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Abstract . In this paper, the study on pre-treatment technology for analysis of persistent organic pollutants in soil
samples was reported. Accelerated solvent extraction( ASE) method was used to extract organochlorine pesticides
and polychlorinated biphenyls in soil samples and the results were compared with those from Soxhlet extraction
(SE) method. It indicates that ASE can substitute for traditional SE method in extraction of persistent organic
pollutants in soil samples. Different sorbents for clean-up column used in solid phase extraction (SPE) were
selected by the experiments and the clean-up effect for organochlorine pesticides and polychlorinated biphenyls in
soil samples by SPE and sulphonation method were compared. The clean-up condition for gel permeation
chromatography (GPC) was also optimized. The results of the study show that the method of GPC combined with
SPE is suitable for the pre-treatment of soil samples with complicated matrix. And the average recoveries for the
method of ASE combined with SPE is 68% ~106% with the precision of less than 7.7% RSD.

Key words: organochlorine pesticides ( OCPs ) ; polychlorinated biphenyls ( PCBs ) ; accelerated solvent
extraction( ASE) ; gel permeation chromatography ( GPC) ; solid phase extraction( SPE) ; gas chromatography;

pesticide residue analysis; soil

W AT 200707-10; {&iT HHER: 2007-08-26

E&WmAB: E 3R AREAED H¥E)(1212010511281)

EERAN: BB (1980 ), & b A 8L, EENELZAZRE M IA/E. E-mail: winter_tl@ sina. com,
EIRESR: RBIL1955 ), &, BHEUSITLA B 5 . E-mail; wushuqi@ cags. net. cn,



H2

H OO
http: // ykes. i3t. com. cn/

il 2008 4

T O RO R, B TS
el Gt A E eI gt , £ E 24 1300 ~
1600 T3 25 bl # L 52 B4k 25 % — Se AL B W 75 5
FRAE R 4TS YL 2 AR 1000 £ 7 i, [ £ 58
e 1 BB 4% R AR L 28 R R A3 24 200 2T,
— SR A PE A HLTS Y (POPs) (5% B e A 2%
Wit B A A o bR R ALE R 12 F
POPs 9 J5i A0 55 3 FC AR 4k B A L 53 2K ER 500 358 T s
(DDT) FF AEAE KR FRF . LH . Z2H
B (PCBs) , BB H k" o XL B Y
REZE R PR BB B I pUB I sk , 0 A6
f@ MR U™ Efad . T BT 8 K br e
Rl 7 R PR IR AR B R B BR 1AL 55, i i A 2
FEAERA AR, SR —%A R, I
HBA WK FEHFRRAIERGWASNA
(HCH) .DDT Y PCBs 438, SR 5 43 & , i K 1
TAER T EAMR 2RI 4 ik R E R
S - i (GC - MS) £ AR, #l n 3 H
EPA 6000 j5 i £ 5| R AlE H GC ish, e ilE
FH GC - MS - SIM (ZE#: & 7 Wil oy =0) 75 ek W €
566 Fife 2 B Hopti A WIS ¥, R g S 13 rh
A BLTE B 2 5% BRI 7 R B AE 1T

BT HE AL B B 22 R4 HAR b & n9 or #r
TR EE A A, it LASR B 4307 1 QSR TE T4
PRI BR . AR SCER R SR i BRI B 20 L B
TR B AL 5 . SR R B A A
( accelerated solvent extraction, ASE) 3B , BE 18 15
4,3 ( gel permeation chromatography, GPC ) 4% 4 [#
FHAEBUAE (solid phase extraction, SPE ) 4L 1) 71k,
#L T RN A VISR Z R T

