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WE  AFARELTSWIFEEA & 16 Al EA N5 REE-BHEREN, A6 5T
M T, HRER, BREX —AF K-8 OB RSB RARI ., B Ri5%E T E K E A ZER AL S
., KA AR R E, BB TR MR E R B, ZF R AR EEEE 4-200 pg/L
RETTEN, 414 HE2-100pug/L R ERENGEMNEE RIFNEAREX R, X ZENFK
F 09970, #PKE, FAEfrE, HTE, BEE, BES, HPESE HFRE FRFPEREERY
H10pgke; CHEMR, FER, THERE, WEMK., FEFE, BEETERAN 1.5 ngke; —FHAE
R, HEEETERAN 2.0 pgkgo FHEREN 67.2%-103.0%, HIARERZH 5.1%9.5%, #F
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(FEBENT, 2007)", %84k R 2 %K Bl (Rattus norvegicus)
I B OR AR R AR . BT, S IR K
I 00 B B A R AR T AR — W S |, X T 2R
P ) R AGE I A X 85, 3 L gl W oK ™ i AR
9 Filr = RS BR AL (R AL WLAE , 2015) AT AT [m] I A
RN IR ¢ 5 o A R AR 15 K7 1Y 42 i A
R MR R, AT T8 i 2 n e
JEWAEAWR &, M3 = 3 oK i E S IR A b
B B0 A A v A T VA R B B i, PR, S )
PSP it v R 50 1Y) 22 5% B AR D7 R TR 2, AR
WFSE 00K P S 12 375 €03 5 [ R 2 BT 306 15 X AR
HEAT AL B, SORH 3 — B3 35 HIVE X sl W v ok
PR 16 AR SEAT [F] RGN, DUBIA B Y
Feik K oy s B AR A P H .

1 #MRERZE
11 EE5ILH
6890N/5973N AR 15— BTk YL : 3E[E Agilent

(l) O CH;
O,
CI\)\N/\O/\CHﬁl\)J\N)\/ “CH,
Hy

H

NF); Milli-Q Gradient #82[7K4% . ¥ Millipore 2%
F); KQ-600E MM i Vs . R Il A A FRA
3 H2050R ¥ VR B O AL : KU E DU AT BR 2
Fl; Laborota 4001 g% 78 &AL . 7&[E Heidolph 23 7 ;
Accuprep Mps BERLEIHY: E[E 12 Scientific 24 H];
N-EVAPTM112 AMAY : 3 [F Organomation Associates
NS

CFRCTR. N, HEE, FECke(tika). E£E
Merck 28 Al ; B be(faikal) . 3EE J.T.Baker A Al ;
W bi(fmigal). EE Tedia AH; LI FHKI N
BTk,

L F i (Acetochlor) . 5579 H HL i (Metolachlor) |
N B % (Pretilachlor) . T %% % (Butachlor) . H HE i
(Alachlor) , — H & 'k R (Pendimethalin) , ¥ # Jt
(Cyprazine), FM51(Prometryn), PG3H:(Simazine) .
P4 R . P9 50 (Simetryn) . 55 Kifr(Ametryn), &
%t H (Cyanizine) . 4§ T B (Terbutylazine) . b K H
(Propazine) Fll & ¥ 1§+ (Desmetryn) &5 #E &y, % [E Dr.
Ehrenstorfer /A 77 it o 16 i HARP 945 UL 1,

Cl

0 ;\
Cl\)J\N/\/O\/\ CH, o NN CH,

R©ACH3 H;Q/\©ACH3 Hgli/\@/\CH;
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o 0. .0
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Fig.1 Chemical structures of 16 herbicides

1) Chu XG. Study on qualitative and quantitative analysis technology for herbicide residues in soybean. Doctoral
Dissertation of Jiangnan University, 2007, 8-20 [f# B, 5 H bR B 50058 B8 0 Mg s R4 R 5. VIR KA Lo A 2

i3, 2007, 8-20]
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PRI A ECH] . HEFRFRIL 0.01 g FRifEs, H
F BV A, A E 100 ml, L 100 mg/L bp ik
AW, AH T 2R 2T R 28 Tl T e v

BERC SR . BEESFE(300 mmx25 mm); HERIE
¥l: Bio Beads(S-X3), 200400 H, 25 g; [EFHAEHL
H:: Oasis HLB(60 mg/3 ml), Waters 2\ 7] .

