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Table 3. Validation study criteria

Both

concentrations 0.01 kefe 0.05 ne’e
Category Sy i
Trueness Repeatability Within run Repeatability Within mn
(%) (RSD: %) reproducibility (RSD: %) reproducibility
’ (RSD; %) ’ (RSD; %)

AA* or A (Required criteria®) =70~=120 <25 <30 <15 <20

B <50~<170 <25 <30 <15 <20

C <120~=150 <25 <30 <15 <20
D Not meeting criteria for categories AA, A, B, and C

*: Categorized both “A” using two kinds of calibration curves.
#: Levels of trueness, repeatability and within-run reproducibility required in the method validation guideline by Ministry of
Health, Labour and Welfare of Japan. :

Table 4. Summary of number of pesticides categorized according to matrix effects

Standard solution™

A b c d -

Sample  Category’ PEG (—), VFIm (—)  PEG (+), VRJm (=)  PEG (=), VFIm (+)  PEG (+), VFIm (+)
Absolutet SO Apcolutet 1S ST apolutet 1S PO Apgolute’ S COTTeC
tion tion tion tion
I 6 110 107 150 144 160 153 154
i 0 44 0 0 20 3 8 7
Potato Im 24 7 43 6 0 2 0 0
v 138 7 18 12 4 3 7 7
I 27 93 38 125 51 121 100 133
) 1 0 0 0 0 0 1 0 0
Spinach i 54 30 80 22 58 26 55 28
v 87 45 50 21 59 20 13 7
I 0 82 47 144 143 162 166 166
Aol 1I 0 60 0 0 0 1 0 0
pple m 12 10 86 9 23 4 1 1
v 156 i6 35 15 2 1 1 1

*. Categoryl (T0=AR=120 and RSD=20), Category II (50=AR<70 and RSD=20), Category III (120<AR=150 and RSD
£20), Category IV (except I, IT and III). AR is average of calculated values for peak area of test solutuion divided by that of
standard solution.

*. Standard solution a (PEG (—),VFJm (—)), Standard solution b (PEG (+),VFJm (—)), Standard sclution ¢ (PEG
(—),VEJm (+)), Standard solution d (PEG (+), VFIm (+)).

$: Calculated using absolute peak areas.

. Calculated after normalization of peak areas to internal standard (TPP).

BROHLUEER

1. ¥ MUY IAWRBRUHIEO®RE

WThOERIEWTY, BRERIMLEMES (R
HEila), WERBZIZBEDTLREVWEETE, &7
IVIVESEER D REFNKES % 5D (Table 4).
HFIY IVICGESNREOREE, ARP150% %8
ATBD, BERBBHaCBIES M) v 7 ARRESK
"BENLEREEZLZ LN/ (Table S3-1~83-3). L#H»
L, EESHalcNEEICEABERITIZLICEY, &
FAVICHBENE BEEAFRBICEMLZ Zhidn
BHLIEERBERCBV IS OBRELABENT +
Vo 2 ABERITITWEILZRLTWA., A7TY1
FLRNICSEENIBREOHEGE, BRI TR
ZoTwi WhwlrBXTHATTR, #7IYI

A% EE S5, IHINAEI CREBE LTV (Ta-
ble 4). ZHIZPHEHEL BEDZITA~ MY v 7 AFHRD
BMEOMMRIE, BRI TEHLRTWVIEEZRLTS
D, P Tz VEEMTREEROBREDOT N v
IAMBEBWET D LICBAEHZ LEZ LN,

BERBEICPEGOA R HRML (BHEHDb), WME#C
IAWMEZTLRVES, BEERaLRELTHTITY
[ICAESNLBENENTHE00, &ETEAFTITY
NIEHEEN 2 BEFSED N7 (Tabled). i
W PEG 2RI 254, HEIBRBETICOPEGE
W GEBRRABRBEL TAMEFEAEZRAL TS,
EAETIRPEG ORI & o CTHEBRBEHE L EREE
LOBTOY M) v 7 ARBREMMEI L L THHELZH
A2b0LELZOLIRL. LL, #FTVIMIKAEENS
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BENLZWDIX, PEGOARRMLARBOEEERD
THBESNL< MY v 7 AFRS, PEGB X UAMBIE
D M)y 2 ABKET HEEARBRLCHES LS T
MYy 2 ABBLIY LBV ENERTHLEEZON
oo WERIZIAZBELTHIZ LD, &M<t
Ny ZABBEFBEShAF TV IFEMTAb0D, %
ROBBOMBRIELLRVERTHo T
BERBBEICVFEImOA2 BN LSS (BEEER),
PERIZIZFEZALELTS, FhnwliBLUHA
ST, KEOBENRIFIVIKGEENRL (Ta-
ble4). L#L, FIRAZITRATIVIIEAZIRIV
KB h2 RENSL, BEABRBH«THESINSY
M)y 7 AFBRL OBWIFTHTHILEILN. W
BRECZIZBEZIT>1BE WThoRKTO T ITY
ICAHREN A BEIIHML, NEEICIZHERDREIE
Hbn.
EEERICPEGB L UVFInORF 2 BN L2546
(BHEEd, WEEICIIZHERZTLRL{TS, »wih
OERD, 10BEUERIFITIICHEENT (Ta-
bled). DATTRIHNERLZIZHBEDHFEICHKZEL
166 BEFHF TV IIHEINL:., NERICLIIHES
FolBs, EIYNAFHIZIBBENYFITI LICHE
ERd Ehwnl T, BESHcCREBRIZLLZHIE
FTolBEE A8 TYICHEEIN D154 8
HThol. SHICHLIER~OBEA% SR LI-RA
HOBADS, EREBITHERILIIBEZIT) O
BETHBELEZ LN, CTHEVFImICHET A< b
Uy 7 A%ES, PEGLHETLE M) v 7 AFROR
Wi EHE L BRSNS,
IhOLOERICLY, ERERITHERIZLZHEL

17072 PEG-VFIm i 2 R UBFMICH V5 2 L5
LEHEMTHELEZ LN

2. THMETE

2.1 BEBSKIUBRM

BEOBREIEI S ERRA (IQL: instrumental quan-
tification limit) &, BE#Y ic# UCPEGH & O'VFIm %
WU 22 AE R (0.001~0.010 ug/mL) % 5ESHTL,
BREROEE OFEE (Slope) BLIUVZ I/ 4 XM
(SINK) 25102 B2 A BRERETCOY — 7 HRMEOREE
FE (0 »5KRR (IQL=100/Slope) ICX W EH L /2
(Table 81). & 512, IQLAEDREDRMEIEE % EHEIC
S LTSINKZ10TH BT L #HER L2 238, IQL
A%0.005 pug/mL %182 5 BERIAD SNz h otz

7z, dvhwly, EINAEIBITHATHLE
LNIRBBHEMTL, SHMENSERIIHLTHAFS
4 VIRENLBREO HEE 2 R S ¥ 5 HERF TR
DoNRh oz,

2.2 HEBIUBE

Y MYy Py Ay FTEB L PEG-VFIm i fkE
ETNENHWBOFMERZR LA (Table 5). #E
Table S4-1~84-31Z R L7z,

TMI Y IRy F U TETIE, FELZ168BEDND
B, MWL xT144, I NAZ S T168, D AT T156
2%, 0.01035 X U70.050 yg/g DTHIRMBE THEME™ 2%
72 L 7 (Table 5;: FEMHA). S B2, T hodH b,
PEG-VEIm BB WT b BEMEL #7- L2 BRI,
Ehwv L k129, 3INAE) T140, Y AT T149
botz GHEAA).CNLDREHOHER, <MYy
ARy F U IETEEERFH-LBRHBICHLT, £h
Fhoo%w (FhwvwlL x)89% (TH5NAEH) BLU

