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T E EX RS AE(ASE) A AR A BCINE SR (SPE ) £ 4 A= A0 €% ( HPLC) A#% 44T
SAFIEATIAL , #5L T “ ASE $2H-SPE i§+4b-HPLC 4347 [B] B il 5 49 rp Y30 3 35 200l | P g 35 25 ff
T FNIGE F5 A% FNICEE BT NS RO IE 11 A =R ISBR I RI R B ik R R T
SUFBE (1) $EH SR BORE A8 5 2 A AR BNV AL =5 S0B0F 5k - S MR R3S ( DAD) TN |, A3
E . 1 AP =R EBREFITE 0.05—5.0 mg- L™ 5 Fl N 4ot K47, HH 26 R B0FE 0.9998—0.9999 2 [8]. 5 i 4
FRTE 2.0x107°—4.1x107° mg-kg™" Z i), XF 5L fr HHEHEA T b ARHR EE 4359128 500.0,100.0,20.0 pg-kg™ MR
E AT (n=6) BIATNFR R 2E (RSD) ¥IHE 15% LAY, = BRI B B R IE 62.7%—100.1% 22 [7].1%
D7 B RRS AL + 4 h 2R =R SRR B 5k R AR T 2
KR IR, SPE M, SWRRERELSN, MR GG, 1

Determination of eleven triazine pesticides in soil samples by accelerated

solvent extraction-high performance liquid chromatography

SU Qu' LIU Bin>  HONG Jun' LI Aimin®  HE Xiaomin® WU Hao® GUO Li* ™"
(1. School of Environmental Studies,China University of Geosciences, Wuhan, 430074, China;
2. Environmental Monitoring Center, Hubei, Wuhan, 430074, China)

Abstract; An analytical method was developed for the determination of 11 triazine pesticides in soil
by high performance liquid chromatography ( HPLC) with accelerated solvent extraction ( ASE) and
solid phase extraction (SPE) column purification. The factors such as instrumental conditions of
ASE, conditions for SPE purification and chromatographic conditions were optimized. In this study,
the soil samples were extracted with acetone ; dichloromethane (1:1) using ASE, enriched and then
cleaned up with SPE column. The HPLC analysis followed by diode array detector ( DAD) was
performed, and quantitative analysis was conducted by the external standard method. The results
showed that the 11 triazine herbicides were effectively separated using the above method. The linear
regression analysis data indicated that there was a good linear relationship between response and
concentration in the range 0.05—5.0 mg-L™", and the correlation coefficients were 0.9998—0.9999.
The limits of detection( LOD) of this method ranged from 2.0x107 to 4.1x107° mg-kg™'. The method
was also validated by analyzing spiked soil samples at three levels(500.0, 100.0 and 20.0 pg-kg™).
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The average recoveries of the 11 triazine herbicides in spiked soils ranged from 62.7% to 100.1%,
the relative standard deviations ( RSD ) were all within 15%. The performance of the method was
further validated by analysis of regional soil sample. Similarly, the overall results confirmed that the
analytical method could meet the requirements for the simultaneous determination of 11 triazine
herbicides residues in soil.

Keywords: accelerated solvent extraction, SPE, triazine pesticides, high performance liquid

chromatography, soil.

SRS BR R TAAE DRy T A FH 2% A A A v RSOR RR A H E FE  )Z Ad ELL 3 A A 3 4
RS PRHES 7S TCRR G Sy BRSO PR AR 3 = EOR SRR B0 i T = R R PR FR AR A0l b iy R fef
FHUEAEORAE 1 K b ERK Y T AROR W B 2R BR B R A SR B AR IR A
SRR R AR B U T A A S e A ARG 27 A S8 E AR A ZL(World
Health Organization, WHO ) ‘81 2% [E 3R % % (U.S. Environmental Protection Agency, US EPA) RN
( European Union ,EU) "' F [ 1A= 351 25 20 21 sl AR 247 6k AS [ BR 488 47 I v ) = 8 288 o s ) BR ALV 17
FUE . T =R R R R K 3R K DA AE D) vh i S BR R 1 32 R IR d it o Hr i =
WEZEIR R B B B ] DA e 1 e B Pz e ) 2 i, Rt , A7 — bR A R4 7 3 rh =
WA o e 70 5 2 1 O 1 A TR Y L

