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Abstract
analysis method for 8 herbicides residues was established. [ Method ] The sample was ultrasonically extracted with 15 mL of n—hexane and

(Marine Fishery Institute of Zhejiang Province , Marine and Fishery Research Institute of
[ Objective | By comparing the purification effects of different solid phase extraction cartridges on herbicides,a gas chromatographic
15 mL of ethyl acetate ,and then purified by a neutral alumina solid phase extraction cartridge (1 g,6 mL) ,and detected by a DB=35MS capil-

lary gas chromatography column mass spectrometer. [ Result ] The mass concentration of the 8 herbicides was linear with the corresponding peak
area in the range of 5-500 wg/L.The samples were spiked and recovered,and the recovery rate was 93% — 112%.[ Conclusion] This method

can be used for the detection of eight herbicides in marine sediments.

Key words SPE;Herbicides;Sediment; GC-MS

BB 2 — R e gl A 7 A 0 TR B AR 2, 2,4-D
S — AN B A BLER R, [ LU Rk iz
FEA SR BRI BRI R AR R . BT A
1k, F AR 2T S B B R AT R SR R
FBR B N5 Jo e FNB 2 B T RS X 2 P
RATRSTE . A BT FE W], IR0 P %70 23 X il 2k
JB AR A R 2 S A 3, A A A R T 2 A
VETERUM o AN PR S A TR | 2B ek B T X
K= FRBR PR FIAE A5 PR i e IR T B e A 2 2 e A
BRI FIA 9 19 B L AE 20 20 90 4F A%k 2 16 BR A R 5
Sy B-2 KEURYIR ; = R R TR, A T
PRAR S5 , S 7K e o P 4 O LA P A, e A
PR BT F 8, 5% B2 T AT Y A AR T, I
AR W 1 R s e, B B A A B
B Y AR R B R S A S R i A, T
RN RGE, BIURAEERG T T AP R B, X
S B ST 0 P, 24 SR 0T 455 i R 100 e R 7 4 52 , %
T PR 8 A B ) 45 S VP R L3 B e DL B o
R TEVE TLARAT BAT B82S SE (i

8 H TIPSR B R AR 5T — P04 1)
W, BRTE T A 0 A G I 7 v A SR 3 T VO i
PR AR B RN (3 A B B A

HEEWHE #c HHHTRATR B (2018F10012) 5 # b i A3 i %) 3
B (2017C32074) ,

BAR(1995— ), F, L FHMA, LB L, B F 62 i
LI BN, « BAZEE, BEAR R, AFERB P
75 R A A F AR

2019-04-02

EEEN

WimBH

W7 B AL AT TR B TR B e (3%
AR A R SR B R AR 5 R R AL SR )
25, R 3 HT 7 I R AL BRI R AR A5 1T B e B A S
FRARR, 5 At b 550 ke A0 €233 S 335 4 4 15 B, P LA
AR, W V2 A8 TR B 408 7 B IRORN [ AH 26 B0 Ak i
Wil o IZMFFER AR 0 1 S0 335 12 U Vg Ve OB P v 8 g
L I

1 #MRl55Z%

11 #s

L1188 R, MS3 iR e 4k 3 4% (TE E IKA A7)
7890B/5977A ARG - TR FHAX ( SE [ Agilent BHEE A7 B
8] sR=215 Jig e 3125 78 K AX (Fi+ Buchi 23 7] ) ; Centri-
fuge5810 0SB B AL (8 AL A F]) s AL (£ H
Inc AT s R (_L—EEREBRA T o TNER IEC k. —
ARG (B il ; TTKERRR 1 ; CNWBOND R SPE /)
#: (1 ¢/6 mL) ;CNWBOND #; &' B fif: + SPE /Mi:(1 g/6mL) ;
CNWBOND 4 404k47 SPE /ME(1 g/6 mL)

112 FESORIE. FEECREE BWTTTA =01 ARG FRGEIX
SRAEBITHA 2017 4F 4 7, &8 UR T8 RS 2 i J5 2 SR
FET TR R

113 FRifEdh, 8 FRERECFIGRAES R R G50 VI
RN R Ph RO R T RS WO A
100 mg/ Lo i3 FH/K IR ZE 1B K o

1.2 RS RE

121 FRifEREAR . 8 FhERFLF] 100 me/L bRt W H W
A H 300 L, B TR, i 27 600 wL (4 1F O e i,
B 1 mg/L MBRELFISRUES W, 6 FF T 4 CRIDKA .



