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T E OEST P S HERZIEITIR 15 T2 IR0 R S T AR A I RO A 3 e R DU
ST B T EBGRIR AL RG . . TRBETR S B[R] 55 R R A B R B . AR S B SRS A R
Ph3mL 1-2FE . 8 mL DU KR HT 29 mL 7K IR & il £ 43 F ¥ 775 400 pL #8 4-F4 7 A 200 mg # 5
o, BEEY 2 mn, B.OJE EHWRE 022um EE, At EY R L RS BRE M
( SUPELCOSILTMLC-PAH, 150 mmx4.6 mm, 5 pm ) ZJ&-/KERE 0B G oM, IMrkER. 455 8
N, 20 P AR S WAL TSR N 20 RIFZMEC R, HIXERIIKT 0.999; HAirfb & W LT
Fr FCR N 76.5%—105.3%, HHXTFRAER 220 0.2%—8.5%, ki iR (LOD, SN=3) Jy
0.07—2.3 pg'kg", EEMR (LOQ, S/N=10) H 0.2—7.0 pg-kg ™. %7 BRI TH, #5403t F s
i 15 min, i H AR, ABEALE, AT HT H8h SR A R Z 3055 18 0 PR 4 B A

XEIR ARZHITR, ZWHR, B THETIMER, mauimes, 5.

Fast determination of chlorinated polycyclic aromatic hydrocarbons
and polycyclic aromatic hydrocarbons in soils by high performance
liquid chromatography copuled with supramolecular solvent
microextraction

XIONG Li' WANG Jincheng® * CHEN Jiping*
(1. Dalian Polytechnic University, Dalian, 116034, China; 2. Dalian Institute of Chemical Physics, The Chinese Academy of
Sciences, Dalian, 116023, China)

Abstract An analytical method for determination of five kinds of chlorinated polycyclic aromatic
hydrocarbons and fifteen kinds of polycyclic aromatic hydrocarbons in soil was developed using
supramolecular solvent-based microextraction (SSBME) followed by high performance liquid
chromatography coupled with fluorescence detection. The effects of the composition and amount of
supramolecular solvent (SUPRAS) and vortex time on the extraction efficiency were systemically
investigated. The supramolecular solvent was produced using 3 mL l-octanol and 8 mL
tetrahydrofuran and 29 mL water. 200 mg of dried soil samples were effectively extracted with
400 uL SUPRAS after vortexing for 2 min. After the centrifugation the supernatant was filtered by

0.22 pm film and the extracts was analyzed via liquid chromatography-fluorescence detection.
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Neither evaporation nor further clean-up steps for the extracts were needed. The overall sample
treatment took approximately 15 min and multiple samples can be processed simultaneously. The
separation of the target compounds was achieved on a SUPELCOSILTMLC-PAH column
(150 mmx4.6 mm, 5 um) with acetonitrile-water as mobile phase using gradient elution. Quantitative
determination was achieved by external standard method. The correlation coefficients(r) were greater
than 0.999 in the linear ranges of 20 target compounds. The average recoveries of target compounds
were 76.5% —105.3% and the corresponding relative standard deviations (RSD, n=3) were
0.2% —8.5%. The limits of detection ( LOD, S/N=3) and limits of quantification ( LOQ,
S/N=10) were in the range of 0.07—2.3 pg-kg ' and 0.2—7.0 ug-kg™', respectively. The method is
simple, rapid, cheap and environmentally friendly. It can be applied for the rapid determination of
chlorinated polycyclic aromatic hydrocarbons and polycyclic aromatic hydrocarbons in soil samples.

Keywords chlorinated polycyclic aromatic hydrocarbons, polycyclic aromatic hydrocarbons,

supramolecular solvent microextraction, high performance liquid chromatography, soil.

FAME A TT 1 (CI-PAHS) SRR K EIH B PR A AR BRC 3 B IR R, Bl 3Bt~ LA K
ST AR NG S AR e A R ), B B S 2 E ORI S AR L T T A5 A RS R SRR A T
R, HEEME S Z A 05 R S 2 TR BT A RARC O DU R E R T E
AL BRI O A E A e ks B T b B W 2 R e W IO R R — 26
AU KBS A LTS G ) ) I AFAE T IREE v, X NS R A — o 1 T 78 Jg .

