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Recent advances in extraction techniques of 16 PAHs from soil samples
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Abstract: In recent years, the extraction technologies of 16 polycyclic aromatic hydrocarbons (PAHs) from soil matrices have

been widely studied and then led to significant advancements. This paper introduced the characteristics and the practical

applications of Soxhlet extraction, accelerated solvent extraction, ultrasonic extraction, QUEChERS, liquid microextraction,

microwave extraction, supercritical fluid extraction, and solid phase microextraction in soil samples combined with current

research progress.

Keywords: polycyclic aromatic hydrocarbons; PAHs; soil sample pretreatment; extraction technology

15|58

ZIN5)E (PAHs ) BEAERMRIIAENE, WaTM7E
TEEEPLE R R, 555 PAHs EUE RN A=l ik
ERESR IR D, EHAETRERANTAE
M. PAHs EE 0. 2, oA agtt, £ HEERE
JRiE B EE AR, Rk, TR0 PAHs 192
EHAEEE .

T3 PAHs b TR EUHEIE B4 H TR AT A
%, Hitt, RN PAHSs PRI T8 et B S T A F
H R EIREE R (EPA) 4140 16 Fh PAHs 4 (L 5ei5 44
ISR, R M A SRS A/ R OB CE — BT
KAONTTIEFEEN IR, ERROIZEeRE, Bl
i, s AR A, FRA IR & RIS SR
Rk, RSB R E R R, T 10 2k, &
RS A T 56 H 358k PAHs FOR AR ", e
THEVISEWHRROT IR THREA R, ASCRESE ATk
MBI IR, BgE L R 16 FF PAHSs (97
piSLipapsn
2 RRIEEUE

RN LR ITE R e it #H5
K, BRI EARE S i PAHs $2H I EL e 757 (EPA
3540) . &0, BEERMNEARARE, RICAERWEHES
PREFER )T, SRR, MED SRR A RS

ATt — 20 M R IR EE IR R, Edward Randall T
1974 SRR H EBhCRICIRBUS: (EPA3541) , Zepk2rs ¥
Fo 4 H AR RIS & SAAERE (GCMS ) 2 Hrille £35

rf 18 Fft PAHs, PRI A 80.2%~92.4%, FHXI PR RZE
A 3.2%~8.9%, KT P 1R AR ICEEECEE & R A SRR A
A, ZEF P B sl AR CEREER I Tk, IR R,
BT TR ICHEIEY . 18 5 R RHRIRES H AR I L
BErpIE. B, E=F" PAHs, FilF R RIS R 5
PAHs i R AT T, TRENERRE, (ERARKERI 5
FEMATTR BRI, 70 bR IR KB IR TR, b
BEG RS S5 RAHE R A SRR o

HTREERDSRE TEHAS, TR,
RIRFERE AR M TR BGE A A P
{HZRICEEZ A R AR BERR HIME DA TS RIZE R,
[EIEHm SIS 2R EURIEAGE B PAHs 43 XELRIS AR 2R
B, AN, AR AZBREREI R TE GC-MS 1
GC-FID Sl tHEIL 1 — e IE Ml S RS T IS o (A5 i
e, AR B AR U,
3 INiE AT FEEGE

DIEIAEFIZEEL ( ASE ) @A B SR m AR T,
SIS T B AR — PR AR P SE5RRIT
HUAAEL, ASE FARMAE, & EPA #E7E (Y PAHs IREUG 22
— (EPA3545) .

H RTE N B K &SR0 EE S sE 722 B R e
- #8rh PAHs $2HCOT RN FH, 48 LC 8 GC-MS (#5537
JE B TE 60% DL _E ' Wang 25 U b 1 s Fil2E
Bk W AERGE . RIKAEEUENT +1F 16 Ff PAHSs (%%
BUS R, 4R B RERERESRIN PAHs FUHEBCEER T
DEETAFAEEGE, mint T HA PAHs 205y, nisiza ARG :

237



MEERR5512H

ISSN: 2661-3735(Print); 2661-3743(Online)

