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TE S S nEUEEZEE - UPLC - MS/MS %
NER S EBDCs KR 255458
HhE%, 8T, THEY, 8 B, HvEE

Cp LRV RLA B SR BESE T, AR S T 24 MRS PPAL 5200 2 (X0, AR IR SR il A e A 5 M A 0k
':F"L) (/\j;JJOv ‘TT/\iJJC 125100)

B OE: @V T RRP O HRAREETRRER () 28 (R EBDCs) 5% B (K300 R DGR IE i
KTV RS P ) EBDCs £t F B¢ AR BEAT A4 5 F 2 B AHZE L. (QUEChERS) $RIURIAHL, H)
FHB = 8GR AH (% — B S (UPLC - MS/MS) 7622 J M 825 7 WA =0 N AT, R FH 3L 5t IS e A
MR IE, bk f. LIRA B 17X mz 241.1/117.1. m/z 241.1/193.0 BEATSEPE T m/z 241.1/134.0
BT AT, R, OB ORI EE . IURR BN A ARAR I 1) AT A P ) 23k -
1,2 = SR 2 I F R R I AN [ 7K SR P LA AN [ 35 R 5 76 0.005 ~ 1.000 myg - kg™ (LA ik Bl
Z N BAT RAFIIRIESC R, AHICREN 0.9948 ~ 0.9996. 7EFEH. Mk 7. HEAGHI7F 25 S SERE B A
AFZKE LR AR IR (56D I, [RI% ) 82.6% ~ 98.8%, HHATHRHEM 724 0.7% ~ 8.8%. A
JPEMR PR (BLCS,31) 4 0.6~ 1.0 pg-keg's M (LLCS, 1) K 10 pg - ko ART7vAMRIME, P,
e, T TR A XA S IRER (B MR B fuER .

KR AU A EEAAEG RO il — R IBOTEE . SR AR TR ()5 Bk
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Determination of EBDCs Residues in Fruit by Ultra Performance Liquid
Chromatography — Mass Spectrometry with Derivatization and QuEChERS
Treatment

XU Guofeng, NIE Jiyun*, LI Haifei, YAN Zhen, and YE Mengliang

(Quality Inspection and Test Center for Fruit and Nursery Stocks, Ministry of Agriculture; Laboratory of Quality & Safety
Risk Assessment for Fruit (Xingcheng), Ministry of Agriculture; Institute of Pomology, Chinese Academy of Agricultural
Sciences, Xingcheng, Liaojing 125100, China)

Abstract: In this study, a rapid method has been developed for the determination of germicide
EBDCs residues in fruits. The EBDCs of fruits sample, which was methylated by methyl iodide (CH3D),
was extracted by the Quick, Easy, Cheap, Effective, Rugged and Safe method (QuEChERS) and detected
by ultra performance liquid chromatography — mass spectrometry under multiple reaction monitoring

mode, then quantified by matrix-match standard solution. The qualitative results were obtained based on the
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characteristic m/z 241.1/117.1 ion and m/z 241.1/193.0 ion. The quantitation results were on the intension
of the characteristic m/z 241.1/134.0 ion. The results show that the derivative of Maneb, Zineb, Mancozeb,
Disodium and Metiram have different matrix effect in different fruits and good linearity in the ranges of
0.005 - 1.000 mg - kg (in CS,), and the correlation are between 0.9948 and 0.9996. The recoveries for
apple, peach, grape, citrus and banana samples at the different fortified levels ranged from 82.6% to 98.8%
with relative standard deviations (RSD) of 0.7% - 8.8%. Limits of detection of EBDCs were 0.6 - 1.0
ng - kg (in CS,), while limits of quantification were 10 pg - kg (in CS,) . The method is simple, rapid,
and accurate, and can meet the requirements of the domestic and international legislation.