TEAT G T HERE i = GRS R ) f BB 20, R ISR IBOCR i  (HAR U T AR R 2, A A T
ARl A A B AU R R — i e ) 5 RS ) (R 0 50 (R R SRR e 48 ), S B i o 32 31
—E R R AR I P T B R S E (R IR pH | PR R TR AR ) Y
ASE P HA R BGHE B A HLIAFI &> 2 2SR HA 8 MY e R 2 1y 2
1, QuechERS Ak Jy (EHREE  (H i -+ B T il o0 14 52 2k il AR 25 5 10 BB I 40 5 BRI B 3 6
T2 (GPC) X T AR 43 5T S AH L 171 1 27 25 A AN ) A 40 e, o DA JHE 5 42 3 18 2iA, HLZ ki i
R AHAE IR ARV T 50, O AT DA RO 2 T

ARSEH T G X ASE A% =W 28 R R Y B2 IR R DL M 8l B B A A (Florisi ) | & Nk AE
( Aminopropyl) \Z 54 (Amino) (C18 #E( C18) FEMHE (Silica) 55 5 F [ AH AL BUH: M AL AR #EAT RS, 2
SL T ASE ZEHX-SPE ¥+b-HPLC 23877 J5 ik | [RIHIAE v Py B3t 35 2508 PY Ry 35 L Tl |
FNIGE 35 A FNICHE B T SR ROt 11 R = KRR R B AR B L 4 SRR %O AR
] B, S PV, 25 TR R A2 PR AR 24 5% B A 10 o

1 SZEG#B4) ( Experimental section)

1.1 XA 510

Aglient 1200 TIFFAGH AR (0, L F1 20300 BE 28 A0~ BREHEIU RIS, 2219 Agilent BHECATIRZA 7,
ASE350 BRI ALY, 3¢ [E 8 42 /3 7 TurboVap IR IMKIE 4R, 35 [H Caliper 24 7] ; Agela Cleanert®
Florisil SPE /ME (6 mL, 500 mg) , & [E Agela /3 F]; Waters Sep-Pak® Vac 6c¢c Silica SPE /M (6 mL,
500 mg) , E[E Waters Al ; Agela Cleanert® ODS C18 SPE /M (6 mL,500 mg) , 3 [F Agela A F]; Agela
FNFE/FE (6 mL,500 mg) , F5 [ Agela /A7) ; Agela 2 3E/ME (6 mL,500 mg) , 3& [F Agela 24 ] ; (i i
Eclipse XDB-C18(250 mmx4.6 mm 1.D,5 um) , 35 [H Agilent BHEA PR 7 BEH AR BLISH ;2 mL
PR RS HERE /NI Tl TS 2% (10 L, 25 pl).

11 Fp =ZEAR (M-619M,100 mg-L™") , & [H AccuStandard 2 7] , £ & PO HL 55 25@ 70 B 5%
FEHEE AT E FGE F5 K FNICHE R T DK R B IR (A BRDE) , S5 T Baker A7 IE
Ot (A5 , S JT Baker 28 7] R H be (A FR L) , 2 IE JT Baker 23wl ; LM (ARFRH) , S JT
Baker 2\ 1) 5 A1 5/ (500 g) , [ 2458 AL 22100 A FRZY 7], 8 1T 500 CHE 5 h.

1.2 FEACREE S A
SR HA B R BB (HJ/T 166—2004 ) BLURE R AL K ORAT L SRE il A it SR B8 T b 4



630 57N 5% 1k 2 36 %

KRS T, SR 5 Y 38 SO B T X £ P KU XTS5 O RE S 25 B 2, ML I 3 60 H B, 7843
TRAVE B T R ) LB Es .
1.3 WRAH S /BT 5

WA ZHE-/K P 1 mLemin™' BRI 25 °C, Kzl s . AR BEFIRIN G ( DAD) |, & i1 1220 nm,
HEFERE 10 WL BB BEVEMRR T L3R 1.

®1 MIHVER T
Table 1 Elution program of mobile phase

5 8] Time/min 7K Water/ % 2 Acetonitrile/ % [ ] Time/min K Water/ % ZNE Acetonitrile/ %
0 75 25 40.0 50 50
20.0 75 25 50.0 50 50
30.0 65 35 51.0 75 25

1.4 ASE 1%

FREL10.0 g - 38RE 5 AE A 90 bR 2.0 pg IS IRA IS, R 2 34 mL A AL T rh &8 B
WAE10.3 MPa £0F R, T4 S min, SR HS min, WKF 90 s, BB IR SHGPR B, K5 S BUR 5L 7% 2 1%
IS 1E 35 C R AWM A s R o B4 2 1 mL.

