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ABSTRACT

Evaluation of post-harvest storage time with different household processes
like washing and boiling/cooking on residual levels of cypermethrin,
chlorpyrifos and diazinon in tomato was carried out. Three plots of tomato
crop were sprayed separately with cypermethrin (10 EC; 20 ml/acre),
chlorpyrifos (20 EC; 120 ml/acre) and diazinon (60 EC; 412.8 ml/acre) at a
recommended dose. After treatment, the post- harvest tomato sampleswere
subjected to house hold processings (washing and boiling/cooking) at
zero day and 3 day. Pesticide residues were extracted from tomato by
solvent partitioning and cleaned up through florisil column chromatography.
Cleaned samples were analyzed by HPLC equipped with PDA detector.
Both washing and cooking reduced human risk index value ~12%-69% for
chlorpyrifos, ~9-43% for cypermethrin and ~47-90% for diazinon on zero
days. During 3 day of storage, washing and cooking reduced human risk
index value ~26%0-84% for chlorpyrifos, ~11-53% for cypermethrin and ~46-
95% for diazinon. Moreover, boiling was found more effective than washing
in reducing residual levels of pesticides.
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INTRODUCTION

Bangladesh is a densely populated agricultural
economy based country whereagriculture contributes
to 23.50% of the gross domestic product and more
than 80% of the people depend on agriculturefor their
livelihood!™. Tomato (Lycopersicon esculentumMill.)
belongsto the family Solnaceae and isthe most con-
sumabl e vegetable crop. For better yield and quality,

insecticides are repeatedly applied during the entire
period of growth and sometimes even at thefruiting
stage by thefarmers/growers . Establishment of food
security, in Bangladesh, eager to adopt effectivetech-
nologieslikeirrigation, cultivation of highyielding hy-
brid varietiesa ong with use of chemical fertilizersand
pesticides®™™. Unfortunately, indiscriminateuse of pes-
ticide by farmersisevidenced duetoilliteracy and un-
consciousness about the hedl th hazardous effect of pes-
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ticides?. Indiscriminate use of pesticidecause severa
problemsliketoxicresduesinfruit and vegetables, in-
secticideresistance, killing of natura enemiesand ulti-
mately pest resurgence. On the other hand, pesticide
resduesinfruitsand vegetablesareamgor globd public
health concern dueto their negative health effects. In
that prospect fresh food item like unprocessed veg-
etable saladsor fruitsindeed demand major focus??.
According to WHO, therate of death from uninten-
tiona chemical poisoningin Bangladesh is50-100 per
million that seemsto resultsfrom exposureto agricul-
tural toxic chemicalslikepesticides®!.

Pesticides|ead to headache nauseaand hypersen-
Sitivity upon acute exposurewhile chronic exposurein-
creasetherisk of reproductive defects, mutagenic and
carcinogenic transformation aswell asendocrinedis-
ruption°, Immatureimmune system makeschildren
asmorevulnerablegroup to pesticide poisoning™. Vi-
cioudy, cypermethrin, asynthetic pyrethroid, induce
dopaminergic neurodegenerationin chronic postnata
aswel| as adulthood exposure and devel opmental de-
lay of fetus upon exposed during pregnancy besides
generdized hedth hazardous effectd®24. However, the
excessive use of cypermethrin has been documented
previously in Bangladesh®®. In trace amounts,
chlorpyrifos has been reported to cause neurol ogical
disorders such asattention deficit hyperactivity disor-
der and adevelopmental disorder bothin fetusesand
children*¥, Moreover, these arebeing usedin agricul -
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turd cropswithout maintenance of any pre-harvest time
regulation dueto availability and consumer value.

Preciseevauation of resdud level sof pesticidesin
food item allowsto asses whether pesticide contami-
nated food itemsaretruly healthy or health hazardous.
Generdly pesticideresduesinagriculturd producecan
be reduced by several household processing such as
washing, cooking etc.[*?, Recurring study attended to
report the effect of such household processinginlow-
ering pesticidesresdud levelsworld wide. Therefore,
the present study was carried out to evaluate the effect
of post-harvest storagetimein concert with different
household processes|ike washing and cookingonre-
sidud levelsof chlorpyrifos, cypermethrinand diazinon
intomato.

