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MEP ~hE 2019 TR FURL AR ERFG A 2 2E 22 g+ o
FTARALEME 61105117 -

AT 4 37 0 8 T Mk P PG IR BR P 2 B R R A B o A Bl o TR AL AR
BRI A &AL EEC 0 g% - G R DL G R R b 1T
TR R » itk DORAH G A B e =UBE R BB T B 1 BOE &40 5 R IR o 0 s
oo0.02 pg/g K 0.1 pg/g B BB AE 1T [ =R G B - A4S R B R B B T B
(brodifacoum) ~ 48 F, (bromadiolone) ~ H] £k E (chlorophacinone) ~ coumachlor »
coumafuryl ~ HJEE (coumatetralyl) ~ i (difenacoum) ~ ZEJHE (difenthialone)
151%E. (diphacinone) » R E (dlocoumafen) » pindone ~ valone Jzi%FH 8 (warfarin)
13 FPIR AR BB AR (0.02 pg/g) HOPEICRE 70~97% » EEMERES
LRI 1~20% [ > MEiRE (0.1 pg/g) BYSFIEIKEREy 66~102% » B
B ERARHAE 2~16% [ JIEEE BB Ry 0.002~0.005 pg/g » MR T 2
7 AR R fE Y S 1T RE T G PO IR B R R R he 2 M R 0 FEA R
T3 A 58 U0 5 P M b 0 IR BER - b e S AR R TR B ~ IR ERL ~ BEDR L S
VRE - PR R EE IR I B2 -

PSS « SRk - P - DRBeia A - WORE R A7 AR e U
B EME R S iC AR BRI A ] (difenthialone) ~ 1${XE (diphacinone) ~ fR

P B (brodifacoum) ~ € E. (bromadio- J& E (flocoumafen) Jz#% Bl 88 (warfarin)
lone) ~ A[f&E, (chlorophacinone) ~ EWRE % 7/ @ H&RE  EWEREHRE

BEZHE : 201948 H 8 H
* SEENEH o E-mail: ths@tactri.gov.tw
DT TR R R T B R YA BT
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O REERT R3S - HoER 4 ML UELE
T EARERE 5 BR IR B R B b 4
PRI A T A AT - B
B~ Wl B (coumatetralyl) ~ 2 Jg B
(difenacoum) JARIKES 5 1 Y kgt
VIR EE AR ML S B il A B Y B BR
A BLGE LA BRI AT, ~ BB, ~ mT AR
B B REE R REE O - T
B~ R, ~ 19 B B B R A R R — X
Drse Az B - SERCEMDL - BEEF0 Y HH
BFEPIBRZ H » EA R ARy H R B E B R
HEPARYRAE © o mREE - R
LRI S - AP IR A T %
PERIRIRE O e 78 20 AT 70 ERBERT A

R—  SETCROETUR A& S B #H5R

S AU I A R T B, ~ BEDRER ~ R
B SGE TR, - 2T T AR B BB 2R
—RALEEENE @ R (R -
HEGL 10 FRREHTE BRI HIA%
BURIZRCHE A - 10 H AT R i &R
AT BRI RER 2 T B0 A PUBE I A
A > Bl BESCR - BERIEE R
By VIR B o VRSB R
i 5 RN BB AT B (2 7Y
B R BT G RR LIRS - R EEE
[ PRy 288 BRI 8 2 T 7 S8 R SRR B
e 10 BHPEERERERERT
ERH TR IR © o TS LS
R A B R AERRIR T SR - B

Table 1. Anticoagulant rodenticides registered in Taiwan

Bureau of

Compound name Classification Animal and Plant Environrgental
: . Protection

English Chinese F1rst. Secon.d Health Inspe?tloll)l Administration”
generation generation and Quarantine

