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Abstract

Polycyclic aromatic hydrocarbons (PAHs) derivatives have been considered as an emerging envi-
ronmental pollutant due to their high toxicity, strong durability and difficult degradation. With the
increase of automobile ownership, automobile exhaust has become one of the main contributors of
the PAHs derivatives. This has received extensive attention from scholars over the worldwide.
Therefore, this paper sorted out and summarized the physicochemical properties, research meth-
ods and influence factors of PAHs derivatives emissions from automobile exhaust based on the re-
search results over the worldwide. PAH derivatives from automobile exhaust mainly included ni-
trated PAHs (NPAHs) and oxygenated PAHs (NPAHs), which have much higher toxicity than their
parent PAHs. Their emission level was closely related to the fuel type, vehicle technical level, oper-
ating condition of vehicle engine, after-treatment technology, etc. Oxygenated fuels could reduce
NPAHSs, but increase OPAHs. With the increase of engine load, the PAHs derivatives emission in-
creased. The improvement of vehicle technology and the application of after-treatment technology
could reduce the PAHs derivatives emission. The purpose of this paper was to clarify the emission
characteristics and influence factors of PAHs derivatives from automobile exhaust, which would
provide reference for the development of automobile emission control technology and the formu-
lation of emission regulations.
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1. 5|15

Z I T IR (PAHS)ATAE Y R B 2 0 05 e 5 rp SR TR A 22 B Re A (n s e PR e B eiAl)
WA IENANEY), £ sE3y, BAREER. R FEAMERSER 1], 7E3
KA, WL ILT7 IR (NPAHS) IS A 2 3 55 12 (OPAHS) & 22 3R 75 e AT A W ity e Fh = AR AR T 2
XFFRTG JePn R B (E PR B BRI T RHK PAHS, Hi TR3E . Bt m RE R A, AR
BEK PAHs SR “ =307 (B0 BURMBEEERAE) [2].

TETT RSB, A RRLRIAE TR (AN 52 A A e BAAIA s B A2 22 34 55 SR AT AL P i) 32 BERIR 3]
AR, BEE MBI & BB D IR AR BRI R ARG, KRR R AHERE By KA
5 NPAHs F1 OPAHs 5 2 05 T AE M - 2EHECE 4] [S]. Zhao [6]5F BN 54 FA FHEBOK (1)
A I~E V)T 3050 AR B & 22086 A B, V500 42 1) NPAHs HEUE - ATIA 5.42~7.95 pg/km.
Ozaki [7]5538 73 AR T 58 ZE R0V 22 00 2 30 05 R AT AE 0 HE R 7, i oot b e A B, ik 22 1)
NPAHs HE A 7B i i T 4= .

g ERTR, SRR AR R AR 2 I RATAE AN S AR, RN SR T E N A
B R AHBUA R RR 07 EATAEH O SO R, 2 KA. BT
M, ASCAESHRERSEZH S BATEWEALEERR . BF70 71 DL R S R R S AT RN A 45, IR
ERRZIHFRATEDIHERURAE S sema R 28, VR B AT R RS e 1R 2% .
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2. BMFRITEY
2.1. BUMREKIR

ZU T IRATENITE BNURIBCNE 2. MR 2R, Je4 i JE0E m Al A AR O %8 Mt 21k 200 £
Fh[1] FEHT KA, SR 2 3007 RATAEY) 3 2245 NPAHs 1 OPAHs [8]. NPAHs s&1B7EZ
TR EDEH AT RERI 25 IRATAEY), OPAHs /E4R1E L IR IR T B A5 — Mk

SRR BRAE) M 205 RATAHEMI9]. KA S ALY NPAHs Al OPAHs 7T 454 Je M i an e 1
Frs[10]-[12].

