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11
( 325001)
11 0
. UPLC BEH G, 4 mmol/L
11 68% ~118%  62% ~104% ; 5.6% ~21%
4.1% ~18%; 8.5% ~26% 7.1% ~ 25% (n=6),
5 ng/L 1 pg/Le
1
4_ Al Al
( ) 0.016 ~1 mg/L B
28 0.001 ~0.016 mg/L ° . 4-
0.001 ~0.05 mg/L° """ ,
o : APCI-SIM
4 1~5pg/L 0.5~2.5 pg/L; 12 ESI-
3 1 ~10 pg/L; ESI- MRM
1 pg/L"° . "
UPLC-MS/MS 11 N o
2
2.1
Aquity UPLC—Quattro Premier XE - Masslynx 4. 1
( Waters ) MS2 ( IKA ) ; HUPH00 (
); NEVAP (12 Organomation ) ; TGL46C (
) ; Gradient A10 Mill-Q ( Millipore ) o
( HPLC Merck ) ( HPLC Fluka ) (99%) .
(99.0%) . (96.0%) . (98.0%) . (98.5%) . (99.0%) . (97.5%) .
(98.5%) . (98.5%) . (99.4%) ( 100 mg/L)
20100222 ;2010-0420
“q1” ( No. 2008012)
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Dr. Ehrenstorfer GmbH 1.0 g/L
-35%C o o
2.2 -
ACQUITY UPLC BEH C, (100 mm x2.1 mm 1.7 pm Waters ) ;
A 4 mmol/L B o 10 ~3.0 min 40% B 90% B
2 min 40% B 2 min; 0.250 mL/min; 45 °C; 10 pLo
( MRM) o ESI 3.0 kV; 120 °C;
50 L/h 350 C 500 L/h 0. 346 Pa,
1 o
1 MRM
Table 1  Multiple reaction monitoring( MRM) transitions and parameters
Number Compounds Chemical structures ¢,( min) Tza'rrlls/i;i)on Con? \v/())]lage Co“is(i(;r{[)energy
0
[ 297.0>160.9° 35 18
1 Coumafuryl Hofi‘ém .66 297.0 240, 1 35 21
CH,
5 *
I 201.0>167.0 22 25
2 Antu 8\IJ*'\H 2.13 201.0 > 1420 2 25
( O
3 Q;Inf‘ﬁr"”: ) 1 307.1>161.0 30 19
Warfarin m@ o : 307.1>250. 1 30 25
0O
4 O , O .32 291.1>141.0" 42 28
Coumatetralyl T ‘ : 291.1>93.0 42 45
oy,
s o 5 68 341.1>161.0° 37 23

341.1>284.1 37 20

Coumachlor

Ol
Cl
[} :
O
. . . ?—4 339.2>167.2° 47 20
6 Diphacinone { % 2.92 339.2 172, 1 47 27

7 334 373.3>201.1° 40 22
Chlorophacinone o 373.3>145.1 40 24

8 3.66 525.1>250.17 53 38
Bromadiolone : 527.2 >250.1 53 37

9 3.80 443.2>135.0" 67 35
Difenacoum . 443.2 >293.2 67 35

541.3 >161.0" 59 35

10 Flocoumafen 3.97 541.3>289.2 59 38
. 521.2>135.0" 66 40

11 Brodifacoum 4.12 5232 5135.0 66 40

* ( Quantificational ion pair) o
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1. 50 min

4.30 min o
2.3

200 pL 5 mL 1.0 mL, 1 min

3000 r/min 5 min 600 L 50 «C 200 pL
1 min 30 s 14000 r/min 5 min 10 pLo

6 200 pL

1.0 mL 10 mL 0.2 mL 2 mol/L 3.0 mL

2 min 3000 r/min 3min 10 mL

50 C 1.0 mL 1 min 30 s
14000 r/min 5 min 10 pLo

6 1.0 mL
3
3.1

o ESI ESI
ESI 11 N
ESI MRM o 4
( Dwell time) 15 ~20
o 1.

