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e & AR Tapl o4 o2k B O FHE2 24p

(1. TR A TG, T3 315040,
2. GEARARER AR IR 5578 PR Bl T A ], T 315040)

W E: B 785 S0 A 5% - 5 B BT (ultra performance liquid chromatography tandem mass
spectrometry, UPLC-MS/MS)FIS A {41¥% (gas chromatography, GC)K:iMAR 5 M HAC 9 50 S50 R HR TR AE B A5
FREARTIN k. FsE MRBERYRTAL R G HI, FRZIET, FZIES 0.1%F BIF R AATLL 5:5)
VR, £ He-N-D JERERE I B 57 (N-(n-Propyl)ethylenediamine, PSA)fk . Fit AR H 6 A A AL B 5 2 R 2
M2 LTI, AIRE 1.0mL DIF, FHHZMOTRESR . S8R B S5 500 F e fi/ MG 400 R (1.0x 1071
H(5.0x107") go 7E 0.001~0.5 mg/L 1 0.05~10 mg/L ¥ JE 5 FEl L VE RLAF, ARG R 04004 1.0000 F1 0.9985,
S I RS T TR P T 7 AR TP AR KA 0.02~1.0 mg/kg ZETF, PR 514 88%~111%F
76%~87%, HIXTAREM 2253 910 1.7%~2.7%F 4.7%~9.5%. FERHEARK LA G5 B3 Wil AR
FAh54 4 H 5 A & (National estimated daily intake, NEDI)/& 0.0056 mg, & /Fi{E (risk quotient, RQ)H 2.22%.
e SRR ATRH AN S 7 A R AT 32 A KU

KR MR, SRR RS, A B SO RS- BB R U IEAL

Analysis method of dazomet and its metabolite methyl isothiocyanate in
strawberry and dietary risk assessment

XU Feng', LING Shu-Ping', WANG Quan-Sheng', FU Yan', ZHANG Liang',
YU Jia-Yong®, WU Yin-Liang""

(1. Ningbo Agricultural Products Quality Detect Center, Ningbo 315040, China;
2. SGS-CSTC Standards Technical Services (Ningbo) Co., Ltd., Ningbo 315040, China)

ABSTRACT: Objective To establish a method for the determination of dazomet and its metabolite methyl
isothiocyanate residues in strawberry by ultra performance liquid chromatography tandem mass spectrometry
(UPLC-MS/MS) and gas chromatography (GC). Methods The pretreatment method of dazomet was acetonitrile
extraction, nitrogen blowing to near dry, dissolving with acetonitrile and 0.1% formic acid solution (volume ratio 5:5),
and purification by N—(n—Propyl) ethylenesilane (PSA). The pretreatment method of methyl isothiocyanate was ethyl
acetate extraction, nitrogen blowing to less than 1.0 mL, and the volume was fixed with ethyl acetate. Results The

minimum detectable amounts of dazomet and methyl isothiocyanate were (1.0x10-11) and (5.0x10-11) g, respectively.
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The linearity was good in the concentration range of 0.001-0.5 mg/L and 0.05-10 mg/L, and the correlation coefficients

were 1.0000 and 0.9985, respectively. The average recoveries were 88%—111% and 76%—87%, respectively, and the

relative standard deviations were 1.7%-2.7% and 4.7%-9.5%, respectively, when the addition levels of dazomet and

methyl isothiocyanate were 0.02—1.0 mg/kg in strawberries. The results of dietary intake risk assessment showed that the

National estimated daily intake (NEDI) of the general population was 0.0056 mg and the risk quotient (RQ) was 2.22%.

Conclusion Residues do not pose unacceptable risks to the health of the general population.

