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W OE AU ES TKERAURIE A 8 R HLAAR 2GR 5 bk B A M €253 - B K B0 ( GE-MS/MS) [R] 2
WU A A7 7 1 KR LA R AR SRy SE R 700, R B R AL R OR S MR/ — 0 2K ( PEPR) [ AH 25 BURE 55 4R F g4k
JEC VA b I 206 FH AR P D B I, G o B AR I o FH L L - [T AR A B M. R F DB-5MS (30 mx
0.25 mmx0.25 pm) EFEAEXTRRN AT 5088, 22 500 W AR X ( MRM) T8 - 1A B 1 AH M3 KT 0.999.
25 FUKBETEAG P 55 3 NI/ R S IR 3R 719%—115% , A FrifEm 22 (RSD) 4 4.0%—12.6% ,
G H PR (LOD) 0.12—2.0 ng- L™ JRIBFEFAEAL h  R5F 3 MIARAKE T, SF ¥ ECR N 73%—120% ,RSD i
4.1%—11.0% , K HHBR (LOD) 0.011—0.20 pg kg™ %7 R LRI CRALE &5 ELER T4 18 & T /K IR R U
HR R LA AL AR 2 R SR B 2R AR 2 P R . 7 FH 2 0 A T AR bt EX 3 B Sl 35 % B A VT 1) K A T JES e A
il SEIR I | S5 L R IR (100%) , AKAR AR B AR 11.2—1671 ng- L7 Z|A], JE R 4% B B AE 0.35—
21.8 pg-kg Z I A HLE B-7S 7575 K 2 > 80% , /KA Th R BA i /E ND—6.76 ng- L™ Z [A], JiK Jé 5k B = ¢
ND—4.74 ng-kg™ Z A1 JRIGHE T i A 240 5% 57 ool o 3R RIVR 7K % 5 7 b A5 PR A v
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Simultaneous determination of organochlorine pesticides and
herbicides _residues in water and sediment by gas chromatography
tandem mass spectrometry
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Abstract; A gas chromatography tandem mass spectrometry ( GC-MS/MS) method was developed
for the simultaneous determination of eight organochlorine pesticides ( OCPs) and five herbicides
residues in water and sediment samples. Water samples were mixed with methanol which was a

matrix modifier, then extracted and cleaned up by Polar Enhanced Polymer solid-phase extraction
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cartridge ( PEP ). Sediment samples were extracted with acetonitrile by ultrasonic wave, back-
extracted with dichloromethane, and then cleaned up with Florisil solid-phase extraction cartridge.
DB-5MS column (30 m X 0.25 mm x 0.25 pum) was used for compounds separation. Mass
spectrometric determination was carried out under multiple reactions monitoring (MRM) mode. For
all the calibration curves of 13 analytes, the correlation coefficients were all higher than 0.999.
Average recoveries of 13 analytes in blank water samples which spiked at three concentration levels
were between 71% and 115%, with RSDs of 4.0%—12.6%. The limit of detection ( LOD) was
0.12—2.0 ng-L™". The average recoveries of 13 analytes in sediment samples at three spiked levels
ranged from 73% to 120% with RSDs of 4.1%—11.0%. The LOD was 0.011—0.20 pg-kg™'. This
method was suitable for the determination of eight OCPs and five herbicides residues in aquatic
environmental water and sediment with high sensitivity and selectivity. The method was used for
testing the samples collected from aquaculture pond and Songhua River in northeastern China. The
results showed that the detection rate of atrazine was 100%, and the residual amount in water and
sediment samples were in the range of 11.2—1671 ng-L™" and 0.35—21.8 wg+kg™', respectively.
Detection rate of B-HCH was more than 80%, and the residue in water and sediment samples were in
the range of nd—6.76 ng-L™" and nd—4.74 pg-kg™', respectively. The DDT residues in sediment
samples were all less than the maximum residue limits in freshwater aquaculture environment.

Keywords : GC-MS/MS, water, sediment, organ chlorine pesticide , herbicides.

