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Research progress on the influencing factors of polycyclic aromatic hydrocarbons
and derivatives from vehicle exhaust and non-exhaust emissions
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ABSTRACT Polycyclic aromatic hydrocarbons (PAHs) are a group of toxic organic compounds from vehicle emissions. Many PAHs
are carcinogenic, teratogenic, mutagenic, and immunotoxic, causing a negative impact on human health and severe damage to the
environment and ecosystems. Although PAH derivatives, including nitro-polycyclic aromatic hydrocarbons (NPAHs) and oxygenated
polycyclic aromatic hydrocarbons (OPAHSs), are one to three orders of magnitude lower in concentration than PAH parents, some
components are far more mutagenic and carcinogenic than PAH parents. The PAHs and their derivatives in motor vehicle exhaust
emission are mainly caused by the incomplete combustion of fossil fuels, and their emission characteristics vary with the combustion
conditions and fuel compositions. With the increasingly strict control of exhaust emission standards and the gradual popularization of
electric vehicles, non-exhaust emissions have become the main contributors to traffic air pollution. Therefore, as the main source of
PAHs in an urban environment, non-exhaust emissions, including brake wear, tire wear, road dust resuspension, and road wear

emissions, cannot be ignored in terms of their contribution proportion. The emission characteristics of PAHs and their derivatives from
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vehicles are mainly affected by many factors, such as combustion conditions, road conditions, and the types of motor vehicle parts and
materials. This paper collates and summarizes the existing data on vehicle exhaust and non-exhaust emissions of PAHs and their
derivatives at home and abroad. In general, for exhaust emission, stricter emission standards lead to lower emission of PAHs and their
derivatives; under operating modes, including cold start and acceleration, the engine combustion efficiency is reduced, leading to an
increase in emission; the emission of diesel vehicles is much higher than that of gasoline vehicles; gasoline direct injection (GDI)
exhibits higher PAH emissions than port fuel injection (PFI); and emissions increase with increasing vehicle mileage. At present, studies
on the non-exhaust emission of PAHs and their derivatives are lacking. Existing studies find that the chemical composition of brake
pads, braking conditions, tire materials, and pavement conditions affect non-exhaust emissions, but these findings have a high degree of
uncertainty and need further research. This paper is intended to analyze the emission characteristics of PAHs and their derivatives from

motor vehicles under different influence factors to provide a scientific basis for developing emission control technology and formulating

policy standards.

KEY WORDS vehicle emission; PAHs; NPAHs; OPAHSs; vehicle exhaust; non-exhaust emission

ML3h 2 B ACHE U TR 1 5 3 4 Bk i) 3 B IA
25 Y IRz —, H Bl BRI B) AR i AR
i K, PB4 R ARHERBOS Y sT ks k. i
A3k, B RE VR TR 4 B R I 2 T RN T S R I
e, SHLsh RS HBAH e, JERAHBOE 3B
28 N N2 AR [

Z A T5 1% (PAHs) AL RS I5 W i) —
RAABKEFENAIAE Y, B 808t Sk
P | B0 AR M TG R B 1Y, Xk N 2 i B s A K
&, [RB XA R el ™ EAIR. 1 PAHSs (1)
7 A= W) 1 ik 22 3K 55 1 (NPAHSs) il & & £ 38 55 12
(OPAHs), 88875 Ye /K HLAEARAR 1 ~ 3 A5 2%,
HE 5341 43 i 2 4 -3 = F PAHS™. PAHSs
B AT A= 32 2ok A WL 8h 4 K s AL BRI 4
fiff, TR B A7 AF 2 2 1 AR R AU A Y 3l A o 7R P
& shHLET N R BE 25 1 R ], nT 68 2 5 2R ik
o AR B e A=A Ak, (R, BUA B 9T 4T S A )5
Wi P2 T PAHs B H AT AE 9 %) HEICRR AE 368 A X 45
A SR, AR S 3 HE RS L T | AR
Fh2s | RaPLER | AP R | 4R S 70
T2 | BLBH G5B A R 28 LA R % 1T 2% 12 55 T 1T &R

GERIT LN 42 R SUHE R A AR B UHEL PAHs B
i A= P A HE R AIE.

