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Abstract

A gas chromatography-mass spectrometry method coupled with accelerated solvent extraction
(ASE) was established for the continuous determination of 18 organochlorine pesticides (OCPs)
and 16 Polycyclic Aromatic Hydrocarbons(PAHSs) in soil samples. After optimizing the rapid sol-
vent extraction and purification steps during pretreatment, and the parameters of gas chromato-
graphy-mass spectrometer, the measurement time is relatively short, and the separation effect of
the target material is good. The test results showed that the linear correlation coefficient in the li-
near range of the method was from 0.9955 to 0.9998, and the detection limit of the method was
between 1.1 pg/kg and 3.2 ug/kg. The relative standard deviations (n = 7) of low concentration
(10 ppb) blank labeling, medium concentration (100 ppb) matrix labeling, and high concentration
(500 ppb) matrix labeling (n=7) were 2.8%~27.0%, 1.6%~8.2% and 07%~12.2%, respectively,
The recovery rate of the target matrix were 60.4%~128.9%, 60.4%~126.7% and 60.4%~125.5%,
respectively, which proved that this method had good extraction effect, high precision and accu-
racy, and indicated that this method could simultaneously detect PAHs and OCPs in soil.
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1. 5|15

IR -3 rF (AT WLYS Ye 2 BN HLEAR 25(0OCPs) 5 £ 38 95 K2(PAHS) [1]. iX BiEE M5 ML 2
PR, AR — R T I, Kb, EDLESRREAR: IF B RY B R SR I A ) E AR A
JEERYE[2] [3], REBEAE B ALK, T HESETE2RRIERE, B 275 ma AR 1) AR A P A I HH T S 5 AR 245
B . 2004 4F 11 A 11 H R EIEXIIN B R RREAEA NS RAHE O TRea A L5 R i s
BRBEAL)Y , SAFEAHERL S 25 RN 1 2 TR A L5 G AT 5 s s A il .

PAHSs = ZRIE T HEALA Il AN 78 53 BRIGE » £ R RUBAR B ARE P A b AN AR DR B R 2R 48 F Rl Tl Fh oy
W, PAHs BEAFEI#E N R, B S U INORL I, B i e e SR R KR N g, IR AE
b K E] B A7 [4]-[10]. H3ErR OCPs =5 B [ AR ERE, /LG B 2 1) - 3 v B AR 24 0 ) K< P s i
AR 2 Ja TR I 2 3 b g AR 30 11].

+ ) PAHs 5 OCPs A& GiAail 7 vk b e, B4 K 2 H38 A 2R 5 0 TR AT HE L. 10 An
KEI[s] [11], XA IR R ok, PaRE s, BER K. AR E A B R, %
KoBE A 5 AR I H KRG 2, L4801 7 ik CANRE T 2 B K i ol 2. Rk, #or
— R R [N AN AT 2 H LB T ) PAHS 5 OCPs. 775 5 B8 rp 2 R 4 K 22 B2 S J B0 BB i) 2%
Ji~ FESRBLE GCIMS L [RB HERRIN E PAHS 5 OCPs MR 77 i+ 2.

AR SO B3R I I H Hhe UL 16 F PAHS 5 18 B OCPs fE B AT &, 43l 25, &k, .
Zjv Ak B, OREL WL RKIF@E. . RIFO)RE. RIFK)RE. KIF@EE. eiFf1,2,3-cd)tE. =
(@, hYE. %EIE[g, h, i[dE. a-BHC. ANEA#. f-BHC. »-BHC. §-BHC. L&, LK. HA-LH B.
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AESE HEEH AL &S p-&EFE pp-DDE. #KIKH). FIKIKHI. p,p-DDD. o0,p-DDT. p,p'-DDT,
XLl A PITE - RS TR I sy . IR B R, R VA RO s e AR —, @ b4
SRR N B S ek 5 5 DX A G B AR AR At

2. SCIGERSy
2.1 {5

7890A + 5975C S HH £ % i 11543 (3¢ &l Agilent 22 w]); Speed Extractor E-916 5 ¥ 71 A HU 4% (}i = Buchi
HIRAF]): EFAA-DC12-RT HWAX( L2 st Bl AR A F]); FD-1D-50 3725 AT A (AL E e
FRESEIGAN A PR A F]).

