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Table 8. Frequency distribution table of pesticide residues found in segetables and fruite
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Table 5. Number of investigated samples and m whach
Aetected peaticides

Fwscal year
Numbser of samples ———————————Total
200] 2007 2003 2004 2005

Domestio
Investigated 123 1236 146 162 43 &00
Dretected pesticides 104 D4 122 81 53 444
% B4G T40 ARG GRZ THT 740
Imported
Investigated 62 568 J49 23 30 222
Detected peaticiden 42 40 38 18 21 159
3 61T BRO TTE 7R3 7040 TL6
Table & Number of mv domestic les and

Number of dome=stic Total

samples 2001 2002 2003 2004 2005
Vegrtables
Investigated 9 o4 B0 137 31 438

Detected pesticides 76 64 fl 67 21 289

LS B09 G681 TES  4B9 81T 663
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Invetigated 9 0 o B 12 14

Detocted peaticowlen 25 30 81 &4 Iz 158
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Table 7. Sample statintic abuut the number of different detected pesticides detecten in cach sample
Deamestic Tmported
Sample statistic — o —
. Vegetables Fruils Veselabies Fruits
Total freguency 280 155 26 133
Kind number of detected pesticides
Minimum i i I I
Maximum 10 1] o L: ]
Range 49 13 ] ]
Mule i 4 | 2
Median 2 ] f _2
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Table 8. Classification of detected  pesticides  n
samples Tor 5 Nscal years 2001 2005) by
relative value to the maximum residue limits
(MRL) enforced on May. 2006

Numbser of Fiscal year R
pesticides 2001 2002 2003 2004 2005
Under 10% of MRL 382 3668 445 208 142 1547
% 789 868 857 856 010 B44
Under MRL 69 M SR I8 W4 223
% 143 126 112 115 Q0 12

Excess of MRIL ad Toe T ] 63
% 65 8 31 28 0 a4

Total 484 430 519 244 156 1833

R, RS BLA% D “HERMo 10%EL 17,
122% 0 "ISRMETF LG, Sb4T966%H M0
FELY, 34% 0T EHAL, S5 REHEIZo
T 3205 MOB Y £ FERIRHCINRY S S0 &9 il
UMta P REEMVTMEL £ 24, EBCHEn
E & & & 5 & Mantel-extension 8 EE L T
Lt TOBR NHETELCHBRAEL SN (pe
00013, = 1iid 2001 ~2005 I HiT THRTREEA S
QEOQEIRHINENS YL oS LT 54
FETL, MWAO 10%UFORTOME s s




292 K%L Vol 49 No 4

Table 9 Combinations of pesticides and agricultural Commodities in which the MRL were more hikely to be exceeded

Pesticide Number Agrieultural commodity (number of pesticides detected st levels that exceed present MRL)
Chlorpyrilos 5 Mango (3, Mangostin (1), Pras with pods | |
Fenpropathien 5 Peas with pods 2, Ashitabs (1), Beare with pods (13, Perilla (1
Pyridaben 5 Unabu orange I. Perilla (1
Prethiophos 5 Unsh orange (2, Japanese radish leaves (1), Komatsuna (1 Spring onion (1)
Me thamid ophos 4 Carrat 1| hnrrun.- na (1), Peas with pods (1), Sprng onon (1)
Acephate 3 l.'al_'{_o_l__._ln Romatsuna (1), Spring onion (1)
Cypermethrin 4 Mango (21 Avecada (]
Ineddrn 3 Cucumber (1), K 13, Spanach (1)
EFN 3
Fenitrothion 2
Flucythrimate 2
Fhivahnate 2
Iraxathion 2
Phenthoate 2 Carrot Jeaves || I‘.\nk} 1
Probenincole 2 Komatsuna (11, Parskey (1
Chmemetluonate I Parsley
Chierothaloni] 1 b a
[hfenccanasole I Peas with pods
Ethatenprox I Komataina
Fenoayearh 1 Lemion
Flusilazale I Pear with pode
Flutolanil 1 Okra
Fostluazatw 1 Peilla
Imuzzalil 1 Peas with pods
Iprobeniios 1 Peas with pods
Iprod ione 1 Perilla
Meproml 1 Arhitaba
Trindimeton 1 Peas with pods
Truadimienol 1 Strawherry
Vinclozoln 1 Perlla
Total (153

Underline: The pesticide is applied 1o “wniform Lmit® w this food.
Doible underline: The peaticide 12 stipulated as "not detected”™ i thes food
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Muitiresidue Analysis of Pesticides in Agricultural Products
by GC/MS Coupled with Database Software
Eijt Ueno®, Yuka Kapasiuma, Harumi OsiuMa and Tsutomu Onwo
Aichi Prefectural [nstitute of Public Health: 7-6 Nagare, Tsuji-machl,
Kita-ku. Nagoya 462-8576, Japan: * Corresponding suthor
We evaluated a multiresidue method for delermination of pesticides in agricultural producis
by SCAN mode GC/MS coupled with three kinds of database for 263 pesticides: relative retenlion
time. mass spectra and calibration curve (SCAN method). Twenly-six pesticides, a total of 131
pesticides were detecled in samples by the SCAN method The detection results agreed closely
wiih those of 1he SIM mode GC/MS method using calibration standards (SIM method). The ratios
of the SCAN method o the SIM method ranged from 03 to 3.1 with SD values of 0.63. 1l was
judged that the SCAN method could be applied to the screening analysie of pesticide residues in
agricultural products, provided that the sample preparation method makes it possible to effective-
ly remove sample matrixes with minimal joss of analytes.
{Received December 14, 2007)
Key words: &M% pesticide residue; BB A& agricultural product; #4272 9+ F 757 « — gas
chromatography (GO SRS mass spectrometry (MS; A4 v » SCAN; B+ ~ 2=
I} ¥ 7 selected jon monitoring (SIM); 7= # ~=2+/ 2 | 9 2 7 database software
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FRECHE ELt0BKERMBraczUTART -
Y= 7 h o TERVIZSCAN T~ F GC/MS i©
£ ZEEG—FMEE (LT, SCANEE) £4mL T
AROBREG-~OEEHsRA 0T, FoNHERIL>
WTHET S,