1 SN ERESHN PAHs R EITEY
HMEZ

L1 AR A

AT B EALS R HEROPRE LI SE L HAS | BR
M=K R N ET. hTHEHMEAEAL .,
4 13z A7 AL LA K™ 4 0 HE T b v, o8 B A
20 fiE22 90 AEAUR BN AR e . B SE & X
T 2025 45 H b 4K 0BS5S ™ 4 B9 HE bR
HEH &, 1 2 E 0T fh A6 %2 56 ERA LR ES. 3R [E
4 BIL Bl A HE T 1 A R 400 389 LA R AR 3% 0 27 %)
GRS, N & RV | VL RS o HE
TR THE 2805 il i 3 7 % 1) 5 ] ) HE ik A R L,
IFAE 2020 4F 52 it 19 =1 VI o B i 7™ T BR VEHE i
P

1R T AEA R HERO bR AE T s ah 4= HER
& LB PAHSs 5 %8073 A1 F1HE I A 5 B8 A0 S BF 5
X LB T AR RN 7RO G L 22 ] BE A TR
ARV ST R IESITE S - NN ES 8

#£1  ARHGARIET PAHs MFRES i K i PAHSs HE 715510

Table 1 Distribution of different PAHs rings and emission factors reported in the literature under different emission standards

[5,8,10]

Test cycles WLTC, Gasoline

CHTC-HT, Diesel ARTEMIS Urban, Gasoline

Emission standards China I China IV China V China T China IV China I China IV China V
PAHs at 2-3 rings 4.2% 43% 4.4% 80.3% 100.0% 99.5% 100.0% 100.0%
PAHs at 4 rings 27.3% 25.7% 25.1% 19.7% BDL 0.5% BDL BDL
PAHs at 5 rings 44.9% 44.4% 45.2% BDL BDL BDL BDL BDL
PAHS at 6 rings 23.6% 25.6% 253% BDL BDL BDL BDL BDL
EPAHs emission 924.655 794.395 744.645 7.1 2.6 225.651 40.502 0388

factors/(ug-km™")

Notes: WLTC—Worldwide harmonised light-duty vehicles test cycle; CHTC-HT—China heavy-duty commercial vehicle test cycle for heavy trucks;
ARTEMIS Urban—Urban Artemis driving cycle; BDL—Below detection limit.
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Zhao 5PV e HUE T 2 [V HERCRR #E A9 75 4=
HEAT & 4S5, 245 S 3 B RO 42 B S HE I PAHs
o it B R RS o 0 T B R AR, R R
% PAHs A K 74351 8 B T FE VY 1, 206.87
179070 pg-km™. HHEIT [g, b, i] JE (BghiP), —
2 3F [ah] & (DahA) Rl % Jf [k] 2% B (BKF) Jy PA-
Hs HE i i 5Tk i K = Ff PAHSs; X T NPAHs, H
He 9 728 4k 5 PAHs 25481, B T %= F VA PA-
Hs HERC 743 5y 28.74. 27.29. 20.42, 17.55 Fll
16.68 pg-km ', X J& i T #84> NPAHs Hi 1K PAHs
5 NO, i — WK [ W A= i, Zheng %5 1 XF ¥ 90 4
PAHs HE i 8 58 45 2R B B IV AE VAR X T
M s/ T 49% ~ 93%, FF H. & PAHs HE i & A 24
B 5I A3 AR AE 3 ~ 6 FR 22 ).

E RRCUH HE AR e V0 4 BB SCHE B PAHS BIF 5%
Hr, Lin 2500 & B, 5 /KA IR IV AR EE, 42 40 HE i AY
2.4, 6 F1 7 ¥ PAHSs (5 FE7ERR V FER VI o 20,
MMV 35 H 2=, 33 F 5 31 PAHs & & F+#4
#, 5L PAHs "' 2 ~ 3 3 (%% (NAP). &4 (ACY). J&

(ACE). %j (FLU). JE (PHE) AIE (ANT) ik h 66.6%.

