Fohruary 2606

REFHBA v 740 2 v (MunSi0 A OB PCREENR L LAABRTERSLS 1y

ok, GM 2% e 3 U HER DNA M810-2 4 Y 23
S F R, b, GM b 2% 0 VLB DRA GAZE-
BAYAAP L2 F¥ew b, GMP 2ROV 7,522
Foy PColEI/TE (4 Y TRA2 v A FVBLIU TS 2
IFRERTHRI = £ I HED 2RGE AR
)=y Ry V- »UURETFLHHEE ., BORE
B “THEROHEBRLYE T,
3 8B
Y G3ER, DNA BEEORIL VBB L TG LI
BRLSEALLBERUTO B, Wl « 8
GW IM 100 {(Retch 3%, GHBIE. #34 %=%a
Sy F DTUAB {F 4 F o 5850, BBOM Ave
otil HP25 (Beckman 2435, & b@dd% Kr-1000 (7
T eRBY. Pt 1 E S MTBL (¥ bR, S
HAHEE: ND1600 (NanoDrop Technoiogies 189,
HBPCRBB BB E % 1 AR PRIEMY 7000
[ABI REE, 2 QHORBEB 4 AR PRISMY 7200 {ABI
4. DNA HiH
1y BRI
My RS R SRR RB 2Tk, BB
T e BERE 1113001 ¥ 2212 BreRRo vy »
HAEY A FE ViE (BEmini ) $EVTDONAL
Wit 7,
2) B mini BORE
B minl AR BIROBPLLETOREY M YL EY
CRBEMA, (Rl mini ik L4 BRobiEse
VT, DNA TN 9 &0 ST 4 B i 8HK (Dis-
tilled water DW) £ 81, TQHE, 4 2 TP oss —-ait
MBI L > TDNA X B8, 25x TEEBRE-N
Wt A ~F REmnELBWTE 34550
DNAGHE TERE R LRV E I, £ 7 70 s -
DR BBt B S Ly, B ninlikoks
BB T IBFONERUToLBuTE S, IMint
spineolumn T4 » FORLFELE L, 55808 680
CRLTBOE TERFR 0oL S RASHEREL .
%, 10000xg QLT 1 0BG L DNA 2L
%o, HE TE SEHEILROBELBDELIG, B
hEBpRELans, DNAREBEGRE LA
@ REER
HERR- 20 TY, BERE L0 BB 0
LABO DNATIHIE (VALY sLPE g}
&, CTABH:, v 3 h¥als 4 7% vik) S
BOE 1, BFERBLEL0RM LT TR
B U AT BB AT E . MR L TREE mint 0
FEWIRL, [EEPRAY 2 IBS W R minl BICHES
bo L@l .
5 EBBPCRE
KRB 1113001 BREROEALWTL L, U,
TR BOT MonB10 RELRNTRE (Mons108R

.97.

%) GA2 R B RLIERY (CA21 28 L
CaMEBZELR GMEY€na a3 HLEE ONA
BRsBRGBETIEDOMBIOZ T Y TR g g
FHEs b, GAZLIAYIRZ2VEF ¥ L5 b, P68
AYAZ T2 F ¥Ry bDERERE, b oBUDLD
A BT (Slarch synthase Th 39 — ¥ ¢ 3 @&
F SSHE ARRTAAHOSSNAIL TRyt s
F¥s b, BEUBBOSA e T bm Vs VAR Y Fm g
ERBGMYPEROIVT SR Py b EBAGHYE
THCIEB PCREL BT 4.

6 B3R

MEIOL EX D MBIOH O S FHhCIL, S0 EmA
SRED 1256 BT L RONFURHMEESL
T, M- RERGSEBLE, B0 0REM 2
Grutvs YNERLD I IRSIL, ARG fEY
i KEECDNA LU, 20 ng/ul DT
BELBEDNA S ERPCREC 85 DNAGER
E L, SRMET ot CaM BLY MonS10 B8E0EE
=R, X, 2E0BELBERITIILTCCM b Y
tony BELEY) BAS (CMBAS) X500
MonBl0 BARZEH L. BohaBAB R~ EE
DB EDRE L, N, RSO A S~
AEEBOTE GAY BEELEVLEEB LTI T &L L
kY, CHEBOCCRRLAES RBROGBEREN L
SR EES N I BNATRR TRY (abselule limit
of guantification: “LOQ ot ST R v 7 F AH8HES
BhOsCH ot BEEFblb ot 5, B
HAEH L 2 ABL PRISM 7700 B4, “LOQumengs 65 20
e CH G,

7. BRuER

HEELENET. MRIOL B2 T MSIOR 805 o8k
AHEBS gD P E 0 RIKABRBIRL, ¥R
[ mini &) RO DNA 2L 225, @8 PCR &
B4 LGHEITY CaM 2 5T Mon&10 BAB LB
L Bh, TEBBCEORNSIEE $ 5% 200
THEBRBEEL L TRELEN I LERBRE LIRS
HERO I CHRBE T, RARSBMLE. BN
F#TBOASBARIS T Student LIREIC L DEIFL
fAR

