EE SR (Taiwan Pesticide Science) 13 : 59-78 (2022) WF5E 15 i
DOI: 10.6671/TPS.202212 (13).04

DS T £ 30 AR 1T B35~ SR
e 1 5 7 B o R B R 7

AEERER | BEHEE | REGE | MREEL T

EI T FAE A HRRlee 202 A E BT HRE L EF &
i s REBRTREASY ATHREZ S - LBEEHRE 13:59-78-

AWFTCARBFE T =45 ~ AR~ EE R R E NP EBE R L - RS
% TR R L - ZEBYTIECN) . 2021 5 12 H 30 HEIE »
TFDAP0007.02) #EFT5347 » 20K 53 A LR HEJE AT e BB GG e T E M e & - 3
BRI DUHES ~ 778~ FOR R EITRRER JT AR R SR L RIS IR A Ry 0.01
2 0.05 pg/g ~ FIRTRIIEE B 0.02 K 0.10 ug/g ~ #ERTRMITERE s 0.05 K 0.25 pg/g »
ETFEEHRNEE B ZEFMS > S E 5 RIE HA  (intra-day) F#5 BT R AR
89.8~112.4% - FH¥HEEHE(R7E (relative standard deviation, RSD) /TR 3.4~7.7% » 2 H
i (inter-day) SEFIEIERA Y 88.4~104.7% » RSD A 2.3~9.0% ; @I H A
SEE [E IR A A 89.7~111.4% » RSD A+ A 1.3~4.0% » & H {5 £ 8] I & 17 A
90.9~108.8% * RSD 4R 2.2~4.4% ; HGHFER R H ASEIEIBERA A 74.3~102.6% »
RSD M 2.2~10.1% ; 52 HESEEMLENTA 82.2~99.4% » RSD /1t 4.3~11.8% I
a3 FEZERINE BRI AE 0.01 pg/g ~ FHRAE 0.02 pg/g ~ #FARAHE 0.05
ng/g o ANJTIEHAREVE Ry i 5 B i EE Y E BB R E MBS T A 2F B - KRR ER
JASE ~ HE U R A e R R BT - Ry R -

BB ¢ o5~ G ~ HGERE  OAH R AT BRI E R R e A K

BZHE 202297 H
* SEEAEH ° E-mail: sklin@tactri.gov.tw
VBT 1T T B R SRR A T
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i

FREMIAEE Y (acifluorfen) {LE24k
5-(2-chloro-a,a,a-trifluoro-p-tolyloxy)-2-
TR - R E R H A0 R s R
M o BRI (flusulfamide) L2244
B 2'.4-dichloro-a,0,0-trifluoro-4'-nitro-m-
 FEMRIEHE
MR (O o BRECEIHGHEFE (imazosulfuron)
124 Ty 1-(2-chloroimidazo[1,2-a]pyridin-
3-ylsulfonyl)-3-(4,6-dimethoxypyrimidin-2-
ylurea » FZEJEFHABGER /K FEHHERE O »
/K RESRLE, 3~15 RHEF - At 3 fELE
MR e s GR—E%=) -

WEl R L AR A R R
FE ot R BE R R S AT R A ME©) (maximum
residue limits, MRL) » iUk {8 & B2 & L 22
G HER] - ARG R E SRR EZ G E MRL By
0.1 ppm > FEAR IR H B & ITEE MRL Jy
0.05 ppm Jz {CHFE YK 2H MRL By 0.5
ppm * [MEPITHEIFELEM - HIZEEY
T SR ZE R RE 53 M VTR E Rk 2 AR H8 -
EIHi] CODEX ) k¢ EU ®) [ R3] % ZE A
AEr AR R RE 10 #EHERR SR
BHAFFEARNE - HA 0D HIIHIEE 3 e
Bk Z R EY) < 3T R ARE o

R S SRR o AT 5 iR R R A A
N H TRl R R AR B Uk -
ZEBH N TE (Tu), 1Y 2019 5 5
10 H 32 380 I ) (MOHWP0055.04)

toluenesulfonanilide

A6 2020 1 H 1 HiffT » Booh - R
FINA 2021 4 12 H 30 HEEIE " &AL
VR Rk e vk — S EE R o hT vk
(73) 1 (TFDAP0007.02) @ » FBd &8 7
FFEFHERER IR R K o TR
DU BE 75 3 48 1 T A B v B2 2 L 0H 0 40
fluoroimide @ Zf -