PR KA 25 R, 30T AR EE i ( RELRIBR B 30T 80% Ak 2 ik A B 35t e
PR 3 %y I A KA 3 K A4S Y K A K BE AR 2 2 A K A A 1 A K B
St A AR P BN ZE R R IR I, AR RIS VR F ) A 2558 B3 4 i DR Ml IR I i
A BLFEAR ) LAZS/SZS (DDT AR RS At Dlis ey , K vl (ot R A0 5 i 3 8 i A PR B3 10 LA 55 25
R AR BB R g 24 S il PR BT WA B 05 EL R, PREE R A AR 24 ARG T ik S A SM
3 (GC) M MO - 1k (GCAMS) TP R RH €6 3% - 53 BB 3% 125 ( GC-MS/MS) V01 B85 v 8
R ARG i A 5 A €5 0 (LC) Y TRORA T - HR R B ik (LC-MS/MS) T 6t Ge-MStY
M GC-MS/MS ') FIRBERE Sl Bl 2 DU W/ i DR Bt o0 45 R 2%, A0 M T A K. R IR Jo 3 B R
B e e | o R R, 7E B BRAE R R 24T S i T T A BRI, © Tz B A AL
AR BRI A OB H R, B A T R R GC-MS/MS 43 22 K Ak ak 4 8 g HLEUR
2511 R A 25 LB B IR GC-MS/MS [R]AE0 52 BRBEAE Sl v BIL SR RIS B39 4 28 AT 9 4
KT

ARG R AR BB A BEAE 5, DAk TR S AT AR B R, ST T KR RS IR Hh 7S 7575 . DDT
FS FRBRECT (35250 2, 4-T8 T TR R B | £ SR Tk AR e ) ) ) [0 A A B 0 33 R I T i A )
D5, IR R I T Ol K SR SR /K A SRS R i ) 7 LS R o R0 KA 24 5 BR (R A [ ), 45
B A IX A2l FHAR L, 300 A5 DA 1% X A 26 75 Y 3 B2 FUIR.

1 SEHGHR 47 ( Experimental section )

1.1 X 55
Agilent 7890B-7000C “AH €115 A8 1 = 50 DO B AT B35 6 A (36 Agilent 24 7)), FCA ML T35
(ED) &7 ; Allegra X-30R & 2 3 Z.0HL( 92 F Beckman A 1)) ;PB 602-N i, 7K &4 0.01 g( Fit
AR R RI 2N F]) T 25 AT s )3 AL (R TIKA 235 ) s KQ 700K # 75 I Tk e s (1L A A
A BR/AF]) s BUCHI syncore 25 i % 2 W 4/ P47 28 R AX (Hii = BUCHI A F]) , N-EVAP 112 Z MY
(£[E Organomation 2~ H]) ; WS (F5[E Eppendorf A1) s RIKBURFERS (REHEA CARREHL) .
Q-7NINTN BTSN IS IS YIS AN AN L8N AN N p, p'-DDE, p, p’-DDD o, p’-DDT ., p, p'-DDT ., 35 & Ht |
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2,4-D THR S5 R FRLHR  WE R AR S A MR EE S 100 wg - mL ™ (RO ARSI R A B B
BT s ZEHBE NG PRERRIE O Be 3 o 605 AR (L2 ik SE g BB e A7 BR A | ) 5 &l Ak, TooK
BREREN (650 CHE¥E 2 h) , 40 b4l ([E 251k 2R F A B2 F] ) .Cleanert® PEP [EAHAEHUIME : 150 mg/6 mL
(RN EARBIL ) 5 Cleanert®  Florisil FEIAHAEBUNE 1 g/6 mL( RN LA RBHL ) X586 F K
A Milli-Q 4K,
1.2 Ry

B 500 mL 2 0.45 wm JE eI 85 A9/KRE | 181K FFoln ACH Bt B B2 ) LU 000 R 5% , $8 50 A R 1
FALTE K PEP /MR 5 mL B, S mL K G AL B B3R T4 L LA 10 mL - min™" A9 37 3 435 1
FETF/IE L, 350 25000 R AR /M R O BB — R 2 ¢ JOKBRIREN A/ ME, 1A 10 mL PNERAT 5 mL — 5
e e JBd /K WCER T R, T 40 C T AR ZE 0.5 mL A24 , HIF OB E A% 1 mL, 3 0.22 pm A HLAHLE
JE, 00 I I Uy e K A Ry 25 0 BERE i, RIS A B2 R