8. BIEEBICETIBBIF 4

LR B AR+ L3, AERET 1113001
320 Hicwpah ik BB HERAGM o e D
DEEBELEEHPCR] R EfR L. VT,
Berr—~—atifd. (Ao y-2rBBLLT, N
SIGLZ &I MBIDH D SO BDBEKED 2 58 L,
DNAZHIT 2, B3SO LIHCDNARK I &

L CaM 2T GAR) B#EESHVAERETV, 2

NEKPLE 2N BIARCERHEERG S, to8R,
GM towu s (REBKIHST) eBABS LK %
A PHPHCBEL TR, #RSRWTRES: LTHre



i3

B Vol 4% Mot

5 BCREL G NARBEBL (X2 Yz w PHEBES
wﬁr TR D AORIKS, Monfi0 2 68 GA2L ;r;ﬁ?z:é'
Huy B SERT S, ABK 2B AREIE S L GV
oo 3 PRBARS, ManBIO LI GA 2.1 ﬁA%‘-

OERGETS, 1, EBBRAA -~ BB s T
AR ’m‘:,

8. BRuRoRs

Y-SR X FLls MBIDL YL 5 2
a:fw;x BE V54T R bR c‘z;’?«éét %Zf

£ir MEBLOH Dpsrtt
$ ]

AL, BERA-CTRET S i W
%z{if&%mw, B BBE é;..m%%: ﬁ g

LA L SRR = T %ﬁz@%

1113008 Hi8
SRR o\ L OSSR e sE
KEELRL 2,

FEEE & L7, GM RERBEHIC oV TOERE
% OMBEARGOLEH, IARFRENSE WELE
B UHBRE. BAREOEE SEBRED 2 -

~ TELL DNASHNE, EEEEDe . D L
¥, MB2RCh L - THBSBEBEL L EBL

L BBRERr T, BREARLDNACBRER
{230, 280, 280 % L I 320 amy 2B, BHEBUG S
B TS h 3RO, B0 DNA BRI DMER
(2980 BLULHS %/&fuﬂméno GM ko En
9 YBAFERET L0 L INLEBHBO

X TR Thompson ©0 &8 H8BE™ 1 ST Asso
ciation of Official Anatytical Chemists {A0AL Inlerna-
Homal Dw = a TARSBER Uiz, kRSB REY
P 15% 281850 3Es88neL

10. BRBROBRLSULHIE

EEXNRBREED S %, CaMBLT Mon$10 #A
Bz, SR 7 r 9 = 7 JUSEQCAS () a
AR SHBFEI SR UHERELTO, B8EKL
B, 27w r OB XoerR BHROENE 1 &
i3, Z-X = :r@gmu: ﬁmmz,@%&%o’?rftﬁ £ "‘{’mr) 43

Lr \z. 237 0%‘«5% 2 u.fmii). if’, &g;&mv“s,::;:«,

WIRABOREST BB LI £ BHBREE
ARI PRISM™ 5700, 7700, 7000, 7900HTS6 B3 L7275 384
well (814 ABI#E), Roche LightCecler System

UL o BB DOFROLDERPOR BEEHVT
B AT 2ot GRAHREEOIERI G, MM L 2 SRLCH

BB ABC B UL EREMNEL Ly, e D
11}"#!‘7{3 BB CBE L BENILC oo &5
S, AL AL SREShLRABERA L,
ABIHBZB PCRIBB SR LGB S0t s v ol
ABDBIZNT, VAT OEIE ST 1. YW
FoER, GUHEESYEZ S BARNES s it
2, EOFRE-TERL £ @g;,. . amYgem
i, BUBEw T A G EBILE,

&% Z

1. #--u SUIRIENMR

MSIGL B L P MBIOH o—R s T8HY 2
&, BRI § FNATREENRE, CaMu S
U MenS10 2 8E D 2 ZBETHG, #h¥FH2ED
Yok L% tn, BB 051 L A
Y-S a W BN BAGDRE (REHCBE CaM
LA MonBIOHAE) 2 HT¥0EBTHEL M
Bi6L 2B Laold, CaMBAR: 035%, Monkio
BATE 035%, MonSIOH 2B ELLEBS CaMiB
A 568%, MonBICHR AH: 545% (Teble 1) %
¥z, EASIHEED LB SN CaM SR MBI0 B
o Py b EBLEE, thPnE--FEEOSTATE
S OBIRL BB, TRORBBHIYLT S, BABOY
Bz EEagE (p-008) T FE » 4 (Table 23

HERBPEHLLTZE LA BELE
~20°CaR S TRE LRI DEHORE ’ffhm‘“f 4
L, FRSWTTIET L0 (REHRGHE
b, BRI HEBEL nE AR TEID ©, B0
1] n‘ﬁ’?é e CaM B S I MonS10 R Bk e 1
LR R o L BECHBEBSHAARBAREZ 3
z;cm@mzmmm BRI L R, MM, BREo
Bk PR (p2 008 COWRRBREYN LA
EARITE0% oo {'E.‘abic 3

2. DNABEEROUS

BRI ETS, WUPEDW - BEOTRER b
B, BRI GEEB v X ABY £ ;r,f -
b (BRI minl B OWRE (SR mini B Kon