brodifacoum GIR:3= u u u

bromadiolone BE u u u

chlorophacinone  FJ{&E | mi

coumachlor

coumafuryl

coumatetralyl UN = [ ] u

difenacoum R u =

difethialone EWE u 0

diphacinone HRE u 0

flocoumafen TRIEER u u u

pidone

valone

warfarin AR u u

D BB RIE

D BB
VRGeS - ARSI -



EEEIEHEAEY) K hHEE S Rk
BB P S5 - R R — 25 20 AT AR A R R
B SR AE R AR BRI & AT e 2 05 7%
A ENY) - B RRBIRAYEE - /H
REIF 28 AE e TR BT AR R - BtEYID
EEtRERTE 2015 AR 4E A B EE A
2017 R 62% » 2T SR E]
EENGREFEE - 1€ 2013 4 272 £F
2017 53T 600 & > EHREMR D
£ - BEYI; R R IR IR 1 H BTG B
FiRIFH TR EERR PR EE LB
B SRS EE L BN EERSE  BRTH
ZEZE - B ERRERAEYBEERE
6,7,

S BH BRI BRI A 7 o ]
FHZZHY (solid-phase extraction, SPE) 7% fz
W IR B (liquid-liquid extraction, LLE)
i (%2020 s i R B O A RE R L
VB &K 5 QUEChERS 43 Btz I FHEEHY
i G020 B PSR 2 B
#s T TR AL AE 93 OB R (spectropho-
tometry) 26 | =L M (gas chromato-
graphy, GC) """V« ESOAHE AT (high
performance liquid chromatography, HPLC)
19 R G AT R W E R (gas
chromatograph/tandem mass spectrometer *
GC-MS/MS) ** FIAH e 477 e Bt U BT i
(liquid chromatograph/tandem mass spectro-
meter, LC-MS/MS) 43#7. 2 J71 (14.22) + 23
JEEE YRR Z R E R R - SEAHE AT
AR AL A HRERS - & SORAH g BT
PRV BEBUEAR - WA AT R R E

Uik B 2% B 0 Hr 107

SR S0 AT IR S T B PR EL B = B
B HEMNERES RS 1Y A
ffF92£:% D. Vudathala J53% @ 3 3
# o JE B oL DL Z IS VS B2 AU - A
FALSARG INZEARER - LB EFIZ 1E
CReETHIEF LR - SR E R
PR AT+ Btk DLRAE i 7 6 B B 3 £
BT BRI bl < B — 14 » LA 43
Mr 13 TEUEEIM AL B - A7 0 & e e
R P LA BB o 2 B R R o ks
% 0 FRTH R DU I AR BRI Al o FEREURE
FCHERERE » JTETRE A, (B —) -

R VA VR o TC B NGRS B ) 6 L A
mh e ARG ES (Dr. Ehrenstorfer Gmbh,
99%) ~ 3 Bl (Dr. Ehrenstorfer Gmbh,
98%) ~ A fk Bl (Dr. Ehrenstorfer Gmbh,
96%) ~ coumachlor (Sigma-Aldrich, 99.9%) »
coumafuryl (Sigma-Aldrich, 99%) ~ Wy &,

(Dr. Ehrenstorfer Gmbh, 99.5%) ~ i B
(Dr. Ehrenstorfer Gmbh, 97%) ~ i i B
(Dr. Ehrenstorfer Gmbh, 98.2%) ~ 151X k&,

(Dr. Ehrenstorfer Gmbh, 99%) ~ {R Ji k&
(Dr. Ehrenstorfer Gmbh, 99.5%) ~ pindone
(Accustandard Inc., 100%) ~ valone (CHEM
SERVICE, 99.5%) k& #% Bl % (Dr.
Ehrenstorfer Gmbh, 98%) £ 13 1 » &%
10 mg > fEHEREE » DIHEZ  (methanol,
Merck) ¥ EZRZE 100 mL » {E R ZHE
¥’ (stock solution, 100 mg/L) » HEEHA-18°C
HY A7 0 R - P IRE RS Tl B M B8 A e it
W LLAHE (acetonitrile, Merck) FifEZ
0.002~0.2 pg/mL - BEIEEEHE VS - BAF
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I Beeheri 1 g EHNEECE T
7J[IZLH%i 4mL
?E%%%H;l IrEETR
& l:flrw 02¢
%E%%%H;I IrEETR
4500 rpm %ﬁb 5 oy
DL B i RebtZIEE
ﬂnZ%ﬁ@%DZlEE‘J@% 4mL
i‘lﬁﬁ%ﬁﬁgz JrEETR
4500 rpm %’E/D 5 53§
ﬁ%ﬁ%%

