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Fig. 1. Amitraz metabolic pathway.
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8% © Z & (Acetonitrile) & BTk - J.
T. Baker ~ KBt T 7k (LA 25CH]3#
18 MQ/em L 1) o MRS (tri-Sodium
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(di-Sodium hydrogen citrate) & &5 Tk
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2,4-Dimethylaniline
CH,
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#i(Amitraz) » FiEE 99.8% » Sigma-Aldrich
DMA (2,4-Dimethylaniline) * #iiJE 98.6% °
CHEM SERVICE » DMF (Amitraz Related
Compound A) » fifE 100.0% > U. S. Pharma-
copeia » DMPF (Amitraz Related Compound
B) » #i & 100.0% ° U. S. Pharmacopeia
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# > Thermo o ZZHUH Ry B © & 7K I e
B4~ EALIN 1 g MUEIREA | g RS
FRE 8N 0.5 g - IHMLHBELE © SRR
F&$E 750 mg Jz C18 250 mg @ iR B (i &
5mL -

IETHER R A LA B IR S YT
BIRBRHETYI/NE - He DR G
HEITYIE - EIRFE INHZ vkEE g5 L B
Py B ST A 0 FE R HUH & AT R R
fif MR E REITHN - ERTER
-20°C Hh oo MR AL ERRAMRR - KED
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RS DR G e T E - DB ZE
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B EfiE - O SRR DL Z G ke 2
10 pg/mL - BUZZ AR lE - AORES TN BB AR
i TR BB A= 1 mL 2L
ZARKEMIFZ » 53 RIMA 1 pg/mL EEHERA
W 5~200 uL (H:r gy 2~100 uL) » FEA
A ZIEHEREER 1 mL REHE -

RN TR T 434 » BB 2 =R R
R EYIRE » BAFRL 0.005~0.2 pg/mL
(AR 0.002~0.1 pg/mL) ZFEB VT
PO g AR

= BRI & B

AU GERSZSE
QuEChERS J5 3 © 101823 3f7 fii1 DL &
% - BEZEEhYEE Sh o = E i R HAA G E Y
RN B EETRAE (8
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SPAEGIE ZAIUA ~ A~ R FLE
AT 10 g BREUIE IR #ER 2 g -
FEREREE - B 50 mL BEOLE T - A Z
f& 10 mL » B2 3 4388 - FHRIFIIAZEEY
Ryl b P idaen 1 0 #F LEoE
%= v FERIBR R » BB AEAS R
LU S B B R 1000 rpm $R %2 3 408
#% A 15°C L4000 xg B0y 5 5388 o BY |
B 5 mL - #REERHE - BRI LA
HELE - DLEd s BEEE DL 1000 rpm k%
2 SrgETR 0 A 15°C DL 4000 xg BELy 5 43
$ o B FIEVR | mL - FRIEEGRIE - fE
Wk » DL LC-MS/MS 43 H7 o

Y ~ Jr b e B ferpt:
Y& AH J& M7 % Shimadzu Nexera liquid

chromatograpy ; E i Shimadzu LCMS-
8050 -
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FEREIY 10 g 3B (BN ~ FE ~ BT ~ 265 - 2F00)
FETHHN 2 ¢ R (IR
!
PRI 10 mL 2R  BIZURE 3 438
FHINAZERL IR A © e PazssaEa 1 8 - B R EEK
!
DU BERERR 1000 rpm fR¥z 3 705
1
A 15°C 4000xg By 5 43
1
I35 5 mL BEHAECHIBELE © GEESIUE)
!
LU= R ERY 1000 rpm ke 2 778
1
J& 15°C 4000xg B0y 5 538
1
Y 1 mL _FiEW%
!
LL0.2 pm BEGHETE (PTFE) » fAFERR
1
LLLC-MS/MS 434t
O ZERURRE  SIKIRREEE 4 2 - GULEN 1 g - EREEN | g - MEEREE N 05 g -
O LB ¢ SEKIFEEE 750 mg J C18 250 mg -

B - #WEMP=DWNAEAHEY ZEERBONTERE
Fig. 2. Flow chart which illustrates the methods used to test for amitraz and its metabolites in

animal products.
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(—) BRH e e e 0 4 S AR+

J&#7% : CORTECS™ UPLC® C18 >
FE 50mm > AL 2.1 mm » R 1.6 um °

JEATERIE © 40°C ©

BEIHAE © A WE B WL (F—)
BRI HEA TR 53 AT -

& FHE © 0.3 mL/min -

EAE S5uL

EHNE B (Capillary voltage) : B jE
HEF{LIE#EF (ESIY) A 1kV e

BT JR 1R % (Source temperature) :
150°C -

IR BUR S (Desolvation tempera-
ture) : 350°C -

EMIEE L« 2 E R FE{EH] (multiple

reaction monitoring, MRM) °

R—  RERB TS EIELE GG
Table 1. HPLC gradient conditions

BETE  HERRSEFERE (cone voltage) Eil
hif&HER (collision energy) FflE (&) »
() 3 ak5E b & B llE -