Ed BB

. B ®

BERS L THROEMTY - REUE L C20kE
LEORLAERCE

2. HESLvERS

BB AR TR ORFRRIERE, kv
tRERWL DRIV,

BRS L oEeE e, AR TR 2 SoeHy
ET2ROBRFVELRALE, 7 ¥
(50:50) CAHAR L CRRENAHORSAWEES L
f. nTih 7R PERRRAES LU GC/MS SIERE
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mmgl, EETRR SThEL T e rHE
BREM&ICT~C30 MEEMESERENL 02 2
f+ 07w ruilsmEetog,

Y32+« rd =4 7SPEN 54
‘= Varian 1'% 85 mL) L
Supeleo 2% Supelelean ENVI-Carb —R&EM & 4 u -
% (Merck 2% Avicel | 2% 25: TR D5 AL TH
KM b VoA gERETALELDLEGPO/SPER
@oovr o @BL THOLEY A YR /PSA
SPE # 5 412, Varian $: % Bond Elut Jr-PSA (500 mg)
HFAfic Waters 38 Sep-Pak Plus Silica (690 my) 4 i
&L THV,

8 ERELURS

GPC/SPE &R B BN ATMGH

oA L BRI GPCERFRE,

ra2e {ho—is

GC/MS Sl B A EF S GOMSQP2010 %
r i (BT — 2 45— a2 GOMSsolution 14 2,
Restek i %05 ARG HEAY 1 2o — b aCustom Shima-
dau liner), J& W HK DB-5 ms & 5 & (M 025 mm,

BEas30m BM025,m) £EF/ L THLL SIM
ACEREG. B W TTEREL . SCAN EDE
Bz, EADEN 2600, BE 7oYYL

min -—+8C /mun = 3100T 16 miny, 4 » ¥ ¥ —

v =t A BT A0 cmisee. 17 ¥ — 7
TA0C, T4 MEBE200TC. 14 2(LEEL *+.—
~ 5w # 4w ¥US EPA method 625, 74 » v #id 33

~G00 mmie. 4 ¥ F =40 08 sec. AR Lol iz50 L

»

e el ol B BERNGHRCom-
pound Composer Ver. 1.1, #—# <—2% (BE 2538
), FEAoGHBETE (R OBREMS S 17
2006 SH Vb, ESHU YT LN 2 BESNE {=
shap2e TR A, Compound Composer %

4 MR MR OB S 317

GOMSaolution (238 20AA T+ — ¢ RIS |

1. EBWen

a.

EHE 20 g & G IR |
“(20:80) T8 ml icE
1z (Table 1.

b WM&

REFR&E 3000 E -

¥ e g at

GRLE OF. O

miE, kA

dmlL #EBR" B TGPCORAY BB E Ty
{ra—d»SPEC ENMBL. &aSim# ! Hhui
PSASPER L ML b, TH b w-~fwi50:

BO) 72mL R L CHEWE (HSAYEg/mL) -
L &= (Table 1)

. MESSUMRE

SIMET, REBMEEI00 L c B~ | P -

Ve= bady S U 14 RROEE
EERAN0ug/ml) 10pl & 2

Hi cEARRED
J v yaocf 2 L TSR

foks L. GU/MSRIsEL 1=

SCAN 712, BRI 100 pLic iy o )
ol -G Iousstrd, F79L>
de Patrbbddp TLEDPF idp THES
rrdp 7V mrdidElBe v rdpniioEE
N0 ug/mly 10 ul & ) w Gz cf 7 L CHMEE -

GCMSBELE, 9=2R3 57— a4 vy— NN
BELET 253 MADRERG 7 — 7+
LLERBEAL OSIM 2T Y
= RHBEMA YD & bic

RreMS 24z s Bpsdl, HMiz LD
=2 QP-2010 TAEA L~ F =R QRL T
LABERDvAAAr b A, 420l HA
REMS 175 =2Buvwkvisire—RETD
b1 SO R - BT L kil

m— 5 q ‘ Slcniyin KL tey=2i
WEMIRL Db, F=de= 2 QL TH SRR
¥ D01~ ugrg) & L b @SOS P RET B
SR D ST IHEMMELEC TR

B a1 ST
sty T Fei= xRl i
Table 1. Present methoa and QuECHERS method

Present method QuECHERS methed
Sample volume g 10g
Internal standard Stable isotopan Triplwnyl plicsphiate
Extraction. vohime Acetonitrile, 60 + 20 ml Acotonitnile, 10 ml

Method Homogenimisn Shaking

Saltung out Nat'l 7 g, phosphate bulfer (pH 7.0 Anh MgSO, 4 u NaCl L g

Concentration
Ethyl avetate
Anh. Na: 50,

Re rxtractan
Dehydration
Clean up |
Clean up &
Sample soluton
Uonestils alion ol

Ace tone b xane

v carmipe mil

GPCgraphitized carbon colamn SPE
Tandem silica gel/ PSA column SPE
54 5l

Rotary vacunm evajoration

Ands MgSO,
PSA disperaive SPE

Acelomtnle
ca. | g sample:ml
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Tuble 2. GC'MS performance best

Present method QuUEChERS method
Compound® Retention Lrne Peak hraght Fetention tume Peak beight
after” — before. min after /belore, W alter - before, min after, before, |
l-:l.l_ oty Ll 12 W4 04T S 5!..' T
Captafol =007 1029 0059 133
pp DOT 0007 a8 0,033 873
24 Duntro benzenumite D008 L 07 360
Pentachlorophenal oo w7 a7 518
Simarine (004 089 0023 603
Fenstrathion (ro0% B6G 003K M5
Chierpyrifosmethyl (006 9.3 oozl 7890

* Each compound (| sg-mL « | 4l was tnjected mto the SCAN mode GC/ME aystem.