1.2 HRBraiE

FRECS gCKEaiE] 0.01 @213 5 RIRES T 50 ml
ORI B LT A 25 ml ZE W k-2 TR BEQ : 3,
VIV), FEA)JE SR 20 min, BAE.OHL 10CTF
4000 r/min &5.L> 20 min, ¥ _FiEREER 2 150 ml .0
T, FMA 20 ml S EE-LFROTRQ2 ¢ 3, viv)E
BT R, B LW, T 40CHEHZE T, (f
RO -Z R EEQ 1, vIVERIFERZE 10 ml, &R
J 30 o R S g A, BRI S AR S AR 3R
Chi-CFR TR = 1, viv); Wi 4.7 ml/min; P Bl
WCEERTIE] R 8-23 min, WWAEVE T T 40 Clight 75
T, Lh 1 ml RS, A 20 ml K £ B A AEBGAAL
HLB /MEA] 3 ml FIEE . 3 mlKiGifh, REMaEH S
3ml KkYE, S mliECLE-TIEAL = 1, viv)BERL, I 4R
Ve, TARWRM L 40CREELT, LML

ERZE05ml, FHLINE.
1.3 IUEEEH

131 &Eit 3% J&W DB-17 454
F£(30 mx0.25 mm, 0.25 pm); FHEFRF : 50°CHEF 1 min,
LI 20°C/min 7+ & 200°C, /%4 10 min, §-LL 10°C/min
FZ 240°C , F:J5 L) 30°C/min F+Z 300°C , {44F 3 min;
#ZH A (He)Jit ik 1.0 ml/min; #EFEEEE 260°C, A4
TMUEAE, PR 1 .

132 Fiksd# HEFRGE TR TRER 70 eV;
FEOREE 280°C; B FURIREE 230°C; POMAT IR B
150°C ; AFIZER 10 min, PR 7 WM (SIMFE

2 HERE5HH

21 HHEBTHIERE

SRS 16 B HARYI R bR R T e, A
B 16 Ff HFRPITEA L0 25 0F TR BT I, we e
L T BIES T NRHIER 1 AP EEST SIM AR
TRE T3 ¥, FEHRAEAE a2 T P 0 X i e 456 1) AR
Bt e, DR B TR T E
R, SRR SIM BRI E T A 16 R E
IRENE . ERE T 1.

x1 16MBREFRERE. HNEF. &MHE. HXFHREHRLOD). EEMRLOQ)

Tab.1

Retention time, monitoring ions, linear equations, correlation coefficient, limit of

detection and limit of quantification of 16 triazine herbicides

Jo) ey i Hﬂfl‘Eﬂ EQ{D"J%‘? R *Ea‘é/%?é& 1‘/1‘&'. BE' ' FE PR Limit
No. Compound Retentlgn Momtormg Regression equations Correlgtlon Detection limit of quantitation
time (min)  ions (m/z) coefficient r (ug/kg) (ng/kg)
1 F#hICHE Propazine 12.607 214%*,172,187 y=149.90x—-51.39 0.9990 0.3 1.0
2 FlkFhr i Atrazine 12.953  200%,215,173 y=132.20x-65.94 0.9985 0.3 1.0
3 ¥ THE Terbutylazine  13.062  214*,173,229 y=408.90 x—300.2 0.9985 0.3 1.0
4 PHHLE Simazine 13.285 186%*,173,201 y=134.50x-91.17 0.9980 0.3 1.0
5 LB Acetochlor 14.988 162*,234,223 y=41.020 x—38.67 0.9990 0.5 1.5
6 ¥ Alachlor 15.666  188*,160,237 y=67.380 x—24.24 0.9975 0.5 1.5
7 M EH Cyprazine 16275 212%227,170 y=114.80 x—11.84 0.9985 0.5 1.5
8 fi ¥ % Desmetryn 16.717  213%,198,171 y=137.70 x—63.32 0.9975 0.3 1.0
9 B Prometryn 16.864 241%,184,226 y=137.80x—47.78 0.9985 0.3 1.0
10 5 Ki§ Ametryn 17.454  227%*,170,185 y=120.90 x—-20.23 0.9985 0.3 1.0
11 SAHER Metolachlor 17.733  162%,238,240 y=291.90x—117.00 0.9995 0.3 1.0
12 PHE4 Simetryn 18.013  213%,170,185 y=158.90 x—154.40 0.9975 0.5 1.5
13 THRIRR Pendimethalin 20231  252%,220,281 y=31.92x-20.97 0.9985 0.8 2.0
14 T ¥ A% Butachlor 21.149 188%,237,311 y=33.91x-9.993 0.9975 0.5 1.5
15 By Cyanizine 21.673  172%,198,225 y=1526x-3.843 0.9975 0.8 2.0
16 N Pretilachlor 22.289 162%,238,262 y=93.58 x—48.06 0.9980 0.5 1.5
W T