19 FE HLEIREARHEE IR 16 Fh 207 RIREARAEVE W 4 FRERPQ-FIR . X =BK-d14. 1
SR HERFI RN SR R — T ) AN 5 AR N AR)(F5-d8. JE-d10. FE-d10. ii-d12 FE-d12)3/= [ O,Si
AF IECkE. Sk, ISR ERM, Rl AR ITEAR A,

22. EWE

2.2.1. fREILEBERIE S

P B UEARAE I IE CUbE+ A A (95 + B)IZR e B B AR VA R R A0V, 7R AR €22 R b 4 i o)
PAHs. OCPs F1E A4 & 4 : 2 ng/mL+ 5 ng/mL. 10 ng/mL. 20 ng/mL. 50 ng/mL. 100 ng/mL. 200 ng/mL.
500ng/mL. 1000 ng/mL. 2000 ng/mL HIARMEEW, 5 FRARHFRIREE S — 200 ng/mL.

2.2.2. HERBTLIE

FES T BOE R TR BT AR TS PR T, B RIS KE S, NN E T4 R
RO SR T AR IR . R TR UG BT RAE & LTV IERE, B AR R NE T
Y, BRSUHE. i 60 B, B ERUE KRR BIRR AR SH, WiFARAE.

BEREOREEL: HERIFREL 10.0g #14&4FMIBES, TG SRR R AWE), Bk EREH, B
VAT AEBUGHAT A . ARBORZ PATARRIRGEE 1 mL /247, FIECREHR, DREAE PAT 2R RA IR YE
WRZE LmL 4, AN EE T T

FEMOR A FEERREE /NP I 5 mL IE Cpekit, 7ERERREEIRI R 88 T 25 A ¢ P ] i - 4h
B4 mL IEC ke, WStk 5mine FEASERUE, TR EIRECH E OB . BEE RO I\ REBURAE, A
2910 mL 2% A B - 1F CUGE VR A AR DE L, R T 4R (R S I E 2 mL/min WCEE SR .

AR 2 PR EWIR S 2 0.5 mL, AN —EIREM AR, FHIESkEsE 1mL, fFL
ML -

2.2.3. MRIFFFIZ=ELE
FHGRE 90°C, AHUE /7 100 bar, FEELUFIEH IE S - PR (1+1).

2.24. B - RIEKMH

g HP-5MS B4 FE(30 m x 0.25 mm x 0.25 um); #EFEIIRE: 280°C; ¥i#: 1.5 mL/min;
St 5:1; BEEAMHT 3 mL/min; #EFEE 1 uL: AERAER T THE: 453 E 80°CLRFF 1 min, LA 15°C/min
FIEEFE T2 210°CAR%F 1 min, #RJ5 L 14°C/min K93 2 300°C f24F 7 min.

BT UREDIRE: 230°C: PUMGATHREE: 150°C: M. @SS FHMIRERE . s
BETE L EFESTHRESEFREIE 1); RIER 5 min.
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Table 1. Retention times and characteristic ions of targets, substitutes and internal standard materials

