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FEE L T K M 9 = 28 B R Y 5 A 3 [ R B BRSO B - 5B B T % (GPC-SPE-GC-MS/
MS) ¥l . HAERAZKRIERER ERE BT, A2k BHRAEE L, EHFEE FRNEL
W52, SRk e ' . BRR IR PR A R T P AN A 1.0~50. 0 pg/L HEE N ZR
PRI B H RSN 1.0 pe/kg, 7 1. 0~10. 0 pg/kg WK, ¥y IRy 86. 396 ~119% , AR X5 if
2R 5. 11%~10. 120 ; R B B R e RF T ¥ P BB 7E 2. 0~100. 0 pg/L 10 B N 4R 1 B4, Rt PR
¥4 2.0 pg/kg, FE 2.0~20. 0 pg/kgliR bk, 34 [ R Ky 87. 6% ~112% , Mt bR fm 25 4 5. 27 %6 ~
9.56% . ZITIERE AR E KT 9 Fi =8 SRR B AY R B E .

%R = AR BN 5 BRI 6 (GPC) 5 B B ZE B (SPE) 5 7K 7™ i s 48 (2 1- 88 Bk R 3% (GC-MS/MS)
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Abstract: A method for determination of 9 triazine herbicides residues in aquatic prod-
ucts by gel permeation chromatography-solid phase extraction-gas chromatography tan-
dem mass spectrometry ( GPC-SPE-GC-MS/MS) was established. The sample was
extracted with ethyl acetate, then cleaned up by gel permeation chromatography and pu-

rified by carbon and NH, solid phase extraction column. The analytes were determined
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in selected ion monitoring and quantified by external method. Propazine, atrazine, ter-
buthylazine, simazine and cyprazine show good linearity in the range of 1. 0-50. 0 ng/L, and
the detection limits of the five analytes are 1.0 pg/kg. The average recoveries range from
86.3% to 119% when spiked at 1. 0-10. 0 pg/kg with relative standard deviations from 5. 11%
to 10. 1%. Simetryn, prometryn, ametryn and terbutryn show good linearity in the range of
2.0-100. 0 pg/L, and the detection limits are 2. 0 pg/kg. The average recoveries range from
87.6% to 112% when spiked at 2. 0-20. 0 pg/kg with relative standard deviations from 5. 27%
to 9. 56%. The method is stable and reasonable, and which can be used for the determination
of 9 triazine herbicides residues in aquatic products.

Key words: triazine herbicides; gel permeation chromatography(GPC) ; solid phase extraction

(SPE); aquatic products; gas chromatography-tandem mass spectrometry(GC-MS/MS)
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Fig. 1 Structures of 9 triazine herbicides
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A6 WA B AL W, T 40 CHER T, L 2 mL IE
b 5 538 1 A S ht B2 R A R AT Ak, Ui
VB, TARMN 40 CRERETF, HZ R
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1.3.1 BREEZG EREECET . BB
(300 mm X 25 mm) ; B IE B . Bio Beads(S-
X3),200~400 H,25 g; Mt A LR S
BEAW (1 1,V/V) 33 4. 7 mL/min; i 5
W ERmFE] 7. 5~15 min,
1.3.2 @&t {aigke.DB-17 MS(30 mX
0.25 mmXx0.25 pm) ; B WAL AR 3
1 mL/min; ## DR E 250 °C;#HF X T4
WMBERE MR 1 L BFFHR - F1IR 50 °CL R
¥ 1 min, X 20 C/min #F & 220 °C, {4 #F
2 min, L 2 C/min 7+ & 230 C, %R )5 A
30 C/minF & 280 °C, /4% 5 min,
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B,
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Fig.2 Ions chromatogram for prometryn

in full scan mode
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Table 1 Relative molecular mass, quantitative ions, qualitative ions and abundance ratios of 9 triazine herbicides

L&A REE/min A XS4 F R EEETFm/aDRREEK EUBF /) REEER
R 11. 087 229 214(100) 229(66),186(16)
[TELETRE 11. 273 215 200(100) 173(30),158(19)
BT 11. 331 229 214(100) 173(40).229(33)