KEY WORDS: dazomet; methyl isothiocyanate; strawberry; high performance liquid chromatography-tandem mass

spectrometry; dietary risk assessment
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i B (dazomet), tb2= A FRH 3,5- ZH %E-1,3,5-BE
WE-2-Bi A, 2 — A IR T AR 1 SR A, R AR
M, #HFERNEEAERE., R8 . REMmppEl, EmR
PE b G2 18 ) i R I 3 B R R TR (methyl
isothiocyanate, MITC). H % . —#ifbik fMaifb (& 1),
WL g A R R, RS Z g
SRS TR A (E B AR W], MITC A AR Sy B X
B A —Fha Bk Mt HAT, MBErETRIEAL 4 Fh
EY EABIE, a9k, Hag . AR, IR
TE 7 A A2 Ry im i R & 4> 8 0.02 mg/kg
2 mg/kg® o BRI AE A LAY B oK gk R BR A
(maximum residue limit, MRL)} 0.1 mg/kg, HAf , ZEH1%5
FHo8 0.02 mg/kgll,

s s
r/ ~c”* Soil N
| », HC7 ¢
N_ N_ Xg
H,C~ ™ °CH,
MITC

3,5-dimethyl-1,3,5-thiadiazinane-2-thione

+ H,C—NH, + CS, + H}S
Hi:  —midk s

Pl 1A R RS R Y R e L e P i AUhR AR
Fig.l The metabolic pathway of dazomet and methyl isothiocyanate
in soil

X i A R AR 1 4 5 R R R A BR BE A T
B, AR G T B o A A S5 O A e s 2 Ay
AH 3 o B, HR B R R R 0.2 mg/L;
Petanovska-Tlievsks 257V FT 2 A 785 455 70 AR (2 33 2 0 2
TR PR OB i SRS IR A
T ke AR B D 9 40 M R I R S L RURR R R, AR B
TR R N 0.02 me/L. IR ZUOSR A RB T
250 B BT i HP A S R P B e v AU R R T A

R A AR IR 3 o I 5 335 2 00 2 A o AR ] 3 432
F14 5 B TR Y o D R A B R S SCRR R B, ] A1 A
BT P L e U, TR AR A b, 5
R AR, e Hh 22 i I 0 PR AR A 5 1R Y —
KA E . #0H T RAMA R RER AR R, &g
MR RGE R AW, Fforisfsz i, TR N
T BTk RE, AR B AR b gk 2y, ROR
FE A SCBRAE,  HLOR DL AR [ 15 55 A% b 10 5% B 0 B A 5G4l
1 o AWEFE S TR R A ) S TR R Y TR L A
HR o M 7 ik, A Bk R e (R B (R S A Y
T AT T BB B i U A, DU — 2 o 3 3 [ A
W AR S AT T, O A d R B B o FR MR P ) 2 A

2 MRERHEE

21 UESEHF

XevoTM TQ S i i AH R AH 2 1% - £ 15 DU 2 AT o A
(3& [ Waters 23 ); Agilent 7890A ZEHE(E AN B (3£ H
Agilent A F); KS4000ic {8 {4 ¥ 4% (72 F IKA /A F]); Sigma
3K 15 F B O LR E Sigma 22 H); GENIUS3 HE TR &
(8 IKA 247)); XPE205 HLFRF-(F LA -5 0 20
F]); N-EVAP-112 &MY (3 E Organomation 2% #)); Milli-Q
47K (25 Millipore 23 7)o

T (98.0%)(#4[# Dr.Ehrenstorfer GmbH); 54 &R
F 8 (99.9%) (B A 22 (i) fe sl Dok &R A IRA R, ZHE
(i), LR OBR(tEal) . FRR(agal) . ST
4y, TKBRBRBE(OMral) . 4 IE-N-TNHRELE(PSA)IE R}
(40~63 pm) BIELE S I RN I E BRA FD); 98% i B
LTI IEAL T A B D
22 LWHE
2.2.1 W £#%IH