AR IREEE L HE R E A RO
W~ HORFER R AT R - HATRieEE
EMAREEIE 3 HERRE T /T
il BRI Al iR O R il & B AL L Bl A
AP AR T CBYRE - ASRE!
¥HE =THEERIETT ST ER R o W 5E B
FIEHER &7 o RIS E 45 ~ Fmhi
W~ HORFER A HERST » BEE7
By 0.01 52 0.05 pg/g (% 5 HE) > ik T &
nn PSR R R Tk - S EBM T T
% (h) s EITEER ST - g5 F
[ RS A  17.1% Bl 13.3% » FHEHEHE
f7= (relative standard deviations, RSD) %
23.9% B 6.9% o AR [EIER 5 7 Ry
66.2% B 65.6% * RSD Fy 7.5% B 2.5% -
e P S 2 181 R 4 Al Ry 63.1% B
55.4% » RSD Jy 3.2% Bl 3.2% o [a]fifR4
LR SRR R e S E A N
BB AR T AR L O R B
Rl T A MER O HE 0 b 3 FEZERIAY R
{EEEF2ER—FER= - HML TR
an PR R R Tk - S EBM T
O8N EITRERE > ES - #JR
VB~ A A 26 R B B B R A S B [T
HEL RSD ¥FF & b b i i - DA
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Table 1. Physical and chemical properties of acifluorfen 12

IUPAC name

5-(2-chloro-a,a,a-trifluoro-p-tolyloxy)-2-nitrobenzoic acid

CAS RN
Chemical structure

Molecular formula

Molecular weight

Melting point

Vapor pressure

Octanol-water partition coefficient, log P
Solubility in water

Solubility in various solvents

Stability

50594-66-6
Oy OH

FaC NO,
;: "0

Cl

C14sH7CIF3NOs

361.66

155°C

0.133 mPa (20°C)

1.18 (20°C)

250,000 mg/L (20°C)

Acetone (50,000), Hexane (1,000) (both in mg/L, 20°C).

Stable to Aqueous hydrolysis DTso (days) at 20°C and pH7.
Aqueous photolysis DTso (days) at pH 7: 4

R AFTURYECEMLE

Table 2. Physical and chemical properties of flusulfamide

(12)

IUPAC name

2'4-dichloro-a,a,a-trifluoro-4'-nitro-m-toluenesulfonanilide

CAS RN
Chemical structure

Molecular formula

Molecular weight

Melting point

Vapor pressure

Octanol-water partition coefficient, log P
Solubility in water

Solubility in various solvents

Stability

106917-52-6

0O
[ Cl

N cl
_O/ O
\\S F
N7 F

H O F
C13H7CLI2F3N2048
415.17
170.4°C
9.90 x 10" mPa (20°C)
2.8 (20°C)
2.9 mg/L (20°C)
Acetone (189,900), Xylene (5,700), Hexane (60), Toluene
(6,000) (both in mg/L, 20°C).
Stable to pH 4 to pH 9 at 25°C
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Table 3. Physical and chemical properties of imazosulfuron ('?)

1-(2-chloroimidazo[ 1,2-a]pyridin-3-ylsulfonyl)-3-(4,6-

TUPAC name dimethoxypyrimidin-2-yl)urea
CAS RN 122548-33-8
Chemical structure OCH3
= 0 OC\
HaCO \NJ\HJ\H‘#J/; 5
0 |
~

Molecular formula C14H13CIN6OsS
Molecular weight 412.83
Melting point 183.5°C
Vapor pressure 3.5x 10 mPa (20°C)

Octanol-water partition coefficient, log P
Solubility in water

Solubility in various solvents

-0.07 (20°C)
429.0 mg/L (20°C)
Acetone (4,479), Xylene (400), Ethyl acetate (2,200),

Dichloromethane (12,745) (both in mg/L, 20°C).

Stability

Stable to Aqueous hydrolysis DTso (days) at 20°C and pH7. (pH 4:

DTso 7.0 days; Stable at pH 9 DTso > 1 year.)
Aqueous photolysis DTso (days) at pH 7: 3.1, pH 4 DTso = 8.5 days.

FREEL G i

AW FEEE Ml T AR 2E T ]
rhi R R R R s — B T ik
(7)1 (2021 4 12 H 30 HEIE -
TFDAP0007.02) @ #EfT53H7 - 1 B i
A (&) -

— BRE R

HY - RELARELGEES > fE
98.80% * CHEM SERVICE ; # Wi > i
& 99.38% » Dr. Ehrenstorfer ; {f¢:#[E » il
& 100.00% » Wako °

A2 P (methanol) g A7 #k »
Merck ; ZJiE (acetonitrile) J&#T#k » J. T.
Baker ; EBET/K (ELFERHR 25°C Al 18
MQ/em L |) 5 Il (formic acid) ACS #f »
Merck ; ¥E{ZFESN (tri-sodium citrate) ACS
0 Merck ; £ g S #4 (di-sodium
hydrogen citrate) % & 43 MT#l > Merck ; &
1tEM (sodium chloride) Ph Eur % » Merck ;
M7k HRREEE (magnesium sulphate anhydrous)
ACS #k » J. T. Baker ; PSA (primary
secondary amine) % EHTH © Agilent ; [
/8% (ammonium acetate) ACS £t * Merck ;
W% — K5 (triphenylphosphate, TPP) ({E 5

RIS HE B > FEE 99.4% » Dr. Ehrenstorfer

=2
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Fruit and vegetables: add 10 g of homogeneous sample to a centrifuge tube
Cereal grain: add 5 g of ground sample to a centrifuge tube, complete with 10 mL of water, and
stand for 20 min.