X 5 Alves &5 BUJF 5% 4% JE 4 0L, PAHSs HE i & Bk
M>RRIV>ER V, BV 42 ~ 3 3 PAHs 2 VRS &5, 4 ~
6 ¥ PAHs P 7E AR LT, H 2 ~ 4 8 PAHs &2
b7 S

AN T) HE bR #E R 4% 9 42 B S HE PAHS 7 &
ARl 5 VRN 4R g5 R — 3. Zerboni 2P %k KT A1 Rk
VI 283t 45 B2 <O WUKE PAHSs & & JEAT 000 &, W I A
PAHs(394 ng'mg ") & i TR VIFE & (261 ng'mg ™),
H_—#F&#E&F S PAHs & PHE. Chen %" i i
TSR 3 R AT B ] BT 3 (GCxGC-ToF-MS) il
T E IV HE VI ESR PAHs HECE 7351 19.2 +
21. 1 pgkm™ F12.6+ 1.3 ug-km™, #id 90% 1Y 3 ¥R
F1 4 38 PAHs 73 fii TAHH. Cao S5 #E 47 22 38 52
Ui SRV g VNS || 31 NES N\ £ /@ i A R o a
L PAHSs HE K T4 B 0 R AIGE #, A PAHS
5 B PAHs A ) 56% ~ 89%; NPAHs < AH 2 5
97%, S H NPAHs H' 4 ¥f (1, 3-fif 3L EE, 1, 3-NPYR)
WOy e, R TR 84.9%.

PRI, ML Zh 42 HERORR 4T 425 2 <. PAHs M H:
701 A= W HE B 1) 8 AT RS 38 A L 2 HE s ol
BRI S, 25 1 UM AR 4 4% ] ) 1 Fn R
AR 0GR T HEECRE bR e E O A E AR
B PRI AR EE L A s 2R L i
3, X MLEN A Y W HE AR 1 H 25 ™A, (R
SUREE WA PN B Ve

12 FWITHEIR

TEWCI , 3 BIC 25 3 4 28 (NEDC) — T HH 2
A 0 9 [ D) 38 2 BRI R P 75(FTP75) k4 7
i, [ 2000 4F DLk, 38 i 3 hn#b ge 8 A0 AR
AT 2, 3 241300 5y HL I 5 R B A AR T S B S
Y] () 56 2, T NEDC 52 36 25 45 32 fL 3 52 22
20 [ 21 22w Lok — BAEY K, Mk 4k
Pp R 2 0 A KRR P (WLTP) 76 2017 4 9 H &
2021 ) Z 18] 3 20 BORCRT 2. (B 36 B A IR B 7
2010 4FFRIIAR A7, WKW HAS . B F
B 45 [ 7K WLTP £ b JEofE . [R)AF J 2020 4 2,
HESRH T WLTP 4 7 FHZE B AUEIA™. WLTP
X} NEDC [ FEAAS A A 46 AHXT AR | B o 9 3 B
R B R 1% 2 ] A0 5 W AR 1% B R E LA B I
TR T 1) — S AR fp 12,

Zheng %51 £ WLTC Fll NEDC P # i§ 3 F 2%
£ RS HECBRL Y, WLTC F Brill 15 3 28 PAHS i
Jit & ¥ NEDC B A T B (4% ~ 9%), $K1Mi, 4. 5 F
6 AW i HE i XA BT S s B AR a3 R
WLTC ) PAHs HE il & 43l 2 /3 s iy 1.1~ 17
s LB WLTC W BEA WLTC & i BeAst & BE, &
R IR Bl £ 2 T 2O B R e TR D R BE , AT
/> PAHs BRI (40 2.8t Z0) W=, 18
F PAHs 1k & ¥ 1) 40 K FURL 1) Az 4 # #5 . Koste-
nidou ¢ F 5% & B, 7€ Artemis KK P 25 3 41 24 (1
AT B B, #0003l b B PAHSs Y B ISR T4 S
3li, PAHs HERC 2 ZEAE 8 Ja 3k i 76 35 (ArtUrb) ()
% W1 L 43 b e 2N B A 0 0, 2 ~ 4 FF
PAHs ) 5 E 5. Alves ZE® Z Hi 9 Wk 75 .15
T AL B 25 2R, HLB AEAEYR A B ArtUrb A B§
2 31415 B8 (ArtRoad) 25~ PAHs HEjil & fe . 7E
o ] J AR 4/ U JE 2R (CHTC-HT) H1, Chen
SR L A e A PR E Y [ TV R A AR A R B A%
1 UKL AR PAHS HECHE w5 0 T HC 45 1 28 0l 0k
Y1k 98 2% (DPF) 19 [E VI 4240, Wk A PAHs ¥
Ja s B #Ur sh &R ARAR /N, TCIe R R B TS
Bl % 4 4n fa] , DPF #F B8 A %4 Hb B AIK PAHSs HE ik .
Wang G SR R A sk L #UF shges . B A
FR 25 M0~ 3K 2l J] 191X S0 42 A7 0, B AR 20
P35 5 PAHS HE 524 0.0834 + 0.146 mg-km ',
RT3 (0.180 +0.303 mg-km ™) IS 3 (0.239+
0.310 mg-km ") FHFF, T 2 30 Bl £ 2/ PAHS
YILL 4 3R F0 5 34 F (PYR, K Jf [a] B (BaA). C-
HR. #JF [k] ¢ & (BbF), BKF F14<JF [a] 7¢ B (BaF)
85). B, RS 30 T & S LR bR AR,
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AT AR 5E 4 8k be it 72 b PAHS R 7R /Y TE 1, A
PAHs HEBC 3.