Keywords: friut; dispersion solid phase extraction; ultra performance liquid chromatography — mass

spectrometry; ethylenebisdithiocarbamates; residue

LAERN AR EIEHIRES (3D 2% (Ethylenebisdithiocarbamates, fij# EBDCs) A& 2 &R fR
PR AL, AR AORRIDE . AURRER . AURREE . AUAREREE. ORI (Gustafsson & Thompson,
1981) . EBDCs AW AABE R, wW&k, K&, MAFZ4E, ERVh 2N i
A TR =) CAERR R (ETUD HAT 80 300, SR EH, J05k B ) 52 2)) 72 % (Vettorazzi
etal,, 1995) o [Aitk, FENZHRHUR IR & - EBDCs JR 25k B 10 7 vk A 2

H A7 ™ i i EBDCs JEAR 255k B 40 B 77 = A SR 572 (GC) (Perz et al., 2000; i 4%,
2010) . SMMGRE—FIEE CER 2, 2012) . 2066 (Malik et al., 2000; T3 E %%,
2009) . FEAGEAREEEVS (Lehotay etal., 19925 HhEHE: 5, 2010) FlmRAH (o i— TSI
H¥%: (Crnogorac et al., 2008; MRitEL 45, 20100, AL (GC) AAAHEE—EE (GC -
MS) %£T- Keppel 75 1969 -4 H ¥ — A% H R ERER /K ffi, I s IR A A & 0 7 AR 1 — A
W (CSy i, HIRLmifhfix (CSy) MM (Maria et al., 2004; Cesnik et al., 2006) ,
ZAEHAN RS, (R E SR SRR s 2R = OB i A 1T i 12 R T
ML E (RS 45, 20100 FIERIR I (Lehotay et al., 1992) Xt EBDCs Z4k 24147 LA,
W HATAED 45 - 1,2 - WEBAREIEF R F S (EBDC-dimethyl) o HF EBDC-dimethyl F& &
PEUF, BT AAZZRAI 5 2 R e PE R S R PRI AT AHZ 28 VR IRRE i i AR HER F AR A 0L, ik
Ay, FERK, PIRZEHI. QUEChERS (Quick, Easy, Cheap, Effective, Rugged, Safe) A&k
PR 2 CIEHREBUS , TEPEUR T E NN MgSO, 1 NaCl #h 47143 J24,  F 23 B0 B 770 F
IKFEAERIGR,  B50 G BT BRI 28, B, Wi, BRY. ARk, SRR SRy
B, B NHTFAR AR 2R T (Jiang et al., 2009; Renataetal., 2009) o H#J MG HAT
AL BRSE 4 QUEChERS J7iA 7 i IARIE « AN 5TH 1 {C# EBDCs [l ¢ F 4L 5 QUEChERS
PR RTAR BT VEA S 45, S EBDCs Bk B (1) DA .

AW AT AR BESS & QUEChERS FELETALEE, FIH UPLC - MS/MS il g 7K R
EBDCs ZA 255% 8 11153 M1 771

1 ARSI

1.1 XEE5EHF
ACQUITY UPLC-TQD i iy RO € 1% — R I B4 : 58 [ Waters 23 ] 77 i s Acquity UPLC HSS



W, Hakx, K, B OE,
mtkﬂc,nc.ﬁj\ﬁﬁtl_lifﬁ»ﬁx UPLC - MS/MS&@ & JLhHH EBDCs KA 2555 B
[ &244), 2017, 44 (2): 391 - 398. 393

T3 f43%4: (2.1 mm x 100 mm, 1.8 pm): 3E[E Waters A 7; ML402 7R (Ji4r2—): EH
MEEE ) - FERZ A F P7 s Vortex Genius 3 imBETR Gy : BE IKA A5 775 CF16RX I s 2.0
Ml: HA Hitachi A7 =M.

PAREE. ARG, IUREREE. AR, AARIARUEN . 8E Dr.Ehrenstorfer 23 @/ s LN HI
96% R (A4l : 3 Fisher A=k N - NI % (PSA) « RFHHAN UA/RBHEA RA
H PP s JG7K MgSOyy NaCly &Y 4R — 41 (EDTA-Nay) . S AkiN (NaOH)  (fEgh4l) -
TR RFG R AT L- B ERE (L-cysteine, 4 98.5%) : [HZG&EL#R 74
BRAF =M PUT IR, (Rl « REDGE R T ™ i 36.5% R (R4l -
R RHEE R R R A F = 5y SRR LE (ARgali, 4R 98%) - LB dssmifh T R A ™
i BRIR R (R, 4URE 99%) - LMy RAEVIRMAT A E A .

