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#fn (fenthion) » KJEFL (dimethoate) (Ji
& 0.40~0.45 ppm) » EEHEE (cyperme-
thrin) Sz 537fb ] (fenvalerate) (J5%E %4 &=
0.60~0.68 ppm)EE 5w 2L 7 BHiRE
E A ER 99% BEW L (Fenitrothion)
(R 1.43 ppm) P 5 B L4 - 7]
EE 66% BYRRIE LS (acetamiprid) ~ 41%
M5 TLF] (tebuconazole) ~ 37% K H 75 &
(carbendazim) ~ 32% HIFFHTFR (chlorpyrifos)
% 18% HIZEWEE (cypermethrin) 'Y 5 &
ME Rzt » AT EERERJEES (acetamiprid)
P F|  (imazalil) 5z §& /518 (maneb) &
90% LI MEPIF (cyromazine) ~ H
%+%% (carbendazim) I EEIEZ (thiameth-
oxam) AJZERR 50% LIL » HINEEERE
FERYIEDL - ARESE 2 DURM M R ZE R R 1
VERRRE » T = BE i FH R BRI SE B K s -
T fREEEIN LR B K] F (Processing factors,
PF) Mz O o sumeiEd bRk - %
WA LERFHHTFS 50% FUERY - FEREROR
Ktg o ATREFERE T1% Mo (0.
R EEREET g R R eI IT 1B
P Ao B R AR B2 SE  (Systemic pesti-
cides) ~ HEEERM M ZEE (selective systemic
pesticides) JzJaal i ESE (local systemic
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BRI R e R R AR R E Y
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MRL) ; 55— @ BB R EAE
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s aEe (0 PF EREH%
BRI TR LR SR Ll - R 2R
1% ¥R SRR R i R I D BR M R 2 -
H PF>1 f» RSN EEREEIR
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FLBH SRR R IR ¢
RS 5 ER
— ~ BRan 2R

il ~ BAL - A - WE RN
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Peeling or Shelling
Whole fruits Pulp
Homogenization Homogenization

The official “Administration Method of test for pesticide residues in foods-
multiresidue analysis (5)” was used to extract pesticide residues. GC/MS/MS
and LC/MS/MS were used to detect 310 kinds of pesticide residues.

B— - WEAKRERXNERRELBRBITAEE

Fig. 1. Flow chart illustrating the workflow applied to process, inspect, and analyze the

four different types of fruit.
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1.
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) LC/MS/MS

R AL 5% © Waters Premier ©
J& #7 %& FE ¢ Waters ACQUITY UPLC
BEHCI18 (2.1 mm * 100 mm, 1.7 pm) ©

AR 4 © Waters ACQUITY UPLC

BEHC18 VanGuard Pre-Column (2.1 mm
*5mm, 1.7 um) °

FEIHE @ A S 0.1% G 5 mM JSHE
KSR - BWRE 5 mM BERRSL FHERYA
i

- RS BAEREE AT R I e 15 e

THREANR— - BEMHTTES 0.3 mL/

. BEAEERR (capillary voltage) :

L/hr » ¥ I B0

min > fAEA R Sl e

BB T e
FALIEEE T (ESI+) J% 3.5 kV - BB
T &+ (ESI- )k 1.6 kV o

. BEFURIRFE (ion source temperature) By

150°C » VA L4 BB B (Desolvation
temperature) £y 450C o

SR ASTE (cone gas flow) k30
(Desolvation flow)
5 900 L/hr »

AFEIBE R 2 I EAEH] (multiple re-

action monitoring, MRM) » %2250 {7

TE ST R AR #—%fﬁiéﬁéﬂ
s TR R R Tk —
HEE TR 5

K—  BRIEBTBREEEERERG A ERBEAZ G
Table 1. Mobile gradient of LC/MS/MS in different MRM detection mode for multiple residues

analysis of 310 pesticides

MRM detection mode

Positive ion mode

Negative ion mode

Time Mobile phase A" Mobile phase B?  Time  Mobile phase A" Mobile phase B”
(min) (70) (%) (min) (7o) (%)
0.0—2.0 99—50 1—-50 0.0—-2.0 99 1
2.0—>8.0 50—30 50—70 2.0-3.0 50 50
8.0—~10.0 30—1 70—99 3.0-5.0 30 70
10.0—~13.0 1-1 99—99 5.0 99 1
13.0—>13.5 1—-99 99—1

13.5—15.0 99—99 1-1

" Mobile phase A: 0.1% formic acid in 5 mM ammonium acetate aqueous solution.

? Mobile phase B: 5 mM ammonium acetate in methonal.



