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RIFBFIREN-SREEE LS
ME PM2.5h 16 T B IRF K

=ANE LW Hkw #WMER OEHN WM x| BT
I SRR e 1 D BRAE RS 7, 14 610041)

B E AR (PM2.5) % 16 FhZ 3505 (PAHS ) YB3 5 70 B2 B - B 22 0 A0 - 1o 200V A €0 T3 0
TEJTH . PM2.5 ZBEISLT MO  SRAE T 1 8 IS B e ) & I 8 DR R ZE BRULCHR B, LA 26 KPR i
SIAH, SR E T ZORBAX Eclipse PAH YA (0 5 HE 425, 4840 B BRI MERAGI . 16 Fp PAHs 7B 5UR R
I 7£ 0.025 ~5.000 pg/mL 38 FH ALMEARC R EL r=0.9998 , J5 I INAR ISR K 78.3% ~ 113. 2% , FEX bRl
i2EHR0.5% ~9.5% , K HFR A 0. 007 ~0.062 ng/m’, AJ5 L ERVERE PO ER R, E T PM2.5
16 FhPAHs AR E

K RBIAFRE; PM2.5; 2GR RO @3k E
1 5| 5

ARk, g 15 Ye RS AETR EII B B, U HAE — e KPR T, 53 R AL FILTF RS, &
5 5 B IR A BURIAY) B AR B R R AR A R, T A T AR R PM2. S A A R HE
ZIT5IE (PAHs ) FER PM2. 5 MR — 28R A MR HLIS YL, 36 00 1 & A B B LA 2R B0 Y B
SALEY K ASEAE T IS, vl i Pt AR PRI | S i, e AR AR XEAR S, IF
BA RS BUEEm R IZ 6 2012 AEIMER K& A 25 TR AR e B T PM2. 5 4y
RSIITE  2013 AR, B 58 T2 7 4 [ 22 3T () A FF R s 5005 1 (2 50 ) AR ft B iy W T
1o DRI, HERAINE PM2. 5 1 PAHs WREE X IFH KATS Yo B S 4P A A e A B

HAT, E4RIE R PM2. 5 ' PAHs A TIALEE 7 A7 R ICAEBGE ) GBS 5 B AR 0L 7 Sl 4 Bh 4%
Bk ™00 AR () ZEBGET ) AR R I B AR R U AR P R A A R —
FRESHT PAHs $EECR 2 0 FHAR XS0 170 20 1 32 3 1ot v il | w8 e DA o s [ Ak g 2 i
FE i PRI 7 AR BGR (R i i, B B E RS A LR D AEBGHE BE D 0% i Fn S M 2
Ao SCHRIRGE AT AE PM2. S ' PAHs 7 2E6TR (FL) W IR BHOEEIE L (RTPS) ™ AMH (3%
E(GC) P AR g (HPLC) P02 A - S e ko1 R A - HR BT 1% v (GC-
MS/MS) 245 - Hir FL 3k R U R B WS, HZ0h Xt SR 24 B i A B RO 225 RTPS %
faf e Pt 3/ (A H R B RAK; GC LM ik a5 PAHs SO LRI 43 SEAR A 1) 70 B A7 15— 52 1 [
M GC-MS L EA m R mEtkfe 71,05 GC LA ERIFER B ; GC-MS/MS ik RHUE &, (HAS &
Bt, HPLC B2 PAHSs 48 & VEAEER e PERR I, BA R T Pt | R0 & ARSI

AHFFE LA SE E PR B R B 16 RO PAHSs V5 HARE G, B CHEVE R AEBOGR) , S5
WA A: BRI GRS B A5 S B, B IR 2 T, A 8595 T PAHs AP ST T PR i
TR HEE - PR R - i RO (235 5 PM2. 5 7P 16 Fh PAHSs A8 7k, 105 H R T s it R AR RE i
H PAHs AT E .
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2 SLIGERS

2.1 UE5iEH

1260 = RCHAH LA (BN R I 45 , 95 [ ZHERA W] ) ; ZORBAX Eclipse PAH Y AH {035
FE (150 mm x 4.6 mm x 5 wm, 5 FEZHRA T 5 Milli-Q #24i /KL (35 Millipore A 7] ) ; N-EVAP-112
RIEWRAY (32 E Organomation 23] ) ; ASE350 PLil i I B ( S E# %A ] ) 3 TH-150C Y PM2. 5 2R
FERS (DT RITARA R TAEA R BELF IR ( B A2 90 mm, E[E Pall A1),