R B BE A ES 53 B IR R AR HE VA TR
ARG T E R - 208 N5
EEETT oMY » AR IR B AR HE Y VR P 15 B e
TR IR ] S 26 I A A S e D
#A (K= o WA TFHIEHREAK it i
R & & (ppm) ¢

REbT=mmkRHEYCEE
(ppm) =CxV/M -

C: HABLEHER KGR =
Rl R AR E V) 2 R (ug/mL) e

Vi FHfE ZIETEE (10 mL) -

M B irieie < HE (g) -

Time (min) A (%) B (%)
00> 1.0 99 - 10 190
1.0 5 2.0 1051 90 — 99
20532 151 99 - 99
32535 1599 99 > 1
35550 99 - 99 11

R ZDWFARRECZEREBERARNSEH (LC-MS/MS)

Table 2. Parameters of multiple reaction monitoring for amitraz and its metabolites (LC-MS/MS)

Analyte Quantitative Qualitative
Item ticid Chinese mode Precursor (m/z)> Cﬁ:e CE  Precursor (m/z)> Vcl(i:e
PESUCICe  hame Product (m/z) Vo(v)ge (eV) Product (m/z) o(v)ge (eV)
1 Amitraz  =nafis  ESI+ 294>163 20 14 294>122 20 32
2 DMPF ESI + 163>122 50 20 163>132 50 20
3 DMF ESI + 150>107 10 20 150>123 10 10
4 DMA ESI + 122>107 20 20 122>77 20 20




=Rl M AR Tk 83

RS EEAZAYBTAESATRIHE

Table 3. 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

h. > JIERhER L BB N e

AW Fesek B A 8 gEYE
HENSZCEMEERETE O k2
% B PR A T vk (0 15, 1617 R A
B W = e [R] B e i e 17 = e R HL AR
A EE Y Y e B T TR R o B A A
~ E MR o DU EY) R R [ER
b - ORI~ 5 FEI
#E - FARFEBOHSE 6 FEE 535K
FF WL ~ M ~ BB~ ARG - ARE
e B PO R o B — A HE i = il e AR
EYINIEE AT E (B =) - FAERCERER
B e i AR IO SR HI 43 B =R B DMA
LAk DMPF B2 DMF Rl 53 BT IR AN E
i > AL 0.01 ppm Fz 0.05 ppm R i
HETT KR S o fhAb - BB EEAL I
e R = BEATME o o3 1 B B B B A iR
i > DL 0.05 pg/mL JREEHETTREA, » FELL
B 53 BT 1% o BT 0 AR AR I DLUER
B oo HorbE EEE R E R R 80~
120% I » RoR B @2 28 F R R
60% HII 7R EE L3RG H B 2
1B » GRETFIREIIE 140% DL ERE -
RIS B K vl by st 1 3% -

N~ B IR R

A8 AT o B T S SR B A Y = Rl g e L
R YA ER 77 - BEEEINMER 2 E R
BERSRE AT < M B BT - ANE N DK
KARRE BB EY i E =
7 5 SRR OK B B K o e s B B
O~ BABREEHESSERTOL - MHE
EAPREES - 2EAERBER D HIR
NFE > pERERERGERAR ~ 21k
B4R ~ FrdtmBuN 4R ~ 24
TR EERR ~ 21 i BURN fi 4 R A A i
R AL EEY)E B i s AR B A - SRR 12
K iR ER=E2EEE - EEAN
EEEITERER AR - BRRER
H] » HEEELDASRER - AR AR
PR B = [ 3 [RGB o AR AR S A
aBEA R - U R AR A AT
B BB B SR A TR SRR - M E
GGG ERIE £ o BB R KIS RN
AR RS A AR - i 0.01
ppm JRFEHE - HEEERTE 60% £ 125%
M - Bia=El%E Y (Between-Laboratory
Coefficient of Variation, RSD%) LA 45% %
FLHE 5 SIPRAN 0.05 ppm IR - HEIKER
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1 70~120% [G] - EEr=EEEELL 32% SBEBE=EARKIE - HERTIERSERE
Ry iHE » RIEEE =M ILEGREBI A RN AR 7 B R 2%
RO D EER (R o RS EEBEEFE K-

TR - S EE = AT AR HE S OE - S

RO BEREEHEASERNTEEBAREER
Table 4. Specification requirements employed by laboratories in validating our analytical methods
Relative standard deviation (RSD, %)

Concentration range (ppm)