=1 B BRYEARERERESHHES T

ETRS WEMAFR CAS & PREF B E] (min) EEET EMET
1 25-d8 1146-65-2 5.374 136 137. 108
2 % 91-20-3 5.397 128 127. 129
3 2-FIIR 321-60-8 7.050 172 170. 171
4 T 208-96-8 7.847 152 151. 153
5 i }#5-d10 15067-26-2 8.096 162 164. 160
6 & 83-32-9 8.146 153 154, 152
7 % 86-73-7 8.951 166 165. 167
8 VY &) — FR R 877-09-8 9.235 207 244, 242
9 a-BHC 319-84-6 9.837 181 183. 219
10 NI 118-74-1 9.973 284 286. 282
1 S-BHC 319-85-7 10.265 181 183. 219
12 »-BHC 58-89-9 10.359 181 183. 219
13 3E-d10 1517-22-2 10.519 188 189. 160
14 Ef 85-01-8 10.566 178 179. 176
15 < 120-12-7 10.650 178 176. 179
16 5-BHC 319-86-8 10.782 181 183. 219
17 L& 76-44-8 11.694 272 100. 274
18 A 309-00-2 12.418 263 265. 66
19 HE LA B 1024-57-3 13.311 353 355, 351
20 AT 27304-13-8 13.340 115 185. 389
21 HELHA 28044-83-9 13.415 353 355. 351
22 oy 206-44-0 13.452 202 200. 203
23 a- St 5103-71-9 13.876 373 375. 377
24 [1d 129-00-0 14.092 202 200. 203
25 y-5 St 5103-74-2 14.261 373 375, 377
26 p,p'-DDE 72-55-9 14.778 246 248. 318
27 Xt = I A-d14 1718-51-0 14.806 244 245, 240
28 I 60-57-1 14.853 263 265. 279
29 SR ERFH 72-20-8 15.436 263 81. 281
30 p,p-DDD 72-54-8 15.907 235 237. 165
31 0,p-DDT 789-02-6 16.001 235 237. 165
32 p,p-DDT 50-29-3 16.969 235 237. 165
33 I (a) 56-55-3 18.558 228 236. 229
34 JE-d12 1719-03-5 18.624 240 236. 241
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35 Ji 218-01-9 8.746 228 226. 229
36 AW T s 1770-80-5 20.354 388 371. 390
37 ﬁﬁ(b)ﬁ% 205-99-2 22.893 252 250, 253
38 R IF (K)o B 207-08-9 22.968 252 250, 254
39 ﬂ“:}fl:(a)ﬁi 50-32-8 23.683 252 250. 253
40 Je-d12 1520-96-3 23.833 264 260. 265
41 Bidf(1,2,3-c.d) i 193-39-5 26.457 276 274, 277
42 :ZISJfF(a,h)T%: 50-70-3 26.560 278 276, 279
43 ﬁi#(g,h,i)ﬁi 191-24-2 27.153 276 274, 277
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Figure 1. Total ion current chromatogram using SIM mode
E1l gaEEFRAREEFRE

3. ER5ITR

3.1. ARAEhZRFN75 A R

11. B-BHC; 12. y-BHC; 13. 3E-d10; 14. 3E; 15. B, 16. 6-BHC; 17. -L&: 18. WIKH|; 19. B &
20, H&ES; 210 MELSE A 22, WE; 230 o b 240 P 25, p-&Jts 26 pp-DDE; 27. X =Bk
28, FKIEH; 29. HIKEKH; 30. p,p-DDD; 31. o0,p-DDT; 32. p,p-DDT; 33. #Jf(a)#; 34. JE-d12;
36, FABMR T HE; 37. FIF(b)2HE; 38, HIF(K)WKE; 39, FKIF(QEE; 40, JE-d12; 41, BfidfF(1,2,3-c,d)

Pt B LALLM, 78 SIM U, ARYE 1.2.1 Bo] fbrE i NI, 15 2 AR i
2R B VAT RE S AR EAR G R 2.
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Table 2. Linear regression equations, correlation coefficients and method detection limits of 34 compounds
= 2. 4 MBI MRS IR, EXARBBKRLR (B4 pg/kg)

He B 5ng/kg Tikr 10 pg/kg ks RH IR

SRR WERE  WRRZE (ke
%% y =—0.03208 + 0.00593x 0.9998 0.66 2.1
JE N y =—0.18635 + 0.00889x 0.9990 0.48 - 15
A y =—0.10234 + 0.00695x 0.9996 0.50 1.6
% y =-0.07918 + 0.00663x 0.9998 0.40 1.3
a-BHC y = —0.00845 + 0.699244x 0.9995 0.43 1.4
AY N y = 2.30646 + 9.1709x 0.9986 0.36 11
S-BHC y = —0.0043 + 0.000505x 0.9992 0.44 1.4
»-BHC y =—0.0033 + 0.00062x 0.9991 0.35 1.1
E[3 y = —0.13485 + 0.00635x 0.9994 0.49 1.5
B y =—0.09678 + 0.00486x 0.9996 0.47 - 1.5
5-BHC y =—0.00585 + 5.3309x 0.9994 0.43 - 1.4
L& y =-0.00117 + 1.76731x 0.9990 0.44 - 1.4
SIRH) y =—0.00505 + 3.91096x 0.9989 0.50 - 16
HELAB y =—0.00201 + 1.99174x 0.9995 0.65 2.0
LAt y =—0.7.22387 + 8.2407x 0.9991 - 0.83 2.6
WHE LA A y = —0.00031989 + 2.983x 0.9988 0.52 1.6
PR y =—0.17863 + 0.00614x 0.9985 0.56" 1.8
o-FFF y = —0.000311466 + 1.0392x 0.9986 - 0.68 2.1
£ y =—0.2265 + 0.00714x 0.9984 0.50 - 1.6
y-= St y =-0.0021 + 0.00010515x 0.9994 0.51 1.6
p,p'-DDE y =-0.01977 + 0.00138x 0.9990 0.53 1.7
KB y =—0.00144 + 1.5675x 0.9992 0.40 1.3
FEAK y =—0.00344 + 1.65335x 0.9996 - 1.02 3.2
p,p-DDD y = —0.2637 + 0.0017x 0.9986 0.51 - 1.6
0,p-DDT y =—0.00775 + 0.00144x 0.9987 0.46 - 1.4
p,p-DDT y = —0.02054 + 0.00118x 0.9991 0.80 2.5
I () y =—0.09063 + 0.0043x 0.9991 0.48 1.5
i y =-0.0184 + 0.00411x 0.9981 0.46 1.4
I (o) B y =—0.08159 + 0.00472x 0.9985 - 0.95 3.0
IR (K) P y = —0.05662 + 0.00556x 0.9983 0.46 1.4
FIH (@) y =—0.18451 + 0.00615x 0.9990 0.80 2.5
EiIF(1,2,3-c,d)EE y =—0.05972 + 0.00448x 0.9982 0.45 1.4
“FIf(a,h) y = 0.02144 + 0.00229x 0.9965 0.46 1.4
HIF(ghi)EE y = 0.04021 + 0.00551x 0.9954 0.43 1.4