Table 5. Summary of number of pesticides categorized according to validation results
Potato Spinach Apple
Cat- Calibration Calibration Calibration
egors’ Cal. 1* Cal. 2** Cal. 1* Cal. 2** Cal. 1* Cal. 2**
(Matrix-matched) (PEG-VFJm) (Matrix-matched) (PEG-VFJm) (Matrix-matched) (PEG-VFJm)
A 144 129 158 144 156 148
(A4) (129) (140) (149)
A 5 7 6 18 8 1
B 4 9 1 1 2 6
C 0 0 0 1 0 0
D / 15 23 3 4 2 12

# Category AA (satisfied trueness, repeatability and within-run reproducibility at both 0.010 and 0.050 pg/g using two kinds of

calibration curves)

Category A (satisfied trueness, repeatability and within-run reproducibility at both 0.010 and 0.050 pg/g)

Category A (satisfied trueness, repeatability and within-run reproducibility at either 0.010 or 0.050 pg/g)

Category B (satisfied repeatability and within-run reproducibility at both 0.010 and 0.050 ug/g, except trueness (<50-<70))
Category C (satisfied repeatability and within-run reproducibility at both 0.010 and 0.050 pg/g, except trueness (<120—

<150))

Category D (except category AA, A, A, B, and C)
#

: Calculated from calibration curve made from matrix-matched standard solutions with PEG and TPP.

**. Calculated from calibration curve made from general matrix standard solutions with PEG, TPP and VFJm.
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96% (WA Z) Thot:.

Ehwl T, 70¥Fky 7 7anxnvIFrzeidl
b, YnakyTTFN, ESTNVNT 2y IFN, T
T YENIFN, Vruky TAFN, EJ)R— D
BREXOEINEIMENERTH o7z (Table S4-1). LC-
MSMSZHVBRLDHEY DL BY), Yruky T
TFNREY F— L, BV L IR THELEZZ EFE
BEOBWERTHILLELON:. ZudFhy 77un
VEN, VrukyTAFNE T 570t VEER
BREHTHY, I sy TTFVEARICHBLEZ LA
FOREREMEEENS. T, AMVANVT, RVFALF
WNVT, VAFEY, ZFF72VANT, FF0y, ¥
FTWRY Y, IRWANY Y, TNV RYR—=F, T2V
NV —= bBIXTA Y FXFANVTOR M) v 7 Ay F
YIEREBEEEN60%U EER LD, PEG-VFIm
BERETIZ40%RETH o7 ThHiE, TPy s R
$hEB X URIEIICOWTHRE L BESRIOBERICBY
T, AFTVNFLRIVEHESRZZBEIZ-FELAR
PHEWETH o7z (Table 83-1). Thbb, ZThoEE
FPEG-VFIm B2 AV 56, EEEMECEER
NABERNZH o 7.

EFINAE) TR, MERMBET, <M v 79y T
v 7B L UPEG-VREInftHEORFICBWT, ¥ 7
V2N OTFHEIESE B I220% KRB THo72. £z,
P v ARy F U TEOEEN 100% % A L7 RE
B, RINEE0.010ug/g T2 RV FAFANT B IV
BHC (§) T& Y, #MIBE0.050uglgTL (I V7 x>
¥V L)) Tdhorz (Table S4-2). —F, PEG-VFIm
BREOEEN100% %88 L BERE, BMBEE
0.010 ugl/g TT7, WIMIBEE0.050 ug/lg T43dH o7 2 h
LOEEZ, BEBNIZEAVZT N v 2 AR OKE
BRIBWC, AFIVIMIEHESNBELIZIZR—
Tdh ol (Table 83-2). T4bbL, ZTINAZI TR,
PEG-VEIm B HEE HW25E, S ORECERED
RN TR D2 FERENEEEINLEMIIH o7

DATIE, < F) v ARy F Y FETHEERZE-L
7 BEBICH LT, PEG-VRImPFAETL BEEZH.
Lz BEROEE (96%) #% WE Lz 3s@BEOERKOF
THRLEPo. ChEBEREV2-R0EERHO1
ORPATTHEIEIEBRTAEEZ SN

L@, < Yy Ay FrIELERKICPEG-VFIm
BRECOWT, RERFEEAF LR YBFMEERL
o FRFROHEICBNT, LHCHEELZH LR
HEIoWTIR, YFZARKITHELT, PEG-VFImbBtRES
FATELLEL LN B LA3EEORS L MmN
£ 168 BEDHEAETHLREIBNVT, PV v Z ATy F v
FETHEELH L BEBDI~96% D%, PEG-
VEImBEETH BEEZ#Z L. PEG-VFIm BRI
2, T Y9I ATYF U TEICKBLT, FAFI4 Y
DBEEMEFCRET ZBERIHEAS 00, SEEOR

WH= MY v 7 ARIMREEE G LR ERE—-FOTEOR LT 183

MODIICELT, ZOBEILICT My I ATy F
TREERORARIAECTHY, BEPOEFEN L HHAH
HEETHI I LATRBRENT. BICAZ -V 7o
LTOERAEIEWEZEZ LN —F, BRICLoT
i, M) v ARy F U TE L PEG-VFIm BFHEDRE
fiiCBVT, TREFNOEESTELBENZD LR
225, % SHIFNNSERRBIVBRELRLE
L. PEG-VFImBFHEOFEHMEICOVWTRIET 52 FET
»5.

B i

- GC-MSMS 2 WA BREBLIUREETORERR
—HOEORLEFMICEL, < Yy 7 AT v F
FEERFICBTET, »2o2EECRSRRDOON
WHATEANA~ MY v 7 AGRIEEERE L Fv7.
B M) v 7 ARIMEEBRE LT, PEGHROE
RBEV 21— AP OBHHEEB L URNEEEER L
BEICELIT M) vy 2 ATy F U VEERHISEVS b
Yy 7 AFIROWIERSIVRD b

A M)y Z AEMBEBREFERA T, BE TR
FW RO PERTETH S EBRE I

B F )

AR, FR26EEELHHAEBIERE
& (AROREFHERIEENEEE) CL20RETIIER
LR ETSH 5.
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1. Introduction

Various pesticides are used to protect foods against pests and
diseases [1]. However, high levels of residual pesticides in food may
resultin adverse effects on human health. Therefore, analysis of var-
ious residual pesticides in food is routinely performed worldwide,
and ensuring the reliability of these results is crucial for controlling
the risk associated with pesticide residues.

In general, analytical methods for determining the presence of
pesticide residues in food require complex extraction of the target
pesticides, multi-step clean-up of the extracts, and chromato-
graphic analysis of the prepared sample solution [2-4]. In the last
step, the observed detector response for the target pesticide may
differ for the sample solution and a matrix-free calibration solu-
tion. Consequently, the observed analytical value may be biased
from the “true” value due to the phenomenon termed the “matrix
effect”. In GC-MS measurements, the sample matrix can cause an
enhancement in the detector response by increasing transfer of the

* Corresponding author. Tel.: +81 29 861 9416; fax: +81 29 861 6866.
E-mail address: t-yarita@aist.go.jp (T. Yarita).

http://dx.doi.org/10.1016/j.chroma.2015.03.075
0021-9673/© 2015 Elsevier B.V. All rights reserved.

target pesticide from the hot vaporizing injector. This may occur by
(1) reduction of the thermal stress to labile compounds and (Il) by
masking active sites (such as silanols and metal ions) in the injec-
tor, column, and detector for the adsorption or decomposition of the
target pesticide [5-9]. There are many strategies to eliminate this
analytical bias: the most effective strategy is to use matrix-matched
calibration solutions or analytical protectants [5].