Repeatability Intermediate precision Reproducibility
>1 10 14 16
>0.1~1 15 18 23
>0.01~0.1 20 22 32
>0.001~0.01 30 32 45
<0.001 35 36 53
(a) 204>163 || (b) 163 > 122
Amitraz 1.340e+008 DMPF;1.12;1639185.75 3.732e+007
100 506 100
%é 4905152.00, . % A .
=77 71 min 01— 77 min
F4:MRM of 2 channels, ES+ F3:MRM of 3 channels ES+
294 > 122 163 > 132
Amitraz 3.364e+007 DMPF;1.12;955704.31 2.298e+007
100 206 100
%3 959332.38& _ %é .
O“———T7Tr 7717 min 01— 77 7T mn
2.000 2.500 1.000 1.500
(c) 150> 107 || (d) 122 > 107
DMF 5.062e+007 DMA;1.25;26639.90 7.718e+005
100—= 1.42 100+
% 1628829_38& || %2 092 113 J\\ 1.43 .
0||r|\|||||||\\\\|||\mln 0 L e e B T e R B B min
F2:MRM of 5 channels,ES+ F1:MRM of 4 channels ES+
150 > 123 122577
DMF 1.070e+007 DMA;1.25;23197.87 7.103e+005
100+ 14 1004 .
%3 345914.03 ) %3 113 1.44 174
0T+ 71— 77— min T 0
1.000 1.500 1.000 1.500

8= =Z WA EHEY(DMPF » DMF K DMA) 0.05 pg/mL 2 & 8 82 E £ BT B AT
Fig. 3. Quantitative and qualitative test results for ions of (a) Amitraz, (b) DMPF, (c) DMF
and (d) DMA (0.05 pg/mL).
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BEHREE AR 0.002~0.2 pg/mL [ - r HA
A 0.9976~0.9999 (£ 71) » [EIBEREREE RN
BREESA TRy 0.01 ppm 2 0.05 ppm A& FEEE

=Rl M AR Tk 85

Brp o =R EISCER 44.0~79.4% 0 R
2 R R [E R, - HEEHOHEE R
0.01 ppm ZRIMEEESE DMA FIAHEHEHE RS
(RSD) %y 28.8% MAE 0.05 ppm HRAMRELHM
DMPF B3 [E Iy 67.9% 4 » Hig=
A EY) Z BICEERE R 70~120% &
] H A S A HE AR 22 /Ny 20% (RN ER
1) - FHEEEMR (LOQ) &L =nilH K

KA —DRWEERHEYNREBT SRR ELZECRERBE L ERIERE

Table 5. Linear ranges and linear coefficient obtained from calibration curve of amitraz and its

metabolites, as detected by LC-MS/MS

Pesticide Chinese name Retel(lltrllci)l?)tlme Ll?jg/rnrlin)ge T

Amitraz ECHL 2.06 0.002~0.2 0.9976
DMPF 1.12 0.002~0.2 0.9979
DMF 1.42 0.002~0.1 0.9999
DMA 1.25 0.005~0.2 0.9987

[N BYERT=DHLERBEDNRGR - AL 2RBEHRER

Table 6. Test results showing the recoveries for amitraz and its metabolites in animal products

such as beef, pork and pig liver

Beef Pork Pork liver
Chi Spiked Conc.  Spiked Conc.  Spiked Conc.  Spiked Conc.  Spiked Conc.  Spiked Conc.
Pesticide 0 0.01 ppm? 0.05 ppm" 0.01 ppm" 0.05 ppm" 0.01 ppm" 0.05 ppm"

name
R?» RSD R» RSD R?
) ) ) ) ()

RSD R» RSD R» RSD R» RSD
) ) B ) ) (B (W)

Amitraz =7al; 542 3.2 60.7 4.1 54.7

DMPF 859 1.9 90.5 2.7 83.2
DMF 899 1.9 945 21 92.4
DMA 942 53 106.8 5.7 70.1

2.8 663 0.5 440 28 683 24
3.8 909 038 994 3.1 81.8 3.8
2.4 969 23 80.8 5.1 925 6.7
6.2 1122 1.0 754 184 850 28

R: Recovery. RSD: Relative standard deviation.

' Results of fortified recovery tests of different concentrations.