16 F PAHs (&% M JE 25 AE B O R [a ] B CRTF [ b R RO [k 9 R TF
[a]tE . % FF[a,h ] B EI (g, h,i | B EIF[1,2,3-cd ] EE AT SCH 5 43 ) K . Nap . AcPy  Acp . Flu
PA Ant FL Pyr BaA  CHR BbF BkF, BaP K DBA BghiP IND, H:4i 523N 1 ~ 16) B4 br 4EE W
500 pg/mL( 3 E Acestandard IHIAF]) , LM S H e IE O ke IR (%4, 22 [ Scientific 5712
Al Ak,

2.2 HREE&E

Z W8 HJ 646 6472013 AL FERVERTH I & 3 AN RAE S, T 2016 4 1 ~3 H A H ELERFET K
(Hd 3 A NESE R, ELRFE 12 K) ,REER R 100 L/min, RFEERT[E] 24 b, SRAE 5 340 175 YL I8 K
BERF)

2.3 ftFmBTAbIE

SR FH PRV BRI, 76— 2 i A AR IR ] A it DA v ek L v e, sl e 000 42 7 4 R o 1 3 A
BREEAE AL IR K B LT DR ERE ST A 4 25403 B 1/4 BTRE , 5HEMRE IR AR A ASE 350 i 178 71 $i B
A5 mL ZEBGHE A, B 2 mL ZAEAEH, ZEBGEEE 100°C , £ 77 1500 psi, #AZEIES ] 5 min, 525
1K ,N, W 30 s, SEBOR B R 00T,

2.4 UBHHEH

Z:7% HJ 6472013 bR kIR AT, BRSBTS R . SIE AR SR 53 5 S S A A R B
FH W 2.0 mL/min, BAEEVEBARF 4.0 ~20 min,40% A; 20 ~25 min,40% ~100% A; 25 ~30 min,
40% A, FEHR25°C, HEFEE 10 pL, W3 1, e 0O K VIR Y . RS HS TT9E , BUR F &5k
PN 220 nm,
£ BRI I KA

Table 1 Wavelength switching program for fluorescence detector

o A K Bk
C H Retention time Excitation wavelength Emission wavelength
ompound -
(min) (nm) (nm)
Nap ,AcPy Acp . Flu 0.0 280 324
PA | Ant 10.0 254 370
FL 12.0 290 460
Pyr, BaA 13.0 300 400
CHR 16.2 280 385
BbF, BkF, BaP, DBA, BghiP 17.5 300 430
IND 22.5 305 500

Naphthalene( Nap) ; Acenaphthylene( AcPy) ; Acenaphthene ( Acp) ; Fluorene ( Flu) ; Phenanthrene ( PA) ; Anthracene ( Ant) ; Fluoranthene
(FL) ; Pyrene(Pyr) ; Benzo(a)anthracene( BaA) ; Chrysene( CHR) ; Benzo(b) fluoranthene ( BbF) ; Benzo ( k) fluoranthene ( BkF ) ; Benzo
(a) pyrene(BaP) ; Dibenzo(a,h)anthracene( DBA) ; Benzo(g,h,i) perylene( BghiP) ; Indeno(1,2,3-cd) pyrene(IND)

2.5 REEH

TPHL R B 27 Y8 BSR4 TUE MRS (S50, B R I i 28 5 R & JAIR TS0 ng, B PAHs & 34K
F10 ng'?', FAREES A RISRES FRESD . BE AR A ARIR R ORAT 7R R PN 5 1 RN
FE . RRRSEERSEIEA TR 2 (AL = A (SRR, A E 10 SRR S E— ST AR oE TR, DU A N 7E
10% FRifE(E N
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3 ZER5{Tie

3.1 EREHMREL

3.1.1 EBURFILERE BRI K R EORE P 2 43055 BOE - R S - TR OF
Ct- T b (3 RV FIRFR L 3368 11 R 2: 1 WAL RISl 2 5 7 R 2 B, [ 52 26 O BEE
120°C K120 1500 psi SIS ZEHU ] R 7 min PEATSEE0 255K, SR Z G B EUE S 24w [l i %
e O NS VE PR IGR), Y82 3 4 A1 5 mL 540 9 SE 5 | FrA9-F-24 [l S 4478 85% L) |, HL.
TR 25 5 25575 R 5 1 R U R T FH L R, 2 P i e 24354 2 mL,

3.1.2 EEUBEIRE 2 0IERBUREE N 80.90.100 110 F1 120°C #HA 7525, 4AHUREE A 100°C
B, S XA ik TR A i, B AR AR G EE A 100°C

3.1.3 FEBUEEEFE 4 HBe A BUE S 250 500 ,1000 1500 F12000 psi 547525, -2 nAR IR
Bl A BT 7 09 TH s AR B, Mk F) 1500 psi Ja, AR A B AL, D, B E A AR AR HUER S
“h 1500 psi,