SEESTF 2018 AFEHEAT T 8 HUKHNFAE T T . RS
Kb WEEAGE . WALRE . ZRA. T TR
IR LR B E . EAE R AT, 1
AR RN, IR SER, WA T, RO
TS, TV RIA 2L AR/ N 50 m®, AR HIET 30 d
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AT AL B, b2 vk O, 2R 441 g ai/m’,
2 1 IR, FERERCARERIL, F3 3k BE/NX
222 HEmATAHE

()FkE

FREUCHEAERE S 5.00 gCREBIZE 0.01 g)' & T 50 mL 2.0
H, A 10.0 mL 201, LA 350 /min $E %428 30 min &, N
A3 g EALBNRIZIRZ S 1 min, B4 9500 r/min 5.0 3 min, WY
B2 mL i T34 150 mg PSA 1300 mg To/KBRIREERY
10 mL ¥RLELE T, JERdREE 1 min J5 9500 r/min B0
3 min, WL 1.0 mL FIERARZIETEMACES 0.1%H 82
W OATILL 5:5)E A E 1.0 mLIEA 5], o 0.22 pm JEM
e BEIRAHE (o 13% B B T 1% (liquid chromatography tandem mass
spectrometry, LC-MS/MS)5E .

(2)F-r R H P

FRECEBEFEAL 10.00 g(KSHIZE 0.01 g) BT 50 mL &L
B, fINA 10.0 mL ZFR 4R, LA 350 r/min #%3% 42 HX 20 min
&, A5 g EALAIRIZLRE 1 min, F$L) 9500 r/min &0
3min, WS mL B3, ERN,KE1.0mL LT, L@
ZWEERTE 1 mL, 3 022 um ¥E B LS 6 3%
(gas chromatography, GC)MI%E .
223 EAREE-F R

(1) WAH IS

FHEREFE Acquity UPLC BEH Cpg (2.1 mmx100 mm,
1.7 pm), A 35 °C; FEMZEIRE: 15 °C; LL 0.1%H PRI
R EhA A, ARSI B, 5 1 OB B ARt
174785, MR 10 pL.

=1 RHERRE
Table 1 Themobile phase and the flow rate

At A] /min i /(mL/min) A% B/%
Initial 0.300 70 30
0.50 0.300 70 30
1.00 0.300 10 80
3.00 0.300 10 80
3.10 0.300 70 30
5.00 0.300 70 30

(2) iRk

BETUR: WS R T, AH BB ESI(y);
K =X 22 5% Wil (mutiple reaction monitoring, MRM),
HAASHONZE 2; HEHIE: 2.5 kv; B4 E: 1000 Lih;
HEFLSIRIE: 50 L/ JRIR: 150 °C; Z24KIREE: 500 °C.
224 S EEPULE EMH AR T BS)

{634 DB-1 (30 mx0.25 mmx0.25 m); #S: Ny;
PERE TR F7: 1.3464 psi; PEREERIEE: 150 °C; FEIR(FRF T+
1) BIEATRJE 50 °C, {43 4.5 min, LA 50 °C/min (138 # T}

Z 190 °C, 45 2 min; FEFLHE: 2 mL/min; KRG
7%, ISR 200 °C; G A BRIEE A ERRARL
1.0 L,

®2 RESHEH
Table 2 MS/MS parameters

o BT TET  WEEe MLl AiEEd
a (m/2) (mr)  Wlis  JEIV eV
1200 0.200 27 15
Uil 163.1
90.0*  0.200 27 12