An accurate analytical method must be utilized for character-
ization of certified reference materials (CRMs) or to determine
the assigned values of proficiency testings (PTs) by measurement.
Isotope-dilution mass spectrometry (IDMS) has been recognized
as having the potential to be a primary method of measurement
{10,11}. In this method, a known amount of an isotope-labeled
congener of the target analyte, generally determined by weigh-
ing, is added to the sample prior to initiation of any pretreatment.
After isotopic equilibration is achieved, the initial isotopic ratio
between the target analyte and corresponding isotope-labeled con-
gener does not change in principle during the following sample
pretreatment and measurement processes. Consequently, accu-
rate analytical results can be obtained by measuring the isotopic
ratio of the resulting sample solution via mass spectrometry. Cer-
tain national metrology institutes (including our institute) have
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applied IDMS to the characterization of CRMs [12-17] and to pro-
vide assigned values of PTs [18-21} for analysis of pesticide residues
in food.

In GC-MS quantification, the use of isotope-labeled congeners of
the target analytes as the internal standard, including in the case of
IDMS, is expected to offset the bias of the analytical results caused
by matrix effects [22-25]. Ueno et al. [26] reported a spike-and-
recovery study of 89 pesticides in vegetables and fruits by GC-MS
after GPC and SPE cleanup. The ratios of the observed analyti-
cal concentrations to the spiked concentrations were remarkably
good (94.6-108.6%) for the 14 target pesticides that were quan-
tified using the isotope-labeled pesticides as internal standards.
Furthermore, Yu and Xu [27] evaluated the matrix effect for 176
pesticides using on-line GPC-GC-MS, where different suppression
effects were observed for chlorpyrifos and chlorpyrifos-dyq. This
was because di-n-butyl phthalate co-dissolved in the sample solu-
tion was co-eluted with chlorpyrifos-d,g but not with chlorpyrifos;
thus, the intensity of only the chlorpyrifos-dyg peak was signifi-
cantly decreased. To the best of our knowledge, no comprehensive
study concerning the matrix effect in GC-MS using isotope-labeled
internal standards has been published for pesticide residue analy-
sis, even though the trueness of the observed analytical results may
be influenced by this effect.

The objective of the present study is to evaluate the impact
of matrix effects on the guantification of pesticide residues
in food via GC-MS using isotope-labeled internal standards. A
spike-and-recovery study of nine target pesticides is conducted,
demonstrating the adverse influence of matrix effects on the
observed analytical values. By comparing the matrix-matched and
matrix-free calibration solutions, we address the effectiveness of
matrix matching of the calibration solution to achieve highly accu-
rate quantification.

2. Experimental

2.1. Chemicals and materials

including  6-chloro-N2 N%-diethyl-1,3,5-
0,0-diethyl-0-2-isopropyl-6-

Nine pesticides,
triazine-2,4-diamine (simazine),
methylpyrimidin-4-yl  phosphorothioate  (diazinon), 0,0-
dimethyl-0-4-nitro-m-tolyl  phosphorothioate  (fenitrothion),
S-1,2-bis(ethoxycarbonyl)ethyl 0,0-dimethyl phosphorodithicate
(malathion), 0.0-diethyl-0-3,5,6-trichloro-2-pyridyl phospho-
rothioate (chlorpyrifos), S-4-chlorobenzyl diethyl(thiocarbamate)
(thiobencarb), diisopropy! 1,3-dithiolan-2-ylidenemalonate (iso-
prothiolane), 0,0-diethyl O-5-phenyl-1,2-oxazol-3-yl phospho-
rothioate (isoxathion), and 2-(4-ethoxyphenyl)-2-methylpropyl
3-phenoxybenzyl ether (etofenprox), were used as the tar-
get pesticides. High-purity standards of the target pesticides
were obtained from Wako Pure Chemical Industries (Osaka,
Japan), except for thiobencarb that was obtained from Kanto
Chemical (Tokyo, Japan). High-purity standards of diazinon-dyp,
fenitrothion-dg, chlorpyrifos-dyp, isoprothiolane-ds, isoxathion-
d1g, and etofenprox-ds were obtained from Hayashi Pure Chemical
Ind. (Osaka, Japan). High-purity standards of simazine-dig,
malathion-dg, and thiobencarb-dyp were obtained from CDN
Isotopes Inc. (Pointe-Claire, Canada). 2-Chloro-2',6'-diethyl-N-
(methoxymethyl) acetanilide (alachlor), which was used as a
syringe spike, was obtained from GL Sciences (Tokyo, Japan).
Acetonitrile, acetone, toluene, and anhydrous sodium sulfate,
all of which were of Pesticide Residue and PCB Analysis grade,
were obtained from Kanto Chemical. Reagent grade sodium
chloride, dipotassium hydrogenphosphate, and potassium dihy-
drogen phosphate were also obtained from Kanto Chemical.
The water used for sample preparation was prepared with a

Millipore (San Jose, CA) Milli-Q Gradient system at an output of
182MQcm. )

Corn paste, green soybean paste, carrot paste, and pumpkin
paste (used as the base materials) were kindly supplied by Hatano
Research Institute, Food and Drug Safety Center (Hadano, Japan).
These pastes were (or are intended to be) used for preparing PT
samples in the External Quality Contro! for Food Hygiene [28].

2.2. Preparation of spike solution, syringe-spike solution, and
calibration solutions

All solutions described below were prepared gravimetrically.
High-purity standards of the target pesticides were individually
dissolved with acetone. The pesticide mixture solution (62.5 mg/kg
each) was then prepared by combining these solutions with addi-
tion of acetone. The high-purity standards of the isotope-fabeled
pesticides were also individually dissolved with acetone, and the
isotope-labeled pesticide mixture solution (6.25 mg/kg each) was
subsequently prepared by combining these solutions along with
acetone. By combining the pesticide mixture solution and the
isotope-labeled pesticide mixture solution, the spike solution was
prepared so that the concentiration of each target pesticide and
isotope-labeled pesticide was 5.68 mg/kg. The syringe-spike solu-
tion (0.238 mg/kg) was prepared by dissolving alachlor in acetone.
The calibration solution (Cal A) was then prepared by mixing the
spike solution with the syringe-spike solution. The concentration
of each target pesticide and isotope-labeled pesticide in this solu-
tion was 1.24 mg/kg, whereas the concentration of alachlor was
0.186 mg/kg. The other calibration selutions (Cals B1, B2, B3, B4, B5,
and B6) were prepared by combining the pesticide mixture solu-
tion, the isotope-labeled pesticide mixture solution, and acetone.
The concentration of the isotope-labeled pesticides in these solu-
tions was constant at approximately 1.25 mg/kg, whereas that of
the individual target pesticides ranged from 0.25 to 6.25 mg/kg.

2.3. Pretreatment of the sample

The pretreatment protocol applied in the present study is based
on the Multiresidue Method for Agricultural Chemicals by GC/MS
(Agricultural Products), which is a part of the Analytical Methods
for Residual Compositional Substances of Agricultural Chemicals,
Feed Additives, and Veterinary Drugs in Food [2], and was partiaily
modified. An outline of the employed pretocol is as follows: the
base material (5g) was weighed, and the weighed spike solution
(550 pL)was added toit. For corn paste or green soybean paste sam-
ples, water (20 mL)was added, and the sample was allowed to stand
for 15 min. The sample was then homogenized with acetonitrile
(50mL) for 2 min using a Kinematica (Lucerne, Switzerland) Poly-
tron FT 1200E homogenizer equipped with a PT-DA 12/2EC-E157
dispersing aggregate, and filtered with a cellulose filter (diameter:
60 mm; retentive particle size: 1 wm)obtained from Kiriyama Glass
Works (Tokyo, Japan). The residue on the filter was re-extracted
with acetonitrile (20 mL) for 2 min and the pesticide-containing fil-
trates were combined. An approximately 40 mL aliquot of the crude
extract was fractionated in a separatory funnel (the ratio of the frac-
tionated portion was obtained gravimetrically), and shaken with
sodium chloride (10 g) and 0.5 mol/L phosphate buffer solution (pH
7.0,20mL) for 10 min.

