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Abstract This study was conducted to develop an analytical reference material of cherry tomato containing
ten pesticides (acetamiprid, buprofezin, carbendazim, diethofencarb, tebuconazole, tebufenozide, tetraconazole,
pyraclostrobin, pridaben, pyriproxyfen) for proficiency test of pesticide multi-residue analysis. According to
the KS A ISO Guideline 35 (2005)/KS Q ISO Guideline 13528 (2009) and EURL-PT (IUPAC), homogeneity,
within-bottle/between-bottle standard variations and standard uncertainty were calculated and assessed,
resulting that between-sample standard deviations were lower than 0.3 (0.3 x target standard deviation) and
there were no statistical differences within and between bottles for each pesticide on statistical analysis using
ANOVA test. Also, standard uncertainty (u’y,) ranged from 0.98% to 3.36%. These results indicated that all
pesticides were distributed homogeneously in the analytical reference material. Therefore, it was considered
that the cherry analytical reference material developed for the proficiency test could be used as a tool to
evaluate the reliability and consistency of laboratories.
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S AR T A Foiet Y =F Fo] A3 Arh(Bhanti and Taneja 2007).

A7 =Y A 5 AAA G ol BobAR S8t Assoke] RANY A%¢) 209 ETE $8¥E 9
EZ(Kim et al., 2008)°]1} &2F A& 543 Aoz S X S22 (CRM; Certified Reference Material) 7182 =
Aated bdd FAZE tiFEAL ek 2 F =l Al jx oz FtshA o] Fox|3L 91O (Otake et al., 2013;
He ErfEM, B e dyEo R Ziguton Anlg Yarita et al., 2014; Grimalt et al., 2015), /)48 FFE2
E 27 3718 ot 7Heg mE e 9w vk A & A9AY Mk hsd SUE A9EoE B9
a7) Wl Sorg BAZE AZIHT ATkChoi et al, R Wb oz} o] Ea) AY AR BALE )
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o TFEFo] MEHL A @ Ak FHFREFSE A4
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AR gek A dd FRE Qe xEEde

e 7F g 8 shrt

A 2 ArellM = =A1 29 A3 1SO Guidelines?t
IUPAC protocols 7|HEC.Z 3= 9 Fd: H7ME
(EURL-PT; European Union Reference Laboratories-
Proficiency Test)ol|A] Q7= @A (B /M7 43 A),
ASH (AR, AW AL, FFESEI A
St 10%:(acetamiprid, buprofezin, carbendazim, diethofencarb,
tebuconazole, tebufenozide, tetraconazole, pyraclostrobin,
pridaben, pyriproxyfen)?] soFHo]l XsH WEERIE
bR PHRFEAS AUsle] WisoREA7|e
SUE Y71g NEEAS) B/ FAsT AFEY
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AMEsF Al
18’52 acetamiprid, buprofezin, carbendazim, dietho-
fencarb, tebuconazole, tebufenozide, tetraconazole, pyraclo-
strobin, pridaben, pyriproxyfene 20143 FAHEo] =71zt
7 ZAPA 7+ (National Agricultural Products Quality Manage-
ment Service (NAQS), 2015)04 HAEW =S} FAPAS7}
AR e 24 &Sl TN PO HFERE
2 Sigma-Aldrich (Steinheim, Germany)Z%-€ 73}
o, ZEof A¥H AlgkA diethofencarb+carbendazim
50 (25425)% Al (R 711, EE ol
pyridaben 20% SIACFETY: AR, F=AE(F)),
pyriproxyfen 10% FA1(33EH: A71F, EEWol1=),
acetamiprid 5% A (FEH: A2, E7F), tetraconazole
12.5% FEHAIFEY: oHAE, blo]daFAilo]d X)),
tebufenozide+buprofezin 17 (5+12)% 3 (32 : 252,
§745), buprofezin 20% FSHA| (& A7, EEeE),
tebuconazole 5.8% NAF3HA|(EH: Elo|BY B %),
pyraclostrobin 11% H/FF3AI(FEH: Z27]2, sty
) Azl AfE = AFoz FYste] ARSI
Fgde] Al BAAES] AAIFA AT