AMRZHI51E(CI-PAHs) FIZ 15 )& (PAHSs) =230 & Tl B /K HEBOR R DR A HB 2R, 38 A% 1
S G AR KA M FRURE X 488 o 1 = B /K 70 TIE B R (1gK o) T BOHTE T3 h g R R . B AT R b 236
I K B DU 7 7 A AR DA B - 3 R ROR e 3y 30 e A B - 3 R ROR 0 s 0 s 2 700 A% U £
TSR A 1 O T S ) A R AR A € kT A 4 S rh SR 2 PR S R i I A T ik 3R A I v
FR A AR 3 - T 1 1) R P A R SO A R T R T A OO 3 - T v 20 A ke
VA TR A MU #5 B Bt 3% DAl 4 AR AR TR 17 B (H ZE T FE RS I A WLV ). e Ah I s 5 i iR e ik — 20 1
Wedi | i, B R BB, end 2k ). DA A S — R T L DU AR L PR AU AR A T AL B T
XTI AR Z T 12 (CL-PAHS) FIZ I35 a0l S 1R A & L.

#8771 7] (supramolecular solvent, SUPRAS ) J2: 48 7 7 /K Jk Fl i 7K & 59 R 3= M40 F 1 /K IE PEA HL
Y FIE FH T 20 BOCAE 7K AR v S8 B 7K ORE AR FH e I — 2 0 03 T i ) — ol 5L AT 9 O 35 4 1 e o SR 4
PR, FB 4TI T FE B (supramolecular solvent-based microextraction, SSBME) 42 Hi P4 ¥t 2f 24 # Rubio %52
P R B — b LR 43 00 R AR IR B4 3 B A IR R R 0 TR 0 — A o S R SR L B VR B ) 2R
FAE R, (S HAE BN AR GEHUS 5 0 2 B3, DR AR 0o T i B AR o P ) B
YARASLIE LS, © T LME /N BAsfb & Wik AL, (B0 AR R & T, B2 AR Ko+ BLAT IRk A
YEHT, DT E A B[R] B AT DGR 2040 0 B 695 B PRI A — i, B BA IR LR 5%
P, A e 4 85y I IR BUEAT A8 | PG IR AU AR BRSE S, CATE IR . B O
WARE] Tz N . BT T AR D 2K v g R R H s K PR S A /N g it A
2 AP NIRRT R Z A5 1R A YR 43T

AL R F SSBME 45 6 15 &IV €233 vk it 57— [R) sl s 1= 38 v S AR 2 3105 4% (C1-PAHS ) Fl
Z T (PAHS) BT { PR H 7 %

1 i%\%ﬁﬁj\(EXperimental section)

1.1 AR 50

Agilent 1200 9 i 55 i AH €038 A ( 92 2 HEAR 28 |)), e A 45 [ 31 55 A0 A9 6 A T 4% 5 Vortex
Genie 2 inliEk F s (35 1H Scientific Industries); KMS-181E i J1 i PEas R BL B HiEEBRA R ); KAY
Ji# TDL-4013 B.0HL (i =Rl 22 AR ) ) 5 L (LC- grade, 52 [E Honeywell 23 H ) ; SE5 FH /K b 48
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Milli-Q b RGE il & 19 KB FoK. 1-COBE ., 1-PREE . 1-2F DU S0k e I 1 B s T 350 (b ) A BR 2
A, 2 =98.0%; 1-Z5 B0 T i A & (LI ) Al Tl &k A BRA R, 4l 98.0%.

16 Ff 22 30 35 R 1R A5 (200 pg-mL ™, Hp g s oo 6, ATEW & Z5) F 2-5080 ., - E . 9-5 .
9,10- &L 1-50EE (4B KT 95% ) ¥ T F R gk 21500 4 PR 7).
1.2 s

i 25k it 2 3835 % 43 Mtk (SUPELCOSILTMLC-PAH, 150 mmx4.6 mm, 5 um); i3
AR -7k, R B BEVERG, 2572846 M: 0—18 min, 40% —64% ; 18—25 min, 64% ; 25—35 min,
64%—100%; 35—44 min, 100%. Ji#E K 2 mL-min'; FEFEE 10 pL.

