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Abstract: Traditional extraction methods including ultrasonic extraction technology and rapid—
efficient extraction technology have been widely used to extract the polycyclic aromatic hydrocarbons
( PAHs) in plant leaves. Different extraction techniques have their advantages and disadvantages.
Supereritical fluid extraction ( SFE) techniques, which have been widely used in atmosphere and
soil sciences, have not been used to extract PAHs from plant leaves. In our study, we explored the
optimal experimental parameters for SFE of PAHs from plant leaves, evaluated the differences
between SFE and traditional extraction methods, and further measured the content of PAHs in
Cinnamomum camphora, Magnolia grandiflora, Cedrus deodara, and Podocarpus macrophyllus
leaves. The results showed that the optimum temperature and pressure in the SFE technology to
extract the PAHs in leaves was 180°C and 350 atm. The extracting efficiency was also respectively
enhanced 6.26%—20.64% and 10.00%—33.42% compared to ultrasonic and rapid— efficient
extraction methods. The ratio of medium-molecular-weight PAHs was the highest ( > 50%) in
different plants, and the order of different rings PAHs in the plants was medium > high > low
molecular weights. Moreover, the content of monomeric PAHs among plants was different. The
phenanthrene + pyrene in medium-molecular-weight PAHs was the highest. Our study demonstrated
that SFE technique that had the advantages of high extraction efficiency and automation, which was
worth popularizing to the determination of PAHs in leaves.

Keywords: supercritical fluid extraction ( SFE) , polycyclic aromatic hydrocarbons ( PAHs) , plant

leaves, ultrasonic extraction, high performance solvent extraction ( HPSE) .
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PESE FE MR (US EPA) F1 0 I Se i 1035 44 ).

R P T U2 (9 SR A RS BN, 1T LR BT ey A i R A BBURI R R
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iR .

BT LA B 5B XS BUAT HOR P B BE  AS SCHLEE ST T O U8 i S A A I+ AR (8,335 / B 35 Bk
FH( GCMS) " HARWME AP Fr b PAHs & BEAYAR OGS T EERS T, FBSRR I S A A B PR )
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Table 1 List of plants selected in this paper

i BT % Bl "
Chinese name Scientific name Family Genus
i Cinnamomum camphora ( L.) Presl. tER {4
JTE2 Magnolia grandiflora Linn. A2} AR
ESLVA Cedrus deodara ( Roxb.) G. Don ARE EWNE
EAVEIN Podocarpus macrophyllus ( Thunb.) D. Don WIRARE WIANE

AR AR RE R B T b TR A DA T A IX AR ) el N R A SR AR I, S S BB ( B
10—20 4F) /AL A= A Ad B FLAM R T 1 IR AR, HL I ARAY 22 18] [A] B 22 /0> 100 m. 7E B3 2—3 m
Ak, AR PG AL DU AN T7 18 23 3R A B 58 B i i 7, A R AR SR AR 3 P ATEH 2 50—100 J I K i
RAESE A SR QAR HEOGIZ 7192 56 28 O B ApRE BBy AR TR &, 9 TR AR AL 28, A7 T
JE R - 18°C I UKAf .

1.2 KSR IR
1.2.1 Il AR AR AR

ABEFEIE AT BRI SR AR A UYL Spe-ed SPE-15000, 32 [H) , I LU I SHAL R 25 1) CO, g FEAR
(2 ORI A T A IS 06 I FUIRES R Y CO, B R BIOR 6 B /INRI 22 BB 7 58 45 00 o, A R T 4
Tl SIS R A IR,

FRELS g AHAIRE LI ARERGZE A 2 g HEBRAR S g REFZ.250 pL ¥R 2 mgemL ™ (Y258 51 4
PRI R BB E N 180 €, JE B E A 350 atm( RTINS EA g , f2 i 180 °C , B8 T Iy #b
BF: 200 atm—230 atm—260 atm—290 atm—320 atm—350 atm—7380 atm , 5% 28 BUSUR: S I 1 & S 3088
P 71k 350 atm, 15 B R E RS E: 80°C—100°C—120°C—140°C—160°C—180 C—200 °C , R 57 A HL
ROR A W R BEFREE) 2 U 1] 2 30—40 min. 5250356 F A9 975 550 4 1F O e AE AR 22 U g, T — &
BefE AR, JERE A I #E 4 mLemin ™' RS 2 2 mL.

