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ABSTRACT - The reduction rate of pesticide residues on spinach(bifenthrin, metalaxyl, procymidone),
chard(bifenthrin, imidacloprid) and mallow(bifenthrin, chlorpyrifos, imidacloprid) were tested on each step of wash-
ing and boiling(spinach: 1, 3, Smin., chard: 3, 6, 9min., mallow: 10, 20, 30min.). The reduction rates of bifenthrin and
procymidone by washing were 58~64% and 82%, and these were not changed significantly after boiling. In case of
imidacloprid, the rates showed 43% on chard and 12% on mallow by washing, and these were highly increased to 94%
after boiling. And the reduction rate of metalaxyl and chloropyrifos were 69% and 11% by washing, and 96~98% and
77~79% by boiling. Specifically we monitored the pesticide residues on both boiled vegetable and its water because
there are used to cook as soup in Korea. The total residual amounts of imidacloprid and chloropyrifos were effectively
removed on both boiled mallow and its water (12% —> 34~40%, 11% —> 76~79%), however, the other tested pesti-
cides were not changed on pesticide residues when calculated with total amounts on boiled vegetable and its water.
These explained the other pesticides were just moved vegetable to water by boiling.
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Table 1. Physico-chemical properties of the pesticides used®

Pesticide Wat(e;lz(l)(g‘?)lhty logP (\r]jg(a)f 2p 5?;2‘% H&(e;;y rri c;zi_t,im Mode of action
Bifenthrin <lug/L >6 0.024 1.02 x 10 Non-systemic
Chorpyrifos 1.4 4.7 2.7 6.76 x 10! Non-systemic
Imidacloprid 610 0.57 4% 107 2x 1071 Systemic
Metalaxyl 8400 1.75 0.75 1.6 x 107 Systemic
Procymidone 45 3.14 18 1.14% Non-systemic on leaf
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Table 2. Washing and elution solvents used at column clean up
process (v/v)

Pesticide Washing solvent Elution solvent

Bifenthrin H/D(8/2) H/D/A’(49.65/50/0.35)
Chlorpyrifos H/D(8/2) H/D/A(49.65/50/0.35)
Imidacloprid H/D/A(45/50/5) D/A(50/50)

Metalaxyl H/D/A(45/50/5) D/A(50/50)
Procymidone H/D(8/2) H/D/A(49.65/50/0.35)

* H:hexane, D:dichloromethane, A:acetonitrile
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Table 3. Operating conditions of instruments for analysis of pesti-
cides

Bifenthrin, Chlorpyrifos, Procymidone
Instrument : HP 6890 series Gas Chromatograph, Hewlett
packard, USA
Detector : Electron Capture Detector(ECD)
Column : HP-5(30 om L. x 0.25 mm i.d., 0.25 um film thick-
ness)
Temperature : Oven 100°C(1 min) 10°C/min 250°C(1 min)
20°C/min 270°C(1 min)
Injector 250°C, Detector 300°C
Flow rate : Carrier(N,) 1.5 mL/min
Injection volume : 1 pL

Metalaxyl

Instrument : HP 6890 series Gas Chromatograph, Hewlett
packard, USA

Detector : Nitrogen Phosphorus Detector{NPD)

Column : DB-1701 (30 em L. x 0.25 mm i.d., 0.25 um film
thickness)

Temperature : Oven 100°C(1 min) 10°C/min 250°C(1 min)
20°C/min 270°C(1 min)

Injector 250°C, Detector 300°C

Flow rate: Carrier(N,) 1.5 mL/min, H, 3.5 mL/min, Air 60 mL/min
Injection volume : 1 ul

Imidacloprid
Instrument : High performance liquid chromatopraph, HP-1100
series, Hewlett packard, USA
Detector : Diode Array Detector(DAD)
Column : Supelcosil LC-18 (25 cm L. x 4.6 mm i.d., 5 pm par-
ticle size)
Mobile phase : Acetonitrile-Water
Wave length : 254, 270 nm
Flow rate : 1 ml./min
Injection volume : 5 puL
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Fig. 1. Reduction of pesticide in water by boiling for 10 minutes.
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Fig. 2. The relationship between Henry's constant and reduction
rate of pesticide in water by boiling for 10 minutes.
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Fig. 4. Distribution of pesticide residues in the spinach and water
after boiling.
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Fig. 3. Reduction rate of pesticide residue in the spinach without(a) and with(b) water by boiling process.
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Fig. 5. Reduction rate of pesticide residue in the chard without(a) and with(b) water by boiling process.
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Fig. 6. Distribution of pesticide residue in the chard and water
after boiling.

imidacloprids> 40~53%, bifenthrind 68~72% ZH4 A& A
o AAEH & Aolg HolA gyt

7Y F 2o Bl Uit AFede) E¥¥EL Fig
6ol ERAATE. 2tholl bifenthring 96%, imidacloprids
12% E3X 3} Henry's constantdts} Hl& 3t o

olggt AAES B IFTd AALNY AEFig. Do}
A Ao AvEH AlFA 9} AR Henry's constant
7F 24 imidacloprid®] 7S EE olFHE e Bo
U 22 olFd ¥ AAERA &% Henry's constant’} ¥
S bifenthrin® B2 ©|FHE Y2 AYort ol dE F
AA AAEREE & F UATh

<>
100

@ A -

§ .

3 W

g 60

§ 4 // ~o— Bifenthrin

s —a— Imidacloptid
Chiotpyrifos.... .

g 20 !( P S h;g;pym:g;_.m

0 10mi mi i
Washing Omin. 20min, 30min,

Boiling

ol2e] A T o) ot BRste] 7Y

85k o}2-2] MAH FFHL bifenthrin, chlorpyrifos,
imidacloprid ZtZ} 0.81, 0.46, 0.14, mgkg'o| o™, w5
E %kl chlorpyrifos?] 73-$ #H5471%2 0.01 mgke'
& 469t 233G obsel AH B EellM 108, 20
2, 3087 BY W FHEF AAEE Fig. 7a% UE
WAk obeol AlFE og AAS & Fdol 4T AA
&8 bifenthrin 64%, 66~71%, chlorpyrifos 11%, 77~79%,
imidacloprid 12%, 91~93%%Ath. A F ZE3} vpriA]
2 %2 Henry's constantS 7}7 bifenthrinol] #]3] #-&
Henry's constant® 7}%] chlorpyrifos®} imidacloprid®] |
Agol EUtt 99 ok & Ao ik FEeF A
ALS HH EW(Fig. 7b) bifenthrin® 65~71%2 A& 3}
Zpol 7t @Sl AL, chlorpyrifos® 76~78%, imidacloprid=
34~40%7HA #Bdoll ela A om AAFHIUT

22 ¥ olg 3 B9 AFFt B¥HE AHEY of%
of JoldE BlE&L T2 Henry's constant’} FT5F ¥
Skch(Fig. 8).

ol gt ANES £ AFET AALYE AH(Fig 1)
o} A Ao AHEH Zhe} Al Hlaf ¥wE F
Q] Al7bo] ZAJE ool A= Henry's constant7} 7+ ¥
e bifenthrin® R olFHE Fol AU o)FH F

<p>
100

~ 80 -
N
g_ 60 /
&
§ —t
3 2 / —¢— Bifenthrin
S 54/ —8— |midacloprid

0 —2— Chlorpyrifos

Washing T0min. B::;:: 30min,

Fig. 7. Reduction rate of pesticide residue in the mallow without(a) and with(b) water by boiling process.
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Fig. 8. Distribution of pesticide residue in the mallow and water
after boiling.
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