1.2 REHE
1.2.1 EBDCs #7544 Bt 4]

3 R FR BURH Y. )ﬁiﬁﬁﬁ%%e\ FORER . AOREREE . AR, ARDRUE T 10 mL A=
b, ZIERBEELHRI 100 mg - L7 (R8RS, B - 20 COKRETRAT o Al TAEMBLHI BLAC,
EBDCs MNET S, S ORAEBCH R S bm b T A WA B P ER P A S i 25 Y60 FH i 0 R 274
PRFE 1 min LI RS AT BB, HERIARS IGE BARAERE 408, ML) 5.0 mg - L S FRARUE T AR
122 RICERAELHF

BRPEFRIOAM . FRIX 74.4 g EDTA-Nay, FH 600 ~ 700 mL /K¥%i#, JH 1 mol - L NaOH % pH 9.6 ~
10.0, FH/KEZ¥% 1000 mL.

0.41 mol - L DU T LRI M A MO : FREX 136 g DU T JERime A%, MK EZAZ 1000 mL.

123 Mk s &

HERFRE DI85 0T R 4 I RE & 10.0 g 1 50 mL B ZEPYSR 400 250, I 0.1 g L - PR

15 mL B PESRBUR & WU 1 4R AR, BERG 5 min 1% HEJR AT 2 min, W HEVRSS 3 7%, I 1.5 mL 0.41

ol - L DUT ILAM A s, 150 pL ARG TREMD, e 2 min, JIE 30 min, fIA 10 mL &
Jif. 4 g Jo/K MgSO4 M1 2 g NaCl, J#Z49%% 1 min, 5000 - min™ 2.0 3 min. M 2 mL 35 AT
4 50 mg PSA. 300 mg Jo/K MgSO, 1) 5 mL .0, Wi 1 min, 3000 r- min™ .0 3 min.
THWOE 0.22 pm A HLRIEEE T AR, Frill
1.2.4 AR AEERGH &

HERRR I ) R 35 I Eﬁ%ﬁ@m'@ﬁ-nﬂn (ZATMAE EBDCs & 2555 /) 10.0 g T 50 mL HFEPUTH L
I B OVE R, R RBRUE 2 B 2 50 IR BE A0 S I NARHE T AR, & 30 min Ji5, JIA 0.1 g L -
AR, 15 mL BRMESIOE & G DY SR AR, i 1.2.3 D BRI T HEAE
1.2.5 B A il 41

Acquity UPLC HSS T3 {4345 (2.1 mm x 100 mm, 1.8 pm); FEii: 40 'C; Wzt A: ZhF;
WENH B: 0.2%MRVEW: BAEEVEMFLR: 0~2.0min, 5%—95%A; 2.0 ~2.1 min, 95%—5% A
2.1~4.0min, 5%A; Wi#: 0.4mL - min'; BEFEE: 10 pL.

12.6 #EH0EAEE— BN

FELE 55 2 U5 I 2 A (BSTD); BN EE: 3.0kV; B TIRIRE: 150 'C; fifEHE: 10 V;
FVRFEIE: 500 °C; EWHV MR 800L-h'y HESLHIE: 15V, MiHE<: @/ EEET: ma
241.1/117.1+ m/z241.1/193.0; ERE T+ m/z241.1/134.0.
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2 HiIR 5

2.1 fTELIRFIHERE

ENAPUEALT] L - 2R R S, EBDCs (RARBNERAN) 5 4 DU 418 4l 3 s N LAk
A ARAREN, ARARBN T ST AR R AR A R Y, 15 3 B AT AR = 436 - 1,2 - iR
FAEF NS (EBDC-dimethyl), HEAT BGOSR (& 1.