Table I. Raesuliz of Homogeneity Study
Nursber of Rin 1 Run 2 Tostal
, Fareber of
Method Sempls . vrements  ATOORTL RAD Araoannt RED. Atnenint RED
1963 {93 ’5(" &y - o {33
cat MBIOL & 03805 13, 0338005 152 GB5L0.66 173
{Ca -
¥ig1oH & 6515848 EQ L462034 R& 5682080 125
MEISL & 6385004 105 6325097 718 G345 n0 85 143
Monsio ;
MBICH & BB EG4T 94 5874837 B BALE060 L10

Daty reprezent means HRIx

-98-



Februsry 2008 JETHEBL » 2% 2 2 ¥ MonBlo 5D

BRPIREEHEL L NGOT OIS 137

Table 2. Reselis of Oneway Analysis of Vdrmm o Ho*wgm» ty Study

Muthod Sarnple Soz:lrae;: o af Sum Mean F szizt:’a’ valee af £
variption &quate“ square 1= 0.05;
s Beiween samples 3 0.032 £.0964
MBIOL - , b 14817 43874
can Anglylical 8 2020 0.0933
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Table 5. Quality and Yield of DMA Exicacted Using Three DNA Bxtraction Methods
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Determination of Spinosad in Vegetables and Fruits by
High-Performance Liquid Chromatography with UV and Mass
Spectrometric Detection After Gel Permeation Chromatography
and Solid-Phase Extraction Cleanup on a 2-Layered Column
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A simple and reliable method was developed for
the determination of spinosyns A and D, the active
ingredients of spinosad, in vegetables and fruits,
by high-performance liquid chromatography with
UV detection (HPLC-UV) and confirmation by mass
spectrometry (MS); the method uses selected gel
permeation chromatography (GPC) and a 2-layered
column for solid-phase extraction system. An
aliquot of the crude sample extract obtained by
acetonitrile extraction is loaded into the GPC
system. The fraction containing spinosyns Aand D
is selectively collected and loaded directly onto a
2-layered column consisting of graphitized carbon
(upper layer) and cyclohexyl-bonded silica gel
(lower layer). After the column is washed with the
GPC mobile phase acetone—cyclohexane (3 + 7),
the column is eluted with acetonitrile containing
2% triethylamine. The eluate is used for HPLC-UV/MS
analysis. Average recoveries from fortified cabbage,
green perilla, fig, and strawberry at analyte
concentrations of 0.05 and 0.25 pg/g were >85%,
and the relative standard deviations were <9%. The
detection limits for spinosyns A and D in green
perilla were 0.005 ug/g by UV detection and

0.001 ng/g by MS detection.

Saccharopolyspora spinosa. Its distinct mode of action ‘

S pinosad is an insecticide derived from the soil bacterium

is effective on a variety of insecticide-resistant strains of
insects, and it has low mammalian toxicity and a favorable
environmental profile (1).” Spinosad has been registered in
Japan for use on a variety of vegetables, fruits, and ornamental
crops since 1999 (2, 3). Because spinosad is a mixture of the

Received February 21, 2006. Accepted by AK May 15, 2006.
Corresponding author's e-mail: eiji_ueno@pref.aichi.lg.jp

active ingredients spinosyns A and D (Figure 1), vegetables
and fruits should be analyzed for both ingredients during
regulatory monitoring under the Japanese Food Sanitation
Law (4). This law does not apply to the metabolites such as
n-demethyl spinosyn D, spinosyn B, and spinosyn K, which
are not harmful, judging from a comparison of the
characteristics and severity of their toxicities with those of the
parent ingredients (5).

In 2004, spinosyns A and D were detected in cabbage in
Aichi Prefecture when a multiresidue method combining
high-performance liquid chromatography (HPLC) with mass
spectrometry (MS) and our reported sample preparation based
on gel permeation chromatography (GPC) cleanup (6) was
used. Because of their large molecular size, spinosyns A and D
were eluted early in the GPC cleanup, and a considerable
number of analytes were discarded with the large molecular
matrixes such as lipids and pigments in the GPC procedure.
Moreover, our current observations have revealed that,
although HPLC-MS is suitable for the rapid semiquantitative
screening of multiclass residues, the matrixes in the sample
solution often cause suppression or promote the ionization of
analytes during HPLC-MS analysis. Therefore, the sample
must be reanalyzed by other selective-detection methods after
adequate cleanup in order to have the precise quantitation
needed for regulatory monitoring. Accordingly, the positive
samples were reanalyzed by HPLC with UV detection
(HPLC-UV) based on the Japanese official method
(Figure 2; 7), with some necessary modifications such as
replacement of dichloromethane with ethyl acetate because of
environmental restrictions (8). The use of the Japanese official
method has also been reported by other researchers (9, 10).
Nevertheless, the method, which consists of acetonitrile
extraction, liquid-liquid partitioning, and solid-phase
extraction (SPE) on a cyclohexyl-bonded silica gel (CH)
cartridge followed by a silica gel (silica) cartridge, involves
labor-intensive procedures and strict requirements for the SPE
conditions, because a low wavelength near 250 nm is needed
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(CHg)zN\N\C:’ OCHaey,
OCHs
~0

Spinosyn A (m.w. 732.0), R=H
Spinosyn D (m.w. 746.0), R=CH3

Figure 1. Structures of spinosyn A and spinosyn D.

to obtain adequate sensitivity for the analytes. However,
significant interfering peaks were still observed in the
chromatograms of the purified extracts from green vegetables,
cabbage, and especially green perrila. Moreover, because the
presence of an excess amount of lipids and pigments like
chlorophyll and carotenoid in the crude extracts decreased the
affinity of the analytes for CH and silica, considerable
quantities of spinosyns A and D were discharged during the
cartridge-washing procedures.