HEBRFRECZE BT A2 0 (FLAR 0.15 mm) J5 AR TR FE i 5.0£0.05 ¢, B F 50 mL R ZIEE L&,
A5 mL 4li7K 2 ¢ NaCl, SR 10 mL Z i, BETR 2 min , #75 2K HL 120 min, Ff g 048 A 10 mL
TABE E 2 min J5 LA 8000 remin” B0 5 min, BU - E WAL 0% B EAFENINA 2 ¢ TG
7K Na,S0,, FH 10 mL S HLeFIE CReiR G (1:9) Tk, SR 5 In A B HUW 23, FH 10 mL =54
o FITIE CUE TR A5 W (1:9) PRIBE, WS 42 Ui HE VR R UE IV, FH 2240 i 8 VR 4 /AT 28 R AR 46 B 24
0.5 mL, INECHEES 2 1 mL,3F 0.22 pm A HUHIERE , FHTACES 53 A7 JBCRESE -+ 4F S 28 o0 B 5L [
AR FRAS (HRE A
1.3 Ao &4

GC 4 3% 45 . DB-5MS (30 mx0.25 mmx0.25 wm); @3+ FHEFEF .70 C {44F 2 min, D)
25 Comin™ AEREFFE 150 C, LL 3 Comin™ A3 EEFHE 200 °C, LA 8 °C-min™' (3B T %8 280 C {4
10 min. 2 B 2EAS(=99.999% ) ) , i 1.0 mE-min " BEFE TR . 280 °C ;#FFE & .1 wL; #ERE T =0,
Teor i HERE 0,75 min J5 T U B AR A0 R4 & 30 mLe-min™",2 min JEFTIFEATA, i at
20 mL-min".

MS/MS A4 R FEEH S FIR(ELD , — B H B RE . 70 eV B 1 IR BE - 300 °C 5 PUBATIRLEE .
180 C s RAEHHE 2. 2 RN WAL (MRM) ) |, Bl 4 o0 S AR (=99.999% ) 5 GC-MS/MS #2 11 i
. 280 °C 5 I IER I ]+ 8.00 min. LT TS50 0% 1.

2 R 5118 (Results and discussion)
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— RPN TR, S5 — X P X e R TR S, D ik B e R AR A AL A R
O 7E MRM BT Sl B AN R A A AR RE 1k (FE T 5—40 V) S LG9 AR H b 8 0 1) 7
(ER/IN i E — e R R RE B Gl AU AL, B2 737875 \DDT 15 FRERFRIAY MRM 2504, WL 1.
2.2 IR BRRMEE PRI el

KRR A BRI A P00 & AR, 5 i A S A RE T A ISCAS ARG Y BIR AN ek v P Fr) 25K Ak B 5
AR RORAEIOE"  FARAEIRE 01200 R ARG AR RS2 R IR AR BT T i A U B AR
HATREM L B AR BGR PER (B DL TR, BRSO A 2l v A dEA TR I, 2 S B AR i
R I 235 SR Y 5 1 L [0 R A O 9 fole A BB DR 37 P A, 5 T B A I DR, 2 H RS
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B M5 ABX R RN S G WY w SRR AN o, ELW iR FE A R SR I0 B A R IR R, 33K
R AR5 e [ AH AR BOEE s iR T R & RO TR B 2 B BEIE XK K B AR L& AT S Al e 2R,
SE 1] LR P A R AR BT A5 B S 36 2 o A S e T AR A RS SO , AT AR AR i E A 7 41 A
PR J7 VA T B HER | T RE T EL R AL, A 52 56 28 T R KA v o 24 43 BA ARG DN iy Ach B4 75 126 1 1 2K