122 MEREEEH

£ AT S0 P AR TR A e PAHs (5200 25 £ B 5 . A B 5 55 £ 47 BFG0 1 10 28
FAFE RO B T A A b i PAHS SEFldise & ™ AR Se b B an

FHHLFRVPUERRFREE 5 g BrEER it T8 S A as . A 40 mL IEC e S 6t (RFRLE 1:1)
TRAW A 0.5 mg WS Ry 2 pgemL™" (258 15K N BR. INZERT 11 A7 1A HILIE FIHE K . A8 7 U 5
o TR A 2RI 40 min (ZKIRART 25 °C) 2R R 2 AUE D A AL UL IR 3 Ik, G IR S
1.2.3 PR 28 L

i PR 7R A B it b PAHs 19 07 B R U PRI AS SO S8 T & A iF 98 v i S 56 2P
LSS R N1 ¥

FHEF RO AERR AR R B IR S S o, 208 % 22 mL A2 BURET, N A 0.5 mg WREEH 2 pgemL ™' fiY
ZR -8 M bR 4 2 R T 1 A JBORE B 1 (3 v, A U R0 O 1E O b A S e B9TR G i M (IR R L
1) BOEFEISECN: ZEBUREE 100 °C LR GEH T 10 MPa, JI# ] 3 min, #SS2 B ] 5 min, wijE
TRFR 60% , HSWRET 60 s, 2 LS FRIE PR G IK .
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1.2.4  BESIELS W4

S mLAEC B A/NE, % SPE /ME( CNWBOND 800 mg fif g & 1200 mg R ALHR/ME 2 ¢,
6 mL) PEA7i%Ak; ¥ 2 mL ZEBGROM AL, AR IE O eis ve & FHIE &= 4% B i TR AR, - &
2H LT S mLemin™ BRI EZS; AP 2 mL EC K, LS mLemin™' By B TE, 23, bk
WFF 2% AR I 5 mL E G/ @B A ARBUEE A 3:2) L LA 5 mLemin™ 3 5 YR, 0
25 WOER BRI, BRI 5 ORI IR &

SR AR RIR A T A AR IR T B IE C B2 B 2 0.5 mL BERE LS /MG , 2
JEAE=18 CHYUKFE NV IRARAE . 515 L ALAS I
1.3 GC/MS FHLE
1.3.1 43#r otk

ABIFGE R A LT 1B L ( Agilent 7890A/5975C, Agilent, 3¢ [H) #E47 FHUGMI > R A
FEEEFFE(ED , BB 70 eV, 7 F 50—500 amu. {4 3% F: 3% H 30 m Rix-5MS, £ 12
0.25 mm, JHJE 0.25 pm, FHSN AR, FEIRFTF R 60 CAEFF 1 min, SRJF LA 20 Comin™ 3 B THE &
200 °C, FfA45E 1 min; L 10 Comin™" 158 BE FHE E 310 °C, I-4E 310 C AR 10 min. PEFER H 2 A
LR A 10:1, fE LR B A R 1.12 mLemin™".
1.4 FrifE i ilfE

AR SR AR bR o I 23 A7 2 43 BT 43 0 B— 7 52 19 PAHs AR v I 98 BRI AR 7] 42 7 P9 e
Pr2E-d8 , LAIE O ot AR RV ), USSR AR A7 BE 10.0 mgemL™" SRy, 4350 il 7 9 v AR vk E 4 0.1
0.5.1.0.2.0.4.0 mg*mL™" {J PAHs ARiEIR I, BLASE W T AR EZE N 1 mgemL™".

FH GC-MS X £ ARk BIEA T 43 BT R , A 4 S0 25 SR A5 1) 25 W I 85 1 S 80

DIFRHE R BARE B Y-S AR I T AL 2 He Xt BARE & 905 ARk 2 U A/E R, A9 31 =
RGAHES

C;

k A b 1
— =k x—+
C n (1)

Horb, CoNEM A 53R BE , C R BRIV BE , A, R4 20 53 W TET AR, A Ry PN s ) e T AL

BT Rt 4 (0 2 I 2 A R £, % PAHS [ SR A R I, A HE T4 B R RE 2%, it B
t PAHs BUMINE LR 5. 3548 PAHs BRI B 1R 275 5 1 A R, W88 e — B, e [ &) X 7
BCRFRRIE 25140 R 4 PAHSs A —Fhd 5T, 6 B[R] — bR o h £k
1.5 fES il

BEAS S A3 BT A5 R A S ATRE R 2SR ( O 15 ) R4 o 6 DR IR R 5 o 428 1) 7R O 1
25 R Ay B, 9 R & B0 B R A2 00 0w 105 S g, O 403 AF [] A A L e 1 A
PAHs SRUEW, P13 b 4% AH [F) 20 BRFEA T AL B4 , 3 BRI AR [T A 4

