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FIFH 5 — B B UGS (P DM S) ¥R 2 I BE T M N KM B SRR 38, 8 2 1 b [T A W B 8 it PR
AR/ 5 R/ R R R T VE(SBSE-TD-GC/M S/ MS) BRI E BN 2R T L8 IR 7%, e 7RI
RERRHERE S, FRIEFIE R G BT B P, 782 OBLIE WA S0 MRM) R, X2 355 27 8 7 Rl i A i 74
JB6 B 2 B0 ( LB iR B2 300 °C, AP AR IR — 60°C ANBE B 1F] 6 min) S5 54T T ORAK, FRESTAR HERNZE; DL
12 MR FEIAL 2 PAH s AWAR, L T 2% H T 16 FhSe H IR CRZ AL ekl 2 3105 & (0438 77325, 7RI
RAIE45. 1% ~ 109% 2 18], # H R 8 0.020~ 0. 054 ng. FIFH AT 3B BERT G = RSP BB T+
M) 2 805 JE AT T e AR B S50, R B0 5 2 R SRE S 16 B 23005 IR & & 38 4. 24~ 5. 32 ng Al
172~ 200 ng .

BT IR MR EG BUBE: S G/ By Bk 2397

ZI TR PAHs) & BHPT B AN BL B AN 3% i AU BRI i — B a . R
PAHs FEESRIET SAHUR KAk, B AR H AR M N ARG 7> PAHs, (H NS 2 KA
PAHs ) FERIE, BIE L2 252 A TOE s AR U 6 12 . #ir PAHs B A 80 8 &
FG AN, ST R R ) L

KA+ PAHs & &IRMK, —BONR EEIE &K KAH PAHs BRI — MR B 3 A0 Bt 4
BERIAPREEATR SRR, FERE Sk A7 (X BRI B 7580 52 2RO A AR 7Y o i A BRI R RE I, ELV A6
KEHEF, BN A EGE 559 . BFE 7 REE B R( Stir bar sorptive extraction, SBSE) & 7 [& #H &
HX(SPM E) JE Rt - %2 & ok (1t 9778 (R0 SR RER R, e ) P 3 e 2 10 34 15 P v W MV A
KRS 5T R H AR A4 30T WP, R A IS 2 T A S 1 AR BT A 2% 4R T IO B A N, B8 ot
TR FE e G HEREY . 5 SPME AHEL, SBSE I8 E AR bhdse K, H 3B KEE T FH3h 71 R BN
TR Y O AL EE FEE LA, & T B AN RAE . H TS IR R R R KA e A SR R E
ARSI TR SBSE X KA B A B 2 0% 1 W SFHEAT AR A U BRI T AR X e o
Henkelmann 25" F| H] SBSE 1F AR AL 8%, X KSh PAHs #EAT 7R R MRS, (HH X 5538 PAHs 1
[l ZEAE X 22 AR 7R 48 ] SBSE AR KA 3l Kbt 2, 8L 7 RURARE AL AW An e K 16
oS [E PR LR 2840 5 W I PAH s (TR FR EPA-PAHs) [0 PR 0AH €3/ BRI 5T 7% ( Thermal Desorp-
tion-GC/ M S/ MS) , FFH AU Pt SLATT 1275 48 7 ARG = K0 PAHs 72 57

2

2.1

WA Thermal Desorption U nit, 8 MPS 2 H IR AE#, (S E Gerstel A H]) , SAHELIE
W/ J5 W Quatto micro GC AR DU AT BTIR FHAX, S5 W aters A7) ; (A3 41y DB-5MS( 30 m x 250
m i.d. X0.25 mm) . Twister fii#:4% (SBSE, 20 mm x 0. 5 mm, {E[E Gerstel A#]), f A7 BT =%
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W, 7E 320 C, He i 50 mL/ min 2508 THUEE 3 h, A5 2500, B 5 RSO Gl R (R A7

16 # EPA HUE 10 PAHs (2%, Juli, J&, 27, JF, B, 9HE, B, %If(a) B, HIf(b) KR, FIf
(k) B, HIF(a) W, EiIF(1,2,3cd) BB, 2 (a h) B, (e h, i) IERRS BRI T £ E Ae
custandard A #]; 12 AR PR (d8Naphthalene, d8 Acenaphthylene, d16-Phenanthrene, d16-Flu-
oranthene, d12-Benzo( a) anthracene, d12-Chrysene, d12-Benzo ( b) fluoranthene, d12-Benzo( k) flu-
oranthene, d12-Benzo( a) pyrene, d12-Indeno(1, 2, 3, ed) pyrene, d14Dibenz(a, h) anthracene, d12-
Benzo(ghi) perylene, L429-1S) & GI& WA T INFEK Wellington A .
2.2 Quatto micro G& PAHs

2 GCRERE IR E: 280 °C; I AIAEIR: 5. 5 ming ARHNEAIREE: 300 C; BEFF 77 2 A idh it 20 &
AU 29. 99% )3 FEFFFHR: WIRAIEE 50 °C, 4RFF2 min; A 19 *C/min FHEZ 200 C, {3452 min; LL4.5
¢/ min FHEZE 240 C, {82 min; P 2.5 ‘C/ min FHEZ 290 C, £7FF 2 min, £ 44.7 min.

