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Abstract

The determination method for organo-chlorine pesticide in water using hollow fiber membrane
liquid microextraction coupling with gas phase chromatography was developed. The effects of ex-
tracting system, extraction time, pH value, mixing speed and extraction temperature on recovery
of organo-chlorine pesticide in water were investigated and the optimum extraction conditions
were gained and listed as follows: using n-hexane/toluene as organic extractant, extraction time of
20 min, extraction temperature of 40°C, mixing speed of 500 rpm, neutral solution. Under the op-
timum conditions, the recovery rates of a-666, $-666, y-666, §-666, P,p’-DDE, P,p’-DDD, o,p’-DDT,
P,p’-DDT in actual sample were 101.1%, 56.7%, 60.3%, 67.0%, 135.1%, 83.1%, 121.7% and 74.3%,
respectively. The results showed that this method is feasible for P,p’-DDT, a-666 and P,p’-DDE de-
termination in water.
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1. 5|15

PN ARG P AR Z(OCPS) R EAMT A, SEMRAR . KT KIAT F . XA
ARAGTEI T R AE AR AR, HASRZUCSENRTE, R AAAE T IR SR, R e AYEG BTG G
YL eATAT DL YRR LE R B BOR B N R B PR it O™ fe 2] [3], Rk
i POEI AT K P MR IR, ST E NSRRI A B+ R E L.

7R [ATRUE T /K HAE LSRR 2 BRI 7 vE VR AE B - SR 5 [5], ORZE I AR i i Ak 22
Jiid, AAEANFIHER, MEAEAE N REFER, IREDR I E B HRZR RS S T
] 6 255 L F [ A AR — R B/ i 6] 002 [ AR R R — AOM iR [ 7] A BT A B - A
DRVEVL[8] FLIRABRAE L — SOMH i/ o v (9] % F R e /K A ML 25 o IR BB AR A5 3118
R, HEERIZEE L A LE A 1 b 25 7 4 BB A 3 BU(HF-LPME) [10]-[12] 7146 FH FF i O AT AL 2 FEACER
FVE B T S A s, ZERGRIANRE &b () B AR AE BELRE FL i AT 2O N A i o, T ERE 2%
M PN s i R B, NS SRR AT A TRl o X RO IETC TR R, RAETET(E, b A,
CH AR 3RS VS e 3 B 5 42 [13] [14]. H AT X AR KRB HLARUR 245 1A
DRI 2D, AR SCHREH T P P 2 27 2 SR G B R] UM B B, e K iR A HLEUR 2510 7732,
5 BLIX TR SRR A HLER 2 R AR
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2. SCEEERSY
2.1 WERF Sh= YRR

A HLUEAR 258 & 7 bR HEY 5 (GBW(E)060133 i1 SB05-068-2008, [E S8 AR vE i Fh0y)« H 2 (4 Ar i,
PaBEAL TR A IR AR &b irat, vtk TR RAF) . WEH(Hrat, vtk TR 6 A R
AT IEQkE(riral, FEsElFIERAR). EETFKER). RRES 4PN 42 400 pm,
fEEE L 100 pum, fEFL4E 0.2 um, FLERZR 45%).

2.2. S {LAE R S

GC7890A-UECD M (it (35 [H Agilent A 7). HP-5 5408 (4% 45(30.0 m x 0.25 mm x 0.25
um) (3£ E Agilent A ).

GC7890A-UECD SAHEIEMIR 4614 HEFE IR : 220°C; JE/7: 5.6 Psi; Jiii# 1.00 mL/min; [f#k
WA E: 3.0 mL/min; 27 : 90°CAAEE 5 min, LA 15°C/min FHi 2] 180°C, £r#F 5 min, LA 2.5°C
Imin FHEF] 220°C, R¥FE 2 min; FMIEREE: 300°C; EWiiE: 60.00 mL/min, {551H: 160 Hz; i
KR 1.000 mL/min; #EFEE: 1 L.

