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Abstract An analytical method was established for the determination of 30 n-alkanes (C7—C36), 2
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branched alkanes (phytane, pristane) and 19 polycyclic aromatic hydrocarbons (PAHs) in vehicle
emission by thermal desorption-gas chromatography-mass spectrometry (TD-GC-MS). Samples were
collected by Tenax-TA adsorption tube, and the internal standard was added. After desorbed by
thermal desorption, the analytes were determined by GC-MS in selected ion monitor (SIM) mode
after separation by HP-5 column, and quantified by internal standard method. In order to improve the
sensitivity and precision of method, various parameters such as desorption temperature and time of
adsorption tube / cold trap, capture temperature of cold trap, and the analysis conditions of GC-MS
were optimized. Results showed that the calibration curves for 51 compounds exhibited good
linearity in the concentration range of 1-50 ng, with all the correlation coefficients (R”) morn than
0.994. The limits of detection and the limits of quantification were in the ranges of 0.05 —
0.48 ug'm™ and 0.20—1.90 pug'm™, espectively. The average recoveries at low, medium and high
spiked levels ranged from 86.7% to 119.9% with the relative standard deviations (RSDs, n = 7) of
1.0%—5.7%. The method was applied to the determination of alkane and PAHs in the exhaust of
light diesel vehicle. A total of 44 targets were detected, including 28 n-alkanes, 14 PAHs and 2
branched alkanes. The method was simple, rapid, stable, sensitive and accurate, and was suitable for
the determination of alkane and PAHs in motor vehicle emissions.

Keywords alkane, polycyclic aromatic hydrocarbons, semi-/intermediate-volatile organic

compounds, vehicle exhaust, gas chromatography-mass spectrometry, thermal desorption.

TE k1 22 34555 K2 (polycyclic aromatic hydrocarbons, PAHs) J&: KA I 8 B 1975 4L, 5 R 4k
¥ (fine particle, PM, 5) F1 5 4 (O;) 1Y T8 BRI A6 25 DIAH OG0 2, Horb LIRTT (a) BE M ARER B PAHs B
948 B0 P Y, ™ S e N A i B MR AR R 2 RO VR B, TR LR G5 R P LTS G W) (volatile
organic compounds, VOCs) Fll > /r %5 #8 & 1 4 L ¥ ( semi-/intermediate-volatile organic compounds,
S/IVOCs) ™. VOCs 4 Ik A WL K (secondary organic aerosol, SOA ) [t B E iAW), [0 I A GEAR if- b
ik AR T 3l 5 O B A AL A B A S DO R S AR BIE ST R W], S/IVOCs X SOA YAz A B 2 TRk,
(B HIE Ll v A BT ELJ™ B RAARRA T ), 0 A ok Ok B2 2 LN 2 ML gh 4 R AU FR IR Bl T R A
Be e F1 PAHs 1 E EOR M, LR BebL 3l 4 R b be ke il PAHSs OWT5E 22 0 OREZS 0417, T s b e
A1 PAHs (19 A1 SC ik 3 8 /0, H LL VOCs g 1. Xt 5¢ 3 HL 3h 4= B b S S ke #il PAHs, JE H
S/IVOCs I 4335 FIHEICE 7, X SOA SR AT A AFF 78 HAT 23 ).

H AT F B0 A0 PAHS B G i 72 B4R T D7 V540, 32 B4R BB F 2% (HI646—2013) 1)
0 5 A £33 7 (HI647—2013) 20, {04047 1) PAHS 2153 ORI B B0 IANREER % yTa s
HARY) Sy S HE SO S5 10 RBUA A g e 1 T T A e e R AR 0, 1 7 T8 ) R N s v D7 . Rz o
R -HRBEBE /AR 3 B i kAT RAE A FR AT B . HAR B IURL B SR 5 R 2 B . W A T o A
SO ELRE S M IO T 52 2= A A B, mAS Ik a5 L AR AR AL A .