Therefore, the study described in this paper focused on the
development of a simple and reliable sample cleanup procedure
for the determination of spinosad residues in vegetables and
fruits by HPLC-UV with MS confirmation (Figure 2). Our
improved routine method extends the current conventional
multiresidue methods (6, 11-13) by incorporating spinosad into
the regulatory monitoring program.

Experimental

Reagents and Materials

(a) Solvents and chemicals.—Acetonitrile, sodium
chloride, ethyl acetate, anhydrous sodium sulfate, acetone,
and cyclohexane were pesticide-analytical grade (Wako Pure
Chemical, Osaka, Japan). Water was purified by using an
Auto Pure WT100 system (Yamato Scientific, Tokyo, Japan).
Acetonitrile and water only for HPLC were LC/MS grade
(Wako Pure Chemical), and all other reagents were analytical
grade (Wako Pure Chemical). Rapeseed oil, chlorophyll oil,
and B-carotene were purchased from Wako Pure Chemical.

(b) Analytical standards—The pesticide standards for
spinosyns A and D were purchased from Hayashi Pure
Chemical (Osaka, Japan). Each standard was dissolved in
methanol to obtain a stock solution of 1 mg/ml. Equal
volumes of the stock solutions were mixed and diluted with
acetonitrile to obtain the mixed spiking solutions and working
standard solutions. The standard solutions were stored in
amber vials at 4°C.

(¢) Graphitized carbon-CH  2-layered  column.—
Graphitized carbon (Supelclean ENVI-carb II) and CH
(Bondesil-CH) were purchased from Supelco (Bellefonte, PA)
and Varian (Harbor City, CA), respectively.

Apparatus

(a) Dispersing unit.—Ultra-Turrax T-25 with a stainless
dispersion tool S25N-10G (IKA Labortechnik, Staufen,
Germany). . .

(b) Suction filter system (Figure 3).—A Kiriyama funnel
(Cat. No. SU-60; Nippon Rikagaku Kikai, Tokyo, Japan)
fitted with a filter paper (Cat. No. 5A-60; Nippon Rikagaku
Kikai) was connected by a vacuum SPC joint (Cat. No.
3047-19; Sibata Scientific Technology, Tokyo, Japan) to a
125 mL graduated cylindrical separatory funnel (Cat. No.
3027-19100; Sibata Scientific Technology). A maximum of
12 units was supported by a wooden stand (available by
special order from Iwahana Kamidana, Takayama, Japan).

(c) Rotary vacuum evaporator—Rotavapor with vacuum
controller V-800 (Biichi Labortechnik, Flawil, Switzerland).

(d) GPC-SPE cleanup system.—An automated GPC
cleanup system (Shimadzu, Kyoto, Japan) equipped with a
CLNpak EV-2000 cohmn (300 x 20 mm id), a CLNpak EV-G
guard column (100 x 20 mm id), and an AO-50 colum oven
(Showa Denko, Tokyo, Japan) were used for sample cleanup.
Acetone-cyclohexane (3 + 7) was the mobile phase, and the flow
rate was 5 ml/min. Colurnn temperature was maintained at 40°C,
and the UV detector was set at 245 nm, Injection volume was
2 ml. As shown in Figure 4, a glass reservoir (16 mL; GL
Sciences, Tokyo, Japan) connected to a flow-control tube (60 mm;
Supelco) was used as the column. Glass wool (5-8 pm; Nippon
Rikagaku Kidai) was placed at the bottom of the cohurnn as a filter,
and 1 g CH, 0.5 g graphitized carbon, and 0.5 g anhydrous sodiurn
sulfate were placed in series on the filter This graphitizec
carbon-CH 2-layered column supported on the S0 mL tall beaker:
by a rack (available on special order from Iwahana Kamidana
was preconditioned with 10 mL cyclohexane followed by 10 ml
acetone before use. A maximum of 16 columns was mountec
in the GPC fraction collector.

[Acetonitrile Extraction ] { Acetonitrile Extraction |
{ . }
Liquid-Liquid Partitioning GPC

( Discard Aqueous )
Collect Ethyl Acetate

!

CH Cartridge SPE| -
!

| Silica Cartridge SPE|

! v

HPLC-UV Analysis [HPLC-UVMS Analysis |
|

HPLC-MS Analysis

[Graphitized Carbon-CH SPE

Japanese Official Method Present Method
Figure 2. Flow charts of the Japanese official metho
and the present method for the determination of
spinosad in vegetables and fruits.
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Filter paper (60mm, No 5A)

= to aspiraior
Glass stopper

separatory tunnel
(125 mL}

Woaoden stand

2 M phasphate bufter
(pH7) SmL

NaCl 7g

Round-bottom ftask
{300 mL)

Figure 3. Suction filter system using a graduated
cylindrical separatory funnel.

