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WE AFRBELITNZELAKRFRSAR. —FRR, WEK, CEKR, TER, AEE, F
£EHDEFSHREMNKRYENAACL- L E, H&AANHENHEE 20-30, A F KR
B, TAKBBRMNRA, THF Er+ EMERNMMAEN, FIAAEEE-REE, U&FyTFhl
RN, SRk IATE B, KA HE AT EE RACER, 8 MEREFRZE 0.010-1.000 pg/L
CENAMRT RPHAT 0990; FiEbBRUGEL=3FE, HHR2H A HEF 0.022 pg/L,
T # 0.031 ug/L. % &% 0.028 ug/L. ZEfF 0.038 pg/L. ¥ H % 0.041 pg/L. ¥4 0.035 ug/L.
ZH R R 0.025 pg/L. T FEH 0.020 ug/L, #3# 0.05, 0.5 F1 2.0 pg/L 3 A /K JFE A iz B,
FHERE A 74.7%97.7%, FITFERZE 12.0%L K, FEBHR L2 H: BEF 0.022 pg/L,

FHE 0031 pg/L. #%Z0.028 pg/L. L 0.038 pg/L. ¥ EH 0.041 pg/L. FE 4 0.035 pg/L .

ZHRR 0.025 pg/L. TEH 0.020 pg/L, HEEERA N 0.05 pg/L, %7 EAAREFRE. HH
Wi, REUEE . EIWEFEME, T8 KR P IX 8 A M 37 7% F o Ml 48 R L H
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R F Tz IR KA, Xl 2 SR
K i 5 5 e B L A% BRI T o R ] I S e
TR RO C SRR L BIAAVE, BRI i
Mr A G AR SRS AR S AR W E (DL %S, 1999). BR
FF A AR rp o o R A AR R R IR, X
5. HFERM A 1B B AR E M TRl s RS
% (Kovriznych et al, 1998). IT4Fk, PKI/KIRERFFT5
Y| J wytall 5 P RN A KA T L IRGE K 7 )
A5 20 < 1 T T W V| A o R N A= SR
(http:/news.foodmate.net, 2013; Z=PXMESE, 2014), KR
FIE K A B R B ) e KR B BR AR 0.1 pg/L, E[H
W RS (EPAYRUE K 55 2o R KGR B BREE N 3 ng/L,
T E R IR bR HERLE 55 2 KIR B IR 2 pg/L
GEARTRAE, 2008) , {HFL [ 4 JIC /K™ F 58 PR v R 5

PREA KM AAREE-FEE; Al
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5% BRI BR S Am i, AEASHIN I H 7 T, (USSR R Y
B BRI (I 25, 2008; T KA, 2011; FRFIMELE,
2001; 224555 2006; R4, 2001; GB/T 21925-2008,
2008; AT, 2008; WA, 2010; 2144, 2012),
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MR 4 (A5, 2012), Firr, SR EERE IR
TRAH LTS A AR B B [RDR M, 25 5 th B BH 1 25
Fo WBORR (3% - Jo T B T2 RN A € 3% - o AR P
DU i 5 1 g Lb, P e T M A, ARG 52 A
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W, XA R PR R AR Ak BRI A BRI

AW SN T T Ol K SR B R R B
A ETE - BRI 7, %7 vk T[] ARG 7 il B
S5 K i JO R 2 42 D T A B XU, Y i R
B2 | BTN =R 2EX 3 BRI , 702 R
SRR WA WRE . SR TR PEIEE
R, TR

1 HR5HE
1.1 ##

111 ME Thermo Trace DSQ HPUA% #1404,
TS (3 E LA 7). DB-SMS {4354 (30 mx
0.25 umx0.25 mm, 3E[E Agilent AFl); 2S5 M
% Multi 3430 A235] (&= WTW A #l); KQ-600DB
B BE v (R A A FIRAF]); DTS-5
B OHLEAL R R R B O ALA FRA R, W201 RlfE
AR I (R AR R A BR AR R RIVE 7R K
(AR R R ) 5 FERH AR R 5 (36 [ 48
BHE P EABRA A,