“IIFRIRIE N 8 ng/kg.
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N BAR L B A TR, R4 B RIREETE I, SAMEAHC REI KT 0.995, Hi L IMEELT,
AT E T & BRI .

TEH R S oI 5 pg/kg AT 10 pg/kg WA IIFRIR FE 43 Sl dEAT 7 AT E , fk 48 HI 168-2020
TR R(MDL) T T, R 31% Bt & nIR iR, 1% 2.

B 2 WA, ZETANFRIREE N 5 pg/ke HISLIEs R, A 25 MNMHERMLEYIH) 3~5 fif MDL 645 1
ZIREE, B X T 5 pg/kg RIRESIREE, A5 34 Fp HARG G, H 73.5%4 7 BT ke il fE 3~5 £ MDL
JaE AN, I H 100%4 5 Sk B TE 1~10 £ MDL 9, BT % 2 BT ik B2 3404 it 20 £% MDL, (Rt mT
LN AW IR FE N 5 pglkg =& Gd ), AR IS Bl A 1) HARAL A P02k F 10 pg/kg IIFRR BE SLie kit 5
MDL, f 8 ™ Hirtb &) 3~5 5 MDL 145 T 1ZiKkEE, HEE 23.5%, R AWK MDL AFEIX M IKEE
B e el A, ] BUBIE AR 8 pg/kg WREERTINS, 15 H MDL 4 1.8 ug/kg. MRIZESRRE, Wle
) MDL {H 14 HI 168-2020 ArdE2isk, SR AR Bit, Z7Ef A 1.1 pg/kg~3.2 pg/kg.

3.2. FERERE

T3 TG P RS % P S A B, AR S0 1 R 1 R Sk X - 4 g A 3, d i I e I E (10
ngkg)s FEE(0 pgke)s miRE(S0 pg/ke) AR IFRFATIE 7 %, FIHAEIIAR R Ry X br i
72 RSD 73 A 8L IEM S RO %, LR 3.