I e = (s R e (B — DN () /AR & x 100% (2)

MFGA SR 16 Ff PAHs JNFRESCR K 69%—112% , H 52560 45 534 28 528 [NSCR AL TE . FE 3 E FF 5
A 0 BT, 6522 S0 A U R R WA B8 P s o it AR 3B S U, A R 4 B 3 A5 45 18 Ll H A8 I A5 A S 55 T 1
A e BRTE Bl 0.005—0.022 ngeg ™.
1.6 Hdasabs

ARSLIGHRE i GC-MS BIETE T 25 Z 5 , A 37T Chemstation 34T R 2 v, 38 2o (81 3% 44 0
HPY S I [R] AR 5 ) S DRI 2% 25— W BT X6z 1) B A A 420 il Miierosoft EXCELL WORD 45 51 {4804
Piic sk 5204 FH SPSS B4/ A s =2 1] 1) 1 25 1 22 .

2 ZEH 5178 ( Results and discussion)

TR 4 AL R BIRS T i PAHs LU ASAEAE ., 506 JRAY R 40 Tk PAHs I 3 %2 25 76 0k
L A5 T AR I S AE USRS A3 T i R 43 T 5 PAHS 4528 1 i PAHS /5103
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YR AT BIFTE I B4 3—4 3R PAHSs SRt i v £ 3209 PAHs 414y, FLAER & im0 w4 it
PAHs HEAIF [a ] BER SR — PO BRI PR AL A 20, i ELBOR AR , A BT 2 S R AR SOk
PEARAE M ARST T4 PAHs (AR BT, L E AT [a | EEME s 43 T PAHS iR
2.1 Il SR AR AU i b PAHs R R

L X PAHs BYZEBCSCR HAT BON B 2 (50 it B2 1o 10 sl aed (PR R 22 5 e 25 OO, R B N AE T
—J5 T R E T FARYI B ZS IR IE R, HAR I TTAE CO, P TR B2 O, 41 T M 530 O A A JB A 4
WO 53— T W BE T e, IR FOIRAS TR B CO, % B2 AR, o ) S #9790 B 1 AR, i 53 I R 2 B
RNy &SNS B A NS A A 8 5 STNEN:UR Y% i s A i U

FERHIT [a | CERY MR BEAE AN R BE T 7R AL R A PR 1 7. 75 80—180 °C Aty Ik B 3 Rl P, A i
PAHs {3 3 Fifi 45 i 52 B4 7 i 100 P o, 100 24 3 B2 T e 28 200 °C b, PAHSs f 9 B2 B T R IR 25 L ik
180 “CoRitth it Sy A AL U - i PAHSs F) il BLIRLIE , 7 A% HUIRLIE ™ S i S U M HOOR i s
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Fig.1 Concentration of phenanthrene and benzo [a] pyrene at different temperatures

2.2 JE IR L RO o PAHS S5 G

R [a ] LRV BEAE A IR AT F (0B A RS 2 7% AR R 2 PR bt PAHs v e B TR )
(A AL ST 15 , 76 200—290 atm (JE 1SS, R R FE J3ARAS R PAHS %k BE A5 (LA, Hp AR 9
FEASEAE 0.10—0.13 ngeg™ Z 1), 4T [a] EHUWREEAS I TE 0.11—0.12 nge g™ 22 . B ZE AN ALY I
15 R R S A IR I Bk B 7 200—350 atm 10 J7 5 FEL P BE B op PAHs (10 v J 8
KHREE 1 b I 5 5 5 I S A B3 AT AR S P T 244 3T 350 aum 16, FE 3 T
i85 PAHs T HE R 1 2 WM. 25 1 3, 350 atm J2 B8 Ly AR ORI 1 F it PAHs (0I5 77 1K 7, E 1
HEIUE A1 F I T A O B

050
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Fig.2 Concentration of phenanthrene and benzo [a] pyrene at different pressure
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I S TR ZE AR RE e AZE RS , BB i 28U, I R v A BV E TR, S AL R o I R Ak
R FELL COL R BEARLIGR AAEWEZE ORI 1A HLEE TR L sl 1A LI 0 45 6 FR 9.