* Each compound was mjecied after the |0th mpection of a spinach ¢xtract

Table 8. Pesticide ressdues found w agrcultural products by the SCAN method, and the ratio to the SIM method

Residue bound, ug '8

Pesticide resadue  No of found e
Range Average

Chlorfenapyr 21 0.01-0.04 no2
Cypermetluin 4 004-0.19 Diz
| e dexes 12 0oZ-0.10 oLl
Chiarpyritos 1" no1-044 DG
Fenvalorate [ §] 001-0.10 006
Kresoxim methy! 0 0.01-0.22 006
Proc ymidon: 7 03-0.14 008
Cyhalothrin 5 0010 002
Feupropathrin ) no-01s 008
Captan 4 001 -0.06 [iTi)
Buprolezm 3 npe-0.12 ooT
Chilorothalowil 3 001018 007
Mazinon 3 006-0.10 008
Etafenprox ] 005054 030
Pramethrin 3 005-1.2 N85
Pyridaben 3 001-0.03 002
Tebufenpyrad 3 anl-us nos
Metalaxyl ? 0.02-004 uns
Methudathion 2 O0B-0.67 oas
Delmmetlrm | 009
Duenoconasale I oy
Fenarmmol I a2
Fenitrothion | 001002
Fludiaxaml 1 (1))
Mepanipyrim I 024
Tolclafos methvl I R
Total 131 aul-24 ol

" not lesled
BRELUAR

1. GC/MS 1N SR

ek ERERCEES S5 5k u B =, G
MSEROESDHIEHBIT SN 5 FizSCAN&ETH
EMHEMLRF RN ELBOES LB LN £
= AREMSE. ShoMRA LTSt E L e
BiELARESAUED LK S L TQUEChERS "
Table it h@ahieo vy a2 REFICH
T, ERELH WVEREL TEE TS GO/MS B OE
HERBSERBL . 7ubbL S0% 7L 2/ ~by s
EE GEFERRAE oLV o DRBER 10

gl

Ratic to SIM method Represenitative

Range Average commodity
06-10 05 Eza plant
0.8-1.0 08 Spumich
0.3-08 05 Tomato
10-20 13 Apple
0.5-09 07 Apple
D3-14 08 Apple
1Lo-19 15 Cuermber
05-1.7 ] Apple
03-10 oy Apple
0.53-30 1.7 Eqx plant
0717 12 Pear
04-27 13 Green penlla
a5-1.0 04 Kiwifruit
nB-25 ¥ Peas with pods
04-18 1.1 Peas with pods
1.0-30 20 Temato
0310 u7 Apple
0308 as Qing gm can
07-13 10 Ivo orange

a6 Litchi

(L] Permimmon

ns Apple

10 Iyo orange

10 Grape

Tomato

a1 Lettuce

0431

0.98

ElBE). BO% T 4 b v/ ~F 9 788 KO CIEIRRE
SEEROWEEL, APRonENERREL -2 D
M oEL S B o CHIEL . i ERRE
|RL GOMSEEOEDEMCYIZLHEFETS
EILeTULOTERL 2%,

D4 Table 2101 2 £4 15, QUECKERS &7
2. AL v = 9h 5 AnSE D oo 2
BEOHBU YL s TEBEETEE LTl 24

Y REERMERTENDE SH0FL - FOAERLHT
PR RERNOEEERECMT TN TR IsETE
%« PEAREENE. p 9. 50-T1, 108 2007,
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FAE-ZUT A TEROLEGO/MS IZS IR RACRERROER S5

9

Fh o, BTSE=NBLE ) -DOT, H 5 LOTFHeE
OBl k- TRERFEREILYTV24LI=1
gT=Y, /A¥7r0a7 e /= RLEOVTIY, A4
b ROBBUL L s TREETSEILPYVW Y. =
PostrrHTROC—-2AMEHFL (CMBELE, cD
L4 & QuECHhERS &1, B>+ L ABWMEREY 52
Voo - BREO M ERBL E B, BREE D
HMEMUERGFLE T HBCL-THGE/MS#
SoHRu MY Lt e D s A oh, Shic
HLTERERSEL, BLTSHRARCERERES
WA S ENEMoBLN , C— rREOMBERLE
Lwsbic & D, GC/MS ROFGRG ¥ Hubiiv i EHt
MM ets, SCANER S - TAVURERER
ETED-®LON, UE SIMBETHRZLTVWE
BFEmS 0 SCAN o HMER (S/N=3)0&8{ it
0.002~0.01 g/g DERRI=H = 1

2. mERERL DDA

2006 4 | B~6 Bic, PP B Y102 s (20
30 Mis/E) ORHe -2 FEEW L, SCAN B
LA MO ABRS E-CINRyEREL L
iTable 3), M= ar BB, KRHECRLEFE
B b TEAEAC RS, oRBRFOGPCEHUE
SOALRFH AR L TSPEC L HRRYT S HHH
GPC/SPEAY ZHOLTHECME/BRL DL, RS
TN L EWBLEE v IR A v P T s
Treh 5 AGCNPD/FRDP Gy THML L. Ble—F
GO/MS THLREDE 2~ 0 b ) D RIREOT A
Y UBEE VIOV FEARNEREVT
SCANBIC LD EEHERE L RS LRBI S bk o
SCANE L SIMZDFERBURC—BLE 4
SIMEONBLLTWE b bs b t=E | LE
Bed 130 Rico LT, SCANEL SIMETEG R
PRSI A AL L & 2 = A, Table 5 DR L
(SCAN ¥ /SIM B Huig 0.3~31 (TE8@ 0,98, BWR
£069, EIMEH0E9) &, SCANEREEERELLT
HEUOMEC<SBEh - . BERSORSNON
<, MMmAEL, b BREBECHCRRAELD
GH ZREAMNEASRATS L Lin 2 -, SCAN #it
2o W=y FopfEs LT OB TR S b SRR
Baht

o Y
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SCAN &1, BHEES LT iR r-capsg,
Lital, HROBEMICBLTRERTIEMI DS &
ERSCEMTIL. 2 MEABREREE Feoks
MaoEEsLe, BLI0BELMBTELLEA S
i, S0 RESEMOBHEHS

F I

3 BEORRESSEE LTy, RUIMTLITS
Liud, BRREOWE BLTOAEIRIETACE
HESTF— 9 <—2Y 7} 2 7 E£RVIESCAN £~
FGO/MS i LA AERASRTAROEW Sy —F o5