In the case of carrot paste or pumpkin paste samples, the
obtained upper (acetonitrile) layer was dehydrated with anhydrous
sodium sulfate (approximately 10 g). The extract was concentrated
and dried using a rotary evaporator and a nitrogen gas stream,
respectively; an acetonitrile/toluene mixture (3:1, v/v; 2mL) was
then added.

In the case of corn paste or green soybean paste samples, a series
of the obtained upper (acetonitrile) layer and acetonitrile (2 mL)
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Fig. 1. Flow diagram of the spike-and-recovery assay.

was passed through an Agilent Technologies (Palo Alto, CA) Bond
Elut C18 cartridge (1 g) that was conditioned in advance with ace-
tonitrile (10 mL), and the entire volume of the eluate was collected.
After dehydrating with anhydrous sodium sulfate (approximately
10g), the extract was concentrated and dried as described
above; an acetonitrile/toluene mixture (3:1, v/v; 2mL) was then
added.

The obtained extract was further purified using a Supelco (Belle-
fonte, PA) ENVI-Carb/LC-NH2 cartridge (500 mg/500 mg) that was
conditioned in advance with an acetonitrile/toluene mixture (3:1,
v/v; 10mL). An acetonitrile/toluene mixture (3:1, v/v; 20mL) was
then passed through the cartridge and the eluate was subsequently
concentrated and dried as described above. The sample solution
was prepared by dissolving the dried residue with the weighed
syringe-spike solution (1.0mL).

2.4. Matrix matching of the calibration solutions

The base material (5 g) was pretreated as described in Section
2.3, with the exception that the spike solufion was not added.
After concentration and drying of the purified extract using the
ENVI-Carb/LC-NH2 cartridge, the blank solution was obtained by
dissolving the dried residue with acetone (1.0 mL). Matrix matching
of the calibration solution was performed as follows: an approxi-
mately 0.2 mL portion of the prepared blank solution was re-dried
using a nitrogen gas stream, and the dried residue was then dis-
solved with the same amount of the calibration solution.

2.5. GC-MS measurement

The target pesticides in the sample solution were quantified
using an Agilent Technologies 7890A/5975C GC-MS system. An
Agilent Technologies DB-5MS capillary column (30m x 0.25 mm,
film thickness: 0.25pm) was used as the separation column.
The splitless injection method was mainly utilized at 220°C.
The on-column injection method was also applied under oven
track mode. For on-column injection, a deactivated fused silica
capillary (1mx0.25mm) obtained from Agilent Technologies
was used as the retention gap. The other operating conditions for
the GC system were set as follows: mobile phase: helium; flow
rate; 1.0ml/min; oven temperature: 50°C for 1min, 25°C/min
to 125°C, 10°C/min to-300°C for 6.5 min; injection volume: 1 L.
The MS ionization conditions were set as follows: ionization:
electron ionization; electron energy: 70eV. MS data were mainly
obtained in the selected ion monitoring (SIM) mode. The monitored
ions (m/z) were as follows: simazine: 201; simazine-dqg: 211;

Table 1
Results of the spike-and-recovery study using corn paste as base material.”
Pesticide Ratio of the observed analytical Recovery yield of
concentration to the spiked the isotope-labeled
concentration (%) pesticide (%)
Catibrated using Calibrated
matrix-matched using CalA
CalA
Simazine 99.7 + 04 963 £ 04 84322
Diazinon 1004 £ 06 975+ 06 819+20
Fenitrothion 99.6 + 20 90.1+ 138 822 +17
Malathion 999+ 02 925+ 02 845+ 2.8
Chiorphyrifos 1002 £ 0.1 995+ 0.1 83224
Thiobencarb 1003 £ 09 98209 83726
Isoprothiclane 100.1 £ 0.8 90.1 £0.7 84.8 + 2.5
Isoxathion 959+ 0.8 925+0.7 83.0+ 36
Etofenprox 993 +1.0 93.8 £ 09 841436

Spiked concentration of each target pesticide was 0.5 mg/kg.
" Mean=£S.D.(n=4).

diazinon: 304; diazinon-d;q: 314; fenitrothion: 277; fenitrothion-
de: 283; malathion: 158; malathion-dg: 164; chlorphyrifos:
314; chlorphyrifos-dyg: 324; thiobencarb: 257; thiobencarb-d;q:
267; isoprothiolane: 162; isoprothiolane-d,: 166; isoxathion:
313; isoxathion-dyg: 323; etofenprox: 163; etofenprox-ds: 168;
alachlor: 160. MS data by total ion monitoring (TIM) mode were
also obtained by setting an m/z range of 50-550.

3. Resulis and discussion
3.1. Spike-and-recovery study

A spike-and-recovery study was first conducted to evaluate the
impact of the matrix effect on the observed analytical values. The
flow diagram of the protocol is presented in Fig. 1. Generally, in
our spike-and-recovery studies, which are performed to evaluate
the accuracy of analytical methods based on IDMS, a pesticide mix-
ture solution and an isotope-labeled pesticide mixture solution are
separately spiked onto a base material. To avoid analytical bias
derived from adding these solutions, in the present study, the pes-
ticide mixture solution and the isotope-labeled pesticide mixture
solution were mixed in advance, and this prepared solution (spike
solution) was spiked onto the base material. Furthermore, Cal A
was prepared by mixing the spike solution with the syringe-spike
solution. In addition, it was confirmed beforehand that none of the
base materials contained any target pesticides. Thus, the ratio of
the amount of the target pesticide to the corresponding isotope-
labeled pesticide was generally constant for the sample solution,
Cal A, and matrix-matched Cal A.

The results of the study using four different base materi-
als are summarized in Tables 1-4. Here, the recovery yield of
the isotope-labeled pesticide indicates how much of the isotope-
labeled pesticide spiked onto the base material was recovered
after the sample pretreatment. These values correspond to the
recovery yield of the target pesticides obtained by the external cal-
ibration method in a conventional spike-and-recovery study. Each
recovery yield was calculated using matrix-matched Cal A as the
calibration solution, and the recovery yields were in the range of
76-93%; these results adequately satisfied the criterion (70-120%)
of the Guidelines for the Validation of Analytical Methods for
Agricultural Chemical Residues in Food [29]. That is, the present
spike-and-recovery study was carried out with the improved accu-
racy required for routine analysis of pesticide residues in food.
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Table 2 Table 4
Results of the spike-and-recovery study using green soybean paste as base material.” Results of the spike-and-recovery study using pumpkin paste as base material.”
Pesticide Ratio of the observed analytical Recovery yield of Pesticide Ratio of the observed analytical Recovery yield of
concentration to the spiked the isotope-labeled concentration to the spiked the isotope-labeled
concentration (%) pesticide (%) concentration (%) pesticide (%)
Calibrated using Calibrated Calibrated using Calibrated
matrix-matched using CalA matrix-matched using CalA
CalA CalA
Simazine 99.8 + 03 95.8 + 0.6 879+26 Simazine 100.7 £ 0.7 95.6 £ 0.6 822%25
Diazinon 1002 +£ 0.7 96.2 + 0.7 846+ 13 Diazinon 1008 + 0.4 98.5+04 794 +£22
Fenitrothion 995+ 1.4 912+ 1.1 83.8+03 Fenitrothion 1020+ 1.0 928 £ 09 763 +28
Malathion 99.7 £ 0.8 825+0.7 882+19 Malathion 1002 + 04 943 + 04 814+£27
Chlorphyrifos 100.0 £ 0.2 1005 + 0.2 864+ 18 Chlorphyrifes 1003 £ 0.1 100.0 + 0.1 815+ 19
Thiobencarb 995+ 1.0 99,5+ 02 86.5+23 Thiobencarb 1005+ 04 99.0 + 04 778+ 2.1
Isoprothiolane  102.8 £ 3.7 852 %28 87325 Isoprothiolane  100.1+0.2 89902 828£27
Isoxathion 1007 £1.2 929+12 870+ 17 Isoxathion 1017 £ 15 96.1+ 14 77637
Etofenprox 99.8 + 0.7 929+03 89471 Etofenprox 995+ 0.7 944+ 06 85337

Spiked concentration of each target pesticide was 0.5 mg/kg.
" Mean£S.D.(n=4).