3.1.4 ERSEEATENERE SRR 51 3.5.7.9 A1 11 min $E175E80, ACHU S min B,
IR DR B K B 90% |, 4k 252 4iE K K R a], [0 05RO B K AR B 2 AR A R A S AR IO ]
M5 min,

3.2 FAEMAAEFEERERLE 20—
AR FERE R ) B O 5 P R R G B j00L 3 Uhtacomie xiaction o
FlH LR AR RS IR AT T S exE, AL < ] v LEEEEEGTLT
Pt 4 O RO R OROR W TR L
CERBAEER PAHs) | AL F R ICHGE, H N :
L ETEATRON PAHs 7EAEBGRP AR I =
PR E AR IOACR T EL, s s 70 4 U 8 B 0 207
575 5 4% K W IR 3R PAHs 767 A0 HHLE 72 i 2 s /b | 0 $§}§L‘-N‘,‘QQ\J“ R Q{'qéib»@%x\“l‘%\%\;@;&i%b S

N 22 $E U B SRR 2 BT, o RORE B sk /D TR
1 PAHs [R5 AR B A0 2 DI [RIEE 8 55 T AE B
3.3 AEEER

3.3.1 FEZEMRHREEER RHALHES
Bl e B 4 0.025 .0.05.0.1.0.5.1.0 F15.0 wg/mLAYIRS FRiE R I, MUK HERE AT, DG R4 A (0,33
w2, & 2 AT, 16 Bl PAHs 2088 R AF, EZRERE 10 REEE T8 25 F IR S AR W, LA 3 %5 Fr
THE R 22 AR HEV TRORE H B 4 AE A VA TRORS: H B A A i v W e 1 B, AR5 DICRFEIR B 144 m’ SRR

Bl 1 AFERAE 4 16 Fit PAHs Jibrs [
A
Fig. 1  Effect of pretreatment methods on recoveries of 16

kinds of polycyclic aromatic hydrocarbons ( PAHs)

200 70
10F A ~ el ® 12
- 160 =
Z 140 3 0
< 1201 % 40+
g;'; 1001 3 =
s 80f = 30f 4 13
B 2
z  o0f 2 £ o20f ATs
< 40 5 7 9 11 g 9 11
4 5
201 l lﬁls hmll%““sle S 1op | 7 Mlol 14‘516
0 1 -rl — Lll_MA_l_u 0 l ﬂ
0 5 10 15 20 25 30 0 5 10 15 20 25 30

t (min) t (min)

K2 Bl 550 (A) MZOL(B) Kl (o 4]

Fig.2 Chromatograms of standard solution with ultraviolet detector (A) and fluorescence detector (B)
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90% THE 5 A H PR AN E f IR, 45 5 L2 2,16 Fh PAHs 1 0. 025 ~5. 000 pg/mL J5HE N BA B 414
PEXRR , EER RN 0.007 ~0.062 ng/m’ , 7€ HFR 40. 028 ~0.248 ng/m’,
FR2 LRMETTRE ANEMIE RS 7 A R i R

Table 2 Linear equations, linear correlation coefficients, detection limits and limits of quantitation

(ng/m”) (ng/m*)
Nap y=7.78754x+0.0933 1.0000 0.035 0. 140
AcPy y=49.0365x-0. 4077 0.9999 0.010 0.040
Acp y=21.5922x+0. 0745 1.0000 0.009 0.036
Flu y=34.3272x+0.3177 0.9999 0.021 0.084
PA y=30.0023x+0. 3897 0.9999 0.047 0.188
Ant y=23.8890x+0.2149 0.9999 0.023 0.092
FL y=8.8276x+0.0181 0.9999 0.015 0.060
Pyr y=12.3672x-0.0139 0.9999 0.017 0.068
BaA y=14.4147x+0. 0681 1.0000 0.050 0.200
CHR y=16.8610x+0. 0247 1.0000 0.031 0.124
BbF y=18.7203x+0. 0534 1.0000 0.062 0.248
BkF y=112.7012x+4. 2837 0.9998 0.010 0.040
BaP y=47.3973x+0. 5562 0.9999 0.028 0.112
DBA ¥y=9.5437x+0. 0281 0.9999 0.007 0.028
BghiP y=14.1368x+0. 0458 1.0000 0.009 0.036
IND y=3.7781x-0. 0425 0.9999 0.011 0.044