Tea: add 2 g of ground sample to a centrifuge tube, complete with 10 mL of water, and stand for
20 min.

l

Add 10 mL of acetonitrile/methanol solution (4/1, v/v) containing 1% formic acid and 10 pL of
50 pg/mL internal standard solution, then add 1 ceramic homogenizer and buffer-salt-mixture ",
and shake vigorously several times

!
Shake intensely for 1 minute (1,000 rpm)
!
Centrifuge for 5 minutes (15°C, 3,000 xg) to separate the extract from the supernatant
!
Place 6 mL of supernatant into the clean-up tube 234
!
Shake intensely for 1 minute (1,000 rpm)
!
Centrifuge for 2 minutes (15°C, 3,000 xg) to separate the extract from the supernatant
!
Take 1 mL of supernatant to dry with nitrogen
!
Add 1 mL methanol and mix well
!
Filtered with 0.2 pum filter (PTFE)
!

Perform LC-MS/MS analysis

1) Buffer-salt-mixture: 4 g anhydrous magnesium sulfate, 1 g sodium chloride, 1 g trisodium citrate

dehydrate and 0.5 g disodium hydrogencitrate sesquihydrate.
2) Clean-up tube I: 150 mg PSA and 900 mg anhydrous magnesium sulfate.
3) Clean-up tube II: 150 mg PSA, 150 mg C18 and 900 mg anhydrous magnesium sulfate.
4) Clean-up tube III: 150 mg PSA, 45 mg GCB and 900 mg anhydrous magnesium sulfate.

B— =5 &R RERRRIOTRE

Fig. 1. Flowchart illustrating the analysis of acifluorfen, flusulfamide and imazosulfuron

residues in agricultural products.



64 EEMESSERIEE G 13 1)

MR BECME 0 15 mL Bz 50 mL > PP
#'E » CORNING ; JEI& : FL4% 0.2 pm -
PTFE #1'5 - Agilent ; &I : 25 mL K
10 mL *» # 6 » BRAND ; & ¥HE O
(ceramic Bond Elut
QuChERS - Agilent ; £ 0 ¢ 1.8 mL » 3%
HWMME - REFEEIEGEZE » Agilent 5 10
mL » BEEME - TR fEZ » Thermo ; %
U« &K IREREE 4 ¢ ~ BHEIEEN 1
g~ @Afbdh 1 g RAEEREE 3 0.5 g3 1
{EHBECE 1 SH/KREEEE 900 mg
PSA 150 mg * M & & 6 mL ; {F#{LH
BELE 1 SFM/KAREEEE 900 mg ~ PSA
150 mg K CI18 150 mg > MR ETT&E 6
mL 5 JFAbFBE LA 1 & /K IR G EE 855
mg » PSA 150 mg % 45 mg GCB » igiRE
A& 6 mL o

FROnTHER B ¢ A BEE SR LR Iz
kDR G A ET RSB LR - 5
K BRI DUt T PR B - B A HUER
500 A FE/E Ry RER AL (sub-sample) » SEHE
BE S WRFME RS (KR -18°C)
e T - RFaBE T BEA -

homogenizer)

T E e EAAGE

W& AH 2 7 8 Shimadzu Nexera series
liquid chromatograpy ; & i % Shimadzu
LCMS-8050 5 2 il K $ % 73 17 % e -
(Version 597 SP 1) k&
LabSolutions Insight (3.6.65.0) = K S :
METTLER Toledo, ME403E - & $£ iR &

LabSolutions

28 © Stephan Prime Cut ° EEf}# : RONG
TSONG, RT-02B - =# 4 &8 E © SPEX
SamplePrep 2010 Geno/Grinder® ° % & IE
FMESEE © Organomation Associates, Inc, N-
EVAP™ 112 - [EiSiR & 2% : Vortex-Genie
2 o BB @ Beckman Coulter, Allegra X-
30R Centrifuge

= A AR

LIE /B @/1,v/v) B LI
ELFAEE DL 4/1(viv) ZLEBIEE -

1% HEZ 0/ HEE (4/1,v/v)
IR - EUHEE 10 mL KNG HIEE (4/1,
v/V) W 990 mL B &)

VY9 ~ BB RHvA I iR

MENFHAIR A - BUEEEREL 0.4 g - DI
Bt R B fEEE R 1000 mL » A FRER 1 mL 3R
G4 DURESEIE - DU B ER B
WA -

B ENFHAI B © EUSIEEZ 0.4 g » DU
PSR 1000 mL » DUSHEEE - BUE
WHEERR EIEYA W B -

T~ BEHEA TR Z BLR

73 B SE A I AR HE =25 > R
BRI~ HORER 25 mg - FETERGE » DLW
BV EARE 25 mL - {ERARHE YR -
Y -18°C BESGHT T - HUiH B AR YE [



DLZ RS 10 ug/mL - f#£{E LC-MS/MS
53 M AR HEVA R

.