2 p=5.
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HARB AT 0.01 ppm FAEE S EIKER
ARG RIS RAKEKRD) » Kk
R b Ak RO E O o iR
r e 5 i [ /71 2>0.001 ppm~0.01 ppm &
il - HEIERE#H AT 60~125% &
fil » RSD ZHTE 30% LUF » AikEa&AE
7R M:Z DMPF » DMF k2 DMA I35 5145
IR = P NS N )i ieR R 07
% DMPF Jk; DMF |fij it & [a] I K 4R 15
(44.0~70.0%) » KIFLARBEABR AL R - K=

i B H AR EE P LOQET F5 0.01 ppm
HR =mi R LR A& 0.01 ppm »
(K] bt 55 1A B B = 1 Ak R B B — O B A
0.005 ppm AYHIELAT IR o BB e R i
N AR S A3 A R W R A D
HOR 22.8~93.2%) KFEHTFAE DMF i
DMA HBH#EEH NS (17.0~53.8%) 4 -
HEgAERER RS R/ - =
TR R WO E - QAR ZERY [EISEER -
AR 228K - Ry aT = Rr =]

R BWERT=DHAERBEDNESR  FPAEROR BB EARGER

Table 7. Test results showing the recoveries of amitraz and its metabolites in animal products such

as eggs, milk and pork fat

Eggs Milk pork fat
Spiked Conc.  Spiked Conc.  Spiked Conc.  Spiked Conc. Spiked Conc.  Spiked Conc.

Pesticide r?;lr;neese 0.01 ppm" 0.05 ppm" 0.01 ppm" 0.05 ppm" 0.01 ppm" 0.05 ppm"

R?» RSD R?» RSD R?» RSD R?» RSD R?» RSD R?» RSD

) 0 w ) B ) ) ) ) ) ) (W
Amitraz =gl 57.8 2.6 60.3 3.6 64.8 5.6 794 9.0 70.0 7.1 67.1 0.7
DMPF 924 1.6 87.1 0.7 97.6 1.6 929 44 84.0 5.0 679 2.5
DMF 100.2 0.8 96.1 1.7 100.2 0.8 100.7 1.5 97.0 5.9 98.0 04
DMA 86.2 8.0 89.1 538 982 55 96.7 1.3 81.0 288 819 21
R: Recovery. RSD: Relative standard deviation.
' Results of fortified recovery tests of different concentrations.
D n=5.
RN\ ZDWRRERFEDNR AR ER EBREL LB
Table 8. Matrix effects of amitraz and its metabolites in different animal product substrates

.. . Beef Pork Pork liver Eggs Milk Pork fat

Pesticide Chinese name %) %) %) (og/og) %) %)
Amitraz =500 44.0 69.5 228 93.2 69.6 92.7
DMPF 102.0 100.6 69.1 93.1 86.5 95.8
DMF 97.6 96.0 17.0 99.3 98.1 98.0
DMA 95.0 74.8 53.8 105.0 94.5 101.1




AR AT REIR K] » A3 S ZE MG =m0
e BEEAE R B S e A E
Yy SEAES N 0.05 ppm JEEE & = nnliE A HE
HRGEF RSB T e - R T
BB Ao i » [RIFFESH] DMPF ~ DMF
B DMA F=FGHEY) RIL) @ #ERE
o R BEEAE R o =N E S iR
DMPF Jz DMF - {H fit 3 48 B R & 78 42
DMA - Z [t » R RS R - = aahifE
B MR H At AR K] s
5y E{TiE% ks DMPF B DMF - HEHI W] AE
R EIBERFRRAY A

BT - B REb L E
TR B 2 2 b IR (L R SE R R A ) T
BLER B BRI T 04 2425
26,27.26.25,30) » YR A7 LA L P
#7720 (Electron Spray lonization, ESI) »
RAHE T B A A & B 7
(Electron Impact, EI) U8 {EaKE - H
BT EGREE Matrix) A
BB B HEE T
MR R ARG F RN DB TESR - (H
o+ FE PR B Y 2 o 2% B R EE A ] T A
Rf - SERIME Z @ n |l | [RGB
AL REEREE SRS A 5y » BUR S HIER
A A A BE A RN ] S B N N Y B
& o TEEY)EE o = nol S H A EY B
ST T DL LC/MS/MS 43017 2 S5 - H
rh=RaR TR~ FEIF A EREHIE] » DMF
. DMA TEFEITAEBEHIH] - B8 -
o+ LUB G AR Bl P 2 o = mn s e AR
HEYIRIN NIRRT - BRFB R AT

=Rl R AR Tk 8T

FRERHEH LA BRAN - 5 DURH (] L E 2k S fi
fo & 4% (Calibration Curve) » i LAFLE VT
Bofe ity e &= DUERSEER
mn e S5 o METE T+ (] IRE R, ] SE R E TRy
TR LE{E (Ton Ratio) » FIERFERERT
GEA B K -

