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Simultaneous determination of thiram and metalaxyl residues
in rice and soil by dispersive solid phase extraction and high
performance liquid chromatography-tandem mass spectrometry
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Jin Maojun®, Wang Jing”"
( Institute of Quality Standard and Testing Technology for Agro-Products, Chinese Academy of Agricultural Sciences;
Key Laboratory of Agro-product Quality and Safety of Chinese Agricultural Ministry, Beijing 100081, China )

Abstract: A rapid analytical method for the simultaneous determination of thiram and metalaxyl in
paddy soil, rice plant, rice husk and brown rice was developed using dispersive solid phase extraction
and high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS ). The
analytes was extracted by acetonitrile and cleaned up by PSA and C,;, and then separated on a reversed
phase C,; column using an isocratic elution program of 0.2% aqueous formic acid and acetonitrile.
Qualitative analysis was performed with electrospray ionization in positive mode( ESI* ) under multiple

reaction monitoringl MRM ) mode. Matrix-matched calibrations were respectively used to quantify the

Yrfs H#3:2015-01-27 ; R A B #3:2015-03-16.

TEER N L, B, L5 4 , E-mail : jiangzejun55@ 163. com; * 4% /&2 , i@ {5 1E#( Author for correspondence ), , 11, BIWF 5 & , W
7 18 A i KM F R, E-mail : katonking@ 163. com; i, 3 [F]3# {5 1 #( Co-author for correspondence ), 4, fi-, #(4% , W 5% Jy ) Ky
B Z 25K A , E-mail : w_jing2001@ 126. com

E£ WA P ERFEBERHE AT TR Rl A5 Y5k B I K AT A aEsE” 3T A1 BA.



314 V]

L
¥

L

S Vol. 17

residue concentrations. In the concentration range of 1 — 500 pwg/L, the matrix-matched calibration

curves showed good linearity with correlation coefficients >0. 991. Intra-day mean recoveries of thiram

and metalaxyl in different matrices were found between 76% and 104% at 0.01 - 1.5 mg/kg, with

relative standard deviations( RSD ) of 1.2% -13.2%( n =5 ). Inter-day mean recoveries of thiram and
metalaxyl were found between 74% and 102% with RSD of 2. 8% -10.4% at0.01 —1.5 mg/kg( n =

5 ). The method is simple, rapid, sensitive and accurate, which can meet the detection requirements of

thiram and metalaxyl residues in rice samples and soil.

Keywords: thiram; metalaxyl; residue; HPLC-MS/MS; dispersive solid phase extraction; rice

samples; soil

220 thiram ) J& A A 2056 H R B 2 O 3 1
I A A, B T AR A 8 BIA AR R
TR R 2 B AE Y ) B ST R, A A W] VE S
WP A% B0 A E D A P 2505 TP R R ( metalaxyl )
PR P PR R B 7], R 250k R A Ak
P76 FE A T R MBS R AR E
AR, LIARSE X B AR R A L s e AR 2 5 A
38 A, FEBCAEY) KRS EOIEE T BiR
IKRE T ST ARG KRR ST AR 6 B o N B 5. A
WFSE R, i 3 U0 5 208 K L 3 Wy BT — 7 1) B¢
P40 R TG A AR R ELA WA B KRR T 3R
] R0 oK R R e R gk B B B MIRL )y
0.1 mg/kg, HlaE F R A F R 32 WA MRL {8 53
o0 0.1 F10. 3 mg/kg( LA —Hifkik CS, i), Mk
WLAE KR RE K ) FPR S5 XU MRL {85 H A %
5 M e KRS (R K ) F AR R B MRL fH
0.1 mg/kg' ', #EEXLM MRL {E 4 0.3 mg/kg( L
CS, )5 BRI E KR R R 2 1 MRL {E A
0.05 mg/kg ', 1 35 WY MRL {4 0. 05 mg/kg
(PLCS, )05 bR i 25 B fl e 5 9 o
H # A i MRL {4 0. 05 mg/kg ™',