1 SEEH
1.1 {25 FsH

GC 2010 “TH IS HARSHAA]) BLAH
THIRKEIN 8% (ECD) ,

DIONEX ASE 200 %4 i 38 ¥ 77 2 B Y ( 3 [ 8
22N A 3 KI512/509) A 12 43 45 i 7K i & A
(AL BEARRL By A BR 2N |]) ; LABOROTA 4001 —
efficient e 7% %X (£&[E Heidoloph /3 v]) ; BEHZ
BEIEFE (R 20 mm, K 250 mm, kY SX -3,
LabTech 237)) ;DM -5 E4F A%+ (50 m x 0. 25
mm x0.25 pm, il 58 d)

E AR BUE L 98 % BLAE 1 (Florisil, 60 ~ 100
H, ¥[H sigma - aldrich /3 7] ) ; f1 B fL % 22 ( Carb,

150 ~200 H , A KAL) sN - I L ¥
(PSA, % [H cleanert Agela Technologies 7% )
YH -0616 -03 £ EBEG K545 (MWNTs) ; K3 10
~40 nm, 8 JF KT 90% , i KF 0 T R
celite 545 (3 #r4t) o

1.2 FEAN AR

PrRuE A AL 22 FP2H 53 (a - 666 .8 — 666 .y -
666 .5 - 666 .1 & LKA R - EH A - A
5}.p,p' —DDE JK K 52K (K35 .p,p" —DDD 0,p’
-DDT .p,p’ - DDT ,PCB15 ,PCB28 . PCB52 ,PCBIO1 ,
PCB103 .PCB118 .PCB138 . PCB204 ) , 1] [ [5] % #7 #i:
YRR ST 0, Herft PCB103 i1 PCB204 S50 .

ECKE B 28R 2 B8 3R OBt 3 O a3 4
# H,S0, (43#74k) ; 7K Na,SO, (4rAfrél) .

FEdh 25 RN SR R o, KPR b
SERE SRR R ZR ML X R AR IR
1.3 3EREAhTEER

T ERER AT )G BT 0. 833 mm(20 H)
i, PRAFREI

FICIRI(SE) : FrE 15 g T3EFEM S S g K
/K Na,SO, B4 G £ TRIKMERS P, BUKEM+
BIA 150 mL 1ECbe/ B (RBEL 12 1) IMIEG
M, 7E 60 C T [FIR 16 h,

IEAE B (ASE ) FRECEIERES 1S g, 5l g
% ek RS (3 B B RE R B BN R 1E
A1), MA 30 uL. 5 pg/mL () PCB103 F1 PCB204 £ 4%,
YiiG FIEC b/ R CARBILL 1 1) IRABIE MU T ASE
L, R% 1R 10 MPa, B 100 C, i (@)
5 min, #25Hf[] 5 min, WEEARL 60% JEF 2 1K ©

DL IR T i R R BUR IR vk i I Y
FHT AL 0.45 um A VLRI R O/ 2R S
FRCABUL L : DIIRABERNERZE3 ml 7 F 4
GPC ¥k
1.4 PR L

WHREREALL : (7] 100 mL 43 %2 M A 20 mL
ECKE, BRI K T AL B RE S AR BUR 5 B E TR
e WA 2 mL ¥ H, SO, , #4%# B 53 2 #
2 H,80,2, BEE EARS R, AEAVHEEAEY.
P A U P ERKINA 10 mL 20 g/L Na,SO, %,
FREBENZEF IO, EEZHAVME TR
1k 3 JsK Na,SO, ¥-FBR/K G, We i , 8 2510

BB & i L R BURTR AT 5 48 GPC i
. EEHN 2 mL, M IR O bt R R (K
B 12 1), B30 4 mL/min, J{E 11 ~20 min B35
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Table | Parameters of calibration curves for 20 compounds
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Table 2 Analytical results of organic pollutants in blank
+ standard and real soil samples after sample preparation
by ASE and SE pu/ (ng - mL™")
ARIMEE R fi fihh 3 FRil 4
ASE SE ASE SE ASE SE ASE SE ASE SE