7N~ bR B =
BU9E RN 10 g BEREELE
o TAE 1% R 2/ HEE 41
v/v) YR 10 mL 2 50 pg/mL AHESEEHEYS
10 pL - PR INARIZEE A 1
ZEVHR R - LEEOE o BERIEIIR
R - By EERRSIE - DS A
B 1,000 rpm k% 1 4388% - A 15°C DL
3,000 xg BftLs 5 538 o HU LG 6 mL » &
TG B LR T DUESEH D B E DL
1,000 rpm 7%z 1 43 881% » [~ 15°C LA 3,000
xg B> 2 38 o B RIS 1 mL > DLAR
W%z - Y LREE 1 mL 5% - L
0.2 um PTFE JEIE#EIE - fEERWE - LLLC-
MS/MS 3 #

HUER # < BB L 5 g BREELE
e DA 10 mL EEEFAKRESE) 0 R
20 Sy EEfF - AE 1% Hlgz 205/ H
FE(4/1 > v/v) ¥ 10 mL k2 50 pg/mL A
REHEVSYR 10 L » FHKF AR ZITE A 1
PRI A - 2 ROV E E o FERNK
FUIRGRBR - B RS IR - FDAE Sy
BB 1,000 rpm HR¥E 1 8 0 R
15°C LA 3,000 xg Hff0s 5 4388 o B FiEWR 6
mL - BERNFCABELE 1T DUS 38
4EE DL 1,000 rpm k¥ 1 738 - Y 15°C
LA 3,000 xg B 2 538 o B EIEWR 1 mL »
DIERKEMEZ - BEYLHEE 1 mL &

BT 3 MRS RIR Tk 65

f# » DL 0.2 um PTFE JEMEGEIE » 1k
W& » LL LC-MS/MS 434 ©

IR 1 2 AR 2 g BEREELE
o JIA 10 mL EEEFAKREEE) R
20 SrEEfiEH - IMAE 1%H B2 2 H
FE(4/1 > v/v) ¥ 10 mL Kz 50 pg/mL AR
FRHEVAWE 10 uL » K INAB 2B A 1
PRI & EREOE S - FERIE
FUIRZRBR - [ RS BE - B DAE
BUEEE Y 1,000 rpm fR¥E 1 LR 0 R
15°C L 3,000 =g f#ft0s 5 538 - HUEIEWR 6
mL - BENFEHEEOE T DiEs s al
SEELL 1,000 rpm k% 1 738 - Y 15°C
L 3,000 xg B0 2 538 o U E3EW 1 mL >
DIZRWK WGz - Y LHEE 1 mL 3%
fi# » DL 0.2 um PTFE JEEGETE - H{EH
W > LLLC-MS/MS 7347 »

i R Lt 2 T o A T PR 5T A it R
EARETE RN - SR EE
R A —EEZMAGTHEX - "T&Mh
VR R AR B vk — IR b vk
(%) o BEEE TN HESSIRAR - fE R B
filz%E @ .

L~ EHERG B LB ULk &
PR o Bl

SrATEL 1 pg/mL BEELZE ~ BRI ~ K
PRI 2~200 uL 2 5.0 ug/mL AIEREE
HEYSWR 10 L FEIIA R EEEIgERE k1
mL - REHEE 0 R 0.002 ~ 0.005
0.01 ~0.02~0.05~0.1 }2 0.2 pg/mL g
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) > LU LC-MS/MS 4347 » FIIF e 4 it Bl
TR F B AR A A

SNz A o W BRI A AR
HE G2 e BB 0 S AIEE 1 mL A
ZRWREMIFZ - 43 HIMA 1 pg/mL AHERS
1 2~200 pL Kz 5.0 pg/mL ERAEHEVATR 10
ul > FIDAGE 2 FHEEREE S 1 mL - &
&y BER 0.002 ~ 0.005 ~ 0.01
0.02 > 0.05~ 0.1 }% 0.2 pug/mL & FE VLR
AR » DLLC-MS/MS Z3#7 » F1) % $&m
T B R A B AR A A B AR -

I\~ GRAR I TG

W AHRE AT R ] CORTECS™ UPLC®
C18 EH&H (100 mm x 2.1 mm, 1.6
um) ~ JEATERERE Ry 40°C « BAEE R0
(=) ~ BEITHATR © A ¥EL B WL
e A HE 1T BB RE 4 M~ BB ENAH T © 035
mL/min ~ A& : SpuL °