MATERIALSAND METHODS

Pesticide reference standardswere obtained from
Dr. Ehrengtorfer GmbH (Augsburg, Germany) and were
providedinsealedvids. Florisil (magnesium silicate,
60-100 mesh) was purchased from Sigma, USA. This
study was conducted in agricultura field of Panduaun-
der Savar upazila of Dhaka district. Experimental
sampleswere prepared by spraying recommended dose
of cypermethrin (10 EC; 20 ml/acre), chlorpyrifos (20
EC; 120 ml/acre) and diazinon (60 EC; 412.8 ml/acre)
inthree separateplotsof tomato asdescribed in TABLE
1

TABLE 1: Recommended dose of pesticidesper acr e, their solubility and M RL valuesin tomato

Pesticides Formulation Active ingredient Solubility in water at 20 °C MRL (mg /kg)
Chlorpyrifos 20 EC 600 ml/acre 120 ml/acre 2mg/l 0.5
Cypermethrin 10EC 200 ml/acre 20 ml/acre 0.01-0.2 mg/l 0.5
Diazinon 60 EC 688 ml/acre 412.8 ml/acre 40 mg/l 0.01

MRL-Maximum residue level as determined by EC regulation 396/ 2005

Tomatoinoneplot wasremained untrested serving
as control. After about 4 hours of spraying, tomato
sampleswere harvested and packed in polyethylene
bagsand brought to the laboratory for further process-
ing. Onegroup of samples processed with household
treatmentsimmediately was considered as zero day
samplesand the other group was processed after stor-
age of three days. Washing and boiling/cooking were
sl ected ashousehold treetments. During washing, three
phases washing at room temperature was carried out

with running or standing water at 10 secondsinterval
(10, 20, 30 seconds). The samples were cooked for
three phaseswith 5 minutesintervd (5, 10, 15 minutes)
using 100 g sampleinwater.

Twenty (20) g samplewas macerated with 50 ml
of ethyl acetate, hexane and acetone (3:1:1). Sodium
hydrogen carbonate (5.0 g) and anhydrous sodium sul-
fate (20.0 g) were added to neutralize pH and to re-
move water respectively beforethe addition of 0.05 -
0.10gAACfor theremova of solubleplant pigments.

Snoivonmental Science
A Jndian W



ESAIJ, 9(4) 2014

A.N.M.Fakhruddin et al.

The mixturewasfurther macerated at full speedfor 3
minusnganUltra-Turrax macerator (IKA-labortechnik,
Janke & Kunkel GmBH & Co, Kg, Germany). The
sampleswerethen centrifuged for 5 minat 3000 rpm,
and the supernatant wastransferred to aclean gradu-
ated cylinder for volume measurement. The organic
extract was concentrated to 5 ml usingavacuumrotary
evaporator (Rotavapor-R 215, Buchi, Switzerland) at
250 mbar with awater bath at 45°C. The extraction
processwasfollowed by aclean-up step using column
chromatography with Florisil (60-100 mesh, Supel co,
anaytical grade) to removeany residual components
that may interferewith thehigh performanceliquid chro-
matography (HPLC) analysis.

The concentrated extract wastransferred to aglass
column (1.5cmi.d. X 40 cmlength) containing apiece
of glasswool, anhydrous sodium sulfate (5.0 g) and
Horisl (10.0g). Theanalytesweree uted using 20 ml
of amixtureof ethyl acetate:diethyl ether (7:1) followed
by 20 ml of hexane:acetone (3:1) and finally 20 ml of
acetonitrilettoluene (3:1). Thecombined extractswere
concentrated to 1 ml using arotary evaporator at 40°C
before evaporation to drynessunder astream of nitro-
gen gas. Findly, the extract wasreconstitutedto 1 ml
with acetonitrile. The sampleswerefiltered through a
0.45 um nylon membrane into a vial before injection
into theHPLC system.

