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NPAHSs P & S5 B8R 3 200 A A2 URL Y L T UKL 25 NPAHSs 32 %8 50 A1 75 3 OK 9UB0RL Y b (Dy<
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Review on pollution characteristics and environmental behaviors of
nitrated polycyclic aromatic hydrocarbons in ambient air
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University of Information Science & Technology, Jiangsu Key Laboratory of Atmospheric Environment Monitoring and Pollution

Control, Collaborative Innovation Center of Atmospheric Environment and Equipment Technology, Nanjing, 210044, China)

Abstract Ambient nitrated polycyclic aromatic hydrocarbons (NPAHs) have been investigated
intensively due to their carcinogenic and mutagenic properties.In this work, studies in chemical
composition, spatial and temporal distributions, particle size distributions, gas-particle
partitioning, sources, and toxic effects of NPAHs were summarized. The concentrations of ambient

NPAHSs in urban areas were usually higher than those in rural areas.Due to the influences of biomass
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burning and motor vehicle emissions, 9-nitroanthracene had the highest contributions to ambient
NPAHs in urban areas. Although NPAHs have secondary sources in summer, their peak
concentrations often appear in fall and winter because of adverse meteorological conditions and
elevated primary emissions. NPAHs mainly exist in the particle phase owing to their low vapor
pressures, and particulate NPAHs were primarily enriched in submicron particles (D,<1 um). Low
molecular weight NPAHs (such as IN-NAP and 2N-NAP) can shift toward coarse particles (D>
2.5 um) through evaporation and condensation processes with varied temperatures.According to the
modeling results of gas-particle partitioning coefficients considering different mechanisms, the
adsorption of NPAHs on PM surfaces should not be neglected in the gas-particle partitioning
process.Incomplete combustion of fossil and biomass fuels and secondary reactions of parent PAHs
are the main sources of NPAHSs in the atmosphere.Correlation analysis and diagnostic ratios were
typical methods used to indicate the main sources of NPAHs, but they were unable to determine the
contribution distributions of NPAH sources. According to the toxicity risk assessment of ambient
NPAHSs, the contributions of NPAHs in particulate matter to the mutagenicity and carcinogenicity of
all PAH derivatives were several times higher than their mass fractions. Due to the cumulative effect
of toxicity, NPAHs had a higher carcinogenic risk in adults. To further understand the
environmental behaviors and health effects of NPAHs, it is necessary to improve their source
inventories and clarify the migration and transformation processes of NPAHs in the environment.

Keywords nitrated polycyclic aromatic hydrocarbons, spatial and temporal distributions, gas-

particle partitioning, source apportionment, toxicity.

fii 3% Z 34 5 42 (nitrated polycyclic aromatic hydrocarbons, NPAHs) Hi Z ¥ 75 J& ( polycyclic aromatic
hydrocarbons, PAHs) i fili & B R IE B, J& KA H I — R EZ A ML YY), 3 220198 2 ] NPAHSs Lt
TR PAHSs HA 15 H2 0 308 MBS AR ME T 2L 534k, KR ) NPAHS J& 476k 1) 852 4155, Af
E 3o 2 WA A B 5 S A 2t R RAP AT, DA T 52 i) R AR e,
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Z Wt 5¢, IF H AR 2 B 50 F PR 2306 358 i 1 PAHs S2J W40 70 2R, BAA B s e s
NPAHSs [# A 40 A W5 [~ 1) NPAHSs Fil PAHs ¥ 2k B AL A ARG AR 78 2 ke i F2, NPAHSs if RE
P A NOy Z 5 DA SO M. 3R 1 45 1 PR 28 S o UL NPAHs SR B ALV BT, fh 56 [ 35
£1 J51 (U.S. EPA) 1k 2% i 7 M (toxicity estimation software tool, TEST) F1 ¥ Ak 4 5t 34 2% 14 ( estimation
program interface, EPT) 71 5. 3K £ 12~ Bl 404 1 fr 7, % UL NPAHs {18 F1 28 SR AE (p°) ¥ i & T
107 atm, AT [A] i DU FIRURL S B AEAE, IE B2 AL R AU (Kop) « TEERE-7K 53 TE R A (Kow )
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R 1 AP E UL NPAHs AWML 22 PE R (25 °C)
Table 1 Physicochemical properties (25°C ) of typical NPAHs in ambient air
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Compounds Abbreviation Moleiular weight Vapour pressure ER0AB ROV \yater solubility ~ Boiling point
1-fil 2% ,
(1-Nitronaphthalene) IN-NAP 86-57-7 173 4.49x 10 7.33 299 38.1 294
PRTEE S -2
(2-Nitronaphthalene) 2N-NAP  581-89-5 173 3.96 x 10 7.31 324 44.5 303
2-HIIA
RALEE 2N-BIP 86-00-0 199 9.35x 107 7.75 3.57 13.2 321