EEEEL, BEMT~OERERAL. EFOR, MY
UHEARELRATLIIEN 2T, LR ) —=

R LToRAR M TRALSER By,

X L
1} Ueno, E., Oshima, H.. Saito, I, Matsumoto, H.. Yoshi
mura, ¥, Nakamawa, H Multiresidue analysis of pests
cides m vegetables and fruils by gas chromatogra
phy/mass spectromelry after gel permeation chroma
tography and graphiticed carbon column cleansp. J.
ADAC InL, B7, ID03-1015 (2004
Ueno, E. Ouhima. H. Matsumets, H, Saito, |.. Tamura,
1. Deter of 5p 4mn bles and fruits
by high-performance hquad chromatography with UY
and mass spectrometric detection after gel permeation
chromatography and solid phase extraction cleanup
i a 2 Jayered eolumm J. AQAC Inb, B9, |641-1649
{2004},
Atipstassianes, M. Lehelay, S ), Stanbaher 0,
Schenck, F. ] Fast and casy multiresidue methed em-
ployuig acetomitnke extracton / partitioming and “dis
persive solid phase extraction” for the determination
of pesticide residues in produce, ], ADAC InL. 86,
412431 (2003,
Lehotay, 8. ., Kuk, A, Hiemstra, M., Bodegraven, P. Vali
caton of a fast and easy methed for the determination
ol resicues from 229 pesticides in fruits and vegela
bies using gas and liquid chromatography and mass epe.
ctrometnc detection. ). ADAT Int, B8, 585-814 (2005),
5] Ueno, E. Application of dual column GC for pesticide
resicues analyss in foods Shokuhin Elseigaki Zassh
1]. Food Hyg. Sec. Japan) 47, 1-200-1 304 (2008).

ta

5
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# X

NCl £— F GC/MS BLUF a7 VA5 L GC-¥4 270 ECDIc& 3
ERED T ERREOT RS T

(%2 30 ¥ 6 A 26 BRE

EBhiE ABRR X% W

o F Pl
Multiresidue Analysis of Pesticides in Animal and Fishery Products
by NCI mode GC/MS and Dual-column GC-micro ECD

Eifi Urno®, Yuka KAsastiMa, Harumi Osiima and Tsutomu Onwo

Alchi Prefectural Institute of Public Health: 7-6 Nagare, Tsull-machi,
Kita-ku, Nagoya 462-8570. Japan: * Corresponding author

tative

A sensitive and g thod using NCl mode GO/ MS and GC-micro ECD
for determining pesticides in animal and fishery products was established. The crude sample
exlract obtained by acelonehexane extractlon for solld samples or acetonitrile extraction for
liquid samples was cleaned up with a GPC/SPE syslem. The first GPC pesticide fraction
containing liplds and plgmenls was selectively collected, amd loaded directly onlo a graphitized
carbon/PSA 2-layercd column  After the second GPC pesticide fraction was collected, the
2layered column was eluted with acetone=hexane (3:7). The combined eluate was subjected to
NCIL-5IM/Scan mode GC/MS for semiquantification.  After fractionation by Florisil cartridge
column SPE, each fractlon waa subjected to dual-column GC-micro BCD for quantification.
Average recoveries (n=75) of pesticides, except for chiorothalonil and some others, from fortified
ramples ranged from 76.8% to 107.9% with RSD values of <5.7%.

(Received May 26, 2008)

Koy words: BREE pesticide residus; FKEW animal and fishery product: ¥ 3% ov | 7

52 ¢ = gel permeation chromatography (GPCj, E#i#H! solid-phase extraction (SPE) R{E
24 + v (£ negative chemical lonization (NCIE #2570 F ¥ 5 7 4+ — gas chmmatography

(GCY WMSPERE mass spectrometry (MS) =

detector (micro ECD)

" ®

BRECHWHTIBBEDA U7 « 71 2 b4, T
1BESR29HL0BASh, FxE- L TLRS
WhoRMEMIEEsheY CheEnre v, K
% 57@4& 2 5 El (electron lonization, BF 1 4 ¥ (E)
- FGe/MSIc L MERD ARRKE (@hat)
(BT, M) nrsdgahTe% L&, B
E—FGE/MS K, HBERPYL2aq FRTIEBTH
EroFVEERScH L TREHECAAEL, 20

BT 3
BSOS HEE: TA62-8670 & LB HTTR 7-
6

= WA EGTNIT0E 1969 Rl SrREoREER
[ETE ST A

" ELMRTEERERREELEREY "RDCRETS
AE FrRaveIuepwnEREEOGS T4 SHETH
EiEzowT" BRITE) A4 A £ERR0I2400

(2008).

2 o BF-ME D HE micro-electron capture

k. BEEOFCQ 01l ppm BT THY, @KEWMLSH
Harh sARCRERS L COREELY T, e
H-ZELORPRELARMCEE L, REH (RS
ZENER USRS LY, RFESH, FRL4FT
HroFES (R FEHRES ofENTAHREDK
WREs it uss, GO (gel permeation
chromatography, ¥ ~ 8 X > o7 ¥57 - ~), SPR
(solid-phase extraction, BMH), EROF. 783
L GCECD L 4 a8 barSRGRH MR
2MRLTVE,

ECoTSE, 2EEEUWRENIMEINUTHBEELE
L, Wi, BBESoERECHO L ERANTEIFE
EMEBv L0, RAEDEOSLREN) S BHEIC

FRRAEICRACENES 213 1 2 WAFED
Wik ORI | a8 HERE - ERTESE,
£ 11-21 (2007,




December 2004 NCLGC/MS, GCECD 12 3 3 di fom ke 88w Bokvr 191
Ehuant AcetonaHexane (30 . 70} 15 mL
Eluate from GPC column @ Elute
Movabie collection head 10 2-14 min 14-23 min
(@] Vaive (20.4-28 mL) (28-568 ml )
GPC eluate GPC eluate
e Waste @ Load @cotiect
Reservoir (8.5 mL) | |
Anh Naz50s 19
ﬁ Carbotrap C-Avicel
H H (20 80) 029 Prm—
Bondaail PEA 1 g Tal
] Beaker
% % T somi)
~ Flow control tube
Rack * & unit
fraction collector Flat-bottom fask
i 150 mL)
Fig. . Graphitized carbon-PSA twodavered column SPE after GPC