T N ERE T

225 REHE

TR R IBORR 9 R S SRR P IR B oA A 25 25.28 R
20.20 mg(REHHZE 0.00001 g), FAZMEHEMIHEZ, FHg
JERMIE Y B9 991 mg/L Al 807 mg/L (IUFRUERE £ .
) 7% TUA [ 1 55 B R R IR AR E G 45 1.010 mL
1.239 mL, 433 FH IR 8 25 Bl ok 4 100 mg/L /)
FruErh IR . RASMR R E &, TE 100 pL /Y 100 mg/L
(AR BEARE R R, FHRERERZS (I3RS 0.1% FH IR VAT
(MBI 5:5)1F Jy e 250 WM BB 10 mg/L A AR v SE o
TAEW, HFBRMRRHWE R 1. 0.5, 0.1, 0.05, 0.01,
0.005. 0.001 mg/L RFNEEFHRUE TAEW . WHL 100 pL /#
100 mg/L #5545 R H Ee s v vh (8] VT 2 1R 2 R 1 fi
B 10, 5. 1. 0.5, 0.1, 0.05 mg/L KIS0 TR B s A5 v
TAEW o #e L3RRIy e bR, DA A T i TR BT A R AR R
A 0 VT A A AR AR b o B KR
22.6 e EGREE

R FE S o T ol 56 A A AT 1% 0 A B RIORS
BE, FERESS HRE & U IR B AR VSR, WSRO
0.020., 0.50, 1.0 mg/kg, WhN AL FEL H ERAn R, W
JHR RS 0.020, 0.10. 1.0 mg/kg, - MREEL 5 K,
227 REBEHEFTX

FRpE: SRASMR IR & . TR AT

_pxVIxV3xVax Al
m(V)xVaxVsx A

IR PR SRASMRETTRRE &, BT
PRSP S, RSB R, 752X
F bR 9 1 W 1o AR AT P AR 5 )5 A R B P A
X

p><V1><V3><V4><«/Z
w=
m(V)szszxx/Z
o we BESL TP REI 5% B i, mg/kg;
p: FRFEHR TR R L, me/L;
Vie BEAEERT 3 A A R SR R AR, mL;
Vy: BIAREL o BUARR, mL;
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Vs: RARFRTy g AR, mL;

Ay BESE R 0 T

m: FESRFRET B, g;

A: FREE R REI A R E A
228  BRBAREFE

S5 5 5% BR Al A TTA T 0 e 8% B B v (5 AN 2 4
TE [ K 5% B8 BR & (maximum residue limit, MRLs), 8%
A 25 1 1B Al BB A H 8% A it (National estimates of daily
intake, NEDI)HI XU (risk quotient, RQ), 1A UNT:

NEDI=(SSTMRixFi)
RQO%=NEDI/ADIxbwx100

2 STMRi A e i T AT B 0, mg/kg;

Fi — R — 1 07 28 i

ADI NET R ERAZY H RIF R AR, mgkg bw,
KRG ADI 2y 0.01 mg/kg bw. 24 RO<100 i, FRFLIX
WAl LiEaz, ROME/DN, R/, 24 RO>100 B, FmAB A
A2 IR RUKE, RO KR, JXURS: kU

3 HRESR

3.1 {UEEHMAL
3.1 A B

EHBESE I B TR, Xt 5 mg/L MR EEAR I
AT, BE MR, BT U,
T o AR A R, R TR N e FLAR E A B RN
FET, TR BEBY B X AT AL H A RIS R Y
ek, WM FIESHLE 2.

BT ZH5-HIR . CH5-ZRM K- /R%: 3 Fhifish
AR R, S5 WOR R AR HER R OG- IR R 2 NG - £ TR
R S O PR R R IR SAHM R 55, HLER T 2 E-0.1%H
FRFIZHE-0.1% R PR R R B ShAH, PR AR 2R 7RI Fn
NOTTERIZE BN, B, RZGRECE O IE-0.1%F IR
TRAE R TR BIAH o VRT3 SIARER L), (RS R A £ B8 st [a] LA
ST IR B A, #0528 215 -0.1% W R V5 VR W) IR EL 51
30 1 70, JAAAHE A 0.3 mL/min,

3.12  FAAFELT By

SR R AR, Ak, MIRIRE IR R E

o, A TR AL S R R A LR T ], R R R

ORI ], R 0 AT IR Ry FHIR) S 1 S W R R
50 °C, 1#%%F 4.5 min, L) 50 °C/min AU ZETFE 190 °C, 1§
£ 2 min,
313 ¥BTAEEH