I, A S 8L I 5 22 R AN — At 24 2k
FRERC 3 )JAR 250977 1, BVAE BRI 25 1 (i 4 98 L
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CS, , W5 i AN BB 2 PR — 48 6 XU 5 1, B 2 T —
P HERVE BB A 2 R AR (3
AR - B I A R R
TBEFER 22, A SR T A AR Ak A2 Ayl
Qb B3 22 R FH YRR 1 A B YR T A% EECAT T A A L6
BREB BRI APLEFIHER R, PHERLY
T 7 A A 0 R L A M
LD RO - S I O i A )y ik
W2 SR FHWRR A B [ AR AR A, R 2 4, AR F
paeiiarg iy iss IS Rl TAPI = E SURGITN R

Ef B - M F AR S OBURT Y R SR B B A o T A
ACHOR BAT PR A R ACEIL R, BT TR
ZHERERRGI 2 PR AT LA 3 KRR |
RETE SBER T BTFERT LR, R o B AR A UL e
ST T3 I A A - e 8ORAR €3 - 3 1 o /] 2
AT KRR B A S R A SEOBURI R AR R T i

1 #RE5FE

1.1 {Us8

Agilent 1200 =R AR L3 £ E Agilent 2
F] ), API 5000 — FE P42 FT & 1 BT 3% (X ( B AT ESI
P8 ) EE AB 2AH] ), THU35-C BISZE A ML FHM
PEATHUIEAT BR 2 71 ), FW-135 H A5 24 0y s L R
TR A R A 7] ), TKA-2 785 7 A1 3 ML f
IKA A #] ), XS105DU HLF K 0.000 1 g )( FHi+-
Mettler Toledo 2\ &) ), /& i ¥ U & O HL( 52 [
Thermo BHE /A H] ).
1.2 iKF

99. 0% I W( thiram )FRERF1 98. 7% H 7 R
( metalaxyl )FrifEfi( #5[E Dr. Ehrenstofer A F] ); 4
R R 181 Oy €833 45 7K R MINQ B 27K 5 N-TR &
LR PSA ) /e S A ik E( C g )23 R AH AR
HZ B RIC RN AR B A | ) 5 A S5 bk R
( GCB )W Fft5( € E SIGMA-ALDRICH 2] ).

SAENC b T, AT 120 THET 6 h
Je )R G K B R BE (iR R T, G AE
550 TRIKE 4 W) R e, TS b Afr, &
.
1.3 H@EE

R AR B AL AE ARG S0 N X R 5 ~
10 4, R4 RE 0 ~ 15 cm R +H4E 1 ~2 kg,
BRETEA 28 A AR L5524, | N T, 2o
10 H(2 mm ¥, 1BA] .
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i e FIURE KL AR < 78 e FH X6 /8 X P BE AL B B
FERE 2 ke, WKL, B FEC QAR ARSI, 7T 2 4 FF Byt
THEMRL ), 43 35 BIAE 7E FRE K . FEST MR,
R REKRZ RS L3 20 H( 0. 850 mm )i, 145

JA AR SR U A ik AR, T - 20 C IR AF,

FEI
1.4 STz
1.4.1 MW

ST R ORAE - HERS PRI 10. 0 g iXAEC RS
£0.01 g)F 50 mL 2.0, A 10 mL 1, %
Ji€ 2 min, INA 4 g TCKBREREEFN 1 g FALAN, WA TE
1 min, T 5000 r/min 4 T FE L 5 min, EIE
WA RO/, Ak

IKREAE MR 5 R ¢ MEBRARIL 5.0 g( R 72 BRI
1g )OSR 2 0. 01 g )F 50 mL .04, A
10 mL Z &, W€ 2 min, IIA 2 g JC7K i FR 85 il
0.5 gAMWW HE 1 min, T 5 000 r/min 4 C &4
TEL 5 min, BIEBCHIRBOR , Frfb .

