Vol. 25, No. 2, pp. 91~99 (2010) ' and Safety
e

<J Available online at hitp/www foodhygiene.orkr

J. Fd Hyg. Safsty (ﬁ\ Journal of Food Hygiene

,\-113]3] . 6‘}\%3 . 0]1‘5014}2_] . _9_1-?_% . HEEEXD . ﬂﬁ_?_z . 210 2 *

[« 10 LI L.
FFAol WARAATY, WA AREAQER $AAAL, FFFIA SA7IEAE

The Degradation Patterns of Two Pesticides in Spinach by Cultivation,
Storage and Washing

Jungmi Seo, Dongryong Ha, Hyanghee Lee, Musul Oh, Jongjin Park’, Hyeonwo Shin?, and Eunsun Kim*
Public Health and Environment institute of Gwangju,
"Water Quality Research Institute of Gwangju, *Gwangju Agriculture Technology Center
(Received November 17, 2009/Revised December 13, 2009/Accepted May 17, 2010)

ABSTRACT - Two pesticides commonly used in spinach were subjected to a field residue trial to ensure safety
of terminal residues in the harvest. The residual patterns of two pesticides, which were Azoxystrobin and chlorpyrifos
were examined after applying with the recommended dose and their DTy, were calculated. Also degradation patterns
of pesticides at storage 4°C were compared to those at 20°C, and removal rates of pesticides by washing spinach with
water were measured. Biological half-lives of azoxystrobin and chlorpyrifos were 3.2~3.8 and 3.8~4.7 days, respec-
tively. During the storage period, the degradation patterns were appeared more obviously at 20°C than 4°C. Removal
rates of azoxystrobin and chlorpyrifos were 9.6~90.0% and 17.7-85.8% by various washing methods.
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Table 1. Physico-chemical properties of pesticides used
Common name Azoxystrobin Chlorpyrifos
g\}xﬁ:ioii S M, ,o§fc>cwy¢ﬂg;;
Structural formula & e 0 0ty u/ V; -
Chemical name Methyl @ B,O- d&?thyl

(E)-2-{2-[6-(2-cyanophenoxy)pyrimidin-4-yloxy]

Ty oy o
phenyl}-3-methoxyacrylate 0-3,5,6-trichloro-2-pyridy] phosphorothioate

V.P(20°C)" 1.1 x 107 mPa 2.7 mPa
K, (20°C)? logP = 2. logP =4.7
M. W 387.9 350.6
In water 6 mg/L. In water 1.4 mg/L.
Solubility (20°C) In hexane 0.057, methanol 20, In benzene 7900,. acetone 65(30,
acetone 86, ethyl acetate 130, chloroform 6300, diethyl ether 5100,
acetonitrile 340, dichloromethane 400 methanol 450

Rate of hydrolysis increases with pH, and in the pres-
ence of copper and possibly of other metals that can
form chelates; DT, 1.5d (water, pH 8, 25°C) to 100 d
(phosphate bufter, pH 7, 15°C)
Non-systemic in plants, not absorbed from soil via the
roots. Residues taken up by plant tissues are metabo-
lised to 3,5,6-trichlorpyridin-2-ol, which is conjugated
and sequestered. The residue is fat-soluble

ADIY 0.2 mg/kg bw 0-0.01 mg/kg body weight

"Wapor Pressure, “Octanol-water partition coefficient, "Molecular weight, “Acceptable daify intake
p p £ p Y

DT, for aqueous photolysis 2 w.
Stability Stable to hydrolysis at pH 5-7 and
room temperature

In wheat, grapes and peanuts, metabolism was exten-
Residue sive, but parent azoxystrobin was the only major
(> 10%) residue
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Chop & weigh 30 g of sample
} Add 100 mL AcCN
Blende Zmin at high speed

Filter mixture into separation bottle

Containing al

sout 10 g of NaCl

Shake vigorously for lmin &
allow phase separation for 30min

Evaporate to near dryness at 40T

with

gentle stream of air

. LI .
Dissolve the residue with
2 ml. of 20%
acetone/n-hexane

Precondition FL-SPE with 5 mL
of n-hexane, followed by 5 mL of
209 acetone/n—hexane

Load the dissolved 2 mL
of 2% acetone/n-hexane
Rinse evaporation tube with 5 mbL
20% acetone/m-hexane & transfer
o FL-SPE