= DURRSE B A B AT EL LB AR 70 eV, BT URIEE: 200 C, Trap HLIE: 200 mA,
Repeller: 9.4 V; & Z%: LM Resolution 1:4.0; HM Resolution 1: 14. 3; lon Energy: 0.8; LM
Resolution 2: 8. 3; HM Resolution 2: 14.4; Ton Energy 2: 1.0; Multiplier: 650
2.3 PAHs

TR THEFE: AE TR T4 Daughter scan) B30T, $H B 7Rl 5 1785106, LRELE SR 1F 1% 5
EFHTE T REEREEM it 782 Wl Multiple reaction monitoring, MRM) #3XF, R H e L6
FIAAE, 535179 16 Fit EPA- PA Hs SRR 12 PG bR BATE 2V e BB MRHE R R, 4%
W) )87 e v )R B BE B DN 1% B4R B A O MR B BE . LA S Y 16 AT EPA-PAHs DL
12 FOTAR A FR R E NG A4 PR DR BRI 8] L il 2810 Rl FE R B A s R R R A5 AR 1
K116 F ZITT R ER S 12 AR Z 3R 9542 G C/MS/ MS Kl 4

Table 1 M RM transiton, retention time and collision energy for 16 polycyclic aromatic hydrocarbons (PAHs) and 12 du-
terated PAHs

N =N N =N
L f gr R o REALER com TREN sy AR
. . T . Collision SR Collision
No. Polycyclic aromatic . Retention M RM IS RT M RM
hydrocarbon Function tim e (m/z) energy Deuterated PAH s (min) (m/z) energy
Y (eV) (eV)
1 Z% Naphthalene 1 8.67 128> 128 15 d8Naphthalene 8. 64 136> 136 10
2 JEks Acenaphthylene 1 10. 78 152> 151 20 d8& A cenaphthylene 10. 74 160> 158 20
3 J& Acenaphthene 1 11. 05 154> 153 20 d8& A cenaphthylene
4 %j Fluorene 2 11.98 166> 165 20 d10-Phen anthrene
5 3E Phenanthrene 2 14. 35 178> 151 40 d10-Phen anthrene 14. 28 188> 160 20
6 B Anthracene 2 14.51 178> 151 40 d10-Phenanthrene
7 W Fluoranthene 3 18. 55 202> 202 20 d10-Fluoranthene 18. 48 212> 212 10
8 £ Pyrene 3 19. 46 202> 202 20 d10-Fluoranthene
g i
g AJF(a@) & Benzo(a) 4 25.83  2:®>226 30  FBenzo(a) am 5 @ 5400036 30
anthracene thracene
10 J& Chrysene 3 26. 04 228> 226 30 d12-Chrysene 25.8 240> 236 30
11 BIE(h) K& Benzo 33.05  23s 250 30 A1ZBenzo(b) fle 5y gy 964 060 30
(b) flue-ranthene oranthene
I (k) P d12Benzo (k) flw
12 Berzo( k) fluoranthene 4 33.23 252> 250 30 oranthen e 33.11 264> 260 30
13 () B 4 3519 2:s 250 30 1ZBeo(a) pv55 o o6as 260 30
Benzo( a) pyrene rene
N
14 HIR(1L2, 3cd) B 4 02,50 276> 274 40 AEIndenoll 23y 5 gggs g 40
Indeno( 1,2 3-cd)pyrene ed) pyrene
— I (a h) B ; .
15 (e h) & 4 02,87 om>276 35 dl4Dibens(ah) 42.68 2925288 35
Dibenz(a, h) anthracene anthracene
16 IF(e.h, i)k 4 44.00 276> 274 40  d1ZBenzo(ghi) 43.91 288> 284 40
Berzo(g, h, i) pery kene perylene
2.4
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10, ’ﬂﬁ?‘ﬂﬁﬁ?i%i: R0t PE7 TRCE T BRI B A, T A B SCHEAT BB )i, 22 GG/ ML S/ MS i o
JRAT 22 FARE R 2 R AT B 1 (R /N H 1 SRR B, 3T 018 SRR PO it ORA, L A
JS2FH BT AT SERR SR IR, g O 2228 A AR 0 45 1 5 P BRI, Bk S A P 320 B T,
SRR AT R = A
NIRRT KR (E AT 5 R AR SR 1R EE AT MR S8 (1 57 T8 HE L 3 PR T SR AR,
SRFEIFEI DA 2 ho AR KRR it RS : FEBEAT SCIR b3 18] DT IR L, £5 MR IR e de € ), 1
3R TSR RS £ B AR AT SR 5 18] AL, SRAERT 8159 2 ho