—~ BEERILE R B
B EHEfR 7 (RSD) &Ffh

FREEG  EE S FKERESM . R
IR (0.01 ppm) FRINEAER - BR =50k
(R EE =PRI » RSD : 553% »
20.4%) Ab - Hag =M EY SR SR
FE O BR 5 Bk o AEEE (0.05 ppm)
Wi - BR=100 (56.8% ° 16.7%)%}
BREEK - REEY » L5 9 KEE
E2N 0 MMERER =0 (57.2% -
26.9%) YMERFEEK 5 EIE R = E0
(65.0% » 21.1%) FMEFFEEK - FEIF A
Brp o HE 6 REBESM - IMERERR
= (44.6% 0 33.8%) IMEFEEK
EEERR =0 (52.5% 0 33.2%) YMEERF
BEOR - FEEAE G HE S KERES
e PR RR =00 (53.8% » 32.3%)
SVERFE E K =R E R = A
(59.9% * 23.9%) IMEFRFEENK « 4055
Brp o HE 9 REBEZ - K=
FLPAFFES 0.01 ppm - [KIELHYE B =R
H[E B —OFFEAE 0.005 ppm By I3 S
R ZFER IR A 2 S R R TR
70.4~95.0% Z [ » RSD 7E 2.7~20.5% &
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M > fFEHE O Bk - R RER AR EBEM A RRE - BiEm
SRR B LOQ FIETFE 0.005 5 0 4% TR TR P4 [ KR R = R i R
ppm ° FEMGHIEE S - HEF 6 REREZ 4 (FEBREZSELE B EIEN R
o MBS R = TE0E (51.7% » 28.6%) 44.6~75.8% ~ RSD /1A 8.3~33.8%) » Hff
IMERFEESK  mIRERAEKERIE 2 DMPF ~ DMF » DMA =fE#EY) <« F
fnE  ARFEMME R =0 (58.9% 0 HEIKERAT 60.7~104.5% ~ RSD 7 j*
8.3%) K DMPF (64.7% * 6.4%) ° 2.5~29.0% (RTERTH) -
By V) b =R R A E Y

K/N - W RER A ED TG

Table 9. Conversion of amitraz to amitraz metabolites during the testing process

Converted into Converted into Converted into
Sample type Spiked 0.05 ppm"
DMPF DMF DMA
Eggs Amitraz 16~18% 4~6% N.D.?
Pork liver Amitraz 56~66% 8% N.D.
D p=5,

2'N. D.: Not detected.

K+ ERZ=ZEHFZAR  DYERF =W AEAHEYRETADWERARER 4+
N
Table 10. Recoveries of amitraz and its metabolites in beef according to collaborative study
results

Concentration Lab. No. m 2b 3h 4 7" 10" 11 12 Average

fortified Pesticid R2 RSD R RSD R RSD R RSD R RSD R RSD R RSD R RSD R RSD
esticide

(ppm) (%) (%) (%) () (%) (B () (B (B (B (B () (B (%) (B (%) (%) (%)

0.01 Amitraz 414 20.0 933 6.2 391 83 460 22 463189 395404 681 34 690 25 553 204

DMPF 707 29 80.0 00 812 29 937 59 628113 1101 11.6 803 26 883 39 76.1 105
DMF 95.6 7.2 867133 90.0 385 1303105 103.0 0.6 972 08 954 18 857 14 98.0 84
DMA 87.7 7.8 1133102 910 101 823 07 953 36 515 81 749 63 883 47 929 82
0.05 Amitraz  47.8 83 887 34 371 114 511 12 458 88 509386 632 25 702 23 568 16.7
DMPF 817 05 873 35 873 35 915 09 647139 1153 87 793 08 990 33 862 75
DMF 93.0 20 960 3.6 8.1 25 1231 33 979 1.7 100.1 19 931 1.1 934 15 982 6.2

DMA 992 87 953 12 781 60 723 1.8 926 6.0 989 13 805 09 947 26 910 87

R: Recovery. RSD: Relative standard deviation.
1) Calibration with internal standard.

2 n=3.
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Table 11. Recoveries of amitraz and its metabolites in pork according to collaborative study
results
Concentration ab. No. m 5h 6" 7Y 8l 9 10" 11 12 Average
fortified __ R”RSD R RSD R RSD R RSD R RSD R RSD R RSD R RSD R RSD R RSD
Gom P ) o 0 00 00 0 CH () GO () () O ) (h (0 0D ) (6 (h
0.01 Amitraz 23.6 8.0 311146 1059 9.7 522 88 722 49 73531 278192 65547 630 1.6 57.2 269
DMPF 60.1 28 70.1 47 716 24 646120 889 26 89825 1060 7.3 79.8 27 107.1 33 767 122
DMF 900 183 948 20 1022 1.6 99.6 2.5 985 24 965 1.4 962 0.5 959 28 899 1.8 960 2.5
DMA 958 111 793 42 829 5.1 1060 92 627 08 69.1 3.4 580 48 83634 967 1.6 869 102
0.05 Amitraz 482 3.1 309 6.1 1121 58 586 52 727 22 854 1.0 470 98 63126 67338 650 211
DMPF 783 21 89.6 69 825 13 692 33 892 12 909 14 1176 43 78219 97929 853 6.0
DMF 903 12 986 29 1067 0.5 969 2.8 903 19 992 12 989 14 947 40 909 08 963 32
DMA 911 22 1191107 842 08 867 0.8 580 38 1007 0.6 91.7 3.7 90.6 2.1 1012 0.9 944 113

R: Recovery. RSD: Relative standard deviation.