20 Fl HFR AP PR TR SHIEA DL AR 1, S R0mAH % &1 LA 1.

1 POLME LTI R

Table 1 Fluorescent Excitation wavelength and Emission wavelength

[} (8] /min Time W K /mm Ex KPR /mm Em
0.00 275 330
13.90 255 375
17.90 245 450
19.80 245 370
23.50 265 390
32.40 273 440
36.50 290 410
38.50 240 480
40.00 265 420
16
180 -
15
160 - 17
140 F 5
18
12
120 -
- 3
= 100 1
4 11 14
80
7 19
60 2
10
20
'\ | U\ Haivivmi
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40

{/min
1 SR IF I Z 3 T7 1 e SR AR i ]
(1—20 Xy N L G Ik 2)
Fig.1 Chromatogram of CI-PAH and PAH

(The number of 1—20 were the same as those in table 2.)

1.3 Akl b R i i i £

40 g A B ZFiE 1 100 mL ER- 5 Be (1:1) BEF I3 UOR, A 100 mL 5 2400 ng %4
REAIF IR Z IR NI - —Z P Ge (DWW, B IR 55 138 WU b /SR 23T+, 4k Sl e
B AT T R O A S AR 60 ng-g !, TSR A4 1 A B AU ARAL.
1.4 TR A i A

Fo B3 mL1-¥: T 50 mL 2R DU SR O M 2508, A 8 mL DU KR | 29 mL %8 1K, 2R J5 LA
900 r-min' # 14+ 5 min, F#E 2 min J§ 3000 r-min' B0 5 min, B E LEE A S FIE
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FFRS B R SE BN, BT UKA 4 °C Bl .
L5 S TR O e

F 5 mL KBS O P IA 200 mg 38, 3 RIBEIER (3 mm A2, A 400 uL #8453 F 77,
3200 r-min”' $HEHR 5 2 min, 285 5000 r-min” B0 5 min, 1 mL G882 T B, 2 0.22 pm B
JE v R (3 I
1.6 B TAE M ZR AR R i it

B 16 B Z I T IRIRARAN S Pl AU IAT5 0 H LI BL I 1 10000 pg L (TR PR A H L, JF2 M
B 1000, 100 10 ng-mL™" {4 L. 4 ST Ao B2 P V8 745 o 90 040 - S0 PR e (10 1) 7 4 BB A 25
LS R 4, AR 23 5024 2.5 .10 L 50 | 250, 500, 1000 ng-g ™', 4 °C IKARRCE W, SR I %
LS W7 AR T AR T AR i e il

2 ZER 518 (Results and discussion)

2.1 FEBGRRRAL

LAV AN 60 ng-g ', HARAL A 11 200 mg 3 + HERE SN A BOH 42, DL B AR A 2010 1 TR BUA H8 bR,
BT AT VR G 2 OB 7 B b 2 | i 7 I %) o . DO SR IR o) o AU TR R L T e R 9% B ] 45
ESOEI G ELA TR
21,1 ORTRIEE A I I T 2 110 43— 390 %o A B8 1Y) 5 Tl

AR F IR R H B SR T BRI AE B e AR IR R il el [ A A . A 98 R b S i 5
DU Sk MR 1) 45 8 4 T 00 S e 2 SRk 40 mL, 58T 1.5 mL1-CU L, 1B, 10, 1-5 A
K455 8 mL U Sk IR ] £ 1A R 1 R0 AR IBUROR ) S i) 45 R B i 2 T 7 A 1 3, il
£ B A3 T 15 700 2K BUROR B B 18 K B0 TV 700 oA WIS L L, — P e P ity 50 35 7= A 1) SV B A
FAF1, 55— P BERRAE 5 43 (0 B K VE I (MU fEAE 7 i) . S PR RE A 1R L AR Z A 1R
AR RN 5545 R A T 5, BERRBE S 43 (0 B K AR R R, AR R, SRR ) A,
PR T A BRSO, (H S8 e B 1- 25 il 45 BB 40 TV ) S 308 4 B AR L B 1 (o ik 1 Je 55 HL &,
EER E . AT S e 17 B 45 A TR R
2.1.2 1 X 43 T I AR R R AR B 1Y) 5 )