1.4.2 #1t

ISR KRR S B 1.0 mL FYEWT 10 mL
BRI 50 mg PSA W25, 7 4 8 €2 min,
T5000 r/min .4 C 44T &0 5 min, LIRS
0.22 pm AU, FFI

KB AR B A 5E: B 1.0 mL 5% T 10 mL
B A 50 mg PSA 150 mg C, R, &5
HIRBE 2 min, T 5 000 r/min. 4 C &4 F &L
5 min, FIHHAT 0. 22 um A HIAHEERL, RF
1.5 figfRiEEsG

i 5. Cy A% (2.1 mm x 150 mm,
5 wm ) HEIR 25 C s #EFEART 5 L R A BE VL,
WA V0. 2% WK ): U 2 ) =50: 50, Jii i
0.2 mL/min,

JETE 2 A - LT 2 B TR EST )5 IE B T
W% H R (IS ) 5 500 Vi B 1 U5 I B ( TEM )
500 C; filf i /< J /1 ( CAD ) 48.3 kPa; % 1k <
( GS1) 275. 8 kPa; fili*<( GS2 ) 344. 7 kPa; < Aii <,
( CUR) 241.3 kPa, 7EZ W M MRM )#EAT
S BURT H 7R R B B S50 2% 1.
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Table 1

Mass spectrum parameters of thiram and metalaxyl under the multiple reactions monitoringl MRM ) mode

ok BTXS TR BA s ] B BRI [R] LR Tl g
S3HT¥) Analyte . N . .
Ton-pair,m/z Retention time/min Dwell time/ms DP/V CE/eV
AL thiram 241.3/88.0* 4.1 150 22 16
241.3/120.0 18 23
7§ R metalaxyl 280.4/192. 4 * 3.8 150 22 25
280. 4/220. 3 20 24

* %E B F X, * The most abundant product ion used for quantitative analysis.

1.6 #RERTREH RAREHZHNE T

3 BIBRIBUAR & XUFT 7 RARE & 10 mg( K B
£0.000 1 g), HOIEEMIFES 2 100 mL, Hil 15
100 mg/L WIARERT &, T 4 C T EDGAEE .
T2, s Rg AN 7] J5 i W B b v T AR L
ISR

W54 2% LR R R bR o A AR U A B R
B K FEAB MR RS RS K $ BOR R BE B 500,200
100,50 .20.10.5 .2 Fl 1 png/L Z 5 JE i br v TAE %
WIS B 25 A 24T 20T, AAR 36 0L, H AR 2R
HEREMR FEC o ) R R AR AR , o i W 5 - e e T AR y )
YA AR AR E 4R
1.7 FHmE KR

FEAS 8 KRR G5 FURERAE S R as
AN TR e A S U R R A E VA R, U B TR

P-4 [T A H Ta) 5 0 ~F- 2 [l B4 K8 8
55 W, H A H AR -2 [l e 2200 3 d.
1.8 HUEALE

KB PR Analyst ( version 1. 4.2 ),3%
3O P AR SE X FE R &
" =A,. xc XV (1)

B A, xm

Horr, wy o A 2R B R R ) BT i 24K
mg/kg; A FNFEMIA AR 58 0 B FR R ) Y I
TR s ¢ 7 R VA VR A 98 R0 B FP 7R R ) 1Y Jo
WIE, mg/L; V KRR R A A, mL; A &R
B v v A 5 80 R R R ) I AR s m 3R B
ZAE SRR AR B i, g0

FIHT GB2763—2014 H AL f@ 56 XY MRL {5
A CS, ) A B A 7 12 M A S XUk A Ak
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SEE, WENBREXRRILAR(2 ), m/7=263.3 L M +Na " Fll m/z=279.4 B[ M +
Wi sty =0- 63 Wy o) (2) K" HLERE, NGREEAE T, Kk

Ho, wy g 8 B ALBR I BT B 2P B, BEm/z = 24103 AR A BE B T, m/z = 280. 4

mg/KE 3 Wy i) PN I B i 7340, mg/kg. W FE R B BREES T
H T 1 T2 A 56 X ) o3 4 R AR - /2

2 BRSAHN k1 88.0.120.0 #1196. 1, W] A #E F b C,HNS ™ |
2.1 RIEFHRIEERMAL C,HgNS, “ Fll C,H NS, * , H:rfr m/z 88. 0 Wi i {E AR 5