1.1.2 XA FARR . ZHRR | R L EE
TR, VEIhEE . 5 FRREY 100 pg/ml (R
1E CBE) (R R IR BE R P RS I T i i) B T 4°C ok
FEHROBIRAT ; IECbE . INER (A% 2l (S [H Tedia A ]);
TA AW LR TR IS 432 E Honeywell A F);
ToKBRRREA (PGB L T A R F450°C FHET 4 h %
M SAein(E 255 bR A R A RD ;. JB % HLgE
+ [ AH A BUFE (1000 mg/6 ml, 35 [E Sepax-UCT 24 Al),
1.1.3 AR E R 0 B ) 8 B EL A TR A bR
Hh B DA IE O B s R BC ], H A A E AR i ik B
41000 pg/L, BT 4°CrkFEHRCIRAT . SEHRT, H
TR A A o T (809 FH 25 1 258 o 48 BT 8 s T LAk
7 0.010, 0.020., 0.040. 0.100., 0.200. 0.500. 1.000 pg/L
B 2R 5 AR TAE R o

1.1.4 XAEFE  SLWPTHIRAK . EEIRK KK
FEON IR At e g 2 R R S b | A s vl
AKIER L A EEE AE AR R A M, KR . A KRRTR
METer B, WA D RPN A 0 s L
AR AN R AWM T pH 2 6.0-8.5,

1.2 FHi&

1.2.1 HamaTasE WERR L 200 ml KKE, &%
SR E ER B, EREEH 20-30 B, RFEIE Y
B EREEART 20 wF, WPMAEARENTESY, R A
1 LIRAKENN 10 g EALANBTER R 10 1538, KA

B R B R K EERS A ST W SF A 20 ml 4
FGEREHL, A MU TOKBRRR (L 10 @), YT AL
e . 20 ml 4 BE B AH 1k, AIFA L
M, T 40°CRBIEEMRATL T [BAHZE BN
AR IE C e Ts fb a5 A, 6 ml IE %7 3 IR B
FUUI, VRIRBIEA/NE, BHIFHE N 1 /s, e
T 14 mlIECBE © ZFROBRNV = V=1 : DIk,
T AZYER, T 40°CRERS R4 =T, 3%
B 1 ml ECEEAES, B EORE-E .
122 &mé#E-niEatrss SRR 270°C;
A NAS(LE =99.999%), K 1.0 ml/min; AN
IPIERE, PERERN 1 pl, THEREF . IR 70°C,
f#345F 1 min; A 20°C/min F+ 2% 200°C, 445 4 min;
Ph 15°C/min F+ 2 250°C ,f£FF 1 min; #8)5 LA 10°C/min
T2 280°C, FA¥F 3 min. B FUH EBLIE, HEREE
970 eV B TIRIRIE A 250°C ; BRI 300°C
K 77 2K Ry 4 3 3R 2 (SC AN I 2 43 25 7 46 ) A =X,
(SIM); REHHITEE N 50-650 amu; 7] L3R B [A]
6 min; BEREBFE] Y 100 ms, E PR T HE BT
WL 1.

x1 SHREFNNEUEF. EEET

Tab.1 The qualitative ions and quantitative ion of

eight herbicides
1% Compound ﬁiﬁ%% ﬁii%%
Qualitative ions Quantitative ion
FR R Trifluralin 306, 290, 335 306
VIS Simazine 201, 186, 173 201
52 Atrazine 200, 215, 173 200
HI B iz Alachlor 160, 237, 288 160
LB Acetochlor 146, 162, 223 146
T ®iJi¢ Butachlor 176, 160, 188 176
- H % A Pendimethalin 252,281, 162 252
FNELH Prometryn 241, 184, 226 241

2 #HR5ITE

21 HREWR

2.1.1 B HIRIRT AP BGX A 4 kB KT
Ik 0 7510 32 P R T ) R T Ak L R SR FH - TR AR
(5 LBk, 2011; FRMIHESE, 2001; GB/T 21925-2008,
2008) il [i] A 2% HU(FE S 4 55, 2008; ZF A48, 2006,
AR, 2001) 0 XRARBUKEE, FBMHZEREE, &
ZUE B R A A S AR A, ELA A6 I i S 1 %o
PR B BORBERA  o W-TRCAE BRI F d AH R 45
K, EHEARR . BERR . AR, Fitk, 7858
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s A R ot ARG Y, Y-S ) 2 E TR A S
FHAY 7 2 R FESE, 2001; GB/T 21925-2008, 2008).,