AIEEBSR I T RIREEEGE

WA, DEEFIZEEG RAE 38 PAHs f 5 H R A 4%
A RREE B REFT E AR EE Y, A T L B k. (B
T EFEEARRE, RaiaRIE S TEER A, oS
BRAESSIAZN, W biREEskE U %, Kk, ik
EEERGEIERT, RSl e T 5 E B AR E R ek,
MR ATRE A > BN, FERUAEEERE A S HBLR
W, FERGEERGIEE, T A T s,
SEETHRAS.
4 BERINIZ

A HEEGE (USE B UAE) J& EPA HE R PAHs $2EX
J5iz— (EPA3550) . HFAZEIVRIRIERI(E, FEREE, H
PREGRENR, B A Fae i, vz A TR
PAHs, &—FhEELEEN A I TIb R A

Sun % U St L PO R FRGA I 75 AR T 5 G 1 35 7 A
FERIUPUFF TS ARSI, AR 2R, B AEERRE
B a0 H . T E7KEEmmii
W B eE, EONTYE BRI 2 SR B Ry 2
FOB/D, MRS T A R % . Heemken %5 ' Z 45
HIERAE R (EIanAEHE 2- B ) , ] BRI
S IHEB FEHRE A BN, Banjoo 5 P @R LN A I ERER
AN, FEINAECGEHE S R EP TR, 0 IR ITE )
fOriasEsh, A8 A PRI S T BGROR EF R H
REEAEIUE ARG S, By T MEZEIEEE, B80T
Bt 2 KA I 2E B R 50, 3R PAHSs 12
SEIE R 86.9%

5 HAMh PAHs F2EUT AR, AR SRR S5
B, AMEETREA S, RIRRSEHTIGERERCH P, SR,
FERN 2N, TSNS E, Do s
FETE B A SRR TR S E, R R R K SEGEFIH Y
PAHs A A i RO P FE R S Rk e 1m, MR MRRIEI 2 &,
AT, AR E L KA RESHEA PAHs H AT E A1)
LERg PN, gEAN, R AERGEN BARE R, K BE
FESLENE FO AT TPE TR, Wik, SNEEsge
FyEEERES, RS A ARG Sl — P A B HAb R RS T
=i

5 QUEChERS

QuEChERS J& 21 R e iy — Pk S T EEFE R
TEENSNE A /D %T 1138 PAHSs #EE0 T IR TE =2,
R 5T 3 188 o AR AR BRI RIN 771 ) 28 A Bl 5 H At &b 3R
558, Mo QUEChER 771358 PAHSs iy BUFEEER

A TR T AT L, DR P T
UAE-QuUEChERS-GCMS 43T 225042 5 PAHSs kol I ERfR L
3% 16 Fh PAHs 1753k R A 0.17-2.35 w g/kg Rl &=FR
4 0.557.84 wg/kg, A ERA QuEChERS H ARLEALF b

238

FEAE ST H AR R — R D iE R O AR, 1EAe RS PY
A7 T LU B QUEChERS ( . -QuEChERS ) #2
B, 456 GC-MS o HrscBil b . dERfA ke + 158
7116 7 PAHs FOSr B VM3 QUEChERS # R AR AE AL,
F 1Lk B 52 B QUEChERS- 4» B i i 2s — To b FiRL
RS 1358 15 F PAHs #E1T THRIVS E5, MififeA 1458
IREET PAHs IR 2 HT8E

QuEChERS HARJEREMIRE S AT = R IE D, FEIR
BEEFFRAN NENREE, RNPFEICT SRR AR,
B MEB . DeNETHR B, (BT RS R R R
ft, QuEChERS FREZL5 HAMHOR A DL FEET PAHs HIFZHL
6 K B{ZEEX

DU - T EE B FAH & R MO AR B AR — T B
B, AR T — RIS A I BT B R B, SR,
TAEMEERHE /K REFP AT PAHSs 5T ELATAE HY & Rl A £ Y
R, (B EARE S R HRE PAHS FURFSR IR . 45 hE
A ( DLLME ) f24F 2006 fE93R H A Hth—Piigh AL iR
EEBE A B, I B bR KIS — 2 B —Eon =
PR A 2 P A A B S PA SE H R B E Y o

MEAEESE B 8 T USE-DLLME-HPCL i -+ 16
Fh PAHs &, 13 ZIHIRICR A 64%-106%, &I/ DEREIR
2053 1O 8 I A2 4R T 2T, Yazdanfar 25 B7 257 T MSPE-
DLLME-GCMSJIll & 4 5EFE iy 16 Fh PAHs (975722, e
OIS 62.3%~104.3% 1% 51E M R a] IS A LA
FRE AP ANAEA MSPE (BEBEFAZEEL ) FOREM IS, (RIS
E% DLLME WG EaE ], B iR
jE%llLacEia