75 7 11. 453 201 186(100) 173(74),158(52)
B 12. 810 227 212(100) 170(38),207(32)
FIEE 13. 000 241 241(100) 184(73).226(59)
ERE 13. 269 227 227(100) 170(36).185(26)
BTG 13. 445 241 185(100) 241(92),170(77)
G 2 13.523 213 213(100) 170(36).185(15)

43 FEERBAZZET s R AW 2B
BEZERMKG, FEERBAS G, A
78T 5 0 SR FH 2 B2 20T B BT 2K BURG K 40 8 R
AT R, 36 28R Z TS 1 S RE B 5
2.3 BRAIERLHNERE

BT RIS BPEEIRIIERSTY
[, T BORE B AL R A AR £ Ak 04, B T
ER, I, A LI FERE B A LG R A
VIR 308 Ao 95 R 8 i S AT Ao B v Ak 5 BR B
- N e

B 2 mL 2R BRSO IR A b
WL L, V/VZERGHEF, A 1 mL £
WOIRA L HZM R O EE®RA : 1, V/WE
2% 10 mL, 4% R 1. 3. 1 15 4t R ik, £
TR 9 M ZBRBBREF B EIAET
85% ,5R4E 2564 nm T Ay €435 I , AR 4 b o ) R 1
g st [ S 90 S YR MO R B[R] R 7. 5~ 15 min,

SLH R, 9 Bl = 2 BR B A AR B
FE 98. 2% ~103% Z 8] , FF A LB E B R
2.4 EHENEGFHIERE

FE 1A AR AT R
HEEMNA 3 mL WEWEL, HH 5 mL EC b
SEA TR , AR, 5 mL IEC %
WUk, RG] 10 mL ECEENEHE (6 4,
V/VOUEBL, B Ja A 10 mL 388 B vk B K .

Frik 2. 48 A B A0 ik A AR B A AR N R
R AT AL, LR TR R T 1,

THRWA TR LML 2 P =BREE
3 1 1] i % AH 3T, 4 Bl A 83.5%6 ~ 96. 8%,
81.6%~97. 1% B2 J5 ¥k 1 JCIEBR 5 4F M

FRER, M 2 ol DR aE LR,
I, SR A S A B i J Bk B M i AT Ak
2.5 &#MEXHR

43 5 B ] — 2R 5 b E T AE 9 R - 1 T R L
0.010 g 9 Ftn e, AN EEBITES R
100 mL, ff H ¥ B4 100 mg/L, ff FIETH & B2
CERMBRRTH N EWEREE . Hoh K by
PR RE TR P F R B AR v R 0 R S
B 1. 0,5. 0,10. 0,20. 0,50. 0 pg/L, F B H 35
KGRy T VR G bR UE R B VR B A 5 R
2.0,10. 0,20. 0,40.0,100. 0 pg/L., FEMALHIE
TR RS 5 10 T #4700 2, An HE VR WIS B s T
Bl 3. 9 i =S B BRI 25 4 i 2R ik O FR L e
WEMMEXREI TR 2, BRI ML
BEURIFMAMERR  MHRRZEIIKT 0. 99,

x10%
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Fig. 3 Selected ions chromatogram

of 9 triazine herbicides in SIM mode
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Table 2 Linear equations, linearity range,

correlation coefficient of 9 triazine herbicides

L&Y E % Ay ZHETE/ (pe/L) AR
R y=135. 8x+69. 06 1.0~50.0 0. 999
AT 465 L e y=140. 6z+24. 17 1.0~50.0 0. 999
TR y=244. Tx—25. 89 1.0~50.0 0. 999
75 7 y=128. 5x—41. 36 1.0~50. 0 0. 999
R y=120. 1x—74. 99 2.0~100. 0 0. 999
B y=195.7x—179. 27 1.0~50.0 0. 999
Kb y=171. 8z—138 2.0~100.0 0. 999
BT y=97.86x—214. 4 2.0~100. 0 0. 998
75 B y=195.7x—437. 2 2.0~100. 0 0. 998