ST o Reilivlies NCE (negative chemical fonization,
EEe-{lk) E—FOGL/MEBLEDFaTAATL
{ 7o ECD (ELF, GCaECD) WU T i)
soLTRMLEESS, TONIEESN D
TR D,

M E

. B L

T, BN, WU EORIN, 4, L5, TELE
oM, AL BB E LML O T A L

2. BELELUERS

AME LR | R OH) WO GRS, AR o
ML, ~% ¢ Tiib L LD EMLL
SHIEED SOV RE L WY S Me

PR

TR KL T e i2@MLT
mg/mL EGEs L, Tk s-nk4 (595 THTT
UL TR OWSINREE L, 22, R

IRk % 2 7 4 — T b THRIRL, e

SRR O SYE Ak & L 2 (Table 2)

(b= /PSA KA SPE 05 418, Fig

Ptz L 22k S0 U — 5= (Varian LW Bond Elt
mb. 7Y 5 kfH IS, PSA (Varian #+9%

LOOO mg, 9 2+ 4}

a7y

Reservoir, 8
Bondesll PS5/

R o— il

{Supeleo HL¥ Carbotrap C. Jifi W10 m?/g)-TRES b &
W1 = A (Merck FE3 Avicel ) (20 ; 800 200 myg, 0T
BEKAEAR -+ - 0 0L 1000 mg SWSHETAL,

i e
F(Supelea B Valve Liner) %111, GPC/SPE %M
Clibls, Ta b —=r . Fha Ll R
AL LRI WO Prosep-C Florisil (750 mgl 4 fl
’

LAmL
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3. RNEEURE
Wl 5D 126 mL F00 1 IR Sl |z sk ATl

B MO THIe =+ (60 immg, No, 5A S 24
L, CHeEI128UTESANOWNI =y » ¥ TIMIEL
THiV A

! Bichi Labortechnik #1300 £eib = o«
200
128k « 7, &

b e A

- = ¥ = Syncore Analyst (200 mL 5 ORETT,
mbL FORE 0.6 mL) ] & Q.
it $ o 7 N-500,
V805 (), Lo —#Y —x2:44 L — % — Rotavapor
(£ 2 F VTO0, %2 —L1 ¥ b O—3— V.86 ) %
ILSE S

GIC/SPEWR: “—x 0t {2 2 (IR G Prep
GPC B100 Single = X+ & (AL =5 b, SHWS0 e
fa=NBLISPE v 2fd 790 bnvaLd =
B, NIFlmm RS Tmad 7 b e— v AATH LN
FO0bmm EE ImOHAR e — RIS 54—
Tx, A= kT 3= Midas Prep, UV-VIS Bl Uy
M2 2= n2 7 by 7 GP-Link for GPC D
2, AFprrb=n~sy¥ritfitstko—¥F 91 7%
ORI pm, £ TH0A) S ETAL LSS
T4 (10 mm Ld. <25 em. $hkdh) (BT8R0 10D &) =
2 & THRAL, BlFoRficEomiod: ol
HEQOC, FUET € L >+ 20~%4 5 (15:85), Hud
2 mb/min {0-14 min)-+32 mL/min (14-23 min)-=2
mb./min (23-25 min). M b 264 nm

GO IMS 0 (R ES b B 1 il o) GEMS-QP 2010
(A =r A Y P22 9 —AOC200L A —=bH 07—
AOC-20s, 7= 2 27— & » » GCMSsolution {1), # 5
2o Restek 1% S16-CLPesticides2 (0.25 mm Ld. <30 m,
¢ L0, Restok B3O 4 -4 —

My

N R

D20 pm, S m #




»

W& Vol 4% No 0O

P (38 mumn Ld, #— =8 EADMNE 250C, H 9
ABE ro ¥ 5 4 80T il mint—=20T /min—180C—=
4C/mn—=300°C (T min), 1 » =7 « 4 A @EINT,
¢ »HEX 2000TC, 14 #iENC, 4 2 7 ERET0
VREYAS P, $#l¥r—Har~Vohk $+1
v — 4 2B A0 om/sec, AR 241, ME= - F (4
v #—rii) SIM/E 4 = [SERLA (0.2/03 seo), T4
7 EF 60~400m /2.

GCuECD # | Agilent Technologies 1L B © 6890
GCplus (2= Pr¥ > 7I3=T6M.GLCr I RFT—Y3 4
), v d v a7 FaTrtIhi
Restel %4 Sta-CLPestlcides (0.28 mun LA x 30 m, 0.25
um) & Restek 18I Stx-CLPesticides2 (0.25 mm 1.4.% 30
m, 0.20 pmi, Restek WD H— ¥ H 5 & 1032 mum id
®2m), YA 2 7—ELUA ¥y=F domid, 7—
cr=B), BEADEE 260C, A5 ALK 707 F4E0T
{1 min}-+20C /min—180C-=4C /min-=280°C (12 min),
WHZEE 30T, A« r—FA~)24, #e)tv=
HAENF e 55 4 300 kPa (1 minj-=108 kPa-=8 kPa/
min—»148 kPa-=1.6 kPa/min-—=188 kPa (12 , A A
AT 7HAEE 4427 « THAARI ml/min
EAR 2L

. EBRRF

a Wi (HEEERY)

&Y, WNEc S oEERtN, SRRz Mo IRT
+ 190 L, 7=¥a 5 r—T@NS—kL 1 208 £k
niEn, Rl0geMATHe L+ {XLEDS, Tat
w=-npoot i (40 60) 100 mL £ T4 4 4 LHE
Lf:, 3000 [EEE/ 5T 6 MO HME, LR (~Fr
YR CAMWCARLE BRAalaGiitd 5D
mLell, ROELE EREOOY, RPHER
Ok s Ex - g — T HA LI LAR
ofRFRRS F ) 2 ASWA TS aMEBAL, WREE0S
miiftARERCHHE BRKARS + o Lt~tby
v 10mL T2E%SL, SEEShdr. SEEERE
2L —y—TRIERER R2ETLr VU
£4 2/ (15:86) TI10mL TR L, REK@z LA

b Ei (EERH)