TEFIREREEE (SBME ) Jiang Al Lee™ 7£ 2004 42
H T — R AN AR RS2, R E S rh 2 4 4E 5 ( HFM)
AFEEWNEYIEAIERE A B RENE, (2EDIHTIMEE
BB RIANLAR]. HEM LR/ NS RE i b
HIRKEYIPRS SN, RSBl E S E AR B AL
YEM. Guo %5 ¥ i RO 25 BT B - 3EM/K 8, SRFE R
FH Q3/2 Accrual ZENIGTEN SBME 1A FIHEIF G 18 1 PAHS
TR A, 22 GC-MS S #TiESE MAE-SBME-GCMS 7
PRI 8/ PAHSs 7 R ATF71: . HEM 19 fe A — kR
EIRAG SR T RS RE S5 5y, (BRI E SRR
Tk, RN ED LIt e

DLLME $ AR AT (i b A BRI 28 BRI AE B F R 55 5%
HEREIR B B bR B B, Rifn, TR 4=
T HERES, DLLME il 752 5 KA HOR B POk %GE PAHS
PEECHOR:, RIS R ER AT

7 UK ZEBGE

e 2B (MAE ) 2y EPA HE7% 1Y PAHs #2807k 2 —



MEERRES5E512H

ISSN: 2661-3735(Print); 2661-3743(Online)

(EPA 3545A) , HARUSCR R 2RIGHZSR . 32 E
FEFTFREE R s, Hrr SR B AR MRS 45 R A SN
T BRI RS IS RO RERORI R, bR
2, BRTHRSHERGHE

2R Y AR (IEC k. Wi =1:1) 2EH 10 g +
HERES, 4EAAE@IE (HPLC) MI5E 16 Fh PAHs, FESIN
PRI T 84.3%-93.3%, ARG FRUERZ N 2.8%-5.8%. 1
IR (5 F . Nl =1:1) K HPLC, 1% )
B+ RS TR E 1 g, 16 Bl PAHs B 5 IIFR A
79 61.3%~129.2%, FHRARIERRZ 4 1.63%~6.51%; M
W 2 g +IFRES,, 15 Fih PAHs FODIARIEIRCR % 58.1 %~
97.8 %, FARTFRUERRZEH 0.60% ~4.60% . RIS B RTbkH:
2 U ke AR AR 0D 5~10 15, %R AL
JHRER AR /D, (HIXF] RE 1S B AP RIS AR
FRE(R 22 R SR SR R

TR B AR B AR DL AR E R AR L 2R AR
Wz RAT O EREARE . WREE & IR E
PAHSs ZH3 FIAbFE AR RE S (B X E DN A TR R
PR, thARGSEBLAZNM, SHMESTBELEREE
TIEAIE
8 il S 2 Y

HIG SR AR EL (SFE) 9 EPA HE7 () PAHs $2EUS
k22— (EPA3561) , RHMZERGIKZEA CO, F I
T RisUAL &Y, HH CO, &Rl G R fEEAME FH, =—
FREg e ZERUE AR . T RA K& Sk RIE A < SFE /£ 1%
PAHs HEET TR FH o

HIG TR A GRS . SHELH) PAHs 415y 5B
b5 WAEB SR A PAHS 45y, RIS S AR BRI A
FA AN Ik () AT P R AR i 2R B ¥, Lutermann %5 ¥4 &
T R — R A R E ST, RO, MR &
R A R IRE PAHs, LB CO, HHIIA 10% 85X, 2% )
TRIGEREFRASE S HTRBUS R . JG2K Hollender 25 ™ 152864k
ESX—4518 . W T REEUCEE SRR S B T8,
TEEREEAF A CO, 5 10% Kiles Mt T s Ger 435,
Teve fd FAMSRPSLIG 7], HREEE REMRZ2, 4Rifi, Librando
2 U 2R SU00 v G B B P RS E L i 1 7 A SRR - 3 AR
Fbb ot B = Y PAHS $2HHUR . FELE PAHs 21555 4L
[P TR . BB AE TR ESRIOMEER, NS
5 YL R AN PAHs oy InE . B RRIME B A7
SRR AT SRR Z MM EE R, ik, 5
Lutermann 25 ! Hollender® ™' 5 Librando % M {# ] R~
{5 GURR R FN2R A ) + 33 e A BG  E 2R K.
P 2 LI B P 500 P e X 24 B 3 P ) — e R T e 1)
fOUEE ¥, Chiu 25 " H2H T8 F TEUA B B LR SFE
BE, HELS GC-MS JU5E 4 T PAHs FIKEE . 45 R BoRE