N TR 4R A ek M PAHs B9 J7 32, [A) Il BEVE S 70 AT B 2 19 S/IVOCs ¥, A&
WE AR S PR B A I rh B R PAHSs A6r I J7 v 9 SR B 98 IR, LA B4 SR, SR A0S R - £
- 1% e FH £ 4t (thermal desorption-gas chromatography-mass spectrometry, TD-GC-MS ), #5371 i& T
BLBh 42 AURE TP 30 R IEA Bk (CT—C36) | 2 F i bk (R be | W B8 ) A1 19 F PAHs(2—6 )
(R J7 35 Herp C12—C36 Beki & PAHs J& S/IVOCs™; 1% 35 HA K BRAK . B bty K L
TR SRR AR, AT R LB 4 AP e iR AT PAHS (ARG TN 5K

1 i%\%ﬁﬁj\(EXperimental section)
1.1 AER 5]

7890B/5977 A £ i - T i B FHAX (& [H Agilent 23 ] ) ; TD100-xr #4 i B3 (it U-T9TNX-2S % ££
% BF) (3 E Marks 23 &) ) ; Marks C1-AAXX-5003 A5 89 W i} 45 (508} : 200 ng Tenax-TA 35/60, 89 mmx
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6.4 mm) (£ [E Marks 23 7] ) ; CSLR F kil £5-28¢ B (U[E Marks 24 7] ) ; BTH-10 %135 £ {3 (At 52 B SEFE A
ILER N ] ) 3 ZC-QL H #E 2 KA (I ) RAE s (W VT E IR X B F 22 7] ) ; SEMTECH-MPS % H 151 i B¢
Z 45 (25 [ Sensors 24 7)) 5 K FE i 1E 25 (FL48 0.22 pm, K HEPE 2 7)) 5 Sl 1 5 2% (50, 100, 250,
500 pL, %+ Hamilton A H] ).

RAPRE G 30 P IEM B & (C7T—C36) IR A AR MER W (1000 mg L™ FI1EC ke, LigLiEAF) .
19 F' PAHs 1A AR IR (500 mg- L' F &AM ke, LIZiEAF); Bbn: FHEbRER 1 (100 mg L' F
ECkE, FUFREN T, AR EA I (1000 mg L TIFE O k8, FE2eiEA ) WARY: fift =+
% (1000 mg- L™ FIEC e, 3 Aldrich 24 A]), S A2¢ B (2000 mg- L™ F =4 H &¢, It 5 BePure A H]).
R HEE(LC/MS 4li, FifEZ2 e RN F)) | IF & 68 (HPLC 21, 3¢ ¥ Fisher chemical 23 F] ) . — % HH 4
(GC/MS 4fi, S [5 Fisher chemical 23 ] ). M B2, mali A (LEEE>99.999%, | NS4 F]).
1.2 FRdfE S B e il

3 G B Y IE A B | AR IR B G . PAHS FREE I, F P s/ — 5 P b AR L 2:1) TR B
EARZRE S mL, BUH R E M 1.5, 10, 20, 50 pg-mL™ B9 51 Fh HFRP1IR S bR i e BGE & N
PR, LAH S ot (AR L 2:1) WA FIE 28 % 5 mL, Bl B ALK B R 25 ng-mL™ A4 PN AR I 34
T4 CARAFE, R PR E S 8RR 1 wL TR B HE S RV A 1wl BRIV I A BR A ) 4 2k
B, LA R 80 mL-min™' /%75 4l &R AT 5 min, dUHECT MRS, & R H AR N 1—50 ng B9
PRUERESDAE (AR & R 25 ng) , A vfERE A 75 B B0 R . oot 1 S A (o FH A 20K VR P Y e, —
SR BE . IE COBEASIE VE 30 Uk, HEREFT R RE S B VR 3 ks B RS LA FH A B 19 0 Vi B IR VR T
24 h, FEKIEVE T, IR AR . S BE . 1IEC RGBS TEUE 15 min, 5oa 8 H B S0 b iE
OB 1:1:1 BSOS VR, B T1EH.

1.3 FEECREE AR

W 545 0 SR RE T 1 F 2 AN, 7E AU HE 50 mL-min™', & BF 320 °C T &4k 1 h, DA J: 225 T4k
EAL G (W BREAE W R 7 B B, FHAR A AR B A B S4B TR IR TR I TR RS R 4 °C
A7, FEH.

FHEBRARFERGRER M L ERINHFE NG, AR (B s i A=,
MR R 1:30) i RE, S USRS . TR AR bR 25 UKL FI/K IR, P38 A SR AE 2R CRAEW AL 0.1 Lomin ™, R
RERHE] A 15 min ) 555 B R SR 45 20 W BHE v s PEANAY RAE R G AL . SRRE 8 A0 0 15 45 2 L SCHik
[24]. RAESE 5 57 ZIBCN B, AR A AV N % o4 b | B TRATE MR T AR 4 °C ok
RAF, 7 d WA BT oE5e.