8 PR ) Jm AR M s s i A B, B
VA AR BGAR EEA IEC e . S H BeRI At AR
MR L 13X 3 R BCICR 52 R (3R 2), 3 Fl
RGBSR sy, SREUSCR AT
WAL 2430 2 S eV E R BGR] . AL, ASBIESE o3 AT
THEBOR BT HEHEE R, BRE 1 R, 415
PEBCRIK 90% 2847, FEEUFIUR, A1 R BUR IR 99%
Ph b, CRe R SRR R K

&2 8HMBREFEARRRBURF Py E R
Tab.2 The recovery rate of eight herbicides in different
extraction reagents

[ it 2 Recovery rate (%)

i —aTRE A
Compound EC K Dichloro-  Petroleum
Hexane methane ether
R A Trifluralin 72.3 92.2 85.0
V534 Simazine 77.3 95.6 93.8
75 K HE Atrazine 77.4 96.7 81.9
LK Acetochlor 74.5 94.5 76.7
FH ¥l Alachlor 76.4 91.9 81.1
FRH 5 Prometryn 73.5 94.0 90.3
—H %R Pendimethalin 73.9 97.5 84.1
T B Butachlor 73.2 91.1 90.7

212 ARHEWHH FHV -V 7 B R UK
an A HLAR 2 H AR, 38 5 AE KRR i AGE & 1 &4k
B GE AT ZROR, LA s e FLIE IS, TR R
ERATVE F AT B2 S A AL B AR %) A AT IS0 3 (A 4
45, 2002) SEH R AL ENA Nk LA T R B4y SN
5. 10, 20. 30, 40 ZKFEXT HERRI 2 . DItk
WBE AR AL bR | ISR AR AR, HIAEER BE 2R (& 1),
RN, EREETE 20-30 YERIN,  [FIKCRITE 90% L)
b, AR YER T 30 BF, HAERAY [ENR
B TR EhEEIR 40 B, R R AN 55 L [ iR
CART 70%, FLBhr#RfEr, KSR KM,
AR AR RE R BE 2 20-30, VKRR S A ER B S A TR
WIS, AT RO,

213 AR pH #9% " pH 1] BB S R 4 7 K
AHFNAE HUAH H 0 43 e R AR (R 815, 2002), [RIAT,
KB pH X BRI R M B R, 2R
FIFE R E BB 2 F T, KA A0 5 3 0 4 T e
(B2IR%5, 2009), I, pH S 5200 - 2% B0 3
YRSCR [ — AN R L A58 A A AL AR R
VW VREE INBRIKAE pH (B 35128 5.0, 6.0, 7.0, 8.0,

——F 5k A Trifluralin

—— S Atrazine

~—— P33 Simazine
—e— 7, H it Acetochlor

1107

100}

901
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701

[l
Recovery rate/%
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Fig.1 The salinity curves of eight herbicides

9.0, % %% pH {ELXF R AYFE I o LA EICR R 90 AR A |
pH A AL bRl pH £ (] 2). pH 1E 5.0-8.0 JE[H
P, BRI ISR Bl pH 34 KmiHE K, 7€ pH 2y 8.0-9.0
WHIN, BHERY RDCREE pH B3 R MIFEL, 35 2%
HUR H IR A [BDSCRAE pH=9.0 B EVIK T 80%. [
I, BAREEE pH BIAHF BARY B . pH 7
7.0-8.0 JEFEN, HARY RICRICH B4k, kK
PREEHY pH {H# F N 6.0-8.5 (GB 11607-1989, 1990),
FEAD PRSI BRAKAR S i — AN TE %S pH, (A7ERRIR T
GUTN, A B V5 YL S, JK BT pH 8 S IS
BT