1.5 sl

FKHAREZS A AT T (n=6) FUIMAR NS KX 43 BT e RE A 7 0 42 ol A R 2 1 B DA A Db A
25 R, 5 S PR R S — R SE AT AT AR A SR R 9 TS I O 5 AT T (n=6) BIFR
6 53R 7] J53 4k 1) [R)—Fb R S BR - 3380 &, 43 ) 58 B4 0 A I R, FH A28 88 0 B O vk K %86 B2 5 A
(DS 52 56 BV AE A i A BT 1 S B - 38R S PO A — R 1 11 b = RS BR R RIAREIR W, 5 5 B 3R
st [F R 58 J AR A A i R, 00 L TR, FH A 25 52 43 B ik ) ARG 3

2 R 5118 (Results and discussion)
2.1 HAbMba YR E
R B AR S WY BRAL 2 BT, BOE I 1.3 75 BT iR B 25 A5 4 11 Fh =R BR BRI 5 A W

B 2.0 mg- L5 B4 EAURIN , 11 Fh = E2EER A1 RERS 58 4220 T, A4 BN 1 Brs 59 HR e, LA
VRN e 8 5 36 14 7 1R KO

11

15 20 25 30 35 40 45 50
t/min

1 11 Ff =R BR O A VRORE 2% []
(1753 Simazine ;2. 75251 Gesatamine;3. P14 Simetryn;4. 35t Atrazine;5. ]38 Secbumeton;
6. ¥NIKGE Prometon ;7. 75 K% Ametryn;8. $M I Propazine;9. 4§ T Ht Terbuthylazine; 10. $MJ 4 Prometryn; 11. &% 4 Terbutryn)
Fig.1 The HPLC chromatogram of the 11 triazine pesticides

2.2 ASE &Mm9titk

AIFEBCEN 1.4 1Pk ASE 2R, 456 BAa A v T, 28N IE O b (1:1) (N ER: —
FAMEBE(1:1) GECkE: @ T BE(1:1) 55 3 R BURAR £ 1042 BUSCR Y S BOR b & A N BRI 5 H AR
BRI R AR PR ORI B TR 25 S R B TN : S e (10 1) VR AR IBGRI B, 11 F = R 25 PR 5
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B RISCR N 75.9%—107.1% , SAREika & ; N E: 1E 2 - P IE 245 (1:1) Acetone:n Hexane(1:1)
N PR — 48 H 45 (1:1) Acetone:Dichloromethane(1:1)

'}:]’%( 1:1 ) 1’Eﬂ§]§5~5‘3ﬂ1§ﬂ] Hﬂ‘ , 11 ﬁz%%]&%ﬁfﬂj E/\J [E] LI&% T E=Eog g m ) nexaneiDiclromethane(lil)

HTT.9%—104.2% ZIAFR FRFE &8 R, 1 ;‘ N &

A ER R AIE T e () R o LRI Y PER N
HEANCE S WEREREM F Ok AT ¢ NN N
(1) fE ORI, 50 P ik IR 4 s qav ~
i 4 FIBR TR RISCRAE T 50%.3 R IR & Z 0 % SN N
B BRI SR 2 725 el O, PR — 4 Ny ~
CTSRRNPSRIE BT ST A e e C TN | | | | || | N
AR BB R UG o o o o o o o o5

%,

< D’
& o W o e

Pefk, IR EE VR 60 °C .80 °C 100 °C ,JE¥ 1.2.3 IK, S s &
BERAERD]AE 100 C T3 3 YR, BARHIRCRAE gy s mor i e OR 1 2 R
HE AR W AR T, R 2 BURBE 100 CL 8% Fig a2 Recovery of 11 iazine pesticides in accelerated
3 WAEN ASE R ST RE B AL A1 solvent extraction
2.3 HbAEmEm

AR E g B Bk AT E AT E N R C18 A AR A I AR R A A N TR OF 2
(10 :90) TR BE AR ARG , 40 PR BOK FAE 1 mL, 10 mL PIHR: 1F 2 %% (10:90) ZEFTEEME. /N X2 B
Wb O F R E T I AA B B AR Bl ML SR BRI S 5 T TR X AL BCR (K52 ),
WS PR B AR SR 25 B4 B0 an & 3 B s, $REGR 11 Bl = W 28 B 550 19 01 i R0 L oA
78.3%—108.0% , T-HLHXF 5 i/ INEE AL BCRFZ ML/ IN 5 Bl INEE SR ARCRAR Y |, AT AR S B O 2E 4
B B/ M T