Quality control and quality assurance wereincor-
porated into theanalysis. The ana ytical method was
standardized by processing spiked samples. Theaccu-
racy and precision were also validated in accordance
with the European Commission (EC) guidelines
(SANCO/2007/3131). The precision was expressed
astherdative standard deviation (RSD). Accuracy can
be measured by analyzing samples with known con-
centrationsand comparing the measured valueswith
theactua spiked vaues. For therecovery experiments,
pesticide-freetomato samples (20 g) from control plot
werespiked, inthreereplicates, after homogeni zation
by theaddition of theappropriatevolumesof standards
of chlorpyrifos, cypermethrinand diazinon) at threedif-
ferentlevels(0.05, 0.50 and 5.0 pg/ml). Control samples
were processed a ong with spiked ones. The mixture
wasleft standingfor 1 htodlow equilibration. Thepro-
cessesof extraction, cleanup of pesticideresdueswere
same asdescribed above. Average per cent recoveries
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wereranged from 86 to 92 for chlorpyrifos, 80 to 85
for cypermethrin and 89 to 97 for diazinon with preci-
sionsranging from 2.25t0 12.12% (TABLE 2).
Analysiswas done by high performanceliquid
chromatography (Shimadzu, Japan) LC-10 ADvp,
equipped with an SPD-M 10Avp attached to aphoto-
diode array detector (Shimadzu SPD-M 10Avp, 200-
800 nm). C18 Reverse PhaseAlltech (250 x 4.6 mm,
5 um) was used as analytical column and column tem-
peraturewas maintained at 30°C. 70% Acetonitrilein
distilled water was used as mobile phase at aflow
rateof 1.0 ml/min. Prior toHPLC andlys's, thesamples
and mobile phase werefiltered through 0.45 pm of
nylon (Alltech Associates, IL, USA) syringefilters.
The chromatographswere obtained by amanual in-
jection of 20 pl samples or standards. Suspected pes-
ticidewasidentified by comparison with theretention
time of the pure analytical standard. For preparation
of calibration curve, equal volumesof differently con-
centrated standard solutions of chlorpyrifos,
cypermethrin and diazinonwereinjected into HPLC.
Thevariation of retention featured iswithin accept-
ablerange of £0.05%. Quantification was based on
thecalibration technique®. To determinetheresidua
levelsof pesticides, thefollowing cal culating equation
was used:
R= (HAX VEND>< WST) / (HST x VI x G)
Here, R=mg/Kgfor vegetable samples; G = Sample
weight (Kg); V.= Terminal volumeof thesample
solution (ml); V, =Portionof volumeV , ; injected into
HPLC (ul) column; W =Amount of standard pesti-
cidesinjected with standard solvent (ug); H, = Peak
TABLE 2 : Performance characteristics of the analytical

method employed for pesticideresduesanalysisin tomato at
three spiking levels

% Recovery (n=3)

Analyte  Method oo atability / % RSD)
Spiking Spiking Spiking
at0.05 at05 at 5.0
mg/kg mg/kg mg/kg
Chlorpyrifos 86 88 92
(2.25) (10.7) (7.42)
Cvoermethrin HPLC- 80 85 82
yp PDA (5.33) (7.45) (11.34)
Diazinon 97 9 89
(12.12)  (5.68) (9.6)

n= number of replicates, Values are average of triplicate analy-
Sis
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areaobtained fromV, (mnv); H_ = Peak areaobtained
fromW (mn).

Hedlthrisk indices of theresidueswere computed
using the obtained and food consumption. Health risk
index was cal culated using following equation.
Healthrisk index (HRI) = (Estimated daily intake/ Accept-
abledaily intake)

Estimated Daily Intakewasfound by multiplying
theresidud pesticide concentration (mg/kg) by thefood
consumption rate(kg/day) and dividing by abody we ght
of 60 kg for adult population.

Theexperimentd resultswere expressed asmean.
All parametersfor inter-group differenceswere ana-
lyzed by repeated student’s t-test. The statistical pro-
gram SPSS 16.0 was used for these analyses. A level
of P<0.05 wasconsdered stetisticaly significant.

RESULTSAND DISCUSSION

Theresidual leve of chlorpyrifosand associated
human risk index (HRI) aswell asthe percent (%) of
reduction of residua pesticide and humanrisk dueto
household processingissummarizedin TABLE 3. On
zero day chlorpyrifoslevel intomato samplewas de-
termined 3.26 mg/kgwith aHRI value of 0.22. Wash-
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ing and boiling/cooking causes atime dependant re-
duction of residual pesticide. Humanrisk index vaue
wasa so reduced significantly (p<0.05) by washing and
boiling/cooking trestment in atime dependant manner
with highest % of HRI reduction at 30 second washing
(20.91%) and 15 minutes of boiling/cooking (69.05%).
On 3 day of pesticidetreatment, washing and boiling/
cooking treatment causesagradual timedependent re-
duction of residua pesticide. Human risk index value
wasd so reduced significantly (p<0.05) by washing and
boiling/cooking trestment in atime dependant manner
with highest % of HRI reduction at 30 second washing
(63.16%) and 15 minutes of cooking (84.21%).
Chlorpyrifoslevel swerereduced to 0.39 mg/kgwhich
isbeow MRL (0.5 mg/kg) by washingand boiling treat-
ment on 3 day of post-hervestive storage and thereby
reached at safelevel for consumers.