X T AL Bl 42 A7 A %o HE TR A 52 ), An AU 38 2ok
B R, 7E 2000 rmin ' 50T, BEE K SHL
AR A7 AR 457 76 60 N-m) 2] 55 6ty (F 0 1
FF7E 120 N'm), PAHs HE A &2 3% 7 8 i, <A
NAP(90 pg-m™ 3% fii1 ] 200 ug'm~>), PHE(3 pg'm™
HHNF) 8.7 ug-m ), FLT(0.4 pg-m > H#41%) 0.8 pg-m™>)
T PYR(0.1 pg-m™ B4 E] 0.6 pg-m™) ¥ i i 35 14
fin, kL AH 4 2R PAHs H' BbF(0.55 pg-m > 3 fii £
0.87 pg-m ) Fl BghiP(0.45 pug-m> H41%) 0.65 ug-m>)
JoT i Wk B AR AL BT . [RIAE, Arias 458U AE i 67 o
(2,400 min™", 90 N-m) A F|4E3h 42 < 5 PAHSs
HE e B I 7 46 (1750 min™', 71 Nem) &5, EL PAHs
DL 3 A4 38 A FAOM, 8RR Y, DBalP
1 BaP {76 T ORI AH. Li 2807 20 5%t 4890 4 %
HLTE 20%. 50% F1 80% it faf T F& < HE it PAHs &
FA A HEBCRFAE SE AT 5T, PAHS B HE R & AR AR
AR TR =i R i = o R R Tl N (A (A =0 i .2
372 ~ 890, 274 ~ 745 Fl 364 ~ 913 ug-kWh™' Z [i]),
NPAHs 7% 1t 5 PAHs 251, OPAHs HF i & W] fi %
BHL G AT 3G I 2 TS . X i T AE R AT
T, BARM R SR B RCR ARk PAHS BAREA
564 NI 3% B3 0 225500 w5 fA far T, A # T PAHSs i
IRIIE L, T30 PAHS HECRIE . Geldenhuys %5
KRR T FR v & sh AL, i — 48 SOM 0k« AT
] Ji 3% (TD-GC S GC-ToF-MS) 43 #7 & ¥R, & 5l #lL
TR R IR R T PAHs W B 8 55 T B 3R
(33.9 F1 6.3 pg'm™); e K YA A Y PAHs £
BUAEAE T 0B AR, 1R AR X 32 2 AR UM PAHS,
NAP & % ) PAHs 1 #4145

FE 5 DU HE R 52 e 5 T, A S5 BRI K E AT
., Cao S5 3 o 7 28 52 50 X Al 2 I RN B I 2k
rh 883 42 2 < HE i PAHS Fl NPAHSs HEA7 1 &, 4%
MAETEAE A B IE B AT, ER S BN 4A
#Rbs, S5 PAHs F1 NPAHs HEWU 225 | 2 1R 58
WA 2 I SR, T HE AR R O 3 s S 3
164 4 5 4y b S Ak, AT PAHS HERC AR, SR,
rf 7 863 4E £ PAHS FIl NPAHs 55 5% %0 1 8 50 553
R SR, FE i E ARG . Dhital 481
WA BT (UR), &R X (SU) Fl i 3 2 5% (FW) =
SR LR, AE IE H 2 B AT Sy AT 2 B AT Ry (PR
T A I S LB 4 2 <0 PAHs [ HE
JHE. B PAHSs UHERT LA 4 35 (57.83% ~ 83.42%) Fil
3 ¥R (7.07% ~ 33.65%)PAHs 4 5; UR FFH 5 PAHS

HEB K743 51 & SU FEW (8 1.5 155 F 2.4 1% ; AG
KRBT S PAHs A HEL K+ FLEL PAHS (1) BaP
GRS G IIN T 128% F1 951%.