F T 1K A 47.8%, H 4% 3 Bl PAHs 29 97.3%-106.0%.
Wickler %5 ¥ %)/ fd 17 £4% SFE-SFC-GCMS £, il If
WAEEEI S IS DTS IOSEL, BRI EL e 1R
=1 PAHSs [H=EFIE =517 -

SFE HoR A HRHUN A . 22RO m, TR LIS
BHEN S (B E— SRR, iR YR RIfE
AR REE R, , 1 T 28k, Mk Bt ko, +
oK MRS, IR RS IR R

9 EltHMZEER

DUEARZEEON SEf A e (O EIARREE R R (SPME)
S HTIAEE TR fG AU B SR S s S B AE 45
PSP SN PRI . [EARREE I R 245 Tk R A LT
Y [EFHRCZE I (Fiber-SPME ) | & N EAARIZER (In-tube
SPME ) Fifit kiR #EE (SBSE) . M & A #EE ( Thin
film-SPME ) % 2 Fp#E Ui, H. - Fiber-SPME N A
THF5e LI PAHSs H2EY

FRIBAEECT IR [F, Fiber-SPME R] 4y A Hifh: —&
¥ SPME Z2 Bt B HH2 AR #E{TZEHL (DI-SPME ) ;
&K SPME 2 HX S ARE i B B TGRS 2= S b AT AR
B¢ (HS-SPME) . 7£ fifi F SPME #& Y - 3 PAHs [}, 1k
BAEENRE RN IR LHE, R B R
WsEty, RIS 7 B RS W B B R A
SRR PN GBS B R SPME (VAR BEATAE B R o
SRAEZRSE B2 f = BN 1 D5 T I - BRI VE N HS-SPME
R, 45¢ GC-FID JTE T3+ 9 F PAHSs, [0SR 7E
70.2% ~105% . F1 SRR E T4 RN R HE S0 E A A
RESEN T, BN ERMEMEARERERE ™,
Zhang 55 Y (i L 228 A & 0 BIRIRE T4, SE
HS-SPMS-GCMS 3 #llE 338 8 it PAHs & &, [
1E 72%~102%.,

bR TR ARREM B TS EERSCRIN, T 595
Wr¥ 5550 2 [FAEE VE RSB IR, RTLLTE SPME Hijfif
HAME A (140 MAE 8 UAE ) 7E4HRBIHREL, (544
MR SR A AT R, PR RO
Xu 55 BV DUA BT VE A B AL (p-SPE ) FOWLB
N5, #3727 MAE-p-SPE-GCFID/GCMS 75 75 R LR B4y
Wi e R TR (4 5 B PAHS, iIF B MAE-p-SPE-GCMS
5 3 K PR [ A 5 0 1 M. Wang 5 B fE F T &5 1)
100 mm PDMS {E 4 W M /i, 4% 4 UAE-SPME-GCMS
FiE, BT H R AR PAHS [0 ng ZUE BT, R
ocha 55 (i F PDMS 1E AW/, EE17 T MAE-SPME
-GCMS FiEX R TR L 16 Tl PAHS 1T 54T
. B 470.0%-109.6%, 1IFF] MAB-SPME % PAHs #2HE
ELEIENE, Yiantzi 25 PN T E 2SR Vac-HS-SPME-G

CMS 751k, B EZSRIEIREE, (2t tHERm e
239



MEERR5512H

ISSN: 2661-3735(Print); 2661-3743(Online)