47 % 18 9 & IEE

SRBEA M T RAR P 8 AR EA A F 205

122 FRifE TR . B 1 mg/L AR AMEVS R, e i v B2 0
&k 20.50,100,200,500 g/ L [AFRAERS R -
1.3 HRETRIE RS20, 45 5 g, A BLE T B
fn A 1 mg/L BRI 100 wL, #5115 mL () ZFR &
BRI, FIIRTEIR #5487 2 min, FES.OALLL 5 000 ©/min 1)
B0 5 min, $RE BT RO . AR
15 mL JECVbE, R DL L 3AE, $RI 2 1 9 T HH N A e 2%
. BEASH A I/ BT, R 24 h MG EEBORAA KR
40 C /K AEZAGER ET, A 1 mL (WIE S BEES, iR
TR AR

B 1 g PR AR B AAE T, i 0.2 g [R3E P ¢, e
5 mL [IE CGERE AL, Bl i S e I O be s TR (2:1:1)
BRI, 1 TL AL UM S5 2 L EZE 0, e 4 (W SR LR L 78
FREE A 4 mL PRI IEA T UM o F A B Y IR TR
TR, 1 mL IE CBERE 2, (80 IR HEYR 37 23 ik 7 T PR A
WA S BEFE MR AE IE O berh K e 255 B OBCSE T 1 mL
AR, R ACTBE P SO 2
14 SHEEIE-BEERIESTEE  OEFEHEE 30 mx
0.25 mmx0.25 wm FEHEF 4B 40T, BAME 2l /R (4l BE
4 99.99%) , ] EL 25U, e g izt (SIM) | kA
Ay R SRR T L, R EREE R 280 °C, PUZRATR
JER 150 °C AR SN 280 °C, B8 FFIEE 4300 °C, FHE
T 270 °C 4445 2 min, 1 25 °C/min 7+ ZE 150 °C , FLL 3 C/min
TFZE 200 °C, FELA 8 C/min FFZE280 C A4 10 min, 8 FhFRE:
FIMBERR B TS S E I E 1 iR,

5.
6
z 4
X
= 4l
§ 1 % 5 g
2 2 B4
= 7
e
w1}
0 " ,LJ,,.,J,‘ ,___,_a,.._u_,....._ﬂu‘u/\ .
5 10 15 20 25

FKAERTIE] Acquisition time /| min
TE: LIRURR 5235 01 3. VUL 4. L R 5. B 6. 5 M0 7.
TR 8. TR
Notes: 1. Trifluralin; 2. Atrazine; 3.Simazine; 4. Acetochlor; 5. Ala-
chlor; 6.Prometryn; 7.Pendimethalin; 8.Butachlor
1 8 FEREFIAVIEHEE FEIEE (200 pg/L)
Fig.1 SIM chormatograms of 8 herbicides (200 pg/L)
2 HBR55H
2.1 FEEFIRYIERE %A 15 mL EC4+15 mL 4R 4S5
J5 AEE 2 YR 15 mL GE 2 458+15 mL PR ERSE A A E 2 K, 4551
KIL(E 2) 15 mL ECLE+15 mL 2R Z FRAEHU , 8
ol R 0 Sy AR (DS ERAR X 85 1 (98% ~ 105% ) , i H]
15 mL IECUE+ 15 mL A IBORE, A A 1] Wi 5 A o A1
(68% ~102%) , RIS KR SR B 15 mL 1F & 456+ 15 mL
LR CTRHE PRI 2 K,

2500 O E kAR nhexane + acetone
W E e LB CES mrhexane + ethyl acetate

200

150F

1001

EN&ZE Recovery rate I %

50F

=)

WE AE ME Er E5 fEms K
WS RN TR o= w= S X3 k=g
w5 LR HE WEUE ¥e ¥E vy
= = ©x 38 = £ B 2
E = B

L

FR3EF] Herbicide
B2 2 FhEERGIXS 8 k5 A ZEBUHR

Fig.2 Extraction effect of two extractants on 8 herbicides
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i 8 Sample 8 1.50 — — — — 8.34 30.44 —
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Table 3 Comparison of the structure before and after optimization

RUTTN IR BREANE
Maximum of beam  Maximum integrated
element stress //MPa  displacement //mm

SRR
Structure type

JRZEF Original structure 189.43 54.81
1Ak 25#4 Optimized structure 172.53 29.86

4 FHig

TR FERT R Bt 19 8 5 L R SR B v 250 A
B, SRR ARV 1) Ay A A T R T DA R B
KRAAS 54.81 mm, i H RV (. 72 HAAT 4 T 00N, 25
AL AS L ) 45 4% AR B B A5 45 200K o 10 de AN M) i 28K
VEHI SR i 2 B, dEA TS5 Aa DAL, 7EAR QB WA 32 57 FEAR I
TE AR TRL AR Fry B ST AL AT A AT S — AR BT, R /NG
PR IR R AAERS o MR TT 58 )R IS EA T3 0 AT
FIRACTT RECR A BTSSR 40t TS B
flaz: 8

DA E Bty SRR R D — BT R , 5%

M PERRIAR AT L, B2 1 285 AR 1.0 m DU J F) Al
F AT LRI R A A i 37 Sl s FCRFF RIS 18] (9 0 e AP it
B LA AR P S AR RSB NI IR Rl S A S AE 32
SERESS BB AEARAEHY [ RORREAR, 5548 T AR BRI T
LT

R T AR IR R R A R AN A A S O T i, B
A B B TEREL AR K R ECR A U5
FAREAAR M AT o oI A JLAR B A 7 SE BRI, B e
TR MR SRR AN AT AR g 30 Sk T Ay s A U Y, FE Rz ]
X o AR SRR RN 7 43 L AT L A e 2™ b B A A 7
HA— BB
% 30k
(1] 2%;:92 FACE B ER A DR B & R S [T ). 75 Ml 2011 (3) -

[2] WA B 7= R RO T SRR 1 ). 7
A TAREHR,2006,22(2) :147-152.

