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Abstract: Objective To develop a method to screen and quantify 10 common herbicides (paraquat, di-
quat, glyphosate, glufosinate, cyanazine, atrazine, metazachlor, acetochlor, chlorsulfuron, and metsulfu-
ron) in blood. Methods With acetonitrile—water solution [V (acetonitrile) : ¥'(water)=3:1] as protein pre-
cipitant, 10 common herbicides in blood were detected using ultra—high performance liquid chromatog-
raphy—high resolution mass spectrometry (UPLC-HRMS). Results All the 10 herbicides had good lin-
earity in their linear range (coefficient of determination R*>0.993), with the recovery rates 67.4%-—
111.9%, the relative standard deviations 1.5%-10.8%, the accuracies 85.1%-106.1%, intra—day preci-
sions 2.7%-13.5%, and inter—day precisions 3.3%-13.3%. Conclusion This method is casy to operate
with high recovery rates. It enables rapid and accurate qualitative screening and quantitative analysis
of various herbicides in blood simultaneously.
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1.2 B

1B A B E W 0t A5 W 43 i) RS B TR B 10 L
1 mg/mL 9 77 FOAK R BOH R R RO
F5 2o HE MR | 2 FE R U R R R AR ) ST A
TP H s E A E 10mL, 198 Bk N 1 wg/mL
TR S bR E ) BAE 35 W B A7 T 4 “COKAR b .

TRAFRUED) T T AR BT wg/mL 1R A A e 5
s 55 W, FH UL B0 AH 32 5 8 S T ) T o VA 43 i)
500,100.,50.20.10.5 .1 F10.5 ng/mL f 1R A Fr vE ) 5
TAEW -
1.3 HmBraiE

B FE 5 200 pL, WA Z G- KIER [VZIE) :
V(/K)=3:1] 800 L, 7t 7 1R 2] I iR BE 1 min, 8 7
Smin )5, fE4CTFLLE O 8.5 em, 12000 v/min, B
> 10 min, BU_E 75 28 0.2 wm 38 B3t 3 | £F UPLC-
HRMS 53 #r .
1.4 BIERRIERYE
1.4.1 &40

Hypersil GOLD™ Cis & 3% # (100 mm 2.1 mm,
1.9 pm) , HyperREZ XP f# ¥ # (3.0 mmx5.0 mm,
1.9 wm) , #1014 H 32 [E Thermo Scientific 2~ 7l . H %
ko WBIAH A:0.1%F PR T sh Al B: B . A0 BEVE
B 251 :0~6.5 min,95% A ;6.5~10.5 min,5% A;10.5~
12min,95% A. ¥ A 0.3 mL/min, #EFE &R 1 wl.
142 JRig4&pm

HiL 5 55 25 - (electrospray ionization , EST) i ; F i
Z5 ML 3200 V5 B 4 8 IR BE A 320 °C 5 il B i #4
i B2 S 300 °C 5 B AR A Bl SR 2R Qi 4 ) R
30 L/min . 15 L/min) ; B0 4348 75 X0 1 07 D)4 19 424
/52 TS (Full MS/dd-MS2) 56 5, — 2%
L (mlz 50~750) 53 B2k 70 000, — 21415 (dd—-
MS2) 43 Bk 17 500, 38 3 3% B2 7 564 20 B o o ok 3
R 1 g/l () B H AR L AR AR 45 H AR 1 — G
BT HMC UPLC-HRMS 28 L& 1.

1 10FEREFIH UPLC-HRMS B[

el a4 CAS 5 UEEN 0] /min —BEFET —RENE T
Bk £ EEN 4685-14-7 C,HuN, 1.84 186.11515 171.091 53
HHE 6385-62-2 C,HuN, 2.35 184.099 50 104.96321,90.947 53
H WU & 3 1071-83-6 CsHNOsP 2.25 168.006 73 124.016 96, 149.996 48
3 A 51276-47-2 CsH,NO,P 2.31 180.043 12 94.99049,136.053 48
ZREX fEE 21725-46-2 CsH,5CINg 5.65 241.09630  214.08519,96.055 47
Rz 102029-43-6  CsHuCIN; 6.16 216.101 05 174.05402,96.055 47
B W3 67129-08-2 C.HiCIN;O 6.46 278.10547 134.09628,210.067 70
L 34256-82-1 C1:HxCINO, 7.37 270.12553 148.11195,224.083 39
05 A A% 64902-72-3 C.H,,CIN5O.S 5.17 358.037 13 141.07693,167.056 17
bk 74223-64-6 C1HisN5O6S 5.07 382.08158 233.41920,167.056 17
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B 5T R BRSO BT A, SRS T R VR
g3 6 BT B R 0 S B AT R AL A — TR
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i 1A /min

