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Optimization of liquid chromatography method for
the determination of 16 PAHs in air
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(State Environmental Protection Key Laboratory of Dioxin Pollution Control, National Research Center for

Environment Analysis & Measurement, Beijing, 100029, China)

Abstract: A method was optimized for determination of polycyclic aromatic hydrocarbons ( PAHs)
in atmospheric samples by liquid chromatography ( HPLC). Compared to florisil column, silica gel
column had better purification effect, which effectively removed the background interference for
target analysis. Furthermore, higher recovery of low rings number PAHs were obtained by controlling
the solvent volume in the solvent conversion process. The recoveries of 16 PAHs in the spiked
standard solutions ranged from 53% to 128% (RSD < 20%). Using high performance liquid
chromatography ( HPLC) method and combined detectors was fluorescence detector ( FLD) and
diode array detector (DAD). The detection limits for the 16 PAHs were 0.08—0.29 ng-m™, and
the quantification limit were 0.32—1.16 ng+m~ for the air samples collected at 100 L - min~'
sampling rate and 24 h sampling time. The results of several actual atmospheric samples confirmed
the feasibility of this method.
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LAY, Hrp PR LAZRR AR sk R HES BRI L A9 PAHSs 1B TR MRS E , A R AE
o Eomr B A ER Y R R R R AR TS e 2 — 1976 AR SE EIFRME SR (EPA) $2 H 9129 Fh
“ORAeTE g AL 16 FF PAHs' ;2005 AFEREA KA T (L T L2335 F R 09454 ) (PAHs 54 2005/
69/EC) , %} 16 Fl PAHs #9754 ARBEAN AR 51990 4E3& LR Hod 7 o) A K REE A et lis Yty
2 el

PAHs ORI 73k WAE T {38 & R B BILE | W e L 2 2 Ak 7 Zot k™ A gk
F) H A A R BRE T TS AR R gk R A AR i - B kM AN A H PR R R B AR, S
BT X RS A I 5 5 B AR R R A R BR T AT [ a ] BE, SEE0 T 16 ol [ B .

VBORA (23 I S 22 R S P PAHs BORR e Ak e 5 0 30 IR BT R A 4R 4L T B AR . T 5 %t
Fb T T SO (5 T N i R A (S R R AE M E PAHSs 922 5, 148 T 1 AL B i b i 4 3115 LA K
E VR ZR 0T 45 SR I T BB R L AR, FE AR AT 2% AR S e A AR b VRORE €8 TR AT AN T 3k G i
) PRI E——FF S SR A%, TR BT AL, (RS R I A7 SR 2 .

AHIFFEET AT 3% — DRI, XoF FEIF 9 T RE IR AT 8 2 Bk - (R AR I 45 SR 2 I IS AL R RE IR
FEREUS A RO 2 BR T3, SE B PAHs 9 A5 B 51 R 2 6 ARG . AR B 5% X T2 =) B3 42 fs ofiE HI647—
2013 HA —E 5 B

1 SZEG#P4) ( Experimental section)

1.1 A R S5 Ak

R RCRAR AT (1260, 56 L HER ) , BA ZAAEFES ( DAD) FZO AN % (FLD) |, i i 57 £ 5
I (ASE-300, 36 [H # 2¢ ) , JiEek% 26 &AL (R210 /v700 /v850, i+ Buchi 2 &), KU KA (HV-
1000F/700F %4, H AL H R 241).

AT YELTLEE IS (QFF ) - i FHHT S5 3B 4 400 C K94 5 h, % B A7 T 18 3 T 45 48 . 2R &g o UK
(PUF) A FI R 2e P 2285 oK i 0k, R 22 87K 23, B R T R A AN — 58 B O 4.

16 Ff PAHs #5FF (2000 pg-mL™", 3 AccuStandard) .

FHLAFIEI A L E J. T. Baker 22w, Hd iE e Fl S B AR R R, 015 R (3% 4l To /K i iz
B, A0 Ar Al 5 FHET 600 °CHIBE 4 h, B G B EHMEAEE THRas .

