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Abstract

BACKGROUND: This study was to develop a analytical
reference material including twenty pesticides in tomato.
To use it for proficiency test, the suitability of homogeneity,
storage stability, assigned values and uncertainty for
analytical reference material were important.

METHODS AND RESULTS: In order to develop a
analytical reference material of tomato for multi-residue
analysis of pesticides, twenty-pesticides were treated in
tomato and the samples were frozen and homogenized. The
homogeneity, stability, assigned value and uncertainty
were calculated according to the requirements of the KS A
ISO Guide 35, KS Q ISO 13528 and EURL-PT protocol.
The values of the within-bottle standard variation(s,s) and
the between-bottle standard variation(sss) were 0.9~6.5%
of assigned value and the uncertainty(u*y) due to
inhomogeneity was also calculated as 0.6~1.9% for all
pesticides. This indicated that it was satisfactory to be used
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as a analytical reference material. The storage stabilities of
twenty-pesticides at room temperature and freezing
conditions were assessed according to the requirement of
the KS Q ISO Guide 35. All pesticides were stable at room
temperature (20~30C) for 8 days and freezing (-20C) for
23 days.

CONCLUSION: The feasibility of analytical reference
material for pesticide multi-residue analysis in a tomato
matrix was investigated. Homogeneity of within/between-
bottle, uncertainty and stabilities at room temperature and
freezing condition were satisfactory for a use of proficiency
test and quality control. From these results, a analytical
reference material would be applicable to monitor the
proficiency test of pesticide analysis organizations to
improve the reliability and consistency.

Key words: Analytical reference material, Homogeneity,
Multi-residue analysis, Pesticide, Stability, Uncertainty
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Diethofencarb, Ethofenprox, Fenamidone, Iprodione,
Novaluron, Procymidone, Pyraclostrobin, Pyridaben,
Pyrimethanil, Pyriproxyfen, Spiromesifen, Tebuconazole,
Tebufenozide, Tetraconazole, Thiamethoxam, Triflumizole)
< 20149 ARG 7R AR I s A
A, Korea, 2015)'% EFIE Ul A&H s oz A%
atlom, Z7te) 5ok EFELS sigma-Aldrich (Steinheim,
Germany)°llA] T+¢Jste] ARESISITE A8 (stock
solution)®] ZAIgt FAAES] Aol AREE F7]80)
acetonitrile=> HPLC 5 2.% Burdick&]ackson (Muskegon,
MI, USA)Z5H F9jato] AHE-81311., QUEChERSY %
S 98l QUEChERS Extraction Kit(roQ™)9} A#1E <&l
AH4¥ QUEChERS dispersive dSPE 2 mL(roQ™)&
phenomenex(USA)ZHE] -Jsto] ARG-SIQITE 41740
+ Liquid Chromatography-Tandem Mass Spectrometry
(LC-MS/MS, Agilent Technology 6420 Triple Quad
LC/MS, Singapore)$} Gas Chromatography -Electron
Capture Detector(GC-ECD, Agilent Technology 78904,
USA)< A3t
ssolrhAEo] SARMY 23

2059 s EFFS acetonitrile® §33te] 1,000
ug/mL2] stock solutions YH= ¥, acetonitriles A8t
o 7} sepdito] 0.005, 0.01, 0.02, 0.05 0.1, 0.2, 0.5
ug/mLe] &5 &8N (mixture solution)S FA|5H]
. ZAlE EFEAorRE TS Fete] LC-MS/MS
¢} GC-ECDell F9late] 7+ gopdiel theh A=ds 23
SISITE 43 Foke] HE71W i Table 13 £t

FEAEE BrE EE7HE 5 gell ZF FedEo] 8.0
pg/gol XS Ad F, 10 mLY &S o] 143 A
5}al 10 mL2] acetonitriles 2ol °F 1327+ x1&83int. %l
3k AlZol QUERChERS extraction kit(4 g MgSOs, 1 g
NaCl, 1 g sodium citrate tribasic dihydrate, 0.5 g

Table 1. Pesticides categorized with instrumental detectors for multi-residue analysis

