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Residue analysis and risk assessment of dietary intake of thiophanate-methyl
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ABSTRACT: Objective To establish an analytical method for the residues of thiophanate-methyl and its metabolite
carbendazim in Hemerocallis citrina Baroni, and assess the risk of dietary intake for residues in Hemerocallis citrina
Baroni, and evaluate its safety. Methods The thiophanate-methyl and its metabolites carbendazim were extracted with
acetonitrile, primary secondary amine (PSA) was used for purification, centrifugated, the supernatant was filtered
through the membranes, and analyzed by high performance liquid chromatography-tandem mass spectrometry

(HPLC-MS/MS). Results The limits of detection and limits of quantitation of thiophanate-methyl and its metabolite
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carbendazim were 1x10~ ng and 0.01 mg/kg, respectively, the recoveries of thiophanate-methyl from the Hemerocallis
citrina Baroni (fresh) and Hemerocallis citrina Baroni (dry) were 84%-105% and 101%-105%, respectively; the
recoveries of carbendazim from the Hemerocallis citrina Baroni (fresh) and Hemerocallis citrina Baroni (dry) were
86%—-96% and 93%—99%, respectively. In 2020, the the degradation half-lives of thiophanate-methyl in Hemerocallis
citrina Baroni (fresh) and Hemerocallis citrina Baroni (dry) in 2 experiment sites of Hunan and Jiangsu were 0.85, 0.97 d
and 0.40, 1.65 d, respectively; and the degradation half-lives of carbendazim in Hemerocallis citrina Baroni (fresh) and
Hemerocallis citrina Baroni (dry) in the 2 experiment sites were 1.62, 1.88 d and 1.66, 1.88 d, respectively, under
different application frequency, application dose and harvesting interval, the final residues of thiophanate-methyl in
Hemerocallis citrina Baroni (fresh) and Hemerocallis citrina Baroni (dry) were <0.01-0.33 and <0.01-1.51 mg/kg,
respectively; the final residues of carbendazim in Hemerocallis citrina Baroni (fresh) and Hemerocallis citrina Baroni
(dry) were <0.01-2.72 and 0.052-2.99 mg/kg, respectively. Conclusion Under the conditions of 36% thiophanate-methyl
suspension, 3-4 times at the recommended dose (active ingredient 675 ga.i./ha), 7 d interval and 14 d recommended safety
interval, the international estimated daily intake of thiophanate-methyl (the sum of thiobacillazim methyl and
carbendazim, represented by carbendazim) for the general population is 1.19 mg, 63.1% of the acceptable daily intake,
and does not pose an unacceptable risk to the health of the general population.

KEY WORDS: thiophanate-methyl; carbendazim; Hemerocallis citrina Baroni; residues; risk assessment of dietary

intake
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1.1 XER5HF

ZORBAX Eclipse Plus Cs fA1%#1:(50 mmx2.1mm,
1.8 pm). 1290-6470A WAH (% FRIKFTIGAL(EE Agilent
2vaD); R10.v.y B VIFESHALEEE Robot coupe 24 H]);
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32— ROT[M R - R 2 A8 (R A BRAHE
3J200 773 Z—HL TR CR N SURHL A R FD)

36% H LA PR 2 B R (VLTS Rk e R FDD;
FLHRTE RARME S (L 98.5%) .22 18 RARME i (L 98%)(FE
Dr. Ehrenstorfer /A H]); Z M (faiikal, fE B b 15
ARABRAF), BIR(EIELE, 3£ E Sigma-Aldrich 2AR]); &
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36% H BL B IR = VR AL TR A B RSN F, MR
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MiZh 2~3 WK, MEZEEI N 7 d. A BEA 2 AT IEX
I BR R AR FR X | e 255 B v ) b L IX A R A o
BAHX, FAVDMEEFANT 40 m?, 25 (XTI 2%
BRI it s A5 Ak 8 DX IR 35 DR AP B X ARAE NY/T
788—2018 { A4 245 5% BRI v T ) AR £ KAk i
N, PP MR (675 ga.i/ha)fl 1.5 BRI H it
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(1012.5 ga.i./ha)BE it [ 5h 25305

TR IR AR AL HIRI R 125 g/ (675 ga.i/ha)
2 AN AT B2 3 YR 4 IR, Rl R 187.5 g/F
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H7d, FEASERAIING 2, B RS — Ut 24 B ) pE
MG 1. 3. 5dREFES.