DL B i et ZIEE
fx 40°C %ﬁ@’ﬁz
LlZLH%i%E 1 mL
ﬁ%iﬂﬁﬁlﬁ% 1 534
0.2 um iﬁﬁ%i‘l@ﬁ%ﬁﬁtvﬁ*@iﬁ
Beso (lLC-MS/MS)

B— - mEEAT R P TUR AR B < @i -
Fig. 1. Flowchart illustrating the process of analyzing anticoagulant rodenticide residues in

raptorial bird livers.



FBE VL b SR - HURE ST S I s B A8
R R 22 P s e R (R
JF - 2 BIEEL 1 mL 22 IR R R E R
WREZ > A 1 mL ZEHESIRIE SIS
HEVEEVE VLl b EAVA W - TEA RSN EUE
fi% 0.002~0.2 pg/mL Z BB VCFL Ay i
ok T s m i 1% - DIRAHE A
FRBRE R (LC-MS/MS) M7 - HAEHR
RIS = (1) IR - BT (elec-
trospray ionization, ESI) > (2) @M %& :
CORTECS™ UPLC® C18 » £JF 100 mm »
PAE 2.1 mm > RIfE 1.6 um; JEATERR
JE 1 50°C » (3) R R 1 ACQUITY UPLC”
BEH C18 VanGuard™ Pre-Column > E&
5 mm - FEfE 1.7 pm > (4) BEIFAR A
FERE 0.3933 g fiEl&E% »+ DL 1,000 mL #ffizk
TSR - A 1 mL FHERIR&I95) -
LA 0.2 pm JEEGEE KA 5 B BB R’
B : FFHE 0.3933 g Piilkd% - L1 1,000 mL HH
PEFE SR > LU 0.2 um JEIEE JEAHE A 5
BEFHITE R 0.3 mL/ min ; BEEIFEREE
BEEER (R (5) EAREE 5 pL»
(6) EMEERE (capillary voltage) : E
TR Ry 2.8 kV » (7) BEFIHEEE (on
source temperature) : 150°C » (8) VAL
B I EE (desolvation temperature) : 500
T (9) BRI © 50 L/hr > (10)
VIR R BE R ¢ 1,000 L/hr » (11) Al
FERBLEE ST ¢ 3~5 exp (-3) mBar » (12) {8
M« 28 K FEMEH (multiple reaction
monitoring, MRM) & &7 = » A7
Vit Bl BN EBF R R R

LRI BRI 2% B 73 Hr 109

=) HAEAEGEREEE R (B ) -
BRI SR 2 AR L TT =0 0 4351
BUEEE VLo b BAR SR - AWM g 7 5 I
B (LC-MS/MS) faill » HusJE 2R
BE L (S/N) KFA 10 DLk - HoE SR
(limit of quantitation, LOQ) A3 i B ~
pindone J¢ valone & 0.005 ug/g ~ A
B~ BEWE ~ IR El ~ coumachlor »
coumafuryl ~ WLy B, ~ EE P E - 1S 4RE
R B AR B EE Ty 0.002 pg/g s HAVEL
o b & R o B PEPH B AR B (correlation
coefficient) r > 0.995 o J7iEMERN LAAEHT
TR —EHE 2 EIGAE  EERK
H B [AK 3R (percentage of recovery * R%)
kEH =% & W B 8RR
(coefficient of variation * CV) » ¥R INKE
FER B (0.02 pg/g) FAFIEIY 2 F AR
th HAR SRR SEEEIER Ry 70~97% ¢
MR S RREAE 1~20% [ -
IR A R (0.1 ng/g) [mILEABERY
SRR R 66~102% » EE A1 a4
SAREAE 2~16% [ - FE R (RINM) -

R” - BERMERELBEEEY
Table 2. Flow gradients for mobile phases of

UPLC

Time Flow  Mobile phase A Mobile phase B
(min) (mL/min) (%) (%)