IE6] AF A IR PO [T AR AR RO B et S /R A v R E AR AL B WA 80 AR A OB D R L
XA AR 2G40, 1 FH I 2 1 [T A ZE BUA 5k €181 ok hy Oasis HLB ( . 4 5 K-N-2 4 5t
M e i AL By ) 4 ARS8 R Cleanert® PEP ( polar enhanced polymer) B fEAL A 2 M/ — 2 454
[ AR A B, [E AR A O 5T PEP 2R 1 [R] B 5L A 3K M A G AR L P, DT X 25 S P AR P& P B
e A P R O L R B B R i 2 Oz R T 18 B S RERS (3—10 %) . B pH VI FIT (1.0—
14.0) . VFZTE C18 XELLIR B A SR K AL G W) (An35 2578 L 78 PEP AT B0 A8 DR 52 B0 7R 45 K
FEHER AN 10 ng- L7'55 K8, 43 51R FH C18 AEA PEP AE A EAHAE I, SFAT I 7 Wk, 45 R4 ] C18 FERYHE
iin 5 K RISCR Dy 73% , 16 PEP A BRF h 55 25 HERY 135 [RTECR S 989% . X8 TR 48 FH /KRR AT
FR/KFE R AL B AT 25 R (LI 1a A1 b) 0TI i, PEP BEAS A R & SRk (b 8 A AL 5 Bl bk iE
Rz, B AR BT

a. ¥ K #% Blank water sample
9 b. finkR/K#E Spiked water sample(10 ng-L™")
g 13
z 1 11y
NN o
7
)| I\ L 10
¢. 2¥ H JKJE Blank sediment sample
Y W | l
d. finkR)EJE Spiked sediment sample(1 pg-kg™")
13
1 Hia
23 5 89 l
| LS 1 . Ju 0 L
10 12 14 16 18 20 22 24 26 28 30 32 34

t/min

1 25 FRE A5 PR X L €33 5]
oSN 2. 55 5 3.8-7N 757N (4 y-7N /NN \5.8-7N 787N 16.2,4-D TR 7. BR T |
8.p,p'-DDE,9. BEFER 10, Z A HAEE 11, p,p’-DDD.12. 0,p’-DDT, 13.p,p'-DDT

Fig.1 Chromatograms from the GC-MS/MS analysis of the control and spiked samples
l.a-HCH, 2. atrazine, 3. B-HCH, 4. y-HCH, 5. 6- HCH, 6. 2,4-D butyl ester, 7. metribuzin,
8. p,p’-DDE, 9. oxadiazon, 10. oxyfluorfen, 11. p,p’-DDD, 12. o,p’-DDT, 13. p,p’-DDT

KIS 757575 \DDT S5 B K P G W) 25 5 4 745 2 E W T 1 A, G SR R et 7KORE B 58 2o [ 4H
IR | 2B AR SEDRL 3 fE PR R £ 25 BUHOR BRI A 5256 2R FH B S B AR BACHE 7], AT 3 R 75 BE 5
M), A 5P A SRR 05 Tk B, B8 i A AR USSR 5 58 1 Y B o g o S 56485 SR 08 S i)« 4 7
500 mL (25 AR ZKFE (100 ng-L7") HHAILA 0.5% F1 109% () B S, #5212 15 KRE R b RO 35 B BUR S
A, AR5 BRI, LA 4 Fh7S oSS FIBR RIS 253 ], 25 51 DL IR 2. f 81 2 ] 0L, B35 2o imedh e b i
Wi KA v AR RRL S 5 o, 45 o i 7 e T AR I A 3G, TR AE 0—5% B Be 3 B . 25 4 25 1 Il
W A IMRAER R | SR B K AR T E I 5% .

L RESERUR  7E AR AR BUR: 2R B A K A3, b B AR A K Ak A 5 B, Sk
BRI, A R AR 5 Ry 25 BRAE BURE PR 7K 43, 38 A0 A 2 FH AR AR U A WR TR2 R B 25K (EL S 86 45
R, SRR T R R S K 10%—20%. 7% FEAR 22 52 56 R F TG /K 6 B2 40 B B A ML T+ A 7K
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Gy RGPPSR T, L RE S S BRI, B T JC K B R A A T K Ak B