B 1 10t E T ¢t H
T2 10T EMHLERE RHRIESIR

" KL E/ N BE ARG Al TR/ B R A ]
£ 3 b4 (ng-ml") %y A2 ) (ngeml)  (ng-ml") %
ke £ A 10~1000  y=—2693+521x 0.9993 5.0 10.0 0.314
HE 20~1000 y=—-4610+219390.3x  0.9982 10.0 20.0 0.566
AR R 3 50~1000  y=1167+151360.6x 0.9960 20.0 50.0 -0.147
34k 50~1000  y=63956+842494.4x  0.9932 20.0 50.0 -0.112
ZREE W o 0.5~500 y=53950+548.9x 0.999 1 0.2 0.5 -0.136
FxE 0.5~500 y=—-382+573.4x 0.9972 0.2 0.5 -0.453
B vk 0.5~500 y=3548+1018.3 x 0.994 1 0.2 0.5 -0.085
IR 1~500 y=—2439+702172.4x  0.9990 0.5 1.0 0.153
AR £ A% 0.5~500 y=—73859+446090.5x  0.9997 0.2 0.5 -0.037
kiksdis 1~500 y=124+420107.8 x 0.9992 0.5 1.0 -0.138
RT3 10T S EIKE  EREMNBZE (%)
£ st RERE/(ng-ml?) ERE AR ERE(n=6) EHE B AEEE(n=6) B R EE(n=18)
Beukrz £ B EH 10 85.9 1.9 89.3 11.9 10.9
20 103.3 2.6 106.1 8.3 3.3
100 107.7 4.6 102.1 6.5 5.9
HE 20 94.2 7.5 94.1 12.8 7.4
40 96.2 2.7 94.0 8.4 8.3
200 88.2 5.7 88.2 7.6 5.4
HABER EH M 50 90.9 6.4 93.3 7.5 5.1
100 86.6 5.5 90.7 9.7 10.4
500 97.9 2.9 96.1 3.7 6.8
3k 50 83.5 3.9 91.6 10.6 11.6
100 80.1 3.8 86.4 8.5 7.8

500 82.0 3.9 90.0 6.0 1.7
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1 82.5 1.5 96.8 2.9 4.1
5 67.4 4.1 89.5 2.7 33
Behe kB R 0.5 87.7 1.8 92.3 133 72
1 89.7 6.6 89.9 10.4 9.4
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10 96.0 4.7 94.9 10.1 7.8
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10 1113 3.2 96.8 4.3 6.5
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R 7E+0.20 Z [ {EL 7 B0 Bt iRy B AR ML FRRF. ASE-GC/MS Rl R 2R
BB L B L 7 52 0 o, — s 7 ) 3 zjif’ﬁm"ﬁﬁ”“]-f*ﬁ’f*?i"*i’k’z‘)lg"‘l(Z)=
S 4 — NI 2 ‘E; - .
Ei‘EF'Jf_HTjJHW@qﬁu\{ﬁﬁﬂi%ﬁxﬁl@%ﬁ/”@o [4] 5&4%4%,'73%;/%; &#H@1%—$Ek’)ﬁ1%%l€]ﬁ/ﬁ“liii§
2.5 =GR A AP BRI T K B (1], 9 R A 2016,
PrAS I8 Br i3 5 % T 2018 45 1 H —2018 4E5 A 55(13):3459-3461,3471.
TETAL PR b I S T SRR B AT i ], (5] AR Y. SR RERBA ARG K R RAF
0 104 PRI A A I MR RN iji?“ﬁ]ﬁ%f;f@z?ﬁfffﬁfj'] R
P gl Py N N K A R 15 BT 5 6 7 [J]. E) @ 3
A RGO Hrt 6 44 b Lt 4 46 K B B LA 16~ 2001200 1214
472 HHRA A GORRIH HRATTRETHI0.09~ (71 s, muA v A RS BALD]. PERRE
78.48 wg/mL) FH B 149(0.79 pg/mL) (35 £ )% ,2013,15(8): 165.
14 (4.73 ng/mL) . Z e 3 14 (10.57 ng/mL) . [8] X 2F. RER T HEHEKESFP RN ARFTE
R G 7 0 ORGP BT PR L D o ;j({lzﬁﬁzj*g}; I
e ke B 1 ) 18] =, B A, R 7 BL ik K TR - 50 iz AR
ﬁ@ﬁﬁg@&j&ﬁgmﬁgng%uy@) FRIHPLC/MS # Ml [J]. ILAR AL F 405 ,2013(2) : 148-
P b HAY 3 0k B0 vh B A I PRI ROA I 7 HIAE T - 152,
TN [10] sk R, Zk%, F8E, 5. REZka-EmETu ik
3 4 i®© e g ap . . o
- YA K G EARMA P F g 3k KRR [I]. o AT R
. e e . %,2016,35(6) :654-658.
BESEEEST T R P VL ) s i E0 200, 20007099098
ARG R R R AT Ll e o % Ab -8 B A

KWLV ) : VOK) =311 8 BTTE FI R il
FEVEATALBR)S , >R F) UPLC-HRMS i gEAT R . A7
PARE PR R ER R AT [RGB
AR BN A T PRH VR 1) S P O A R St 53 BT, %A
RGN R AT S e R Hh 2 R RS R B L
S 3Lk :

[1] B, TRk, 2RBEN TG K EEALEAH

(ID[N. #AA& 2% ,2016,15(3):1-5,31.