2.3. FrE Hh A HREC 1) S LKA B R B

231 REBRRRE
¥ GBWI(E)060133 A ML 250 & AR HEYI T, BCHAK 0.2 pg/L 0.5 pg/Ls 1.0 pg/L. 2.0 pg/L.
5.0 ug/L. 10.0 pg/L % .

2.3.2. EHKEEE
HEHDL /KA F ) 35 Y08 ) T 1) R P P ) R e L S A 85 (R 3 RGBT SB05-068-2008 74 A5 ML AR A% 24 7R
BRI EYI R » 8 P ML 25 bR IURD P (A1 BE U5 1 FTw o

2.4, AU ISR REEESIIE

B K ) SR A v 25 T 4R JRAE TE O oo AR TG 10 min DUE R 2 EAERR_ BT T57, ATF
SRR U Y, WSS SRS A SAAHIE, HIRTRCEEE, BT RS OR  AS 3 b 2 YR RRAR T
MR E (K] 1), BRI 8.0 cm?e

W — 58 B MBI KRE B S PRk RE BT i 25 21 e VO T B S 3 B RO o FH AR b A 28
W TE AR AR ZEBGRNE N B B 0 U R B 2 4R A b, TR 10 B, AR 58 45 780 vh 25 21 415
WIS FIFLEE S, TEONERBOR T, FTFRE I3 25 DA — 5 R T AR . RGeS , FI IR ERE 38
H s AR R AR 1 uL ZEEGRE N GC7890A-UECD AR it 3047 047

3. B/R5WiE
3.1. FEENFMAK

3.1.1. ERARNZERHRAH M

o 23 T R RSB S AR AR SUSCR AN B AR ORI DIAOR, IR ARG 2206 “ R B (0 i
o HFRILE RO T AR OR, ARHUROR AT o [N A BGRAE ACH P IR g B LR T RE /DN, B
U RERGR A AR G o AR IE T ZRNE Cibe . PIER/E . S B/ 1E e =M A UK 206 4
PUKFE P A HLSAR 25T REH . AEMURAE SR AXHUR )9 30 min, HEHEEE 500 r/min, 7KEE pH {H

O,
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N7, KFRIREES 30°C, ZEHGRIMAARUN 0.2 mL. ANRIZHUAR R0 ZKRE o H AR A BRSO BE (R T
g AR ) an &l 2 B

M2 AT, UG/ AE T iR A B AR f 22 5 PR/ IE CLbe Ak 300 A HLSUAR 245 7 Y 56664 y-666
P,p’-DDT HIZHR ISR 22 FZRNE Cbe ik %) 8 P HL &R 24 I A L [RNSUSCR A LU AT o AEEEGH
PR RAUHVE " JEEE,  DURRASEHUR AR RNB A IECkE < R < & Wk < WE. 5%,
1E Ok 5 R th s SRR AR VEAR L, HBA — € R R 8, B B VAR AR A L RE
BRI (8] Py [ 5 T 2P 4ERR AL b ORI 5 I O i, A EAER IR, BRI F R T 1
flpiArET, IF R OK B S HENRR LRI AL, AR Bu £, Btk
Table 1. Concentration of standard solution and bulk standard solution of eight organo-chlorine pesticides (jg/mL)
7 1. 8 MAH SR IGFRIRH P8R E R (uo/mL)

OCPs 0-666 B-666 -666 5-666 P,p’-DDE P,p’-DDD 0,p’-DDT P,p’-DDT
FRE(E (ng/mL) 40 100 60 60 80 100 100 150
AT FE +0.05 +0.13 +0.08 +0.08 +0.20 +0.13 +0.01 +0.13
Fh A (ug/L) 0.8 2.0 1.2 1.2 1.6 2.0 2.0 3.0

XA EE 0.9, MM, ECk.
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Figure 1. The diagram (a) and real picture (b) of hol-
low fiber membrane liquid microextraction
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Figure 2. The effect of extraction system on re-
covery of object compounds
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3.1.2. ZEENRTE)X =R ARG

HF-LPME /& H A9 IR 5t FROE 8 B ZE U R I 72, SR H RIS IIAE UL RE, HARY R ZE— e nf
(] A BETERE i 5 ZE MUK AL B4 OSP4, 7EIR B FC-FATRT, HARY M ZEEER A B B K E . K5 T
AEHURFA] 735904 10, 20, 30, 40, 50 min XS ZEECRCE R0, WIE 3.