Analytical instrument

Analyzed pesticides

¢ Liquid Chromatography
-Tandem Mass Spectrometry
(LC-MS/MS,17 pesticides)

Acetamiprid, Buprofezin, Clothianidin, Diethofencarb, Ethofenprox,
Fenamidone, Novaluron, Pyraclostrobin, Pyridaben, Pyrimethanil,
Pyriproxyfen, Spiromesifen, Tebuconazole, Tebufenozide, Tetraconazole,
Thiamethoxam, Triflumizole

¢ Gas Chromatography
-Electron Capture Detector
(GC-ECD, 3 pesticides)

Chlorfenapyr, Iprodione, Procymidone
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Table 2. Liquid Chromatography-Tandem Mass Spectrometry and Gas Chromatography-Electron Capture Detector
(LC-MS/MS & GC-ECD) conditions for 20 pesticides

LC-MS/MS Condition

¢ Instrument Agilent Technology 6420 Triple Quad LC/MS
® Column Agilent Eclipse Plus C18 1.8 pum, 2.1 mm 100 mm
® Injector Injection volume : 2 pL

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)
L 223.1 126.1 11
1 Acetamiprid 3.1 56.1 1
. 306.2 201.2 8
2 Buprofezin 306.2 572 8
g 250.1 169.1 7
3 Clothianidin 250.1 1% 7
. 268.2 226.1 4
4 Diethofencarb 268.2 180.1 4
394.3 359.3 5
5 Ethofenprox 3943 1772 5
. 312.1 236.2 8
6 Fenamidone 3121 901 3
493.1 158 12
7 Novaluron 4931 141.1 12
. 388.2 194.1 6
8 Pyraclostrobin 3882 1641 6
* MS/MS . 365.2 309.2 7
9 Pyridaben 365.2 1471 ”
. . 200.1 107.1 27
10 Pyrimethanil 2001 1 27
. 3222 227.2 9
11 Pyriproxyfen 000 %6.1 9
. . 273.2 255.2 12
12 Spiromesifen 2730 1871 1
308.2 125.1 15
13 Tebuconazole 3082 701 15
. 353.3 133.1 3
14 Tebufenozide 3533 105 3
372.1 159 18
15 Tetraconazole 721 701 18
. 292.0 211.1 5
16 Thiamethoxam 292.0 181.1 5
. . 346.2 278.1 5
17 Triflumizole 3462 730 5
® Jonization Electrospray lonization(ESI, Positive)
e GC-ECD Condition
® Instrument Agilent Technology 7890A
e Column HP-5, 30 m 0.320 mm, 0.25 pm
¢ Injector Temperature: 250C
Injection vol.: 1 uL, split ratio 50:1
® Oven Initial temperature: 80°C (2.0 min)
Rate & temperature: 10C /min-—200C—>2C /min-—>220C (4.0 min)->10C /min ~>300C (4.0 min)
o Carrier gas Flow rate: 1.0 mL/min (N, gas)
e Detector ECD-Temperature: 320C

Make up gas: 60 mL/min
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<Chopping and freeze-drying,
Grinding, treatment of 20
pesticides and 1*-homogeneity>

<Deep freeze at 80 C and
Freeze-drying >

fou

FEEEEREEES

<2*% homogeneity>

<Sub-sampled into glass bottles and
homogeneity test>

<Stability test>

Fig. 1. Procedure for development of analytical reference material of tomato.
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ZAI A ETo] BeH RS siglth el 7 mLa F6ko]
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Table 3. Results of method validation for 20 pesticides

