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77.3% ~114.5% RSD <10.81% n =5
0.04 pg/g
0658 A 1000-8713 2010 05-0460-05

Abstract A method for the determination of trace organochlorine pesticides OCPs in soil

using isotope dilution and high resolution gas chromatography-high resolution mass spectrome-
try ID-HRGC-HRMS was developed. The sample was extracted by accelerated solvent extrac-
tor ASE and cleaned-up by a Florisil solid phase extraction SPE cartridge. The analytes
were separated by HRGC on a DB-5MS column 30 m x0.25 mm x0.25 pm and determined
by HRMS. The identifications of OCPs were based on the retention time of " C-labelled standard
and the abundance ratio of the two exact mass-to-charge ratios. The quantitative analysis was
performed using the ratios of the integrated areas of the " C-labelled standards. This method
has the recoveries ranging from 77.3% to 114.5% and the relative standard deviations RSD
less than 10.81% n =5 . The limits of detection LODs of this method for all OCPs were
lower than 0. 04 pg/g. The results indicated that the method is rapid selective and sensitive for
precise determination requirements of organochlorine pesticides at trace level in soil.
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POPs CS2 CS3 CS4 CS5 CS6 LCS ISS
98% CIL
J. T. Baker
2004 11
POPs 660 C 8 h
POPs 1.2
1.2.1 ASE
12
2.0 g 2.0 L. LCS 2 h 2.0
9 g 33 mL
OCPs ASE 1:
1 100 C 10. 34 MPa 1 500 psi
ASE '’ SPE 8 min 2
o - 60% 120 s
GC-ECD - GC-
MS -2 GC-ECD 1.2.2
ECD 2 mL 12
mL / 9:1 Flo-
risil 10 mL /
- 9:1
o - 0.2 mL
1.ong "C
ISS 10 pL
1.3 HRGC-HRMS
- - 1.3.1
ID-HRGC-HRMS DB-5MS 30 m x0.25 mm x
0.25 pm =
POPs “ ” 99. 999% 1.0 mL/min
ASE 1 nL 260 C
SPE ID-HRGC- 270 C 60
HRMS T 1.5 min 12 C/min
140 C 6 C/min 300 €
1 1 min 1 200 wg/L 23
1.1
DFS - R
Thermo Fisher Scientific ASE300 %
Dionex :E
Organomation Associates é
BiuCHI Supelco &
Florisil 500 mg 6 mL
t/min
°c OCPs LCS 23 °C Figl. 1 Total ion current i(:lor:rﬁ;:ogram of 200 pg/L
OCPs ISS B C organochlorine pesticide standard solution

PCB15 PCB70

CS CS1

For peak identifications see Table 2.
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1.3.2 1 0
EI 35 eV
230 C SIM
M * M+2 ° M+4 °
1 ID-HRGC-HRMS
Table 1 Mass parameters for major organochlorine pesticides by ID-HRGC-HRMS

Pesticide M * m/z M+2 * m/z M+4 * m/z
HCB - 283.8102 285.8073
3 C,-HCB - 289. 8303 291.8273
Aldrin -C;H,Cl  dieldrin endrin -C4H,ClO - 262.8570 264. 8541
3C,,-Aldrin  -C;HCl dieldrin endrin -C,H,ClO - 269. 8804 271.8775
Chlordane -Cl - 372.8260 374.8231
3C,,-Chlordane -Cl - 382. 8595 384.8565
Nonachlor -Cl - 406. 7870 408.7841
"*C,,-Nonachlor -Cl - 416. 8205 418.8175
Oxychlordane -Cl - 386.8053 388.8024
3 C,,-Oxychlordane -CI - 396. 8387 398.8358
Heptachlor -C H;Cl - 271.8102 273.8072
3 C,,-Heptachlor -C;H;Cl - 276. 8269 278. 8240
Mirex -C,Cl, 269.8131 271.8102 -
¢ p-Mirex -CCl, 276. 8269 278. 8240 -
Heptachlor epoxide -Cl - 352.8442 354.8413
‘3C|0-Heptach10r epoxide -Cl - 362.8777 364.8748
DDE -Cl, 246.0003 247.9975 -
3C,-DDE -Cl, 258. 0405 260.0376 -
DDD -CHCl, DDT -CCl, 235. 0081 237.0053 -
%C,,-DDT -CCl, 247.0483 249. 0454 -
HCH -H,Cl 180.9379 182.9349 -
Cs-HCH -H,Cl, 186. 9580 188.9550 -
C,,-2 3" 4’ 5-TeCB 301. 9626 303.9597 -
PAHs DDE
2
2.1
Florisil
2.2
10.0 g 10.0 g
Florisil Florisil 50 pL 10 pg/L
PCBs 5
RSD 2
2