1.4 XERFKA

FESCR AT, Fr 2 B A T BRI B AT BB, R B AR 28 S 5 43 8 s P s A
R LA B B 1) 5 3% P VR B 1, P BRI o ot
1.4.1 PR &

TRH 2RI : 250 °C, W RILR IR : 35 °C, BV PRWI IR EE : 35 °C; MBS ff W : 300 <C,
FF MBI : 15 min, f# 0 5t : 50 mL-min™', f# W53 i : 100 mL-min™'; RAER BHEHE 7 X A0,
[F ] : 4 min, AU : 50 mL-min'; AR B AL IR -20 °C; AR B LS : 300 °C, 5t B i) [a]
8 min, i B 73 Wi P it S mL-min™'; R AR BEINEGE A 100 C-s7; T & : 50 mL-min™', T WA [A]
5 min; GC i # i} [H]: 60 min.

142 5

HEAE FLIR B : 200 °C, 800 m a2, SRR AN o0 (35 4T . Agilent HP-5 & 4045 A (30 mx
0.25 mmx0.25 um); fEf: 1.2 mL-min'; FHEFERF: FILHIRE 50 °C, £44F 2 min; LA 20 °C-min F+Z 150 C,
LA%F 2 min; FELL 10 °Comin™!' F+ 2 310 °C, PA%F 25 min; [Fi24 TR E 320 °C, ££F 2 min.

1.4.3 ks

B TR ELE; V838 S BFB; 75577 2838 B[] : 4.2 min; 43 9 EE . 230 °C; B IR : 230 °C; DUk
FRIRLEE: 150 °C; BRI : 230 °C; B T-fEfE: 70 oV; I 7 2 E M0 R 44 (SCAN), H3#i7l
Fil: 30—500 amu; & &K FHIEEE I B W il (selected ion monitoring, SIM), FIH#E S W% 1.
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Table 1 CAS No, retention time, qualitative and quantitative ions of 51 target compounds
JF5 TR YLK CAS%E fREARE/min - EEEF(m/z) EEET(m/z)
No. Chinese name English name CAS No. Retention time Quantitative ion Qualitative ion
H¥54%) Analytes
1 EBEkE Heptane 142-82-5 4338 43 41,71
2 1EFEhE Octane 111-65-9 5.355 43 57,29
3 ETRE Nonane 111-84-2 6.387 43 57,85
4 E%$ kb Decane 124-18-5 7397 57 4371
5 IE+—%E Undecane 1120-21-4 8.408 57 4341
6 IE+ Tk Dodecane 112-40-3 9.458 57 4371
7 B Naphthalene 91-20-3 9.506 128 127,129
8 E+=k Tridecane 629-50-5 10.568 57 43,71
9 IE ke Tetradecane 629-59-4 11.7 57 43,71
10 JEH Acenaphthylene 208-96-8 12.574 152 153,151
11 IE+ Pentadecane 629-62-9 12.839 57 43,71
12 & Acenaphthene 83-32-9 12.976 153 154,152
13 IET7SkE Hexadecane 544-76-3 13.963 57 43,71
14 Uil Fluorene 86-73-7 14.092 166 165,167
15 IEEke Heptadecane 629-78-7 15.061 57 43,71
16 ALY Pristane 1921-70-6 15.131 57 4371
17 E\BE Octadecane 593-45-3 16.119 57 43,71
18 T bE Phytane 638-36-8 16.218 57 43,71
19 3 Phenanthrene ‘85-01-8 16.271 178 176,179
20 J8 Anthracene 120-12-7 16.372 178 176,179
21 EJuke Nonadecane 629-92-5 17.132 57 43,71
22 IEZ ke Eicosane 112-95-8 18.108 57 71,43
23 EZ % Heneicosane 629-94-7 19.046 58 71,44
24 P Fluoranthene 206-44-0 19.088 202 203,200
25 £ Pyrene 129-00-0 19.61 202 203,200
26 EZ Tk Docosane 629-97-0 19.946 57 71,43
27 EZ A=k Tricosane 638-67-5 20.809 57 71,43
28 1-HIBEE 1-Methylpyrene 2381-21-7 20.984 216 215,217
29 IEZ g Tetracosane 646-31-1 21.641 57 71,43
30 EZ Tk Pentacosane 629-99-2 22.446 57 71,43
31 Wl diE Cyclopenta(c,d)pyrene 27208-37-3 22.502 226 227,224
32 ZIf(a) Benzo(a)anthracene 56-55-3 22.509 228 226,229
33 i Chrysene 218-01-9 22.607 228 226,229
34 IEZ 7Rk Hexacosane 630-01-3 23.22 57 71,43
35 EZ bk Heptacosane 593-49-7 23.967 57 71,43
36 1IE A\ Octacosane 630-02-4 24.681 57 71,43
37 I (b) P Benzo(b)fluorathene 205-99-2 25.018 252 253,250
38 I (k)P Benzo(k) fluoranthene 207-08-9 25.038 252 250,253
39 IE A Juke Nonacosane 630-03-5 25.385 57 71,43
40 FIf(e)tE Benzo(e)pyrene 192-97-2 25.55 252 253,250
41 #Jf(a) Benzo(a)pyrene 50-32-8 25.655 252 253,250
42 IE=T4E Triacontane 638-68-6 26.135 57 71,43
43 E=t b Hentriacontane 630-04-6 26.961 57 43,71
44 E=tT2k Dotriacontane 544-85-4 27.885 57 71,43
45  HiFF(1,2,3-cd) B Indeno(1,2,3-c,d)pyrene 193-39-5 28.477 276 277,274
46 I (a,h) B Dibenz(a,h)anthtacene 53-70-3 28.571 278 279,139
47 E=1=5 Tritriacontane 630-05-7 28.942 57 71,43
48  AIf(ghi)It Benzo(g,h,i)perylene 191-24-2 29.196 276 277,138
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(2] SRR B HFR CAS% (REABTA/min - EREF(mz)  EWETF(m/z)
No. Chinese name English name CAS No. Retention time Quantitative ion Qualitative ion