W i ol A5 B0 06 0 it 24 00 O Rl 187.5 g/
(1012.5 ga.i./ha), T IR 25k 800 5 5 — Uit 25 1 it 25,
MiZijs 2h, 1. 2, 3. 4. 5dRERES.
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B I FERL T 5 2 AREARZS B, Wi PRss & H o
1.4 HmAETE

G 7E 50 mL B0 R UHERIFREL 5.0 g i # e
(BEYHAESE(TRES,, MEREINA 25 mL 2, JAHLWTER
HdR% 30 min, £ 5000 t/min B0 2 mL_HIERARS .

Aeib: 7E iR EIEWPAIA 0.1 ¢ PSA BBl AR
ViJE S 2 min, W EIEWOT A 0.22 pm BB E S ik
FEIE AR
1.5 HPLC-MS/MS #il & ¢

8 554 ZORBAX Eclipse Plus Cpg f4341(50 mmx
2.1 mm, 1.8 um), FEIf 35°C, PEREAREL: 2.0 pL, FEIHH &
VAR L 1.
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Table 1 Eluent gradient conditions
N WA A% WEhA B/%
Fisf (1] /mi N i34/ (mL/mi
o (0.1%H fRK) (L) L/ (ml./min)

0.0 90 10 0.3
1.5 90 10 0.3
1.51 10 90 0.3
3.5 10 90 0.3
3.6 90 10 0.3

JUIE 454 HLIGE 55 2 F Ui (electron spray ionization,
ESI); £ v Wil (multiple reaction monitoring, MRM)#& Z{
EEFHEH; BAEBRE 3500 V; TS 1S psi; A
300°C; FEAL 45 psi; iBhR 70 psi, RESFILE 2,

%2 PEMERMZERMNRILESH

Table 2 MS parameters for thiophanate-methyl and carbendazim

42l AT BN BRI Rl B
- Jpigrs (m/z) v /eV
i 343.1/311* 110 5
P BE B TR 2 342.2
343.1/150.9 110 5
. 192/159.9% 105 10
ZHR 191.19
192/132.1 105 10

T N ERE T

1.6 HIEALIE
1.6.1 AR
JE BN (matrix effect, ME)F R 23 50(1)3124 2%
TR FbRHE h 2R R 2 - T b ol 2R R 2R
R B 5
162 FEEARFZARESETNE
Fie A0 (2) TR F BB TR R RN 22 TR R
X = C, xV, xV,
! vV, x M
AP X iR PR 7> B &, mg/ke; C i ABRUE TAERK
LAFRN AW P B A 3 i BT R B, mg/L; Mk
TRESE BT, g5 Vi AIFESREBUR P EART], mL; V) ik
P BRI AT, mL; V, AR E A AR, mL.
1.63 FTARAR AL ARG AT
iz BB 2R (3) B 1 R AN 22 T R [ e I i s 12
R

ME=(

)x100 (1)

@

C=Cope™ (3)
e C oy t B2 Y BRA B R 5l 22 T R R B MR, mg/kg;
Co N LB A R 8 2 1/ R W) G e B, mg/L
1.64 FTHARAR S AR GHERE
iz HR A 3 (4) T R R 1 28 0 22 T R e fp 2 T 0 0.
t,,=In2/k 4)
2 kR ER TR, 75t IR, do
1.65 EREAEBHENE
2 B 20 (5) T B Al 3 43 H 48 A & (international
estimated daily intake, NEDI):
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NEDI=X[STMRIi (& STMR—P;)xF;]/b.w. (5)
A NEDI K ZAh 48 H AR, mg/kg; STMRi A2l
R — B S RLE SR B 58 P E, mg/kg; STMR-P; b A
TR A I AR08 BB T (E, me/kg; Fio— A
F—E RN E, kg/d; bw N ABEFIRR &, ke
1.6.6 NEDI &40 A FEATHE > %
NEDI 5 £ H #.1745% A & (acceptable daily intake, ADI)
B 2 2R (AD1%) B A X (6) 31
ADI%=(NEDI/ADI)x100 (6)
FUH: ADI H4EH i A, me/kg; ADIY% N EZAG T4
HIEA R 54 H A VHEA R E SR,