£3, By EORKEHL, SR D?2-FRy
y—mh AL L I0gsRhEY, TEI=}
YaFiml &M Taedd 4 AL 3,000 B/
gesaMionnR BISREREBELT, BEadh
VHBOEY RS LE g EL ] mol/L ) el
ipH 7) S mL £304 TEVA 126 mL SORMEER--
qucRs| ML B3y r+ k= o 20ml &
A, BREARLE SLIMTSAME: W BE
L, LT b AR RRTEAR L TR
AR = p=CHF RN L 1, MRS RFARICF
TEERk Lt == 0l 2ALLMNE, PR
AB0mL i TERL, ARORATERS 1 oA%
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TATEMRAR. FRROSmLIMABER-24

. BEAR Y e Al, HR=F L 0ml T2
aAlL, AEsShd 2EUENRE 2L =T
AEBT®R Bas76ty 2202w/ (16:85 T
SmLEFHL, SENE:S L

¢ WE

REHERhORES 25 (RERF TR I g £EL 3
REACIR, RAOGPC--DAMEMN0BgRUBLNK
r¥f v oatd 7B TASEBRLE K
R £ 000 e/ 4T 10 PMDRC TR, B 125
ml. & GPC/SPEMEBISEEA L, ook,
Fig 1 EFLL46, OGP 19440 50 102~14 41
(20A~28 mLYDESFILY 37 v 4 b =42 /PSA B
MSPE# 5 4 £ AAMH TE0~100mL ED+ 22512
B L, T D14~22 53 {28~F68 mL) @
B0 mLED =A== —thic@BaRL: *
ORILT -2 FETF 57 r A ba—ol ¥ PSAZE
ASPEas & kBl TEMEReY =TT )
sk 2 (30: 7O 15mL £/l T 7> b A=~
R v /PSA MR SPE AL 5L 060D+ Ay 22 athic
MELE P—AV—2—hOBRHERE 27322
Sbhttas, o= - -y -—TRTRH
L. THF v-~3 9 #({5:05) T I mL S L TG/
M3 BOMNE - L1

~OEBEEAmMLETO VA=) w Y NS A
kAR, dxfrz=si-~Evw (50:60) 20 ml,
EWT T b s~k 2 (30:70) 20ml, TRHLE. &
MR EATho—F |—xd b — - CRENE
# rer -t 595 TImLKTEELTGE
wECD lfOMMTE (W1 ks, W2H7) =

d FESLUER

GU/MS =2 R7=vu vOF—osMirEm LT,
SIMPavh Feh:MEaxy PvEaR/Ad, HE
KEDEHSR 1x-008H BioMS94 75
=LY P —EBTORM Y LA AT o
LoMURSEEYEC It Lyl 20, Bitel
Wi Lo ERL T@F3@ELY,

oD, GCuECD 7 =277 =2 a ¥Di—THEE
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Table 1. Retention time, monitor lon detection limit, and elution of compounds from GPC and the SPE columns

RCI made GC/ME Dual-enlumn GCuECD Gre Elution rate* (%)
Compoand - Moritor jea (m/zi . i RT (min) Dum . o5 Carbetrap €/ PresepCFlonsil
S A Imit' copoLp gxcLpy  lmit YT Boodedtl PSA
- @ Tamet Qualfier agig peny WECD3) (el ) cotumn Frael Fmel
Beel tallow 15-24
Mackerel oil I5-26
Stearic acid 17-21 @
Palmitic acid 18-22 [}
Decanoic acid 2126 0
Oxtanoic acid 22-26 1]
Astaxanthin 18-22 o
aHCH 11432 1 7089 729 0005 930 logs 0007 28-32 wl s ]
[razmon 1247 I 1650 1700 al 1022 1A% al 23-37 a2 06 [1]
r HUH 1257 I 108 722 o001 1006 1207 o008 2-33 W ke ]
AHCH 12487 I 108 729 ao0d 103l 1235 ao?  27-3l 95 95 ]
Dimethoate 13.03 1 1570 1590 Q06 1086 1351 Q1 35-30 L] Q Bl
Cyanophes 1354 1 130 410 0003 1170 1300 002 3337 ag W [1]
&HCH 18A7 I 709 79 aoz o7 1330  am 26-30 o4 a5 (1]
Chlerothalonil 1450 2 2668 2639 oM 1238 1392 003 3B ] 78 19
Chiorpyrifos methyl 1482 2 2008 2139 am 1L73 1403 002 2004 ] o7 n
Vinclozolin 1482 2 2410 2430 0002 1323 14323 Q02 26-50 ar 1ot 1]
Tallofoe mmthyl 1501 2 2498 1519 006 1206 1441 003 50~ 98 o9 [{]
Chlorpyrifos 1610 3 ian 140 ang 13058 15883 003 2400 110G o4 ]
Fenitrothion 1642 a 1680 770 2 14.01 1676 004 32-36 102 B [1]
Malathion 1646 3 1570 1721 a2 1386 IS8 (13 -1 a7 oy n
' Dichiorctenrophenore’ 1655 3 409 519 1330 1580
Triadimefon 1671 i] 1270 1290 o035 1450 1603 a4 3B-20 a3 L] 78
Fthalide 1814 4 2718 2698 0008 1482 1759 Q01 3833 L 38 59
Bromophos ethyl 1834 i LLTE ) w5s ul 1496 1762 o002 -2 w w 0
Phenthoats 1&57 1 1570 1540 ol l4.A2 ITAY @) 20-33 @9 s 0
Triflumizole 18068 4 2860 880 03 1695 1784 Q) =28 ur 0 102
a-Endosulian 1841 4 2418 23698 006 1527 1and 00l 26-30 97 100 (]
Procymideny 1904 4 2820 2830 3 1680 1838 Q05 3I7-3) L] a5 0
Captan 1925 ] 1500 i48.1 03 1536 1847 OD8 33557 wa 149 14
pp'-DDE 1936 4 317TH 3158 4 1626 I1B6S Ol 26-40 06 LT (1]
Protinophos 1938 4 3008 3028 ol 1847 l664 003 BH-29 L) L) 0
Hexaconamole 1481 8 257n 600 05 1630 1803 a) &5-20 07 0 2}
[heldnn 1980 5 b H3E 4 IG% 1908 QD] i8-32 L] L] 1]
Buprofern 2023 5 136.0 I57T0 07 1840 1943 a7 24-28 a5 2 o
Fhutolanil 2041 L] ann 220 3 1700 1988 05 0-38 08 ar (1]
Omad azone 2041 5 340 60 02 1803 1962 0©O7 2227 ur g7 1]
Kresoximemethyl 2004 B 1740 1070 Al 1800 2013 QDS 28-33 B9 a4 0
Endrany 2109 L] iy 27239 2 lGss 2023 Q03 28-32 w7 g v
Isoprothiolane L4 (i} 360 0 000 1660 2031 ans  31-36 ™ 5 95
lsoxathion 2000 [ 1690 100 02 1808 2070 Q) am-32 £ pL i 1]
Myhobtaml 20170 ] 2881 W00 1 18480 2086 LVh] -3 L] il o2
Ap' DDD 2173 8 709 729 03 1784 2087 Q02 26-30 06 a7 (1]
£ Endosulfan 2186 1] FLAR 2398 02 17467 2008 QD2 3B-33 ar L] (1]
Chlorfenapyr 2108 [} MES  MOT  DO0G 1943 2004 002 23-28 104 or o
Etlion U235 6 1BBD 1870 008 1824 2149 007 34-28 101 14 0
Ap DDT 2299 [ 704 T¥5 0A 1835 2210 002 2600 06 o8 1]
Endrm aldchyée? 2356 6 2718 609 19.35 R
lprodion metabolite 2379 o a0 2920 A 1948 22893 Ob6 25-33 i 34 ol
Erdosuifan-sulfate 2450 7 IB5A 877 Ml 20K I35A ODG 2800 a7 96 n
Bifenthrua 4598 7 384.1 410 03 2076 405 Q07 2025 98 w2 ]
Bromopropy i 2541 7 TED Kis 08§ 2106 2444 004 24-26 08 49 16
Dheofal U540 T 2020 W0 Da 0E 41 G 3520 e ] u
Tprodion sH0 7 Mp a0 3 2006 MB5 03 2839 ] al A3
Fengeopathrn 2625 7 1414 421  nos 2137 2829 Q) 23-28 1n2 S8 0
Endru ketone” T Wiy e 2187 504
Tetranifon L] 3199 3178 O000R 2346 2668 002 31-36 L] 102 0
Cyhalothrin | B 2410 Ha0 on? 70 80 Q) 21-28 ™ 3 1]
B a0 1670 008 2550 2602 03 19-24 08 o2