(Z) GC/MS/MS

1. WG USE @ Bruker Scion TQ e

2. JETERE © DB-5MS Ul (0.25 mm * 30
mm, 0.25 pm) °

3. EHTE TSR Rl 60C HERF
1 43%% » DL 40°C/min F}Z£ 170°C » FHLL
10°C/min F+ % 310°C #EHf 1.75 534 -

4. BENHZASETTHE Ry 1 mL/min

5. TEAZHEE (injector temperature) 5 280
C o EAEX A (split off ) » 1
AERy 1L -

6. Bt TbAE= S 7% (electron impact,
EI) 70 eV - BRIy 300°C - {3
R 2 EHIEEE (MRM) @ %5
B8 1A E B R IR R - B
MmN AE T Ban b B R
B —2EBE N TE(R)
3,

AEEEH DRI EE (h) #
frtehs 2 E EMPR (limit of quantification,
LOQ) #Ffh » Rt B RAVEE (RE K
E%) tafg 10 g IAEERZ HREEE
B - KA ETTE (h) wEETEd
BTk - WIEEE AR B L
B (signal to noise ratio, S/N ratio) KR
10 » fERyE MR - EIKCREABE Rg B %
PEE CREREER) g 10 g fIA
% B R SRR AR HIS IR BE 43 7 Ry
0.02 ug/g K 0.05 pglg » MRANE i (1)
ELTAT - AR 3 EHE

R R LR 17

9~ BT

MmN FsFE L0 T
PE=Citter/Cpetore ) » Chefore © A< iz FH 3% B
B & (ng/g) * Caner * BRFRIE L HEH TR
WE (nglg) o IREE S FE R RS
(Organization for Economic Co-operation and
Development, OECD) 2 #HIZ#F F1it 58
508 5% - LK FER "N TrE iR
B BRDL TR TR S

BH E
= 15
EJ (15)

i S S

— > REZRBEE - TR
4EIEiES

HEEAPYREIEY) - 20 Hl R R A R 7E
MR (IKRETESHE) > Hb kb
RHH ~ BB R R ~ MRS R RS B
A Ry /NRESLSE o RGN 4 R KR A i
39 MEEE RT) HPHZFE (car-
bendazim) A P9 REEY) 2 e ) - B B D
(chlorpyrifos) ~ ZEJi % (deltamethrin) ~ &
3 (imidaclo-prid) M ERFERK (azoxystrobin)
A=FETEYI-P#n Y » BRI A AESERRS R
R L PYREK SR I o BEJES (acetamiprid)
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W91% (methomyl) ~ 25 FS (phosmet)
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S (cyhalothrin) ~ Z7#%# (fenthion)
I (permethrin) FI4K3% [ (iprodione)
F 5 FHEEREAR A TR
(spirotetramat) E7E B\ FZL g ba 5 IRk
(carbofuran) FIZF{LF] (fenvalerate) & 2
T ZE T (AP A A 5 &3 (amisul-
H o %] (boscalid) ~ Z & I
(cyazofamid) » FEEVE (cyprodinil) » FF 5Ll
(difenoconazole) ~ 3 JH 4+ (dimethomorph) *
JL#%[E] (famoxadone) ~ F#EIK%EE (fludioxo-
nil) + & kb 2K (fluopicolide) ~ ## &K 75
(flutriafol) ~ BEvafii (prochloraz) ~ 4 e
(propamocarb hydrochloride) ~ H o3 f&
(pyraclostrobin) ~ 1§35 Fl] (tebuconazole)
J& #& (thiabendazole) F1 = % &  (tri-
floxystrobin) 5 16 i 2 Pl {%: 17 %) % # b
R -

It 39 FHIERIA 4 FEIEYZ EBEMmIR
298y 0.01 pg/g o EUKGRESTR N 310 fE 2% &
ERIREAE RS 4 FEEY) R AT KGR
B> ISIIVEEE Ey 0.02 pg/g K 0.05 pg/g »
% 3 HE o BEERIIEGEEER R - IR
IR BRI E 72.0%~104.7% » B4R
B 1.3%~8.8% -+ TRk A KR E 75.3
%~108.3% - B EARE 0.7%~9.7% ; JBlFL
G I8 R (BT M SR A ] 75.5%~106.8% » 4 5
TREL 1.7%~8.9% > WRIREE[EIBCRE R 84.3
%~113.5% » BEFLRE 1.1%~8.1% ; HiA
R YR 5 [l SO R ] 74.8%~112.7% » 48 5%
TREL 2.2%~11.5% > 1 I BE B 5 = i [
771%~114.1% » BEARE 0.3%~10.9% ;
) ) G O B [ SR A 1] 71.7%~118.1% »

brom)