1201 —— 44K & Trifluralin ~—o— PG, Simazine
——F5 J: 7t Atrazine —e— Z, i ffif Acetochlor
°
< 100}
M- § /%\'
E 2 = N
e -
80t
—'— H 5% Alachlor —¥— fNEL 4 Prometryn
—— W% Pendimethalin —=a— ] HLJi Butachlor
60 . . . . . ,
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K2 8 FERFEFIE pH HiZk
Fig.2 The pH curves of eight herbicides
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KW . RFH— BT KL, HARFITAL
Ak, RS2 R I P ) E R L 98 2 LA R
FIRE 2 eV 0 A5 WA W R, 70 Tk e 258 ORISR
2, 2001)F1 —fil§ B 2R 1 25 (Engebretson et al, 2001)Fk
BTG H A S A N T R SR . AR
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T 90 LR A AR ZE BN X ol K BT 8 FhE
P B3 551 2% R ARSI 4 e AR A5 1 0T R AT T HA .
221 BEAFEF A LF AWFFE LT G Fp
ANTRI B AR A EURE: 35 % HLAE £ /VFE(1000 mg/6 mi) Al
A B0 R -3 2 B - 82 A /ME (250 mg/2000 mg/6 ml)
VAR ASCR o R R A B/ A i AR RO AR Y, 0
AR TIRAR RR2ZEH] . FBEBIEAR R, —
JBE AR 7K 5T AT 36 20 B A [EAE AR B, H — S8 JE 5T A
SRS . AR B iR A KR T R T -
% HLRE - [E AR ZE U G/ M A
2.2.2  BEPBLIEF 64 F e sk BLAA AR 6 AL Sy
JEHLER T 3 AR AR (C E T B - 1E O BE L LR LT
ECKEMONE-TECR)MTEMBCR . 2R ER, 4R
CPR-1E OB AU B, H bR 5 RS e ey
HFALROR Y . A bE-1E SRR 8 Ak 5 [
R 3 3 LR L BE-1E O Rk . I -1E O kel ik
PR, 2 0 T 4 s — G P - 1E L BE AN 2 R LT -
ECkiZ, HERREBCEAR R 70%, ASfgi 2 Bk
RIEK

W TR 1, 124, 1:9, VIV LR
CPR-ECBEMPEACR , SRR, CROBR-TEC
BE(L 2 1, VIVYBRI RS R i, 22 T4

PLZTRZBE-TEC (1 < 1, VIVY VLA, E]FE 2 ml
WA R, AL AR H AR i, AT AL
PABKR . VAR FCA R AR bR 2 il Ve B i e (1 3) . 4k
AT R 12 ml B, PEBEACREEAE 100%. AT 7
B HERPIVEE T ok, 85 14 ml 19 2R L FR-1F O %
(1= 1, VIVTE R B Ve AR AR

FE AL RE S S U Ak 7 ik a0 M, TS 28
VAR i | AR VR R 25 0 KR b I 1) 8 U
(Kl4), 588w, FEREAGE S, HERGEMNTTG

—— g 5k A Trifluralin

1201 —— P F 7 Simazine

100F o "Bl Butachlor

80 —+— —H %R Pendimethalin

/
60k ffl —— 75 Kt Atrazine
/  —e— L Acetochlor

401 //
/// —¥— fNEL /4 Prometryn
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H o &
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Fig.3 The elution curves of eight herbicides

AR T
2.3 ERBALHIHEER

S R S R W VR 70D B N B WL S R L L7
DU (L () 52 0], R Ry 22 B 3800 (NCCLS, 1998), GC-MS
A3 BT K 2 A 25 3R 30 O [ R R R IO 4 o AN N
BURIRAE, 2008), b T 5 52k JoO6 Fop 0 B 2 551 11 5
A RREE, LA T IEC BRI 1 )R B AL
PEIT VLSRR 23 K SR A G 2 41) oA Rl
BREFLL S AT (R 3)o S5 WK, aUREIE T
8 53 R 24 B R A AR B A BB A T, S STRRLN,
1E 142.1%-160.5%Z 8] . @it B o A HE a8, #F
i PO PRI VA B T AR 38 5 1A T B s AR
INF A A B ) SRR AN ] 7 A ) R AN % 5
T 7R it 118 35 SR SR R TR KRR i K AR 22 (B 5
2014). P, ASHFFER 25 FURE b B2 OB AR Ry b A
W AR BRI, it 2 i o VG AR v I AR v s, ]
7 A8 1o 2 SRS IO Yo ARG ) 45 SR o 2 ) S
24 FHiEMBEREMBEZE