a-666  8.27 9.19 5.25 6.27 4.38 3.22 4.35 3.8 4.73 5.29
B-666  8.23 8.41 21.3 20.0 3.23 3.67 ND ND 4.07 3.75°
y-666 837 933 1.50 2.70 2.97 3.63 1.76 2.55 3.91 6.02
PCBI5 7.92 799 ND ND ND ND ND ND ND ND
5-666 7.79 876 ND ND ND ND ND ND ND ND
PCB28  9.59 854 ND ND ND ND ND ND ND ND
t4 9.04 102 ND ND ND ND ND ND ND ND
PCB52 945995 ND ND ND ND ND ND ND ND
LEM 830102 ND ND ND ND ND ND ND ND
PCBIO3  78.4 85.0 77.4 77.6 82.0 81.4 73.8 86.9 75.1 85.0
KA -%JF 848 881 ND ND 1.33 1.91 ND ND ND ND
PCBIOI 878 8090 ND ND ND ND ND ND ND ND
W - %5 8.80 9.33 2.68 7.16 ND ND ND ND ND ND
p,p'-DDE  8.47 8.32 1312 1342 287.3309.1 266.7330.1 842.9 1001
WIKA 7,75 836 ND ND ND ND ND ND ND ND
BHKIKH 844 956 ND ND ND ND ND ND ND ND
PCBI1§ 9.04 998 ND ND ND ND ND ND ND ND
p.p' -DDD  8.71 8.87 36.4 38.1 6.06 5.73 4.33 5.31 1.6 13.5
o,p'-DDT 8.58 9.03 72.6 75.9 20.3 18.9 14.1 157 38.1 46.2
p,p'-DDT  9.80 9.88 221 339.8 111 111.8 82.1 99.4 258.4352.9
PCBI38 8.78 839 ND ND ND ND ND ND ND ND
PCB204  82.8 96.7 82.4 81.7 89.1 89.4 719 85.5 75.4 88.6

@ ND #RKR#GH .

(2]

2.3 HibliiEmiks
2.3.1 [EFHZEBREILEUR LR

FESIOR LR AR AR R, il - W5 AL R
e .GPC.SPE %, HA( SPE J Z I FARZER R
SIHTHILIE R, SO IGE A S 0, AR
TSRS e BOR ] i 4 FE A
¥ tb 2S00 W H:3 g Florisil +0.5 g Carb 3 g
Florisil +0.5 g PSA 0.5 g Carb +0.5 g PSA | L REZH
KR4S (0.03 g MWNT-2 +0.09 g Celite545 H5])
+5 g Florisil, X} 22 #i{b.& ¥ TR S nHERS W F T
TGRS, 43 B 1 mL 10 ng/mL (451 &
VWA 1 mL 100 ng/mL #9844 75 T [ A AL B
e, 20 mL MIEC K/ LB CHR (EFRLEE 8 < 2)
TREERBI TG, BIBCRERS & 3.

M3 [ LAE Y, 5 REGN KB A R ER 43 45l
Yyl R K F 80% , {H %) PCB15 .PCB28 . PCB118
# [l /T 8% , H. 20 mL 51 10 mL 75 ik ok
WAL R BEVERE T R, 156 HH 22 BE G KRB B R B RE
R, ARRHATX =B d 900,
Florisil + Carb #l PSA + Carb X W f4H & 1R &1
BB BT H PSA MMM IS B . BRI E
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[l g 4 R OB RA R B2 R Al 3 g Florisil +
0.5 g Carb By3EEbRT L3R i HE AT AL, REAS 5 BR
AR ON T