Evaporate to near dryness at 40°C
with gentle stream of air
Adjust volume to
3 ml acetone
GC-ECD, MSD
{Chlorpyrifos)

]
Dissolve the residue with 4 mL
of 1% MeOH/CH:Cls

{

Precondition NHx-SPE with
5 mbl of CHLCh

Load the dissolved 4 ml
of 194 MeOH/CHLCl

Rinse evaporation tube with 4 mL
of 1% MeOH/CHuCl,, followed by
3 ml & transfer to NH»-SPE
Evaporate to near dryness at 40T
with gentle stream of air

Adjust volume to
4 mL AcCN
HPLC-DAD, MSD
{ Azoxystrobin)

Fig. 1. Flow diagram of sample preparation for analysis of azoxystrobin, chlorpyrifos.
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Table 2. GC/ECD and GC/MSD operation condition for chlorpy-
rifos analysis in spinach

Column DB-5MS
(B0 m x 0.25 mm x 0.25 um)
Flow rate 1.0 mL/min
Inj. Temp. 250°C
Det. Temp. 300°C
Inj. Vol. Lol
Oven Temp. 150°C (1min) - 20°C/min -

290°C (10min)
MSD (SCAN mode, m/z) 97,197, 258, 314, 351
Split ratio 50:1

Table 3. HPLC/DAD and HPLC/MSD operation condition for
azoxystrobin analysis in spinach

Synergi 4 pm Fusion-RP 80,

Column C18 (250 x 4.60 mm, 4 pm)
Mobile Phase A: Acetonitrile, B: Water
Flow rate 1.0 mL/min
Inj. Vol. 20 ul
Time (min} A (%) B (%)
0 40 60
Gradient 15 60 40
16 100 0
30 100 0

APES-Positive
{2 L/min

MSD lonization mode
Drying gas

Gas temperature 350°C
Fragmentor voltage 150V
Molecular range for scan 50~450
Quadrupole Temp. 100°C
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Table 4. Recovery and detection limit of the analytical method

L AR gt + REERE VERSITE

Fortification Recovery = Detection limit

Pesticides (mgkey  RSD(%)”  (mgke)
.5 90.3+1.5
Azoxystrobin 0 0.3 N 0.01
1.0 90.8 £ 1.7
o 0.5 9824 2.8
Chlorpyrifos 10 089+ 11 0.01

”Mean values of triplicate Samples with relative standard devia-
tions.
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Fig. 2. Problems found during the cultivation of spinach.

Table 5. The efficacy of chemical controf against lepidopterous
nsect pests of chiorpyrifos (Dursban).

.. . Treatment control
Initial density

Pesticide " value
(pestsiplot) 15t 2nd  3rd  Average (%)

Treated plot 92.4 50 52 45 4.9 952

Untreated

95.1 955 984 110.6
control plot

101.5 -

'éﬁ:«% LJr

oo g

8 I
azoxystrobin- 2|7} HashA] o) v X
chlorpyrifost= AME-0] 4 Q.381% L
=)o) ZAAIA FHREoR Bl BE4E Golry]

28
=
-

H

o M
T
et
S
.

I
>
=
t e
(S
-“C’
2
t
W

|

o
o

b

of A AT Y A8 A

700l WAlE shA] sk AEA7] ] WAE sfelon 1
A= Table 594 A0krh, oFAA]l 3k Alg-E o}l
gt W 2l%l chlorpyrifose] WHbg-ol| st WAl g aby WA

TEt 95% 01 e B SR s velich

220 gy
200 Nl
€00 . BN
AR SR ¢
RN
ERTTIRN
5.4
HRY
& i i
Days alter application
= Cestrobi-pana e B ORYSrobin-worndong

- chioroyfes -papa - chiorpytifos~worideny
Fig. 3. Persistence of pesticides in spinach during the period of
growth.

"Ililgl A4 X}%%k Eﬂ?i = Fig. 33 70t} Azoxystrobin
91 EAlA ] 2417 & & A EER] e 1.8 my/
]‘/H"’“O “%'é"% 13.7 mg/kgellev) 20 0] 4 a}sh
éoﬂl‘ 0.4 mg/kg, 02mgkegl 2 AAEo] ZH2b 96.6%%}
98.5%3 = ekt
Chlorpyrifbsg? F77 LR “} 3} 23.6 mg/kg, YE 24.7
oy “O‘”OI ﬁer Soll= 1.1 mg/ke, 0.6 mg/kg
A 3} 9},

_fe,
o
S
0&‘#
O

11 : = 17 s
) S o) 4 Ao e 2 el sl
o webA Azre] Azl e GRwel Wels 1ns

O 2 gHale] BjF| 4l & Fslal AES W] (Biological

Table 6. Biological half-life of pesticides in spinach during the period of growth

Regression curve'!