FESEBG AT, M0 A AR SR R PP R 19 32k I IR 5 T
Alzs LR AR B B IR R R L 2, AT LA
B 0 S R B (03T R AT, 2 (1 R TRE i (i 1R
R, TTWTEMHEZE T, MEMIREREE 1.36 min, 5
i U FE I 4 O BE 1sF ] 7.8 miin.
3.2 FHERCEMMSAL

15 8 R S IR Y I 8 R P R 1) O SR i 2 A
WM B R, B8 T FIR R, b TR E 2,
T B m AL BEA ], PR ORI | mL IR AR . LR
T PSA fii F 5 XA B 3 ST A R 152, 45 SRR Y
PSA 150 mg B, HbC R tE, #at 150 mg oA 2
X 51,

TE ERAUET, MR/ MR 1.0x107" g, S
SR EERIG L EN 5.0x107 g, AR R LAY S
FER P ERTERLAE P 1y &= IR 0.020 mg/kg.

3.3 K&K MERYIASIE

SERFU, FELMENE FEI P, A R S UL R Y
RIFEMERR, W 3.
34 [ENEFBEZRE

BSOS 25 5 R (R 4): MRS AR R s
RN 0.020~1.0 mg/kg, “FHIBIELE 88%~111%Z [,
AR O 22 B KB N 2.7%; S8 UR P R 7 S8 b B
HHEE N 0.020~1.0 mg/kg, SEXEITERTE 76%~87%Z 1],
HHXT 7 1 Al 25 B KA 9.5%
35 mER%RE

g R G, A3 BT R i v R A e S SRR HH iR 2
T, A5 A PR BT R A% B B (supervised  trials
median residue, STMR)(VA S5 &2 H s £ 7~) 4 0.04 mg/kg,
I i 5% B (highest residue, HR)(LASEBLRER B R7=) N
0.04 mg/kg,

#3 BEREABMEHEERPENZEEIESFIE

Table 3 Equation of linear regression of dazomet and methyl isothiocyanate

K2 I S (mg/L) RETR HIERH)
il X 0.001~0.5 ¥=250094X-322 1.0000
SRR LR L TG (03 0.05~10 JY =136X-19 0.9985
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#4 RERAKHEYSRERPEEES SRR N=5)

Table 4 Recovery of dazomet and methyl isothiocyanate in strawberry at three levels(n=5)

. B
2y BNk (mg/kg) -
P2 [T %% AR A7 iR 22 RSD/%
0.02 111 1.7
i3 0.5 94 1.7
1.0 88 2.7
0.02 87 5.5
EL 12 A5 iR =3
S R g 0.1 81 95
1.0 76 4.7
150 pA
600 | 21 \
a 163.1>90(ML) '.
£ 100 411 Ny 200 [
= =400 A
# iz [
= % 300
oo
= 0 200 ,
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 100 ‘
i} ] /min 0 — v R —
2 4 6 8
[} 8] /min
163.1>90(ML) 150 pA |
1.36 [ bl
o 100 b 3.65¢4 1400 ©
b= 1200
g & 1000
E % 800
050 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 600 | A \
i 1] /miin 4004 [ \
200 | [
0 I Ne—
2 4 6 8
150 pA Fif i) /min
163.1>90(ML) w0 ! ‘/\
q> ‘ f
_100p © 6 3.22¢4 y O 1 ‘
% E 400 | [
; = [
ﬁ? & 300 [
& 200 |
Ezé 0 I “
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 100 | ‘
| N
[ [E] /min

a, al: HAESS [ARESL; b, bl: 0.01 mg/kg H& 5T VT FOAR AR HEZS BOR 0.5 mg/kg F 5T DU FE S 47 f7URR FR B AR vEVA TR ¢, c1: 0.02 mg/kg FRRE RN
FEAFN 0.1 mg/kg 50 HUER F ER A INAE &
Pl 2 A AR S AR Y TR A AT I A A S B R I