DU A0 G g 9 HE 1R R 8 mL, K R A KFR R 40 mL, 5T 1-EEE SR M 0.5, 1. 1.5, 2, 2.5,
3 mL X AE BRI 52 . S5 R, SO 1 B A, 6T a5 (48 T 390 1) A6 B TE B i R
R 1-2 5 A 30, A= Bl A 8 43 7 ¥ R AR B O, DL IR 2. A SOk i3 SUPRAS 1) 14
Y(mL) 5 %ot 56 B 1 ] 2 X(mg) A1 IO 00K IR 7E 35 TR IR BV 7 bl Z Z R R IR 56 &R Y= X(0.17 +
e%7) | RIVER Z3 150 B AR R S WA P R SRR SG AR, ARSI A5 5 SRR — B b T — kel A TR
ZIFST IR, e - AN 3 mL.

Volume of SUPRAS/mL
(9%}

0 I 1 1 ! 1 1 |
0 0.5 1.0 15 2.0 25 3.0 35

Volume of 1-Octanol/mL
B2 - e o) T R A TR A S TR
Fig.2 Effect of volume of 1-octanol on volume of SUPRAs
2.1.3 DSV FRg FH 6 2 B 3R 4 B
AE g J 53V 700 O 2EL I 2, O R g 1 P e AN A o) 8 )RR AR O, T L X )1
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VA B9 A BOBCR I — 2 2. T2 1 B 3 miL, i 2 1A 2R SRR 40 mL, 5 4E T AT
V0 S50 PR £ ) A IR B S, AL 3 iz . 5 SRR I, D S vkl A 38 I 21 i ) AR AL
RS E S AR PN (EVOI R iR R A f /N RS NN R g ) R OV &S DN
PUSRIE R T 8 mL J A TR E . P IMAR S 36 il 46 o0 1511 P i 2 DU UK M P 40 8 mL.

120 - N2mL B4mL B 6mL A8 mL O 10mL Ni2mL

Area of peak

40 | g

NN
T T T

S

R
TIIII IS I I I Y

VPP I IS

prrrrrrrrIIIIIA
Iy

Na EEEEEEEY

Ipy [Em,

D T
A R

BghiP

9-ClPhe
9-ClAnt
2-CIAnT
9,10-DCIAnt

B3 Uk g ) o) A IR Y 5
Fig.3 Effect of volume tetrahydrofuran on extraction efficiency

2.1.4  HIT T AR A O R

Shy RS AR ) A A SR, 25 A 4 I R 430 300, 350, 400, 500, 600, 700, 800 L i Xf
RO 45 R R, B A OA R FRAYE R, F ARG W i s i FR ] I I, BIVAG: I 52 #5032
T B AELTR] R [T A TG O, 2B 3 R AR O T 400wl I RIS A8 T B B ORI N A G R
A FR AT AZS IO B 22 1) H AR &40, S e A€ BT Wi <, fHL [ Iyt 25 i H A Al W 7E 26 BORA b ik B2 11
R, T A PR R SR, T ORI R AR R R £ DL AR, e AU R A AR R
400 pL.
2.1.5 iR iEde s i E] B4 82 0

T eI 27 T LA 26 2 IO ) 5 4 it ) S8 70 2 ik, i e A5 IO ik, B A T T e IR & 1 18] 23331
1,203, 4.5, 6, 7, 8 min XA BCECR AR R, 4550 R W] HENR G I 8 R T 2 min 5, HAREE Y
Ry e T AHAE AR AR/

BT U SR as 0, R JG MSE 58 2R, L 3 mL 1-2F . 8 mL PUS KRG Al 29 mL /KR A il 45 #
G THE R FEIGA R BIRFN 400 pL, 1 HESR % 2 min.
2.2 JIEHYZRPEIE | R PR K R B