3.2

UPLC BEH C, (100 mm x2.1 mm 1.7 pm) - -
4 mmol /L, -

7 min,
3.3
HLB N
HLB N \ 20% ~50% ;
N N 80% ~90% ; N N N
\ S 50% ~70%

(Pall GHP 0.2 pm Millipore PTFE 0.2 pm )
N N 14000 r/min

3.4

1. Masslynx 4.1  Targetl-
ynx 11
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0.9951 ~0.9994  0.9944 ~0.9998 :
3
3
( LOD) 10 ( LOQ) | : 9 10
2. 1 pg/L
8 11
5 pg/L 0.1~0.3 pg/L L L
b
. 1 pg/L
P _-JJuALl RPN P A TR
o [ ST S S T S S T [T S T I T T SR [ T T |
1.5 2.0 2.5 3.0 3.5 4.5
3.5 t/min
1 () (h)
-2.3 Fig. 1 ~ UPLC-MS/MS TIC Chromatograms of plasma
6 blank ( a) and matrix standard of 1 pg/L (b)
( RSD) -20 C 1( Peak number is the same as in Table 1)
6 d ( RSD) 3, 11
68% ~118% 62% ~104% 5.6% ~21% 4.1% ~18%
8.5% ~26% 7.1% ~25% o
2
Table 2 Calibration curves and detection limits for rodenticides in human plasma and urine
Plasma Urine
Linearity . .
Compounds range Calibration Corr.e}apon LOD Calibration Corr{f}apon LOD
(pe/L) . % coefficien . % coefficien
pg/L, equation (n ( pe/L) equation (n (pg/L)
Coumafuryl 1 ~100 y =457x + 183 0.9963 0.1 y =252x - 141 0.9958 0.1
Antu 1~100%*  y=182x-11 0.9958 0.3 y=147x - 115 0.9998 1.0
Warfarin 1 ~100 y =720x +370 0.9953 0.1 y =608x — 70 0.9984 0.1
Coumatetralyl 1 ~100 y =488x +291 0.9960 0.1 y=442x - 11 0.9990 0.1
Coumachlor 1 ~100 y =675x + 180 0.9953 . y=910x + 174 0.9992 0.1
Diphacinone 1 ~100 y=123x +13 0.9994 0.3 y=199x + 11 0.9997 0.2
Chlorophacinone 1 ~100 y =184x +34 0.9985 0.3 y=349x - 10 0.9979 0.1
Bromadiolone 1 ~100 y=124x -12 0.9976 0.3 y =235x +48 0.9953 0.2
Difenacoum 1 ~100 y =159« +13 0.9951 0.1 y =315x +38 0.9944 0.1
Flocoumafen 1 ~100 y=627x +33 0.9982 0.1 y =1360x +68 0.9972 0.1
Brodifacoum 1 ~100 y=85x - 16 0.9982 0.3 y =188x +50 0.9947 0.3
* x: Mass concentration wg/L; y: Peak area; * *. 1 ~100( in plasma) ; 5 ~100 ( in urine) .
3 (n=6)
Table 3 Intra-day and inter-day precision and accuracy of method for spiked samples( n =6)
Plasma Urine
Intra-day Inter-day Intra-day Tnter-day
Compounds Added -
(pg/L)
Recvoery RSD RSD Recvoery RSD RSD
(%) (%) (%) (%) (%) (%)
1.0 84 11 19 82 7.8 8.9
Coumafuryl 10 104 6.7 16 84 4.1 8.1
50 94 8.6 15 84 9.8 12
1.0 95 18 21 - - -
Antu 10 106 14 15 63 6.4 20
50 95 11 13 65 8.2 9
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3( Continued to Table 3)

Plasma Urine
Added Intra-day Tnter-day Intra-day Tnter-day
Compounds ( H«(g /BL)
Recvoery RSD RSD Recvoery SD RSD
(%) (%) (%) (%) (%) (%)
1.0 87 9.8 15 92 7.7 9.0
Warfarin 10 109 7.9 11 95 6.4 7.8
50 100 6.3 12 90 9.2 10
1.0 94 8.2 14 88 7.6 10
Coumatetralyl 10 111 6.7 11 98 4.1 11
50 100 6.1 10 94 5.6 7.6
1.0 91 9.2 12 91 8.2 9.8
Coumachlor 10 104 8.3 8.6 99 6.9 7.7
50 100 5.5 8.5 104 2.0 7.1
1.0 87 9.7 15 82 10 12
Diphacinone 10 94 6.1 9.3 90 5.0 7.0
50 97 7.0 9.0 84 5.3 9.6
1.0 117 9.2 19 77 12 16
Chlorophacinone 10 108 7.7 15 80 7.3 11
50 102 6.4 15 82 8.8 10
1.0 118 8.1 21 81 11 21
Bromadiolone 10 112 6.0 19 90 7.6 18
50 88 6.6 14 84 7.4 14
1.0 117 7.7 25 70 13 25
Difenacoum 10 112 6.6 22 73 4.9 15
50 93 6.1 11 76 11 18
1.0 85 15 26 68 9.2 22
Flocoumafen 10 90 11 19 73 4.2 17
50 74 7.2 9.4 62 13 21
1.0 77 21 26 68 18 24
Brodifacoum 10 83 17 18 71 7.4 15
50 68 11 13 62 14 18
* ( Below LOQ)
3.6
2 h °
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Simultaneous Determination of Eleven Rodenticides in Human
Plasma and Urine Using Ultra Performance Liquid
Chromatography Coupled With Triple Quadrupole

Mass Spectrometry

CAI XinXin ZHANG Xiu-Yao®
( Wenzhou Center for Disease Conirol and Prevention Wenzhou 325001)

Abstract A method was developed for the determination of eleven rodenticides antu warfarin  brodifa—
coum bromadiolone coumachlor coumatetralyl difenacoum flocoumafen chlorophacinone and diphaci-
none in human plasma and urine using ultraperformance liquid chromatography-tandem mass spectrometry.
Those rodenticides were extracted from plasma with acetonitrile and from urine with ethyl acetate. The extracts
were dried by nitrogen stream and redissolved with the initial mobile phase. The analysis of the rodenticides
was achieved on an UPLC BEH C ¢ column gradient eluted with the mobile phase of methanol and 4 mmol /L
ammonium acetate solution in a cycle time of 7.0 min and detected by an electrospray ionization tandem mass
spectrometry in the multiple-reaction-monitoring negative mode. The average recoveries were 68% - 118%
and 62% - 104% for all rodenticides in plasma and urine respectively with RSDs of 5. 6% —21% and
4.1% -18% (n=6) . The limits of quantitation were 1 wg/L ( S/N =10) except that of antu in urine was
5 pg/L. The method was simple selective and sensitive to detect the rodenticides in plasma and urine for
toxicological purposes.

Keywords Ultra performance liquid chromatography tandem mass spectrometry; Rodenticides; Plasma,

Urine
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