Acrmathemn |
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Table . Cantinued
RCT mande GEIME Dealenduma GCaRCD GIC Elation: rate® (K
Cinigiod - o Moniter joa loy/z) D?:::.m KT {min) [h':-":u\ :‘;::; ;;;m:‘, _tﬂ_aq_pE P)ari
Fere) . i J
s  Target Guahter ., i‘:g': s;‘lg;:? ingrg  mli ciluma Fracl Foac?

Cyhalothrin 2 2841 8 41D 430 a7 A2 21-26 L] b2 Li]
Acrmathein 2 2843 B 33a0n 1670 M8 I7.40 19-24 R o 0
Fenarimol 900 6 a0 2TED 006 b 5 4 2792 O0D& 3833 86 25 [
Permethrm | 2948 a8 0Tn 2080 2 2401 2845 0.l o118 Lo 'l n
Acetamipric 088 8 fo | ol 2 A3 2880 07 4048 83 0 67
Permethein ¢ 0 8 070 2080 3458 3BAT 16 w L] (1]
Pyridalen 3031 B 217D 2190 04 ¥;Hls W 02 =S-18 a7 a7 n
Cyfluthein L 3173 9 070 000 03 T4 W65 03 o-18 o o (1]
Cyfuthrn 2 3303 L] 0TD 3080 2819 30955 -4 L] ar 4]
Cyfluthnin 3 azie 9 070 RO2D W30 3L 318 L) i [+]
Cyfluthem 4 ax 8 070 2080 2862 3135 5-2n oo L o
Cypermethrin 1 3240 9 2070 2000 05 wWEE: n.31 03 28 a8 a5 1]
Cypermethrin 2 1272 9 70 2090 2829 3165 528 e ar [}
Cypermethrin 3 AEA7 g 2070 2090 2856 3180 B3 ar o1 o
Cypamethrin 4 302 9 070 2000 2870 3196 3-8 ] a8 [
Flucythrmate 1 a7 ] a0 9% 02 M 3213 02 28 04 a8 n
Flueythrmale 2 3866 9 2430 194l 2955 3169 3-8 &9 55 1]
Fenvalerats | 70 8 2110 a0 0l o722 38 02 25-18 104 100 ]
Fhivalinate 1 M6 -] W40 960 4l MNAT MM as 0-25 na or n
Fluvalmate 2 3512 9 40 2UAD 3147 2458 20-26 1o 106 ]
Fenyvalerale 2 3522 9 2110 2180 30 M58 23-28 % 10z 0
Tralocnethum 1 aor 9 W6E 169 d 009 I3[ 03 26-31 101 1oo ]
ienoconasole | 632 ] Jjlen 3D 3 3051 3611 0.8 30-35 99 o 1]
Mhenoconazole 2 3653 92 Jion 3120 378 3627 3035 (.3 L] 78
Tralomethrin 2 o 9 s 2160 sz w79 6-31 97 o 0
Apoxyrtrobin 3924 ] ann 3560 0B 337 4103 a2 -4l &5 ] o8

* Detection limits caloulated for a signal-to notse ratio of 3 for standard nlur.lnr;(sr.\r =3

¥ Average of 3 experiments
* Degradation product of drofol
“ Degradation product of endrin.
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Tuble 2. Recoveries of spiked pesticides from animal and fehery products

