidacloprid mixture formula-
tion at the recommended dose on chilli is quite safe from
crop protection and environmental contamination point
of view.
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