>

acetonitrile, water== HPLC 522 Burdick&Jackson
(Muskegon, MI, USA)IA] +9)3te] ARE-3F13L QUEChERS
Extract Kit (magnesium sulfate; 98.5~101.5%, sodium
chloride; >99.5%, sodium citrate; 99.9%, disodium citrate
sesquihydrate; 99%)¢t BAE 18] AHS-¥ QuEChERS
dispersive SPE 2 mL¥#} 5 mLZ phenomenex (USA)ZFH
Tdste] AT $AAZ7]= OPERON (Korea)?]
FDCF-120065 AH&-5}%19.7, table mixer= KENWWOD
(Korea)®] KMM 760, A4 2¥E3+= SANYOU (Japan)®]
MDF-U54VE AME-315ITE.

ST Y EMEFEEH N

= XA S sgAd e AExA
ANA ARSHAA 1052 AFAIE FERTA 2| (5
TEAEEH SRS, 2014)9] Ao wEt 2ASE $, kA
7b FE8 EEE 13 Tx 28] Al 7 AlgeA st &
B WAld F J=s sk 88 A5 (¢ 2kgy= 4
e A2 A 3, 80°ColA oF 19 B¢t TAAAC
o TS AA] S8 -130°Ce] FAARTNE 7~8Y &
oF AZAZ T vAE 7179 de=
2 B 7, 7 RS 84 A Bxs] S6)

[¢] KL
table mixerZ &SN} AFxEH BHEFED S 50 g%

EouEol AE
105 5

ZAE AHETEAAAN 15mLt FAHY AR FE2Y
0.5 mLS &3 F%=7F 0.015, 0.03, 0.075, 0.15, 0.3,
0.75 mg/Le] matrix matched calibrations A+ & LA

[e

Fg Fste] LC-MSMSO F=§)ate] 7F Aol tisk A%
Ae AAson BAZALE Table 13} 29hT) FE3H A

lo

5%, 7171840 F4%, AuleE st AR
A E3A Z 231 THKIm et al., 2016).

3 FEAES TAE EAETEE Sl 7 5] =
7F1L0mg/L7t B =5 A3t &, & 10 mLe 37kt 1A
7F Fot Ao WIS Acetonitrile 10 mLS ¥
QuERChERS ZFZ74H](Thmorgan®, CK2000)Z &F 2%7F
2188k & QUERChERS extraction kit (4g MgSO,, 1g
NaCl, 1g sodium citrate tribasic dihydrate, 0.5 g sodium
citrate dibasic sesquihydrate)s F7}slal F7t2 oF 28-7F
e FZ3500) A8 3 55 59 3,000 rppmollA] 4]
afo] FEl3 AlE7F 8] EElE =S Soitt. el
Al 7mL2 #8 ¥ QUERChERS d-SPE-15 mL kit (900 mg
MgSO04, 150 mgPSA, 150 mg CISE)ell ¥ar oF 28-7F &t

=

ol
s



Table 1. LC-MS/MS conditions for the analysis of 10 pesticides
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« Instrument

Agilent Technology 6420 Triple Quad LC/MS

e Column

Agilent Eclipse Plus C18 1.8 um, 2.1 mm x 100 mm

* Injector

Injection volume : 2 L.

A : 5 mM ammonium formate, 0.1% formic acid in Water
B : 5 mM ammonium formate, 0.1% formic acid in Methanol