BRI, 10 min ZEEUES [A]E, 8 FhA HLSUR 24 T AR ARG, B2 « 20 min ZEHL [A],
BT A A AR 25 1) [T SOSOR S5 o B A ZE U TR RE G, E AR (0 B8 [RS8 PR BEHL 10 min B,
T B A UM 7E B3R T K 56 4% 5 RHRUA B 43 FoF4i s 42U () 20 min J5, 7R T B 2™ 5 13k
MG, RV RE B 2 B M BRI IR 8, 3 BN AU B AR s kg A, R
PRI 3 A B 8] 24 20 min.

3.1.3. HEHEE B X BRI RN

PP BT AR U AR, I B AR NZEHUGR IR B, S AU, (ERahd tha =4S
0, TIERMETSAgEBELN E, RiSEAERER, I Baim@E@aaRIrm e . 8% % 7 i
FEIHZ 2 400~700 r/min B, XSAEBUSCGRI M, 25 R 4 Fos.

FH Pl 4 TN, SR BEXT 8 o ML SR 24 1) [ USRI SR AN —FF o 45 38 9 500 r/min 1], 0-666 . 8-666 1
7-666- 0-666 FIAE B [A] S R B U o 4 5 £1:3 5 24 400 r/min i, P,p’-DDT. O,p’-DDT. P,p’-DDE. P,p’-DDD
(R B R SO Ko ERE 4 P FE S R 421K, 600 A1 700 r/min B, 8 Rl WLAAL 24 1 A R ] iig sk 1
ORI TR . R BRI 1% P A5 B #2500 r/min.

3.1.4. pH EXZERH RSN

X =FANE] pH A KRR H AR ZE B SOBCR EAT T e, SNl 5 B ZEBURAE %1
HZRE e NAREUR &, ZEHUET (8] 20 min, 500 r/min 45 P8 LR

& 5w sk R Pp’-DDT.0,p’-DDT.P,p’-DDE.P,p’-DDD FAEHY [m] 4 2% 5 £ 1F-» 0-666+
[-666. y-666. 0-666 (11 [EIRL F 2. PRIREGE R pH 1 2 P Pk KB TR

3.15. ZERURE X ZENMBRAFT

HE T 30°C~60Cu I, ABUR X H AR ZERCCER R, Reg Rl 6 fs.

EH AT 2601, A5 IR 26 8 oA L SR 24 ) 2R BRI S8 R s e AN — 4 o 25 B B2 50°C I, 0-666 3-666
y-666. 0-666 B [A SRR B i AEEGR N 40°CHY, P,p’-DDT. O,p’-DDT. P,p’-DDE. P,p’-DDD [
RO R T &SR E AR, AT LME S Fiz sl g, i B ARPITE KRR FI AL G A i SR
B, VHCEER R, AR TAHERERCTE IR R, (ER SR mAERGRE, ik E] 60°CH, HME
MUER 2 IR AR 22 . Wl RE 2 DA RE BRI, KB IR RS, HRETE h S 4 4 4
K, MTFHRG T B AR 2GR )ALk . ek £ 2 UR A 40°C.

3.2. FRAEHRZRFN SRR R

1 2.3 BCH A HLER 2 FRAR I, 2 AIBCEGR 2 0.2 050 1.04 2.0, 5.0, 10.0 pg/L 1 &R Fbx
HEVE, RS EREATIE, #etrdiiiz. DIUEHEY SIS E X(uol/L)ELERIE, \IH
TR MRRE BMEVERE . J7 v FRA e R RR A 2 B

5 2 ml4n, 8 M HLEUR AR RN 0.99920~0.99987, A ALK ZIKIELE 0.2~10 ng//L WLk
PR R RE, Tttty 8.5~38.4 ng/L, UMl AHEIHEELIE OCPs IAHRGME RIF, o thBRIFEAR,
& T KRS A LR 2528 5 Al .
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Figure 3. The effect of extraction time on recovery of OCPs
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Figure 4. The effect of stirring speed on recovery of OCPs
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Figure 5. The effect of pH value on recovery of OCPs
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Figure 6. The effect of extraction temperature on recovery of OCPs

6. ZEBUREX AR RAE BRI

Table 2. The regression equation, correlation coefficient, linear range, standard deviation and detection limit for analysis of
OCPs by method of gas phase chromatography
2 SHEEeEESHANSRANEESE, BXRH. &MeE. REZMEHR