Fig.2 Chromatogram of dazomet and methyl isothiocyanate in strawberry matrix

3.6 RIAMERRBEMXIT

oA 25 10 R 1 B R R XU 7 AR A T P R R
STMR . &1 A B RIS 58 A LS AR 211 ADI {E 3L [F]
T o AFIEF R R AR A U1 525 5%, At
FERE TR [ — BB R B 4 R T B BC R i

SRR RIS R, AR STMR g 0.04 mg/kg, k&R ADI
4 0.01 mg/kg bw, L5465 IER 25BCIE R AR E R R A
BIRGEraiAt, ARRERE B XU PPAG AR I3 5. M4 2.2.8 it
N3 NEDI=(YSTMRixFiy sy il iRl B, BRI
{) NEDI {8, 4 FEYIY NEDI{H 22 T4 0.0056 mg, AW
TR R B A S H AL 0.0056 mg, -8
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NBERYIRTE N 63 kg, H AUIFHEA G ADIx63 24 0.252 mg, R
P AR RO%=NEDI/ADIxbwx100 15 H XU 7 ROY% 7 2.22%,
2 RN — B AR AS 27 R AN AT 32 32 10 XU o

4 &

AR SCHEE AT TR MR BERE 1 A i R AR 2 T — e TR
Wk, RACHERG I, A, 20500
W PSA FI/KGRIREIR A1k, WL 1.0 mL Ei5HK
RREBETFHZES 0.1%F BRIFRARFLL 5:5)E#
JE 4 LC-MS/MS W7 . 8% Acquity UPLC BEH Cg
(2.1 mmx100 mm, 1.7 pm), ¥ 35 °C, FEMEREN
15°C, FaIAHA 0.1% H R ¥ W A H 1, RIS 25 85 F U,
IEE 3 BSI(+), BEHEER 2.5 kV, B FHEN
1000 L/h, #EFLSHE N 50 L/h, P53 A0 55 A0 5 B 43 31
150 °CH1 500 °C. [FBT, #if A 50 e g 2

ST VR I E 1 U5 YR, R LR SRR T AR,
FALENEAT, BRI 5 mL FiEE IR N, K E 1.0 mL B
T, HZMZEEER%E 1 mL 5t GC M&E; @isf
DB-1 (30 mx0.25 mmx0.25 m), #EFEDE SN 1.3464 psi,
RS A 150 °C, R (EEFFHR): PILRIRE 50°C,
%48 4.5 min, P1 50°C/min MEEFZF 190 °C, ff+F
2 min, #EFE N 2 mL/min, FPD ¥ &%, A6 &5 15 5 N
200 °C, JEIEH NBRUENEH o 1%k RS R, kR
PEUF, VAR RS SRS CRIEY h AR 25 5% B8 8 v
W) Hp A e R T

i 3 RRE I AU Ak B o M50, A5 B R v B
BAHP R, DT A A A B DR &5 5 TR AR 2 5
WRIE SIS ) ey T S DN i DS
BHHBEARE 00056 mg, HATEARRD 2.22%,
S5 TN — B N R BREAS 23 7 A R ] 4232 1 KU

®5 MECSERFEYERNEITHERKRE

Table 5 Food risk assessment model of registered crops in dazomet

BiCEY Bk fEER/ke  SHRESFREPIE PR 2 ok NEDI/mg H Ao A i /mg SR 75 /%
T TR 0.0915 0.02 I 0.0018
. TEREFR
it K5 0.0457 0.04 EP{ﬁl ' 0.0018
ADIx63

Eop JEEaN 0.012 0.02 iR B 0.0002

% Feh 0.009 2 h 0.0018

it 0.0056 0.252 2.22
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