* is quantitative ion
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22 BiEEHRL

S ST I R T E PR R e R AR A
PR, AR S H AR R B8 B ] B OGS4, P
T il 2 22 201 43 [ s s 1) FH O 3K o ASBIFSE R A THIR
BT TR, i 16 R AR TARGF A 43 85
W R AT, HARGE S TR e B T . ARiER
W TR LA 2. 1875 B D (Argopecten irradias)
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Fig.2 Total ions chromatogram of 16 herbicides (40.0 pg/L)

Lo FRKHE; 20 BRRRZHEE; 3. HF T8 40 PUIDVRE; 5. S, 60 WIEE; 7. HREHE; 8. EHIf; 9. PRIV

10: F5K¥; 11 FAHER,; 12: FHEE; 13.

THARR s 140 THEH 150 FEHE,; 16 NEE, [FE 4

1: Propazine; 2: Atrazine; 3: Terbutylazine; 4: Simazine; 5: Acetochlor; 6: Alachlor; 7: Cyprazine; 8: Desmetryn; 9: Prometryn;
10: Ametryn; 11: Metolachlor; 12: Simetryn; 13: Pendimethalin; 14: Butachlor; 15: Cyanizine; 16: Pretilachlor, the same as Fig.4
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Fig.3 Chromatograms of blank sample of scallop
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Fig.4 Chromatograms of spiked sample of scallop(Spiked level: 10 pg/kg, respectively)

DIt B P U TR O AR AR, 6T I 1) Jo e Ve A A Al
PR AT AR A 538, DAMEME L (SIN) =3 T4 PR
(LOD), {5MH(SN)= 10 H.IFCRLE 70%-120%75 Fl
WitHE e mRR, 45REWH, ZHIURR . BIHERTE
4-200 pg/L JoT v B O L PN 5 e o 5 R AT I 2k
PERR, HXRRBMOAMLT 09970, Hax 14 Fide
2-100 pg/L Jo e v 82 3 Bl PN 5 H g o {1 22 R 4 P 4k
PEXRR, HEXRBNAMET 0.9970, 16 F HErPH
KB, 2R RE . MR RBULE 1.

24 EUREHEEE

R B 116 2 (Apostichopus japonicus) . 175
DZS FEESL 5 g ORERRE] 0.01 g), Zr5IHL 100 pg/L fY
IRAFRE T AR 250, 500, 1000 pl ZRA0E) 28 HEE
fH, HEFT 5. 100 20 pe/kg 3 TR EE K SE K
TbR S5 o DUV B DU, SEATINAE 6 IR, 4
R 2, NE2TLFEH, 3 MrBERE T,
HFRENSCR TE RN 67.2%-103.0%, FIX AR 1 i 22
TE 5.1%-9.5%2 0], FBIIZ 5 1k WA 285 B A BE A
HHRE M EEK

25 SEERFEmART
FAATERAN T 2015 4F 11 #5063 s
(Crassostrea gigas) . #1ifL & Il (Chlamys gloriosa)&§ 7K
FER BRI R B R, A R R R S g, HOK
SEANEg . BTRRRLEE . PR R SRR 3).
3 iTit
31 REFIHEE
FH T Bk w50 A B2 BOGR) E B AT 1E C be (2R e T 4,

2011; BRI, 2013). LRROERCRLTES, 2014; 21555
Z52013), CHE(EFIZE, 2014; FHEZE 2007). A
i S b R R AR GRE G, 20155, A
] B R L T 5 E AR B BGR i A St AN ] o ACBIFSE
TEMCIERE T, BF X B ARSI %) Bk 500 357 — o P ) A
R, FRYEAIRUAIA IR, SRR B A A R B
o BT PR SRR oK o & i — e, A
RGN ER R, $RBUR & A REKsy, Rk
GRWNE, L, TR ER . A P e TSR
By, G5 REN, 2R Z RN = RS R B R USUR i
R T e A o 5] [l SO SR BB il 2 oK — G P e
X T P 24 R A 5 A e SIS i e ) AR IO B, R
43y Z R R MISCRAG, L, 24 CR T SR O TR
TARTIRA ST, T A b
K, REER R AP BT & Hflm, SRBE LR
PRBOR T B R ME, 258, R & W - W g
(2 1 3, VWS B TIRIF A SR, BB DR RS
B R U
3.2 AHUFAEREE

