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A device for the rapid extraction of 16 priority PAHs in aquatic sediments
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Abstract: A device for the rapid extraction of organic contaminants solvent and target organic
pollutants. in aquatic sediments was designed and tested in this study. Taking 16 priority polycyclic
aromatic hydrocarbon. (PAHs) as the target analytes, a series of experiments, including method
detection limits and laboratory method blanks of each target, laboratory fortified blank, recoveries of
targets in fortified water and sediment samples and duplicate extraction in aquatic sediments, were
conducted to verify the extraction efficiency of the 16 priority PAHs by the device. The results
showed that the average recovery for 16 the priority PAHs was between 80% and 120%, and the
relative standard deviation (RSD) was less than 20% , which meet the requirements of United States
Environmental Protection Agency (US EPA). The RSD for 16 total priority PAHs (XPAHs) in lake

sediments was found to be less than 10% , while that of the river sediments’ was less than 20%. The
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device was characterized by efficiently extracting organic targets (80%—100% for low rings PAHs)
in short time (only for 2 h) on a large scale. This device was superior to Soxhlet extraction in terms
of extraction time and reagent consumption and also was superior to microwave assisted extraction
(MAE) and supercritical fluid extraction (SFE) in terms of easy operation and low analysis cost.
This device may also have the possibility of synchronously extracting different types of organic
pollutants, which could provide a technical support for exploring the ecological effect of compound
pollution in aquatic environment.

Keywords :sediment, PAHs, GC-MS, extraction.
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LI F5H% (Polyeyclic aromatic hydrocarbons , PAHs) &A1 70 AM I LI A P& T & W55
AP TE ARG HE S A A S L BRI R i S AL B W), B A 7R3 RAC K IR 55 20
B i PAHs MRS S BOE A, b A 16 Rl SE [ E R IMEE (US EPA) B4 e 4 15 4L )
Z (R 16 FU4E PAHs) . PAHs HABUR Bl B AL 1R (¢ =200 ) , PAHs BEA K H IR
SRR AR 2 FR G I R B SR XU

H T, PAHs 73 87— R PO 5% 300 (035 - B IR FHAC TN 7, A7 AR A8 LA Y BOR RIS AN Al
FABRUES S X FIRBERE S b PAHs FUAL B 7 2 G AR B A% 52 )y WL RO XA AR A (AL SR b
FAAL PR3 A7 AR — SN JE TN R PR IR 1Ak S TR B <, T AR A BILIR ), 7 A R P 5 BT Ak
HRAS B, 0T AR AR ARG Y A B T BT AR B S A LI SR RSORL ) AT 4 B B
U T FASC3R l  70) AE EU S8 O B i S SO AR A X 52 4 5 0 A1, 8 RV A 425 390 2 LAY 5 KRR
st , (5 T A R B 45 43 IG5 2 R . > 1T 3 6 AR IUCEOR AT UUAR Y vf PAHs ZE U, TR
TR it AT AL BB 50 22 Sy 1R IRV TP R fk , 42 A T REURRL X A/ | A% BRI B AR 1) (RIS 3 A R 5
IR FETF I, ARBE R —FhAEBCRE B A AR BUA RIXH TR 16 Fhiids PAHs IR STE R kT
JSE A LT F 2t th PAHS R 4 A0 B AL