B R 2 BE T IR BRI R ek
(electrospray ionization) » 14,25 1EFE fa e B4 7
fap = ~ SLHIEERE (interface voltage) 437! Ey
1 kV F -1 kv ~ FLIHE 18 (interface
temperature) £ 250°C -~ 7% 1k & #8 i 3H
(nebulizing gas flow) £y 3 L/min ~ JIEGRHSTT
K (heating gas flow) %y 15 L/min ~ By
IR (DL temperature) £ 200°C ~ §ZSR Haa
J& (heat block temperature) % 350°C ~ HZEESR,
HEUUHE  (drying gas flow) £y S L/min ~ {HHlIf5
B H % & ¢ HE{H ]  (multiple reaction
monitoring, MRM) #[1 (F11) °

Ju~ SRR b B E

PO S E UL B AR = AR L (matrix-
matched calibration curve method) » fHE &
AU S 548 VS P b SRS 5 ul - o3
A AR BT B A - i B
BB VLI A S AR VA TR P 1S SR e o2 i R IRE
% 8 I FEE A B B oR s (RN)
Az AR N HEH R ECK R RS

“& (ppm) :

PR AR (ppm) =

C : HHEZE . SR VLEL G ARG
WHIREEZ IR (ug/mL)

V : ZERUREE & 1% FEEE ZNE/H
B (4/1,v/v) ¥R HETE (10 mL)

M : BT ihate e HE (2)

-~ RIMECR R

PUIHE ZE A e 10 g CRAEERH#E 5
g » #kRIL 2 g) > S HIERINEE S 25 ~ i
W~ MGRFERRHE ShyA R - B AR i
FEFs 0.01 J 0.05 pg/g @ BUEARMM R Ry
0.02 k2 0.10 pg/g » FRAARSLERIE Ry 0.05 K¢
0.25 pg/g > 7 I AERE B FR AR
5 fEE EMRAERE - WK ITRRIZ
Rt BRlE - 2 nETRIBA 6 EE)
KEHME 3 EE) 247 - LI LC-MS/MS
HETT AT o DI IS BE 25 ~ S
P~ ARG P 7 I & i B r ] B T A - 05 )
B RL B VU RO AT HE S EEIRER G G E | - TS



T A R B A U B 2 [ IR E A Y 60~
125% » RSD JE/[NIA 30% » fifF k& S ffR
itz H 5 5 5 EIREHEIRE BB
JEAHA 70~120% » RSD JE/NFA 20% -7 o

5 B MR (imit  of
quantification, LOQ) #FF{d

R/ RBE TR BBE R E GG
Table 4. HPLC gradient conditions

eavARR =S JE it 3 -y

RIS MERRR - R Ry 0.01
ng/g » FE R 0.02 pg/g 0 B 0.05
ng/g - HEHEIKRFRFE 60~125% >
RSD JE/NA 30% - & st 3R /A e
(signal/noise ratio, S/N ratio) = 4> K *
10 - EEEEFEADKRR 3 DU R EE
MR FEATRAE 7 o

Time (min) A (%) B (%)
0.0>20 99 — 50 1 —50
2.0 > 8.0 50 - 30 50 > 70
8.0 > 15.0 301 70 — 99

15.0 > 18.0 -1 99 —> 99

18.0 > 18.5 1->99 99 —>1

18.5 - 20.5 99 - 99 11

KA DES

AR KREZZEREBEARNZE (LC-MS/MS)

Table 5. MRM parameters employed in acifluorfen, flusulfamide and imazosulfuron analysis

Quantitative Qualitative
Compound IorrlIllzoazlon precursor(m/z) > Q1/Q3pre Collision precursor(m/z) > Q1/Q3 pre Collision
Product(m/z)  bias (V) 2 Product(m/z)  bias (V) < &Y
™) ™)
acifluorfen ESI- 360>316 26/22 9 360>195 26/21 27
360>286 26/30 16
flusulfamide ESI- 413>171 15/17 35 413>349 15/16 27
413>179 15/17 38
imazosulfuron ESI+ 413>153 -21/-15 -14 413>156 -21/-15 21
413>258 -21/-27 -25




68 EEMESSERIEE 5 13 1]

/N BREDITZEHBET RERRARTFERENT

Table 6. Recommended maximum tolerance levels for ion ratios detected using LC-MS/MS

Ion ratio (%)

Tolerance (%)

> 50
>20~50
>10~20
<10

+20
+25
+30
+50

AW S AR I8 5 A TE AR R L EE
HENGZEMEERETTE © DIR2E
B R ARBE TTIE R O BLEEETT - S ETT
EIRCREAES - FFALHRS RS (precision) ~ #E
e (accuracy) FIP[{SHEE (reliability)