Pesticides Application dose - Half-life(day)
Fquation r

) Papa R0 0.9791 3.8
azoxystrobin 0216k

Worldong R=135. 2646 oot 0.9817 3.2

" Papa R=14,121¢"197 0.8895 47
chlorpyrifos st

Worldong R=21.283¢ 15 0.9702 3.8

“Based on first-order kinetics
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Table 7. Predicted time of pesticide residues below MRL in spinach during the period of growth

Pesticides Application dose

Initial Concentration (mg/kg)  Days required under MRL (day)

‘ Papa 11.8 9.7
azoxystrobin Worldong 13.7 9.4
chlorpyrifos bape o o

Worldong 24.7 42.5

half-life) & 4123890k (Table 6). °FAle] Ha] 4wkt
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Fig. 4. Residue patterns of pesticides in spinach during the period
of storage. A : Azoxystrobin, B : Chlorpyrifos.
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Table 8. Removal rate of residual pesticides in spinach with various washing methods

Removal rate = RSD(%)"

Washing medium Application dose
azoxystrobin chlorpyritos
Stagnant tap water (1 time) 'Papa 16.9% 1.2 17,7404
Worldong 9.6 £3.1 224+ 0.8
Stagnant tap water (2 times) 'Papa 290 4'% 283408
Worldong 38.0£ 1.5 334+£1.3
. . Papa 774+ 1.6 310+ 1.2
Blanching (1 times) ) _
Worldong 64.8 + 3.1 57.6+ 0.9
Stagnant tap water(1 time) & Blanching (1 times) W(ialgzng Z? i (1)2 jél i ;‘;
Stagnant tap water(! time) & Blanching (1 times) & Papa 79.6 2.8 50.0+ 1.1
Stagnant tap water(l time) Worldong 65.4+19 81.0+0.6
Stagnant tap water(1 time) & Blanching (1 times) & Papa 90.0+ 1.8 645+ 1.5
Stagnant tap water(2 time) Worldong 68.1+0.8 85.8+2.1
"Mean values of triplicate samples with relative standard deviations
oF gl %f‘ﬂ'&@% ol oj 2 7] el whgH gk A v ghap FFHL2 27FA] Fope] AlFaze] & Aolrt glole
2o} oped A RAS RS 9% EF8 azoxystrobin®] chlorpyrifos®t} 1.89] 4
2 9 oﬂﬁ}: ?ﬂ '@712}01 Adstar S48 R & B AH 28E Bk
S AF gaeiela Rale] Are AlekA ersket Al AA 18] Alme] 718 7PEA AAS & AAAEE
T ogra g g G e A FEASE R vEE SR AARE A7) 28] AR AAAAE YA 13 AR
steh ol olfr® AlEAle ArlEae AR o o A&t M) B, azoxystrobini= 28] A7} 15]
Hi AgRory wH Fof B AV e s AAABEY vlale 12%, 95 284% B8 AAES
of el vl A4 egkeny A FF dawekel  WAATh chlorpyrifose] 23] FA] Q 7%‘“ [ R R
e ZHehr] ofgivkal o Azlch NEL) AS 106%, UE ARE 1% P35 ¥4 vhepsih.
T p A A A e whEnl s b ok 4 B 2d) 4409 A 15 94
7 =03k & Al K} #mok=el, B3] azoxystrobin® A Eldh 9% HE9
shel 291 WA QY AAESO H 2 o Slenr ¥
AE ok BEel ek MARE Fobe] o@ Ao} A7
$% EHE Sk P welAW At 16w
T % ‘29”"&)%}‘91 }éﬂxﬁfﬂ} ‘;’a%ﬁi‘ WA e AeR UelA AAE] F7F A vysitke BaPA g Slge] F
SATH, ZW7F A AL F7rek BlelekA] Es o Sl
x| 2 o
i GF 20 HAE AT Gt 8 A HIx7
e CloEepdie] & Fad der] oje g FOEol ZRE AFAE 100°C B el 1274 o)
=2 =k 718 AREE1E olekR 2dd ¢ 1 A3k azoxystrobinis 7] 2R 77.4% (v} w%)
L o] mhtAlgk Ao AzpEc) 64.8% (8% &5y} 7 V%lﬂf%iil, chlorpyrifos¥ A &8 %
s shubel AE FFol 242 31.0%, 57.6% AAHEACL
Algx|e] Mo mE Thgset Mot i x] 7] ol 2] ) 'ﬂ"ﬁ"‘é“”o' A A E 3 azoxystrobin©]
Ajao} whE AR 9} 2bEmek A AEEES Table 837 chlorpyrifos©] H]%ﬁ‘H 1258 Z2A vpepstc}, ol Al
zr}. of 2zl€ ch]orpyri”’os%~ ol gk P Afo] sHoluA] )
2710l 2%k shggek AlA Bk A glilcks Bt
oy U= & M EHX) o} Fdol = ﬁ Rom 2 *lﬁéoﬂfﬂ chlorpyrifos2] %+
HAfol o7k AH2 Slarol whel AlAEel 2]zl itk FEoF ok o) osiMEde Al 3 T E B
18] A ks AR a7oxy%trobm4 AAGES IAAE AT AAGAY Fog oA ¢ 5V A
Tk FFL 169%, HE FEFS 0.6%E HERe Fol Ae] wokol oish flsid acle] Wsh e AF
chlorpyrifost ¥}il9} 9% L%_/P 7-}—-1’ T.7%%F 22 4% A FeF Aeatak 9 EA ek Mulat 7ol fef el