AR AIE C b N VAN S H B R AT B, 5 5 0 D R A R e 1 &% 13 R H
FrAb A W BRI 285 R FIAR (2K T 70% ) 4 500 mL (925 AR ZKEE (100 ng- L") #e MR 1.27 45 5 1%
AR FFEE A0 mLINEAA 10 mL S BB, 43 0 A ug A5 A it , &5 5 mL 0B 145,40 <C
TAEWKZE 0.5 mL 4, HIECKERZE 1 mL, it 0.22 pm AHFHIERS , BV, &P 15 mL LLS Y
VR, 13 P 25 241 43 A B 35 S “ND”, U B 15 mL PR BV 0% B bR 58 S TR 0. 4 o, ik %
10 mLAAFERAN 5 mL — G H %e e i A7)

4000
3500 I~ —+— a7 oHCH
3000 —m— B-AA7 B-HCH
2500 [ —a— A7 -HCH
2000 F —e— XA S-HCH

1500 [ /.——4. —k— 35 % Atrazine

1000

Response

500

0 | 1 ]

Methanol content in water/%

B2 KRR fh B S R 0

Fig.2 Effect of methanol on the water samples analysis

2.3 JEET iAW S gk

H A4 ) 3R e Ak 25 i B 30 32 BT RCHRIC HUARIR 3 7 B8 7 S BRI i 51
A (ASE) VORISR AR AR B A R IR A IS AR K, ASTE AR S AL AR L
BEAIR 1% H AR AL G W A SR IO 7043 sk 375 7002 BT Ll ot A v L o T 2R 1 T S PRl o 2k ) 4
B L5 I 7R A RS, — P S 62 U L B2 S 1 A A AR SR A5 1T B (HLER PO R 42
AR, 7 VR RS s R ARG =7, 2 AR X L F B AT T T I ek A 24 5 B ARSI 7 SR I8 B IO X S B
AT ORI AR T B SRR i, LSS i A R B b B, — i ST 0 2 T i 1 et K.

- HEFRE VR A 2 i A B AT — U e N ERTR AR L IE e N ERIR S s L 2
i1 R R TR A5 s T A R S R 2 R S R e M A AR R R, T A R AR SR BT R TR
G, MRS R M SEBUF Sy AR 5 R e i A G, [ i i B ARk & Wi i 81 G s 3R )5
= et 6 T ) Bbr A W S A G e T, B e o G R e U — 20 v 4 R
k. 26 5K H 7, 0T DMB 7309533 2R i % BARIE B W EAT 784 S . — U e AN B 8% [ AL Z,
i v B B AR A, i ELA RSB K MR BE , AT LUK C 5 A 7K 43 B s S 36 5 28 T 2 AN — 480 FF ot g 4
R0k 3:2 101 1 2:3 B PSR IBORCR , FE AR ZKSE R 1.0 g - LB, HBRAL3-F- 25 [l 343531 hy
87% 102%F1 93%. 7] W, , ZM55 A BER A 101 HBISCR 34T SRy B ORI Yk T A SRR Fb. 25 SR 3%
B, 25 A b [T IS0 G B 2 2 ).

JRVRFE TG 2%, & A ST B A 6 R A 4% 0T, 7 AR BGE 2 h L S BB IR ZEBOR AN A i ¥ dk , 5 50 15
YU R A HERE RGO EATE G I 25 25 T LR, (] Rk 2 B M e ot PO ARG 485 SR | 3k i A o 25 A 2 6
VERR 58 2 HL Ak - [RH 2K BOME X JIC U B BB IR A7 1Ak, 25 10 55 0 it I 5 R 3 I A W) b 24 o T e e
(W 1c F d).

AR IR DT & A KB oCE , AE A TSR G5 4T ((HF ECD A th %) B 2577 248 — MR
FHIRRIG: , (A5 72 12 18] 78 B P9 3 HE A MLAR AL 20 DGR i, DR 75 A S R AT B v A > ER
FHAAR (1% - SR B B REA A TR S 20T I, i T MRM AR HERR RE B T A B8 1 AN @ PEAR 8 | A Tt vl
DL . T (a3 R GRS, T AR SRR o AGE AR R ER AR
2.4 JrREMECHR Sk IR

RS, B4 T 13 FHARME G YRR (£ 1), 458 B8 S 5 7E 2.0—
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200 pg- L7 BRECERFN 2,4-D TEETE 0.5—200 pg- L7, HE 10 PR TE 0.1—200 g L' Fl N 5 06 T
PR RIS R r IR T 0.999(F 1).