(e) HPLC-UV/MS system.—A Shimadzu LCMS-2010A
instrument equipped with a binary LC-10ADvp pump, an
SIL-HTA autosampler, a CTO-10ACvp column oven, and an
SPD-M10Avp photodiode-array detector was used for the
HPLC-UV/MS analysis. The HPLC column was a CAPCELL
PAK C18 MG II (100 x 2.0 mm id, 3 pm particle size) with a
guard column (10 x 2.0 mm id, 3 um particle size; Shiseido,
Tokyo, Japan). The mobile phase was 10 mM ammonium
acetate—acetonitrile (25 + 75), isocratic elution was used, and
the flow rate was 0.25 mL/min. The column temperature was
maintained at 40°C, and the detection wavelength was set at
245 nm. The single-quadrupole mass spectrometer was
optimized by the instrument software in the electrospray
positive ionization mode. Typical operating conditions were
capillary voltage, 4.5 kV; nebulizer nitrogen gas flow rate,

Eluate from GPC column

1.5 L/min; drying nitrogen gas flow rate, 10 L/min; heat block
temperature, 200°C; curved desolvation line (CDL)
temperature, 250°C; CDL voltage, 25 V; Q-array DC voltage,
55 V; Q-array RF voltage, 150 V. The chromatograms were
recorded under full-scan (100-850 m/z at 0.75 scans/s)
conditions. The data were processed with Shimadzu LCMS
solution Ver.3.3 analysis software.

Sample Preparation

The vegetables and fruits were obtained from retail
markets in Aichi Prefecture. Pesticide-free vegetables and
fruits were used for the recovery test. About 500 g roughly
chopped sample was chopped in a conventional food
processor for 2 min to obtain a thoroughly mixed homogenate.

Extraction

A 20 g portion of the homogenate was weighed into a
250 mL centrifuge tube and extracted with 60 mL acetonitrile
for 2 min by using a dispersing unit. The extract was
centrifuged for 5 min at 3000 rpm, and the supemnatant was
filtered with a suction filter system (Figure 3) into a 125 mL
graduated cylindrical separatory funnel containing 7 g NaCl
and 5 mL 2 M phosphate buffer (pH 7). The contents of the
centrifuge tube were again extracted with an additional 20 mL
acetonitrile, and the extract was filtered into the same
graduated cylindrical separatory funnel. The filtrate was
shaken with a mechanical shaker for 5 min to salt out the water
layer. The acetonitrile extract in a 300 mL round-bottom flask
was evaporated to near dryness with a rotary vacuum
evaporator. A 50 mL portion of ethyl acetate and 20 g
anhydrous sodium sulfate were added to the residue, and the
contents of the flask were sonicated for 1 min. The resultant
mixture was filtered through glass wool placed above the
narrow neck of a funnel into a 200 mL round-bottomn flask.
The 300 mL round-bottom flask was rinsed twice with 20 mL
ethyl acetate, and the rinses were filtered through the glass
wool. The filtrate was evaporated to near dryness with a rotary

115-125 mL GPC eluate
Wash

}

Movable collection head with valve

4565 mL GPC eluate S mL of acetonitrile/
Waste (Spinosad fraction) triethylamine (98:2)
Load Eilute
Glass reservoir ‘ ‘
(16 mL)

GPC fraction collector

3>
—>

Anh. NazSOs 0.5g
ENVI-CARBIl 0.5g
BONDESIL-CH 1g
Glass wool

Flow control tube ——

Tall beaker T Amber round-
(50 mL) bottomn flask
(30 mL)

Figure 4. Graphitized carbon-CH 2-layered column cleanup after GPC.
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Figure 5. UV chromatogram, MS chromatograms, and
MS spectra obtained for the standard mixture of
spinosyn A and spinosyn D (each at 0.25 mg/mL).

vacuum evaporator. The residue was dissolved in
acetone—cyclohexane (3 + 7), the volume was adjusted to 8 mL,
and the mixture was centrifuged for 5 min at 3000 rpm. The
supernatant was ready for cleanup.

Cleanup

A 2 mL aliquot of the extract (the supernatant from the
previous step), equivalent to 5 g sample, was loaded into the
GPC system. As shown in Figure 4, the first 45 mL eluate was
discarded and the next 45-65 ml eluate (spinosad fraction)
was directly loaded onto the 2-layered column. After an
additional 65-115 mL eluate was discarded, the 2-layered
column was automatically washed with the next 115-125 mL
eluate. These automatic operations were conducted at 25 min
intervals in the dark GPC fraction collector. After the S0 mL

tall beaker was exchanged for a 30 mL amber round-bottc
flask and the flow-control tube was removed, the 2-layer
column was eluted with 5 mL acetonitrile-triethylami
(98 + 2). The eluate was evaporated to near dryness by using
rotary vacuum evaporator, and evaporation was complet
under a gentle stream of nitrogen. The residue was dissolv
in acetonitrile-water (75 + 25), and the volume was adjust

" to 1 mL in an amber SPE concentration tube (GL Science

The 1 mL test solution corresponded to 5 g sample.
HPLC-UV/MS Analysis

A 10 pL aliquot of the test solution was analyzed
HPLC-UVMS by using the parameters described in f
Apparatus section. The UV chromatogram was used -
quantitation, which was based on the external standard methe
A minimum of 5 points was used for the calibration graph (pe
area versus concentration) constructed for each analyte. T
sum of both analyte concentrations was assumed to
analytical value for spinosad. The MS chromatograms and }
spectra were used to confirm the identities of the analytes.