2 HER5HH

2.1 REUSFI RS TR RS

SR A2 55 B A DN b o 77 325 v i P B BB 9
Xt R 2 B 28 HAT B ISR BUSCR,, HoXE LR UK b
BRI A TR G W AEZR B, REAF B i F AR, A

75 I0FR0.1 mg/L)
= B (T)BINIRXE 0.5 mg/kg)
& FAESR (B BN (0.5 mg/kg)
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R(FE 1)FEM: NH, (100 m)fba iR 522, ME 7 35.0~55.0
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FINH, (50 mg)/GCB (20 mg)i bk S 4, ME 7€ 5.0~20.0
ZIR), BEJF R m N, H AR 2 A W BB R, TR R A
58%~70%2 i), AT 2 5R AR ER; PSA (100 mg)7ETH;
TESE (1) R i AL BOR — i, B ME 7638 JHTE N (10SME<
50), R FARAERT LA mR . 25 b, AR E
PSA (100 mg)ff i fIEk
2.2 ERMMITFMN

HPLC-MS/MS FE#EF T4 S or T B 2377 A= 8 3 i
P BN, T3 H AR P T AN R
WA 5% 2 5% T R RS A 8 0 22 DA 2 A A S (k) A 7E
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Fig.1 Purification effects of thiophanate-methyl (A) and carbendazim (B) in Hemerocallis citrina Baroni under 5 kinds of purification methods (n=3)
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SE(F) R BERLN, 4 i FH AR ()2 (1 SE T . ¥ AE
F(T)as AR A4 FIEH 2. 5. 10, 20, 50, 100,
200, 500 pg/L v YR AR E TARE R, A 1 15
IER S A T HEAT RN, 158045 A AR AR Z, it E
ME, %, 24 ME {H<£10%, 3EFR0N AT 20, F%E SR
HERh 2 E AT, 24 ME {H+10%<ME<+50%, £ L%k
IO SR B S BN G, R o g e P T R R
BN X E BRI 24 ME i > £50%, HEJT 0N XHE B
TR, OCALRE S AL E s (il ME {H<50%5%, 4%
WL 3 AR, 1 2~500 pg/L JEIEIN, FIIE6 R R 2
TR R A SR (B )25 PSR BEAE SR ()28 I R O N4l
R RMESC R AT, PIAEAEA0s 0 B 0kl £, R 2
Jo R v 2 TS B AT T B R, DR AR 5T e R 3 ST b oA
AR 5 AT BT
23 FHEEHE. BEEMIHEE

FEVT S50 5575 10T BE/IN DX (18 98 6 3 (B ) RN B A6 5%
(F)RESL 235045 0.01, 0.10 1 0.50 mg/kg 3 PHHNK
SEHEFTES IR, BAAKCEEE 5 K. AR LURAR
WINIKE R 7 110 % & B (limits of quantification, LOQs),
DA 3 A0 M b i JE 0 5 S b nT A I 1 AR A A 1 R0
RS HY B G H BR (limits of detection, LODs), 459 @R,
R BR K 13107 ng, EHEPRHK 0.01 mg/kg. ASHFZEH 3L
T 1A R A BEAE SR () T SRRy 84%~105%, AHXT s i
250 2%~5%, TEFEALSE(T) PN R 101%~105%, AT
B 25 0 3%~6%; 2 B R 7E B A6 3 (& ) v [T iR oy

al 343.1-311.0
S 08
@ 0.6 2.532 min
iz 04
= 0.2
0 E | | | 1 1 L | | |
05 10 1.5 20 25 3.0 35 40 45
5 B B 7] /min
3 343.1—-311.0
? 2.559 min
S
x 1.0
o
= 05
=
0 1 1 1 I 1 1 ] 1 1
05 1.0 15 20 25 3.0 35 40 45