1 SEHGHR 53 ( Experimental section)

11 SeseilGh 5400

L US EPA 16 FL45 PAHs 1E R HARTS L4, R B uE AR AT A BIL) DR A BCKE 10 26 USCR.
16 Fi {2 PAHs, £ 45 %% ( naphthalene, Nap ) . J& 4 ( acenaphthylene, Acy) | J& ( acenaphthene, Ace) | 2
(fluorene, Fluo) . 3F ( phenanthrene , Phe ) . (anthracene , Ant) %% # ( fluoranthene , Flua) .1 ( pyrene, Pyr) |
K[ @] B (benz[ a ] anthracene, BaA) | Jai ( Chrysene, Chry ) K Jf:[ b ] D¢ ( benzo[ b ] fluoranthene , BbF) |
KIE[ k]9 B (benzo[ k] fluoranthene , BKF ) . 43 [ @ ] € (benzo [ a ] pyrene, BaP) (EiFf[1,2,3-¢c,d ] &
(indeno[ 1,2,3-c,d ] pyrene,IncdP) . “ T4 (dibenz[ a, h ] anthracene, DBA) I (g, h, i) 4 (benzo[ g,
h,i]perylene,BghiP) , 3K 16 Fff PAHs IR AFREA I (1 mL,200 mg- L', AccuStandard , New Haven, USA)
VE R RS S5, ARUEY) BT AFAE 4 °C UKAE T ORAT.

“HE e (DCM) L IEC k¢ (HEX) | HEE (MeOH ) (A (ACE) (2 HPLC 2,4 L) ¥ T £ [F
J.T.Baker/A 6] LK BRER B ( S Hr 4l 16 25 4 AT Ak 3l BRA W) ZE 08 FHETH S F 5 9 b 450 °C 1k
4 h, B REIRGHZE TR PR, TOK BRI NG T O — JR SRy (4Bl 1 24 82 T4k 27 a0 A FR
2N T A PRI RG ERTR , AT | 1E C e 5 DB 55 BT U0 Bl A S5 fd i AE © el P T R BT A Y
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BEEEALES (B BR[Ol AR BB 2R 40 KD v 48 ) 349 500 FH 7 4% R VR TR ( 31 4% RR A 7K B R Lb
 1:2:20) R 4 b SRS T A SR K FNZE IR K K R AOIE e T R BB BE A8 FE A —ak [mLC ML i
AR AR S R B Al K T AR 150 °CTF 2 h HET R AL B BRI KD e 46 i 45 /N Y
PSR E T Db 450 °C K5be 4 h fEH.

K GC-MS( Clarus 680-SQ 8 %, PekinElmer) 73 #7 16 Ff' PAHs, Bt LA 43 it/ A 2 i #ERE 01 F1 A 3l
Fefe. 261 DB-5MS A ¥ B4 (3% 4 (30 mx0.25 mmx0.25 wm, Agilent 19091S-436 %! J&W Scientific ) .
BT S BLIR B TRE R 70 eV i 2 =T He (PFTBA) /E MTHIE W, L m/z 69,219 502 4
Pl e e, 25 AL (RE-52AA B F I IRFE S I e 45 A PR W) ) AR (KL512 B 15585 % )
fer il A BRAA F) XA (A ALAR A T 4
1.2 FESCREE S TANEE

2013—2014 4F 53 7 7 HE 38 T T AR i AT R 42 3R 2 DU RN SR 2 /KA R AN 85 A 9132k
T RERIZVIBIFE T (0—20 em) , B THAVELEE B ATUSEHIE C e B UE T in &, 8 T4
FIKFHIB 0 L85 % SR 7E-20 °C 2R RORAE s 43 Hr Iy VR T4 (FD-1 B ECZS ¥ VR T HRAL , b 1 e e 5
AN A BRA ) J5 e F IR S 3 100 HASEEANTE 4 C FRAE, 2 LR ZKEEF A ARK A%
KA AGAE T WSS VE T 4 L ARSI, iz W 9050 % 5 20 9 4T e D8 by, 4 °C G IRAE 7
— & PN T2 LA S ) 43 AT SR AR R i B I A LR TR B DX, A28 5 4.