Florisil  E&8 Aminopropyl Amino ES C18 HEHSilica

Y E
100 F « < N Y &
N S N N N <
% ~:: S § \% \_
80
2 2
< <
z £ 60
3 53
> >
1) 1)
3 3
~ ~
40
20
0 2 3 = 728 %:
5 i S G S S SR
O SRR gt T I & & e ¢ o
SH & ¥ X DA K \}\\\ Q@ <& X Sl ™ @c‘p DA K &\\ ‘{@ <@
& B &

B3 A BRI (A) SER(B) B9 HARY) eIk

Fig.3 Recovery of different column in the purification of 11 Triazine Pesticides extraction ( A) and standards (B)

2.4 PRI R LR

e 3 PRI L A 23 B D7 0 A o B R SR SCRR, = 2K I8 e R a0 P B I ) T A &
JiET N RO A IEC e A SRR A VA . RS R R AR A X, A
WS R IE O e BRI O e — S T B PRI A & | LN BE AT S 1) 73 3] b e 0 b (A 28 A3 BIL 50 A )
ERIZIRRORA RV E

ZNFEREZ AR IE C HE(10:90) FUMBERITE L5, INA 1 mL SARAE S S BOR, LA 10 mL 3 i 57 2
FrUemt , % HARP) BB CR ik 2 frRs  SEgnd B b A B, PRTEI: 1E %68 ( 20:80) AEPE S A HH ARG A (4
RE TP A2 IR R O TR, B O R A8 2 a] BE2 d T Ul 4 S5 AR PR A B
G TP B —IFMRDE 1T 5 R HABGE B0 R R SE0RE L £8 B 1 (U3 26 TR B I T ok Ak iy 36 2
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AL X 11 R =2 AR, PR PR I O (10:90) [BICR K fie i, S0 3 HLAE R vdefb S 56 19 Uk
JBi5). Pl 4 S N BEREXT 11 Ff = WRER R A U L i 2, D 80, BR PGS HEESN 7 mIL P50 al 4 H AR
W5 eI o | IR TARE .

T2 6 PIURMERIXT = BRRER R B e BSCR
Table 2 The eluting effect of triazine pesticides by six eluents
[E] i # Recovery/ %

ey IR IE C % PN 1E 2% PIR: IE C % TEMRGIECk  ZEWheECk  ZHEF b EC
Pesticides (5:95) (10:90) (20:80) (20:80) (40:60) (60:40)
Acetone : Acetone : Acetone : Dichloromethane : Dichloromethane :  Dichloromethane :
n-Hexane n-Hexane n-Hexane n-Hexane n-Hexane n-Hexane
P 49.1 93.5 82.7 51.9 69.3 75.9
FHLHE 32.2 87.8 76.7 52.0 68.5 73.9
VIR 65.7 89.2 85.7 60.6 73.1 77.7
75 L 75.3 88.5 85.8 61.4 73.5 71.6
T8 37.4 88.5 83.4 52.8 71.1 74.8
FhKGE 58.1 85.7 84.5 57.1 71.5 75.3
F5 K 76.7 88.4 84.5 67.9 73.7 85.0
Fh I 78.1 90.3 84.8 69.2 74.6 81.1
T 71.3 89.2 84.8 68.7 74.9 80.5
FK G 76.8 87.8 85.0 73.2 74.5 80.4
PURED 73.9 86.0 80.6 70.3 73.4 76.6

TR TP EAR SR R 2.5 ne; [A]Se 2R 34 3 YR S 45 FR V- 34 {B. The content of the target in the extraction was 2.5 pg. The average

recovery were the result of 3 times.

Recovery/%

Terbuthylazine
# Prometryn
& Terbutryn

WA
&

PR IR TR T N SO IS T I T NN S N T S T T
0 1 2 3 4 5 6 7 8 9 10
The volume of elution/mL

B4 SNFEARTH

Fig.4 The elution curves of aminopropyl column

2.5 BRUERRER KT R

FH 100 mg- L7 A9 11 A = BRSBR R0 Y EsAR AR VR 28 F Il RETC 1 LR 2R e B AR . 0.05 0.1
0.5.1.0.2.5.5.0 mg-L™", Bz FAESTHT. DUt v B B AR A (o) (I TET B DN AR AR () 257l T B o T K.
11 Fp =2 BREFILE 0.05—5.0 mg- L5 BBl P ZR P R0 AH C R ECBARTE 0.999 DL 1 (3 3) M4 5EFR2s
R AR =R SBREEFEEN 10.0 pg-ke T (FREEREN 10.0 o) , FAT00HT 7 DT BAREm 22 (s) ,
FE R 3014 A% bR fE IR 22 75 0 11 B =R 2 R R R0 9 O vE R BR, D R A PR AE 2.0 x 107 —4. 1 x
107" mg-kg YRR (£ 3) KT 8 R5E 0 i PR Bm o 0 1) BIRAEL, BE A5 15 J2 A BT 25K .
2.6 KEWIE HERGE B SCBRAE S AT