Spiking
Compend level  Group
/gl
LR 005 1
Diazmion 005 2
rHCH LOO6 1
£HCH L0056 I
Disethoate nos 2
Cyanophos 0005 2
&HCH 0.006 1
Chicrothalonil 0.005 1
Chilorpyrifos methyl 0.01 1
Vmeloauim 0ot z
Tolelolos-methyl ool 2
Chlecpyrifos 00l 1
Fenitrothicn 0.01 1
Malathion nozs 3
Triadimefon ool 2
Phthalide N.00G 1
Hromophos ethyl uoi 1.2
Phenthoate 0.025 2
Trithumizole 0025 1
= Endosulian 0.005 2
Procymmid one nogs 2
Captan 0ol I
pp DDE 0.006 1
Prothiophos 0.01 1
Hexacanasule 0.0} 2
Dieldrm 0005 1
Buprofezn 005 1
Fhatalan! 005 1
Oxadiagone 0.01 £
Kresoxim methyl o -
Fadrin 0.01 1
Isoprothiolne n0z5 2
lsoxathion 0025 1
Myclobrutanil 005 2
p.p'- DD 0.005 1
B Endosulfan D05 2
Chlorfenapyr 008 |
Ethion nozs 2
pp DUT (LIKGE ]
Endostifan suifate 0005 2
Hifenthrn 025 1
Bromopropylate 0.025 I
Dicefol 0025 }
Iprodicn nos 2
Fenpropaths 0.05 |
Tetradifon 0.01 i
Cyhalsthein nnzs 2
Acrimathrm 0.025 1
Fenaurimol 0.01 2
Permethin Wus I
Acetamiprid nos 2
Pyridaben 005 I
Cythuthrm 0.0 2
Cypermethrm nons 1
Fhecythrinate 0.025 2
Fenvalerate 425 |
Fluvalinate 0.025 g
Difenoconazole o3 2
Tralomethnn 0.005 1
Aroxystrolin n.05 1

* Average of _ﬁ_e:p.u'lmmh.

* RSD=relative standard deviation

Recovery* (%)
Heel Salmon Shifirs clam. Milk Fig
Av. RSD*(M] Av. RSDi#™) Av. RSDiR Av. RSD(M) Av. RSD %
959 o3 95T (B 89.7 2 £33 08 828 19
003 5.0 962 38 898 14 ETH 44 &332 28
8T 14 it .7 66 1.2 BTO (8] BT B
938 34 9.2 L7 M6 Ll 474 34 B6.0 2n
o 38 Q7T T4 s51 133 HEG 36 B2 03
200 av -3 T 633 33 L o7 819 Y
H83 1.2 4 3 M 1.5 80,7 17 851 1.2
L] 00 [E i T 00 00 650 T2 00 o0
H70 4 B9A 8 B4.1 L8 i 8 BS.6 358
923 {15:] M5 11 861 25 aa5 18 al.2 11}
958 4.1 gzl 6l 14 a4 Y35 09 874 0B
957 1.0 BaT 08 578 [E.] 290 15 BoG il
897 12 8715 1l B33 22 sal 03 854 44
B45 2] &3 1.4 Lol zl HEHL 34 L5 %] 19
B4.2 a0 BOT 43 BA 19 loza Ll K25 20
B7T 69 794 1N} 8.7 2.0 w5 22 0.9 - ¥
970 03 983 o 93.1 i1 805 23 928 a3
0.7 7.l Bi4 Lt M9 09 518 22 B5.% 25
o3 20 919 24 B89 4.3 269 89 L § 88
B60 19 25 n7 862 59 u75 58 BaT 13
BRI a7 WLE L7 ma 12 aah 16 Ra.7 28
an 00 0.0 ao 0a .0 478 56 00 on
970 oy 955 - wd 12 BG1 (£ B 17
9Th 08 9ld 0B 888 L2 825 08 593 56
780 0g B34 23 004 14 992 54 208 27
a03 25 .z i3 L= 14 AR\ kY B7.0 10
939 24 864 23 856 37 s21 16 86.0 1.5
939 1.8 a28 a2 BE4 25 eay o7 B79 26
G908 1.2 916 28 808 28 980 1a 854 11
20.7 1.7 934 15 B85 4.l a2 (E] B2 23
1001 5 0ns 10 P2 15 9Te 16 925 1&
629 30 L2 14 L0 4.2 0 1z B8 22
G44 L7 BT4 13 B&3 a3 916 36 B8B83 458
768 23 BRT = 795 23 828 50 9.0 a2
94T Ll B9.0 25 B3y 1.6 880 13 BG.O 34
BRO 33 82T 38 BO3 58 71 14 BOS 4.7
ars 24 953 10 053 L E o929 & M8 15
EOR 25 BOR Lt Bi A 19 .18} 44 B&.7 27
953 L7 B85 15 BES 14 002 18 BS4 20
916 38 1003 44 o 07 o8y 48 905 23
941 09 BGG 20 44 27 91.6 2 891 I&
M2 14 B8 34 05.7 3.0 03l 38 Bun F]
1015 25 15 (413} 1074 1.6 o045 A5 280 4.5
BS4 L Bi4 a8 9a7 5 148 3l 915 83
63 1.6 BAG Z 1006 1.8 220 o4 a3z L.l
972 09 878 &8 988 13 [0x7 32 B9l 20
911 15 857 45 253 a7 sR9 n 930 19
G2, 40 5Ll 40 B2.7 26 BL8 25 531 a7
El5 30 20.0 75 [ A 23 1063 20 030 10
955 na T I4 BEe o7 oGs 6 B7.7 76
1os 74 128 82 e 172 (%) 95 LRt 56
41 1.0 B30 13 9E.1 34 88 05 BAY 25
B2 16 M6 27 1.2 85 - T 523 13
925 19 As1 Lo 90T A7 Add 1 Ban L3
BIS 44 o8 or in3e 50 215 34 89.0 a2
9ih (N B3 18 9.3 4.8 816 4 BE.1 a5
B28 a2 By 1.5 Rt 4.1 in2a 14 B55 15
8 80 M48 53 72 a9l o929 97 919 14
1057 44 95,7 79 0.7 19 {143 50 1015 b&
1017 45 990 a9 068 68 1034 51 1029 45
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Fig. 2. MS chromatograms and M5  spectrum  of
endusullan sulfate found in 4 salmon extract
LA EFSIM mode GC/MS, (B, C1 NCLSIM/Scan
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