1.3 FEAI AR

WA BRI T PAHSs PR 2 BCE Bt — N0k, RS | LR AR HU 85 R AR BER
Go (B 1) %% B IR F A | SR N DU/ AB 4l K TR A ) A AR EUA 7 4 B e AT ik ¥ & v B
BA AILTS YA L R0 53 08 i ZE PRI th 3 38 11 3t A S i P12 g v R4S TP AE ML AR L 2 R
40 1% Tt o 25 U = N, A L D B AR A HLTS e VRIS 26 0, 3R A 28R B T i A e
TEERIE— ALV B0 v, 2RO R Z7KAE AT V2 Bkl 74 2] [l 2K B0 2 R e b i« U™ B b il A L
AHFIACREAE A 28 B 25 S AR B RN 53 )2, 23t TR BUARE AR B2 ) Il 3t e A8, AKORE A BILAH X AT P [l 3
S5 07 A 1B P AR A T PR 78 e AR B Nt R 2 L B A ALY G ) A W i i 40 %) 3 590 B BB, A O 2R
B 5 i bR R 8 Bl B e 4. A2 HES ARERE A B AR A LA 28 20 IR O ISR | TR s S
KA, DT S5 B TEAR A i v H A ALY e 0 dE AT A0 2 B
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Fig.1 A device used for the rapid extraction of organic pollutants in aquatic sediments
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AR AR S ][RR BRI R AR A 2.000 = 0.005 g HLARHI AN 500 mL #B4EK , FEANA 0.5 g Hiks LA
FERUTR s 19 6. 28 IR R it B 1 (B RSB H m A 1000 mL K B 78 55 — AN [BRES B Hh s Jin
15 mL 5 BE(DCM) VE R BLER IS 7). 52 56 T 6 R A6 TURE 8 1 25 -0 40 AR e HR B R e LT
FEANPE 1 7R PEAT 20 285 i 2o felf AR B A8 A Y 7 28 = 3 ] X 22 AE RS B (R PR HI K R AT R Bk S Bl
FE A B AL AL A BB AT T IR PR HIK (R E N 6 °C) SR J5 439 T I FR A X e SR B AR i AL A
MLHZHA ) A4 R RSB I P (JELE 23 5035 A 120 °C 70 °C ) AFEERCES Ff H 30 [0 37 90 i it
2 by SEUMAE R, SRAFIES HIKIZTT 1 h, B T A B ARt A E WA . 22 SRR, 1K
AIKAH 1378 5 A 2 1 3 A A 2R it B B EC B 5 BB e A A LR BB R (B IS i, 8 T U A T
vty 1, F T SR DU S5 I, (e 4 5 A H b WL 0% A FILRE A B CBeL. ) 2BE A A LA 19 (B FS e
HOINA—E B Y TR BRIR BN K , FRREA HUR AT e 5% 28 & J5 T e B 2 K-D YR AR, #-17 AWk 4 |
ER BJEIHTIE GC-MS _EiEAT EALIIR.

1.4 FIF GC-MS X 16 A% PAHs #E11E

GC-MS BT AR DL 4l He /E AR, W R 1.2 mLemin™ | ZEFERR 1 pl, RO HERE 5
BERE O B IR R R A TR IR 4 1R 280 °C 230 °C 1 250 °C.GC AU THE R FF IR B N W IR TR
980 °C £ 1 min; L 20 °Comin™ AYTHEH R T2 150 C 44 6 min; 4% 10 °Comin™" FhiEH 5 4
%250 °C, IR 12 min; FeJi, LA 30 °C min™ #ORTHE F 290 °C, PAFE 6 min; ¥ 7 ZE 3R B 8] 15 52 A
6 min.

16 FPf4E PAHs IRAAREE (500 pe- L) & 48 LA 4335 ( Scan) (T34 5 far L3 BBl 50—500) i
T AR S NIST 335 FE X B AR M, >R R 2 5 (Selected ion monitoring, SIM ) #4722 it 5 ifE
2k R 4% H bRV BE S BE B AR X AR HE IR 22 ( RSD) {EANT 20%. 55 U I RE Rif 4 1 © 8 7 (447 71 i 2
E O 20U B A BR TR AL, T SR (I RTC T %) e {1 22 /N T 209% , 5 DU sgf 50307 2 7 A i 2 A L Ok
filt b, F— 2 T e A3 AT O Uk B X 28 H AL B Y R AR MET W, B E T R SR B (10,2050
100,200,500 ,1000 pg-L™") , LAAMRIZEHEF T @S b il 25

2 55 59718 (Results and discussion )

2.1 16 F PAHs A9 5 w

SPHEUY SR K B R 16 b PAHs ISR BT, 4 PAH BAUKRE S B4 500 7 B
(FE2) ,45 PAH R AR BRI ] M A o B8 F- a3 1 Ir/. 16 Bl PAHs FRdfEfh 26 R (E R T
0.999(5% 1).