Rz RGN, MTIEE SPME %o ({45 5t PAHs HY2EEY
By LIREERRNT, (FHEZSZE R SPME #2115 PAHs
BP0 R R B S RESE . Martendal 45 &
FEA—FE A ST TR R R, JeDlE R (DI)
W MR L ARy, SR R AT (HS) SRS R
Wy, BN T EHEE— TS R R A IS A A E AR R T
o LISIEHX AR AR S T =R AEf PAHs 1R
G AERCSeR, 1o H AR EUR et ]l F i SC o e
Bfb. Lo, AR FARE R R EE A RERE i gk
AU FIATEE, MM 4328 i 0,
Pino % ' 52 Ff MAE-SPME-GCMS 751, 2% EHiiFge 71
B (SDS) . FHET- (CTAB) AHEET- (POLE ) =FfhA[H
FEHR A%t SPME 255X 16 fh PAHs UM, SOG4k R EHHTE
FH PA IRE LT EUE R IR, PR S ERE LM -
10- H 35k (POLE ) X PAHs FYARBUSCR B O T HiAh 77
Fh E R, Fiber-SPME + AN B I FEAI I RE T FR 40
FFE—3E L, ROUESBENEE B A% T ot
BRI R, B IIAT4eS A BiR, #HREa
B SR A, — AR An FRAEEA SR -3
SR TS 28 B REAG RolE o SRS, /D T RS IR R
SHEFHEE Y, FEHHEES SPMEST4ERfE A4y, (HETHZS2E
Bt e DU 224 [ B 20 4> PAHs. RSN, H BT
[JSPME 4 e i AR AR, KBTS
SNTIRIR R E S, SRR AN, % AR
IR DS RIFIOIETE, (PRI AE ST e
FESLERRE I AR R

In-tube SPME i FHH MG BANE R E AT E, Wik
TARRUTHE ST, IRED AL, HikEE g R
FRVAIRE e I AT S Rl 86 T C6- RERE A EE A1 A
ZEHU T, 454 In-tube SPME-HPLC & + 158 167 PAHs
, [ 82.4%~110.6%, THAMRZE A 2.6%~7.9%. SEEARHERR
(PEEK) E5 TYJE|. flemss., (e tts, 2—MR
IFHOEAFEIRCERE A . Feng & ™ il & RS T A7
e ANEEHNZZITESER) PEEK B {EAZERNMT, (A In-tube SPME
-HPLC 77 3= - FE/K P fiisg b 10 7 PAHsHO & =, IR
[ 22 85.1%~118.9%, In-tube SPME 3% R FZE5E M [EIHARE
e TN, DUSHRE R SRR A R AR LR . (RIS
, In-tube SPME BT I, SEURALITRERE A I o

i T Fiber-SPME 5B E AR/ N TRE AR, (4T
VI RSP 5a M P =2 FR . SBSE E4 SPME K%
JER)—PPRTA, I EIRE RS RE T B IR BT A
Bt, i H BBt iE R, 4N, SBSE MUAEBURHA
FUZ Fiber-SPME [ 50~250 (3%, #% K HOBR & 1 {88 REUE .
Kruger % ™ %} T SBSE F1 SPME W fii AR 7EE 72+ B

240

i PAHs BUFRBCEIR:, 454 HPLC WA BISPME 257
IR AN IS (TOC ) F1 pH EIUFA, 1f SBSE &
R TSR\, H SBSE (45 R HEEMEZE T Fiber-
SPME. {HJE, 7F SBSE ZHUdEr, B2 SMEZIFE
FEEL S B E IO A a2 2R

10 &iE

WEETRIOR AL TR, S HTFRGN IR AR TE R st iy
AT, A A T PR AR AR SE RN L R . MK E SR
RIVEH, AREFRGES . fRIieRs . Rk, R
SR TS B AR A 2R TRE R EMN. (B8
IRAE—PPLLFRH AR PR E 38R (1) PAHSs (57522 HIING
ThZPkik. EAl, 7EFEECTI PAHs IARGELER R O
AFRZEETTAXS PAHs &3 IHRBCICRAFEZ S, -
el IR R R R S E AR IS R e, AR
BN LR A FE PR R FEAE B AR R ERIR T e,
TR A B PR A EAR A 2E BRG foft i BB AR F R R e
QLG RIS A, P RO AR AR
PITBERS ST H IR, BRAA, AR IRRORRE
TE—EREE B ERIFEUER AT, (BIRZ et riTnit
T TS == R B, #E ARSI T AL BOA H RAIFR
HTTRRE R — PR AT . AN, FERElREEoR
AR & FR 2 BB A 2R AR RO RRE S AR B /N
KSR B R b