KM APL 5000 = DU AT R IK B AL ESI  HA&E, N IFF 241.3/88. 0 fE N E BB T HAER
PO VRS ERN AN ZRARERGE EZ RN TGRSR A m/z 4 192.4.220. 3 %5, AT fE
M MRM ) #8820 X 48 56 XA X o> 7By WEER 8 ¢, H,,NO, " fl C,;H,NO, ", H m/z
240. 44 VRN FE R AN 43 F BT 5o 279. 33 )BT 192. 4 Wi (A AR i HAS 5 , PRI, 5 280. 4/192. 4 1
AP AT R RO . RIEPIRR AT PR, bR M T R BR A HE S T B T A
RANER T, SRR W R IE S TR0 BER s & 1) , X PRl 4 5 A0 B3 2 80t 47 1 i
T YIRS T A — RS RS S 7 AR f(E 1),
FEMLM +H ] o F e F g, i se stus ;i1

0. 0.
88.0 A 0 1924 B
100 100 H](:"o‘’H‘N"J\mJ 220.3
HyC. ﬁ \S\ Cll; HC.. { _CHy
N-C 8§ 8§—CN “ ]
R H;C CH, o P
i < 160.3
= al
®Z 50 =50
) 120.0 T 280.4
196.1 241.3 2486
148 4
j 162.1
I e gy A, |
60 90 120 150 180 210 240 100 140 180 220 260 300
mlz, amu m/z, amu
E1 \E=EWA)FRERIB)ZHRRILE
Fig. 1 Product ion spectra of thiram( A ) and metalaxyl( B )
2.2 ALK IKFERERR FE e (AR BBRGCRA . I, o 1

ARG T HEE KM OG- K ARSI ARIR AR R0 A 5T B8 BOWR M AL 8OR, T — 2 & 1Y
FWEIE S BROR . SRR I KRS C ki, 43 AEH 25 .50 .75 .100 mg C #1150 mg
(ENASOE =I5 0ok 2y NS B ik N ) O ) PSA LR E ALK FEAE IR  RESCHE . S5 R BR,
HAAR R ;24 Z G IR FR H B AR 21 30% I, #9630 50,75 F1 100 mg [ C,, 55 0 R BB E -, 2% Cq
FITER i 72 00 O3 B I () B, 0 S 348, o 1 {1 P2 A1 5 FHE R 50 175 mg B, A A 245 1% [ IOR A 25 0
UG T 80% iF, HARY s R, Esk JL 391 70.4% ~ 109.7% Z 0], i 24 C, FH N
R 2E . BN AETR S AR oI A > & B R AT DL 100 mg B, H &% ¥ 89 1ol e =38 fw % ( 62. 6% ~
BARCE AT R m REUE ., ZEE8F 8.0 94.4% ). ZHAELL 50 mg 19 PSA Ry IS K
FE V0.2% HFRIK ): VI LI ) =50: 50 M i sl ¥k, 20512k 50 mg (9 PSA 150 mg 1Y C,g M

WM 0.2 mL/min, IKREAE RS 7E A AL 7] o
2.3 SLFIREERMAL 2.4 ERBM. EMEXFEMAHE
PEFE AL T GCB .\ PSA FiI C,, = Fh Ak 57 1 LC-MS/MS 73 Hr 2 JFO0 % — ok o 2 il

Jr A A XTEE AL B AR AL SRR AR . RO A H AR e HEAT B 1 A I A L S 4 i A
125 mg f GCB N7 B IE AR A O RS Fr0 e, AR R A9, RN B 140 50 8 5 B SO, S {2 14 R
() I SR ABAR, H 54.1% ~71.6% 3 LA 50 mg (9 SEERIEEME S BRI, AHIEST R FH A R DT L AR
PSA SRR RIAR E5E VREK AN LR ORI, X IBORIRTH S BB, A B2 i . 25 2R ( 3R 2 ) 3R A . 7
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1 ~500 wg/L Y AN, 48 56 SR FR 2 09 e 1 6 5
LR FE A et 6 2R AT, FHOC R B K T 0. 991

R FHFE bR o i 2 b2 FA R AR HE I 2R RPR 2
FC KORTEM LR - 24 K KT 1.1 B 2L b
SRASN , /NT 0.9 R EEBTIR S RN, 1Y K 7 0.9 ~
1.1 Z A, e RN A B 0 AR5 1 48

xR2

F( 3R 2 )R] LU M o - R K 0] 4 56 AR AT 2
JEUR R, AR T G 52 EL A i o s s sk ny , H
A TE A 3 SR