) 2.15 ) 1.
100 miz241.1>1340 100 miz 241.1 >134.0
50 - 50 -
0.76 1.05153 \L79% 2.72
0 0 =
2.15
Z 100 [ miz241.1>193.0 100 [
5
g
e S0r 50 0.71
2
e 0 0
B 215 ) 1.84 m/z241.1>117.1
100 miz241.1>117.1 100
2.42
162 1 2097 12.49
50 - 30 F 1.5 23 2.61
0-710 - 137 2.65
L L I I I I I 0 —m«——-j)\/\-"—vﬂ-"/‘/\/v I L I L-—ﬂ-—-—f-—
0 050 1.00 1.50 2.00 2.50 3.00 3.50 0 050 100 1.50 200 250 3.00
fs [E)/min Time fs [E)/min Time

B 1 MRMERATIZE-12- W_HMAESEFRFPE (D) TR (B BTFRIEE
Fig.1 Under MRM mode ion MS/MS spectrum for EBDC-dimethyl (left) and blank (right)

il PR T PR — P I A 3 FH 1) EBDICs R 274kt 7F 0.1 mg - L' EBDCs ZK¥#¥# 10 mL
AR AT T, BAIIAN 50 uL fi iR — FFERAT AR A A3 2 AT AR A = o e (1D, oAt b 213 2
AT A= I, 250 (R 1) KW,

FERT AR T AR R 450, R BT #1 FEEH TR LR
ﬁz{{;ﬁ%%ﬂ:@ﬁ@ﬁ: EFIEE, %@ﬁ@é:ﬁﬂ@gﬁﬁ% Table 1 The compare of derivatives under differing conditions
4300 uL I BERE RAT I 22 AT AR AL P, P8 AL e R
j] B @bﬂ%a /“A/AIEH:‘*%H/] EEEE{{TE' Dosage Todine methane Dimethyl sulfate
Nl —HlEH &=, 1T eI = AT S 1278 1002
0 BRI 150 oL I RERS SRR Z TG 10 1981 iz

B N ) o . 150 259 ¢ 1.15
A, PR, ATAET Y 200 253 ¢ 113D
AR B . TSR R 2 Yo N

THRR R, HAUH B R alR, iR 400 256¢ 1.09b

iR FHE N m SRR F, AET M FE T, H: n=7. ZEILBRANBE KHEMRAED (P<0.05) .

Note: n = 7. Significance tests were done by Duncan’s multiple

range test (P<0.05) .

WA TV FH R e A A AR, IR e
M =R 150 pl.
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22 FHNMREELRIRIE

HArSEE . HAS BRE. EPr izt i (CAC) FBIELL CS, vk —hi U HIRER K
IR CEITMEE ) o AT e {5 1 B R RUEAHULHAC, Rl e (K CS,o HIE 2 7]
DA, JeEY . WRRLT 20 BRI SN R R e 10 102, &35, AR
WEVIRRUAIN M AR RIS CSy, LA R A . ACRRER 0.57. AUARSF 0.55. AURRELEF

0.56. fXARMHN 0.59. FCHRIEE 0.56.

S

g HC— NH—C— s\

Acid cleavage

2CS,
H,C—NH—C—3§ /
|
S
ik ZHEN RSP R )
Carbon disulfide EBDCs

S

i L H,G——NH—C—5-CH,

2

S-methylation

H,C—NH— C—$—CH,

S

W LFE-1.2- 30 AR AEZE R
EBDC-dimethyl

B2 ZHEIN-—HASEFEE (&) XRGPELTEVSRRBRIER

Fig.2 The procedure chart of ethylenebis S-methylation and acid cleavage reaction

2.3 EFRHA

FEJFUN. (Matrix effects, ME) A5 i 0 B H BR 73 A ) ELAM IS 4100 25022 T 70 A i)