L, ANEEEAT T80T I8 shi | 28 3= A
& S ML G fr A9 AS ARG 5 30 PAHSs K HL AT AR W HE L
B 22 5. AR AR T R 2l 2o 5% Wi & Sl AL A T A
R 1 RIVRT PN I B B 1R 7, DT B AR & B HILIA e
BRI S8 AR 56, {2 i PAHS HT A Y 1Y
.
1.3 B

Wi 5 AL B0 PR AT A PR 8 4 R B 7 A 1
HE A BR A8 B+ B, T P A 8 VR % T A A5 A 4K
KRB 5T . BB R 4 2018/2001 K 2030 45
T2 B S 0D 0 5 o T P A R R AR S E 14%. HEK
15 G ) TR AR A AT A R A A A SRR —Fh AT
TTREERE. AR YRR T DR P % 5 P g s i
b TR 2 4 ok B 5 HY RE AR A A T 2 PP R TR
H 350 0 A 0 AR A7 A 1) 3 2E )T A B M A6 55
[P R, PRI O Y 1 A0 0 B O R AR MR R TR A, An R
Vil A=) Sl HRTBON H WA, {HIE
TEEREAE®N TS 5mE . B8R
PR L B A TN A B %) T T T R T 2
TRV, AR IS i . A7 FIRR R 5Ty T LE B
BT A AR AL, B IE T EEAE IR A A i oY
R T B P

55 A L, YR AR E 4y F i PAHSs X
PAHs 9 A8 X BT ik 38 fin, 489 4 EZ DR T &2
PAHs 24 3, A [R5 v 593 AV PAHSs HE ik A
T 1R, 1E Alves 2 YRI5 b, S8 RS
Wi ki th i) PAHs & % /& NAP, PHE, PYR fl FLT,
HE T A 5 43 51035 925, 12,5, 12.5 Fl 4.98 pg-km'™;
Ol 22 B S %89 PAHs y NAP, PHE HI ANT,
e KA Ay 98 223, 1.21 F1 1.14 pg-km ™. Perr-
one %5 PV L A5 B T AR, A 45 R, L8 4 RN R 4
H PYR XJ 5 PAHs A STk B, 431120 60% Fil 23%;
VM 4 BghiP J2& 5 — Fh 5T Bk % K 1) PAHs(18%),
T AR S 00 22 1 DT R AL/ N (2%).

FE Wang 5552 JE 47 IR [R] 55 48 1 1 09 VTR
KL PAHs HEBCF T, YR 8 1 07 B 1 i 3 3
RE ) FN PAHSs HE i i 5 55, BaP A0 EE ML T
. Huang 552 25 5L W], 5 ULSD A X, fr & 05
Je o I B ML S8, PAHSs HERL R 080 T 45% ~
68%, NPAH M HECE 8D T 50% ~ 58%.

McCaffffery 2524 ¥ A [R] Hu 451 () £ B RE (E10,
E51, E83) #l 5 T M #A K} (iBut55) 5 VMR & &
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Fig.1 Distribution of different PAHs rings and emission factors
reported in the literature under different fuel types®2"

B, 7ES0HH PAHSs H, B2 BB oS I i A5 L 3 4
PAHs il & 2 2 W /D 5 75 iF SO3E WS & 3h AL
(GDI) Hr, it A PAHS HE i il £, B &5 2 38 i
I /0, ES1 1 E83 43 il bk &6 ¥ i 98 2L 58% Fil 69%.
T 5 5 5 2 1 RN 40 Lk BST AR Y iButSS 4
Bl PAHSs HECE D T 39%, Ui B PAHS HE T (4 ik
D FEE i T RORE R A S B A, TR 2 TV kR
B R TG S R BN, IAb, TN B R
AL (PFT) B0 45 55 5 GDIA A M, B 2 %
AU T EEIRY B30, BS0UR A PAHS HECE &
B .

M2 0 LA Y, 72583 5 n] BEAE R TR A
WFFEr, 45 AR —3. Arias 250 75 15 17 8 AR5
SE3h (ULSD) Hs Jin T A A= 4 S R 3, — & 1

600 700
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| B 4 rings
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Notes: D—Diesel; Bul3—The volume fraction of 13% butanol blending
with diesel; B13, B20, and B50—The volume fraction of 13%, 20%, and
50% biodiesel blending with diesel, respectively; B100—Biodiesel

B 2 AR RAE R SE TR S L PAHS IR0 X &L PAHS
e
Fig.2  Distribution of different PAHs rings and emission factors

reported in the literature with diesel, biodiesel and biodiesel/n-butanol
blends!"*!"!