0 0.3 99 1

1 0.3 10 90

2 0.3 1 99

32 0.3 1 99

3.5 0.3 99 1

5 0.3 99 1
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Table 3. MS/MS fragmentation conditions

Compound name Retention  Precursor Cone Quantiﬁcatio.nA Identiﬁcatio‘n .
. . Time ion voltage Prpduct Collision Prgduct Collision
English Chinese (min.) (m/z) ) ion energy ion energy
(m/z) (eV) (m/z) (eV)
brodifacoum  HJJHE, 2.14 521 -66 79 -50 135 -46
bromadiolone  HEJRE 2.04 525 -66 250 -38 181 -38
chlorophacinone AJ{& k&, 1.95 373 -50 201 222 145 -20
coumachlor 1.97 341 -36 284 =22 161 -20
coumafuryl 1.86 297 -34 161 -16 240 -22
coumatetralyl Ui & 1.94 291 -42 141 30 106 226
difenacoum B 2.08 443 -68 135 -36 187 -40
difethialone  EHE 2.15 537 -66 79 -48 151 -36
diphacinone 54k EE, 1.91 339 -44 167 -26 145 -24
flocoumafen  fRIEEL 2.08 541 -54 382 -26 161 -36
pindone 2.02 229.1 -46 116 -36 172 -18
valone 1.92 229 -46 145 -24 116 -36
warfarin AR 1.95 307 -42 161 22 250 -20

R/ ~ AT 13 TEHUSE AR EL A BB S R

Table 4. Recovery rates for 13 anticoagulant rodenticides in pigeon livers

Compound name Correlation LOQ Low concentration High concentration
English Chinese ~ coefficient (ng/kg) Re((:;)v)ery ((;A)V) Rei%ery ((;A)V)
brodifacoum AR 0.9980 2 83 12 84 10
bromadiolone  EEJHE 0.9997 2 83 6 87 2
chlorophacinone ] 0.9997 2 97 6 93 16
coumachlor 0.9991 2 95 6 102 11
coumafuryl 0.9998 2 79 7 82 14
coumatetralyl sl ek B 0.9998 2 92 1 88
difenacoum Y B 0.9995 2 83 15 84
difethialone TR 0.9994 5 75 4 73
diphacinone 1BiRE 0.9964 2 70 7 70 10
flocoumafen RIGE 0.9999 2 80 20 83

pidone 0.9990 5 71 11 66 7
valone 1.0000 5 77 3 79 14
warfarin e 0.9999 2 90 5 97 13




20190528S_002 MRM of 26 channels ES-

00 Brodifacoum 521>79
100 2.18 2.014e+005
%4 A 7238.14
o T T T T T T T min

20190528S_002 MRM of 26 channels,ES-

Brodifacoum 621>135
1005 218 2.013e+005
%7 7321.74
o T T T T T T T min
1.50 2.00 250
20190528S_002 MRM of 26 channels, ES-
Cumachlor_ 341>284
1005 197 1.574e+006
%4 D 6247031
0 T T T T T T T min
20190528S_002 MRM of 26 channels ES-
100 Cumachlor__ 341> 161
3 197 2.0546+006
% 78166.15
0 T T T T T T T min
1.50 2.00 250
20190528S_002 MRM of 26 channels ES-
100 Difenacoum 443 > 135
E 209 5.424e+005
%] G 2054103
0 T T T rreen T T min
20190528S_002 MRM of 26 channels,ES-
Difenacoum_ 443 > 187
100+ 209 1.245e+005
% 481393
o T T T T T min
1.50 2.00 250
20190528S_002 MRM of 26 channels ES-
Flocoumafen_ 541> 382
100 2.10 7.985e+005
%4 J 3692833
0 T T T T T T T min
20190528S_002 MRM of 26 channels, ES-
Flocoumafen__ 541> 161
100 210 9.152e+005
% 40287.04
0 T T T T T T T min
1.50 2.00 250
20190528S_002 MRM of 26 channels ES-
Warfarin _ 307 > 161