(2-Nitrobiphenyl)
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Compounds Abbreviation Mole%ular weight Vapour pressure EROAB ROV \water solubility  Boiling point
RRIEE 8173
(3-Nitrobiphenyl) 3N-BIP  2113-58-8 199 3.49x10° 8.05 3.87 8.06 318
5-fiHELE ,
(5-Nitroacenaphthene) 5N-ACE  602-87-9 199 5.81 x 10 8.19 3.85 12.9 321
2-TiHFE2)
(2-Nitrofluorene) 2N-FLU  607-57-8 211 1.37 <107 794 3.37 1.51 325
3-figHk2s
(3-Nitrof?1_10rene) 3N-FLU  5397-37-5 211 7.77 x 10°° NA NA 0.62 321
3-figHEAE s
(3-Nitrophenanthrene) 3N-PHE 17024-19-0 223 6.75 x 10 924 4.16 1.03 375
9-fH AL "
(9-Nitrophenanthrene) ON-PHE  954-46-1 223 2.25x 10 924 4.16 1.78 371
O-MHALE ON-ANT  602-60-8 223 4.88 %107 9.86 4.78 1.31 384
(9-Nitroanthracene ) B el ' ’ ’ ’
2-FHHETE B
(2-Nitrofluoranthene) 2N-FLT  13177-29-2 247 1.32x10° 8.52 4.29 0.057 428
3-HHHEE 7
(3-Nitrofluoranthene) 3N-FLT 892-21-7 247 7.64 x 10 10.6 4.75 0.11 422
1R
(l-NitrHopyrene) IN-PYR  5522-43-0 247 6.32 x 107 10.9 5.06 0.028 455
2-fifHEEE
(2-Nitr0§yrene) 2N-PYR 789-07-1 247 2.60 x 107 10.6 4.75 0.022 454
2,7-His5E Y
2 7-Dinitroﬂio//rene) 2,7N-FLU  5405-53-8 256 1.37 x10° 10.3  3.35 1.01 346
6-fil L
(6-Nitrfchrysene) 6N-CHR  7496-02-8 273 1.01 x 10 114 534 0.015 455
TR (] .
(7-Nitrobenz[a]anthracene) 7N-BaA  20268-51-3 273 2.89 x 10 114 534 0.11 488
1,3- A EEEE
(1 3-Dinitro;;rene) 1,3-DNP  75321-20-9 292 2.41 %108 12.8 4.57 0.017 465
1,6- —fifHEEE
(1 6—Dinitr0;);/rene) 1,6-DNP  42397-64-8 292 2.97x 10 12.8 4.57 0.020 467
1,8-AHFEEE
(1 S-Dinitr'j)pyrene) 1,8-DNP  42397-65-9 292. 420x107 128 4.57 0.010 459
6-THFLAR I [a] i
La] 6N-BaP  63041-90-7 297 5.88 x 107 12.8 593 0.00092 517

(6-Nitrobenzo[a]pyrene )

H i ¢ F R NPAHs AT FT 32 BLAE h 7E I T 32 A4 S0 RAE I AL 24 R AE, T ¢ NPAHs JR5817 K
BB FEAT AR A PR AR SCHR B8 [ P B A DRI 455 KA NPAHSs B4k 2= 24 RN 23 43 A R Ak, I [R] [ ok
BB 43 [ 5 b XA 25 AT XT L. BT % NPAHSs 78 K IR EA T, FRATTHE T4 BR A9 A 98 X NPAHSs 7£
BARS AR RS EC L SR AR T EAA R PR R S T iE R, ARG KA SR o NPAHSs Ay 3R5E
17 R AV RS F I 52