' Calibration with internal standard.

2 n=3.
R+ - ERTHELAAR  IVERP=-mRmRAERBHED BB S EDREHABER—
RN
Table 12. Recoveries of amitraz and its metabolites in pig liver according to collaborative study
results
Concentration Lab. No. 1 20 5 9 11 12 Average
fortified . R» RSD R RSD R RSD R RSD R RSD R RSD R RSD
(ppm) P oy 0 0 ) ) % ) ) O (0 (%)
0.01 Amitraz 115 10.1 900 222 298 23 444 171 421 104 497 23 446 338
DMPF 80.6 7.1 1033 56 70.6 83 8.7 23 765 20 87 13 849 79
DMF 664 231 1167 99 832 03 929 62 826 31 813 58 872 111
DMA 1175 77 1233 47 1056 15 992 78 799 98 857 7.5 1019 97
0.05 Amitraz 234 57 1060 19 243 113 601 62 502 85 512 88 525 332
DMPF 873 03 933 45 798 20 905 12 791 25 828 113 855 40
DMF 903 1.1 1020 34 767 04 1001 06 793 19 878 63 894 67
DMA 1181 23 973 12 1174 106 1086 1.6 980 48 873 34 1045 68

R: Recovery. RSD: Relative standard deviation.

) Calibration with internal standard.

2 p=3.
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Table 13. Recoveries of amitraz and its metabolites in eggs according to collaborative study

results
Concentration Lab. No. m 2h 3h 5D 9 109 11 12 Average
fortified Pesticide R? RSD R RSD R RSD R RSD R RSD R RSD R RSD R RSD R RSD
(ppm) (%) (%) (%) (%) () (%) (W) (%) (B (%) (%) (D) (%) () (%) () (%) (%)
0.01 Amitraz 33.0 12.1 116.7 49 50.6 3.1 164 52 575 1.0 332 82 621 54 607 1.0 53.8 323

DMPF 78.1 5.8 80.0 125 96.7 6.0 78.6 43 955 23 780 28 989 0.6 1000 4.6 86.7 85
DMF 89.1 39 90.0 11.1 764 4.7 935 24 894 0.8 1004 2.7 100.1 1.3 89.0 41 91.0 48
DMA 819 80 933 164 1012 52 813 51 698 81 656 56 940 45 863 3.7 857 6.8
0.05 Amitraz 456 3.9 118.7 6.8 55.6 12.5 379 04 551 4.6 483 88 609 72 574 35 599 239
DMPF 809 33 913 13 89.7 1.7 855 03 948 2.1 817 1141027 05 934 18 928 49
DMF 879 09 92.0 0.0 1025 12.8 994 1.7 974 1.6 988 13 101.5 1.0 100.5 23 975 3.0
DMA 87.0 22 88.0 256 958 63 880 82 858 401041 44 958 1.1 881 2.0 888 3.

R: Recovery. RSD: Relative standard deviation.
' Calibration with internal standard.
2 n=3.

K+00 - EREEHFHASR « BYERP = LEAHEY SR AR ERHRER 4

Table 14. Recoveries of amitraz and its metabolites in milk according to collaborative study

results
Concentration Lab. No. 1w 2D 3D 4 6" 7Y gl 11 12 Average
fortified Pesticide R?» RSD R RSD R RSD R RSD R RSD R RSD R RSD R RSD R RSD R RSD
(ppm) %) (%) (%) (%) (%) (%) () () (%) () (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.005 Amitraz 67.5 54.7 1133 10.2 120.5 53 48.7 126 492 45 594 18 728 39 699 1.8 593 7.8 734 20.5

DMPF 796 9.5 1133 102 97.8 74 827 14 722 35100.1 10845 6.1 705 0.7 8.0 49 870 93
DMF 90.8 83 1000 0.0 744 25 940 56 747 1.8 931 50795 20 909 39 847 2.7 869 6.0
DMA 79.8 87 86.7 133 1127 53 940 2.1 377 1.8 813287808 53 703 69 853 89 810 143

0.01 Amitraz 563 8.0 1133 51 703 57 663 6.1 550 2.6 640 83 NA 699 13 677 1.7 704 15.0
DMPF 844 6.6 80.0 125 895 28 850 12 854 19 709 5.8 NA 756 2.6 903 2.6 82.6 4.7
DMF 87.0 58 933 124 86.0 11.8 91.7 6.2 841 24 958 5.8 NA 947 32 903 2.8 904 2.7
DMA 80.7 13.7 100.0 0.0 96.6 4.9 89.0 5.1 60.7 14.7 103.3 11.2 NA 89.7 7.1 893 7.5 887 87
0.05 Amitraz  70.1 4.8 1133 8.7 775124 669 94 60.0 29 67.6 3.8 762Y 3.0 72.1 2.0 783 3.8 758 116

DMPF 814 1.0 933 25 955 34 811 3.0 956 14 69.8 128 96.5Y 3.5 772 2.0 947 04 872 6.6
DMF 852 09 913 251092 1.0 855 39 944 1.8 960 3.8 992Y 0.9 953 05 993 4.1 950 4.5
DMA 881 28 827 3.7 980 14 830 13 879 49 933 3.1851Y 26 950 13 925 14 895 35

R: Recovery. RSD: Relative standard deviation. NA: Not analyzed.