MARITT M E SRR, B 3( 87 PAHs HoA H R B0 FFAE R 1, HLUEMELLIX 7, 00 o —4H)
X G RIS, F R I SO AR AR OR AU Y 7 vb B PAHSs, BRI AR Ao PAHs S5 BB & T
7 A BRI PR VA R ZE L, B 70 iR T 6.26%0—20.64% K 10.00%—33.42% . 1 % A R R . il S
R IO RAR A T8 75 A SR PR VA 70 A BURAT A [R) R P A 3 T, AR U e 2 DU I i | R A
A FEZEUT R 22 7P g PAHs PRSI A TR i REN ) 22 R K2 S AR, R
Jit, ANH T8 AL R i R T
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Fig.3 Comparison of extraction of PAHs in leaves of different plants by SFE and traditional methods

(EAFTE R, M PR A A AR A A T A HOR 280 PAHs. 75 4 Bl it J op, Sl i i 5 i
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[ghei ] 4E4F PAHs BAAERRILH T W Y L3 iX 26 PAHs 2802 DUBORLAS 535 5 OB A o 9
AR R T AR P A — ey T o 30 B DA SR S5 RO A6 I I 9 D10 a3 R i 2 0 A B
FRREG B ARG IR SR SR —F S R (VAR 3 R, T LA SR AR I A0 A A 2 BB



39 %

i

e

i

2456 78

NN p I e ST
2.4 AR[ERFR o PAHS & i ] 25 5
4 Fht Jef PAHs B EELE 516.33—955.84 nge g™ (LRI (1] 4) .l (8 4 AS TR A vt - o 45 26
PAHs [ 4 LEITT LA L & BRI B OR [R 3% PAHs & B a3 Jy: th3f> 23> 3R, H 3R PAHs
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Fig.4 Determination of concentration of PAHs in plant leaves based on SFE

Note: a,b,c,d indicate signiticant differences
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B2 3-cd i e hiliE 3
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FI[bKIBEH s

Benzo[b+k]fluoranthene ¢z

[ A

Benzo[a]anthracene+Chrysene bl

S
il

i
///////”////

AL o]

Fluoranthene+Pyrene 2 A

.ﬁﬂkm;
i

Phenanthrene+Anthracene [

R

I,

# =

Fluorene 27700

Acenaphthene Z2zzzzz28

Acenaphthylene f&
#
Naphthalene fﬁ%
0 50 100 150 200
Concentration/(ng-g™")

B 5 ik PAHs pyfbfa) 25

Fig.5 Interspecies differences in monomeric PAHs
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{EUR: 4 BRI rp & e IR 00 PAHs AR SARIR , B 6 22 B DU I i o i (R 9 PAHS
RO La, h R TS AR R & SR IR0 PAHS 5350 4. e Ah, 288 M 20 K [a ] B+ T AE AR ]
A e B R O, TS JE+ O [a | BEAEAS TR AR i o 5 e AH 22 AR 3X SR A AR R R v
FrsE AR, 3R PAHs 35208 s A W) il i AL TR ) S R A A T RE A R A
T 2R PAHs 0] 1Bl 1oF R 4 OB T I O [T TR, ) T 2 A0 R 2 P A, 3o
e F PAHs M FRASCRACGE T Fr LU SR T AR AL 2w i 7 I B PAHs (9 F 28 &, — il 7, i - PAHSs
o [R] LU A AR 3 SO S M LU R TR PRE T I R JRE I, I R U TR R AR i B
X 2RI F B, AT SE IR AE A i F b PAHSs (95 K 20 A5 Y SRS B B TR S5 AT A L
FEHAREL/ N, Xt 3R PAHSs 1 8RBT

3 28 ( Conclusion)

AMFFERASL T AT I SR R A HUCEOR R v A PAHs 590 E TR DRI SL T i ISR S AL
TEHLE 180 °C, k170 350 atm HYSEEAAF T , Bl SR A U I i) PAHs I8 B e HERCR A
SR L 5 I P R AR B R 5 A G 2R OB AT X L, 8 i 5 D0 AR A% U AR A€ SRR W vt v )
PAHs 28R W] . 5 T8 75 25 ORI PR R 2, B 70 i 32 71 6.26%—20.64% K 10.00%—33.42% - F
PRI A MSE T &R R 22 HA IS DR IX 4 Rt i PAHs B35 8 XTI 7Y
4 PAHs (YR 2211 AW R 5 Fp R [RI 3R KL PAHSs & i A2 (U35 3R> 30> fIK35 , H 35 PAHs
7 FE YR 50% .4 FAR RN A BRLA PAHS £ 3 B B S AR ) 22 57, ity rb S e A SR 4A PAHEs
Pog e PAHs BOFE+ELZ5 L Bl SO A A IR e AE U Py 7 rf PAHSs B9S2 58 p A A frT 48
B AFR BE i ALY 0 AR s AR, B R T AL GEAE O vk W J 2 S 4 AR 27
HR AAEREX.
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