1 FYEE 2351 H B E A B 2% 4340 (Chemical composition and spatial-temporal distributions of
NPAHs)

F 250 T E N AN A R H X R AR 8 NPAHS (9 4 B A1 32 5 A 3 NPAHS Y Bk B 10 B
22.0—5480 pg'm>, L EEA PAHs(3.00—580 ng-m ) Ik 1—2 AHm % 3 9-fi L B0, 1-ifFE 2% 2-iF
FEZE | 21 % OR3-S U U PR A AP R G ) NPAHSs 1Y FE E 5, b RS 46.2%—
94 19"~ 172125 20290 O fis o A 6] I T AR R B2 i 5 9 NPAHS(76.0—1089 pg-m >, 29.0%—64.1%),
WK Sy 2431l 3 56 B (123 —430 pg-m™, 14.7%—24.3%) . 2-fitf 5 2% (30.0—297 pg'm>, 10.5% —
30.5%) Fl 1-AFEZ5(19.0—283 pg-m >, 6.59%—20.1% )71 9_fil§ KL B = H 5K [ A= W) IR B L sh 4 2
SR LB HETCCY; 31 3L 28 BUE ] TR s SR I AL B0 A HE AR PO, 1A 2N 2-fiF L 2% 2 Ok 25 R
OH- {4 SR B2 7 A BB 2l ¢ LA 1 R R[] 43 311K - OH- T NOy -5 [ Y SR B2 ; (9 JE+NO,) M,
A R 2 IRV 3R I ZE AL 3 40 R AR 3 o B US4 R A e R A S A R H — U HE T B AR AT
ST R P NPAHS (8 8.
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AN T 1 R b DX RS NPAHSs (14 2 B AREAE R 88 (R B0 1 R Y8 45 ) AR 5 ) s [ 2 S 0310, R [l
T H X NPAHs B9FREE 25 1 B BBl R 160—5480 pgemS 1719724 570 25 T S PG EF I (152 pgrm ™) . Th 3%
(710 pgrm™) . FAHEIA(190—428 pg-m ) I & BT (173—199 pg-m™>) S5 [E AR i 2o~ 2720, Fe [E 6 J5
X HG JRVEE NPAHS [ 4F Y59 B2 5 5 (5480 pgrm ™), H: NPAHs = 2k [ A FIAE W) BT A58, 7 B 10
9-fiff 3 X NPAHSs 11 57 Bk A 38.6%122. e 5 b DXOUL TN 1) frY) NPAHSs ¥ J& f 5 B BR 7 Bk — A 4 2
(4143 pg'm™). Bk = MR R HOG RS2, i OH-5 | A UHH 5207 & NPAHS T 30 51 B2l A%, 2-l
KLU T AE NPAHs S0k B v o bUsR 5 (38.5% ) UL LAk i AH AL D i X, NPAHSs ¥ B 1) 22 53 ¥ 7 — 4
LA (55 2). 3R EIHT b X 1) NPAHSs W B8 T 2 A, BIansema . TR BRI A M i ik X
NPAHs FY ¥ (835—2151 pgrm™) . £ A1 (619—1570 pgrm™) &5 1.01—1.73 £5072, BRI X HL3h G5 A7

w b, T KA R A 2 NPAHSs BIRTIARY) (1, B PAHs, NOy) Fl i 4 (OH-Fll NO5- H F %)
m%@%ﬁl“”. B BR TR A, FE N A B X Fil £ k) NPAHSs ¥ B 119 H AR fRRRAE. BT 502 R g
HE B RS )2 5 BE AR, NPAHSs 19 U J3 06 (5 35 3 10 76 46 28 VA Ok OO0 1) 18 a8 A R 1
NPAHs [WIE B, A R R B B E . — R HERE 5 DL R G A FH 3G 50 & NPAHs IR JE e . E Bk
JEE AR AT 114 = 2 J R 1720,

('ﬁa 10~ a. & JE{Taiyuan 4 HRural
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Fig.1 Monthly variations of NPAH concentrations in urban and rural areas of (a) Taiyuan (b) Dezhou and (¢) Wuweil'?