3.3.2 AEREESERE TEARESIEGEIN, BUL b v rIR S AR MR A m E 11 s
FIUEE T $5H8 2.3 1 2. 4 AT HEATRITALER A % | I MR AR AR E R 22 5 BUIMAIE P | iR TR A s of
FRRE S INBR B RSE , 28 AH [R) A FE 0 2, I3 F AR T3 ) 45 5 0L 3% 3, AR 5 B inds SR 78. 3% ~
113.2% , AHXHRAER 220 0.5% ~9.5%

F23 16 FIZFRIF R IR [ A5 A s e 0 2

Table 3 Recoveries and relative standard deviations of 16 kinds of PAHs

e JARIFIICEE Recovery (% ) AAXTFRENRZE Relative standard deviation (% )
Compound 0.025 pg/mL 0.5 pg/mL 5.0 wg/mlL 0.025 pg/mL 0.5 pg/mL 5.0 pg/mL

Nap 78.3 80.3 83.3 3.2 1.8 4.5
AcPy 83.2 87.3 85.3 5.0 2.4 5.1
Acp 85.7 89.0 83.5 1.1 5.3 4.4
Flu 89.3 105.8 99.0 2.8 7.4 3.8
PA 110.2 93.4 103.8 0.7 9.5 2.6
Ant 102.1 111.0 9.7 0.5 4.1 6.0
FL 98.9 103.2 91.2 4.6 6.0 8.3
Pyr 93.5 9.5 113.2 8.3 4.7 7.3
BaA 97.5 93.9 109.3 1.7 6.7 0.9
CHR 102.3 109.4 108.9 4.4 0.8 0.6
BbF 107.5 104.6 96.2 2.9 2.8 2.4
BkF 99.8 92.9 98.8 1.0 5.2 4.3
BaP 103. 1 98.0 106.8 6.2 6.8 6.2
DBA 105.7 106.3 103.2 5.3 5.2 2.2
BghiP 95.4 102.3 106. 8 7.2 2.1 4.0
IND 97.9 96.9 110.2 2.9 3.5 4.2
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3.4 FHiEZEBRMHA

KR F T 2016 4F 1 ~3 H Y 3 A RAESUITA IR IS G BEAS 7 B A TR AL B A 22 | JF 1158 16 Fh
PAHs [P35 BE SR B TS 25 R L3R 4, 45 RAE S PAHs SR AR MK I 16. 08 ~50. 98 ng/m’
Hor 1 AR 2 AR BRI, 3 AR SR B (RRJE R FR PAHs) I 3 HZ A E#E KA, 34
SRAE R AR 2 ~4 BF PAHs & S8R, OB RER PAHs 7E R RSB AAAE

F4 WHH 3 AREES PM2. 5§16 B PAHs 1929 K MK (ng/m®)
Table 4  Average and total concentrations of 16 PAHs in PM2.5 at three sampling points ( SP) in Chengdu (ng/m’)

e 1 Ay January 2 A{j February 3 A March
(;(,m;,und RAEH 1 RFERI2 REEA3 KA1 RAERI2 RAER3 RAEEE 1 RFERI2 REHER3
SP1 Sp2 SpP3 SP1 SP2 SP3 SP1 Sp2 SP3
Nap 0.41 0.55 0.64 0.18 0.06 0.14 0.59 0.37 0.68
AcPy 0.19 0.46 0.11 ND 0.10 0.72 0.14 0.09 0.53
Acp 0.05 0.08 ND ND 0.09 0.13 0.02 0.06 0.06
Flu 0.21 0.23 0.12 ND 0.02 0.10 0.12 0.03 0.20
PA 0.99 0.75 0.91 0.59 0.66 0.65 1.08 0.67 0.75
Ant 0.10 0.27 0.15 0.07 0.07 0.11 0.21 0.05 0.03
FL 2.43 1.58 2.49 1.97 2.34 3.86 3.44 2.70 3.89
Pyr 1.05 1.85 1.26 1.12 1.22 1.46 1.41 4.34 1.74
BaA 1.49 3.44 1.05 0.86 1.06 3.26 1.60 3.23 3.11
CHR 2.58 3.94 2.21 1.65 1.90 4.52 3.92 2.19 6.43
BbF 2.36 3.12 2.55 1.62 2.04 4.15 5.60 4.88 6.32
BkF 1.24 2.60 1.37 0.79 1.02 2.14 2.64 5.56 3.00
BaP 2.10 2.22 2.07 1.29 1.80 4.16 3.85 2.58 4.96
DBA 1.34 3.68 1.68 0.89 1.26 2.62 2.60 6.64 3.24
BghiP 4.18 3.70 6.25 3.19 3.81 3.46 9.05 7.81 9.59
IND 2.54 3.43 3.59 1.85 2.45 5.18 5.16 6.89 6.45
> PAHs 23.27 31.92 26.45 16.08 19.89 36.65 41.43 48.09 50.98
4 %k