Table 3. Precision and accuracy of the method
3. FAENEEEERE

AEE&EREMAFERARERZ RSD RNk FHE R R

10 pg/kg 100 pg/kg 500 pg/kg
RSD (%) R (%) RSD (%) R (%) RSD (%) R (%)
%% 15.3 86.6 5.3 99.9 1.9 69.2
2- IR 21.5 92.3 6.4 60.4 12.2 64.2
JE A 11.8 84.7 6.6 69.1 0.7 65.4
& 4.2 79.5 2.0 96.6 15 60.4
% 10.2 105.4 16 125.6 1.3 70.4
DU &) — 11.9 63.0 6.7 61.4 2.2 66.4
a-BHC 6.7 154.1 3.4 98.2 4.7 125.5
INEE 11.2 60.4 7.0 62.3 1.0 63.4
B-BHC 225 78.3 2.4 89.1 4.1 81.1
y-BHC 12.2 61.6 4.2 88.2 2.6 72.3
E[S 20.8 118.1 2.2 113.7 3.1 93.9
) 12.2 100.8 2.5 825 5.3 775
5-BHC 13.2 64.5 8.3 80.1 2.7 73.3
L& 18.5 88.1 47 98.7 3.1 87.6
W EH 20.6 71.4 33 91.2 2.4 77.0
HHLEB 15.4 84.2 2.2 109.7 13 93.2
At 7.1 116.6 45 105.4 6.0 101.2
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WHE LA A 6.9 75.5 6.3 106.5 6.0 83.4
W 16.7 110.6 3.0 108.6 2.0 98.7
-5t 7.0 97.2 43 110.8 2.5 93.4
[ 12.7 97.7 3.2 105.7 2.2 81.1
y-SE 5t 10.2 80.2 5.7 112.1 1.7 82.9
p,p'-DDE 9.3 90.4 3.8 101.0 2.7 81.7
Xt = FR-d14 2.8 105.4 2.0 78.0 45 68.8
IK S F) 8.0 99.6 1.7 112.6 2.3 915
TR 10.2 104.2 6.5 126.7 2.3 111.9
p,p-DDD 3.7 111.2 4.2 114.5 1.0 111.0
0,0-DDT 27.0 85.4 3.9 103.0 5.1 66.1
p,p-DDT 12.4 71.2 7.1 65.2 7.8 58.0
HK I (a) & 5.0 128.9 2.2 109.6 6.2 99.2
it 10.2 98.2 6.2 113.9 45 724
K I ()9 9.6 127.5 3.0 106.9 1.6 89.0
HIF (k) 8.0 118.5 43 93.0 5.1 71.2
A (a)th 9.4 83.8 5.8 81.0 1.4 69.5
Bi9F(1,2,3-c,d)EE 7.2 76.7 6.0 101.8 1.8 70.1
2T (a, )& 10.5 104.4 8.2 88.0 4.2 82.1
K39, h, i) 7.2 91.3 5.3 76.2 33 65.9

HH e 3 HdR v ARIRIE (10 pg/kg) %™ FIMMARRE S e 45 SR 1) RSD 7E 2.8%~27.0%2 [H]; 194 J% (100
ng/kg) FAAIIFRFE it il 2 45 1 RSD 7E 1.6%~8.3% 2 [ ; =53k /5 (500 pg/kg) &R InAmA¥: il i 45 S (1) RSD
7E 0.7%~12.2%2 [f], PAHs 5 OCPs $5J& T4 K EA M, ARfE e R 15 R A MU IR RS 2 5 5
ISE RIMRRZE < 30%, 53¢ 3 45 FLUHL, ARSI = Fh itk P 1 20 A I 5 SR 285 258 14l JE RV 2K
Ut B LTV B R AT

MR IR G, R4 ANFRIREE AN 10 pg/ke FEAAINARAKE Ny 100 pg/kg A1 500 pg/kg i,
AR AP RT3 5)8: 60.4%~128.9%. 60.4%~126.7%F1 60.4%~125.5%. 3% Kk IEA LI FE A
IR EI A ZITE 60%~160%, A< SEES AR AR EIUSCZR7E 60.4%~128.9%, il /e bR RIVEEER, Ui B AR SL
5077 SR IEH B R AT

4, g5ig

1) AT — B A F B BER il IR ARSI ) A A i, DUOR B B TA)RIREAE
BTN, AbREER. RS RAE T A RGN IE Ok - ARN(L:L), ZEHCESE 90°C, %
B 77 100 bar; AR FHEFE 7 ARG B 80 CLR%EF 1 min, LA 15°C/min I FEFH % 210°CLR%F 1 min,
SRJE LA 14°C/min 3 T2 300 C LR EF 7 min.

2) JEIIE 2 E AR EE, 15 BNZE S M T VE IR H RN 1.1 ng/kg~3.2 pg/kg: 85 il 2 (KA FE (10 ppb)
25 IR FR K 2 (100 ppb) 344 s « A (500 ppb) &4 ks A0 X Fr kw25 (n = 7) 70 51 2.8%~29% .
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1.6%~8.3%F1 0.7%~12.2%; FEARINHREICRS374: 60.4%~128.9%. 60.4%~126.7%F1 60.4%~125.5%,
Tt AR VR IS PR . AR P RORS 25 R, v T RIS 3B 2 R 5 R 5 A HLE A 2 .
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