R RS O 21

3 LRI 0.8%~10.5% » o It B (o] e SR
65.8%-115.3% » % FARE 0.3%~13.4
% o [EICR R S AR BOI R AR B E R
BT B -

= SRR R R

fEEl 32 PR RIRR L - REEE R AE R
WR=ZBRERE 32 FHEmd > it
12 FHEZEEERY - 30 (REIFRH 3 FHZER
DL R RS R - HEE R omiE Ry 3-8
T2 b 1 SRR - 4 RS
HEEA T & HIER R Win - B
B R iR EEERE R BEREE R
RAE 13 SRR  HRHER
Ry 1-2 Tl - QOZFARHRL ~ INERF ~ 4K [F] K
B EEER AR HEHK - IR
R » 75 RO 25 735 i PR 4% T I B e (I 2 4
f LS~ (] RE g A e 5 7 e R R A
B RE -

R - AR AR A R e E
53 R R SR IEE ~ BTN ~ 2380 ~ 28
P&~ ERFER - FEIREE - FE - RS
HZ5% > IERA] ~ 518 R EBES 12
THEREE - 8 MRIERMMERESE - 4 R
MIEEEEE (GRFERL - ERF] ~ HZ5% - 28
W) o SER KA1 DA 515 i (57900
mg/L) » HE - FIKE « BEPE KW
BEIRAK (<10106 mg/L %) » At ek v
PEAY 1.05~120 mg/L Z[4 - FRE—k5>
BCFREL (log Kow) LUH1HHAK (0.093) »
HERZERIAN Y 1.51~6.9 Z 1 -
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Table 3. The pesticides detected from 32 litchi samples and their properties of systemic charac-
ter, water solubility, octanol-water partition coefficient (log Kow), and the sample
number of positive residue detection before and after pulp process, and their processing

factor (PF)
Posicdes N0 anganasCy oEKow O ele iy P
azoxystrobin S 6.7 2.5 0/12 0.00
carbaryl S 120 1.85 2/3 <0.50
carbendazim S 8 1.51 1/3 <0.35
chlorpyrifos NS 1.05 5.21 0/26 0.00
cyhalothrin NS 0.0042 6.9 0/8 0.00
cypermethrin NS <0.0106 5.55 0/7 0.00
deltamethrin NS <0.0002 4.6 0/30 0.00
fenthion NS 42 4.84 11/22 <0.30
iprodione NS 6.8 3 1/3 <0.09
methomyl S 57900 0.093 0/1 0.00
permethrin NS 0.003 5.8 0/1 0.00
phosmet NS 28 2.96 0/14 0.00

V'S systemic pesticide; NS: non-systemic pesticide.
? 0 = Pesticide residue was not detectable (<LOQ) after processing.

BEH| RO LR R B, - 8 THEEMIY PF
HHEIES R - R RERR - 4 L
| PF {HHIE =0.5 » RATERR 50% LA
b HIRAEERE S Ry R R 5
i - PF (HEIEFERZR 8 FHEEHh » f
& 6 MR IE AR EE K 2 TR EE -
Rt 8 TIERMMERREE T - BREFEAN BAR
WL ESN - HA 6 FREERIRMH (<LOQ) »
HUREBGEAESIRA I 6 HEEERY ; 4
i AR L SRFERURAN 1S R R
ARUGEE - HE5BNmMEF =050 (£
B 50% DLE) o

a5 B ERFIRY 7K 8

5 0 log Kow {HDAIEZFE ~ INERFIATHN
TSR SR R M SE - E = R E

LB ENEF] PF {H#iE F<0.15 » H
BR¥IAM M IEETSE PR H - DLERR
FURERRIER L BRE R HRCE RN
BER| L ERIR RAY - AR EBIRMME ~ KA
M B2 log Kow {H 2% o

=~ BB R B Lt )
BB 40 PEBLERAL - BRBERERIAS R

ANFRVUHUR 2 R EIL 13 fhg i - debg
7 EREETE R o MR AR H SR T R



|/MO -~ 40 HERERDPR
EERHGHENNTIRERNTEE

R AR 2R 23

REE RGN ~ OBBENFE—KDERBLULERBIE

Table 4. The pesticides detected from 40 pineapple samples and their properties of systemic
character, water solubility, octanol-water partition coefficient (log Kow), and the sam-
ple number of positive residue detection before and after pulp process, and their pro-

cessing factor (PF)

o Systemic Water solubility log  Sample no. of residue detected 2

Pesticides H . . PF
character (mg/L, 20-25C) Kow (pulp/whole fruit)

acetamiprid S 4250 0.80 1/1 0.50
carbaryl S 120 1.85 0/1 0.00
carbendazim S 8 1.51 4/6 <0.12
chlorothalonil NS 0.81 2.92 0/1 0.00
chlorpyrifos NS 1.05 5.21 1/6 <0.05
imidacloprid S 610 0.57 2/2 0.36-0.63
spirotetramat S 29.9 2.51 0/1 0.00