2 MWERLHFHFREPR 290 (Size distributions of NPAHs)

NPAHs HRIAR I AT R AE T HAE I 28 58 00 44 B AT ITRR AT oA, KPP L e 07 28 G B 04, ML i
K (D,>2.1 pm) 35 B30 R AE AT S DRI B Ah DX 388, 40 0K 4 (0.12<D,<2.1 pm) 5 £ B -0 R i,
R ANAIURL ) (D,<0.12 wm) 7 [l (1 TTRE R0 LU A1 0RL ) B w25 10 G ] 2 7, A B ZE 5% JE ik L 1k Ty
R MRS A B 9 NPAHs 28 5 H 7 W AOK B BURL ) (PM)) , B4R o A5 S B JE 28007,
FVH ARFF 0, vk [ B 522 128 RG] 237 B9 5 o o oy A A R 2 T 0 BB o 4 SR A —
F.Du 550 (1 S0 0 F 5 & B 1L P R A4F B R NPAHSs 19 24 h~F- 34 B 7.98 ng'm®, 4315 7
PM, " NPAHs 194 B 24 1 SV BE 1 78%. 76 7 ] 5 [K % il Ay I € %1% Je He i, 43 A 7€ D,<0.49 pm i
KLy ) NPAHSs B (101—417 pg-m™) W3 A 7E 0.49<D,<0.95 pm () NPAHs(22.8—222 pg'm™)
5 1.88—4.43 509,
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-~ A0 @ IN-NAP g BIEGRIR)

[~ (b) IN-NAP e (%
Thessaloniki(Urban) WRE )

Palsiseau(Suburban)

[ (0 IN-NAP  [HEGHEE)
o Paris(Traffic)

ACHCiAloghy)/(pg-m »
[
T

ACHC g AlogD,)/(pg-m ™)
T

ACHCiAlogDp)/(pg-m ™)
T

{

0
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Pro@imNneyr  spmpger) o O] @INPYR  WREGHR) LS (0 npyr PE_%(TiEng?_)
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B2 WM IN-NAP #1 IN-PYR FRLAR 53 A 007
Fig.2 Particle size distributions of IN-NAP and IN-PYR in typical European cities®® "

iK1 NPAHs(f5 411 IN-NAP Fl1 2N-NAP) {70 Fl 28 SR A, AT Bl il 1 722 Ak A 40 0k 47 |
%, PRV e 2 BURL ), 5 30X 28 NPAHS HRIAR I3 A5 A A AR AR 23X 44 2% NPAHSs 76 FH vk v
ARV B o LA T 22 2R A B 2 . Shen S5 2 B, T AU AR A ML X J3 A 7E D,>2.5 pm HLBURLY) b Y
IN-NAP F1 2N-NAP ¥ i 24 |5 H0R: 25 500 BE 78 20%, 1117 5 23 T (MW=>223 g-mol™ )NPAHSs Y /5 L1
HALTF 10%. FHE T [FPAEEER PAHs, NPAHs B & M40 55, ZE AR 0y 7 He B . il an, ok [ 5 58
Je A FISLF T4 25 90% 1) NPAHSs 43 A 7E D,<1.3 pm (Y AHBURLY) |5 D,<0.39 pm B RURLY) 5 29
63% [X] NPAHs, Tfi 3K PAHs ff (5 HLBI A 45%5,

ACHC g AlogD,)/(pg-m ™)
ACHCygAlogDy,)/(pg-m™)
ACHC g AlogD,)/(pg-m ™)

3 HEZIHFREKSRE 5B (Gas—particle partitioning of NPAHs)

NPAHs 1143 [ 53 Bic 5% W H A% 4 Ak 2% 37 Ak 4 RS it 0O i 97 6 W NPAHSs 76 S AUBURL A Hh ()
3 A B R T RIURE S AT ALY Tk B R b IR B R 114 45 NPAHS W h ) AR R Z8 SR i, 2 BRI
3 35 NPAHSs 15 SR S I47 /3470, 4 B2 L) NPAHs [T 78 RBAE 5 B LABUR A A a1,
Lammel 55 & 3, $ 70 5 2 18 it NPAHSs Sk B 78 ORLAS (4 7 LR 3%, T 4 280 55 1k 76%—
98%.

SE S ERECE TS8R A YA WA S FUORL S Z [ i 40 A, R 003 2 A 5K
(1) B,

_ F/TSP

A

L (D, K, (mPug™) S NE 53 BE R AL, F AL A 53 51 & NPAHSs 1Y 0B 2S5 AU R EE (ng'm™)
TSP S B WUR M) (pg-m™) . AR A ECEREA PAHSs #H Fb, NPAHs K B8 | Al FL 58 K T 4 5 K 43
FAEAMMLE, A% T AIZE TR, NPAHS B K, {455 T RIFAECREA PAHS™,