Mg TR RS, T3S PAHs [i554E<
Kite AT HRHMRIR IS GRS 5L
WRATEE DR R kB, R, Rk, P, £
BRI R IERR , KR AKEIREIS 5T PAHSs 2T
SR A0
SE Wk
[1] TR Z IR AIE M) SR & 1, 2016(5).
2] IR E NI R385 1 6P 2 EOF R AIE S

FRE S —TE%(Z].2022
B]  EIEATRW LTI AIE AR TR Z].2016.

[4] R 4 E AR RIS (o 1 = PO AT ER R B2
SE BRI R ERITL[N]. £ (P4, 2018(22):23-26.

[5] ZH MO R IR RGN TR 230072 GEE . B B
70 1,2011,38(3):143-145.

[6] ESRKZE. - Hirh IR AR BT FR T AR R I] AR AER
HERl41R,2009,28(4):859-864.

[7] Hawthorne. Comparisons of Soxhlet extraction, pressurized
liquid extraction, supercritical fluid extraction and subcritical
water extraction for environmental solids: recovery, selectivity
and effects on sample matrix[J]. Journal of Chromatography A,
2000,892(1):421-433.

[8] Graham, M.C. Investigation of extraction and clean-up procedures

used in the quantification and stable isotopic characterisation



of PAHs in contaminated urban soils[J].Science of The Total
Environment,2006,360(1):81-89.

[9] 2R 25 hisd s A B R Iy F ]R3 4E 2, 2001(3): p.

299-300.

SRR 7571 Ll A 2 - e A R D 4 Mg e

N ZERTSIEI. 0WTE,2016,44(10):1514-1520.

[11] F4E.ASE-HPLCHIE TR BT T I 98 [1]. 354205
24412,2009,21(6):5-9.

[12] VERCE DU 2L -7 G - R € R A - FE 1 6
ST S - EREERY1,2022,32(2):49-55.

[13] B, A S, PIVIRBE. s i 22 I - 6 RS P e e e + 35

PRI IR IR0 L2009, 18(3):45-48.

YA SR A5 FINTRBH . DITIEA AR B — BB B T SR R R R e

IR Y EROTIEI). T EAORHE,2018,59(6):29-32.

[15] Wang, W. Extraction of polycyclic aromatic hydrocarbons and

[10

=

—

[14

[}

organochlorine pesticides from soils: a comparison between Soxhlet
extraction, microwave-assisted extraction and accelerated solvent
extraction techniques[J]. Analytica chimica acta,2007,602(2):211-
222.

2L M A BORTE 23105 ISR O A b 9 1o 9.
7RI T,2012,39(1):55-56.

X\ A i h 2 2R3 8 AR TR 5 B AR E (1] B AU AL R
#,2012(18):216-217+225.

[16

—

[17

—

[18

=

Song, Y.F. Comparative study of extraction methods for the
determination of PAHs from contaminated soils and sediments[J].
Chemosphere,2002,48(9):993-1001.

[19] Heemken, O.P., N. Theobald, B.W. Wenclawiak, Comparison
of ASE and SFE with Soxhlet, Sonication, and Methanolic
Saponification Extractions for the Determination of Organic
Micropollutants in Marine Particulate Matter[J]. Analytical
Chemistry, 1997,69(11):2171-2180.

[20

[r

Banjoo, D.R. P.K. Nelson, Improved ultrasonic extraction

procedure for the determination of polycyclic aromatic

hydrocarbons in sediments[J]. Journal of Chromatography A,

2005,1066(1):9-18.

[21] R A — Rt A2 e B T 3k 2305 R 4
[T1.55H71E2#,2006(6):889-893.

[22] Yamaguchi, C. W.-Y. Lee, A cost effective, sensitive, and
environmentally friendly sample preparation method for
determination of polycyclic aromatic hydrocarbons in solid
samples[J]. Journal of Chromatography A, 2010,1217(44):6816-
6823.

[23

—

Stephens Jr, D.L. The effect of sonication on the recovery of
polycyclic aromatic hydrocarbons from coal stack ash surfaces[J].
Chemosphere,1994,28(10):1741-1747.