49 IE= APk Tetratriacontane 14167-59-0 30.204 57 71,43

50 IE=A Tk Pentatriacontane 630-07-9 31.742 57 71,43

51 IE=10KEE Hexatriacontane 630-06-8 33.634 57 71,43

PN AR¥)Internal standards
52 IAREEE Fluoranthene-d10 93951-69-0 19.045 212 57
53 iR pukE n-Tetracosane-d50 204244-81-5 21.304 66 82

2 5B 5308 (Results and discussion)

2.1 BB SR

IR BRE 20 A 15 R L M O 1k %) R RIORS oA B EL vl R R A A5 (AR TR e R s [ A
WSS ) RITYA B 2% A AR RS T8 | 7 PRG J J5E R f  FsF [)) I kg S S, MR LA 5 80 10 g AOARIE S
X E T,
2.1.1 R S AL

VIG5 S R T B A B I i) B 28 A o 2 B2 R ) B A P WSR2, g e e A R TR,
2 IR 0 3 22 A 250, 280, 300, 320 °C, HoAth I v S 805 5 MWl AR (A, %5 5245 B AR 114 M iy A%
b, Z5F (L D) o, b, IR s B AR i e 0776 AN [ A IR 32 22 ) 2 5 A/ v i st I s 2 %) i ) i
PR TR L A T WA, 25 300 °C Fsf I 07k B, ARSE TR N G B AR Ak 1A Tenax BURHE 300 °C
A b i TR e FH 2 BRI BRF 2803, A1 It R B 465 Aot WO L B2 158 22 S0 300 C.

Lsx 106__ 1 R4S R 47 L Desorption temperature 0 250 ©
g [ 8% 0280 C
S 1ox10f g o s
. 8 o 80 = V320 C
a4 —_ ot ot @ Eg
S50X10°T
| ooBRY% 88 B g s oy BT G o 24
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g i H A A 15 min
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g L
5.0X 105 8 9o g@ —_ e oo @%
[ ans8S 80 O © 088 26 o 0
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Compounds
20X lor,f W Pt 4257 i A 4 /< 708 Carrrier gas flow rate during desorption O 30 mL-min™"
© + ég O 50 mL-min™*
£ 1.5X10°F A 70 mL-min™!
2 L
¢ 1.0X10°- 8 5 a8 6® 8%
I 8,8 & & f
5.0><|o5j ApbBB BB B BT3BBB BBB BL Bn 885 & Bp
ol® a “ﬂaaﬁgaaa
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Compounds

BT W SR AT R e 8 P 5 )
UrSx R ik &l 1)
Fig.1 Effect of adsorption tube conditions on the response of target compounds