3

3.1
311 TR FIREIR 238 D508 30 55 20 K, R 238 J7 J8 X Bt iR B Lok s . PAHs i
WE 2 w280 CV T T wister BERET VR MR ESR SIS IR KT 300 C, A M, AR5 1%
%277 280 F1300 ‘C~ PAHs HIMFHRCR . S55KH, 300 CHF PAH s it Ff 20K 2 8 280 CH Y 1. 0~
3.0 f5. PRIk, A S8 i M b iR JE Y 300 Co
312 A B AR IR RS AL P T B AR I EE R K. 1T 23 O SR N[ Ak 2 (A
R R, AR AR R P FH RN T 2RI AN ] (R 48 A e B SCR o A SRR YA B
Xt PAHs ¥ 8 TERE, 40 Bt - 80, — 60, — 40, — 20, 0 #1120 'CF 16 f EPA-PAHs FIHHEMEIAT
TV 45 BRI, (RIR L A W70 AR IR T RE T8 7 b Wl dal 5 76 YAk P 76 3L B AR 5 s i (- 20, 0 1 20
C), BRSO RO . DURR, Fi3R PAH s TUFE S5 5 N 230 LB 0 PO B85 B S
IMEA PR ARG B FE R I Bk SR A ZAR /N B 1) o S A PL S5, iR H- 60 C/EN PAHSs /\B#
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Fig. 1 Influence of desorption temperature on PAH detection

3.1.3 P i B Tt 2 S0 2234 D7 A R A3, — IBEA N2 A 05 JAE 6 min BT 58 42 ffit

BT o DRI, ARER AP IR (- 60 C) i B & ( 50 mL/ min) FIBG B IR (300 C) ANAE, 25 %2 i b
BFE] (4, 6 F1 8 min) X i b RCR HIFZ M. 24 B 4 min B, A& W00 T2 8 6 min B F) 68. 9% ; 24 i fft
] 6 A1 8 miin B, B BEASCRAH 2248 Ko UEHH BEF 6 min 35 A /& PAH s BB 2R (K 2) .
3.2

WK 3 fiw, FEARAL I AET, 167 EPA #ER) PAHs SRS T R IF45 5
3.3

PR phZR il 1F: B & 5 MR PAHSs AMRE#R(0.06, 0.3, 0.9, 1. 8 F13.6 ng) 5 H 1 ng N
PRI AR B STER AT 5 S BALIF I BRE 73R 1, Friasnl ¥ &G, SERDKG F 808 1 W e b, 3%
FRARAL (OS2 B0 2% e AT 40 MRS I, skl VAR e 25 16 Fh PAH FRyERNZ8 IR M AR S r Y9 KT 0.97
(£ 2), MRKR L.
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Fig. 2 Influence of desorption time on the PAH detection
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Fig. 3 Chromatogram of 16 PAHs (0.9 ng) under multiple reaction monitoring mode
U& 45 A3 1(The peak numbers are the same as in Table 1) .

3.4
PL 3 fEHIE Lk (S/N) & X7k BR( LOD) , 2% FFES H PAH s £ HFR7E 0. 020~ 0. 054 ng 2

o 44 0.9 ng SMRIEBRST MR BT 3 PR 73R AT R SLI0( 3R 2) , 2 3005 R Ak (1 [l Wi 248

45. 1%~ 109% 2|8 (n= 3) o

216 B ER TS H2 w2 A 5 2R H, PR AR S i 2

Table 2 Response factor, correlation coefficient, LOD and recovery of PAHs

EZI ¥ VEBEY o H R B Recovery (%)