S IR K P SRR S R B R A%, RO AR
1%, $RBOR T &0t 80 v Ak A BE 2 B2 46 I Y R f¢
JEE o FH T 159 w750 % B ARG F8 v A 2 A AR AR
REFFE, 2011, XEEE, 2012), KBS OIS
RS, 2013; JBHE =45, 2010) ., FE 5 [ AH 2> H0%
(Li et al, 2015; Rodriguez-Gonzélez et a, 2014, 2015)
L5 AR R BUR: — P 3k T 05 50 25 IO RE A A B
A, AT TUAEAE N TG R, B R ik B ARG v B
(¥ AL T v, BEREIE XY 1Y [ A AR B Bk
B, i AR S 204 300 B R FEAL, TR = AT
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Rz 2 16 FhEREFIAY T 19 0 FR B 4 2R R 48 3 FR AR 2 (n=6)

Tab.2 Average recovery rates and relative standard deviation (RSD) of 16 herbicides in aquatic products (n=6)(%)

Jn#rsKF Spiked 5 pg/kg

JkR7KSF Spiked 10 pg/kg  JikR7KF Spiked 20 pg/ke

FFe Iy 7 = % %
No. oo TR e TR e TIMIOR e
recovery RSD recovery RSD recovery RSD
1 FPKHE Propazine 77.9 6.9 91.9 5.7 90.6 5.6
2 4RI Atrazine 74.7 6.8 95.7 6.4 94.3 5.4
3 BT Terbutylazine 89.2 8.0 88.9 6.5 93.1 5.9
4 Vi Simazine 71.3 6.7 95.1 6.1 98.1 5.7
5 LB Acetochlor 103.0 7.3 94.7 6.6 97.4 5.4
6 R Alachlor 95.3 8.1 89.9 6.9 92.1 6.4
7 B Cyprazine 67.2 7.7 88.6 7.0 94.4 6.4
8 % Desmetryn 87.7 6.5 95.2 6.0 97.1 5.1
9 FMH Prometryn 101.0 6.8 96.4 6.3 95.6 5.7
10 R Ametryn 90.4 6.3 93.2 5.8 89.7 5.4
11 S WNHERE Metolachlor 86.6 7.1 89.4 6.7 90.5 6.3
12 PG B4 Simetryn 90.2 7.9 91.3 6.7 94.0 5.8
13 ZHRR Pendimethalin 75.1 7.3 96.6 6.5 97.3 6.1
14 T ¥ Butachlor 102.0 8.1 87.1 6.7 94.6 5.9
15 H Cyanizine 73.6 8.6 86.6 5.9 93.9 5.7
16 N Pretilachlor 68.4 9.5 101.0 7.7 89.6 6.4
=3 KrEmtERTRENZREE
Tab.3 Detections of herbicide residues in aquatic products
- _ _ o Cfiltent (ng/kg) _ _
Samples B Rz i FhEL 5 K PYRL LB
Atrazine Prometryn Ametryn Simetryn Acetochlor
{512 A. japonicus 1 1.24 4.47 2.06 2.23 -
f5%]2 A japonicus 2 - 1.52 1.78 - -
{}31Z A. japonicus 3 2.01 13.3 - - -
#hi; C.gigasl - 2.16 3.22 - -
45 C. gigas2 - - 2.28 1.56 -
#hi C. gigas3 - - 1.60 - -
HifLmi 01 C. gloriosa 1 1.32 3.20 1.93 - -
HifLi 01 C. gloriosa 2 - - 233 1.82 -
JE#E 4447 Ruditapes philippinarum 1 _ _ 2.16 _ 1.79
de 2 {7 Ruditapes philippinarum 2 1.66 3.44 1.27 - -
Sy Periglypta petechialis - 1.06 3.34 - 1.66
Vg4 Mactra veneriformis _ 3.54 2.68 _ _