Time (min) Flow rate (mL/min) A (%) B (%)
Intial 0.2 85 15
1.0 0.2 85 15
* Mobile Phase 1.5 0.2 40 60
10 0.2 10 90
15 0.2 10 90
20.0 0.2 2 98
20.1 0.2 85 15
25 0.2 85 15
No. Pesticides Q1 Mass (m/z) Q3 Mass (m/z) Collision Energy (v)
. 223.1 126.1 11
1 Acetamiprid
223.1 56.1 11
) 306.2 201.2 8
2 Buprofezin
306.2 572 8
) 192.1 160.1 12
3 Carbendazim
192.1 132.0 30
i 268.2 226.1 4
4 Diethofencarb
268.2 180.1 4
. 388.2 194.1 6
5 Pyraclostrobin
« MS/MS 3882 164.1 6
. 365.2 309.2 7
6 Pyridaben
365.2 147.1 7
; Puri " 3222 227.2 9
oxyfen
YHPTOxY 3222 96.1 9
. . 2732 2552 12
8 Spiromesifen
273.2 187.1 12
3533 133.1 3
9 Tebufenozide
3533 105
372.1 159 18
10 Tetraconazole
372.1 70.1 18
* [onization Electrospray lonization(ESI, Positive)
SFTh. 3,000 pmollA 3% &t AAlEEste] AdEele] =MEFSHo ZEE It
1 mL& QuERChERS d-SPE-2mL kit (150 mg MgSO4, Az FIOAE ERFEZ 0] Wuel Wrke] 2
25 mgPSA, 25 mg CISE)d o] 1327} vortex mixer® & T=E Hrkelz] g8 FAAE 100 2SS AR
z}

ettt AEYZZ 12,000 rpmol|A 5E7F AR S spatulag ©]-83l4 Z}F W e

< ol o
T }\0]-0 _]IJE

PTFE 0.2 um syringe filter2 231910, AT+, 35
o] & 0.5mL< acetonitrile 1.5 mLz} £%Fslo] LC-MS/MS
2 A3
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KS Q ISO Guide 13528 (2009)¢] HPol wie} k33 72
2 FA2E AF Ui(s,)8F AR 7He] EFHRK(s,)E B
o, ¥ Alge] s&EFHA o= ASHAERT 25%
&4 0}04 Akst et

-2
¢ 5, = NI, ~X) /g-1)
* s, = ﬁwtz/Zg

S:-(5,/2)

B S8 S4E HolE

W, . N EE Als7ke] W

s, 1 N EFFY BEHEA

s, P A2 U ZFAEA

s, 0 A 7k BFEHEA

EURL-Protocol (IUPAC)S] W& v} 7+ 2oz
AE ()2 AE 7H] ZEAR(s)E Ao 23
FE2ES F3sle] o] (outlier)S 213 5, LB
B (ANOVA testiell 9] Axghs Hlawste] 3716k

o} & AollM e frEe SHE=H7HEURL-PT)S 53t
A SEETH2 o) e AFHAEFIH 25%= A
sl #2AS H7 sk tH(Kim et al., 2010, Thompson et
al., 2000).

2_2 .2
o5, =s5.-(s5,/2)

« c=F(030,,) +Fys.

w

s A E
s, A EHTe] FFHEA}
o AR W EEZRR

QLN
G - ?l%‘%}:o fﬂ%ﬁ%ﬁjﬁ}
1 0

F), F,: 188, 1.01
EMEZETC EFEST ME

EFESEE A5 o) s BEEE KS A
ISO Guide 35 (2005)°114 A8tz YUARTAHol| me}

W7F AR (between-bottle variance, s,,)2F B TFH
ZH(within-bottle variation, s,,)& 5% frolFolA TRt
7o FA o2 AZEgon B AoA pe FEE o
7t gl7] wiol], £ 47e] o nat 2kt

o Spp= among wtthln

}»M ws) Aste] Sl FeRewY A
(Sequared standard uncertainty)S UER
al., 2010).

AT, W 2R HEEAY Ao AR
¥l Wkl o) g Bakert W7k 440 o Bewy
oo 2 7357 2t ithin WLETF 2FOFA
st €] GRO= AN RHEE NEY 4+ A Brk
o]d A4l KS A ISO Guide 3591 w2} thao] 3412
o)1l ANT & k.
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vairhin . Mvithing/] X}‘TFE T

n: Mg A

s
ot 3l jnE
ME 2AMureo| &Yy

5 4284 2 BB
Z43k7] S8l g 2AY HS A3 Table 29 729k
ok AL 0.999 o] oz g eHg s AAHAF()E Y
Eilon, Bxubel HakeAle AAH 0= 0.8~16.0 ug/
kg 0|t g AU EFHATE 4.7% olule] HE=e}
97.8~113.1%%] =& 3588 YeRlo] S9¥ FAWHE
WEENE BAFEEA) 34, ¥FEFEe ol ¢
7ol Agshe gl 4 ATt