Pesticides Applied conc. (ng/g) LOD (ug/mL)” (MDL") Linearity(r")" Rec((;:/)ery
Acetamiprid 1.0 (10.0) >0.9997 116.3+4.0"
Buprofezin 0.1 (1.0) >0.9998 102.5+2.8
Clothianidin 0.5 (5.0) >0.9999 115.7+3.1
Diethofencarb 0.1 (10.0) >(0.9999 111.7+£3.1
Ethofenprox 0.5 (5.0) >0.9998 100.7+2.1
Fenamidone 2.0 (20.0) >1.0000 102.2+3.2
Novaluron 5.0 (50.0) >0.9999 107.7+3.1
Pyraclostrobin 0.1 (1.0) >0.9999 106.8+2.9
Pyridaben 0.5 (5.0) >(0.9997 107.0£2.5
Pyrimethanil 80 0.5 (5.0) >0.9999 104.9+3.8
Pyriproxyfen 0.2 (2.0) >0.9998 105.2+2.8
Spiromesifen 2.0 (20.0) >0.9996 98.3+2.9
Tebuconazole 1.0 (10.0) >1.0000 104.7+3.4
Tebufenozide 0.2 (2.0) >0.9996 109.1+2.6
Tetraconazole 2.0 (20.0) >1.0000 110.0£3.3
Thiamethoxam 2.0 (20.0) >0.9998 117.0£2.7
Triflumizole 2.0 (20.0) >0.9999 101.1+2.5
Chlorfenapyr 5.0 (50.0) >0.9968 104.9+3.3
Iprodione 10 (100) >0.9961 91.1+£5.3
Procymidone 5.0 (50.0) >(0.9992 107.1£2.6

a) Limit of detection; 3>signal to noise ratio; was determined by a standard solution, b) Method detection limit , ¢) At least 5
concentrations were used to analyze the samples, d) Average and standard deviation.

Table 4. Results of homogeneity test for 20 pesticides in analytical reference material of tomato

KS Q ISO 13528 EURL-PT Protocol

Pesticides :
S, S S 0.30" 8, = 0.30" sz c 9f <c
Acetamiprid 0.0047  0.0049 0.0032  0.0082 Accept 0.0000 0.0002 Accept
Buprofezin 0.0051 0.0022  0.0049 0.0077 Accept 0.0000 0.0001 Accept
Clothianidin 0.0038 0.0048 0.0016 0.0081 Accept 0.0000 0.0001 Accept
Diethofencarb 0.0061 0.0021 0.0059 0.0087 Accept 0.0000 0.0001 Accept
Ethofenprox 0.0053 0.0030 0.0049 0.0074 Accept 0.0000 0.0001 Accept
Fenamidone 0.0072 0.0029 0.0069 0.0082 Accept 0.0000 0.0001 Accept
Novaluron 0.0062 0.0037 0.0056 0.0084 Accept 0.0000 0.0001 Accept
Pyraclostrobin 0.0063 0.0017  0.0062  0.0082 Accept 0.0000 0.0001 Accept
Pyridaben 0.0059 0.0014  0.0058 0.0077 Accept 0.0000 0.0001 Accept
Pyrimethanil 0.0052 0.0038 0.0045 0.0073 Accept 0.0000 0.0001 Accept
Pyriproxyfen 0.0064  0.0019 0.0062  0.0077 Accept 0.0000 0.0001 Accept
Spiromesifen 0.0041 0.0027  0.0036  0.0075 Accept 0.0000 0.0001 Accept
Tebuconazole 0.0062 0.0022  0.0060  0.0080 Accept 0.0000 0.0001 Accept
Tebufenozide 0.0054 0.0013 0.0054 0.0079 Accept 0.0000 0.0001 Accept
Tetraconazole 0.0052 0.0051 0.0038 0.0088 Accept 0.0000 0.0002 Accept
Thiamethoxam 0.0048 0.0031 0.0043 0.0081 Accept 0.0000 0.0001 Accept
Triflumizole 0.0057  0.0027  0.0054  0.0076 Accept 0.0000 0.0001 Accept
Chlorfenapyr 0.0278 0.0295 0.0184 0.0452 Accept 0.0003 0.0047 Accept
Iprodione 0.0079 0.0102 0.0032 0.0398 Accept 0.0000 0.0031 Accept
Procymidone 0.0119 0.0061 0.0111 0.0428 Accept 0.0001 0.0035 Accept

a) The value of 0.30 was calculated as follows; 0.3 (assigned values RSD 25%).
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Table 5. Assigned value, within-bottle variation(s.z) and between-bottle variation(ssz) for 20 pesticides