(3] Wibe, TAE. JL5KERE =R L RIR SR T]. 3
ol Rls: ,2014(23) :212-213,218.

(4] i, B, Tak, %, R = EEMEERRIT ). AR5,
2018(2) :262-268.

(5] PR,y bR, TRk, 4 s IR MR = S M R S IR (T .70
Rl 2011,39(2) :503-504.

[6] FEEDLMIDAS/ Gen [ FISFIHAER SEEREE [ M ] AL st th EEER L
A, 2010.

[7] e NEE AN G BRI 2 B 5. A ViR 2= 45 Mt {75 . GB/T
51183—2016[ S ] L5 FhERRIH Rk, 2016.

[8] rhie AR AL AN L PR & B . B S T NTE . GB 50009—
2012 S].Abgt: AR Tl i, 2012.

(9] Ea. KIFREMRE EEHNZ DO SIS [ D] RS 1L7E
Lol Kz ,2016.

[10] ER A, BE, B, S8 AR E 5 )]

b TARA4R,2014,30( 12) :171-176.
[11] BBILk. FERERRRE =S O 9T [ D] K . 75
R A, 2014,

(% 206 )
[6] DANION M,LE FLOCH S,LAMOUR F et al.Effects of in vivo chronic ex-

posure to pendimethalin on EROD activity and antioxidant defenses in
rainbow trout( Oncorhynchus mykiss ) [ J].Ecotoxicology and environmental
safty,2014,99:21-27.
[7] DANION M, LE FLOCH S,KANAN R, et al.Effects of in vivo chronic expo-
sure to pendimethalin/Prowl 400 ® on sanitary status and the immune sys-
tem in rainbow trout( Oncorhynchus mykiss ) [ J].Science of the total envi-
ronment ,2012,424,143-152.
(8] 2=, S, 5020, . SR IGE RN E & M - 5rh 13 Fh=
RSB ST RN T ] ARG 21,2000, 28 (1) «
211-215.
(9] ZRos B, SRS R R BRI T Ieh =R B[ T ).
PRI IETR SR ,2008,20(3) :44-46.
[10] Wz, )1, 50 , 6. EAHAE R - e g B e R R G - Bk 4
TR TR [ ] AR2A0527412, 2014, 16(4) :433-438.

[11] CAMINO-SANCHEZ F J,ZAFRA-GOMEZ A ,PEREZ-TRUJILLO J P, et
al.Validation of a GC-MS/MS method for simultaneous determination of
86 persistent organic pollutants in marine sediments by pressurized liquid
extraction followed by stirbar sorptive extraction[ J ].Chemosphere 2011,
84(7) :869-881.

[12] SP4e, e, Fagte, 6. A BlmEAE B - i e - ER IO T

RIS E A b 12 TR Esair [ ] .4k 24,2015, 54(2) : 122-
125.

[13] EBF XD W7kt mriA R e i — FR IR R R e e FH
ek 31 MR AT ] S0hT L, 2014,42(3) :390-396.

[14] XU X Q,YANG H H,WANG L,et al.Analysis of chloroacetanilide herbi-
cides in water samples by solid — phase microextraction coupled with gas
chromatography—mass spectrometry [ J]. Analytica chimica acta,2007,591
(1) :87-9.

[15] (FEEIE, TR, SRAER, 5. NRAE B e e 13— ER T R
DB 13 M =TA2SRERITR R [ ] ] Frith+412,2013,34(6) : 353~
361.

[16] Jkegl, R, ST, S5 Rt - AR E - =R T AR TR
TEDMEAG i 9 F =TR[], T A1, 2015,36(2) : 177~
184.

[ 17] FAEE, SRS, it , 5600 5 JIRTE K o N 20 T R
HWARERE - TR T ] A1, 2013,76(2) :183-186.

[18] MATUSZEWSKI B K,CONSTANZER M L,CHAVEZ-ENG C M.Strate-
gies for the assessment of matrix effect in quantitative bioanalytical meth-
ods based on HPLC—MS/MS [ J ]. Analytical chemistry,2003,75(13):
3019-3030.

[19] 2l 3 N2 ™ G , S S R SR ML — R i AR € 1% - R IBE
[ fa iR e 3 FHORG NNk -2 - 2R Wa [ ). & Rk, 2016, 37
(24) :257-261.