Recovery Test

The recovery test was conducted 5 times for each sample
cabbage, green perilla, fig, and strawberry. Spinosad
registered for cabbage, fig, and strawberry in Japan and |
been provisionally registered for green perilla in Ai
Prefecture. A 0.5 mL aliquot of the standard solution of e:
spinosyn at 2 or 10 pg/mL was added to 20 g chopped samg
and the sample was left for 60 min at room temperature bef:
extraction.

Extraction and Cleanup Studies

The rates of extraction of the analytes from water,
elution profiles of the analytes, and representative matri
(rapeseed oil, chlorophyll, and B-carotene) in the GPC and ¢
column cleanup procedures were investigated to finc
suitable method for sample preparation. These tests w
conducted 3 times through each procedure.

To determine the extraction rate from water, 0.5
spinosad solution containing spinosyns A aod D, each

Table 1. Extraction of spinosyn A aﬁd spinosyn D from water, and elution of spinosyn A, spinosyn D, and

representative matrixes from GPC and the CH column

Extraction or elution rate, %°

GPC elution volume, mL CH column elution
Compound Extraction from water 30 35 45 55 65 Fraction 1  Fracti
Rapeseed oil 17 73 6 95 ¢
Chiorophyil 47 43 1 98 ¢
g-Carotene 88 7 2 . 99 (
Spinosyn A 94 65 32 4 0 g
Spinasyn D 97 68 31 3 0

* Mean of 3 replicates.
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Table 2. Elution of spinosyn A and spinosyn D in the extract of green perilla from a graphitized carbon-CH 2-layered

column

Recovery, %°

115-125mL GPC eluate 5 mL acetonitrile-triethylamine
Graphitized carbon, mg® Compound 45-65 mL GPC eluate (load) (wash) (98 + 2; elute)
0 Spinosyn A 81 16 1
Spinasyn D 85 14 1
Chlorophyil +44¢ +
Carotenoid +++ +
100 Spinosyn A 49 33 16
Spinosyn D 48 30 18
Chlorophyil + ++ +
Carotenoid ++ ++
200 Spinosyn A 0 12 84
Spinosyn D 11 86
Chiorophyll
Carotenoid ++ +
300 Spinosyn A 0 101
Spinosyn D 99
Chlorophyll
Carotenoid + +
400 Spinosyn A 97
Spinosyn D 0 95
Chlorophyll
Carotenoid
500 Spinosyn A’ 98
Spinosyn D 0 102
Chiorophyll
Carotenoid

* Quantity of CH was 1000 mg in each case.
® Mean of 3 replicates.

¢ Recoveries shown as +++, ++, and + were evaluated by observation.

10 pg/ml., was added to 20 mL water in a separatory funnel.
The water was thoroughly mixed with 80 mL acetonitrile, and
the solution was transferred to a 125 ml. graduated cylindrical
separatory funnel containing 7 g NaCl and § mL 2 M
phosphate buffer (pH 7). The mixture was shaken to salt out
the water layer. The acetonitrile layer was evaporated to near
dryness with a rotary vacuum evaporator, and evaporation
was completed under a gentle stream of nitrogen. The residue
was dissolved in €4 mL acetonitrile-water (75 + 25). Each
compound was determined by HPLC-UV.

To optimize the GPC elution profile, 2 mL individual
solution (spinosyns A and D, each at 50 pg/mL and rapeseed
oil, chlorophyll, and B-carotene, each at 1000 pg/ml) was
loaded into the GPC system. Each compound was determined
by GPC with UV detection (GPC-UV).

-112 -

To determine the elution profile in the CH column, 20 mL
individual solution (spinosyns A and D, each at 10 pg/mL, and
rapeseed oil, chlorophyll, and p-carotene, each at 200 pg/mL)
was loaded onto the column packed with 1 g CH, which was then
eluted with 10 mL acetone—cyclohexane (3 + 7); Fraction 1): The
colurnn was again eluted with 5 mL acetonitrile—triethylamine
(98 + 2; Fraction 2). Each fraction was evaporated separately to
near dryness with a rotary vacuum evaporator and dissolved in
<4 mL acetone—cyclohexane (3 + 7). A 2 mL aliquot of the
resulting solution was loaded into the GPC system. Each
compound was determined by GPC-UV.