SFAR KA O H 16 RO PAHS R 2K B B A RO 30 E 045 75 1525 1 (method blanks ) | SE56
25 H AR (laboratory fortified blank, LFB) | 3& Jit il #5 ( fortified sample matrix, FM) L ) T & #£
(duplicates ) 55 N %¥.

22 KRS IEEH

T 28 R R 28 FURE i (KA R B 4li7K | TETRE Sk JE /K B R 6N ) 78 S 56 28 P 4 HE A4 o i A B
FEERAE , A0 F5 A P AR TR AU BB AN T 0] 24 S 4. LA 3 A5 (s M FE AV 3 (ERE IR 10 pg-171) A
Pt 48010 AN FEBTINARAE S, I DL 314 A5 B AR AR o i 22 Sk t1 B 45 2 B s 1 LK AH R 16 F PAHS K
RS 0.35—6.54 ng-L7";2 g [EAHFE ST 16 Fh B ARAG HHBR A 0.96—5.78 ng-g ™' (£ 2) LA 1 L 4ZlK
YERKAAZS 1,2 g TOKGREREN A BARZS 1, #EA T AR R AT AR B K780 5 525 11 1 S 30 B AR I 2 15 il
JEEOR ZE R B R KA TP AU Phe 7855 FARESL TP RS H (13.91£0.16 ng- L") | XA g 5 KA P izy iy
SlEAR R R, ELIE R PR A 5%, T DAAE AT AL B AR rp o] BERE IR B v A A HARTS e s A T RER .
JE SRR KA Phe R A FIBRZS FIAS H VR B TS A AR IE VR JEE.



498 I 53 1k

pS

38 &

&1 SIM BT 16 Flt PAHs (908 B I 1] E o B s 5 MIbm i h 26

Table 1 Retention time, qualitative & quantitative ion and calibration curve of 16 priority PAHs in the SIM mode

EEa7] PR BA (] TEE( # ) /LR T (m/2) PRk L/ FRUEMIZE y=ax+b(R?)
Targets Retention time/min  Qualitative ( * ) & quantitative ion (pgL™h) Calibration curve
NaP 4.628 128 = ,102 10—1000 y=690x+705 (0.9993)
Acy 7.847 152 % ,76,126 10—1000 y=542x+1054 (0.9994)
Ace 8.471 154 = ,76,126 10—1000 y=368x+199 (0.9994)
Fluo 10.934 166 = ;165,115 10—1000 y=406x+24.0 (0.9994)
Phe 14.773 178 =, 89,152 10—1000 y=588x—154 (0.9991)
Ant 14.936 178 =, 89,152 10—1000 y=550x-1487 (0.9973)
Flua 18.327 202 * ,200,203 10—1000 y=569x-1875 (0.9988)
Pyr 18.894 202 = ,101,202 10—1000 y=598x-2342 (0.9988)
BaA 22.222 228 = 113,200 10—1000 y=374x-2307 (0.9960)
Chry 22.347 228 = 113,200 10—1000 y=434x~2829 (0.9960)
BbF 27.168 252 % 126,224 10—1000 y=342x-2133 (0.9987)
BkF 27.338 252 % 126,224 10—1000 y=358x-2584 (0.9974)
BaP 29.244 252 % 126,224 10—1000 y=282x—1872 (0.9947)
Incdp 34.998 276 « ,138,277 10—1000 y=258x—1464 (0.9970)
DBA 35.148 278 x 139,279 10—1000 y=244x-1725 (0.9963)
Bghip 35.723 278 = 137,138 10—1000 y=289x-1475 (0.9991)

TE: y=ax+b, Ho o Sy HARYMREE A0 pe- L' 5y 9 GC-MS X E AR MM 6, Tt 48 5 a b 43 S A ol it 22 1 At S50 A
Notes: y=ax+b, where x is the concentration of the target analyte (pg-L™") 4 is the response value of the target analyte according to GC-MS

(dimensionless) . a and b are the slope and intercept of the standard curve, respectively.