— > R BB R

3B R B2 ~ A~ HGERE
P HE ki & 4% (standard calibration curve,
SCC) k A B UL it &= #t
calibration curve, MCC) » H.#&i[#E k 0.002
pg/mL 2 0.2 pg/mL (& BE0YVREEE 7 0 ks
0.002 ~ 0.005 ~ 0.01 ~ 0.02 ~ 0.05~ 0.1 Jz
0.2 pg/mL) » HrfREE 25 R ARG P Y AR HE
T AR o R [0 B 7 A2 =X E R R B3 )
Ry 0.9973 Jx 0.9984 - .M Jak rr i [ Il oy
0.002 pg/mL Z 0.05 pg/mL - HE#ERG EHf
b [al i R U AR AR B A Ry 0.9975 5
HEREE R HE ~ 718~ PRI EE
= PUNLTY a6 o & SE A A b= v s R
Zr L AHBA R 3 R 0.9965 ~ 0.9975 »
0.9990 k2 0.9958 - sz < AHREA TR BT

(matrix

By 0.9985 ~ 0.9987 ~ 0.9991 Jz 0.9984 » %
T A A 6 B A By 0.002 pg/mL = 0.05
pg/mL » HAH B 4R B A R 0.9970 -
0.9975 ~ 0.9981 Jz 0.9960 » | ififs EAHs
RN L I R 0 [ O AR M BRI AR R -

GG B o T B R
HE PR - KIEFTEE Z A &
f (SCC) MAEEVLEME &R (MCC) @
75 scC HfE=Uk McC DL [
= (MCC Z#}E-SCC Z#HER)/SCC &2
BERx100% ] FFEAZ » KELBEUER
REEEHE - ITE - AREEER A
R (Rb) o EEEMERIEERER
TRIGIE 0 Ry BERF ORI - 2 I ey
TERAEE 20% - HIE B R 18 KB R K]
o WREUR BRI PR RS R
W 20% » HGHFE A TTEE S i R EHAR
1l BE B 3 N 2 BB B ey g v - AR
H R iE R EMEN - AR EE
VLfiits SmAREIT EME RE & TR H
ST SESE 22 MR RE B2 ~ BRI
A SR I 97 B TR PRI B A SRS At HH R - R
TRk YA G T ER e HE -
REEAF ~ AR - ORI R B AE

VCFCAR e Sy < T R 4 (fl — = [ ) -



=~ BN EpBeE SR

AGREETTIR S AT B » RIFFAL R
FH A BB A HE o B RS BRESCEDK - TORfE
AR AT 5 R R AR
- HBEM R DUH B ~ 778~ PR Rk
T IEIBCREES - R AR L TP IR IR
FE %5 0.01 pg/g GE SEMIRFFAGIRE) 5 0.05
ng/g (5 f5E EMRFEALREE) » BHEA
FPIRIIIRE Ry 0.02 pe/g (E RMIRFEAL 5
) K 0.10 pg/g (5 £%5E = MR FE A =
) » BRI IIIRE By 0.05 pg/g (E
EMREFEARIRE) 5 0.25 pg/g (5 1% 5E Eii
FREFALIRELD) » HEFTFEIHMA (intra-day) Eil
5 H [# (inter-day) ZFFAli » REE 5 R FEIH
P EIBCE AR 89.8~112.4% » FHEHE
#Efm 7= (relative standard deviation, RSD)

BT 3 MRS RIR TR 69

I 3.4~7.7% » 52 H I EER AR
88.4~104.7% » RSD 11/ 2.3~9.0% ; Rk
W A H A2 E R AR 89.7~
111.4% » RSD /A 1.3~4.0% » ¥ HESEYY
[E] I 3R A1 A 90.9~108.8% * RSD 1 Y
2.2~4.4% 5 MO AR H A SEIEISGR A
A 74.3~102.6% * RSD /M2 2.2~10.1% »
H S R A A 82.2~99.4% » RSD A1
R 43~11.8% » A1 (FRANERT|) - bl 3
TR EE » NE RS IR 2 [EICRRT
& 60~125% » H RSD /N 30% ; A 5
G E Em R IRE 2B KRR/ G
70~120% + H RSD ¥5/MA 20% » ¥ 55 &1
EiEFlE R MY EHE NS RMEE
R T AL © DU 2 F B
JIEMERL O B -