Table 1. The physicochemical properties and molecular structures of typical NPAHs and OPAHs
= 1. B8 NPAHs F1 OPAHs RYERILIME R R 7 F 4514

KA R E B2 MFZESE(hPa)  KFIEARE (/L) T E

N:O_
-T2 3 59 %107 0.216 x 1073 .O

3-fFEAE 3 6.75 %107 1.03x 1073 0% C C‘
“Y )
1-fH 2B 4 L11x 107 0.118 x 1074 N
|

3-FHHER T 4 736 x 1078 1.95 x 1075
1-Z5 I 2 7.80 x 107! -
9-%j I 3 9.33 x 107! -

OPAHs 9,10-E i 3 1.5% 107 1353 x 1073
ES =N 4 1.33 -
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NPAHs fEMSE FRIE EEAFRE RS TR St B LA IR KE[13]. OPAHS
B KA I EE RN VSRR AT K. R IN NOx & Os IRFE RT3 PAHs [P AA R
PAHs fi74E¥) (U1 NPAHs F1 OPAHs)f —IXKIERL[11]. K, {KZERSHEI NO &% NPAHs 1 OPAHS [
A R B R AR R, TR, R R 1 R SR SE R P44 R NPAHs F1 OPAHs
LI TIRATEMIN AR . 748, Zimmermann S5 14045 R KW, RSB+, OPAHs il NPAHs
(1 — VR IR £ B RAL A IREL A AV BUR B A 58 A ke, iR ZE RAHENSS ;s —UCRIE R B R BHMAZ IR
Fi%E OH. NO»w NO; %5 H 3 R A2 S MM AR ). BXRE[1STF L I R I, KAH IRESAEY)
JR(FEE. ZBE. KEBEWEIEHE OH. NO,w NO; %5 H L 51 K M BEA PAHs 1] NPAHs #4002 N,
B0 NPAHs HERGREE, JUHIR AR AR IR B BOR B B e R, X P T Re T R 3

RERA T PAHs T2 LS AATE, BURAH PAHSs fiT A PIAHXT 88D o Cao ZE[ 163X 18
6 PRI S < R AT S PR B A I, VR4 RS S NPAHS (5.t NPAHSs LB ETE 2 97%. )
Ah, IRZERSHET OPAHs FIHERRE B 5T NPAHs. XISEZE[ 12728l & 28R Ie i 5T g 1,
OPAHs HEBK 5 PAHs MIHEBOR AL T R — %0 2%, 1 NPAHs HFBOKZ L PAHs li—MIES. 1L
Gb, ZEERRAN . ERE R . IR BRI SEAY . BURERIAR L o b iR S R 4R RS PAHs AiTAE
VIHESA B 50 [16]. Bakeas [17]5 8t CUFSE, SSIM MR & AR nT BE 2 38 INER 452 A 11 2Rk B 3
B, TS50 OPAHS HEBOAK 18 11

2.2. Hi

PAHs X AEEAEUE. S MEBRAH “ =80 . 1 NPAHs il OPAHs H T3 El & & 5 fe
A, FHSEMENIEY > TEESES, W FEIAS TR PAHs HA R “ =80
7 [18]. NPAHs [EUm VAT LUA B BEA PAHSs 1) 10 %, FRARMEH £ W] LA 3| L BHA PAHS 1) 109
f%[19]. NPAHs W] B4t i 200 SR B2 v ME A B2, T2 DNA a4, 580N RAR DL R i
[1]o OPAHs H T HABRS S H TR, SrAimiEe, SECRIERIEUR N, BSR4 i A b IE )57
i, DI EAFEONEER “ =8N, 51U AN BB A 4E I T[20]. BFAURI, St
1] NPAHs H1 OPAHs W] ¥ 45 40 RURL 0 N AR BTAI S S S R 2, & BB e R S [21]. 4R
BeE 221kt LA 7R, NPAHs e SR S, BHE0E, X A RAZERERD, . Hot,
EFATE K NPAHs F1 OPAHSs BEf% 2 2 A0 N #E K ) 2 4 (HUVECs)H N B — 48 AL AU B (eNOS)
577, W] HUVECs 1 NO AR, 30O S B I AR (23] DRt KHARRERAE 2 30 05 R AT AED)
RSO N AR i B LA 535 P 4 B g

3. SRERES PAHs {TEMHIBMR 7%

HAT, 74 RS PAHs ATAEMHEBIWE A EZA U =8, 208 ZR0EMAEE. BiElk
FASRS = 6 2IR%.
3.1, FEHIERIAEE

TR B TE A 06 RE 0% T W7 1L S S AR Sl i 195 B HE IS O, C RO R R HE G ) 5
BFRZ—. EHR, FEEES AN R GPEMS)EAR HERR#, PEMS R4t C4 BN TR
e PAHs fITZEWIROHEBGN . PRk, 42300 B0 1% © RO L SIHE BRI R S S HE G it i) i i
BARTFBL