[24] B, V. LR PAHSHEEVA AR J5 L et (1]

LIVEAAARF,2017,45(11):1894-1899.

[25] BA7E CEQUEChERS-URH (4 B — [t sty bl e 4 i -+
HErh Z 05 IR0 0Tl == ,2012,31(2):33-37.

[26] Cvetkovic, J.S. Optimization of the QuEChERS extraction
procedure for the determination of polycyclic aromatic
hydrocarbons in soil by gas chromatography-mass spectrometry[J].
Analytical Methods, 2016. 8(7):1711-1720.

[27] #4E4E QuEChERs 54 T H3firh 2057 1 i S T AT 5%
[IA40 55K, 2022.42(3):96-98.

[28] E1%U8.QUEChERS- &Rt (a1 L Pt e RS2+ A0 - i 16
M IOFIE B RS 1 29390,2016,52(9):1017-1021.

[29] fA[EZZE, et al., QUEChERS-GC-MS/MS: s i 12k £
ISR B4, 2023. 45(11): p. 3834-3839.

[30] b, #1iE, HillS. GC-MS/MSEE 4 QuEChERSTE T 15 1670
ZITTIRHITTIENI ] 7 E AR E,2019,60(2): 1-3+18.

[31] TEAEARIC AN VAR GC-MS S & (i B QUEChER S Ll
LR 16 fR 2T A M, 2020,46(1):64-70.

[32] Ef%Pk.QUEChERS-7: Bl mzE s & GC-MSIIE i
BIRIFIGIRER AL 1751,2022,44(5):755-761.

[33] A%, ZF1E.QUEChERS S IETERMRE IR A HT b 9 R A4
TAEH,2021(33):142-143.

[34] Jeannot, M.A. E.F. Cantwell, Solvent Microextraction into a Single
Drop[J]. Analytical Chemistry,1996,68(13):2236-2240.

[35] Rezaee, M. Determination of organic compounds in water
using dispersive liquid—liquid microextraction[J]. Journal of
Chromatography a, 2006,1116(2):1-9.

[36] MHARE. S BORARREE B s SO AR G T E /KA 1 b 23R
PRSI (1293 ),2012,48(4):467-470.

[37] Yazdanfar, N., et al., A Highly Sensitive Dispersive Microextraction
Method with Magnetic Carbon Nanocomposites Coupled with
Dispersive Liquid-Liquid Microextraction and Two Miscible
Stripping Solvents Followed by GC-MS for Quantification
of 16 PAHs in Environmental Samples[J]. Chromatographia,
2018,81(3):487-499.

[38] Jiang, X. and H.K. Lee, Solvent Bar Microextraction[J]. Analytical
Chemistry, 2004,76(18):5591-5596.

[39] Guo, L. H.K. Lee. Microwave assisted extraction combined
with solvent bar microextraction for one-step solvent-minimized
extraction, cleanup and preconcentration of polycyclic aromatic
hydrocarbons in soil samples[J]. Journal of Chromatography
A,2013(1286):9-15.

[40] KA SR AR B = O (1S (HPLC)EE - B 16h 2 E105
FEHITIE ] T RGN, 2006,20(1):5-7.

[41] TRIE RO RN I mrsof R e s 13 23072 )] 48
FRYE RS e F AR ,2008,42(4):565-568.

[42] PRI R R = RO €8 B UE -3 1S MR s 2 FR07 )2

241



—
~
s}

e

[45

—

[46

[}

[47

—

(48]

[49]

[50]

[51]

[53]

[54

[}

[55]

242

[J].FF PR ,2009,25(2):86-89.

TRES G [ ARV th ZERTT IR A LIS SR O R TR
[J].2003.

Lutermann, C., et al., Effects of various binary and ternary
supercritical phases on the extraction of polycyclic aromatic
hydrocarbons from contaminated soils1Presented at the 2nd SFE,
SFC and XSE Symposium, Siegen, 8—9 October 1997.1[J].
Journal of Chromatography A, 1998,816(2):201-211.

Hollender, J., et al., Efficiency of Different Methods and Solvents
for the Extraction of Polycyclic Aromatic Hydrocarbons from
Soils[J]. International Journal of Environmental Analytical
Chemistry, 2003,83(1):21-32.