RC DES  AMBAKRENAE LEEPRIEEE

Table 7. Linear ranges of acifluorfen, flusulfamid and imazosulfuron in solvent and matrix

compound crop linear range lin.ear equation 1in§ar equa}tion matrix
name (ng/mL) in solvent in matrix effect (%)
acifluorfen cabbage 0.002-0.2  y=2108252 x+90 y= 2602266 x-666 23
kale 0.002-0.2  y=1969505 x-176 y= 2714804 x-299 38
rice 0.002-0.2  y=2021208 x-222 y= 2244638 x-689 11
green tea 0.002-0.2  y=2015647 x-259 y= 6244013 x+3908 210
flusulfamide  cabbage 0.002-0.05 y=110156100 x-4805 y= 110584500 x-10640
kale 0.002-0.05  y=112070600 x-3868 y= 111620400 x-9403 0
rice 0.002-0.05 y=113928300 x-684 y= 114771400 x+3126
greentea  0.002-0.05 y=113151800 x-6426 y= 93037970 x-6629 -18
imazosulfuron cabbage 0.002-0.2  y=19730160 x-1408 y= 22845730 x+4924 16
kale 0.002-0.2  y=17545410 x-5788 y=22043840 x-2218 26
rice 0.002-0.2  y=17522450x-1017 y= 17868270 x-2990 2
green tea 0.002-0.2  y=16380760 x-5481 y= 19700000 x-76 20
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 BESANEENREELEHE () B () 001 pgnl - (0 HTEEAE

B (d) PHEEED 001 pg/mL -~ (e) FEEAEE () NIAEEES 0.01
Mg/mL S (g) AKZEAEE ~ (h) REXEER 001 pg/mL ~ (i) HRZEHE
~ () MAEREEH 0.01 pg/mL °

. Representatwe mass chromatograms of (a) solvent, (b) 0.01 pg/mL acifluorfen, (c)

cabbage blank and (d) cabbage matrix fortified with 0.01 pg/mL acifluorfen; (e) kale
blank and (f) kale matrix fortified with 0.01 pg/mL acifluorfen; (g) rice blank and (h)
rice matrix fortified with 0.01 ug/mL acifluorfen; (i) green tea blank and (j) green tea

matrix fortified with 0.01 pg/ mL acifluorfen.
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Fig. 3. Representative mass chromatograms of (a) solvent, (b) 0.01 pg/mL flusulfamide, (c)
cabbage blank and (d) cabbage matrix fortified with 0.01 ug/mL flusulfamide; (e) kale
blank and (f) kale matrix fortified with 0.01 pg/mL flusulfamide; (g) rice blank and
(h) rice matrix fortified with 0.01 pg/mL flusulfamide; (i) green tea blank and (j) green
tea matrix fortified with 0.01 pg/mL flusulfamide.
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Fig. 4. Representative mass chromatograms of (a) solvent, (b) 0.01 pg/mL imazosulfuron, (c)
cabbage blank and (d) cabbage matrix fortified with 0.01 pg/mL imazosulfuron; (e)
kale blank and (f) kale matrix fortified with 0.01 pg/mL imazosulfuron; (g) rice blank
and (h) rice matrix fortified with 0.01 pg/mL imazosulfuron; (i) green tea blank and

(j) green tea matrix fortified with 0.01 pg/mL imazosulfuron.
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Table 8. Results of recovery tests performed on samples fortified with acifluorfen

cabbage kale rice tea

Concentration of Intra-day Inter-day Intra-day Inter-day Intra-day Inter-day Intra-day Inter-day

acifluorfen in
sample (pg/g) Average RSDAverage RSDAverage RSDAverage RSDAverage RSDAverage RSDAverage RSDAverage RSD

Recovery Recovery Recovery Recovery Recovery Recovery Recovery Recovery
rate(%) (%) rate (%) (%) rate (%) (%) rate (%) (%) rate (%) (%) rate (%) (%) rate (%) (%) rate (%) (%)

0.019/0.022/0.05% 104.4 4.0 102.6 4.5 103.6 7.7 104.7 9.0 990 37 991 54 1124 3.4 1045 6.7

0.059/0.10%/0.25  89.8 38 96.1 6.0 958 53 968 72 906 45 884 23 916 35 896 25

1) Test concentration in cabbage and kale
2) Test concentration in rice
% Test concentration in tea

RN~ EWURORINEIMCEER R B 4

Table 9. Results of recovery tests performed on samples fortified with flusulfamide

cabbage kale rice tea

Concentration of Intra-day Inter-day Intra-day Inter-day Intra-day Inter-day Intra-day Inter-day

flusulfamide in
sample (ug/g) Average RSDAverage RSDAverage RSDAverage RSDAverage RSDAverage RSD Average RSDAverage RSD

Recovery Recovery Recovery Recovery Recovery Recovery Recovery Recovery
rate (%) (%) rate (%) (%) rate (%) (%) rate (%) (%) rate (%) (%) rate (%) (%) rate (%) (%) rate (%) (%)

0.01/0.029/0.05%  102.6 3.7 1049 2.5 1102 3.1 108.8 22 1112 2.1 1072 34 1114 1.5 106.2 43