R2 HARY L RAN k= A

Table 2 The method detection limits and laboratory method blanks of each target

IR FREE (n=6)
Method detection limits Laboratory method blanks
HAr4y — o
Target ‘ r«ﬂﬁ EMH _ j(ﬁUFE A*ﬁ
Liquid phase/ Solid phase/ Liquid phase/ Solid phase/
(ng-g™) (ng-g™) (ng-g™) (ng-g™)
NaP 3.23 4.03 ND* ND
Acy 1:59 5.16 ND ND
Ace 2.25 2.28 ND ND
Fluo 3.88 1.24 ND ND
Phe 6.54 2.25 13.91+0.16" ND
Ant 1.23 0.96 ND ND
Flua 0.41 2.14 ND ND
Pyr 0.96 1.53 ND ND
BaA 2.21 2.18 ND ND
Chry 2.23 2.04 ND ND
BbF 1.82 3.15 ND ND
BkF 1.21 5.27 ND ND
BaP 0.35 5.78 ND ND
Incdp 0.54 3.56 ND ND
DBA 0.35 3.17 ND ND
Bghip 0.69 2.88 ND ND

7 :* ND, Not detected , Rk ; I’Elzﬂ]ﬁt)ﬁ(#ﬁﬁ( mean+SD) , [7]

2.3 bR
25 AR BERAEZS KRR (B AEK ) 5525 1 AR FE (B JC/K SREBRANURL ) JEAT AR S0, AR 5256 v
TIbRVR BE AR IR BE A 20 ng- L7 A1 100 ng- L™ FT# 25 FUNMAR 16 FrEHE PAHs SF37 AR [ %k 89%—
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134% 2 1], HoHt Phe Fil BbF FISCR T 130% , HoAax HARY) s BISCRBAE T 120% ; J5 & F- 2 s
ISR A 75%—128% 2 ], HiHp Incdp F1 DBA [FISCRIEE T 120% , He HERPIIRT 120% . VK £
T [0 Az 5 B 0 4T b o i 22 (RSD) 37N F 20% , Ho i B (100 ng - L7') A9 RSD B K T % W &
(20 ng-L7") (£ 3).

3 16 FldE PAHs 25 FUIMBRSS
Table 3 Results of laboratory fortified blank of 16 priority PAHs

20 ng-L™"45 FUKAR bR MR (% ,n=9) 100 ng- L™ 25 FUKEE IR MR (% ,n=9)
Hizy Laboratory fortified blank within 20 ng-L™! Laboratory fortified blank within 100 ng-L™
Targets IR/ ME FRAE FEE XA 2 o ME FoRAE SEBME AR AR IR 2
Min Max Mean RSD Min Max Mean RSD
NaP 84 112 93 10.8 65 86 75 10.7
Acy 61 111 89 16.5 66 95 79 11.7
Ace 65 119 95 17.7 68 98 83 10.8
Fluo 67 124 99 19.1 64 96 88 13.5
Phe 94 160 134 17.7 82 110 97 10.7
Ant 64 125 101 17.1 67 88 77 9.15
Flua 77 135 115 14.8 85 114 102 10.2
Pyr 73 155 118 19.5 84 115 100 10.9
BaA 81 129 118 12.4 92 135 111 11.8
Chry 83 135 118 13.0 85 125 107 11.4
BbF 109 140 131 7.82 98 137 119 10.7
BkF 97 138 117 9.29 95 132 116 11.3
BaP 75 143 118 18.7 83 120 96 11.8
Incdp 87 145 114 17.9 90 147 123 18.6
DBA 81 146 113 18.7 87 155 128 21.1
Bghip 72 122 99 16.7 73 127 103 19.9