. Assigned value” Swhb Sbb
Pesticides (1g/2) vg/s % 1e/g %
Acetamiprid 0.117 0.0061 52 0.0019 1.7
Buprofezin 0.108 0.0045 4.2 0.0032 29
Clothianidin 0.105 0.0062 5.9 0.0017 1.6
Diethofencarb 0.120 0.0049 4.1 0.0045 3.8
Ethofenprox 0.104 0.0056 5.3 0.0037 3.5
Fenamidone 0.116 0.0046 39 0.0057 4.9
Novaluron 0.112 0.0073 6.5 0.0021 1.9
Pyraclostrobin 0.115 0.0047 4.0 0.0048 4.2
Pyridaben 0.109 0.0046 4.2 0.0044 4.0
Pyrimethanil 0.097 0.0052 5.3 0.0050 5.1
Pyriproxyfen 0.110 0.0049 45 0.0044 40
Spiromesifen 0.104 0.0045 43 0.0028 2.7
Tebuconazole 0.109 0.0045 4.1 0.0049 44
Tebufenozide 0.113 0.0052 4.6 0.0046 4.1
Tetraconazole 0.121 0.0063 5.2 0.0034 2.8
Thiamethoxam 0.108 0.0052 48 0.0041 3.8
Triflumizole 0.102 0.0049 4.9 0.0047 4.6
Chlorfenapyr 0.610 0.0278 4.6 0.0293 4.8
Iprodione 0.535 0.0164 3.1 0.0048 0.9
Procymidone 0.571 0.0108 1.9 0.0068 1.2
a) Analyzed by 30 replication.
Table 6. Uncertainty estimation for 20 pesticides
. . Upp
Pesticides e %
Acetamiprid 0.0018 1.6
Buprofezin 0.0013 1.2
Clothianidin 0.0018 1.7
Diethofencarb 0.0015 1.2
Ethofenprox 0.0017 1.6
Fenamidone 0.0014 1.2
Novaluron 0.0022 1.9
Pyraclostrobin 0.0014 12
Pyridaben 0.0014 13
Pyrimethanil 0.0016 1.6
Pyriproxyfen 0.0015 13
Spiromesifen 0.0013 13
Tebuconazole 0.0014 1.2
Tebufenozide 0.0015 14
Tetraconazole 0.0019 1.6
Thiamethoxam 0.0016 14
Triflumizole 0.0015 14
Chlorfenapyr 0.0083 14
Iprodione 0.0049 0.9
Procymidone 0.0032 0.6
# 3 23 2 ABULT
AR 10 bottles®] “3-g-3F f1A°lA 48
SACHEE 2ol =& o] A4S FATH= Table 48} Table 59} 29T KS Q
2059 el uist A&, A 283 5E ISO 13528(2009)01]/‘1 Arshe FH71FoR Flss
o] Z¥h= Table 37 2t} 31582 91.1~116.3%2] H9IE o, oISl AR 1] EFEHAKs) el 030 FET
UEllon] AMAe RE Eokoe] 099 o]AFo 7 9-2=F) olr] EAEHow FAAMo|l uwle Sl wdl
of FARFEZY JAFE(AEAE 2= 2 A el A Cochran’s test°ﬂ/\1 ANBR: 7159 57 kol ¢ 3t Bt 2

ettt

o}_ Z} h;ol:

wo] i ZAsH

LA

ATk AL
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Table 7. Stability assessment at the different storage conditions for 20 pesticides

Pesticides Storage conditions by by s(by) t0.95,n-2%s(b1) b1<t0_95,n.zxs(b1)a)