Theresiduelevelsof cyeprmethrin and associated
human risk with the %o of reduction of residud pesticide
and human risk by househol d processing hasbeen sum-
marizedinTABLE 4.

Onzeroday, chlorpyrifosleve wasdetermined 2.1
mg/kgwithaHRI value of 2.33. A timedependant re-
duction of residual pesticide dueto washing and boil-
ing/cooking was observedlike chlorpyrifos. A signifi-
cant (P<0.05) time dependant reduction of HRI value

TABLE 3: Effect of household processing (washing and boiling) on residual level of chlor pyrifosin tomato at zero (0) and

three(3) day
Residual chlorpyrifoslevelson zero (0) day Residual chlorpyrifoslevelson 3" day
Treatment chlorpyrifos % of HRI chlorpyrifos % of HRI
concentr ation Reduction HRI R’eduction concentration Reduction HRI Reduction
(mg/kQ) (%) (mg/kg) (%)
Control ND - - - ND - - -
Unprocessed 3.26 0 0.22 0 2.81 0 0.19 0
10 second 2.37 12.91° 0.6 12.91 2.15 2349 014  26.32°
washing
20 second 2.19 1945 015 1945 2.14 2384 014  26.32°
washing
30 second 2.15 2091° 014 2091 1.03 6335 007 6316
washing
Sorifl‘m;‘tes 1.89 3018 013 3018 1.03 6335 007  63.16°
égi m‘lgwes 1.20 5545° 008 5545 0.64 7722 004  78.95°
tl)gi m.]gm 0.83 69.05 006  69.05 0.39 86.12 003  84.219

HRI= Human risk index that was calculated considering daily tomato consumption rate as 0.2 kg and acceptable daily intake as
0.054; ND = Not detected. Data are mean of three observations (n=3). Inter-group differences were analyzed by repeated t-test.
Values in the same column with different alphabets (*') are significantly different at P<0.05.
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TABLE 4: Effect of household processing (washing and boiling) on residual level of cypermethrinintomato at zero (0) and

three(3) day

Residual cypermethrin levels on zer o (0) day Residual cyper methrin levelson 3" day

Treatment Cypermeth_rin % of HRI Cypermeth_rin % of HRI
concentration Reduction HRI Reduction concentration Reduction HRI Reduction
(mg/kg) (%) (mg/kg) (%)

Control ND - - - ND - - -
Unprocessed 21 0 2.33 0 17 0 1.89 0
10 second 1.9 952 211 939 15 11.76 167  11.35°
washing
20 second 1.85 1190 206 1178 1.38 1882 153  18.44°
washing
30 second 151 2810 168  27.99 1.28 2471 142  24.35°
washing
ﬁorm;tes 1.42 3238 159  32.28° 1.05 3824 117  37.94°
égi m‘}g”tes 1.23 4143 137 4134 0.9 4706 100  46.81°
égi m}g”tes 1.19 4333 132  4325° 0.79 5353 088 5331

HRI= Human risk index that was calculated considering daily tomato consumption rate as 0.2 kg and acceptable daily intake as
0.003“; ND = Not detected. Data are mean of three observations (n=3). Inter-group differences were analyzed by repeated t-test.
Values in the same column with different alphabets (*') are significantly different at P<0.05.

TABLE 5: Effect of household processing (washing and boiling) on residual level of diazinonin tomato at zero (0) and three

(3)day

Residual diazinon levelson zero (0) day Residual diazinon levelson 3" day
Treatment Diazinon % of HRI_ Diazinor} % of HRI'

concentration Reduction HRI Reduction concentration Reduction HRI Reduction

(mg/kg) (%) (mg/kg) (%)
Control ND - - - ND - - -
Unprocessed 0.61 0 2.03 0 0.43 0 143 0
\}v%;ficr?gd 0.32 4754 107 4745 0.23 4651 077  46.39°
iﬁi‘ﬁgd 0.2 6721 067  67.16° 0.13 69.77 043  69.70°
aﬁi‘ﬁgd 0.14 7705 047  77.01° 0.1 7674 033  76.69°
ﬁo'ﬁ!ﬂ;,m 0.09 8525 030 852 0.07 8372 023 8368
tl)gi m‘gm 0.08 86.89 027  86.86% 0.05 8837 017  88.34°
tl)gi m‘gm 0.06 90.16 02  90.15° 0.02 9535 007 9533