OCPs LR MG g/l EHGFEY =mX +b AHIR R Hr J7 A H R ing /L W5E R PR /ng/iL
a-666 0.2~10 Y =89.35274X + 10.31966 0.99987 144 30.3
[-666 0.2~10 Y =39.29386X + 12.15835 0.99914 254 38.8
7-666 0.2~10 Y =82.83720X + 13.78373 0.99975 28.3 34.5
0-666 0.2~10 Y =70.82882X + 10.52344 0.99978 35.8 46.8
P,p’-DDT 0.2~10 Y =79.34626X + 22.31941 0.99920 8.5 29.4
O,p’-DDT 0.2~10 Y =53.99488X + 13.17893 0.99945 36.7 58.3
P,p’-DDE 0.2~10 Y =48.75674X + 9.81505 0.99961 10.2 28.6
P,p’-DDD 0.2~10 Y =57.17191X + 10.51012 0.99969 38.4 425
3.3. K¥ESTHT

ARV e T AL K MK R 8 P LEAR Y, FREOINER GRS, 8 R AL
SR InbR & D S BOInbR IR a2 3 Fos S A MLEAR 25 B 1AM G o Al Ban 1] 7 Bros.

MERFTTLAE W, Z A ER SRR R A LSRG ST T B S5 w4 E g 1R,
H AR 2 (8433 T 507070 85, InkREIUsCN 56.7%~135.1%, % BIX A5 i%:%f P,p’-DDT, a-666 £ P,p’-DDE
(0 IS AT, T FAth T URh S G 0 IO R e 22, Ui B IX R V0 K @-666, P,p’-DDT A1 P,p’-DDE
B BT R R

4. #hig

AR SR FH %o bR R T i 2 1 48 RS AR R B ot K AR A WLSUAR 24 NSO R R S i g AT T e, 43
T YA I B AR AR 2 E . DUIE OB R AN RUAR R, ZEEU 4 20 min, R sKEE.
AHUEE R 40°C | HiHEE FE 9 500 r/min. fEUEAEUEAE T, SEBRAKFERAHLAAK Z: 0-666. f-666. y-666+
9-666. P,p’-DDE. P,p’-DDD. 0,p’-DDT. P,p’-DDT itz (a2 5514 101.1%- 56.7%- 60.3%- 67.0%-

®
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Table 3. The result of analysis of actual water sample and recovery experiment
72 3. EPRKEES T R BIBOR IG5 R

OCPs INIME/pg//L P 5 (B ug/ /L 0w [l 2 /%
a-666 1.60 1.61705 101.1
/-666 4.00 2.26721 56.7
7-666 2.40 1.44838 60.3
0-666 2.40 1.60865 67.0
P,p’-DDT 3.20 4.32335 135.1
O,p’-DDT 4.00 3.32430 83.1
P,p’-DDE 4.00 4.38674 121.7
P,p’-DDD 6.00 4.45866 74.3
Hz | |18 = =
450 o ﬁ o q 5 = = §§ =
8 @ @2 | 1 § o b b a
< 350 g o> e = e U e 2 T , 58 g -
= g @ 3 202 | 281 \ = - - f ; 5 8 22 -
F30 % . g 53 L1 O l i | Il Bezdge g AN g
% o R 8 o T ° b &g I ‘ 2a L) I 3
£ o s 188 x| gl . o fi | 2
2 =t 15 ’T'J‘ s = W 1N ST\ N/ f (WATA AVAPS;
3 200,1;.-&\*” Vot LS L Nl -
150
100
11 12 13 14 15 16 min

Time (min)

Figure 7. The gas chromatogram spectrogram of OCPs in water sample

7. KERBIERASHEEIEE

135.1%- 83.1%- 121.7%FH 74.3%, KX FHI7iER 7K H 0-666+ P,p’-DDT F P,p’-DDE A 1R & [ H 244

5 3 RV ZE IR L, o2 2 A B VBAH S 3 PR A LT 74 P e KRtz A T v T, i
S BRI R R GE 5. BRIk Ah, WS S YRR AR IR R . AR B2 S IR AR 255k
B )RR A I 58 7 T ELA 4 ) PR R T o

E&WE

[E X H A 45 4:(20866007), YLVE4E M55 LRI TR I H (IXHBKJ2011-5), {LPYA#E TR
H(GJJ12417, GJI11507).
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