2] #x BAF, T 20, 5. FHBRERNXE LR

M o o R S B AT P B R E S 4 &,2009,
24(3):161-163.

X B A R e A SO e B ER R R AR kg
B [D]. R REFE K F,2011.

YOSHIOKA N, ASANO M, KUSE A, et al. Rapid
determination of glyphosate, glufosinate, bialaphos,
and their major metabolites in serum by liquid
chromatography-tandem mass spectrometry using hy-
drophilic interaction chromatography[J]. J Chromatogr
A,2011,1218(23) :3675-3680. (F 4 % 600 )



+ 600 -

[14]

[15]

[16]

[17]

[18]

[19]

19648—2006[S]. AL 7% : F E 47 /£ 4L, 2006.
PARANREFRE AL, AYHERTIRLS B DA
RARAAAE H-REBEA TSI %k GAT
931—2011[S]. b7 : ¥ B AR i pait, 2011.
PRAREFRENEIH. AMHFERTRCBERE T
o9 A48 &R AU & - R R R AR IR 7 & GA/T
933—2011[S]. db 7 : P B A47E H g4, 2011.
FARARERES EFEAELETEELE. AWM
P OR A e A LA T Ao R BA 9 ) E : SF/Z
JD0107004—2010[S]. 4L 7% : P B A% 4 B #r 4+ ,2010.
AL AR A E ) iR 30 E) s R Ry e At
B Gk T A B 690 2 SF/Z ID0107006—
2010[S]. b 7% : 7 B AR /& 31 Bk, 2010.
PREAREFE NI, AR T y-BRATRGA
A8 &, 3 — T A i AR & - B B AR IR 7 % GA/T
1074—2013[S]. b 7% : ¥ B 474 $ #aAt, 2013,

PR IFEZBARATER A, MERAHLELR
%335 % : CNAS—GLO5[S].2011.

Journal of Forensic Medicine, December 2018, Vol.34, No.6

(20]

(21]

[22]

USDA/AMS. Pesticide Data Program, revision 2,
released 10/01/13[S/OL]. [2017-02-26]. http://dairy-
programhearing.com/getfile5fa65fa6.pdf?dDocName=st
elprdc5083988.

United Nations Office on Drugs and Crime (UNO-
DC).
methodology and calibration of equipment used for

Guidance for the wvalidation of analytical

testing of illicit drugs in seized materials and bio-
logical specimens[S/OL]. [2017-02-26]. https://www.
unodc.org/documents/scientific/validation E.pdf.
FAEANRERERLE. K=m b 05K 8 T
M E AR E -k R L3R 958 5 N —10—
2007[S].2007.

RRAZHEEARBERER. RE SR T4 35
&« B A A[2002] 79 5[S].2002.

(Yr#s HEA:2017-04-22)
(EXHwE:™ ZE)

[14]

[15]

[16]

(L% 594 70)

TSAO Y C, LAI Y C, LIU H C, et al. Simulta-
neous determination and quantitation of paraquat,
diquat, glufosinate and glyphosate in postmortem
blood and urine by LC-MS-MSJJ]. J Anal Toxicol,
2016,40(6) :427-436.

ARIFFIN M M, ANDERSON R A. LC/MS/MS
analysis of quaternary ammonium drugs and herbi-
cides in whole blood[J]. J Chromatogr B Analyt
Technol Biomed Life Sci,2006,842(2):91-97.

TAO Y, XU J, LIU X,
cheap, effective, rugged, and safe method for the

et al. A quick, easy,

[17]

[18]

simultaneous detection of four triazolone herbicides in
cereals combined with ultrahigh performance liquid
chromatography with tandem mass spectrometry[J].
J Sep Sci,2014,37(17):2340-2348.
KUO T L. Determination of paraquat in biologic
materials by a simplified solid phase extraction and
spectrophotometry[J]. J Formos Med Assoc, 1995,
94(5):243-247.
WA, @ R EEYF T MM AR A R ORAE,
2012:4e.

(Y= H #3:2018-06-08)

(Ax4sg:. ™ H)