100 194 1.252e+006
%4 M 4771561
0 min

20190528S_002

Warfarin
1.94

24606.09

MRM of 26 channels,ES-
307 > 250
6.443e+005

100

min

1.50 2.00 250

S () BHRE

DRI BRI 2 B 0 pr 111

20190528S_002 MRM of 26 channels ES- 20190528S_023 MRM of 26 channels, ES-
100 Bromadiolone_ 525 > 250 Chlorophacinone_ 373>201
3 2,04 4.332e+005 100 1.95 2.189e+005
%4 B 17706.88 %- C10994.38
0 T T min O-brrrrrrrrrrrrI eI min
20190528S_002 MRM of 26 channels, ES- 20190528S_023 MRM of 26 channels ES-
Bromadiolone__ 525> 181 Chlorophacinone_ 373> 145
100 204 1.020e+005 1005 195 3.982e+004
% 4293.18 % 161545
0 T T T T T T min o T T TrreeT T T T min
1.50 2.00 250 1.50 2.00 250
20190528S_002 MRM of 26 channels ES- 20190528S_002 MRM of 26 channels ES-
Coumafu 297 > 161 Coumatetralyl __ 291>141
1005 1.86 " 9.157e+005 1007 1.93 " 1.104e+006
% E 36823.08 L %4 F 43150.71
0 T T T T T T T min o T T T T T T T min
20190528S_002 MRM of 26 channels, ES- 20190528S_002 MRM of 26 channels ES-
Coumafu 297 > 240 Coumatetralyl__ 291> 106
100 186 i 5.489¢+005 100 1.93 . 3.236e+005
% 2164326 % 13586.09
O-Lrrrrrrery prRETTTTTTTTeT min O-brrrrrrrrrprrrrr T min
150 2.00 250 1.50 2.00 250
20190528S_002 MRM of 26 channels ES- 20190528S_002 MRM of 26 channels ES-
100 Difethialone_ 537>79 Diphacinone__ 339> 167
2.20 2.045e+005 100 1.90 1.901e+005
%3 H 8000.37 %] | 679389 1,99
o T T T min o T R min
20190528S_002 MRM of 26 channels, ES- 20190528S_002 MRM of 26 channels ES-
Difethialone 537 > 151 Dij hacmone 339 > 145
1007 220 ‘| 1.327e+005 100+ P I 4.777e+004
% 5214.09 % 16749 L;
0 T T T Trren T T min 0 T 1 TrerT T l T min
1.50 2.00 250 2.00
20190528S_002 MRM of 26 channels, ES- 20190528S_002 MRM of 26 channels ES-
Pidone 229.1>116 Valone 229 > 145
100 10103 5.161e+004 100 1.91 8.681e+004
% K 1949.04 % 3277.13
o T T T T r e PRET min o min

20190528S_002

MRM of 26 channels,ES-

20190528S_002

MRM of 26 channels ES-

Pidone 229.1>172 Valone _2.03 229> 116
1007 191 203 3.282e+004 1005 1.91 5.085e+004
%3 N A 123307 % 1893.53
0 T T T Freee T f min 0 T T eerey T min
150 2.00 250 150 2.0 .5

Z 13 B UEMAZE R 0.05 ug/mL 2 MRM B -
Al %5 ~ (D) coumachlor ~ (E) coumafuryl ~ (F) "R ~ (G)
) REE ~

(A) "R ~ (B) ERE ~ (O)

LRE ~ (H) R

(K) pidone ~ (L) valone &1 (M) %HE -
. MRM chromatograms of 13 anticoagulant rodenticides at 0.05 pg/mL: (A) brodi-

facoum, (B) bromadiolone, (C) chlorophacinone, (D) coumachlor, (E) coumafuryl,

(F) coumatetralyl, (G) difenacoum, (H) difethialone, (I) diphacinone, (J) flocoumaf-