M REE, RSB 76 . HLB [ AH%E
IAEFURLE — Mo B AL R B W), B SR IEvER) B g
W, BA AR, SCA SROKER T RERT, Hoag
TRE WIS Y RIRE S, IF HA R SR C18 Tk
mARZ, HETE) ZH . SR, s Ik A" ah
THBRZWEAT . JENAERS T Y, R A HLB
EARAEIOE , (AT BE RGeS T, Xt 16

R B ANE T2 o BEIRE B il L B O i
SRR TR ALEOAR , BEA UK BREE fh S BOR K
S U SR, ARDRFERE AL RO A BE I L
Ja s VAR, gy BARY I E A kT
e, P BRI (i A S AR AR O (LIRS 60, 7EBE
JEe s, R HLB [EAHAE RO B — 2k, 2 Fif
AN R AG or B A HO AN TE, Rds TR i
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Yrlse, R T BB, AIMPRIE T Ik i R
B

3.3 ERBR XN ZE R A0

FE TR X GC-MS A Hh 25 15 Al 14 4 o A AR
KGRI, 2 H Frak B8 A I o 3 3 i 1) 8 —
L J55 DG P A% 5 VR B A 30509 e 5 JER A5 [t (LX)
BEARE S 5 H I TR DE BE AR RE , ZEAS AT 45 2 &
F14) 5 S 56 R R R I AN SE B, AR i S itk
B JE RS U 1 T XOR g D i T AN (] B, (16 A
BRI 20 43 TSGR AE 67.2%—-103.0% . AH X F o s 22
5.1%-9.5%, i /L 5% BA R I A 22K

4 458

AWFFEHESL T S IR K = S 16 Fhisg w550 1)
GC/MS M 5E F ik BEMA LR O AR iR A%
FUFRER | KUK FH ¥ I €203 1 [ AR 26 itk Ak, GC/MS
VEPE B T WA I 2 o 1% Tk IR, R
TERT R RE | ER R T 1 RE R AR B R K, [RIRT
HE— R 6 B 500 75 G X K i R A4 I R e T
TR

& % x #
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Detection of Sixteen Herbicidesin Animal Origin Aquatic Products
Using Gas Chromatography-M ass Spectrometry
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Abstract With the development of modern agriculture, pesticide is extensively used in agricultural
production. The herbicide as an important part of pesticide has also been widely used, causing significant
environmental and food safety concerns. Currently, effect of herbicide contamination on the aquatic food
product is not well understood. Furthermore, detection of herbicide residues in aquatic products is lack of
efficient multi-residue detection method. This study established a reliable method for determining 16
herbicide residues in animal origin aquatic products. The method involves gel permeation chromatography-
solid phase and extraction-gas chromatography-mass spectrometry. The sample was extracted using
dichloromethane and ethyl acetate mixed solution, followed by a clean-up step using gel permeation
chromatography. The product was then purified by solid phase extraction column. Results were
determined by monitoring selected ion and quantified by external marker method. Good linearity was
observed in the range of 4-200 pg/L in pendimethalin and cyanizine, whereas other herbicides showed
good linearity in the range of 2—-100 pg/L, with correlation coefficient higher than 0.9970 in both cases.
The quantitation limit for propazine, atrazine, terbutylazine, simazine, desmetryn, prometryn, ametryn and
metolachlor was 1.0 pg/kg. The quantitation limit for acetochlor, alachlor, butachlor, pretilachlor, cyprazine
and simetryn was 1.5 pg/kg, and the quantitation limit for pendimethalin and cyanizine was 2.0 pg/kg.
Average recovery rates ranged in 67.2%-103.0% and relative standard deviation of the method was
5.1%-9.5%. The method had good reproducibility and high recovery rate. In terms of residue detection,
the precision and accuracy can meet the testing requirements, and the method could be used for
determining 16 herbicide residues in aquatic products. The established method was applied to detect
herbicides in sea cucumber, oyster, scallop efC. The results showed that ametryn had the highest detection
rate in these samples and followed by atrazine, terbutylazine, simetryn and acetochlor. This study
established the method for simultaneous detection of herbicide residues in aquatic products and built the
foundation for further study of the impact of herbicide pollution on the quality and safety of aquatic
products.

Key words Animal origin aquatic products; Herbicides; Gas chromatography-mass spectrometry
(GC-MYS); Gel permeation chromatography
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