2.6 [EYER FEEMEEEHR
RAVESAE R = AR TR, K=
3% A AR 35 s T 4, TR R B R
BB T 3.
2.7 KEREERERSW
AR S N B R R EE R Z 8
TR » A2 BT LU 2 1], 33 B 1 B4 1 ¥
SHATHIAERI . B XT 22 SR ST
M 5E , BTAFHL L L FD R T8 KA R R

|

x103

Abundance

2+

AT

T T T T T T T
11.00 13.00 15.00 17.00 19.00 21.00 23.00

t/min

Lo BT R A A Y A 6406, & BTE 0. 90~
3. 62 pg/kg ZIA] s Fh R RRL Ry 2300, %
B 1.52~21. 3 pg/kg Z [ ; 35 K B K Hh
HRH23%, HELE 1.71~2.06 pg/ke Z [H.
Xt 45 08 1~10 ¥ S 4 Il E 45 R 5 T
Fi, X—BSHMHEERRTHES, eGP
PP S BN 124 pe/ke SN EHH BN
4.47 pg/ke, FREE BN 2. 06 pg/ke, HAt
6 Fh = 108 JEBR TSR H R AR H

x10%

L

11.00 13.00 15.00 17.00 19.00 21.00 23.00
t/min

Abundance

TE - Fh R PR R AR T B R NS AR 10 pe/ke;
PRECHE FE K R T T R RN AR YR R 20 pg/ke
B4 BSERTH(a)MMER(b)IEE

Fig. 4

Chromatograms of sample blank (a) and spiked concentrations (b) of Stichopus japonicus
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R3 BHSPIMN=-ERBEFNREYH sook 200.00
ERERETREEH 600  Atrazine
Table 3 Recoveries and relative standard deviation ;gg:
of 9 triazine herbicides in Stichopus japonicus © 173.00
y g 500F
T o B / _ RSD/ % s L
Tt 4 L meREeR/ % 5 0
(pg/kg) (n=6) < 300F
K ER 1.0 111 6. 70 450
2.0 97.9 10.1 350F 158.00
10.0 119 8.10 250k . : / . .
BT R v Lo 39. 7 3. 06 11.00 11.10 11.20 11.30 11.40 11.50 11.60
#/min
2.0 95.5 7.58 —
10.0 93.8 8. 47 20001 Prometryn \
TR 1.0 92.6 5.11 1200F
2.0 99.9 7.23 400
10.0 102 8.32 g 1600k 184.00
3 < 1200f
76 7 1.0 104 6.37 2 300k
2.0 86.3 5.78 = 400k
0
10.0 101 9. 40 ook 226.00
B 2.0 106 8. 67 300
4.0 98.5 6. 65 4001
G T T T T
20.0 101 8.02 1200 1240 1280 1320 13.60  14.00
FNEE Y 1.0 98. 2 9.08 #/min
2.0 105 8. 71 1600k 227.00
10. 0 114 6.79 - Ametryn
8001
ERG 2.0 96.5 7. 34 L
4.0 108 8.92 3 900F 170.00
20.0 98.1 5. 30 § 700
T 2.0 87.6 8. 40 § 5001
4.0 98.3 9.56 < 300g
20.0 108 8.16 800r 185.00
THE % 2.0 97. 3 8.39 400+
4.0 112 5.27 . . T . T
1240 12.80 1320 13.60 14.00
20. 0 99.0 6.92 Umin
TR N BRI S '’
. O — s s
R4 BEERPZBREBREFAVNEER S31% 1. 24 4. 47.2. 06 pg/ke
Table 4 Contents of triazine herbicides B5 EesERMELE

in 10 kinds of Stichopus japonicas Fig.5 Chromatogram of Stichopus japonicus sample

Rell oy & B/ (ug/ke)
i 3
AR ExH 3 s
! - 661 . ARWFFTEESE T K= Eh 9 Fh =R 28 R R
; e o - b RR - TR R 4047 7 2. RITZ Mg
. L 24 4: B 5 08 VB4R B 71 » B A i3 1 BB LBl e R B A
5 _ L 8o _ Rl A BN RER FHFRERT, 4
6 3.62 3.04 1.76 PRIk E R, FhREE FTRRPIEE AR T B P 35 e
7 1.13 4.06 171 R AR BRI 1.0 pg/kg, B 35 K
8 - 13.3 - B FE T IR AR BRI R 2.0 pe/kg. %
190 0-90 213 - FEREER S BRERE,EH T K™ R P

L — 9 it = 1 S ) ) B BB E ST
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