(Compounds corresponding to serial numbers are shown in Table 1)
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R FRVEE AR AL T7 2K, AR UR 58 2 AN [] 1) figf W ) ] ( 5—20 min) A28 33 (30—70 mL-min™'), 25
S 1) 7, e Jas 0 i) S0 26 AN ) e W Bsf (] 22 1] 2 SR A0/ 0N, PAHs 14 0] o7 e 5 i VR B ] %) 345 Jonn i 4 e
15 min B0 07 55 280 /55 {85 A 228 B, 843 AR 4 A i Rz 2 i AR, 28 BH B ) 3K S 850H8 4 H bR
PIAEVS BF Tenax ORI 40 0HF B AR . B AR 04 i 07 26 AN [R] 19 2803008 8 22 [ 19 22 S A/, 3R 1
50 mL-min" B 7 A i DR] IR O BT A5 A W s ] RN 28 A 43 ) % 2 47 15 min A1 50 mL-min”".

2,12 BPREML

Vo B A2 T B2 32 B2 e AR 0 e A2 Ak | V2 UG Bk R I R B ] = 5 e E A ) i I R
OS2 R S E U E AR AR AR, SR 2.1 Y B0 Ak 7 2, AR R E A ) Y A AR TR (—10—
—25 °C) . JBEBRHIEEE (280—320 °C) F G RS ] (4—10 min). 255 (& 2) TR, Ll i i JL TP 2 4 48
Tk B2 AR A W 52 W, T PAHs 1) M) 7 Fif 5 4 5 T B 1 [ AEC T 3G 0, 7E -20 °C B e o7 A I e 5 4k SRR,
PAHs [ Wi J3 547 S [ R B 18 1 o, 3 14 SEE B 4 U B ) 1 2 5 3% PAHs I AR %38 AR 0 B URLFE
K300 °C I RTA H bR B R 44 7R TR RREIELEE Sk 280 °C RGN , PAHSs £ E0ME H s 4RSI R
&, E AR e 8 TG bk 25 AR Ak AR 1% e 17 B 2 58 B T g 38 B s, rh L i e BRSO
F,FE 8 min B MR ] i i 5 ARSEIG I, H AR 00w 7 0 8 25 AR 1k R IR v B T L RO AL A
JI58 BB ] 3 591135 5 720 °C., 300 °C 1 8 min.

25% 106_: ¥ BHHEIRE Cooling trap temperature A O-107C
[} o
2 2.0X10°F O-15C
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5.0x105F ¥ o g g ¥ 8o
TIT se008 46 o 0 00000 666 66 86, 866 & ey o
of SguoPunn
1 1 1 1 1 | 11 11 1 11 11 1 1 1 1 1 1 1 1 | 11 1 L 1 1 1 | 11 1 1 1 1 1 1 Ll 1 Ll J
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qu L é g 08 E Opg é
5L
ST seete oo 0Us%cse0® ses  $8708 g4, gobg
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Compounds
B2 VWA RY PR 5
(FS 3R A R 1)
Fig.2 Effect of cold trap conditions on the response of target compounds

2.2 GC-MS %Mtk

EAMIERY, bike & PAHs 400 16 AR M @35 A HP-5(30 mx0.25 mm>0.25 pm) (5% F 394
BCUF 1 53 18 B AT 2, O AIE SR FY HP-5 (O AL XA S AT 00 8. th T BAR i 2 | Wb mi 85
(98—536 C) K, Jyfs B/ HARYIWRI N | 7383 B2 AL, AR TR AR P Tl & 2.1.1 35 i Ak J7
2, T EARY) & 5O 10 ng ROFR S A X AL AR L . THE R | AR B REIRLE | fE R 1]
SGHESRATZ AL, B AL 142 75 (T BARY S 10 10 ng AOARIESH S 7E SCAN H14H T
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SR b 0 T L KR Nist14 38 K 2 B (0 B B il 51 650 B 2 B bR 13 2 HE 47 9
S AT M R T (6 )5 4R O L IR R B, MS SR SIML T4 51 H
FRUEATE i A0 0T, BB TP LI 3. 0 3 AT 51 R L ERATE B AR ] (34 min) P 5 4t e, 3
TR VI B, AT AR 15 B4 R

35

B 12
i 31,32
30+
r ) RTRT
4 10 20
L 3 5
> 25_ M35 e i
2201 2 & 15 23,32 37,38
g n 8 9 ks 34
[}
= 15) a1 " 2627| 29 i
30 363
10 %o,
1 43
5 53 444546
T ‘ 1 \/47
B ! H 48 49 50
| un UL Vv
ol L Ly U B LY T L Iy [0 S N Y Y WY VY N
6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
t/min