FERFOE BRI T, EHE R IR PEMS R4 517 RAUEMERAT PAHs ATZEVHRBNA, 3
gikgnlEl 1 proRe R RE T, IR RAE SEIRA BN HE R BT R R AR E AT IR RE, —
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o SRR NS TG ST URARHER(COL HC. NOLZE) TR 1 —3 7 BAIE A
FLE NFRREIR B, MGt N PAHs fiTAEWIRAESE B [24] [25]. PAHs ATAEYIREERE h 2238 H A 908
JE AN T B8 O R (PUF), 43 BN BRI A PAHS fiTAEXAISF PAHSs fiTAEMIHE T RAE, DAAS 5 82K (it 1
AR F FLHEROR B HEAT I [ 24] [25].

T AL

e TN
VaE i (PUF)

o™

Figure 1. The diagram of the improved PEMS [24] [25]
[

1. SRR AR R R R EE[24]

N B

Hao [24]55 5% F 75 2038 B 500 3 E A [ HE O dE (1 1~ V)Fe FH 22 (1) NPAHSs HFBUA 1347 1 0,
GERFW, S BRI NPAHs (HERN 77198 315.7 £ 109.4 pg/km. 7.9 + 1.7 pg/km 1 323.5 =
205.7 pg/kmo Fu [25]% TR BB A R I, BEE IR &, <A NPAHs FERAH OPAHS ff1HE
TR P B 3
3.2. BRERLE

B R IR A VR R SE R BEHE O 7 vk 2 —, Re 8 DL & S Fria AT 45 BA B A HE URFAIE[26] 0 1%
TEH T HAMRSAM ., SIER R MENEFERA SR AL, M) Z N .

TEIR AR RS PAHS AT A0 HETS % 18 100 I R o, Bl 5 4 1 D BRAR (0 R A T V5 2 27] . DI
R, —MRAERRIE . AR e 3 A e B IR S S BRI A (PUF) ) PAHSs fiT A EURE 25 %) PAHS
RTAEYIR G AT I 2 [RIHC SRS I8 P RGE  KU) . KRR KSR E S AR AR S L i E .
ITHRE . ZEARAAY . ATI ARG R SRR 2 PR R ] 15 22BN PAHs TSR G HE
AT 4] 2 (28] I B EE 1S 2 (1 ZE 4075 eI SR AR SR 2R 4 SE bR AT SRS T 13875
PWHEBUKF o

Zhao [29]55 K FHFETE BRI 155 8 00 11 BE3E A RTRLAH PAHSs T AEMI I HRBOKF, 45 R 7R NPAHs
Al OPAHs L AEHERA 723 514 9.02 pg/km Al 8.47 pg/km. 746, MBS Hr T A FEFREUBRIA NPAHs [
b, 2R wE 3 s, Hod 4 25 NPAHs JIT 5 bl 1k 70%LA E[18]. Keyte [30]15 7ER&E 55
REN T FAARIMAREE R, RERSIRA PAHs ATAEMEK BN R R 3 FRA1 4 3F NPAHs
OPAHs. Tong [3 1] 7EREIE R LB, BEIE MK OPAHs Il NPAHs & 1A & i T3 T X 4k, R VR4
RBAM TS PAHs ATAEMI BRI —.
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Figure 2. The diagram of the tunnel experiment
2. BEREREE
BR ! &
BB O 4 : BB O 4k B 3-rings
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1
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Figure 3. The proportion of particle-phase NPAHs with different
rings [18]
B 3. TEIMEFRIAE NPAHs BIELBI[18]

33. L EAEREREZE

SR 4RIR BE 05 7E AT AR K A5 PR BIVR B RIS BRIBATIRAS . NI SE S 4
HOs it . Z 2 A HE s EE SR, BB RN RETT R S BNR T vk . W
FASE56 % 6 48 3 A KA I LIREE 6 28R R SRS G 48 MBS RE A, @ A Sh L e K 3)
HUM DI SR INLREATIRES, IRERARBURSINHE R S et iR e, REEMB a1k
RPN 222545 A S R IR R BV VR (PUF) ) PAHS fiT AW AR 2 B, T SE 8% NPAHs A1 OPAHS [
KAE, VA& JEER A Gk EARBAT IS 4T, AR RS SR E AT I, s 40 B 5 R