45 HPLC-MS/MS {5MLb( S/N ) =10 15 F 4
SEXATH R R A ERERR(LOQ ), 45 L3k 2, K T
AT [ A SRR R BRAE 1 A SR

BENMARRWEIEEE LM R EXRE HNELNEER

Table 2 Linear ranges, regression equations, correlation coefficients( ), slope of matrix/slope of solvent( K )

and limit of quantitation( LOQ ) for thiram and metalaxyl in different matrices

x| HEJ5t AN LRt AR KL R L JE 1 R
Analyte Matrix Linear ranges /( pg/L) Regression equation r K LOQ /( pg/ke)
SR W Acetonitrile 1 ~500 y=8.35x10"x-2.46 x 10> 0.997 7 - 0.12
thiram 11 Paddy soil 5 ~500 y=7.13x10°x+1.0x10°  0.9915 0.85 0.15
Hitk Rice plant 2 ~500 y=8.10 x10*x +4.70 x 10°  0.997 8 0.97 0.59
FE7C Rice husk 2 ~200 y=8.78 x 10*x +5. 15 x10°  0.995 1 1.05 0.87
F&>K Brown rice 5 ~500 y=7.18 x10*x+8.20 x10°  0.996 5 0. 86 0.15
HIAER Z.Ji% Acetonitrile 1 ~500 y=6.05x10"x -4.85 x10*  0.999 1 - 0.17
metalaxyl o
~+ 3¢ Paddy soil 5 ~500 y=6.52x10%x -2.64 x10°  0.997 5 1.08 0.29
Hitk Rice plant 5 ~500 y=6.82x10°x-1.79 x10°  0.992 4 1.13 0. 64
FH5¢ Rice husk 2 ~200 y=5.93x10*x-9.49 x10*  0.993 1 0.98 1.01
K Brown rice 5 ~500 y=6.60 x10*x-5.2 x10°  0.996 8 1.09 0.53

2.5 AENEREMBEE
SER(F3)FWIAE0.01 ~ 1.5 mg/kg FANK
S RN, R KRR AR PR | S RITRE KA AR 3R
XUFI R 35 2 09 H N3 R 76% ~104% , H
WAHRIARER 25 RSD )W 1.2% ~13.2%( n =5 );

H [E S Wi = K 74% ~ 102% , H [8] RSD K
2.8% ~10.4%(n=5), FWZIEBA B HHE
TP FNASE PR W R AR 25 5% BR 3 A I ek . BRI
Jn e ] UL 2

£3 ARERPEENMRFIIE A B ERMEYRRE B IRERE

Table 3 Intra-day and inter-day average recoveries and relative standard deviation( RSD ) for thiram
and metalaxyl in different matrices( n =5 )
FRIEXL thiram F 7§ R metalaxyl
- } H N Intra-day H 4] Inter-day ) H N Intra-day H [&] Inter-day
A wImsKF IR
Matrix  gpiked level/ - B i A RSD/ g [l RSD/ Spiked level/ S Tl RSD/ Sy [l RSD/
( mg/kg) Average % Average . ( mg/kg) Average % Average
recovery /% recovery /% recovery /% recovery /%