! Calibration with internal standard.

2 n=3.

% The test concentration is 0.025 pg/g.
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Table 15. Recoveries of amitraz and its metabolites in pork fat according to collaborative study
results
Concentration  Lab. No. I 4 6 8h 11 12 Average
fortified N R» RSD R RSD R RSD R RSD R RSD R RSD R RSD
(ppm) PN ) o 0 ) ) ) ) %) ) 0 %) () (%)
0.01 Amitraz 47 1421 500 00 472 169 775 19 658 81 650 00 517 286
DMPF 322 108 733 39 5001 14 628 64 827 86 633 46 607 169
DMF 1009 302 1017 28 927 39 87.0 17 00 - 8.0 62 771 290
DMA 758 0.8 1000 50 832 73 777 106 1095 103 950 105 902 86
0.05 Amitraz 434 110 630 32 546 34 660 28 628 19 633 18 589 83
DMPF 561 100 637 33 571 12 688 08 742 83 683 08 647 6.4
DMF 900 51 1030 35 883 10 990 08 919 28 940 49 944 34
DMA 864 74 967 51 761 73 815 43 952 92 913 35 879 53

R: Recovery. RSD: Relative standard deviation. -: means no value.
U Calibration with internal standard.
2 n=3.

Kt/ EREEHFARR  BVERP=DWNERTEVRRSEZRE—REBNT
BREEER
Table 16. Brands of laboratory instruments used for LC-MS/MS by collaborative study
laboratories
Lab  Brand / model Brand / model Type Injection volume Chromatoeranhy column Iniection mode
No. (Chromatograph) (Mass spectrometer) P (uL) graphy colu J
1 SCIEX SCIEX 5500+ triple quadrupoles 5 Poroshell 120 EC-C18 partial loop
2.7 pm, 3.0x150 mm
2 Agilent 1290 Agilent 6470 triple quadrupoles 3 Poroshell 120 EC-C18 partial loop
2.7 pm, 3.0x150 mm
3 Agilent 1290 Sciex 5500 triple quadrupoles 3 Poroshell 120 EC-C18 partial loop
2.7 pm, 3.0x150 mm
4 Waters XEVO TQ-S Micro triple quadrupoles 5 CORTECS UPLC-C18, 1.6 um,  partial loop
2.1 x100 mm; CORTECS UPLC-
C18, 1.6 pm, 2.1x5 mm
5 Agilent Agilent triple quadrupoles 3 Poroshell 120 EC-C18 -
2.7um, 3.0x150 mm
6 Agilent 1290 Agilent 6470A triple quadrupoles 5 ACQUITY UPLC HSS T3 C18 partial loop
Infinity 11 2.1 pm, 8x100 mm
7 SHIMADZU 8050 triple quadrupoles 2 ACQUITY UPLC HSS T3 C18 partial loop
1.8 pm, 2.1x100 mm
8 WATERS WATERS TQ-S micro triple quadrupoles 3 CORTECS UPLC C18 partial loop
ACQUITY 2.1x100 mm
9 Waters ACQUITY Waters Xevo TQ triple quadrupoles 5 CORTECS UPLC C18 Flow through
UPLC 1.6 um, 2.1x 50 mm needle (FTN)
10 Agilent 1290 Agilent 6495 Triple  triple quadrupoles 5 Poroshell 120 EC-C18 metering device
Infinity 11 Quad LC/MS 2.7 pm, 3.0x150 mm
11 Waters Waters TQS-micro triple quadrupoles 2 CORTECS UPLC C18 partial loop
1.6 um, 2.1x100 mm
12 Shimadzu Shimadzu LCMS- triple quadrupoles 3 CORTECS UPLC C18 FTN

8050 1.6 pm, 2.1x50 mm
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Table 17. International pesticide residue limits in animal products

Tolerance (ppm)