The ratios of the observed analytical concentration to the spiked
concentration (Rys) are also summarized in Tables 1-4, These val-
ues were calculated from the GC-MS results using Eq. (1).

{ANsam/As.sam)
Ryjg = S-Sl mmei 1
NS = Ancat/Ascat) M

where Ay sam is the peak area of the target pesticide (Native) in the
sample solution, Agsam is the peak area of the isotope-labeled pesti-
cide (Surrogate) in the sample solution, Ay c,is the peak area of the
farget pesticide in the calibration solution, and Ag ¢, is the peak area
of the isotope-labeled pesticide in the calibration solution. For each
target pesticide, two sets of results were, respectively, obtained
using Cal A and matrix-matched Cal A as the calibration solution. In
maost cases, the observed results were closer to 100% than the corre-
sponding recovery yield of the isotope-labeled pesticides. This was
probably because the recovery yield of the target pesticides dur-
ing the pretreatment process did not affect the analytical results
when the isotope-labeled pesticides were used as the internal stan~
dard. Furthermore, the results obtained using matrix-matched Cal
A were almost 100%. This result suggests that the initial isotopic
ratio of each target pesticide to the corresponding isotope-labeled
pesticide did not change for the duration of the analytical process.
On the other hand, for a number of the target pesticides, the results
obtained using Cal A had a negative bias from 100%. In particular,
the results obtained for fenitrothion, isoprothiolane, and isoxathion
were less than 90% for certain base materials. In ali chromatograms
of the sample solutions, no overlapped peaks were apparent for the
target pesticides and the corresponding isotope-iabeled pesticides.

Table 3
Results of the spike-and-recovery study using carrot paste as base material.”
Pesticide Ratio of the observed analytical Recovery yield of
concentration to the spiked the isotope-labeled
concentration (%) pesticide (%)
Calibrated using Calibrated
matrix-matched using Cal A
CalA
Simazine 1003 + 0.4 96.0+ 03 885+22
Diazinon 1006 +£ 0.2 978 £ 0.2 820+24
Fenitrothion 99.7 + 0.7 875+ 0.6 88.1+24
Malathion 993 £+ 0.5 954 * 04 874+15
Chlorphyrifos 99.9 + 0.1 99.7 + 0.1 856+ 1.7
Thiobencarb 1004 + 0.3 98.8+£03 869 +22
Isoprothiolane 999 £ 05 880+ 05 893+ 1.5
Isoxathion 100.8 £ 0.2 846+ 0.2 929+ 41
Etofenprox 1012 £ 06 917+ 06 887+ 19

Spiked concentration of each target pesticide was 0.5 mg/kg.
" Mean+S.D.(n=4).

Spiked concentration of each target pesticide was 0.5 mg/kg.
‘* Mean£5.D.(n=4).

Comparison of the peak shapes of the target pesticide and isotope-
labeled pesticide indicated no considerable difference between
the sample solution and Cal A (and matrix-matched Cal A). These
results indicate that more accurate results were obtained when the
matrix-matched calibration solution was used.

3.2, Calibration curve

The difference between the results obtained using two types of
calibration solutions was evaluated in further detail by preparing
calibration curves using the series: Cal B1, B2, B3, B4, B5, and B6,
and also using the matrix-matched calibration solutions: Cal B1, B2,
B3, B4, B5, and B6, as shown in Fig. 2. Each data point represents the
mean value of three measurements, and the plots show good linear-
ity (R? > 0.999) for each target pesticide. For all target pesticides, the
value of the slope [(ratio of peak area of the target pesticide to that
of the corresponding isotope-labeled pesticide)/(ratio of amount
of the target pesticide to that of the corresponding isatope-labeled
pesticide)] of the calibration curve obtained from the matrix-free
calibration solutions was higher than that of the matrix-matched
counterpart. Moreover, the value of the intercept was higher in
the calibration curve of the matrix-matched calibration solutions.
The ratios of the slopes of these calibration curves were calcu-
lated, and the results are shown in Table 5. As a general trend, the
ratio was higher for the target pesticides for which the analyti-
cal results were significantly influenced by the type of calibration
solutions. The shape and intensity of the peaks of the target pes-
ticides and isotope-labeled pesticides obtained by analysis of Cal
B4 and matrix-matched Cal B4 were compared, as shown in Fig. 3.
Generally, serious adsorption of the target pesticides and isotope-
labeled pesticides on the active sites in the GC system leads to

Table 5
Ratio of the slope of the calibration curve obtained using the matrix-free calibration
solutions to that using the matrix-matched calibration solutions.

Pesticide Ratio
Simazine 1.10
Diazinon 1.07
Fenitrothion 1.23
Maiathion 1.10
Chlorphyrifos 1.03
Thiobencarb 1.03
Isoprothiolane 1.10
Isoxathion 115
Etofenprox 1.05

GC injection method: splitless.

- 235 -



T. Yarita et al. / J. Chromatogr. A 1396 (2015) 109-116 113

L) L]
s ¢ | Simazine § ® [ Diazinon 8 , | Fenitrothion
® & ©
@ X 6 <
[] [
Bal 4 g 8
o B 4 G 4
5, g 9
o2t = =
= @ 2 22
o
0 . . 0 - . 0 . .
0 2 4 6 0 2 4 6 0 2 4
Ratio of amount™* Ratio of amount™* Ratio of amount**
® 8 | . x 6 . * A
% ° I Malathion 8 Chlorphyrifos 8 | Thiobencarb
& @ &6}
6 G a4 %
[0 (0]
o o Qg4
B 4 B k]
2 822 o)
= = T 2
§ 2 I g
0 : : 0 . . 0 . :
0 2 4 6 0 2 4 6 0 2 4 6
Ratio o&dmount™ Ratio of amount™ Ratio of amount**
. - % 8 - +
% & [ Isoprothiolane 3 Isoxathion 8 § | Etofenprox
@ G o @
% ¥ %
g g, 24
] k] k]
£ 2 £,
ol T
& @ 2 &
0 : : 0 . . 0 - :
0 2 4 6 0 2 4 6 0 2 4 6

Ratio of amount**

Ratio of amount**

Ratio of amount™

Fig. 2. Calibration curves of the target pesticides obtained from assay of the matrix-free calibration solution (O ) and the matrix-matched calibration solution (@ ). Concen-
tration of each isotope-labeled pesticide in calibration solutions: 1.25 mg/kg (approx.). GC injection method: splitless. *Ratio of the peak area of target pesticide to that of the
corresponding isotope-labeled pesticide. **Ratio of the amount of target pesticide to that of the corresponding isotope-labeled pesticide.

peak-tailing; herein, the shapes of the peaks for these compounds
in Cal B4 were almost the same as that in matrix-matched Cal B4.
In the case of chlorphyrifos and thiobencarb, where the ratios of
the slopes shown in Table 5 are almost unity, the intensities of the
peaks of the target pesticide and isotope-labeled pesticide were
respectively the same with the use of Cal B4 and matrix-matched
Cal B4. However, in the case of fenitrothion and isoxathion, the
intensity of the peak of the target pesticide and isotope-labeled
pesticide in Cal B4 was lower than that in matrix-matched Cal B4.
Moreover, the intensity of the peak of each isotope-labeled pesti-
cide was relatively lower. In the case of isoprothiolane and diazinon,
etc., the intensities of the peaks of the respective target pesticides
were almost the same in these calibration solutions. Nevertheless,
the intensities of the peaks of the isotope-labeled pesticides in Cal
B4 were slightly lower than that in matrix-matched Cal B4. These
results indicate that the ratio of the peak intensities of most target
pesticides to that of the corresponding isotope-labeled pesticides
was influenced by the presence of the matrix in the sample solu-
tion: this tendency might account for the difference in the slopes
of the calibration curves shown in Fig. 2.