B3 51 A0 HARA 2 R bR R R TR
(SRR AL I 1)
Fig.3 Selected ion chromatogram of 51 target compounds and 2 internal standards

(Compounds corresponding to serial numbers are shown in Table 1)

2.3 JriEvEAG
230 SRS R RS I R

A3 IHE 1 pL W BE 2510 1. 5. 10, 20, 50 pg-mL™" AR S o S T, T8 A AR G 5 0% [ A2
o, JRISEAITA T pL AR PR (25 pgemL™) , il ObR o 5 487, X0 W A TE s HARY) & &= 53 ik 1. 5. 10,
20, 50 ng, WHR& N 25 ng, TEOLIL &0 T IE, B M IE SUH A 3 K. & HARY LASMR 5 AR & 2
BT T AR 2 H () XF R BE 2 He () il An i ph 26 45 52 WoR, 51 R HARTE 1—50 ng U RN &MER
Uf, MHOCYE REL(R?) 4 0.994—1.000. FL'E HARY & £ 4 0.2 ng BYFR M A, AW E 7K, #& 1R
HJI168—20200 J5 3511845 51 F0 B b4 946 H BR (MDL) 24 0.05—0.48 ug-m?, & f& FBR(LOQ) A
0.20—1.90 pg-m™.
232 R SR

XAk 5 S W B 3 I EAT 2. 25, 45 ng AR INAR 25, SR ME 7 K 11545 51 R B
16 3 IAR KT B BSR4 5108 2 91.3%—119.9%, 86.7%—105.2%, 90.2%—109.3%; AH X F5 7 fi
% RSD(n=7) 45354 1.0%—5.2%, 1.9%—5.7%, 1.7%—5.3%.

R BRI T HI646—20131, HI647—20135 sk | 5t R HL3h 4 < e /2 Il PAHs &
I E TR, PR LR 2.

F2 5P AR RILPERE . AR FICEE . AR 2 (n=T) | K PR B e R R
Table 2 Linear ranges, correlation coefficient(R?), recoveries, RSDs(#=7), MDLs and LOQs of 51 target compounds