A5 F A A P20, {5 PAHSs (1) S0 HE A 3
Jin, NAP, PHE+ANT J& & %2 < 4 PAHs, PHE+ANT
1 PYR N2k T4 32 2 PAHSs, BBl fh &
A TRy TR BRGS0y A G it 72,
AR A R 2RSS AT 2R, 8 G A TR
JF . Yilmaz 5P AFIE LSRR, fERE IE
TEES AW % h (BBu) IR A LT PAHSs HE ik 2 3
1, BBul0, BBu20 #11BBu40 734 111 ~ 247, 186 ~
296 Fil 257 ~ 495 ug-kg .

Lim %5 P9 [a] #E 6 ULSD 549 5k &, &
PRARAE r A= gy 2 3 5 B G 184 23 sk /0 UK A PAHS
() HE i, NAP J2& & & 5 = 19 PAHs, H: kX A FLU,
PYR I FLT. x5 Li " Wy —3. 554 AH L,
i FH B20. B50 #1 B100 Y PAHs & HE = 7 51 F
T 28.2%. 43.2% 1 60.4%, 1%/ T & PAHs(PHE.
PYR, ACE il FLU) j& F 2 i) PAHs 4 43 ; NPAHs
HECE A0 51K PAHS A — 20 11050 5 A A
i B20 1 B50 ) OPAHs i HE i & 43 B3 hn 1
24.3% FN 51.9%, 1€ B100 i 12 i & & il T
BEA PAHs B8 B, AT H: OPAHSs & HE il 5 {3
T 8.9%.

14 FWHREHYEE

& 458 B VR & S ML K R 28 SR & 7
HRRG G ARET, J5 R 8 AR pl k< w5
(PFI) & hAl. WA i 2 SARWHEBOR FAR G H bR
(R4, PRI & shiL a3 e . S @i, S/ RSHAY
VAW ELWE (GDY) & shflf% A5, 5 PFL & shHLAH I,
GDI & i AL 5 A 515 19 7R 4 be A I 1 78 L IR
B, DT B A8E A RR T 2 T . AR, AR
Z5 Ak Bsf [i] 1 AH G A0 0% k4 i ) TR) 45, R 2 5
GDI % #h ML 7= A= /9 00Kz 9 HE = i & T 15 %
PFI & L, [A] B 6 B2 S HE i PAHs B AT A= 9
R HE TR A A A G5 1 729,

Zhao %5 X} GDI Ml PFI & #hHL 750 4 e S HE
Jit PAHs S H AT AR W & 00 i, & BTEOR [R) AT o
BT, PR R 4 HE R B K 38 BghiP
DahA, H GDI HE i H 7 ¥ B & /N F PFLVA i %
PAHs HEJC K+, 2 W1 GDI 753 25 T B | &40
T4 PAHs B9 HE; NPAHs HER UL 52 A BL#HY, PFI
Y IH % NPAHs B9 HERCH 7 7F 6.43 ~ 12.45 pg-km™',
GDI HEJ N T4 5.42 ~ 7.95 pg-km ™', 44 4 31 NPA-
Hs XJ & 5 51 Bk fx K. 1 McCaffffery 55 4 Wi %2 51|
FH R B 45 5, 7648 FH E10 35 0 v, GDI % 3 A1
PAHs HFjif 2 /& PFL Y 5 A5 LA, DL NAP s £ %L
PAHs; K. #H PAHs HE i ¢ B GDI 1 [t PFI 3
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HR R R A R, 35 0 2 R B HE 2 SR — K, B
WE T PAHs A7 Bl 42 2 40 20 J0k: 7 2% 17 A5 1< 9 00
ARk, AP R S A OPAHS, Hirh ot
MR R A2 1, 4-Z518 (1, 4-NQ) FIE R (9, 10-ATQ).
X5 AR T UHIE. Kostenidou 2511 5786 GDI
HE ) PAHS Jit 5 v B BH W =5 T PFL 43 5118 1.66
1 0.47 pg'm>; Zheng %5 1 % i GDI 4= 4 (4.8 =
1.4 pg'km™) b PFI % (1.6 + 1.2 pg-km ')PAHs
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