+ 15 0.04 78 6.8 74 4.1 0.03 89 1.9 87 4.4

Paddy soil 0.1 77 6.0 79 3.1 0.1 82 1.2 93 7.6

0.5 85 2.5 83 3.3 0.5 102 2.9 101 3.8

HRE 0.01 76 4.9 80 10.4 0.02 79 10.4 85 9.7

Rice plant 0.1 77 5.2 78 5.3 0.2 102 7.8 102 3.9

0.5 92 12.3 86 7.2 0.5 80 4.4 95 7.3

fHi 0.05 80 6.4 83 8.5 0.03 103 8.3 95 9.6

Rice husk 0.1 99 12. 1 79 5.0 0.3 91 13.0 89 8.7

0.8 81 10. 4 82 5.4 1.5 98 1.7 96 4.4

Bk 0.05 86 13.2 87 7.3 0.03 92 2.0 96 5.4

Brown rice 0.1 77 3.7 79 7.2 0.1 89 1.4 95 6.3

0.5 92 1.5 39 4.8 0.5 104 1.7 101 2.8
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100 Al 100 A2 100 4l A3
Max. 640,0 cps 3.82 Max. 1.4e5 cps. ' Max. 2.1e5 cps.
S © o
= B %:
== HE g
= © & — B <
M EZ L
N . . 0 - . .
0 if1E] Time/ min 10 1Al Time/ min = Al Time/ min 10
100 Bl 100 B2 100 B3
Max. 880.0 cps. 3.83 Max. 1.4e5cps. 415 Max. 2765 ops.
i £ S 8
B 2 s 29
= B =
B3 £ B3
Z2 22 L
1 0 o . e . 10
0 I 18] Time/ min 0 FF1E Time/ min 10 FF1E Time/ min
100 cl 100 2 100 C3
Max. 680.0 cps. 3.86 Max. 4.6e4 cps. 417 Max. 2.6¢4 cps.
w8 2 i
M= =g =2
%= £ = E=
z2 zg2 ze L
0 — 0 0 o 10 — 10
18] Time/ min F$ 18] Time/ min if &l Time/ min
100 DI 100 . 100 s D3
x. 926.7 cps. 3.83 Max. 1.3¢4 cps. ’ Max. 2.7¢4 cps.
S S S
® E %E %E
=S 5 = o) hrecd ©
B ~ L¢_ 1~
0 10 10 10

18] Time/ min

Al A H A2 BRI H 75 R (0.03 mg/kg )5 A3: L HEGR A7 35 W ( 0. 04 mg/kg ); Bl: 45 FAEOK; B2: REOK % in F 7E R
(0.03 mg/kg ); B3 KEKTRMIAE 3 BL( 0. 05 mg/kg ); Cl: %5 AR K C2: BRI H 78 R 0.02 mg/kg )5 C3 i B S A8 3& XL

(0.01 mg/kg ); D1 : %5 ARG ; D2 ABFE TR N 75 2 0. 03 mg/kg ) ; D3 : AFFE IR IR 32X 0. 05 mg/kg )

Al :blank soil; A2:soil spiked with 0. 03 mg/kg metalaxyl; A3 :soil spiked with 0. 04 mg/kg thiram; B1:blank brown rice; B2 :brown

rice spiked with 0. 03 mg/kg metalaxyl; B3 :brown rice spiked with 0. 05 mg/kg thiram; C1 :blank rice plant; C2 :rice plant spiked with

0. 02 mg/kg metalaxyl; C3:rice plant spiked with 0. 01 mg/kg thiram; DI :blank rice husk; D2:rice husk spiked with 0. 03 mg/kg

metalaxyl; D3 :rice husk spiked with 0. 05 mg/kg thiram.

E 2

= B R R AN 0 [0 R R Y R E

Fig.2 Chromatograms of blank and spiked samples

2.6 EEREERSHT

T B E v R RE R RN SE R ds A A
I8 BT ST ) 7 s 6 SR e YA W R BT L R R B
AT A W T 2012 4E—2013 4EPIAE =AY 7K
FERE AR RE70 RE K RN - 98 F ) S B AR (90 d i
LHR AR AR R AR B AT T, S5 R
1E 3 REK KRR AR AR AR S R, R R Y
AR B4R 6.65 ~27.8.6.61 ~7.56,

6.66 ~9.41 F16.58 ~6.96 pg/kg, M i A e & 5%
BA R i H 4 SR G L AR 5 X5 A K R A VR B S T
FE G b RS R FI AR S5 LAY BR BRIk 6. 63 ~
587 M12.07 ~47.5 ng/ke( #FEMFLE DL CS, 1
H1.3~29.9 ng/kg Do 5 WFNAR 245 BA 1 E A Sk
MRL {F FLF AT, A2 0 ~ 3 d FRIAR b 30 25 0 i A
W FE R B AR B (130 ~ 587 pe/kg )R i 3k R B
SE BB K R R 9 MRL {E( 100 pg/kg ) ),
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