REMCHE :2.0 g( #2[® ISOLUTE) , ffi 7T 130 CIG4k 12 h. 3B % HEE+4E.1.0 g( 3£ Supelco).
1.2 FESCRAE R AL 2
1.2.1  FEELRAEFFE

fii F HV-1000F/700F %Y A 3t it 25 AORFERS R AL SRR, LA 100 Lemin™, 24 h #EECRAE SRAE L
BL A AT R AR SETE R ) (TSP) By U1 EIL. QFF H T Ul s R ki 9 ) PAHs, PUF IREE RS 1Y
PAHs. fff P B I A PLE ) 428 QFF F1 PUF, 32 BURCH — S e iE CL e (IR L 101) 3R BUGR
100 °C, 77 1500 psi, F#ASEEHTE] 10 min, WEEARTR 50% M AAFR FEFR 3 A B A BUR R 2 Wk 4 Je
WAL A IE Ot , AR EU 4 % 1.0 mL.
1.2.2 F5EAL

WFFENT e T ek B Ak AN s 2 HEL Ak A e AR b 2 i 40 A

FERCHE (8] 4 mLL 1E %8 AL FRE AU (4 /I, SR 5 F A b MR 4 RGE 1o /NEE | TR T 6 mL I O %6
VWS 2] H AR

35 BLAE A Al AR F A e FNE O beiE AL (45 5 mL) /D AR 12 mL 5 H
PE FIIE O BE(V/V=2:8) IRA VTR VLN B AR

F T P VROAH (1 0 B, S0 TR R AR T AR R o O et B AR R R B AN AR T
0.8 mL, WAL EL PAHs #4 4&4012K.
1.3 @i st

éijgﬂ‘f;Agﬂent,ZORBAX Eclipse PAH, 4.6 mmX50 mmX3.5 pm, FEIR 30 °C L IE 1.0 mL-min~" 7
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GIF K (A) FIZHGE (B) . B EEVRRFE Y : 50% A G IFPRFF S min, 7655 10 min BPEE A BN 0% , FH0RHF
4 min, 2RJ5 A1 B IAIRAS . TS E DL 1, K25 451 3% 1.

- DAD 1

Abundance/mAu

t/min

40 -

20 11

L A ol b Jads

Abundance/Lu

t/min

Bl 1 PAHs SRR OB (5 151 (0.2 pg-ml™)
(Note: 1. Nap 2%,2. Acy JE#&,3. Ace J&,4. Flu 2 5. Phe 3E,6. Ant J,7. Fla %¢#(,8. Pyr £, 9. BaA ZRJf[a] ¥,
10. Chr Jifi, 1. BbF ZRIF[b]9¢#0, 12. BKF #IF[ k228, 13. BaP I [a] i,
14. TedP Bi#[1,2,3-cd] 26,15, DahA — 2K [a,n] B.16. BghiP 2K3f:[ g,h,i]3E.)
Fig.1 DAD and FLD chromatograms of PAHs standard solution(0.2 pg-mL™")

F1 16 F PAHs M2 SN FIZECHN 4% 14
Table 1 Conditions of UV and FLD for PAHs

FLD FLD
PAHs t/min DAD/nm PAHs t/min DAD/nm
Ex/nm Em/nm Ex/nm Em/nm
Nap 2.953 220 280 334 BaA 10.2 267 268 383
Acy 3.778 229 — — Chr 10.44 287 288 390
Ace 5.431 261 268 308 BbF 11.16 256 300 436
Flu 6.035 229 280 324 BkF 11.48 307,240 308 414
Phe 7.256 251 292 366 BaP 11.77 296 296 408
Ant 8.033 252 253 402 LedP 12.28 297 297 398
Fla 8.674 236 360 460 DahA 12.65 210 300 410
Pyr 9.039 240 336 376 BghiP 12.99 250 302 506

2 R 51718 (Results and discussion)

2.1 LA

WO I E SRR S b PAHSs B, i T RE A SRR ST O% QRS 800 B L BRRE i o 40, 7252
WA ity A3 BT T RE 23308 3 TE Tk M R B IR G2 1] 2 775 . 2 Zhou ') A5 (1 i b 3o A AR 5 RS T
e, B 96 27 HLAE AT v A i | 45 2R 2 7R S8 SIS i AN D A I 45 42 AN BEXIRE iy E AT 2 Bl T
FST, B A T OOCHERK B BLG. [RVRE B R dh P P 1 S AT AL, B AR 9 P PAHs 19 TR 98
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FBr PR DIE i, fH 2 DAD I 25 AR T I . (anl&l 2 Fras ) . 1d B R A A 4 3 0 L ik
A BT B I BTN TR 7 SR E N . PLE $2EL RER AR GHb, B AR OB IR A W
HHEIE DAD FIHECARE.