FERA I ZEBERAE T, XPER N 5 R G Z D5 R 15 Bl Z 3005 18 R 50 Uk B2 1925 11 14080 itk AT
I TR R AR, SR J5 HPLC OGI5E, DL Cng g ™) XTIt AR 4 22l KEIE £k, 1331 20 b
FARE A PR Zeth A5 e | ZRPEIE R B A DG R 4G I L F R AL W0 64 S/N=3 I i B2 72 SR J7 1Y
K R BR, S/AN=10 I 1Y ¥ B2 5 SR 5 ¥R i T BR, IR 2. S5 R SR WL, JE N, HAs b &Y 1E 2.5—
1000 pg-kg ™ (9-5FF . 1-5EEAE 10—1000 pg-kg™) i Fl bk e 28 A7, AMEA S R B R T 0.999; 7
AR R 0.07—2.3 pgkg ™, & RM 0.2—7.0 pg-kg™.

F2 HAPMEEYRLRIENLHL ZrETr e HHOC R B o FROb e R

Table 2 Linear ranges ,regression equation, correlation coefficients(r), limits of detection (LOD, S/N=3) and limits of
quantitation (LOQ, S/N=10) of target compounds

N Kam R Al (ng kg ) e HERE Rl eke’) &M (ke )
© Compound Linear range Regression equation )i LOD LOQ
1 #(Na) 2.5—1000 A=0.3182C+6.4532" 0.999 0.3 0.9

2 JE(Ace) 2.5—1000 A=0.7244C+2.6573 0.999 0.6 1.8
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gk 2
No. k& é’ﬁ@?ﬁ Fl/(ugkg™") @T?@Eﬂﬁi}i& LB KriBR/(ng-kg™)  EEMR/(ugkg™)
Compound Linear range Regression equation R? LOD LOQ
3 Zji(F1) 2.5—1000 A=1.5523C+0.7832 0.999 0.3 1.0
E(Phe) 2.5—1000 A=1.1875C+14.6108 0.999 0.2 0.6
5 H(Ant) 2.5—1000 A=2.0918C+0.2058 0.999 0.2 0.8
6 P (Fu) 2.5—1000 A=0.4013C+3.0251 0.999 0.5 1.9
7 EE(Py) 2.5—1000 A=1.0748C+6.6492 0.999 0.2 0.7
8 9-5AF(9-ClPhe) 10—1000 A4=0.0600C+1.0583 0.999 23 7.0
9 9-5JE(9-ClAnt) 2.5—1000 A=0.4078C+0.8628 0.999 0.7 22
10 2-58H(2-ClAnt) 2.5—1000 A=0.8810C+0.2803 0.999 0.5 1.5
11 #If[a]E(BaA) 2.5—1000 A4=13297C-0.4912 0.999 0.4 13
12 Jifi (Chr) 2.5—1000 A=1.7998C+5.9356 0.999 0.2 0.6
13 1-#EE(1-CIPy) 10—1000 A=0.2456C-0.7780 0.999 2.1 5.4
14 I [b]9< L (BbF) 2.5—1000 A4=0.8110C+1.7058 0.999 0.1 0.4
15 9 10-—3HO,10- 2.5—1000 A=1.6689C+0.0170 0.999 0.1 0.3
DClAnt)
16 HIF K¢ (BKF) 2.5—1000 A=1.8488C+1.3040 0.999 0.07 0.2
17 #If[a]iE(BaP) 2.5—1000 A=1.3673C-0.2231 0.999 0.09 0.3
18 “FJf[a,h]E (DahA) 2.5—1000 A=1.1604C+2.9443 0.999 0.1 0.4
19 H I [ghi]4E(BghiP) 2.5—1000 A=0.6349C+0.3495 0.999 0.2 0.6
20 BiJF[1,2, 3-cd]EEdpy) 2.5—1000 A=0.3413C-0.2224 0.999 0.3 1.0

* 4: peak area ; C: concentration(pg-kg™).

2.3 SEBRAE A IR B i (A IR RT3 RS 2
FH ST 18 37V AR ACAE B SO 835 0 B 7 ik X 1 2 4 (2018 4F 5 H RT3 MRIE AR 51 ) Fn

A% IR S Y+ HERE A CR T 2019 4F 10 A) 3047 T2 . JFAE L2 LR P 3, . =i

3 AR EE IR BR AR IR, N A AT E 3 Uk, G5 RN 3 . 45 0 W, R BRI

BT BERE AR, sy @i IS EAES PR 25 3E . SCE S &Y, KA ik

BWIARK Y BARE S W INAR I R 76.5%—105.3%, FHXHRAER 2 (RSD) 0.2%—8.5%.