2.4 FEFUIMAR

IBEAKRERGTRR Y 35 R A F LK e, /KR BN AR B B PAH JINAR IR B2 0 20 ng- L7 IR
YIREIE FOMAREEA FRLR PAH AR BE 450 ng- o' HHE 2 AT W, BIFPEL S 16 Ff PAHS B9-F- X 0mAs
I I 7 80%—1209% Z i), JLIHXTTF Nap Acy X4 & Mom (R ER S PAHSs, 54 80% Jkr [nl i3,
Ut B2 0] 3 AR A DR it A A ) AR R DR i 16 P L s [0S0 38 19 A X A8 E A 25 (RSD)
FAHIR/INT 20% , 15 A USEPAAEZE M BRUE. DTFPI H PAHs fInAR NSRS 80 48 i 10 5 vk, iX vl R S5
TURRA BE AR 52 2 A2 TR 1 DR 3 5 Ml K.
2.5 HEMRIE

AT R IIE 2 ] — 2R 43 A e At 37 (%) JLAgy, e BRI %) S 045/ A5 BRI A TR S i A 2,
R i A 3 5 (AR S E ME RS 2 8. 36 4 S5 R TR, 5 AN T A DU RE S TR AT 16 Ff PAHS
M (SPAHs) JEFEI7E 545—1301 ng-g ' Z ], A #04> PAH BAKRAS 1 (4 Acy . BaP  Incdp F1 DBA) . H:
HR R DU SPAHs A9 RSD /NT 20% , VA DI H SPAHs & /9 RSD /T 10%. A L T
TR LR P 5 B wh R I593A B O R R TR B 3 — v T e 8
D 7E PAHs HFHX i 25 570N
2.6 A PAHs FIANEE )T EERCR B A

FEABE T AL FRRSCR 5 Y BT E A 1Y PAHs FIARBRFEORIEATIC B A, 25 R L3 5. 0T LR B, ARAIF 5
AR B A AR U ) AR AR 7 T 24O T 2R CQHR L TRI e | AR 5% 4K Bk B AE MR 3R PAHs IRy
TR A G T8 7 D SR R 3 (U HJR 5 & PEH5R NaP 1 Acy B9 [RDCRBER T 809% ) " i filc ok 4l Bh A%
B o 5 A B LA L s S A R R B 5 R R R A RE BT ) R A OSSR T T A R B e {E
DRI 75 B Ll 015 4 RN A, 2o v 2 8 40T Al R A JE 107 P e 77 A | AR RE O A
fe i AR BE e BN AT AR Ty T A — R A AR AR Tk R — A R LR A U 5K
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Fig.2 Recoveries of 16 priority PAHs in fortified water (a) and sediment samples (b) (n=5)

x4

T IR 2 i A2 ME AR S e

Table 4 Results of duplicate extraction for 16 priority PAHs in the sediments from rivers and lakes

FIE PR ER 22 (ng-g™') (n=3)