KS Q ISO Guide 1352891 <J3l 42t&d #2874 43,
Aoz AAE 10719] Bellx 249 A sgde] ¥FuA
(S)= 0.0199~0.1865 mg/kg 2H, A5 Wo] EFHAKS,)
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Table 2. Results of method validation for 10 pesticides by LC-MS/MS

Pesticide Fortified conc. Recovery" RSD? MLOQ? Linearity
(mg/kg) (%0) (%) (ng/kg) ()
Acetamiprid 113.1£4.2 3.7 8.0 0.9996
Buprofezin 103.5+3.4 3.3 0.8 0.9994
Carbendazim 97.8+4.1 42 0.8 0.9995
Diethofencarb 109.5+£29 2.6 0.8 0.9996
Tebuconazole 0 101.2+3.8 3.8 8.0 0.9992
Tebufenozide 108.5+3.3 3.0 1.6 0.9994
Tetraconazole 1122 +£2.7 24 16.0 0.9995
Pyraclostrobin 105.1+4.5 43 0.8 0.9997
Pridaben 109.9+52 4.7 4.0 0.9993
Pyriproxyfen 106.6 £ 3.1 29 0.8 0.9996

! Average and standard deviation from triplicate experiments
2 Relative standard deviation: (Standard deviation / Average) x 100
3 Method limit of quantification

Table 3. Results of homogeneity test for cherry tomato analytical reference material

. KS Q ISO Guide 13528 EURL-PT (IUPAC)
No. Pesticides

S N S 0.36% S, <030 S2 c S2<c
1 Acetamiprid 0.0723 0.0902 0.0342 0.2031 Accept 0.0012 0.0858 Accept
2 Buprofezin 0.1088 0.1344 0.0529 0.1011 Accept 0.0028 0.0375 Accept
3 Carbendazim 0.1865 0.2035 0.1186 0.3096 Accept 0.0141 0.2220 Accept
4 Diethofencarb 0.0199 0.0123 0.0179 0.0242 Accept 0.0003 0.0013 Accept
5 Tebuconazole 0.0411 0.0381 0.0310 0.0843 Accept 0.0010 0.0148 Accept
6 Tebufenozide 0.0611 0.0743 0.0312 0.1678 Accept 0.0010 0.0585 Accept
7 Tetraconazole 0.0355 0.0386 0.0227 0.0627 Accept 0.0005 0.0089 Accept
8 Pyraclostrobin 0.0626 0.0473 0.0529 0.1333 Accept 0.0028 0.0357 Accept
9 Pyridaben 0.0326 0.0293 0.0252 0.0726 Accept 0.0006 0.0108 Accept
10 Pyriproxyfen 0.0548 0.0255 0.0517 0.0768 Accept 0.0027 0.0118 Accept

! Standard deviation of the average sample analysed

? Within-samples standard deviation

? between-samples standard deviation

» & represents the 25% relative standard deviation of analytical values

£ 0.0123~0.2035 mg/kg, A& 7Fe] BFHA(S,)E 0.0252~

0.1186 mg/kgolAth. A& 7he] HFAKS,)V} &8xFH

ZHo)el 0.34] olstelH #-E Aoz Hrisly] ujie] &

T s #EEE AT o2 AT Table 3).

EURL-PT (IUPAC)ll <Jafl 2b&d #24d A3, A=
1=}

H
Al 2xEo] ee &

B 5 i) wep, Az
SRR PAEFEAS SORREA7B SUn
B7hg AR A1 TS A Bh Qo @

THETH(Table 3).