SR HRRAE N, 43 BILAZS F IR K | IR KA
AR S AT 42, HEAT AR RIS, LSS IRy
LR B RIS 25 B . 8 BRI A TR vk B 43 51
0.05, 0.5, 2.0 pg/L 3 K-, BABIKF- 6 1F
17 4)o 76 3 DEIACET, 8 FHERELHIAF- 1 [l
FH T4.7%-98.2%, FXTIRUEMMZELE 12.00% LI
ORISR R, AR A 2 R AR K

25 FAHEMEKMEE. wHRMRRESE

PLE bR i 0 B PR . RIIARHE TR
Jo R B AR A R AR E R, TR R
B RMEMSERERY (F 5). HREMMERE
KT 0.990, iZJ5EEAE 0.010-1.000 pg/L He I A
LR AR R DS =3 A5 5 AlE &
RE 1) ) A 4l 2 R o ) S B b T R AE 70%—
120%2 1] . fEME =10, FHXIPRERZE=<15%. W% 4
Ji, 8 FBRFFIMAREN 0.05 png/L B, SEERENL
FAE 80.3%98.2% Z A, AH X 4% I 25 4 2.06%—
11.2%, HAFWMEHEIRT 10, KWk, #fEA % 8 fh
o 500 ) B A 1 PR J42H 0.05 ng/Ls

2.6 KEREERNE

SRAE SR M 3 DX 00 £ 5 5E E K KA | 2 | ARURT R £
FRIHIRAOKHE | XS ERIRIE IR AOKAESL 8 AMRENL, 2t
7 8 BIBR AR . KRN INFRKF25 0.05 pg/L, ks
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Fig.4 SRM chromatograms of eight herbicides

A. K B, ARERW(50 ng/ml); C. =

7K HNER(0.05 pg/ml)

L BURR; 2. VEIDHEE; 3. F52eH; 4. L%E; 5. B, 6. Fhag; 7. —HRR; 8. T HE
A. Blank matrix; B. Standard (50 ng/ml); C. Matrix with standard (0.05 pg/ml)
1. Trifluralin; 2. Simazine; 3. Atrazine; 4. Acetochlor; 5. Alachlor; 6. Prometryn; 7. Pendimethalin; 8. Butachlor

IR 89.5%, 8 AFRAR 8 FhER L EIAKL H o

3 HHig

AT T KB HEAR R . HRR
e, CEM, TR, PEHEE, SHEE. FMNEREK
B B UM 3 - R AN 7 3, A AT AL BER T — 5 Y
B -, 962 B L A A IO AL, X o

B S 2R gL K TR ity R A D R R 50 4 S R
HACRCR S s DASE ST FChR eI RO iR, A7 A0 iH
B 2 JoB XA I 245 SR B 1R A 5 o AR T A i
BT PR AR C B, TR, & w45
RIS R, SRR ITRIRK . RK . K
SV K PRI . ARSI 8 Bk
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3 8 MEREFIME R
Tab.3 Matrix effects of eight herbicides residues

#4491 Compound VR Peak area TR
%5 140 Set 1 %2 4 Set2 Matrix effect (%)
AR A Trifluralin 137899 217742 157.9
PHFLHEE Simazine 222676 319762 143.6
75 1 Atrazine 232564 338380 145.5
L EHE Acetochlor 120781 183708 152.1
FH L% Alachlor 64039 102783 160.5
FNEL¥§ Prometryn 220303 324286 147.2
—H %R Pendimethalin 144856 226555 156.4
T H % Butachlor 196285 278921 142.1

T FEBTROV AT BTN (%)=B/AX 100 (A: TEALVA ) PR BER L A3 A MA 5 B A il 5T T 5 ) A 1)
i [5 7R) ZH3 We) JO(ED)

Note: The formula of matrix effects: matrix effect (%)= B/Ax100 (A: the response of herbicides component in pure solvent;
B: the response of the same herbicides component content added to the sample matrix)

R4 FHEHLDKERSHERED=06)