Acetamiprid Room temperature” 0.0012 0.0985 0.0010 0.0132 Accept

Freezingc) 0.0005 0.0978 0.0003 0.0034 Accept

Buprofezin Room temperature -0.0002 0.1004 0.0008 0.0104 Accept

Freezing -0.0001 0.1006 0.0002 0.0031 Accept

o Room temperature -0.0013 0.1140 0.0014 0.0182 Accept

Clothianidin Freezing 0.0004 01042  0.0007 0.0084 Accept

. Room temperature 0.0006 0.1086 0.0014 0.0179 Accept

Diethofencarb Freezing -0.0003 01151  0.0003 0.0035 Accept

Ethofenprox Room temperature 0.0016 0.1014 0.0016 0.0207 Accept

Freezing 0.0007 0.1072 0.0001 0.0016 Accept

Fenamidone Room temperature 0.0006 0.1070 0.0002 0.0024 Accept

Freezing 0.0003 0.1059 0.0002 0.0023 Accept

Novaluron Room temperature -0.0003 0.1129 0.0020 0.0248 Accept

Freezing 0.0004 0.1053 0.0002 0.0029 Accept

Pyraclostrobin Room temperature 0.0000 0.1137 0.0015 0.0195 Accept

Freezing -0.0002 0.1159 0.0003 0.0032 Accept

Pyridaben Room temperature -0.0001 0.1046 0.0017 0.0217 Accept

Freezing -0.0001 0.1079 0.0002 0.0024 Accept

Pyrimethanil Room temperature -0.0015 0.1024 0.0005 0.0061 Accept

Freezing -0.0004 0.0971 0.0004 0.0057 Accept

Pyriproxyfen Room temperature -0.0016 0.1109 0.0003 0.0042 Accept

Freezing -0.0001 0.1058 0.0007 0.0088 Accept

Spiromesifen Room temperature -0.0006 0.0994 0.0007 0.0085 Accept

Freezing -0.0001 0.1011 0.0000 0.0004 Accept

Tebuconazole Room temperature 0.0018 0.0988 0.0010 0.0131 Accept

Freezing 0.0003 0.1023 0.0001 0.0008 Accept

Tebufenozide Room temperature -0.0008 0.1177 0.0016 0.0201 Accept

Freezing -0.0006 0.1190 0.0004 0.0049 Accept

Tetraconazole Room temperature -0.0003 0.1106 0.0009 0.0117 Accept

Freezing 0.0002 0.1080 0.0006 0.0078 Accept

Thiamethoxam Room temperature 0.0002 0.0974 0.0010 0.0128 Accept

Freezing 0.0003 0.1031 0.0003 0.0041 Accept

Triflumizole Room temperature -0.0029 0.1000 0.0005 0.0062 Accept

Freezing -0.0002 0.0997 0.0002 0.0025 Accept

Chlorfenapyr Room temperature 0.0067 0.4169 0.0083 0.1057 Accept

Freezing 0.0040 0.4222 0.0034 0.0430 Accept

. Room temperature -0.0037 0.4330 0.0053 0.0668 Accept
Iprodione .

Freezing -0.0015 0.4443 0.0005 0.0057 Accept

Procymidone Room temperature 0.0026 0.4347 0.0050 0.0642 Accept

Freezing -0.0020 0.4422 0.0008 0.0104 Accept

a) togsn2=12.7 for room temperature, freezing condition, b) Measurement for 8 days, c) Measurement for 23 days.
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o ghe HEP B S AZe Azto] v]XE o] v
ujgle] BAEFEEAR Abger 2= o]o R0z nelrh

0.6~1.9%% 1%
o] QIFFk Bl &

SEE 9 AL Frlel mAe o
njl-§- o} okt ERA AR AR o] A et A
S 3 HOItKTable 6)

42(20~30C), §5(-20C)olM ] ErpE st &

MuFEA0] YA A= Table 73 29k S
X
[}

e QF 4’“«] AL o] 54 (14)°l ‘q'ﬁ]' 7} 5ok
O] AR FEel wE FAL 71&7] AdiEke,)ol sb,)

of n—2 X]~r,—‘:(degree of freedom)9} p=0.95% (95%
A E45) Student’s ¢—factor®] LS H3$F @ 2S5 4
ol Eebgido] wEEA] 2 Zlo® st Otake ef

al, 2013, Yarita ef al, 2014).

® bl <tygs,-2 *sby) (Eq. 14)

Aol SHE EntE EARFEAS A2lA 8Y,
YEolr 23 Fet v ¢ okgst slow Qﬂﬁ}dD}(Table 7,
Fig. 2).
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Fig. 2. Representative storage stability of freezing condition for 23 days.
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