Hbs¥
Targets B A W B W C I A W B
Lake A Lake B Lake C River A River B
NaP 258+24.7 255+8.30 252+9.30 257+53.5 56.6+14.2
Acy 10.6+1.37 ND 12.5£3.35 8.55+0.76 12.6£1.70
Ace 15.3£7.92 9.85+£0.93 20.9+1.19 16.0+£0.63 16.3+£8.58
Fluo 39.3+6.24 22.4£1.09 40.8+£10.4 32.8+4.47 24.8+2.82
Phe 146+17.1 67.6+4.04 141+34.3 103+16.1 82.0+19.7
Ant 41.2+6.09 5.85+2.16 23.0+4.38 15.3+4.79 7.05+3.76
Flua 113£2.51 81.5+12.8 80.7+11.5 22.8+7.44 22.2+3.50
Pyr 112+9.27 57.4+19.2 86.8+16.8 33.6+17.9 23.1+5.84
BaA 47.1+1.49 23.3£14.5 33.5+£7.04 11.5£3.50 6.65+£1.94
Chry 83.8+6.65 38.1+14.7 49.3x10.9 19.2+4.29 22.1+9.07
BbF 174+18.6 85.8+15.6 148+56.7 187+39.4 126+17.8
BkF 232+18.4 10.7+2.73 292+73.9 188+47.6 123+17.1
BaP 12.1+6.62 10.1+1.31 ND ND ND
Incdp 3.70+2.12 ND 4.47+0.58 ND 4.17£0.74
DBA 7.17£5.40 5.30+0.82 12.7£5.99 ND 12.9+4.49
Bghip 4.90+1.78 3.65+0.93 3.70+2.70 3.97+0.58 4.97£2.01
SPAHs( 16 Fl PAHs L) 1301+80.2 676+58.0 1204+97.9 898+183 545£47.7
X AR R 22 (RSD) 6.16% 8.95% 8.14% 20.4% 12.1%
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Table 5 Evaluation of PAHs extractoion used in aquatic environment
X . X ]qzc'/‘?;‘q i e H H l/.— b H, . -
. 2RI R R JiEE v R AL H M«Eﬁﬁ JIE73ie ﬁ[m?%bm@%tﬁl 1370 BB
Lty . Accelerated Microwave Superecritical X
i} L Soxhlet Ultrasonic . . . . . Recirculated
Characteristics traction (SE) waction ( UE) solvent extraction assisted extraction  fluid extraction tracti
extraction s extraction (ASE) ( MAE) (SFE) extraction
K K
TR 0.02—6.83 ng-L7! 0.35—6.54 ng-L7!
o NA - NA NA v
Rl 0.34—1.52 ng-g~! TR TR .
0.75—4.20 ng-g”! 0.96—5.78 ng-g”!
R it T Ak B ] 24 h 1h 20 min (120 °C) 30 min (150 C) 2h 2h (120 °C)
) ) 4 Co,,
o 150 mI‘ 30 ml DCM/ACE 30 ml 2
AL BRI FE HEX/ACE DCM/ACE (1:1) DCM/EtAc HEX/ACE 15 mL, DCM
(1:1) (1:1) (1:1) (1:1)

fIRFR PAHs [EIJR 60%—70% 57%—93% 50%—115% 50%—70% 88%—94% 80%—100%
E 3R PAHs MR 75%—85% 83%—103% 81%—114% 65%—80% 90%—100% 90%—110%
AR i T Ak 4L 5 5 + ++ ++ + X +
RV Bl x + 4+ ¥+ ¥+ + o+ ¥+
BREMEAL AriEft ++ + ++ + + X
A AR ++ + + x X X + +
i T R R AR ++ ++ X X X ++
B AR AE + + + + + + # X + +
=N [13] [14] [15] [13] [16] EN A

L HEX M IEC BE, ACE AR, DCM g S Bt , EtAc H LR LB s + (+  ARIE; + 1= <, RAIE s WAL SR 17] [ 20 ] 8 HE

.. Notes : N-hexane (HEX) , acetone (ACE) , dichloromethane (DCM) , Ethyl acetate (EtAc).++, very good;+good; X, not suitable; this table

was revised from reference [ 17] and [20].

3

%512 ( Conclusion)

ARBIFEBETE T —Ff T HLEL A AN H A LTS QAT S ZE B K AR DR YA AL DR A

WUk 3E R A FUINAR R BOIAR LA B PSR AE i B 2 1 300 TF ke i o 122 B XK AR TR P v 16 AR
2 PAHs AUHTA BRI . 03 BUE TR 0T 16 A= PAHs AT AL [R50 75 5 # i 3R U s |
AT G A B AR AR TR B A TR vh 2 2 AT BT G ) [R) 20 i Ak 3EEL 2 ] 20 ) s 4 AL 1T
AE , AN BESEN AT LA A S I R , E 1 MBI 15 Y W i« S5 T5 sy HRAE T HR S H .
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