NPAHSs (/3 [ 43 fic HL ] 32 B4 5S4 43 78 J0URE 4 25 1 A 8% B AN R: 2543 L 4 32840 1
WeVE FIEO. A BFFE R H 4 NPAHSs 19 K, (I IEF B 25 SO BC R B (Koa) « IR AIZESUE (p°L) Z TR ZL
MG ZR A LA 43 e ) = AL o S Rl XA SE RS HE L NPAHS 1 1g K, Fil Ig Ko HIAHDE R
$0H 0.92(P<0.05), 2B 43 o B 32 B2 WSOVE FH 45 i 1. FE IR B AL 325, KA AL
&) 1g K, 5 1g pop 2t 81 A il 26 1 #4232 53 51 7 <1 F1>—0.6 15 Fil P B0 0 A1 3 00 I F 52 % 30
NPAHs [ Ig K,, vs. g p°p REEH 07 F-0.54——0.32 Z [, #F 2515 NAPHs (145 [ 43 Fic 3222 (A 30 A

K, (D
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ROV S RIIR /DS Rt e UL SN Ll

AR E NPAHs B [E 4 B AL ] B #4) 8 Ao AR Y 3 2240 45 A0 % S8 B — 2 BE ML %) Junge-Pankow W
B 452 71 O Finizio W Y 485 A1 7 Harner-Bidleman W iz 454 89 B9, ] if =% i 08 e 0 W B 3t 7% 19 Dachs-
Eisenreich 5% 28 2 Fl 2 2 50 4 M B H fE OC & 12 5 ( poly-parameter linear free-energy relationships, pp-
LFER)© 2 H rft Harner-Bidleman " W 45 %1 Fl pp-LFER #5550 75 3t SEAE 9 192 W . Wi FH Ko 108
L K, AR Koa W BREL, J5 B K K, VA DL G Y 53 7450 . BRAGME B SRk ok, Bk an A =X
(2. 3) R bee,

1gK, = 1gKoa +1gfom — 11.91 2

1gK, =sS +aA+bB+VvV+1L+c 3

R (2) 1 Kop Tl fon 53518 1E 2 BE-25 S0 e R BORBURLY) A LT & i (%) (3) 1 S| 4. B,
L #1 vV 2}y Abraham ¥4 4L, 53 AR Z AR E | 3 B S MR B | S o S . oS- R
A3 BE F B EUE (TE & 4X) A1 McGowan BE /R AR (cm®*mol™'/100); s, a. b, v. 1 Fll ¢ W RGESHL, Sk
THRPERE T &AL SHON K, 15T,

(7 Fof 5 2 WS AT Bt A ) 2 AR RN K, RO SR T S B — O LR A B Li 40
AR T G PRk 1T A 2 A e XA WU B 315 T 10 A NPAHSs 1 K, {8 556 T 3 R AL 43 ) A7 45
8L, i B 5 T Dachs-Eisenreich 15 1 48 15 i) K, {EL AL Y — B A T Junge-Pankow I B A5 54 Al
Harner-Bidleman P Y 455 71 (1% 750 0 25 5 . Lammel 251" %% 3, J& F pp-LFER AL TF 3 (1) 11 Fh 3—4 3
NPAHs Y K, (EADLIAE Y 22 578 1 DECR G Z W, {6 T Harner-Bidleman WS RS TN 5] 3 LL#E T
2013—2014 45 Bk & 7= 1 [ # 4 35 A /R 117 4 Fh NPAHs ) K, W80 {5 A1 3% F Finizio W B2 A | pp-
LFER #5284 (40U (. B8R K, 1 UL I 6 0 1 79 b A 0 3 5 1 A 400 (A0 G R B4, (B T pp-
LFER #5283 {1 5000 (AU A 1 0 S0 1:1 2k, WK Finizio WSO AR A NPAHS 7Y K, {H.

8 (a) IN-PHE - 81T  (b) 3N-PHE v
//
7/
6 [ 7/
% P
< | 4
= 4 =
b -7 o 5
2 SN <
N ,” ———"Finizio: y=0.37x+2.14 ol /7 —=="Finizio: y=0.12x+2 32
s r=0.49 S r=0.17
e — pp-LFER:=0.41x+3.00 /7 — pp-LFER:=0.13x+4.87
e #=0.49 v #=0.16
0 1 1 1 1 O 1 1 1 ]
0 2 4 6 8 0 2 4 6 8
logKp/(m®-g ") logKy/(m®-g™")
8™ (c) 9N-ANT L 8" (d)5N-ACE s
//
——— Finizio: y=0.17x+1.73"
_6r 6T =029 7
o e pp-LFER:=0.18%+2.71
“r m'E 'fo»?%
= L = o]
s % g!
:ﬁ) VA - i :éu 7 ——
= oo i = /7 % U‘o'
5 L //,/———Finizioz y=0.73x+0.27 P
i =0.82 s o
s — pp-LFER:=0.77x+1.08 -
v/ r=0.79 4
0 1 L L 7 0 1 1 1 |
0 2 4 6 8 0 2 4 6 8
logK(m®-g 1) logKpY(m’-g ™)