LR B4 7] /min

86%~96%, AHXIARUEM 220 5%~11%, 7E# £ () [l
WK 93%~99%, FHXFRIEIRZE N 4%~10%, SFEA KU
Tl iR R AR R S5 A5 G AR 2 5% B A BT i B2k . s
I A S B6 g LR ] DL ] 2
24 RERERERHEARHYIZEREENSLE
L3 ) R b v R L P R AR 2 5 2 h REE M B
SRR RS R B39 0.025 1 0.23 mg/kg, FEBE
A6 (M) RE A P (1 5R BB 43971 0.088 F1 0.39 mg/kg, FLFk
FA L5 it 2 I TR R () AR BOC R, BRIR ShASFF & —Ssh
JizE R WK 3 B, BEAESE ()RR AL SR ()
r R R VR R A VT a2 R B 4 1,65 1 0.97 d; i
P A IS S22 0.40 F10.85 d.

®3 ERIEHZSATIRERZE R

Table 3 Comparison of matrix-matched calibration and solvent

calibration

e LR Ay i *Hé(érf\ﬁ ME/%
WG Y=70576X+547.89 0.9997 /

if;ﬁ WAL () Y=36549X+312.15 0.9995 485
WAER(T) Y=69799X+1849.4 0.9995 ~1.1

ZNE Y=1235871X-1084.5  0.9998 /

ZWR  EALRE) Y=866672X+2552.2  0.9998  —29.8
EHE(T) Y=1066216X-454 0.9996  —13.7

T /AR TCI .

a2 34311509

2.505 min

255

X

= 50
=
E 45

4.0 .
05 1.0 1.5 20 25 3.0 35 40 45
{4 84 Bt a1 /min

a4 343.1-311.0
2.559 min

M J7 > 103
(e) —
o W o

1 1 1 1 1 1 1 1 1
05 1.0 1.5 20 25 3.0 35 40 45
5 B s} ] /min

T al~a2: PGB R AL AL (T) 5 8 AL (B BE T 25 19; a3~ad: W BLB B 58 70 ¥ 2632 (1) 13 ¥ A8 3 (80 S R O I B8Nk S
0.1 mg/kg; aS~a6: LA B R 7L WAL (T) 5 B AL S (B IE TR VAW P A K 0.5 mg/kg; a7~a8: £ R AE ALK (T)5 B AL (fF)
FLJZ5 H; a9~al0: 2 R FEF AL (T) 5 TIE S (B IL FA B R B KR 0.1 mg/kg; all~al2: £ RIETE IR (T) 5 WALR (E)IL

JRER PG IR 0.5 mg/kgo
B2 FOILGREE R X 2T R AR EACSE () R B AL ()23 1. SRS R 78 i [l ek 5 HPLC-MS/MS a3 %]

Fig.2 HPLC-MS/MS chromatograms of thiophanate-methyl and carbendazim in blank, matrix solution and spiked sample of Hemerocallis
citrina Baroni (fresh) and Hemerocallis citrina Baroni (dry)
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a6 343.1-311.0

343.1-311.0
as .
. 2.559 min N
S 1.5 26
X X
o 1.0 % 4
%‘ 0 ./\r"\_ E 2
0FE 1 1 1 1 1 1 1 1 1 0 1 1 | 1 1 1 1 1 1
05 1.0 15 20 25 30 35 40 45 05 1.0 15 20 25 30 35 40 45