0.05"/0.109/0.25Y  89.7 2.1 943 44 959 4.0 947 39 952 1.3 909 4.1 940 25 932 29

Y Test concentration in cabbage and kale
2 Test concentration in rice
% Test concentration in tea

_+  REE RN IR SRS

Table 10. Results of recovery tests performed on samples fortified with imazosulfuron

cabbage kale rice tea

Concentration of Intra-day Inter-day Intra-day Inter-day Intra-day Inter-day Intra-day Inter-day

imazosulfuron in
sample (ng/g) Average RSD Average RSDAverage RSD Average RSDAverage RSDAverage RSD Average RSDAverage RSD

Recovery Recovery Recovery Recovery Recovery Recovery Recovery Recovery
rate (%) (%) rate (%) (%) rate (%) (%) rate (%) (%) rate (%) (%) rate (%) (%) rate (%) (%) rate (%) (%)

0.017/0.02%/0.05% 98.8 75 994 4.6 102.6 7.8 989 54 862 6.7 952 118 822 83 925 98

0.059/0.107/0.25%  86.4 6.6 919 57 90.1 10.1 868 43 787 25 856 8.1 743 22 822 84

Y Test concentration in cabbage and kale
2 Test concentration in rice
3 Test concentration in tea
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Table 11. International MRLs of acifluorfen, flusulfamide, and imazosulfuron in crop products

MRLs (ppm)
Pesticide
Taiwan ' Codex?  EU? USA 9 Japan ¥
peanut 0.1, rice 0.1 soybean 0.1, peanut 0.1,
acifluorfen dried beans 0.1 -9 -9 soybean 0.1, pea;sdg;rll;rl;eeagslo.l,
Strawberry 0.1 other vegetables 0.1
. potato 0.05, Taro 0.05,
flusulfamide Cablk():i 6006055 -9 -0 -9 sweet potato 0.05,
’ 40 kinds vegetables 0.1
imazosulfuron rice 0.5 -9 -0 -9 rice (Brown rice) 0.1

D SRR ET EATAE - 2022 4 4 [ 19 HERATH 1111300311 SRS E1E ©

2)

3 Obtained from the EU Pesticides Database ©®
4)

Publishing Office 10
5)

% No data

Obtained from guidelines in the Codex Pesticides Residues in Food Online Database
Obtained from the “Electronic Code of Federal Regulations” produced by the U. S. Government

Obtained from the Japan Food Chemical Research Foundation (1D
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Establishment of an LC-MS/MS Analytical
Method to Assess Acifluorfen, Flusulfamide
and Imazosulfuron Residues in Agricultural

Products
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Abstract

Chuang, W. C., Huang, C. H., Shyu, T. H., and Lin, S. K. 2022. Establishment of an LC-MS/MS
analytical method to assess acifluorfen, flusulfamide and imazosulfuron residues in agricultural
products. Taiwan Pestic. Sci. 13: 59-78.

Many pesticides have established maximum residue limits; however, some still lack
methods to test for these residues. This study established an analytical method for testing
acifluorfen, flusulfamide and imazosulfuron residues in agricultural products. Our method
analyzes agricultural extracts qualitatively and quantitatively using a liquid chromatography
tandem mass spectrometer and was developed using the “Method of Test for Pesticide
Residues in Foods-Multiresidue Analysis (6)” (TFDAP0007.02) as a reference. We
validated our analytical method using cabbage, kale, rice and green tea as test materials.
Vegetable samples were fortified at levels of 0.01 and 0.05 pg/g. Rice samples were fortified
at levels of 0.02 and 0.10 pg/g. Green tea samples were fortified at levels of 0.05 and 0.25
ng/g. For acifluorfen, average inter-day recovery rates ranged from 88.4~104.7% (relative
standard deviation [RSD]: 2.3~9.0%), and average intra-day recovery rates ranged from
89.8~112.4% (RSD: 3.4~7.7%). For flusulfamide, average inter-day recovery rates ranged
from 90.9~108.8% (RSD: 2.2~4.4%), and average intra-day recovery rates ranged from
89.7~111.4% (RSD: 1.3~4.0%). For imazosulfuron, average inter-day recovery rates ranged
from 82.2~99.4% (RSD: 4.3~11.8%), and average intra-day recovery rates ranged from
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74.3~102.6% (RSD: 2.2~10.1%). Limit of quantification (LOQ) values for the three
pesticides were 0.01 pg/g in vegetables, 0.02 pg/g in rice and 0.05 pg/g in green tea. The
analytical method developed in this study can be applied to detect acifluorfen, flusulfamide
and imazosulfuron residues in imported, exported, and other commercially available
products, thereby safeguarding food safety. Our method can also serve as a reference in the
development of additional testing methods by the Food and Drug Administration, Ministry
of Health and Welfare.

Key words: Acifluorfen, Flusulfamide, Imazosulfuron, liquid chromatography tandem mass
spectrometer, method validation