HRI= Human risk index that was calculated considering daily tomato consumption rate as 0.2 kg and acceptable daily intake as
0.001“; ND = Not detected. Data are mean of three observations (n=3). Inter-group differences were analyzed by repeated t-test.
Values in the same column with different alphabets (*f) are significantly different at P<0.05.

by washingand bailing/cooking was observed with high-
est % of HRI reduction, 27.99% by 30 second wash-
ing and 43.25% by 15 minutes of cooking. On 3 day
of pesticidetreatment, washing and boiling/cooking
causes atime dependant gradua reduction of residual
pesticide. Washing and cooking trestment al so signifi-

cantly (p<0.05) reduced % of HRI valueinatimede-
pendant manner with highest % of HIR reduction at 30
second washing (24.35%) and 15 minutes of cooking
(53.31%).

Theresidua pesticideleve of diazinon and associ-
ated humanrisk with residua pesticideand HRI value
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reduction rate (%) dueto househol d processing hasbeen
summarized inTABLE 5. On zero day diazinon level
wasfound 0.61 mg/kgwithaHRI valueof 2.03whileon
39day of storageit wasfound 0.43 mg/kgwithaHRI
vaueof 1.43. Bothresdud pesticideandHRI vaduewas
reducedinparalel tothewashingand cooking trestment
time. Washing and cooking causesasignificant timede-
pendant reduction of HRI valuewith highest HRI value
reduction at 30 second washing (77.01%) and 15min-
utes of cooking (90.15%). Washing and cooking treat-
ment causesatime dependant reduction of resdud pes-
ticidein caseof 39 day of pesticidetrestment. HRI value
wasdsoreduced sgnificantly (p<0.05) inatimedepen-
dant manner by washing and cooking treatment with
height HRI reduction at 30 second washing (76.69%)
and 15 minutes of cooking (95.33%). Hence, levelsof
diazinonwerereducedto 0.02 mg/kgwhichistill above
MRL (0.01 mg/kg) by washing and boiling trestment on
3 day of post-harvest storage.

Theresultsof the present study wascongstent with
severd other sudiesthose showed that washing reduced
thepegticideresidud leve withtimd'61"2, Theefficacy
of washingtrestment depend onthephysochemicd prop-
ertiesof the pesticides|likewater solubility, hydrolytic
ratecongtant, volatility and octanol-water partition coef-
fident, inconjunctionwiththeactud physicd location of
the residues™. Washing processes| ead to reduction of
hydrophilic res dueswhich arelocated onthe surface of
the crops. Hence, decontamination of surfaceresduesis
amenableto s mplewashing procedure. Boilingleadsto
agradua decreaseof residua pesticidefor chlorpyrifos,
cypermethrinand diazinonin atimedependant manner.
Onthebasisof pogt-harvest timeframeboailingwasfound
to decreasethe HRI valuefrom 30- 86%, 32-53% and
85-95%for chlorpyrifos, cypermethrinand diazinonre-
spectively. Degradation and volatilization ratesof res-
duesareincreased by the cooking temperature gener-
aly. Besdesthese, low voldility and rel ative stability to-
ward heat mediated hydrolysis of pesticide may also
contributetotheresdud leve of pesticideduring cook-
ing. Previousstudy a so showed agradual time depen-
dant decreaseinresdud pesticideleve infoodwith heat
treatment(**324, Theresults of the present study showed
that post harvest storage and househol d processing can
effectivey reducetheresdueleve evenunder MRL leve
that issafefor consumers, which could beused asgen-

Effect of post-harvest storage and house hold processing

ESAIJ, 9(4) 2014

eralized and/or partial pesticidesassociated risk man-
agement practice.

CONCLUSION

Theresultsof the present study showed that post
harvest storage and household processing can effec-
tively reducetheresiduelevel evenunder MRL level
that issafefor consumers. Therefore, longer post-har-
vest storagetimeaswe | ashousehold processing could
be generalized and/or partia pesticidesassociated risk
management practice.
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