PAHs Correlation coefficient LOD (ng) S1 S2 S3 RSD
%% Naphthalene 0.990 0. 054 63.8 65.0 47.9 16.2
J& M A cenaphthylene 0. 995 0.022 106 102 77.2 16.4
J& Acenaphthene 0.99%4 0. 022 88.8 87.9 68. 1 14.3
%j Fluorene 0.997 0. 028 82.3 78.5 66. 4 11.0
3E Phenanthrene 0. 995 0.032 81.4 77.1 60.5 15.1
B Anthracene 0.995 0. 020 91.4 88.4 70.5 13.5
K Fluoranthene 0.996 0.025 104 100 71.4 19.4
EE Pyrene 0. 995 0. 026 109 107 72.7 21.2
ZJf(a) B Benzo(a) anthracene 0.988 0. 027 66.5 72.2 54.1 14. 4
i Chrysene 0.990 0. 030 67.9 75.2 55.9 14.7
I (b) FHE Benzo(b) fluorant hene 0.987 0. 033 69. 8 72.6 58.5 11.1
ZF (k) B Benzo(k) fluoranthene 0. 986 0. 033 69.4 71.7 53.3 15.5
23 (a) & Benzo( a) pyrene 0.984 0.032 69.7 70.7 56.6 12.0
ffjfrfol(’ ]%’2%‘§11§)Epy one 0.975 0.034 63.8 74.6 56.8 13.8
ibiiﬁ(:f }}1‘)) E{hwme 0.975 0. 034 52.7 64.3 49.4 14.1
(g b i) TE Berzo(g, b i) pery lene 0.972 0.041 55.4 66.6 45.1 19.3
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3.5 PAHSs
TEME M BN T SR LR G REM M T 16 B PAHs & & Eﬁj\ﬂ]f 0. 653~ 1. 60 ng,

4. 24~ 5. 32 ng, 172~ 200 ng 2 [, SZBrAES RSD 7 4. 8% ~ 35. 1% 208 §AT 25 A REG 5 RISz 6
HER SRR S A B, 2958 )5 1 0. 6% , BRI T DU 3 P 15 S0 S0 p s, JRME AT, 2%, B,
i, 2, 3, B, R, W, BRI (a) B, RIE(b) W, RIE(k) W, PRI a) AR =N P E S
T2 B E, R RIS H It N 2. X2 H T PDMS /%F (3B DA S &R
F, MARIA A A PE R 0, 5850 A74E TSR, IR, ARG A0 8 50 W) IRE ik TR T R ik A
VI RV e, ELTE 5T BT FORE A, 76 RAE IR b, 75 BRI [A) 7 Rk B0 BT 447

TERRAIEE AR, S KA PAHs SRR B, BRI S, = RS0 PAH s BARF S5 (2 R A
BT 4. 7~ 376 %, o rb Bap S A T LAY 20. 3 f5( K 4), SR EGE fErh A5 K B2 3005 2k ik
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Fig.4 PAHs concentrations of travel blank, house background and coal buning ( ng)

AW AR SBSE-T D GC/MS/MS X PAH s BEATHL I, 81 XHRRAE RS 73R 2 E S T 1 =
PR AT e M S B, WD TR T, BRE TR IR SRR 5 VA AR, BN T — R E AT A
AT AL BT KA WL 7 FER) A BT R SR PAH s B8R ERRE I 77 . R AT L R T JR = =5
S PAHs FEIKFIT I, 45 R BoR, IR FENA PAHs AR, MJ7ERTIE B0 25
PAH s BRIE RBIRINESR o X Bl BORAE 25 08 A T2 A =Sk PAHs &8, iRt —
HETT R REARAR R IE Mg i R 50T 5 TAE
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Determination of Polycyclic Aromatic Hydrocarbons in Air by
Stir Bar Sorptive Extractior Thermal Desorption-Gas
Chromatography Tandem Mass Spectrometry

LI Xiae-Min, ZHANG Qing-Hua" , WANG Pu, LI YingMing, JJANG GutBin
(State K ey Laboratory of Environmental Chemistry and Ecotoxicology,
Research Center f or E co-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085)

Abstract A method was developed for the determination of polycyclic aromatic hydrocarbons ( PAHs)
in indoor air by a novel passive air sampler, polydimethylsiloxane ( PDM S)}-coated stir bar sorptive ex-
traction (SBSE), which is detected by thermal desorption ( TD) coupled to gas chromatography/ triple
quadrupole mass spectrometry (GC/MS/MS). PAH standard was added to the surface of stir bar,
and it would not be put into a desorption tube until solvent was evaporated. The experimental condi
tions of daughter ions, collision energy under multiple reactions monitoring ( MRM) mode were opti
mized. To enhance detection sensitivity, T D parameters like desorption temperature (300 C), cooled
injection system (CIS) temperature (- 60 C) and desorption time (6 min) were also optimized. 12
deuterated internal standards were applied to identify and quantify 16 EPA~PAH congeners under 4
functions. The method recovery is 45. 1% - 109% and the limits of detection (LOD) were in the range
of 0.020- 0.054 ng. The established method is further applied to analyze 16 PAHs of indoor air be-
fore and after coal combustion by hanging stir bars in a room as passive air sampler. The PAHs con-
centrations of indoor air before and after coal combustion samples were 4.24— 5.32 ng and 172- 200
ng, respectively

Keywords Stir bar sorptive extraction; T hermal desorption; Gas chromatography tandem mass spee-

trometry; Polycyclic aromatic hydrocarbons
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