#3 AU B AR B B A7 DLS Bt
Table 3 Recovery test for organic pollutants by SPE

with different sorbents

HiEE  R/%

0.03 g MWNTs +

A 3 gFlonsil+ 3gFlorsil+ 0.5gPSA+
0.09 g celite545

0.5gCab 0.5gPSA  0.5gCarb
+5 g Florisil

o —666 88.27 53.26 87.06 75.46
B -666 93.49 65.72 102.4 82.25
y —666 89. 84 63.43 98.81 88.02
PCB15 73.90 52.98 122.3 4.00
5-666 69.96 61.09 80.27 76.32
PCB28 88.20 62.04 103.7 7.81
4 91.10 60.19 97.75 82.71
PCB52 119.5 60.49 120.2 88.31
KA 89.03 66.16 87.97 71.42
PCB103 82.74 65.79 85.37 98.95
E& -4 8219 66.81 86.83 129.2
PCBI01 84.70 64.72 94.39 118.6
WA - 86.09 67.89 89.88 118.2
p.p -DDE  89.24 68.04 91.01 83.93
TR 103. 1 " 81.30 118.9 85.88
SKER 8.3 69.80 85.55 96.89
PCBI18 78.12 64.70 81.66 3.15
p.p'-DDD  103.8 74.42 101.7 .72
0,p'-DDT  103.7 78.65 124.1 101.6
p,p'-DDT  95.26 59.72 99.83 119.9
PCBI38 86.67 70.45 90.95 124.9
PCB204 88.27 53.26 87.06 105.9

AN IRE R (PR 10 g, BRI R 10

ng/g) % ASE £/, FH 3 g Florisil #10.5 g Carb
IRy SPE AL xF H ATk, RUE AR EIL 1.4 95,
HEME 6 K, AR 4 4TI, ASE R &
SPE LAy AT AL 28 i A2 [ R 1E 68% ~ 106% , ¥
W (RSD) /NFT7.7% , i, BH 1% F Florisil #1 Carb
IRA BURLA T Ly B EILVETR A  REB I 2K
255 B S AT EOR
2.3.2 BB IENINE
BEBOR 5 1.11% (GPC) B9 LS THABUHERR 9 2>
B B AT RARMIIRN B R EORERETE
L8/ FE ALY A, B2 H .
GPC HEARME Jy e it v A B AR AR 1 5P B 2 B ¥
8, GPC TEAR 255K B 4 bl o i, JU 2 X B 3 i
W 8 E SR TR B BRI
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Table 4 Recovery test for organic pollutants by SPE

with mixed sorbent o Florisil and Carb
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Fig.2 Flution curves of standard solution and practical

sample with GPC purification
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Table 5
for organic pollutants in |yank added samples

Recovery test of different clean-up method
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X 2 AN SEBR AR R AT T B R A
B AU B R AE 45% ~ 80% , Tt W] X 3 4 oA X
H AWk, 213 2 KL FMBR H,S0, 54 %A,
HARMEEPIBIRBEK, MR AR

B & S FTLAE Y, BRAGEASE R T2k R 573K
R, #k SPE GPC il SPE 454 GPC Ky
Tk X T 22 ML EPIRES IR B R R T
60% , RETH AL 5% B 7 BT B BEOR o DRk S5 R i A T AN
Xt Tt R A SPE fy AL 75 14 SRR 1S BIR 47 O 1
PCBOR, MRE A KRS X R IR GPC 45
F SPE Il 7 ik L Be T R T oK

3 4k

SR R A BT B R N 5 AR R
i SR, BN AR A IR T B IR, WY SE B
i A sl FFREBUE R R IRIRRGE . HET
FE G A M BRLRR B AL 75 0 1] A 5 B R MR o
APLARE R 2 FRFELMLE Y HELECR B
X RE A HLAA S W RE R, T H sl
AR EX T 258 oA & A KRG 2K R
I TS AR G P AR AR B A, E B (Y
(B FH A BUEORY 96 2 HLAE - FLA B LB RR TR 3 3
LB EREATH O BER MIEREE. [
BRI T 23R R BEROE 1B (I i AL 21 0
TR GG E 8= RRE AR 2R 4 1 5
o BEMEE TR XS T A, SR — 25 [ A AR WU
s FE LR BB O B 2w, R RBEIRE B 46
[ A AR B i 7 ¥, B B R AT OSSR . L I8AT
dh PR HLEAR A M S AR R G YR A
F B HE £ (B A A HORT A B PR Y [l OR£E 68%
~106% ¥EHE/NTT1.7% ,
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