DAD' g5 5+ 14t [ DAD gemeste
= Florisil purificafi - 120f o -
Z orisil purification z Silica gel purification
ESOO £ 100
§ § 80
£ Z 60
2 < 40
20
0 I I ! 1 L
4 6 8 10 12
t/min
FLD ) r FLD
5 60F 3% B L = REA AL
% 40 Florisil purification % 40 Silica gel purification
£ 20 8301
2 g3
5 0 g
<-20 2200
—40 101
—-60
1 1 1 1 1 O 1 1 1 1 1
4 6 8 10 12 4 6 8 10 12

t/min

B2 3% AR A R R Y 1

Fig.2 Chromatograms of PAHs samples cleaned by Silica and Florisil respectively

2.2 HRE

16 F' PAHs HIEL 7 F iR 22 80K, BAT R R # & v S iE B 76 B MR R A 1 B R BUINy
FIZE B 8 Y R, A B 0% SR A I 500 A S PR B T O M R B T DG B A YT 2 — R SR X
Lo T AR 4R IR R S Bk 1, 7E 6 mL IE S BEH AR AR EDI T 5 g (2000 pg-mL ™' x2.50 L), %&
WO 4 2 — B ARFR (0.5 mL.0.8 mL B 1) , A 5 ml 25, FRRH4s Z R BAAF, 42 3 IANA 5 mL
NG, B AR 1 mL, B Rk 4E 7 0TI E 3 W, R A 3 .

[__JosmL E== & F Almost none
120~ PZZ308mL

Z 2
3 RRE MBS IECR

Fig.3 Recoveries of different ways for solvent exchange

o®©
(=1

Recovery/%

S
(=]

Fla s S T S S SIS TR g

Ace

FH & 3 TN, FEEE S I RAE S 4 223 T T RE B3 S 8028 . —2UE e ESE 2 M i ok
B G IRR WE R AER WA 2 0.5 mL AT R0 2 s | 508 S Y g e
f%F 50%. F it , B Rk 4n T R JE B R AR AN B 2> (=0.8 mL) , ATl Z A G, S8 77
FEo .

2.3 HIESH

ZHE(H] 168—2010 FRELWIM AT ik br e dil 1T FAR 00 17 A BER | ROAR (6 3% 150 52 PAHS
B TR H B X 2% AR RS B4 3 Rl RIS 217 25 I e A5 21 2o 13 A B R 5 25 AR
AR BE AR T3S 2. S 25 (AR BR A 2 R R, e BRIk B4 0.05 pg-mL™", B 0.35 ng-m ™ (CRAE
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144 m®) VP A (ORI FONAREE S AT E 7 WK TR 7 U E AR R 22, AR R Ry 3,14 %
SD, & 2 N R R 4 £ 09 7 4 H B BR TS s ( DAD W45 ) 41, 4 HARY %) 7 346 1 BN 2 1 R FR ¥ il FLD
AR, PR UL 2.4 L 100 L - min™" 3 R AR, SR4E 24 h B, Ko PAHs 9 7 356 H FR >4 0.08—
0.29 ng-m~  FEH TR 0.32—1.16 ng-m ™K H BRAIE B PR -5 hrifE 7wk PR LA BE AT 2S5

R 2 16 Tl PAHs RIS A 4G R BRAE T PR
Table 2 DL and LOQ of PAHs for the instrument and method

PAHs %% LC Instrument/ (pg-mL™") Ik )
oAD 0 Method/ (ng-m™)