Results and Discussion
HPLC-UV/MS Conditions

Because spinosyns A and D are relatively poor polar
compounds under neutral conditions (1), a reversed-phase
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Table 3. Recovery of spinosyn A and spinosyn D from cabbage, green perilla, fig, and strawberry

Cabbage

Green perilla

Fig Strawberry

Spiking level,
Ha/g

Compound Avg.rec., %? RSD, %

Avg.rec. % RSD,%

Avg.rec.,% RSD, % Avg.rec.,% RSD, %

88
92
85
a3

0.05
0.25
0.05
0.25

92
94
89
a3

Spinosyn A

Spinosyn D

b O W N

86
92
91
92

92
96
91
95

h © w o™
w O » @
s N W >

mobile phase, 10 mM ammonium acetate-acetonitrile
(25 + 75), and a binary pumping system were used for routine
HPLC analysis. Several mobile phase (isocratic and gradient
elution of 10 mM ammonium acetate-acetonitrile from
[10 +90, v/v] to [95 + 5, v/v]) and stationary phase conditions
were evaluated to obtain suitable conditions and analysis
times for the separation of the analytes and other unidentified
compounds in vegetables and fruits. Satisfactory results were
obtained by using a CAPCELL PAK C18 MG II column with
a mobile phase of 10 mM ammonium acetate-acetonitrile (25 +
75) with isocratic elution. By using the isocratic system, less
fluctuation in the baseline of the UV chromatogram and a short
analytical time were obtained. Spinosyns A and D were
detected in their UV spectra at 245 om, with retention times of
9.63 and 12.32 min, respectively (Figure 5). The calibration
plots were linear in the concentration range of 0.05-50 pg/mL
(correlation coefficient, 0.999). Furthermore, the peaks
corresponding to spinosyns A and D were confirmed with high
sensitivity and selectivity by their MS chromatograms and MS
spectra in which characteristic molecular ions were observed at
m/z 732.2 for spinosyn A and at m/z 746.2 for spinosyn D.

Extraction

Because spinosyns A and D are easily dissolved in
acetonitrile under neutral conditions (1), we applied our
simple and reliable multiresidue extraction method (6, 12, 13),
which uses acetonitrile extraction and salting-out by the
addition of NaCl in phosphate buffer (pH 7). As a result,
spinosyns A and D were sufficiently partitioned (294%) into
the acetonitrile layer (Table 1). A suction filter system
(Figure 3) was devised to provide a more simple and rapid
extraction. With the suction filter system, the extraction time
for a large number of samples was shortened, compared with
that of the traditional extraction system that uses an open top
and side tabulation bell jar.

Cleanup

To develop a reliable autocleanup system before HPLC
determination, GPC and a laboratory-made graphitized
carbon-CH 2-layered SPE column were combined. GPC allows
the compounds in the sample to be separated by a molecular
size-exclusion mechanism (6, 12-15), CH is a medium-polarity
sorbent that exhibits unique selectivities for specific

w UV chromatogram (245 nm)

w o [ ] 1) 150
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1
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Figure 6. UV chromatograms, MS chromatograms
and MS spectra of extracts of a green perilla: (A) bl
extract analyzed by the Japanese official method;
(B) blank extract analyzed by the present method;
(C) extract of sample spiked with spinosyn A and
spinosyn D (each 0.05 pg/g) and analyzed by the
present method.
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Figure 7. UV chromatogram, MS chromatograms, and
MS spectra of a cabbage extract.

compounds (9, 10), and C18 for the HPLC separation is a poor
polar sorbent. Therefore, we speculated that the GPC cleanup
would be most selective when the analytes were compounds of
a specific molecular size or a single compound such as
spinosad; moreover, the selective GPC based on a separation
mechanism different from that of the C18 separation would be
effective for removing interferences from a sample before the
HPLC determination. The elution profiles of spinosyns A and
D from the GPC colurmn are shown in Table 1. The mean
elution times of spinosyns A and D were 10.6 + 0.1 min (53 +
0.5mL)and 10.4 £0.1 min (52 £ 0.5 mL), respectively, and the
relative standard deviation (RSD) was within 1%. A hard type
gel CLNpak EV column restrains swelling during the change in
solvents, and by using the special column oven, the column
maintained at 40°C provides good reproducible elution times
for the loaded compounds.

The spinosyns A and D eluted from the GPC columin were
directly retained on the CH sorbent when the GPC mobile
phase was acetone—cyclohexane (3 + 7). Accordingly,
spinosyns A and D loaded with 20 mL acetone—yclohexane
(3 + 7) were completely retained with an additional 10 mL
acetone—cyclohexane (3 + 7; Fraction 1), and they were eluted
with 5 mL acetonitrile~triethylamine (98 + 2; Fraction 2;
Table 1). Rapeseed oil, chlorophyll, and B-carotene were
eluted in Fraction 1 (Table 1); polarity matrixes and fatty acids
such as stearic acid, palmitic acid, etc., were also eluted in
Fraction 1 (data not shown). However, a significant part of the
spinosad fraction (45-65 mL eluate) and the fraction
containing chlorophyll and B-carotene still overlapped each
other in the GPC elution (Table 1). Because the presence of an
excess amount of pigments in the extracts of vegetables and
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fruits, especially green vegetables, decreased the affinity of the
analytes for the CH sorbent as mentioned above, a considerable
amount of analytes may be discarded with the pigments during