F 3 OTBRREMIELE R O R R B (n=3)

Table 3 Determination results in real soil samples and recoveries and precisions of methods (#=3)

bt SR il WhZ by AT
as] (ng'kg™ (ugkg™" » Jindg EISCR /%
(ngkg™ RSD/%
Compound Content of Content of . Recovery
. . . Spiked level
contamined soil mountain soil
%(Na) 63.2 8.0 10, 100, 1000 90.1, 97.3, 88.3 77.39.1.6
& (Ace) 563.1 nd 10, 100, 1000 83.0.77.9. 84.8 8.3.54.0.7
%3 (F1) 1442.5 nd 10, 100, 1000 102.1, 86.2, 85.1 5.7,3.0,0.5
E(Phe) 11122.8 8.0 10, 100, 1000 80.2, 91.8, 87.0 33.1.6.06
E(Ant) 3756.6 nd 10, 100, 1000 88.9,77.6,78.2 52.03.0.6
¢ 4 (Fu) 19443.7 33 10. 100, 1000 94.3,.79.2. 85.7 3.7.42.02
1E(Py) 21200 7.6 10, 100, 1000 78.5,100.8, 95.6 7.6.2.3.0.5
9—%iﬁ(9—ClPhe) 2241.6 nd 10, 100, 1000 78.0, 84.9. 84.0 7.8.34.02
9-54JE(9-ClAnt) 4901.8 nd 10, 100, 1000 81.2.904. 78.6 8.5.3.7. 0.6
2-5E(2-ClAnt) 7202 nd 10, 100, 1000 85.6. 86.6, 79.1 6.8,.53.04
# I [a]E(BaA) 8787.4 nd 10, 100, 1000 95.2, 88.0, 87.3 45.18.03
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k3
V5t i/ ISt B
I/ . X
ey (ngke) (ke ) TR IR %%
(ng'kg™") RSD/%
Compound Content of Content of j Recovery
. . L Spiked level
contamined soil mountain soil
Ji#t(Chr) 7392.2 nd 10, 100, 1000 96.2. 89.4, 87.6 3.6.2.5.03
1-5EE(1-CIPy) 3022.7 nd 10, 100, 1000 82.3. 87.1. 90.7 7.9.4.0.0.5
HIE[b]2¢ 1 (BbF) 9073.9 nd 10, 100, 1000 86.5. 88.1. 88.6 42.39.02
9, 10- %4 #(9,10-DCIAnt) 392.7 nd 10, 100, 1000 81.2. 852, 83.0 3.6.1.8.06
I [K]7K B (BKF) 4041.7 nd 10, 100, 1000 90.2, 87.9, 87.5 32.24.03
HIf[a]iE(BaP) 9703.7 nd 10, 100, 1000 85.0. 89.3. 87.6 42.3.1.04
T [a,h]E (DahA) 2581.7 nd 10, 100, 1000 79.1, 89.7. 88.4 45.24.02
A3 [ghi]HE(BghiP) 8263 nd 10, 100, 1000 89.2. 105.3, 94.8 42.1.6.06
Blif[1, 2, 3-cd]EE(Ipy) 7178 nd 10, 100, 1000 78.3.79.5. 76.5 6.8.7.6.2.5

3

* nd: not detected.

%518 (Conclusion)

ARSCHESE 173110 R S B R OB T SR I B AR P il 2 3 vh 5 RGN 2805

J& F 1S Fh 22 8 55 B 00 43 B 5 v . 7 6 0 3 BN AR IR R 76.5% —105.3%, AH X b5 E e 25 8
0.2%—8.5%. A7 LA fe | Pst . pASIG B ELIABE AU, #R A A BRAS FR ASHE G 15 min, 17 H.— ¥k AT [R] A
ALFEZZARE . AR 3] T 3 5 AR Z IR IR AN 15 B 2303518 Bk 2 B 4G

[4]
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