KB/ st TR/

MDL LOQ
1 1EPEkE Heptane y=0.26x 0.999 0.07 0.29 102.3, 86.7, 95.8 24,4.5,2.8
2 1E3EHE Octane y=0.64x+0.03 0.999 0.05 0.21 102.9, 96.2, 94.7 13,47,3.5
3 1ET-%¢ Nonane 3=0.62x+0.03 1.000 0.11 0.45 100.4, 94.8,95.7 13,3.1,3.6
4 1EZ4%¢E Decane 3=0.70x+0.04 1.000 0.10 0.42 100.6, 93.9, 96.6 1.8,4.0,2.8
5 1E+—%¢ Undecane y=0.73x+0.05 1.000 0.15 0.59 103.8,94.3,97.3 2.4,3.9,3.0
6 IE+ %% Dodecane y=0.77x+0.03 1.000 0.14 0.55 101.5,94.3,95.6  2.8,3.5,2.8
7 %% Naphthalene =0.92x+0.04 0.999 0.39 1.56 92.6,99.0, 90.2 22,3.8,4.8
8 1E+ =%t Tridecane y=0.75x+0.02 1.000 0.17 0.68 98.5,93.5,97.7 3.6,3.6,2.8
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0. Compound Linear equation MDL LOQ Recovery RSD
9 1E+-PU%E Tetradecane y=0.76x+0.06 0.999 0.16 0.66  100.8,93.9,980  3.9,3.6,2.4
10 J&5 4% Acenaphthylene $=0.92x-0.01 0.999 0.40 1.62 91.6,98.8, 98.1 3.1,34,3.7
11 IE+ Tkt Pentadecane »=0.78x 0.999 0.24 0.95 103.9,93.3,98.8 3.1,2.8,1.9
12 J& Acenaphthene y=0.55x+0.01 0.999 0.46 1.85  97.0,101.3,97.1 29,1.9,2.1
13 1E+75%¢ Hexadecane »=0.78x 0.999 0.20 0.81 105.8,92.7,98.9  4.1,2.0,1.7
14 %j Fluorene ¥=0.64x 0.999 0.23 0.93 111.2,96.8,92.8  5.1,3.9,4.4
15 1E T4t Heptadecane =0.74x 0.999 0.33 1.31 107.2,92.4,99.0  4.7,2.8,2.2
16 {47 J5% Pristane $=0.68x+0.01 1.000 0.23 0.93 98.7,95.2,93.1 23,25, 1.7
17 1E+/\%E Octadecane y=0.76x 1.000 0.23 0.94  103.0,90.8,100.5  4.7,4.1,2.6
18 f#i%E Phytane ¥=0.70x+0.01 1.000 0.16 0.66 99.5,96.2, 96.2 22,1.6,1.9
19 3 Phenanthrene =0.86x 0.999 0.18 0.71 95.2,91.3,99.5 1.4,2.8,4.4
20 4 Anthracene »=0.87x-0.03 0.999 0.47 1.86  119.7,93.3,922  2.2,49,4.9
21 1E+JUk% Nonadecane =0.73x 0.999 0.33 1.31 106.2,89.7,99.3  4.0,49,24
22 1E —+%¢ Eicosane y=0.72x 0.999 0.46 1.84  108.2,91.4,99.1 4.7,2.3,2.3
23 IEZ+—%t Heneicosane $=0.69x-0.01 0.999 0.33 134 1059,91.4,989  52,2.1,2,7
24 % Fluoranthene y=0.89x+0.01 0.999 0.41 1.62 96.4, 94.9, 90.7 1.5,3.4,5.0
25 6 Pyrene $=0.94x+0.01 0.999 0.37 1.47 91.3,96.3,97.7 4.9,2.6,2.9
26 1E— % Docosane $=0.75x-0.01 0.999 0.34 136 102.6,90.6,98.8  4.8,1.9,3.1
27 iEZ =4t Tricosane 3=0.76x-0.01 0.999 0.27 1.06  105.6,93.7,103.1  3.8,2.4,3.5
28 I_N}jiifene $=0.63x-0.01 0.999 0.48 190 118.7,963,949  2.0,3.1,4.1
29 IEZ DUt Tetracosane y=0.75x 0.998 0.25 100 1159,92.0,97.4  4.5,3.0,4.5
30 1E 1 H%¢ Pentacosane $=0.73x-0.01 0.999 0.37 148  1145,93.9,980  5.1,3.9,2.5
31 %m}%(C’d)iggl(’pema(c’d) 3=0.16-0.01 0.999 0.17 070 107.3,92.4,101.8  3.0,2.5,43
32 Jf(a)B Benzo(a)anthracene  1=0.65x-0.01 0.999 0.20 0.78  104.5,102.1,96.2  3.6,4.1,3.0
33 Jiif Chrysene $=0.67x+0.01 0.999 0.32 127 100.7,94.2,952  2.8,4.8,4.2
34 1E—+75%¢ Hexacosane =0.67x 0.999 0.39 1.55 104.7,93.6,97.9  3.2,3.8,3.2
35 IEZ -t 4¢ Heptacosane =0.63x 0.999 0.18 0.72 106.8,93.2,98.9  3.2,3.5,3.7
36 1E —+/\%¢ Octacosane 3=0.61x 0.999 0.42 1.68  117.2,90.4,98.5 1.9,3.2,4.1
37 #JF(b)¥H Benzo(b)fluorathene  y=1.38x+0.02 0.998 0.24 0.96 111.6,97.1,97.8 45,32,2.4
38 ZJf(k)%¢IE Benzo(k)fluoranthene  y=1.37x+0.04 0.998 0.28 112 111.9,102.1,105.7  3.1,3.0,4.8
39 IEZ T JubE Nonacosane ¥=0.57x-0.01 0.998 0.37 1.48 101.8,92.1,99.6 3.9,24,48
40 #3f(e) tE Benzo(e)pyrene »=0.40x+0.02 0.999 0.44 175 103.3,99.4,101.9  1.7,3.1,3.1
41 #3f(a) I Benzo(a)pyrene $=0.33x+0.01 0.998 0.39 155  108.6,101.5,982  3.6,4.2,3.9
9 iFE =%E Triacontane $=0.50x-0.02 0.998 0.45 182 111.6,1052,103.9  4.4,5.7,4.8
43 1E =% Hentriacontane y=0.36x 0.999 0.39 1,55 116.0,105.2,103.9  3.2,2.7,2.7
44 iF =% Dotriacontane 3=0.33x-0.01 0.999 0.43 174 1159,99.4,106.0  2.7,5.3,4.2
g5 FRA2IcdE Indeno(123-c.d) 0 6o 0.995 0.32 128 119.9,101,8,1064  1.0,4.3,4.0
pyrene
46 —#3#(a.) B Dibenz(a,h) =0.03x+0.02 0.996 0.16 064  1059,1043,97.8  4.4,3.1,25
anthtacene
47 iF = =% Tritriacontane y=0.24x 0.997 0.36 144 109.3,94.6,105.5  3.3,3.4,2.9
48 A (ghi)Ht Benzo(g,h,i)perylene  y=0.05x+0.06 0.994 0.12 047  119.6,102.2,100.6  1.0,3.9,5.3
49 IE=1PU%g Tetratriacontane y=0.15x+0.13 0.998 0.09 035  116.8,100.5,97.0  1.6,4.3,2.5
50 1E=1"T}E Pentatriacontane ¥=0.06x+0.02 0.999 0.07 027  113.9,103.2,109.3 1.7,5.5,4.4
51 IE=174t Hexatriacontane »=0.03x+0.04 0.996 0.05 020 106.1,101.2,104.5  1.3,4.3,3.5