Wi AR, DT M0 22 o 3 A (AR A BE R BE LML R i AN o8 4 28— IO A A2 0 A i 3L

it 243 SR T RS 25 IR A R BT B
(King et al., 20000, ARWFFEHXT H AL EGHIT
LN AT TRFGT . MERIEE 10 mL L&
KT 50 mL RIEVUR BB OE T, Hl bk
FESEE W2 AR K T AL G =4 )
BImaNAE (A, n=7), WESE R ICECRRHER R
W NAE (B, n=7); WAL
%N, ME (%) =B/A x 100 (Matuszewski et al.,
2003) o #F ME KT 115%FK /R~ 58 TG s 300 5
47 ME /N T 85% K s IAMHIRL N s 47 85% <
ME < 115%%7~ oI f RS Rl .
ANFE LA 23 - 1,2 - XA I
FH 2 FFT 15 (0.05 mg - kg™ ) FIFE TN AS ] (J&] 3),
S ME A 98.0%, % ME A 106.5%,
BIARMIL 100% = 15%, JoU W (58RO, 1Ml
B MG R R ME T 55.0% ~ 80.5%.2 [H],
FEIW N FE AN o Torpr, 28 1) 58 T 1 2%
Mt K (55.0%); HIKGEME (75.0%) Fisk

120.0

110.0 -

100.0 | g | . |
90.0 |-
80.0 |-
700
60.0 |

R Bk wWE M BE
Apple Peach  Grape Citrus Banana

ME/%

3 EFRERPILZE -1,2- W HREEFE
BIBE (0.05mg - kg') # HPLC - MS/MS
SRR R
Fig.3 Matrix-effects of EBDC-dimethyl (0.05 mg - kg™)
in cleaned-up extracts of different matrixes
during HPLC - MS/MS analysis
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(80.5%)o ARUEJ7 VP HPERE 1, AT SR FH 8 5t U FC AR AERERURS 15 T8 BRS8N 5%
(Stahnke et al., 2009) .

24 FERKMXRR. RERFIEEMR

WA /B, I RPRHERE I EBDCs (M SO AHIN Y CS, i, w4 oA T
CS, W JE 43514 0.005. 0.01. 0.05. 0.1, 0.5 A1 1.0 mg - kg () EBDCs 5 FFRUEREM . LLAS 0
WA () %) EBDCs ¥4l CS, & (x, mg - kg BEATEIENIH, EESTEPERIH TR, K
B LA EBDCs %3 N B 2 S AR Nk 7 0.01 mg - kg™ Ao K047 # B, ARIAEMEEL (S/ND 3 it
FE S BR BEAf 8 A 7 R (LODD s W— R 505 A AR B e WU R R e B AT 20 AT, AEHERf
55 FIORS 5 15 A4 SR s L M E B R (LOQ, ¥IE CS, Sfil). 455 (£2) %9, EBDCs
£ 0.005 ~ 1.0 mg - kg™ (LL CS, ) WHALM R RE, HXREN 0.9948 ~0.9996; 114k
JRBOUN IR, AN [ R S R 26 M 5 FE R R AR EE AN ], LOD £ 0.6 ~ 1.0 pg - kg™ 2 18], LOQ K
10 ug - kg'e

&2 TRKRP EBDCs HIREFIE. KIEEE. HEXRE. RHRMERR

Table 2 The linear equation, linear ranges, correlation coefficients (+), LOD and LOQ in different fruits

B et Epiyid LV (mg- LY MR KB (pg ke @R/ (ug-keD
Matrix Linear equation Linear range r LOD LOQ

4 Apple y=6.07x10°x+2037.2 0.005~1.0 0.9996 0.6 10

Bk Peach y=5.57x10°x - 962.96 0.005 ~ 1.0 0.9995 0.6 10

%44 Grape y=629x10°x+3965.2 0.005 ~1.0 0.9948 0.6 10

H#E Citrus y=4.11x10°x+3 050.2 0.005~1.0 0.9958 0.6 10

## Banana y=1.86x 10°x - 709.8 0.005 ~ 1.0 0.9987 1.0 10

2.5 [EIEE

KRAARTHE D AEE R B M4 ARG A BT i IS R AR AR TG AR 0
B ACHREREERAC ARG, AR E I R AL I 24 T CS, VR IR 4 0.01, 0.05. 0.1 F1 1.0 mg - kg!
AT IR IEDECREE . FHER 3 T %0, SRV AR IE S AR IE 5 EBDCs 7EAN [A] S8 v (1 P34 [RDfic % 4
82.6% ~ 98.8%; AHNIARMEM 220 0.7% ~ 8.8%, & BHAN I VLA BT (W MER S FIORS % 1%, vl LA A2 5%