. the SPE loading and washing procedure. Accordingly, because a

2-layered column with graphitized carbon placed on CH had
played a significant role in retaining the pigments (6), we applied

‘it to the determination of spinosad in this study. The elution

profile of spinosyns A and D in the extract of green perilla, which
contained 1.25 pg each of spinosyns A and D in 2 mL extract,
equivalent to 5 g sample, is shown in Table 2. Although
spinosyns A and D were discarded with the pigments in the SPE
loading and washing procedures in the absence of graphitized
carbon, they were completely retained when the quantity of the
graphitized carbon used was >300 mg. From this result, we
concluded that the amount of graphitized carbon needed to
remove an excess arnount of pigments from green vegetables
was 500 mg. Thus, a 2-layered column (Figure 4) consisting 0.5
g graphitized carbon and 1 g CH was used for cleanup. A glass
reservoir provided sufficient space for the addition of the GPC
eluate. Anhydrous sodium sulfate prevented the graphitized
carbon from floating in the added GPC eluate. Filtration through
glass wool and the use of a flow-control tube resulted in an
appropriate elution rate (approximately 2 ml/min).

Additional cleanup with silica-SPE (7, 9, 10) was not
needed, and the cleaned sample extracts were not filtered
through a 0.20-0.45 pm filter because the solutions were
highly purified and certain types of filters were found to
adsorb the analytes (data not shown).

Recovery Test

The recoveries from the representative vegetables and
fruits, 1.e., cabbage, green perilla, fig, and strawberry, and the
corresponding RSD values are listed in Table 3. Spinosyns A
and D spiked at 2 levels were sufficiently recovered in the range
of 85-96% with a 3-9% RSD. Spinosyns A and D are relatively
photodegradable compounds (1). Photodegradation increased
with increasing purity during the sample cleanup procedures
(data not shown). Sample cleanup in a dark GPC system, with
the use of amber glass tools, might be effective for avoiding
possible photodegradation of the purified analytes.

Interfering peaks were still observed in the chromatograms
of the cleaned extracts of green perilla, which contains not
only high levels of pigments but also various matrix
components, prepared by the Japanese official method
(Figure 6A). In contrast, with the use of the present method,
these interfering components were effectively removed with
minimal loss of analytes (Figure 6B and C).

The detection limits for spinosyns A and D in samples,
which were estimated by Shimadzu LCMS solution analysis
software as the lowest concentration of the analytes detectable
with an RSD of 33% (= 30), based on the noise level in the
chromatograms of the cleaned blank extract of green perilla
and the respective standard peaks, were sufficient (0.005 pg/g
by UV, 0.001 pg/g by MS) for monitoring spinosad residues in
vegetables and fruits.
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Table 4. Vegetables and fruits examined and the MRLs for spinosad

MRL, po/g®

Sample No. found/analyzed Residue found, pg/g Before final draft Final draft®
Apple 072 05 05
Asparagus 01 - 5
Broccoli 071 2 2
Cabbage 2/6 0.03, 0.02 2 2
Cabbage, Chinese 0r2 8 8
lyo orange ‘o1 0.3 0.3
Cucumber 072 05 0.5
Edible chrysanthemum V] 8 8
Eggplant 02 2 2
Fig 1n 0.02 0.3 0.3
Japanese radish (leaf) on 1 1
Japanese radish (root) 0N 0.2 0.2
Lettuce 03 8 8
Melon o/1 03 0.3
Qing gin cai 02 2 2
Sunny lettuce 0/4 8
Green perilla o3 — 10
Peach 0/1 0.2 02
Pimientos o1 2 2
Potherb mustard 072 5
Shaliot 0N - 5
Spring onion 02 _— 5
Strawberry 0/s — 1
Tomato 0/3 0.5 0.5
Watermelon 01 0.3 0.3

Total 3/51

* MRL = Maximum residue [imit.
® Final draft of the Japanese positive list system.

Application to Commercial Samples

In 2004, the applicability of this method to routine analyses
was tested with 51 commercial vegetable and fruit samples.
All the commercial samples were successfully analyzed for
spinosad without any seriously interfering peaks. Figure 7
the UV chromatogram, MS
chromatograms, and MS spectra obtained from analysis of a
cabbage sample in which spinosad was detected at a
concentration of 0.02 pg/g. Details are listed in Table 4.
Although spinosad was detected at concentrations of
0.02-0.03 pg/g in 2 cabbage samples and 1 fig sample, these
residue levels were lower than the maximum residue limits
(MRLs) of the final draft of the Japanese positive list system,
which became effective on May 29, 2006.

shows representative

Therefore, the newly developed method has an advantz
for such routine residue analyses. Additionally, ab:
10 extracts prepared for the multiresidue analysis can
processed within 1 working day (8 h).

Conclusions

An HPLC-UV/MS method was developed for
determination and confirmation of spinosad in vegetables ¢
fruits. An autocleanup system combining GPC and
graphitized carbon-CH 2-layered column SPE make
possible to easily and effectively remove sample matri
with minimal loss of analytes. The recovery and commert
sample data show that this newly developed residue meth
which uses a GPC-SPE cleanup system, is a simple, rapid, :
reliable tool for monitoring spinosad in vegetables and fruit
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