As shown in Fig. 3, each isotope-labeled pesticide eluted slightly
earlier than the corresponding target pesticide. Therefore, these

compounds might experience different suppression/enhancement
effects due to the sample matrix as a result of co-eluting at their

 own retention time [27]. Thus, GC-MS measurements of matrix-

matched Cal B4 were also performed under TIM meode to survey
overlapping peaks between the target and isotope-labeled pesti-
cides. Based on retention time and mass-specira library search,
it was identified that malathion-dg overlapped with di-n-butyl
phthalate. No overlaps were found between peaks of the sam-
ple matrix and the other target and isotope-labeled pesticides.
A similar observation was made for four kinds of the sample
solutions mentioned in the previous section that were measured
using the same detection mode. These results suggest that the
differences in the impact of the matrix effect on the target and
isotope-labeled pesticides were not mainly due to the different
suppression/enhancement effects in MS ionization.

3.3. Injection technique dependence

It has been recognized that the injection port is one of the major
places where the matrix effect occurs [5,6]; moreover, the type
of injection method significantly affects the extent of the effect
[30,31]. Thus, the on-column injection method was applied instead
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Fig. 3. Comparison of SIM chromatograms obtained from analysis of the matrix-free calibration solution (MF) and the matrix-matched calibration solution (MM). Chro-

matograms (A) and (B), respectively, show the peaks of the target pesticides and the cor

method: splitless.

of the splitless injection method using the same GC-MS system. The
same calibration solutions mentioned in the previous section were
analyzed, where the peak shapes of the target and isotope-labeled
pesticides appear a little poorer in comparison with those obtained
using the splitless injection method. However, no overlap in peaks
was observed with peaks of the sample matrix by the measure-
ment under TIM mode. The calibration curves are shown in Fig. 4.
For each target pesticide, the observed data for the series of indi-
vidual calibration solutions showed good linearity (R? > 0.999), The
ratio of the slope of the calibration curve obtained with the matrix-
free calibration solutions to that obtained with the matrix-matched
calibration solutions was calculated, as shown in Table 6. Com-
pared with the data obtained using the splitless injection method
(Table 5), the ratio was closer to unity for most target pesticides
with the use of the on-column injection method. This means that
the use of the on-column injection method can reduce the analyti-
cal bias in the determination of pesticide concentrations obtained
using matrix-free calibration solutions, but does not eliminate it. It
is considered that the 13C-labeled internal standard is more suitable
for accurate quantification because its physico-chernical properties
and chromatographic behaviors are more similar to those of native
target analyte in comparison with the deuterium-labeled internal

ponding isotope-labeled pesticides. Calibration solution used: Cal B4, GC injection

standard [32-34]. To the best of our knowledge, however, no 13C-
labeled pesticides targeted in the present study are commercially
available.

The reason why and the point at which isotopic equilibration
between the target and isotope (deuterium)-labeled pesticides is
lost could not be confirmed in the present study. It may be a worth-
while challenge to attempt to elucidate this mechanism in order to

Table 6
Ratio of the slopes of the calibration curves® prepared by applying on-column injec-
tion method.

Pesticide Ratio
Simazine 111
Diazinon 1.03
Fenitrothion 1.14
Malathion 1.05
Chlorphyrifos 1.04
Thiobencarb 1.02
Isoprothiolane 1.04
Isoxathion 1.08
Etofenprox 1.02

“The slope calculated from the results obtained with matrix-free calibration solu-
tions to those obtained with the matrix-matched calibration solutions.
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Fig. 4. Calibration curves of the target pesticides obtained from assay of the matrix-free calibration solution (O ) and the matrix-matched calibration solution (@ ). Concen-
tration of each isotope-labeled pesticide in calibration solutions: 1.25 mg/kg (approx.). GC injection method: on-column. *Ratio of the peak area of target pesticide to that of
the corresponding isotope-labeled pesticide. **Ratio of the amount of target pesticide to that of the corresponding isotope-labeled pesticide.

minimize the analytical bias during GC-MS quantification of pesti-
cide residues using isotope-labeled internal standards..

4. Conclusion

The use of corresponding isotope-labeled internal standards in
GC-MS quantification (including IDMS) of pesticides in food gener-
ally provided more accurate analytical values than achieved with
the conventional external calibration method. However, most of
these values were still biased from the true values when the matrix-
free calibration solution was used for calibration. This discrepancy
arises because the observed ratio of the peak intensity of the tar-
get pesticide to the corresponding isotope-labeled pesticide varied
with the presence of the matrix in the calibration solution. There-
fore, matrix-matching of the calibration solution is necessary for
very accurate quantification, such as for characterization of CRMs
or to determine the assigned values of PTs, even if isotope-labeled
internal standards are used for calibration.
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GC-MS (/MS) HIEICHITHT MY v O AURMERBEMBRDOBRE 1

O+, HAREA, BB, BHEH,

ANREEM, WORTF, RS BNEHE.

RItwE

KBRRFSLARFT LB RRT

(B8] BERPORERESISE CRIEHRSE
IZGC-MS (/MS) # AV 556, RERRP D4
YWoOEBTRHEXNERS DBMENRELT D5
BRHY, = ) v 7 APHELEEFERL T
Do INEHETHFERE LT, FEBRKIZ
AEMHIE, P2 VIRELOHREET IR
WEEPAMTHHFERAVLNRS, LL,
R L > TRBRBEPICEEN D RED VR
57, SREAORBIIBNTELLHME
THZELRES TRV,

AFETIE, SEEORALHCERATIE, »
D, ZLOREORELHIET S Z LN HE
Ll BIEEREA~DORMBEIZ >V TRET L
oo BERRICHAMT 28U~ M) v 72L&
LT, BEREV 2 —ANLB/RETT 7R
BR ¥k (Vegetable-fruits juice matrix :
VEIm) &RV =F L F Y 2—1300 (PEG)
PEBRL, BhELRRBCHEMLEZEED
HWERNDERIELZOTHRET S,

(] =T R LTHEEZBRLE,
BE»PL/ZT 77 ARKIZSBBHEOBE
(50 ng/mL) ZHML., BEERBRIE e
BIRE 1 g/nlilY) ZRE LA, BERR
BREEETHDOEERKLE LT, A: X
BT RBREBEM (v N) v s RwyF
K) . B: EHRM (BEEE) | C: VFIni
. D:PEGHSHN. E: VFIm+PEGHMZEFNF
NHRE L, ZTh b %EGC-MS/MSTHRIEL. 5
RBEOEEREK (A~E) 2RV, ExhER
EEBEALCEE L, £/, NEEEL L

T, 50 ng/mLd b U 7 ==V Y R B HEEERR
BRIEB LUK EERRICHRM L, BXtkER
EbLPFeCERAL. EEBLE, FFEEBEEL L
T, FEBEORMBEICNTIESE (H
=) #HEHL., EUEIO%LL E110% K
 (REFRFER) LHELE,