ZEIROCHR] 11-12 142 88 H) 168—2010 [ RLE TR A A 2H 43 ARG 1 R AE 28 ARt rhoim AR 2D 4%
F bR 8y (e B (Rl A oA A 5 A8t FRA B 2—5 4% 28 /KRR R 8 Bl WL IS 22 T K G 5
VRN 0.5 ng- L7, 2, 4-38 T TR AR B B VR N 2.0 ng- L7, ZAUR B BEM VR & 5.0 ng- L'
25 R 8 T HLEUNSE 2t S MR R A UR i 0.05 g - kg™, 2, 4-1% T g R GR B R 1) R Jon it
0.20 pg kg™, ZEFIEBERIR NN 0.50 wg- kg™ 1% TBEE S 0BT B9 A BB A B X RE S 64T 7 YOEAT I
TR A BARME S P AR ER 2 () , DA 3.143 f5 bRt dm 22 1Tk R th FR (3.143s) 45 5 13 Pk
e R AP AORE HBR M 0.12—2.0 ng- L™, ZEJE IR A AUKE HBR M 0.011—0.20 pg-kg ' (% 1).

R ZRMEIBIT 13 R 2 i O B i Ta] | 000 s 10 R B T ZRAPE Rl AR DG R B 7 A R
Table 1 Retention time, monitoring ion pairs and collision energies, linear ranges, correlation coefficients and limits

of detection (LOD) of 13 pesticides in multiple reaction monitoring (MRM) mode

N W 8 X N Sy N LOD
peggnti e AR AR MR :
Ae 2 4 FR X Monitoring L. . . 7K iR
. Retention . R Collision Linear range/ Correlation .
Pesticides . . ion-pair o . Water/ Sediment/
time/ min energy/eV (pg-L70) coefficient (1) . \
(m/z) (ngeL™h) (pg-kg™)
216.9/181.0;
a-HCH 13.48 218.9/183.0 5;5 0.1—200 0.9991 0.13 0.012
. 214.9/58.1;
Atrazine 14.68 214.9/200.2 10;5 0.1—200 0.9995 0.15 0.013
181.0/145.0;
B-HCH 14.75 216.9/181.1 15;5 0.1—200 0.9998 0.12 0.011
216.9/181.0;
-HCH 14.97 ’ 5;15 0.1=200 0.9998 0.20 0.015
Y 181.0/145.0 ’
217.0/181.1;
8-HCH 16.46 ’ 5;15 0.1-—-200 0.9995 0.22 0.020
181.1/145.1 ’ 999
184.9/154.9;
2,4-D 1 es 18.1 ’ ;1 .5—2 . . .04
s butyl ester 8.10 174.9/111.0 15;10 0.5—200 0.9998 0.50 0.040
198.0/82.0;
ibuzi . ’ ; 5— . .73 .
Metribuzin 19.19 198.0/55.0 15;30 0.5—200 0.9999 0.7 0.041
, i 246.0/176.2;
p,p'-DDE 25.27 248 0/176.2 30;30 0.1—200 0.9998 0.20 0.020
. 174.9/112.0;
Oxadiazon 25.55 Yis o,/ 7006 15;35 0.1—200 0.9999 0.15 0.018
252.0/196.0;
Oxyfluorfen 25.68 952 0/146.0 20;20 2.0—200 0.9997 2.00 0.200
, 235.0/165.2;
p,p'-DDD 26.66 27 0/165.2 20;20 0.1—200 0.9998 0.15 0.020
, 235.0/165.2;
o,p’-DDT 26.78 237.0/165.2 20;20 0.1—200 0.9998 0.14 0.020
235.0/165.2;
"-DDT 27.95 ’ 20;20 0.1—200 0.9999 0.20 0.024
pop 237.0/165.2 ;

2.5 5 IR UERR RO

SRR DR J7 2, PE RS KRE R I8t A i 3 AR BE /K P TR B AR W, 4% S 56 07
BRFATINAE 7 Y, 13 R TE IR FE PR EE KR o B ~F- 245 [ SO AR O B v Bl 22 DL 2,13 TR 245 7E 57
B R8IV T 8T X5 8 in Tl A S5 R X A o A 22 L% 3.