en, (K) pidone, (L) valone, and (M) warfarin.
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FIREIRY T - ETEEYIR ke
2 Je SR B A VIR IR B HR L i he i &
T PieE A BB e E - KSR
N 12 &S KEE  (Spilomnis
cheela) ~ JRE/E (Accipiter soloensis) * B
Ji&JE (Pernis ptilorhynchus orientalis)
VAZE & (Accipiter virgatus) ~ $[# (Falco
tinnunculus) ~ =W 58 (Otus spilocepha-
lus) ~ B2 & (Elanus caeruleus) ~ 1 [i&
(Pernis ptilorhynchus) ~ %8 f 5%  (Otus
lettia) ~ JE\BHEJE (Accipiter trivirgatus)
& MR EE  (Strix leptogrammica) J 5 & 58
gt 101 AR R
47 fRRR LA PG IM A B R 8 A
KRy 47% - H ok g B Ry v] B
0.004~0.483 pg/g ~ R J6 B 0.002~0.250
ng/g ~ BEIEE 0.003~0.102 pg/g BT ER
0.004~0.016 ng/g* #ER RHA) » Hrf 28%
(] P At e A DL A B R AT
EERIOR IR B e 5 B » A ED A SR AR R 1R B
R BB A4 V) IR B W 5E At BREAERE
BF 5 2 HEE T T 22 0k 5 e P DL ITTL A B 8

(Ninox scutulata) *

x_TE -~ BEAREPHUR A EB D TER

BRI - IEWTSEEm S E B R ERE R S
SEAHBAIIT] ) o AWFSE AT PR e R AR
SR I DB AR BRI R I -
TR SE i IR SR R 2

B

AT B R ST R R B G E)
VIR B GTERwSER 105 2
F1-10.7.1-58-B2) - R ARFTEE 2 HIRHAA R
H/NE ~ AN~ BREESR/NME )
ABEETT - REILEGH -

S0

L T82E ~ BEOKER - 1976 - BEFHEIEEK
REM b - 2EEE 12
113

2 (T R T B GBItV e -
2019 - FREEEFARGAY - HUE https://
pesticide.baphiq.gov.tw/web/Insecticides

Menultem5_3.aspx

Table 5. Anticoagulant rodenticide residues detected in raptorial liver tissue

Compound name

No. of Sample

No. of Sample

The detection range The detection rate

English Chinese with residue (mg/kg) (%)

brodifacoum a] B, 41 0.004-0.483 41%

o1 bromadiolone  HEJEE 13 0.003-0.102 13%
difenacoum T 5 0.004-0.016 5%

flocoumafen  fRIKE 29 0.002-0.250 29%

101 47 47%
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Analytical Method for the Determination
of Residual Anticoagulant Rodenticides in
Raptorial Bird Livers

Hui-Shan Chen', Tsyr-Horng Shyul*
Abstract

Chen, H. S., and Shyu, T. H. 2019. Analytical method for the determination of residual
anticoagulant rodenticides in raptorial bird livers. Taiwan Pestic. Sci. 6: 105-117.

In order to investigate the secondary poisoning of anticoagulant rodenticidesto
raptorial birds in farmland and surrounding areas, an analytical methods was developed to
detect rodenticide residues in bird livers. The liver samples were homogenized and
extracted with acetonitrile. After adding sodium chloride, centrifuged, the supernatant was
clean up by acetonitrile-saturated hexane. Finally, qualitative and quantitative analysis was
performed by liquid chromatography tandem mass spectrometer (LC-MS/MS). The
average recovery of low concentrations (0.02 pg/g) of 13 rodenticides (brodifacoum,
bromadiolone, chlorophacinone, coumachlor, coumafuryl, coumatetralyl, difenacoum,
difenthialone, diphacinone, flocoumafen, pindone, valone and warfarin) was 70%-97%, the
coefficient of variation (CV) of the repeatability test ranged from 1% to 20%, while the
average recovery of the high concentration (0.1 pg/g) ranged from 66% to 102%, and the
coefficient of variation (CV) of the repeatability test ranged from 2% to 16%. The limits of
quantitation were 0.002~0.005 pg/g. Moreover, our method was simple and accurate for
both quantitative and qualitative determination of anticoagulant rodenticides.Four
rodenticides were detected in the liver of poisoned raptors. These were brodifacoum,
bromadiolone, difenacoum and flocoumafen. This method can be used as a toolfor the

investigation of secondary poisoning of anticoagulant rodenticides and to strengthening
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furtherly the management of the regulatory authorities.

Key words: raptorial birds, liver, anticoagulant rodenticides, LC-MS/MS