Tab.4 The recovery rate and precision of the method (n=6)
7K Spiked level (ng/L)

ay

i H Items %K Freshwater MR 7K Sea and fresh water 17K Seawater
Compound

0.05 0.5 2.0 0.05 0.5 2.0 0.05 0.5 2.0
FRR K% Recovery rate (%)  93.2 92.2 74.7 84.6 78.2 80.3 82.8 84.7 80.3
Trifluralin RSD (%) 10.1 896 389 678 374 634 502 119 7.30
LECRE [EI % Recovery rate (%) 81.8 83.6 787 803 932 958 850 924 906
Simazine RSD (%) 10.2 6.65 1.66 222 226 224 112 113 6.20
FE L [l 53R Recovery rate (%)  80.7 86.5 84.2 84.7 92.8 91.8 87.5 92.5 90.0
Atrazine RSD (%) 432 526  7.09  3.08 262 493 1030 10.8 4.92
2. B [ED %K Recovery rate (%) 92.0  89.7 89.0 874 834 884 917 89.4 897
Acetochlor RSD (%) 686 696 778 496  3.18  3.67 822 944  6.29
FH A Jigz [l 5 R Recovery rate (%)  95.4 97.7 94.2 91.4 91.4 82.7 90.2 89.4 91.3
Alachlor RSD (%) 246  3.21 224 429 302 513 2.95 852  2.53
FPEE [ % Recovery rate (%) 90.3 91.4 884  89.0 878 86.6  88.1 89.9 912
Prometryn RSD (%) 6.12 733 794 331 259 421 726 619 582
R [l 5 R Recovery rate (%)  92.7 90.8 82.5 90.3 88.7 89.0 94.3 91.6 87.5
Pendimethalin RSD (%) 350 3.45 777 607 229 528 5.73 874 733
T ik [ED %R Recovery rate (%) 98.2  94.1 954 893 85.3 889 922  90.6  90.4
Butachlor RSD (%) 224 411 1.91 206  3.31 3.65 587 564 470

®5 SHMBREFMLMEFE. BXRH. RHRMEER

Tab.5 Linear equation, correlation coefficient, detection limit and quantification limit of eight herbicides

1k44) Compound £& V51 Linear equation HXRHR KPR LOD (ng/L) a2 &fR LOQ (pg/L)
SR A Trifluralin Y=—-12349+345866X 0.9992 0.022 0.05
PEISHE Simazine Y=2862.69+443790X 0.9993 0.031 0.05
F5 - Atrazine Y=—657+471362X 0.9992 0.028 0.05
Z B[ Acetochlor Y=-2757+296902X 0.9994 0.038 0.05
FH %l Alachlor Y=21037+65832X 0.9942 0.041 0.05
FMELE Prometryn Y=-2095+461575X 0.9991 0.035 0.05
“H %R Pendimethalin Y=—10262+385659X 0.9992 0.025 0.05

T B[t Butachlor Y=-21022+468507X 0.9991 0.020 0.05
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Determination of Eight Herbicides in Fishery Water by Gas
Chromatography-Mass Spectrometry

LUO Fangfang, WANG Yanjun, YE Mei”

, YU Ying, LIU Haixin, JIANG Linlin

(Fisheries Research Institute of Fujian, Xiamen 361012)

Abstract

To measure herbicides residues in fishery water, gas chromatography-mass spectrometry

was developed to determine trifluralin, pendimethalin, alachlor, acetochlor, butachlor, simazine, atrazine,
and prometryn. The samples were adjusted to salinity 20—30 with NaCl, extracted by dichloromethane,
and cleaned up with Florisil solid phase extraction (SPE) column. The analytes were detected by gas
chromatography-mass spectrometry under the selected reaction monitoring mode and quantified by
external standard method. The peak area was linear to the concentration of eight herbicides residues
(0.010—1.000 pg/L), and the correlation coefficients (R?) were all more than 0.990. According to S/N=3,
the detection limit of rifluralin, simazine, atrazine, acetochlor, alachlor, prometryn, pendimethalin, and
butachlo were 0.022, 0.031, 0.028, 0.038, 0.041, 0.035, 0.025, and 0.020 pg/L, respectivly. The limit of
quantification was 0.05 pg/L for all eight herbicides based on the actual samples spiked recoveries
between 70% and 120%, S/N=10, and the relative standard deviation< 15%. The average recovery of the
eight herbicides fortified in different negative samples at 0.05, 0.5, and 2.0 pg/L were in the range of
74.7%—-97.7%, and the relative standard deviations were less than 12.00%. These results indicated that the
method has the advantage of simplicity, sensitivity and repeatability, which could provide technical
support for the detection of these eight herbicides residues in fishery water.
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