[(RRBLIUBLE] EHREREICBVT,
C (VFJm#MM) . D (PEGHRMM) . E (VFIm+PEG
BN OVWThOREFRERANWERET
L, v M) v 7 ABEHERRD LN, B
HRRERETTRERSEIL. A: 83, B:
0, C:28, D:14, E: 652720, EMA (BBE
77 v 7 RBRIEEM) T IREVEEDR
Za L, ZOEMI, HIREREICBD
THLRTCTHoT=,

UEDREREMS, VFIm&PEGER ERM L 7=
HEREEIZ~ NY v 7 2RI T 5 M ERE
HABEL ., ZEEORBESWTHEIZ, &
WO EEEFRRIZRMTA2ZLIIERATHS
tEZONE, SHICBEBKEORALE
RFES 2 720, s Hb X Hh 5 5 A B Je T 6.4
BLoiRMEELZER L, ZRAMEOKER
IZDWTIX, RIEE [GC-MS (/MS) Bl 211
2% Yo7 2 REERFMYE DR
2] i THET 5,

AL, BEEFBR AN EHNE RE
% REEBEOERERRICET SR I
LV =EmL,
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OFIA | AT 1 IE | I L NKEER | 0BT | RS | R
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CRBRR L ARAAERTIERT, * R RTIIART, * MR R RIEHTRT. ¢ KIRT AR RISET,
AR EIRRIETTSE Y v 5 —, SRR, R RRARIR Y 5 —

[B/Y] FTEE TeC-MS(/MS) BIEICHBIT B~
M)y 7 ARAERBMBE ORI T
WX, VFJm& PEGR¥RIN L= BERIRN ., < F
Yy g AwyF FEERRICET 28 VWHIE
PhIRPRTIEEHE L.
ASHFFRChE, TS HL K 05 1 A T SR T 61
BMEoERMELERL., AILREE, G-
MS(/MS) OEETE, TEALE (REHARRE., &
ABEBLUREANE) OBRR22EHBEICE
W, VFInP X UPEGHRINEEYSIR O A M
ZRIEE LD THRET 3, '
[FE] =5r&%8F HEBIRIZINA
BEo2EEL Uiz, SEEDSPIZELTET
NERPLTFUIRRBERE L, ZTh
IC8STEIE D BRI L BERRIE 2 515
BEDGC-MS (/MS) THIE LTz, &HEDRiLE
FEE, GC-MS (/MS) |IE =33 1) 5 BRI pHA
BRE, EARBIURBANRRIERS
(&) 2, BEARBEFTORERZB IO
VZ7xz=nY v (REIREE) oREIX, R
B g7 050 nglzi— L7-, [FERICPEGHE
ABL—2SWH7- 0500 nglZ#— L7, BIE
BERIRIC, BIMLZBRERS Z5BEEDOIE
HEHK A:~ b)) v 7 RA<yF N, B: B
o (EEAEYE) | C: VFIm¥BEM, D : PEGH
M0, E: VFIm+PEGHRM) TiEMMEBIEE -
AR ERETEA L TER L, PGk
Bix, §EEEOHRMBECNTIELE
(BENR =) Z#HEH L. EUIXFEIO%LL E110%
Ktk TRFZBR] LHELE,

R LR FRHEEE D BB O ik

| armm i@gﬁ S gﬁ%
P | B | e | W0 | GE
2 X 2 1 2
b Y 1 2 2
c X 10 2 20
d Y 4 2 8
e X 1 2 2
f X 0.5 25 12.5

1) X : QuEChERs¥EIC ¥ U 7=l + B AR L
Y: BEHEEGC-MS—FAWEIZE UL FE

[EBLIOEZ] =T VAROER, L
Bk, GC-MS(/MS) TR, EAE (RERIK
HEAHABERE., BEAEBIUHBATE) 12
Bobd., A NI v I X<y FR) (ICHE
TAHMERRNEZTR LD, E (VFIm+PEGHR
m ThH., RTOBEITB\WT, RIFRKE
REFTREHORESEVEREF L,
—F., CBXUDIZo»WT b= Y v 7 252
DEEREINRAD bnizn, BERICBT S
BMEDHROENRREL . +ORBEDR®E
BRRWEEN BT,
UEDKERM S, VFIn& PEGE M L /2 4Z
ERBREOPAMRR O b, ZEBEORAE
EONT AT, VFIm& PEGR IZHEREWIZH
WHRZERFRATHIEEZ LN,

AR, BEFBRFHERBE TRE
%4 REBBOFRERRICET MR
LY ERELE,
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GC-MS/MS FIFEI= BT SREBARDT ) v AHRDKREE
—ENRABEPORRBDB ML FE—IBHEDE—

OFAEME. HXEA. WG, BHEH. WoRy sl B,
BATEHE, BIEHE (KR LAREENETIGELTFE)

[BE] GC-MSUMS)ZAVWAERDEEE
EBAWICBWT, BIBBERFO~ Y v 7 R
DB L BBRIR E— I SEDEL (=
F) v 7 XRGR) BPNErXrZ50125TH
%, ZOMBEICEELT, ARESPEL~
Mo Z7RCED2 I IR FUTD
BOMEEZRIELTZEL ORERDH B, —F.
HFEEEREDO= Y v 7 ZAHRY KoV T
EELESERD R, TORZBIZHONVTIE
TRLZRBEN, SrECEREEM 2R S
kT, BEAXKDO- M) v 7 AHRZBEL
TBLZEBRFRATHD, T T, ETHM
AR E LT, BEOGEEERKICHT 5 H
L BEEEK (BEKIOEE) ov—75%
FHE L,

[FiE] BE BELTIBEOBREDE
BRBERIChORRRERERKR (PLARK) %
ERMERICHM LI 2 R L, GC-MS/MS
(Agilent 7890A/7000B) TH|EZITV, ¥ —
JEERBLUOBROEILEZR T, BRPOD
BRI B 134550 ng/mL ¥ 7213500 ng/mL D 2K
EL, WTNbRERHRBEERRT & b
J~FHY (1:1) ERBEOHRAEL
oo 2B, 2TOREBRICIT4IEEREONIE
EMELRBELARE (£50 ng/mLE 72X
500 ng/mL) Z725 X2 WCHEML &,

BRE BELIZBE . A b=—1P, T2
TRAR, = FFFr, FuyI Py, R
MYy RMARREBREE®R PLER) M
g T2 MPL-2-1, -3-3, 4-2, -5-1, -6-3;

REEYE : NV 7=V Vg, 74 L
vd8, 7= F Y hLradlo, TAFT T -
dio
[HER-B8)] BELLESEBEOREON
Thb, PLEEZHEMLEL O T, &
BEEOBMHE-> TRRECE BRI
- mBEEAEALE, Tbb, PLE
BRPOREBRISKL LTEDT M) v 7 R
BRETFL, BEEEFRRCIIERENBED
2 )y I ADEBEENRLED Z LIER
Enfk, ZnbwhY v 7 AR LTH
BEEPEIZI2BEEZRALZA, AFT
HhIAGAELBIIBREZLRTIBER D -
7=
BREOBREEREREOSWE T, HRK

EEGERRLTHET 5L RH5, T0

B, v M) o722y FLBEREPDO<
M) v 7 REVERCELTIEBESH
B, ZOBE. 2 Y v I ABOFAITHEN
(YA AR IKEVWERS R GC-MS(MS)
EcBElsha L TRENG, WOEE (5
Ho) 1F. ORI RT—RIEBIT B EBEH
BXD<w b v 7 AHROBEEL L Z ORI
EORFRRIZOVWTHET B,