6 1] U PGB -ORH (8 - B I 2 L3l 42 B U UM Be I I 2 3R 05 ke i it 1989

2.4 SLBREES S HT

PR B R Dk, RAE 1RV B R S8 A ST A T BIR AR TR 9 B AR HEATARR N, DLS IR Ty VA
E SRR A B T AT 25 R SERRAE L A IRY BT (8] 4) 5 JLRI 44 B B AR, 4 B bRk 3
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Fig.4 Selected ion chromatogram of the real sample

(Compounds corresponding to serial numbers are shown in Table 1)

H e 3 AR, A IV AR B S A4S AU AR T I0bE L IR TSk IEBERE . IE L BEANIE kA
FEIG YY), S RN 933.98, 792.22, 681.15, 642.17, 346.03 pg-m s ZEAY SRR 74.25 pg'm3, N E
% PAHs 473 W Ah, SAVOCs(L 4 C12—C36 IE M L ke | b B e . A HE . 19 Fl' PAHs) &5 1 H
5828.60 pg'm>, (5 LEIE AN PAHs B 1Y 82.1%.

&3 RASGh G R BEE A PAHSs 5 (pgem™)
Table 3 Concentration of alkanes and PAHs in exhaust gas from light diesel vehicle (ug-m™)

T EY e ¥ (st e
No. Compound Concentration No. Compound Concentration
1 1F B¢ Heptane 681.15 24 ¢ B Fluoranthene 28.06
2 IE3E%E Octane 244.41 25 B Pyrene 27.01
3 1IEF-#% Nonane 94.87 26 1E =+ %% Docosane 74.54
4 TFEZ$ bt Decane 145.65 27 1E —=%¢ Tricosane 91.89
5 1E-+—%¢ Undecane 102.06 28 1-F 31 1-Methylpyrene 33.73
6 1E+ % Dodecane 219.51 29 IEZPU%E Tetracosane 119.11
7 %% Naphthalene 74.25 30 IE =it Pentacosane 228.38
8 1E+ =%¢ Tridecane 120.93 31 I3 (e,d) ¥ Cyclopenta(c,d)pyrene 56.61
9 1E+PU%e Tetradecane 346.03 32 3t (a) B Benzo(a)anthracene 24.01
10 JE 4 Acenaphthylene 10.47 33 Ji Chrysene 45.17
11 IE+F%% Pentadecane 933.98 34 IE .+ 75%¢E Hexacosane 179.61
13 TE+75%t Hexadecane 792.22 35 1F —+-E%¢ Heptacosane 168.57
14 %) Fluorene 534 36 TE 4 /\%¢ Octacosane 139.84
15 1E+-E % Heptadecane 642.17 37 3t (b)7¢JH Benzo(b)fluorathene 7.82
16 L J5E Pristane 92.19 38 3t (k) % 4 Benzo (k) fluoranthene 12.23
17 TE+/\Bt Octadecane 312.47 39 IE — 1 JubE Nonacosane 151.16
18 4 Phytane 118.88 40 #Jf(e) 1 Benzo(e)pyrene 9.74
19 JE Phenanthrene 34.23 42 1F =%¢ Triacontane 140.27
20 B4 Anthracene 4939 43 1FE =-—%% Hentriacontane 98.18
21 TFE+ JUkE Nonadecane 92.15 44 TF = —%¢ Dotriacontane 76.14
22 1E—1%¢ Eicosane 103.48 47 1F =1 =%¢ Tritriacontane 25.42
23 1F —+—%¢ Heneicosane 77.21 49 1E =1 PU%E Tetratriacontane 66.21
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