F 2 A2 3 AT UL, 13 FhAR G FE R i) - 32 ISR O 719%0—115% , FEXS AR e fi 22 (RSD) 2y
4.0%—12.6% ; 13 T 25 7E IR I U rh (9 73 [RSCRh 73%—120% , RSD 2R 4.1%—11.0% , 1 2 £ il
B3R,

2.6 SEBREESRINSE
RZSER T, T 2016 4F 7—8 H A7, X A AU i DX 2 5 i 3 LA K WA AE VT R B T BE () 7K A RS
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BEAT T REBEIMT , FoR AR FR A M /K ARE IR VR4S 45 105, T KK BE R R 4% 12 3. 20 Hr st S /R, 75 1% 4
DX, 77N T 10 s 2 g S e AR 24 LA S S Al T 4 55 25 L2, 4-D T i | R Ol | WIE R R 2, G T
SRR RAR 2 A — i VR BE (ARG A LR H R IR R R B/ N, HAE K (ARS8 Hh (G Hh e 2
it 80% , KR B i S i3k 6.76 ng- L7 IRUEH B i A i ik 4.74 g - ke BRELFIKE H R e R 55
A, HAE KRR R H RS 358 100% , KR RS 78 11.2—1671 ng- L' Z ], K I H & 7 0.35—
21.8 pg-kg ' ZIMEI (£ 4).

R 213 MURGTEFRFE IR B AR o B~ X a5 I [mCR A R v 22 (n=7)

Table 2 Recoveries and relative standard deviations of 13 pesticides in aquatic water (n=7)

/K- Low level 1K Medium level 7K High level
gifﬁfi?: ;flilii SS RSD/% ;lel:l([li SS RSD/% ;Tlilli LSS RSD/%
(et ty Recoren/% a1y Recoren/% et ty Reoene
a-HCH 1 71 4.6 10 91 5.2 100 89 4.5
Atrazine 1 89 5.5 10 9 4.4 100 95 4.0
B-HCH 1 76 4.6 10 99 43 100 94 5.4
y-HCH 1 80 79 10 103 5.7 100 94 6.7
6-HCH 1 83 8.5 10 106 5.0 100 95 5.6
2,4-D butyl ester 2 84 9.5 10 114 7.3 100 103 4.7
Metribuzin 2 100 11.6 10 115 9.2 100 106 6.2
p,p'-DDE 1 75 8.5 10 71 4.8 100 82 5.6
Oxadiazon 1 89 5.2 10 99 4.9 100 94 4.4
Oxyfluorfen 5 104 12.6 10 112 8.7 100 9% 1.5
»,p'-DDD I 7 6.0 10 109 48 100 101 9.5
0,p'-DDT 1 76 5.7 10 108 4.1 100 96 9.6
p,p'-DDT 1 87 7.2 10 102 5.1 100 86 8.2
R 313 MR TEFRIE FREER U A XA n mSCR AR R 22 (n=T7)
Table 3 Recoveries and relative standard deviations of 13 pesticides in aquatic sediment (n=7)
AT Low level H17K T Medium level 17K High level
255 Fr PR AL - J——
gif;itﬂ: Szjl]ii LSy RSD/% S:‘ljl](uei LSS RSD/% S:‘ljl](uei LSS RSD/%
gty eboensti oty Recoveny/% oty Recoveny/%
a-HCH 0.10 73 5.1 1.0 89 5.6 10.0 87 5.2
Atrazine 0.10 78 5.4 1.0 90 5.5 10.0 96 6.3
B-HCH 0.10 75 4.7 1.0 86 6.8 10.0 94 5.8
y-HCH 0.10 92 4.1 1.0 9 7.3 10.0 971 6.5
6-HCH 0.10 88 6.9 1.0 97 5.2 10.0 95 5.8
2,4-D butyl ester 0.20 117 5.5 1.0 115 5.9 10.0 106 5.7
Metribuzin 0.20 119 5.5 1.0 111 5.6 10.0 104 6.4
p,p'-DDE 0.10 94 5.2 1.0 100 5.2 10.0 84 6.0
Oxadiazon 0.10 111 5.1 1.0 118 7.4 10.0 110 5.8
Oxyfluorfen 0.50 120 10.5 1.0 120 8.8 10.0 112 9.6
p,p'-DDD 0.10 112 5.6 1.0 114 6.2 10.0 91 5.4
0,p'-DDT 0.10 112 5.6 1.0 115 5.4 10.0 95 5.2
p,p'-DDT 0.10 119 6.4 1.0 75 11.0 10.0 94 9.3