Table 2 Linear ranges retention times & recoveries precisions RSD limits of detection LOD

and correlation coefficients r of OCPs

No. * Pesticide tg/min Linear range/ ng/L r Recovery/% RSD/% LOD/ pg/g
1 «a-BHC 14.74 0.4 -800 1.0000 92.8 4.86 0.03
2 hexachlorobenzene 14.98 0.4 -800 0.9999 102.7 6.36 0.001
3 B-BHC 15.62 0.4 -800 0.9993 98.6 7.64 0.03
4 lindane 15.77 0.4 -800 0.999%4 95.1 6.71 0.03
5 §-BHC 16.57 0.4 -800 0.9993 99.7 7.11 0.03
6 heptachlor 18.01 0.4 -800 0.9998 92.2 9.53 0.01
7 aldrin 19.10 0.4 -800 0.9999 77.3 10.05 0.01
8 oxychlordane 20. 41 0.4 -800 0.9997 99.6 6.42 0.006
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2
Table 2 Continued
No. * Pesticide tz/min Linear range/ pg/L r Recovery/% RSD/% LOD/ pg/g
9 trans-heptachlor epoxide 20.50 0.4 -800 0.9995 101.4 4.76 0.005
10 cis-heptachlor epoxide 20.77 0.4 -800 0.9999 80.9 9.89 0.03
11 trans-chlordane 21.11 0.4 -800 0.9998 87.4 6.98 0.001
12 2 4'-DDE 21.35 0.4 -800 0.9996 111.2 4.13 0.02
13 cis-chlordane 21.58 0.4 -800 0.9998 108. 4 8.93 0.002
14 trans-nonachlor 21.74 0.4 -800 1.0000 83.6 4.43 0.003
15 dieldrin 22.28 0.4 -800 1.0000 82.9 10. 81 0.03
16 4 4'-DDE 22.33 0.4 -800 0.9999 96.3 5.75 0.02
17 2 4'-DDD 22.57 0.4 -800 0.9999 85.4 3.28 0.01
18 endrin 22.93 0.4 -800 0.9998 83.8 9.32 0.03
19 4 4'-DDD 23.61 0.4 -800 0.9998 91.4 7.53 0.01
20 cis-nonachlor 23.65 0.4 -800 1.0000 79.5 5.52 0. 006
21 2 4'-DDT 23.68 0.4 -800 0.9997 88.9 4.63 0.01
22 4 4’-DDT 24.72 0.4 -800 1.0000 114.5 3.95 0.04
23 mirex 27.54 0.4 -800 0.9999 84.1 8.12 0.002
# The peak Nos. are the same as in Fig. 1.
2.3
0.4 2.4
2 10 40 200 800 wg/L 3
Y PC
X pg/L 3 55.7% ~ 109. 4% OCPs
S/N 3
2
2 0.4 ~800 pg/L 23 2
77.3% ~114.5% RSD =<10.81%
3
Table 3 Contents of OCPs in soil samples ng/kg
Pesticide Sample 1 Sample 2 Sample 3 Pesticide Sample 1 Sample 2 Sample 3
a-BHC 1393.08 3.93 61.22 cis-Chlordane 38.45 ND 249.30
Hexachlorobenzene 29067. 61 5.63 45.34 trans-Nonachlor 25.20 2.75 935.08
B-BHC 3852.21 96.89 24.62 Dieldrin ND 1.06 49.76
Lindane 705. 33 14.46 57.93 4 4'-DDE 13320. 16 36.25 8863.71
§-BHC 1246.53 ND ND 2 4'-DDD 18520.41 ND 38.77
Heptachlor ND ND ND Endrin ND ND ND
Aldrin ND ND ND 4 4'-DDD 32940.48 0.09 606. 68
Oxychlordane ND 1.59 50.81 cts-Nonachlor ND 0.58 375.74
trans-Heptachlor epoxide ND ND ND 2 4'-DDT 7100. 06 0.23 222.31
cis-Heptachlor epoxide ND 0.85 27.54 4 4'-DDT 18310. 48 1.47 730.90
trans-Chlordane 34.77 ND 60.32 Mirex ND 0.27 2953.48
2 4'-DDE 1287.33 0.07 28.74
ND not detected.
3
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