AHIFEHESL T PM2.5 H1 16 Fft PAHSs F9-BREE I 7 $1 B 0 - o OB (1 I E 7 0, DR i
FRBR IR R PR I 7 i M A58 i A B 7 3 ) A IR A T o 5 4 T B DAL, 2R ORI (T i 2
X PRI SAC Y 5 SRR B IERE AT FERTE T4, ELibE O 15 S A B R vh A 00 B 458 2 K™ A A
BER2E T A A AER T EE . AP SRR DO MER R E T PM2.5 P 16 i PAHS 19
RN AGHN , 7T S PM2. 5 v PAHS 975 Qe 70 Al Al SR A S AT 0 i B S0
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Determination of 16 Kinds of Polycyclic Aromatic Hydrocarbons
in Atmospheric Fine Particles by Accelerated Solvent Extraction
Coupled with High Performance Liquid Chromatography

YUAN Xiao-Xue, JIANG Yang, YANG Chang-Xiao, XIE Bi-Jun, YONG Li, HU Bin, LIU Tao"
(Sichuan Center for Disease Control and Prevention ,

Institute of Physicochemical Detection, Chengdu 610041, China)

Abstract A method for determination of 16 kinds of polycyclic aromatic hydrocarbons ( PAHs) in

atmospheric fine particles ( PM2.5) was developed based on accelerated solvent extraction-direct injection

coupled with high performance liquid chromatography ( HPLC). PM2.5 was collected by glass fiber membrane
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filter and pretreated with acetonitrile by accelerated solvent extraction. The extract was separated by ZORBAX
Eclipse PAH column with acetonitrile and water as mobile phase, and detected by ultraviolet and fluorescence
detectors. The result showed that the 16 kinds of PAHs were well separated and there were good linear
relationships (r=0.9998) in the concentration range of 0. 025-5. 00 pwg/mL. The recoveries were from
78.3% 1o 113.2% . The relative standard deviations ranged from 0.5% 10 9.5% . The detection limits were
0. 007 - 0. 062 ng/m’. The method was simple, rapid, accurate and sensitive, and suitable for the
simultaneous determination of 16 kinds of PAHS in PM2. 5.
Keywords Accelerated solvent extraction; Atmospheric fine particles; Polycyclic aromatic hydrocarbons;
High performance liquid chromatography

(Received 26 April 2017 ; accepted 4 September 2017 )
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SRR SEIESTTENEIL KRS RE
TGRS B KT

MRS BRSO T AL 10 BT B — o — BT B AT T i A A & 1 B Rk SR B P R B £
ARIFRBNIANW e , ek BRI R — e R A, 7EiX D i rp il i 2 A 2SS ),

JCHUM JE—Fh T ZAFAER) HARIAR T 3Kk Fihl]  Ze DRI 47 & A HLIH CHG ™ A= AL 30 0 R B 1 AR GF A 4k
i, VEA—FE S BLE G (IR RU 5 %) C 2 an ke i AR R, IF B 20 el o i) — 8
B, ETEZE 90 ARAUE , BHA R A DRI T ik R FEm M CHUE 5 (CSRHDC RIS 5) o — R M E A5 B
AR T AT e . 3 30 AFR  MISCOGHUN 7 A ik e 2 A 88, N 5 07 8 O HUR il — R B 2 — ki o
Brea e 2.

PR Y P A2 B R G 8 B R S 20 2 08 R HIUIDEIE 2087 ) (Bhaa R ) — A5 7 2 i 4 21 3P G HIOH B
GIERE b, S5 T UNDRE OGO 55 N T A A IR R i S A A R LD TG ORI B 2 T 5 TR B AR
BT At e NS B LR A S RS N Al R T, NI B SE P, 3 K BN AE M) o0 R EREE A AR oA S B T
SRS IR A 0 PV Bl 2 T RS o AR OGRS 5B M A R AR I 20 R AR AR U 18 3, 5T A, i
B —A W5 N HLRTSE R A AU,

MR R LB B R A SR 0 S i X s It L7 55/ LA B AR B4 R v 2 DR 2 A 8 e ) T 3 AR 52
K, (RGO e 1 b ) T8 AR 3l AR RE T 22U LG . AT s B R IRR A K T IR R Fi ] A
2 B2 vl O AR AR A BRI AR s IR LAOCIT I SO B R HU RS, B TR O T A R0 HE
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