[#tEe] AWz, BEASBR2HEHDE
(R4 : REMEOEEMERRCEHTH
FlICEVERLE,

[BBxXR) V) 7727 ¥rc>X (v R Y
¥ 2 ZAGRIZ L BEBEIREDHFEIZ 20T
http:/fwww.aisti.co.jp/common/pdf/gt2010-102.pdf
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mRERRRHBERZORERICHEBEE Y 3 3TRISOT
—GC-MS/MSRIRICEB 1+ 5 BIBAEDT MY v I AR DEELL—

OFREA, FAEME, WIGF. @FEs, Lok, R, BHEE BEnE
(RERIF S AR AR ST AR AL FE0)

[BR) BEERERE CRERLY —FIHH
YR, ERSDOEBABERKREEEIZAN
5, BxiIAELSODBERRK [GC-MS/MSHIE
RBIT3REHANXD~ N v 7 AR OK
FE) WBWT, £FET 51660 BERY (B
B ICLY, BEBRBRPORERS OBE
BWRINDIER (BRE#HBRkO MY v 7
AR EZTBI L BRI L. ZOER
X, o< hY v 7 AOFELRVIRE TR
LT B EFREND, T, RERKIC
ERSOEAEERBEERAVLISEE. BEE
EOBVPEEBORRE L 25 FREMEREZ b
Too —F. REREHZKIBICEBETS LD
REREREBRERHEN TIX, BETRR
BERRLU. BEAET A ARENEZLLNS,
AEETIE, BEZ X2 H/RBIEROEY~
MY v ARED L EERBRIKEBE L,
BEBRERBRPOREBOEEE~DOREE
. ZOEBFIEIZ OV TREEL 72,
[FE] HERX—X v BT 7738 R
BIZREBRHBDIRE(xFTFA Y, v
K, 7 b ) R— bE2 ppm) BEML
RBRKAL L7z, RBRAKBIZ, AR50%7 & b
[NFYUTAOERR LI b O, RBRIKC~E

HBICREA D~ M) v 7 REHMLEZLDOT

HBH, RBRBHBICOWVWTIRIRIZRLE, &
RO M) v 7 AMRICEDLETHEL
TABEHERIR CREBREER L, RBRIRA~ED
SEREZER L, BEBROBERIX. (a)
BESBROIBE, b)3BEICEBEHELLT

. BEVRMERL
A B c D E
BRIASARGem) 2 0.05 0.05 0.05 0.05
IS ORBABE G/ mL) 1 0.025 1 0.025 | 0.025
VFImBE (g/mL) 0 0 0 1 0
PEGER(g/mL) 1] 0 0 [} 0.5

166 R IEIRIN (FH169RZ) m2fE L L Agilent
7890A/7000B% AV THIE L 7=,
[(RRBLUEZR] KRBAO B EXI S3RIK
RIERRIRa, bPAVWTERBLLEER. E&
MBI R2 ppn(1.9~2.1 ppm) &2 0, B
BEMCI2EEEOEZERRDONR 1o
7o REABBICHR L AL RBICEE LK ER.
v T F A IR EEKD TaD90. 78(%. 71
I R THO.T6ME, 7MY R F—FTH
0.88fFDEEMEE o7z, Tibh, BEE
PEUEERBbEAVTERT S L EEME
BMET L., BEHIC L 2B EEOERAMAR
Eniz, RREBIZAL KB LT M) vy 7 X
R DREMNMELS . BE#ERRkO~Y M) v
AMBPBENLLIZEE X 5z, RARIEB
K20 ) v 7 AEHEMLZABRIKC~
ETIZ, EERRKa, bIC X3 EEEOEI1IHE
PEHELE, BREBREZEEARL. BA
BERRTRAVWTEERET I, BRREY
— 22 b w7 RANVFn) R = F LT
Y 22— /1300 (PEG) #FMNT 5 2 L T, B
WX 2BV EEA B TE D AN RER X
ni,

AL, BEZBRFHAMBSE [FRE
& REHBEOEEMERRICET 2R I
XEBLE,
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BREBREAWMIIBITEHRERY

A—ADT R YO RAHBEDHSE:

OWnBF, Bl FEREA, MAEME. LIIBTF.

[8 &1l

PR BIRASITIZ GC-MS(MS) Z VB84, <
Vo7 AHBROFMIIEETHS, v v IR
ShEOREEE LTI, BREEERVWRRG L
RUAERNORABLET SV 7RBREEZ~ MY

v 7 AL UTIRBERRICEMT 254 (M) v

gAYy FUTE BPELVEHTHS, LoL,
ZERORMEHITT25HE, EZTF 7R
B ERESTZ0OERTH S, ZHEEORELD
S EDNRANAT O 2 DITiX, BREDORMBIZHER
DREEINAZW= Y v 7 AR OHIE L% R
MLTEIBLERDL S,

FZTH4IIX, TROBERED 2 — 2P bE
7SRRI, RVxF L7 Y a— 300
(PEG) BLXUWEMEE (FV 7 =z=nY VB
TPP) %A L. 2EEORSOSHTITE A FHE
RPA~ b v 7 AGINERRESL Uiz U, AR,
FROFRZERES 2 — RN B0, —EDH
BT 7o ABRREBERMTES, Ll B
RIS VIIBERICLY . TOAFENEEE
B ELBESND, £ CHIROBRERE
Ta—AEORBEERIET H7DIC, < )y
JANBREHE LT,

[A &]

(7707 RepiEEs LURBRIKRORR] BREE
Ta—R (A~G), BEI2—2 HEBLVOD B
FUREY=2—Z J BLIVK F. KEHAT
BALL. ZOXEFEMEO—FlZR LITRLE,
BRI DFERLZ I, QUEChERS I E MBI E L

BIER, NMREERM, RIS, BESRE

(KRB ST A SRAE A WFFERT)
#1 BEIARED—-AFDO—F
HFREEI21—R BRSO —2
A E H
SR (%) 50 60 100
ESant) 50 40 0
Sui/R%E | 30/5%4 | 21/3%3 | 30/07EE |
IZACA IZALA ek
kIR EF—7y [ZALCA
EERMHE [ESNAE | FHoey
(R YAaZ YA r—Ib
AES o | -
LEY LEY IE3h AR

T FiEERW:, Ya2—X 10g #7r=}hV
ATHIH, SEATBLK#E, ENVI-CarbII/PSA ThiR
Lz, BEBHEE. 7B /~F VU BRICE
BE LT (77 7 BBRIR A~K - BRHAEL 2 g/ul
HY), KiZ, £75 07 RBKR,. BEBEAHR
(199 B4 - % 200 ng/mL) 35 X T} TPP (200 ng/mL)
2:1:1 0BETRAEL., RBRK A~K 27RE
L7z,

[~ Y vy 7 2SR OHE] RRIE A~K %
GC-MS/MS (7000B : Agilent) T# 6 [ELEGIHT L
7o, $B4 4B OSNERED LEREOVEHER
EEEH L, FRAOHRREY 2 —2 A THHE
L7-RBRE A BT 3EBRROEHEHES
100% & L, BB B~K 12867 3 FBED LIYE
e (%) ZEHLE,
SEOFMBEL LT, FHmEMEL 85~115%
FRIZEO< N v/ AHRBBEONIHEL E
EL, RERIEA LB LT,

[ERRUERE]
REMFERE LTRREEB L TRHIZONT,
EHEBLOSFHELE A RS AL TRLE (K1),
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F=bIAEZHWEREY A XX D
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BIZFd, AMEOHRBREIIBWT, BH
EOEBEICRERZEITIR NI oT, Z
X Y QUEChERSIEIX, ZRFIZEEHL TV
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T —FRBELRASICHETE R Z LR
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DREIT M) v 7 A ROEENFIIKE
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vy FUITOREIZLY, EEEC= T =
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22 YDERR BN, FEESRVERES
BA=HIi, BEOHRE LRI, =R
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