Pesticide g;g;ese
Taiwan" Codex? EUY USAY Japan®
Muscle (Poultry)0.05 Muscle (Cattle,
Fat (Pigs, Sheep)0.4/(Cattle, pigs)0.9/
Muscle Goat)0.2/(Poultry)0.05 (Other terrestrial
(Cattle Muscle Liver(Pigs , Muscle (Cattle) mammals)0.2
05)0 ’0 5/ (Cattle, pigs) cattle)0.2/(Sheep, 0.02/(Pigs)0.05  Fat (Cattle, Other
pigs)0. 0.05/(Sheep) Goat)0.1/(Poultry)0.05 Fat (Pigs, terrestrial
. _ (Sl?eep) 01 0.1 Kidney(Pigs, cattle, Sheep, Cattle) mammals) 0.2/
Amitraz =il Edible offal . . .
(Cattle, pigs) Edible of’.fal Go'at)0.2/(Poultry)0.05 0.'1/(M11k) 0.'2 (Iflg) 0.4}
0.2/(Sheep) (Cattle, pigs , Edible offal (Poultry )0.05 Kidney and liver Liver, kidney,
02 Sheep) 0.2 Other (Poultry)0.05 (pigs) 0.1 edible offal (Cattle,
Milk 0.1 Milk 0.01 Milk(Cattle, Sheep, Milk 0.03 pigs, other
Goat)0.01 terrestrial

Eggs (Chicken, duck, goose,
quail, other)0.01

mammals) 0.4
Milk 0.02

D B AP R R AR RARE < 2019 £E 11 7 6 HEMRRTEE 1081302871 5ESEIE -

2 Obtained from “CODEX Pesticide Residues in Food and Feed” guidelines: http://www.fao.org/fao-who-codexalimentarius/

codex-texts/dbs/pestres/pesticides/en/

% Obtained from EU Pesticides database. http://ec.europa.eu/food/plant/pesticides/eu-pesticides-database/public/?event=

homepage&language=EN

9 Obtained from “Electronic Code of Federal Regulations” produced by the U. S. Government Publishing Office (GPO):
https://www.ecfr.gov/cgi-bin/text-idx?SID= a3b649316ccb17c¢31211db2edd81{789&me=true&node

=pt40.24.180&rgn=div5

%) Obtained from the Japan Food Chemical Research Foundation http://db.ffcr.or.jp/front/
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Development of the Analytical Methods for
Amitraz and Amitraz Metabolite Residues in

Animal Products, a Collaborative Study
Wei-Chen Chuang!, Chen-Hua Huang', Tsyr-Horng Shyu', Shao-Kai Lin'"

Abstract

Chuang, W. C., Huang, C. H., Shyu, T. H., and Lin, S. K. 2020. Development of analytical methods
for amitraz and amitraz metabolite residues in animal products, a collaborative study. Taiwan

Pestic. Sci. 9: 77-98.

The study established analytical methods to quantify residues of amitraz and its three
metabolites (DMPF, DMF, and DMA) in animal products. For this, we applied commonly
used QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) pre-treatment
techniques with modifications based on the characteristics of reagents. Extracted solutions
were analyzed both qualitatively and quantitatively using liquid chromatography-tandem
mass spectrometry (LC-MS/MS). Our proposed analytical methods were validated using
substrates such as beef, pork, pig liver, milk, eggs, and pork fat. For recovery tests, our
experiment design involved testing at concentrations of 0.01 and 0.05 mg/kg, respectively.
Results showed that most of substrates met the 70 to 120% recovery requirement.
(Recoveries of amitraz on all substrates ranged between 44.0% and 79.4%). However, the
low recoveries which characterized some substrates resulted in higher relative standard
deviations (RSD). We hypothesized that low recoveries were due to (1) differences between
chemical structures and physical/chemical properties of substrates, and (2) amitraz being
converted to the metabolite DMPF, DMF or DMA during the analytical process. We
compared results obtained by twelve different laboratories that employed our proposed
analytical methods. The limits of quantification (LOQ) of amitraz and its metabolites in

various substrates were as low as 0.01 ppm (0.005 ppm for milk). The mean recoveries of

Accepted: September 7, 2020.
* Corresponding author, E-mail: sklin@tactri.gov.tw
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amitraz varied between 44.6% and 75.8% among different laboratories, and the RSD for
different substrates varied between 8.3% and 33.8%. For other metabolites, average
recoveries were between 60.7% and 104.5%, and RSD values were between 2.5% and
29.0%. Our proposed method was applied to monitor 19 different of commercially-sold
animal products, no amitraz or amitraz metabolites were detected. The analytical methods
developed in the current study can be applied for the analysis of amitraz and its metabolites
in various animal products. Our proposed methods can also be used as references by the
TFDA in drafting analytical methods to monitor imported, exported, and commercially-sold
animal products; to investigate residues of amitraz and amitraz metabolites in animal-based

substrates; and to strengther the technolgic field animal product analysis.

Key words: amitraz, metabolites, liquid chromatography-tandem mass spectrometry (LC-MS/MS),
limit of quantification (LOQ)
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