G

WmELT
ﬂ = 'Ll PAHSTTAEN
b || 7. PN
:_"_ KEEREE
e
Gity FL BN 21 4%)
P HL T
L )

Figure 4. The diagram of chassis dynamometer test bench

4. RENIRE SR TEE
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Figure 5. The diagram of engine test bench

Bl 5. Zapflidi R nERE

Zhao [6]55K H IR EL I IALIREE & 225 54 F7E VR 4212047 7 0K, 4t SR 36 B 6L P L8 (GDI)iA
HZE1 NPAHs HERH & & T HES B W 5 (PRSI 45 . Huang [32]%5K FH KPR & 22461 %f — & E A
(6.4 L)ZSImHLEEATIR KB, HESH NPAHs B EEH 500 1-RE3E 0. 2-THFEZEA -,

4. ;RERS PAHs fTEMIRIWE R

IR PAHs ATV E G R B 20 248, HARBONERZ Z M Z M. ik, AT
BRI IRERBILIEAT oL, AR R AR BEHOR S R PAHs iTZEMN 3 %
SO PR 2R AT AN e 4

4.1. BAWIAR

PRI RE S B IR 4 R S HLEL N BCROE. B SRR R V5 I R Sk, R RIS
VIHE TR N B B 2R DR 3R o A A 9 4 LIRS, BARHE MV 2R 2R PAHSs AT AR HERUY G BE R 3533
o, S SRR TR R RS R, BARTIERIRERSINUREIE R & S8 B B R,
BEmisem] PAHs fiT AP AL R S AL .

Sahu [34]557E BT SHAL E AT RN, B 2E 22 34 05 S (NP AHS) A2 S A LHE R0 47 B 14 1) 32 28k
Pz —, [FIB S RS RS E RN R B . SRR T ) R B 2080/ ORI AH NPAHSs ¥R, /0 Bk P i)
TEIEREME . R 12]7E — G UGB SE L BB AR S, SeimiB iR &SRB . TR JREE.
A= B BE L 3] NPAHSs (25 &, {E%F OPAHSs AR EA BIURAE s ZEAHRIZIE T, BUkiA OPAHSs.
PAHSs FOHEBGR FE AR RIS, i WA NPAHs HEBOK E HL ki A PAHSs fR— AN E0E 2.

FiEb, FHORHIIT A B R A SR ) e % B IRV AL NPAHS HEEG (H35 0 OPAHS HEi . Mufioz [35]
SERFFCARH, AL T4, B E10 (5 10% LEE(vV)) R E8S (7 85% LI (v/v)) LTI A kAT 43
Hilf# NPAHs HERUEML 31%~96%A1 38%~95%. Ahmed [36]5ZEVIMALA « #3 3h Tt HEBE 784 & 3L
PR SRR G RRL T RE 2 S EUS A 8 e RS N, {23 REHA PAHSs ] OPAHS %4k, £Uf#f OPAHSs
.

4.2. EWMBZIARKE

PHEABAR I PO R S 7 DAL T 4, M sedt SR 5 8 Bef2 il T BB A LA, HE
BUEZ LA LU AN e 3, JRE BRI B 5. BRI I3 TR SRR 4 R U5 4
PR LA AL AR, T2 PAHS ATAEMIHEBOK . ST, 2B A1 A R 2249
JFRE T PAHs AT HEBKIAS I -5 24 -

AL 18 M FH A I DA LIRS 5 280 54 80 RO HE(E 1~ V) RIFE T 4210 NPAHs HEGI
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R EBL, PIMZEBURIA NPAHs HEBUK FIE N 7.57 ng/km~14.31 pg/km, FHFEE FHEARKFHI$2 T
(HERObR HESE ) UL A NPAHSs HERCR 7128 A%, H-PIHER 7@ sch: BHi= B> E 1>
B IV > [ V. Hao [24]5 il id 42808 IG5 B T 2RISR, NPAHSs HEBCELAE SR FIR0R AR ) il 5
TR BT+ (HE R HE 52 50 T A

43. RELRPHNETIAR

AT TOURE S FLH UV KB N T FRFS, REma Rk B A B A 2% s 7 3 78 DA K HR ] =4
(e, BEMTEZM PAHs ATZEMMHEBOK . Bk, 847 TWAHRZE R SIHL PAHs 74 HEBGE 45 2]
IV PSE