B E R IR K

%3 EWXRSIEMRERE (RSD)

Table 3 The recovery and relative standard deviation (RSD) %

ACAREL Maneb {RAREE Zineb AREGSEE Mancozeb  fU#REY Disodium ACARIE Metiram

IS/
e (mg - kg")
Matrix Fortified e RSD &S

e e e

concentration Recovery Recovery RSD Recovery RSD Recovery RSD Recovery RSD
¥ 001 92.5 2.3 90.4 33 95.8 3.5 95.5 1.4 98.1 0.7
Apple 0.10 93.7 1.9 97.6 2.9 93.4 4.1 94.1 1.9 97.2 1.4
0.50 94.6 2.0 90.5 1.1 92.9 3.0 97.8 1.3 95.6 1.0
1.00 95.4 1.7 92.6 2.4 95.8 2.0 94.7 1.8 93.8 1.5
3 0.01 87.6 4.7 93.6 5.5 91.8 6.4 93.8 4.7 92.3 5.5
Peach  0.10 90.4 6.2 87.3 6.1 95.4 7.3 89.7 3.5 95.4 43
0.50 92.3 5.1 92.1 32 93.3 1.4 92.9 5.6 93.1 7.2

1.00 92.5 3.5 96.2 4.4 95.5 2.9 94.1 2.6 95.3 6.1
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gk 1
RN/ fAR%L Maneb RAREE Zineb AR EE Mancozeb Uk Disodium AR Metiram
N 53
FER (mg - kgh
Matrix Fortified &S RSD G e RSD ElES RSD ElES 5D Al % sh
concentration Recovery Recovery Recovery Recovery Recovery
% 0.01 95.6 33 93.1 4.1 90.6 59 95.1 3.7 94.8 3.8
Grape 0.10 93.7 2.6 90.9 33 93.9 4.5 943 4.4 93.6 4.2
0.50 92.9 1.8 96.6 5.0 96.4 3.1 98.8 3.0 94.4 2.7
1.00 94.1 22 95.5 4.7 92.1 3.8 96.4 1.9 93.3 1.4
Hitid 0.01 92.1 2.5 97.4 32 92.7 53 90.5 2.6 94.1 34
Citrus  0.10 95.7 4.1 95.8 4.8 93.4 4.7 92.3 4.1 93.1 4.7
0.50 90.6 39 93.9 1.4 91.1 1.5 94.0 22 95.8 1.3
1.00 93.8 2.8 94.6 4.3 93.9 2.2 953 1.7 94.7 2.5
FHE 001 82.9 8.5 86.4 7.4 85.5 6.9 82.6 53 86.4 73
Banana 0.10 92.3 7.3 93.3 8.8 89.3 3.7 85.3 6.2 90.3 6.2
0.50 90.3 6.6 93.5 32 86.4 52 97.4 4.7 93.9 5.8
1.00 92.6 54 90.3 4.1 90.6 4.2 91.3 1.2 93.0 4.4
n=7.
+ A
3 4

AT K 4 eV L1 =4l % EBDCs #HAT 4k, MR GEFEE1L, RS M= W &
HE - 1,2 - ARSI R TR T 2532 EL . QUEChERS J5 ¢4k, UPLC-MS/MS 5, @7
B EBDCs % B BB R 77k . 7E 0.005 ~ 1.0 mg - kg (B CS, & ih) Ju B W&t e R BRI,
I RHAN T 0.9948 ~ 0.9996 2 [i], LOD (L CS, &) 7£ 0.6 ~ 1.0 ug - kg 2 A, LOQ (LA CS,
SEAE) h 10 pg - kg, AL AR 25K B RS I 1 K

TEXS AN [FVRE St A v, 56 028 S 0 RSl 45 SR RIS e R, SR AN R], BE RN [ SR FH 2 I
DC AR UEAT I AR L AT RS UE 5 B B R M RN

AJFE R S R ELr, TR A5 EBDCs 28 AR 24 (1) PRSdAS I A IE 534 o
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