98 Jungmi Seo, Dongryong Ha, Hyanghee Lee, Musul Oh,

o7} YTk Shem, AL HX7le] elF ARt A
Aol Aol Herarel Aoler opzt el Al sk
ox W AZh A1 Fo) Al R 5o Qo dd A

Ol AlIA

NEo] AR B Fo 5
olal A EE) AREopel AAd 7}
M 2oln] ZHREAY o)t HikE
el el vk W 5 AR 2gs

A 1] %7» 27 188 HAa
chlor \mfo =2 st Y% Sl A9

= 7 2718 gHEon
FopA g § £ Aolg Ho
oo dl#) 719 oA 2ol 9]¢
FRa wE, HlA 13 diH]7)
= o) b mabA el Aol

g Al X7 - "R AB
A=A gk

T AMHEdE 27 Fek F Eel g &
sladol 43w o # dioxystmbmc’] A2 Eak7F chlorpyrifos
sk A7) oA Aol e o AR AR ] F
S Aol & detbe u F okl fr"g"‘éﬂ ¢ e MLl
dlskA s ¢ 4 AT o)L MHe| el g wefel

A o] 28 'm

1 Glke 3ok
el b ek
ooy e

e 5 JEH ‘7
aAal W

AI i"%‘ e "’Cﬂ

‘“1"» C) R X l’(“‘_(;)
.

"'Wm /M ﬂ] »:l e ”ﬁm«i <~*1 /w:}».
2 %

SUF e g 5 AlEA
o] A7 & azoxystrobin#}
% chlorpyrifo e“bﬂ o ahed vl
gl Ao wE A A

AEel widr)e nhal

1% HFo] 747 3.8Y, 3.2¢019 Y, chlorpyrifose
A

]
& vehf 2l
|

Jongjin Park, Hyeonwo Shin, and Eunsun Kim

of ¢k Ay}, dhulel B F5ol A2l azoxystrobing:

7} 979, 94U 0|15, chiorpyrifosi= 49.2U 3 42,59 )

1471 7F % azoxystrobin®] oAb W7H7]= =] AbE) 9]

F717F wbdzie) vins] FEEE oF 2.8-8ouf o 7

> ™ chlorpyrifos® A8k bt} €y Txﬁ 9 Off’b“f
2.

i
= AS 7] 7o) wkzhy)e) u)sva) oF

A 7R H %] 7] W o)

Aol & azoxystrobing] -

Lo 2= 71 G3bAl Wby o2 o), chlorpyrifos

A olgel e wdete Ao

H g ol it

I |
ol ol 5 ARy 4782 azoxystrobin®]

9.6~90.0%, chlorpyrifos”} 17.7~85.8%% t}.