RN ZE R SE PR IR A SR AAT AT DL SN I B o R SV LTS Sy, D s A i R Bl
I, 25415 3 1 25 240 A IR F A £ R v A A 1 35100 B7 SR 7 A H 8 o 2 TR Ry i S g
FRAGUE 1Y, TEPRE H AN 5y W Ak AT ST VR AL 04 5 b R 590 7 225 i A ol v 5 s T 7 A r e 8 o s fEL LS
PUAE FH 2 v W30 A A 245 ) R Hh R ZA i il AL R DT S i AR E AKAR R 5B 4 FhERFRIAR L, 55
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AR Pk B R, R S WA, 70 R8T R0 . 5 R AR AR L, YK A W sl D9 i
AT K PR 25 2 e B TR B K PR ABAA LTI U 1R 22 R 2 72 IX, TS L 22, WORM BT IR TR rh Ak
PR B R R T AR M K U R A K A (36 4). H AR MR IR BV T 4 Bl DDT B i ND—
4.36 wg-kg ", BIE T E MK SR 58" FRBEBREEFRIE (20 pwg-kg ™) P

R4 RIHIX U FFIKERRTE T 13 P 25k B

Table 4 13 pesticides in aquatic water and sediment of the Northeast China

KT FrRAIK , &WZ?Iﬂ.( FRAAIR e M‘?I?IJEE"?)E
- Aquaculture water/ Songhua River Aquaculture Ponds Songhua River
pesticides (ng-11) water/ (ng-L™") Sediments/ (pg-kg™) Sediments/ ( pg-kg™")
a-HCH ND—0.56 ND—0.42 ND—O0.16 ND—0.54
Atrazine 55.4—1671 11.2—890 0.35—7.08 0.52—21.8
B-HCH ND—6.76 ND—1.55 ND—2.18 ND—4.74
v-HCH ND ND ND—0.23 ND—0.24
6-HCH ND ND ND—O0.14 ND-0.36
2,4-D butyl ester ND—288.4 ND—201.8 ND—3.69 ND—101
Metribuzin ND ND ND—0.51 ND—0.52
p,p'-DDE ND ND ND—0.19 ND—0.75
Oxadiazon ND—97.6 ND—75.9 ND—0.78 ND—0.91
Oxyfluorfen ND—160 ND ND—0.51 ND—0.50
p,p'-DDD ND ND ND—0.19 ND—1.78
o,p’-DDT ND ND ND—0.13 ND—1.78
p,p'-DDT ND ND ND—0.05 ND—0.05

7 ND, KK H.ND, not detected.

3 78 ( Conclusion)

AT ST ST T A - I T 1S [V s ek PR KR R e 8 Bl ILERAC 2 |5 Al 7
7. 7 B %k K AR v A 25 5 K R S 0. 12—2.0 ng - L7, % IS U8 v A& 25 19 & R S 0. 011—
0.20 pg-kg™", 7 1 ISR AR 70%—120% 22 18], 5 [ Py AN 5 SCRRAR e, 05 5k i Ak B 5 20 ek,
HAEGFE G At B AL B RS ZEC B RE N I PR EEOR Ay vk R &, PN, 38 T T 3R g v
IR e A AL ARURIR F 30 ) 22 332 B U
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