{4 B4 Bt 18] /min

LR 53 B[] /min

a8 92.0—159.9 2391 min

a7  192.0—-159.9

O
A~ O o

05 1.0 15 20 25 3.0 35 40 45
PR BRI} ] /min
a9 192.0—-159.9 2377 min
= )
% 1.0
o
= 05
£ 0 | 1 | I 1 I 1 1 1 1
05 1.0 15 20 25 30 35 40 45
LR B AT il /min
all 192.0—-159.9
2.377 min
S
< 2
o
21
01 ] ] 1 I 1 ] 1 1 ]

1.5 20 25 30 35 40 45

{5 B4 Bisf 18] /min

05 1.0

] S 12
= a1 1.0
m Sos
= =06

1 1 1 1

1
1.5 20 25 30 35 40 45

05 1.0
{8 B[R] /min
192.0—159.9
al0 2.377 min
315
X
@ 1.0
5
éo.s
0 | | | 1 1 ] | 1 1 1
05 10 15 20 25 3.0 35 40 45
£ B4 Bsf (] /min
al2 192.0—159.9
2.377 min

ji] E&/_“{EX]O4
[ R —
o L o W

I I I I 1 I I I 1 L
05 1.0 15 20 25 3.0 35 40 45

£ 88 Bt ] /min

i ala2: VIR RAE WAL (T) 5 WAL (BHIL R ZS [1; a3~ad: WILRR I R 76 WAL () 5 96 46 252 () 5L B 75 Uk P B9 A K S
0.1 mg/kg; aS5~a6: HHEHE B R 7E B ISR () 5 8 AL 3 () F RV W P A K S 0.5 mg/kg; a7~a8: 218 RAE AL (TF) 5 #EAER (fF)
HFAS; a9~al0: 2 R AETAE ()5 MA@ RBR PR IACE N 0.1 mg/kg; al l~al2: ZH R AR (TG HAER @R
R RIS IKE S 0.5 me/ke.
P 2(5%) LRI 5 2 1 R AE B AE S () A BAE S (TR 2 (1 . SRV ORI [T iR HPLC-MS/MS (4,3l

Fig.2 HPLC-MS/MS chromatograms of thiophanate-methyl and carbendazim in blank, matrix solution and spiked sample of Hemerocallis
citrina Baroni (fresh) and Hemerocallis citrina Baroni (dry)

VLA o W b 2 TR R AE 24 )5 2 h RIER AL
(FYRES PG B4 910 1.47 F11.97 mg/kg, 1ETAESE(fF)
RESLH RS B 235k 1.98 #12.20 mg/kg, Hiuk B & i
25 )5 M IR A R e 8O R, M B/ & — R 1% e
B RTZE  AnEE 3 FoR, BEAESE(T)H 2 W RAEVL IR
MBI 1.88 d; 7EMI R IR A R 1.66 do BEAESE
()b Z2 W RIS 1.88 d; 7EWI g 150
AR 1.62 ds
25 BRERERRMERHYZERGAKBUESER

WAL —AER W, 6 MR ZAR R I ZE S ARG 1 d
KM, HYRERR TR A B AR SR (B ) M B AE S () P i R A%

B3R 56 H (i (supervised trials median residue, STMR)43-3|
4 0.065 F10.28 mg/kg, 2514 7 1 # 463 () M 1832 (1)
t1 STMR 4351 0.85 F1 1.14 mg/kg; [EFE 3 d Rk, F%E
fimt B8 R E B AL () A B AL (T)HH STMR 43718 0.032
M 0.12 mg/kg, Z W 2 7EE K (B M E L (T
STMR 43524 0.33 #1 0.53 mg/kg; [EFE 5 d R, I
T R AE WA () A ¥ 82 (T)™h STMR 43314 0.038 Fi
0.10 mg/kg, £ MW RIEWALFEE) ALK (T)H STMR
43920 0.20 F 0.23 mg/kg. 6 B s i B J5 — VR it 24 1]
B 1. 3 15 d, HBLGE B R AE BAESE () A AL SR (T
B AHR R ) 9<0.01~0.33 F1<0.01~1.51 mg/kg; ZH R
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Fig.3 Dynamic curves of thiophanate-methyl and carbendazim residue in Hemerocallis citrina Baroni
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