FAA T 1% A 48 it b DX SR 4R () 7R 498 (i tHEA T AR50 BT, KA B AR R AR b 35, 11 F
TREBRE R BRSO, IR AT IS B T A AR HPLC B E SRR H B bR e A
Yy IR EE. AT HT (n=6) 1 BN B FH X R UER 22 (RSD) $47E 15% VAN (£ 4) , RAA T L HA RIFH
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K 2 B A, W S B - SRR 2R A T v L ARV FE 4300 500.0,100.0,20.0 g ke BIIFRINE , 11 Fp =
I8 2K 4 B 1) 1 IR [0 e 26347 62.7%—100. 1% 22 8], HERfR B4 .

R3O P RSBR AT bR 2 AN A R

Table 3 The standard curves and detection limits of 11 triazine herbicide pesticides

LT SRS
(mg-L7™") (mg-kg™")
[EZRES y=2.08x10"'x+1.73 0.05—5 0.9998 2.0x1073
7558 y=9.89x1072x+1.23 0.05—5 0.9998 3.0x1073
[ REE y=1.06x10""x+1.52 0.05—5 0.9999 3.1x1073
FHEH y=1.05%10""x+2.05 0.05—5 0.9998 2.3x1073
1@ ¥y=9.02x1072x+5.81x107" 0.05—5 0.9999 3.5%1073
FhoK i y=9.90x1072x+9.62x10™"! 0.05—5 0.9999 3.1x1073
5 K y=9.98x107%x+1.87 0.05—5 0.9999 3.5x1073
FhRHE y=1.02x10""x+2.06 0.05—5 0.9999 2.4x1073
T y=9.24x1072x+2.29 0.05—5 0.9998 3.2x1073
FhK W y=9.56x10"2x+1.19 0.05—5 0.9999 4.1x107?
PRURED y=9.27x1072x+2.28 0.05—5 0.9998 3.1x1073
F4 A IR O B AR RS g b
Table 4 The RSD and recoveries of the blank soil samples
e 500.0 ug-kg’q&$ 100.0 Mg-kg’qﬂzi 20.0 Mg-kg*‘q&}:
. Al 2% &S Al R
Pesticides Rsb/% Recovery/ % RSD/% Recovery/% Rsb/% Recovery/%
[EEye s 4.5 89.4 3.9 83.2 6.8 88.7
Bl 4.6 90.2 11.4 71.8 2.8 88.9
iR 2.6 88.8 7.0 73.5 11.6 89.4
IR 4.2 76.4 14.6 68.5 14.5 85.8
T 1.2 96.6 6.4 84.6 10.4 93.9
Fh I 4.1 89.4 9.8 74.2 2.1 95.8
35 K 3.7 91.5 7.6 74.9 14.2 89.7
Fh R 7.7 88.4 3.7 62.7 3.6 94.0
T 2.9 99.5 8.2 71.4 5.9 92.2
FhK 4.9 100.1 4.7 80.8 4.8 93.9
RN RE 3.3 93.9 5.0 78.7 6.9 88.0

3 %51 ( Conclusion)

AR SCA A X i A B AR A A RS SRR DA, ARAS T R A R v Al AT B AR e e X £ e
11 b = W2 Bk 590 A 38 B e A v A S P R s SR R T o 378 59 4 AR TR B e | I Ay Il
R BRBGTRE A Shik, BEATE L NEA RO E T F R, 4 HPLC-DAD K, HAn9 1628, G
EEIE P LR IEAE A0, 11 Fh =B BRFEHILE 0.05—5.0 mg- L™ U Bl N £k B4, M6 R B0
0.9998 VA I, 7146 i BRTE 2.0x107° —4.1x107° mg-kg ™" Z [A] R JHA J7 v 3 52 br + e kA7 5 o Aok
5391129 500.0,100.0,20.0 pg-ke™ BIIFRINAE , P47 534 (n=6) BIAHXT AR HEM 22 (RSD ) ¥ 7€ 15% LA,
EL I B S 6 i 11 = R 0 Y [RICRAE 62.7%—100.1% 22 18], HA B4 HHRS % B FER
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