. 2007 AR A (=Y

. Lee, MH.,

. Tomilin, C.: The pesticide manual, BCPC

[} 30 % ey
. cb}m (SRR

daEd

1Az, Q47 apdie). B
AT DR (2008). |
Han, 1.5, Koa;kue, N., Minamide, T.. Physico-
chemical Characteristics of Commercial Spinach Produced
in Autumn. J. East Asian Society of Dietary Life, 15(3), 306-
314 (2003).

% A A2 ) 20085 AP,
AT 8l (“009)
- Kim, €.5., Kim, KUH Kim, NS Thim, Y.BL, Lee, HLDL, Kim,

H.G, You, O.1, Oh, B.Y., Im, GJ., Ryu, GH.:
Compliance of Pesticide Registration Standard and Pesticide
Usage of Paddy Rice and Leaf Vegetables in Korea. Korean
J. Pesticide science, 10(3), 183-188 (2006).

13th edition (2003},
Lee, Y.J, Ko, K.Y, Won, D.J., Gil, GH.. Lee, K.S.: Residue
Patterns of Procymidone, Chlorpyrifos and Cypermethrin in
Peaches During Cultivation and Storage Period. Korean J.
26 (2003).

Survey on

Ewnvironmental agriculture, 22(3), 220-2

. Kim, Y.8., Park, JH., Park, JW., Lee, Y.D., Lee, K.S., Kim, JE.;

Persistence and Dislodgeable Residues of Chlorpyrifos and Pro-
cymidone in Lettuce Leaves under Greenhouse Condition.
Korean J. Environmental agriculture, 21(2), 149-155 (2002).

e, olalgl, WA Aol

A1 captan®] A Aol ¥
24(2), 214-218 (1993),
ahg- A =8 A
#Hle ’ﬁ vl 9k,
. 23(2), 133-140 (1991)

el
Food Sci,

AREEEs QY Korean [

Technol,

. The Rcsulta of mnsmnpti(m pattern about the principal agri-

cultural products(spicery, culinary vegetables). Korea Agro-
Fisheries Trade corporation (2005).

ol 8], gy, LG Adaralr] 9 Aol uhE Ale
sred ohdk sk herxelaelslAl, 21(3), 339-

Ae| gy
345 (ZGOS)

ke, Aol AJEX|e] AR ee} AR utE w)
bl C, obuleal Thek wl abalala) HE A g g sk



16.

The Degradation Patterns of Two Pesticides in Spinach by Cultivation, Storage and Washing 99
£ P ¥ 34 2

]
E1dl ”W\F & (2005).
ﬁ O]‘Tf;ﬁ M%‘Z]

oy B FERE v 15—

28X, 16(3), 247-251 (2007).

. Kim, H.J.: Changes in contents of residual pesticides in spin-

ach during washing and cooking. MS thesis, Konkuk Univer-
sity (2006).
Kang, S. M. and Lee, M. G.: Fate of some pesticides during
burning and cooking of chinese cabbage and spinach. Food
Sei. Biorechnol., 14(1), 77-81 { 2003).

HEA AR Al 2 2E Y S metalaxyl 2 spinosad
o LH Sl o ehel AAksE (2005).
2 *'15- AZkel A 9 vl
flald sl wste] v o
F8] 2, 21(2), 201-208 (20089).
dushll\ Santosh Satya, S.N. Naik: Food process-

EI 2
. Geetanjali K

ing a tool to pesticide residue dissipation-A review. Food
research international (2008).

. Cabras P. and Angioni A.: Pesticide residues in grapes, wine,

and their processing products. J. Agric. Food Chem, 48(4),
967-973 (2000).

. Krol Wl and Arsenault TL.: Reduction of pesticide residues

on produce by rinsing. .J Agric. Food Chem., 48(1
4670 (2000).

1), 4666-

ol& %, FoF, o, e, 189, A, AHe
whage, 9.4 A Y, A, 24 A, 4714
AEA, FF B b Wl wE wFe Eg F
Fobe] ZHREAL FoFEE R, 10(2), 99-106 (2006).
b o), glkel: wiglale] g vl Ay 2
71907 kel A A, I Fd Hyg Safety, 17(2), 87-93
(2002).

Ajzkob, stedd, Aol Aah wige] A& gl s
ost G7190A Fokel AA &3 Korean J Soc. Food
Sei., 16(5), 410-415 (2000),