M

=
=

ot
b

EFEEHO AS(HH) { TEE 2
Al

Aol BolE A BE g B w) 30uHE &
S AFSHOE AR e™ 0322~

4.088 mg/kg 13Tt
KS A ISO Guide 359 w2} & 7ke] JPEAHEA o
wEl ALE W7EZEAERKS, )= 0.027~0.235 mgk
AR Q7] 3.28~11.26%A0H WU FFHAKS,,)E
0.009~0.078 mg/kgS =2 1F%k] 0.45~4.41%31t}. Carben-
dazim, tebuconazole, pyridaben> 7He] BHFAIF Myon
ol Wl FHAlw MRt 2ot W7 EFHRK(s,)
we AT F gl o]F A3k= KS A 1SO Guide 35

k
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Table 4. Results of Standard uncertainties for cherry tomato analytical reference material

‘ KS A ISO Guide 35
No. Pesticides ASSI(iI Z;ik\g/.;llues Syp o 'y
mg/kg % mg/kg % mg/kg %

1 Acetamiprid 2.694 +0.089 0.088 3.28 0.012 0.45 0.026 0.98
2 Buprofezin 1.375+£0.159 0.155 11.26 0.038 2.77 0.046 3.36
3 Carbendazim 4.088 +0.225 0.235 5.75 Negative value 0.070 1.72
4 Diethofencarb 0.322 +£0.029 0.027 8.52 0.009 2.80 0.008 2.54
5 Tebuconazole 1.141 £0.096 0.099 8.65 Negative value 0.029 2.58
6 Tebufenozide 2262 +0.197 0.182 8.05 0.078 3.46 0.054 2.40
7 Tetraconazole 0.845 £ 0.063 0.059 6.93 0.023 2.73 0.017 2.07
8 Pyraclostrobin 1.795+£0.151 0.142 7.92 0.053 2.98 0.042 2.36
9 Pyridaben 0.983 £ 0.081 0.081 8.24 Negative value 0.024 2.46
10 Pyriproxyfen 1.031 £ 0.075 0.061 5.89 0.046 4.41 0.018 1.76

! Within-samples standard deviation

? Between-samples standard deviation

% Uncertainty

¢} Kim et al. (2010)°] we} vj-9- #2S 73 Ws= 2 LAY 2

o= FAo o3| M ETHA EEE |
73 7ol wheh A bR T =4 L}E}”ﬂ o2l AL
2 o 5 ot #dx A% BFEYSE o, B
0.008~0.070 mg/kg® = AFFk 710 = 0.98~3.36%3ATE.
KS A ISO Guide 359 w2 dukzog RFEIT=
HBE7HE 7] A8l 5,8t s R AXSEL AES
55 Hof Q. & 04%011 i—t— WREARKS, ), B E

o %E}(Thompson et al., 2006)

AT B EHENES ol §9 FoprhyR 14
HFELES /s e™ acetamiprid, buprofezin, carben-
dazim, diethofencarb, tebuconazole, tebufenozide, tetracona-

zole, pyraclostrobin, pridaben, pyriproxyfen?] % 10%52] &
b Ro] ¥EEHEE St BARTEDY AEe &
@371 93 KS Q ISO Guide 13528, EURL-PT (IUPAC)
—Ec 4AAL 13} KS A ISO Guide 359 e &

Az A4 Pr*q & 59 1089 5o
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Development Administration (Project No. PJ010857022017),
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2 o R AT SUEGM WLEE SR

A% 7}

THREEES gslr] Sl stk F 1059 5

o5 (acetamiprid, buprofezin, carbendazim, diethofencarb, tebuconazole, tebufenozide, tetraconazole, pyraclostrobin,
pridaben, pyriproxyfen)©] 285912 KS A ISO Guideline 35 (2005)/KS Q ISO Guideline 13528 (2009)2} 4
©] EURL-PT (IUPAC)¢] 7bdel whe} #2487 #A ), M7 253t 55952 43
S SRlskic. @ 7P AR o) BERRS) ] SHEHERH0)l 038 o)3kE Aailon YRy
B F test AFOE LE Sopio] s BEHo] 18-S B 4 ootk Ea, A4 o HE

&

BT, ye A5 0.98~336%2 ¢ s &

sigich, mebd, B Q7E Fal e PLENE BAE

FEAL AREA/IRS) SUEHIIEOE BEY 5 UL 2O o], GF HFEAY MO ols] AFE
Mzl ARy 2 ARYS BN F IS A0 BT,
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