XZEFE 1213 T Sm AL & B I0 AT 1) & S X S bl PAHS A7 A= W HE G e ATE 78 o R B, 24483
ML BN S, JURiAH OPAHs th—FE L BIIE In#a%s . H4h, Ahmed [36]ZE7M % 5 30 i OPAHs HE
ORI IR R I, VR ZELER B 3I(—7°C) LI OPAHs HERUZ = T-#U5 31(22°C) T4t

4.4. AR

RME S e, w720, BRI B DL R HE s il R & 7 T AN, Rk, B
A1) PAHs AT AEIHEBAFE R E E R .

Ozaki [7]555F X ¥R 25 RN 48 42 B0k h NPAHSs iR REAT TINE, 45515 2 Fios, & 2 ala,
s 42 NPAHs HEROR I & TV % . Kostenidou [37]25 5 F A THHLIRBE £ 465 i 42 A0 559 42
NPAHs FEBGIR A Z1R B, GDI S 42 R NPAHs HERGE T-560M 45 . Fu [25125 4 22 3808 1R 56
fath, FEAHFEMNEASEAE R, PRIl 4E OPAHSs FFA B AR T-289h 4=, T NPAHs FF A+ 208 5
S, 4, Cao [16]55 18T 22 450E B0 0 AN [ 28 8 259 42 NPAHs HERUKII e id B, FR AL S
ZE1¥) NPAHs FFRA I T B4 A0 R S8 28

Table 2. NPAHs emission concentrations of diesel and gasoline vehicle (ng-g™!) [7]

2 2. SeihZE. SRiMZE NPAHs HERURE (ngg ™)) [7]

TR PGS Seh 2 R ES
9-fiEHL A 9-NAnt 2468 <17
1-f 5L 1-NP 27,660 129
2-fEHL TR 2-NFlt 195 <17
3-FH kO 3-NFlt 3154 <2
6-HH HE I 6-NChr <12 <17
4.5. FREHEAR

Je b ER A R IRV R R BB R, RS I I e s B K B AR TR 42 R ST . BRI
S AL BRHEARRA 4 RS PAHs ATAEPDHEBUR S M [FIREAR 21 1 [ N b3 TR O

Huang [32]55 K F & SRS & BT R 1) 5 A BR 2% B0 Sy AL NPAHs FEBCGZ A e p g e, A0
TEAL 22(DOC) I SE T W LUK 45 2% (DPF)AH 45 & (DOC + DPF)* ki AH NPAHs HE IR HERCR 170 B2,
RIff7E DPF FAERT B, 1REFFMR 99%M ] NPAHs HEil. Yang [38]5 K HIRAL M TH LIRS 5 2247 GDI ¥<iH
% PAHs fiTAEMIHEBCHAT 7O, S5 R, PRI LUBURL 1 45 253 (GPF) B % B i BRIy i 4 2 < i) kL
FASH PAHs ATAEY)(F24E NPAHs Al OPAHs), {HiH T GPF R EMATIEIER, nTRgs S5
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i PAHSs ATAEMIE R .
5. &hig

AR UREED PAHS FPEMIMEBRIRL —, 31T WMAEHR T Z R, BT &
SCERHRARR S PAHS GPEWIIRINERGHEAL . TF 007 DL BRI AT T IR S, 2
PERIBATTR AR R 5%

1) PAHS T4 — B3 X405 B0I5 e, DL HIAIRIARSAE, LA L BHA PAHS T3RI “ =504
BL” . VORI TR LA AVE R 7R e A, —VORIEE T B PAHs &5 OH. NOs.
NOs % H HFEHI (L R

2) VU4 PAHS AT AEPHR T 7 v B 2 AR B e B U R 50 1

3) R PAHS APAEMHRICS IR . AT, A RIHLET TR, R, Rt
FB ARSI 25 UV . SR A RUBRRL B O5 FEE NPAHS, {12811 OPAHs: R BIHL5 4, PAHS
AT HEC 2 DU IS s A TR DL S F AR, 65U PAHS LR

E&ImHE
R SRS G HR ks ) B A [ 2 T RE 9256 == i 4 %2 Bh 0 H (NELMS2019A16).

SE
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