Librando, V. Supercritical fluid extraction of polycyclic aromatic
hydrocarbons from marine sediments and soil samples[J].
Chemosphere, 2004,54(8):1189-1197.

Langenfeld, J.J. Role of modifiers for analytical-scale supercritical
fluid extraction of environmental samples[J]. Analytical
Chemistry,1994,66(6):909-916.

Chiu, K.-H.Dry ice-originated supercritical and liquid carbon
dioxide extraction of organic pollutants from environmental
samples[J]. Talanta, 2005,65(1):149-154.

Wicker, A.P., et al. On-line supercritical fluid extraction—
superecritical fluid chromatography-mass spectrometry of polycyclic
aromatic hydrocarbons in soil[J]. Journal of Chromatography B,
2018(1086):82-88.

Ye, C.-W. Development and application of an SPME/GC method
for the determination of trace phthalates in beer using a calix[6]
arene fiber[J]. Analytica Chimica Acta,2009,641(1):64-74.

Li, X., S. Gong, Z. Zeng, Development of a Sol-Gel Procedure
for Preparation of a Diglycidyloxycalix[4]arene Solid-Phase
Microextraction Fiber with Enhanced Extraction Efficiency[J].
Chromatographia, 2005,62(9):519-525.

SkHEZE. = AR 617 IR BRI SR A IR T3 iy
ZIRITIZ[I] 57 HTE42,2007,35(9):1269-1273.

Fan, J. Monolithic graphene fibers for solid-phase microextraction[J].
Journal of Chromatography A, 2013(1320):27-32.

Zhang, S., Z. Du, G. Li, Layer-by-Layer Fabrication of Chemical-
Bonded Graphene Coating for Solid-Phase Microextraction[J].
Analytical Chemistry, 2011,83(19):7531-7541.

Xu, L. HK. Lee, Novel approach to microwave-assisted extraction

[56]

[57]

[58]

[59]

[60]

[e1]

[62]

[63]

[64]

and micro-solid-phase extraction from soil using graphite fibers as
sorbent[J]. Journal of Chromatography A, 2008. 1192(2): p. 203-
207.

Wang, Y., et al., Quantitative determination of 16 polycyclic
aromatic hydrocarbons in soil samples using solid-phase
microextraction[J]. Journal of Separation Science, 2009. 32(22):
3951-3957.

Rocha, M.J., et al., Determination of polycyclic aromatic
hydrocarbons in coastal sediments from the Porto region (Portugal)
by microwave-assisted extraction, followed by SPME and GC-
MS[J]. Journal of chromatographic science, 2011,49(9):695-701.
Yiantzi, E., N. Kalogerakis, E. Psillakis, Vacuum-assisted
headspace solid phase microextraction of polycyclic aromatic
hydrocarbons in solid samples[J]. Analytica Chimica Acta,2015
(890): 108-116.

Martendal, E. Carasek, A new approach based on a combination of
direct and headspace cold-fiber solid-phase microextraction modes
in the same procedure for the determination of polycyclic aromatic
hydrocarbons and phthalate esters in soil samples[J]. Journal of
Chromatography A, 2011. 1218(13):1707-1714.

Doong, R.-a., S.-m. Chang, Y.-c. Sun. Solid-phase microextraction
and headspace solid-phase microextraction for the determination
of high molecular-weight polycyclic aromatic hydrocarbons in
water and soil samples[J]. Journal of chromatographic science,
2000,38(12):528-534.

Pino, V. Micellar microwave-assisted extraction combined with
solid-phase microextraction for the determination of polycyclic
aromatic hydrocarbons in a certified marine sediment[J]. Analytica
Chimica Acta,2003,477(1):81-91.

WRAT B /D S PN T e — B B A B AR R S AR B BT
SRR A T 6415,2015(5):455-460.

Feng, J. Poly(ionic liquids)-coated stainless-steel wires packed

into a polyether ether ketone tube for in-tube solid-phase
microextraction[J]. Journal of Separation Science, 2017,40(24):
4773-4779.

Kriiger, O. Comparison of Stir Bar Sorptive Extraction (SBSE)
and Solid Phase Microextraction (SPME) for the Analysis of
Polycyclic Aromatic Hydrocarbons (PAH) in Complex Aqueous
Soil Leachates[J]. Water, Air, & Soil Pollution, 2015,226(12):397.