Y'S: systemic pesticide; NS: non-systemic pesticide.
? 0 = Pesticide residue was not detectable (<LOQ) after processing.
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Table 5. The pesticides detected from 27 orange samples and their properties of systemic char-
acter, water solubility, octanol-water partition coefficient (log Kow), and the sample
number of positive residue detection before and after pulp process, and their processing

factor (PF)

.. Systemic Water solubilit Io Sample no. of residue detected 5
Pesticides ch}allracter” (mg/L, 20-25°Cy) Ko%v ’ (pulp/whole fruit) PF”
azoxystrobin S 6.7 2.5 2/4 <0.24
carbendazim S 8 1.51 13/14 <0.83
carbofuran S 320 1.8 0/11 0.00
chlorpyrifos NS 1.05 5.21 0/13 0.00
cypermethrin NS 0.003 5.8 0/7 0.00
deltamethrin NS <0.0002 4.6 1/8 <0.50
diflubenzuron NS 0.08 4 1/3 <0.55
ethion NS 1 3.78 1/22 <0.06
fenbutatin-oxide NS 0.0152 5.15 1/7 <0.20
fenvalerate NS 0.002 6.24 6/18 <0.59
imidacloprid S 610 0.57 0/4 0.00
phosmet NS 28 2.96 1/7 <0.09
spirodiclofen NS 0.19 5.1 1/9 <0.18

DS systemic pesticide; NS: non-systemic pesticide

? 0 = Pesticide residue was not detectable (SLOQ) after processing.
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Table 6. The pesticides detected from 22 grape samples and their properties of systemic charac-

ter, water solubility, octanol-water partition coefficient (log Kow), and the sample

number of positive residue detection before and after pulp process, and their processing

factor (PF)
- Pesticides Water solubility log Num‘per of.samp les 2)
Pesticides Class”  (mg/L, 20-25C) Kow with re51dues. PF
’ (pulp/whole fruit)

acetamiprid S 4250 0.8 373 0.32-0.75
amisulbrom NS 0.11 4.4 2/6 <0.50
azoxystrobin S 6.7 2.5 3/3 <0.20
boscalid LS 4.6 2.96 6/6 <0.34
carbendazim S 8 1.51 6/6 <0.84
chlorantraniliprole SS 1 2.76 1/4 <0.14
chlorothalonil NS 0.81 2.92 1/7 <0.20
cyazofamid LS 0.107 32 0/5 0.00
cyprodinil S 13 4.0 8/12 <0.70
deltamethrin NS <0.0002 4.6 2/6 <0.25
difenoconazole S 15 4.36 3/6 <0.18
dimethomorph LS 47.2 2.63 14/14 0.05-0.70
famoxadone NS 0.59 4.65 4/6 <0.27
fludioxonil NS 1.8 4.12 5/7 <0.37
fluopicolide S 2.8 29 3/4 <0.25
flutriafol S 95 23 3/3 <0.57
imidacloprid S 610 0.57 2/4 <0.49
methomyl S 5.79<10* 0.093 4/4 0.70-1.00
prochloraz NS 344 3.53 2/5 <0.11
propamocarb hydrochloride S >5%10° 0.84 4/5 <0.60
pyraclostrobin LS 1.9 3.99 1/7 <0.07
tebuconazole S 36 3.7 3/3 0.20-0.67
thiabendazole S 30 2.39 373 0.58-0.64
trifloxystrobin NS 0.61 4.5 3/6 <0.24

'S: systemic pesticide; NS: non-systemic pesticide; LS: Local-systemic pesticide; SS: select-systemic
pesticide.
) 0 = Pesticide residue was not detectable (<LOQ) after processing.
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The Effects of Peeling or Shelling Processing on
Pesticide Residues in Four Fruit Crops

Hui-Ling Lu", Tsyr-Horng Shyu '

Abstract

Lu, H. L., and Shyu, T. H. 2018. The effects of peeling or shelling processing on pesticide
residues in four fruit crops. Taiwan Pestic. Sci. 5: 13-29.

The aim of this research was to elucidate how fruit peeling methods which involve
peeling or shelling effects on pesticide residues in four fruit crops including litchi,
pineapple, orange and table grape. The samples were collected from major production fields.
The official “Method of Test for Pesticides-Residues in Foods-Multiresidue Analysis (5)”
was applied to analyze pesticide residues and to calculate related processing factors (PF).
We found that carbendazim, chlorpyrifos, deltamethrin, imidacloprid and azoxystrobin
were widely applied on the four kinds of fruits. However, in all of these fruits, the results
shown that peeling or shelling process can reduce the pesticide residues and the number of
violation samples, effectively. Therefore, either peeling or shelling can remove pesticide

residues.

Key words: peeling, shelling, pesticide residues, processing factor
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