DL LOQ DL LOQ DL LOQ
NaP 0.018 0.073 0.005 0.017 0.08 0.32
Acy 0.011 0.036 — — 0.13 0.51
Ace 0.008 0.025 0.004 0.015 0.10 0.40
Flu 0.031 0.101 0.001 0.005 0.28 1.12
Phe 0.013 0.043 0.001 0.004 0.09 0.36
Ant 0.028 0.093 0.002 0.005 0.21 0.86
Fla 0.009 0.029 0.003 0.010 0.11 0.45
Pyr 0.045 0.15 0.0005 0.002 0.29 1.16
BaA 0.005 0.017 0.001 0.003 0.08 0.32
Chr 0.005 0.018 0.002 0.008 0.23 0.91
BbF 0.005 0.016 0.001 0.002 0.16 0.64
BkF 0.008 0.028 0.0002 0.001 0.11 0.43
BaP 0.015 0.049 0.0003 0.001 0.17 0.68
TedP 0.007 0.022 0.005 0.015 0.18 0.71
DahA 0.009 0.028 0.002 0.005 0.11 0.45
BghiP 0.015 0.049 0.006 0.020 0.19 0.77

2.4 JikFEEE

T AR IR 2 I R SRR 28 FEE LG 2 R s 3R 8 vR DR A Jy i T RN
st 0 5 B DA ZTTRE N2 R it P AR I s o D s (R B, FH T SR AR il 1 0/ 5 308 2T A4 i s A
R R FRI IR A RAL BT B4 T4 0 T BB A PRI 1.1 97 ) RFERTAZ S s (i, o 2%
MAEARTRE T 50 ng, HEMAYATTE T 10 ng' .

MR 1.4 357 I 28 A HNBREESS , 20 BI% QFF F1 PUF ZEAT AR AE , AR EAR R M 0.69 ng-m™>
F16.94 ngm™ , BRAIAE S E 6 WK I, QFF MRV BE bR DR R 63%—128% , FH X A 1 i 22
(RSD) <20% ; QFF 14 /& e B AR IS 28K 67%—112% , RSD<15%.PUF FfI e BE I (a1l 28 Sy 53%—
123%, RSD<15% ; PUF 15 W BE b R % 59%—117% ,RSD<20%.

2.5 SEBRAE S I

MRHE 1.2 557 A 1.3 957 IR E K ) PAHs, SR EEBFE] 4 2015 45 3 4.5 A Y 20—
23 H, M5 oAb 5T A BH X — I AR T SRR AE 24 h( A H 10.00 A2 H 10.00 /), REN &
100 L-min™", FELERAE 3 d.IE LS RANE 4 Fis.

3—5 H e A KA A PAHs BF- 20 BEARIK R 391,165,149 ng-m ™, ot PUF il & S AH
PAHs ¥4 236,116,117 ng-m™ , QFF I WURLAH ' PAHs ¥ FEH 156 .49 34 ng-m™ 5 BUFI 6 & die 2
B 2H BB A3 e 5 7K - 5 BL ARG AL 5T RS PAHSs B BE /KRR RS 200 Ho 3 F oyl s Tk B v T
4.5 F 22, AT REJE 37 51 24 1 A F (LW (5 >0
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4 3—5 HALAURE AR PAHS

Fig.4 The concentrations of PAHs in atmospheric samples collected at a sampling site in Beijing from March to May

3 %518 ( Conclusion)

WA CTE LN E R 2 U 19 PAHSs  FEM PO 0 5h sl DAD Rl iy, A 5870 9l id #E &+
YA il R T B i A5 R R TR AR A, RE S L 10 R RT3, Tl I I B 755K 3 A0 R P B — IR
FRe i R , AN [ ) 4 23-40 RT REAT A [) 5451 2%, DR M7 260 W 9k A4 5 R o o 2 o R At i AR RS /N T
0.8 mL. LT 2L R A, B b i e rp B DL ey 25 IO A2 P28 ARSI R T B, Tl
A i AR BR AR ) DAL, VAR (i i BRI I XS 0 PAHSs BN , SRR 144 m 7 I, J7 4G
HBRA 0.08—0.29 ng-m ™, R FFRHK 0.32—1.16 ng-m™, REMSIH AL 43 S5 AR 1 Wa I 7 oK.
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