B 3 JLT Finizio Ml pp-LFER BRI 1 NPAHs [l 73 e 22 KOBLULE RO EL ) EL 82 (Kdé 51 F Tomaz 2£1)
Fig.3 Comparisons of predicted gas-particle partitioning coefficients of NPAHs based on Finizio and pp-LFER models and

observed values (data obtained from Tomaz et al**!)

4 WEELIHFFIZHHIR (Sources of NPAHs)
4.1 HERCH kR
NPAHs 19— Y U8 3= BALFG A A FIAE 9 B BORE A AN 58 e BR B U). Sh i A AN [R] — W IR B B3 ik A 57
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HERCIETE 1, 5 92 A [R5 448 NPAHs AYHE A 1 (emission Factors, EFs) 3% 3 45 T ALl 45, BRHEEFN
A W) R B TR A O NPAHSs A HERL K 1 K 4143 R AE. MLsh 2205 A EFs 38 F 007 1 25 HE LAY 75 e ) it
RN (pgkm™), HEBCH F KNS 53 FRAE I ) 42 2880 | Gs 7R 10 DA R J8 A0 Ak PR % DA 6. Bk
TFHLBH 4 DRI S 56 R T I 7%, 76 7ML 3l ZE HECAG IR 25 FAS NPAHSs HY, 6-F 364
[a] EE(32%—38%) A1 1,3-Hi 318 (£ 44%) 73 515 3= T M2~ 0 SR, MLBIZEHER Y NPAHs 2L

ST RAFTE, R 2 4L 8h 42 (29 97%) 1A FE 18 AN 3-Aif Jk JE 2 4 3 4= HE i NPAHSs (1) 3222 5 47,
245 NPAHs SHERCE Y 71%—76%, Forf 3-A I E M HER LE 1-A8 L 28 & 4—6 f514,

R3 ORANLENE . BRIERA: D) SR SE NPAHSs WHE A 5 K 4 73 A5 1E

Table 3 Emission factors and chemical compositions of NPAHs from motor vehicles, coal combustions, and biomass burning

HABEIR GBS HA HER A FEHIY (HIL, %)
Combustion sources  Species No.  Sample Type Emission factors Major compounds
PLBZEHR (HEEF, pg-km™)
FUmBLE A 8 PM, 5 7.57—143 6-FE AR F[a]EE (32.0), 6-FHERE (20.0)
VOl EE 4 o Tsp 760 6-f LTI [a] B (38.4). 3(43?%)%”@“ (15.2), 1,3-hH3EE
9 AU 316 1,3- R FEEE (44.0) . S-iEE (33.9)

IR RIS R e 9 SAI+TSP 1124 3-fEAEAE (64.1) ., 1AL (12.1)

HRLSEIh R 4 9 SAH+TSP 842 3-iEAEE (61.3). 1-fi2EEE (10.1)

FAILEI R 4o 9 SAH+TSP 1466 3-HAEIE (58.8). 1-AHALEE (12.6)

R GEREF, ng'kg")

TR IR 23 TSP 4.36 2L EEH2-IHEIE L (66.5) . 1-fHHETE B (12.6)
PG T AR SR ) 23 TSP 5.32 6-THHAR T[]t (77.0). 2-AH LR (9.80)

L7 AR - TP il 2-f R+ 2- i BEE B (50.(71)5\ ;)ﬁﬁ%%ﬁ (22.7) . 2l
LV K [r] e g ) 23 TSP 0.32 2-fEHETE (72.3)
FEINERG TOAHE ) 23 TSP 3.07 1-FEFEDE I (69.4) | 6-RHFIEZEIF[a] it (15.3)

LU 0 P AR 26 SAH+TSP 1200 2-FHFEOR (62.9) . 5-FELTE (10.8)

LI P11 373 HE 26 SAHI+TSP 440 2-fEFEIROR (22.0) ., 2-FHEERURIFHEW; (18.8)

B R 26 SAH+TSP 500 2-THFERCARIFIENY (14.6) | 2-THFEIE (9.80)
TR IOUL LA 26 SAHH+TSP 1880 2R (32.1) . 4-THEEIER (15.4)
L P S TE JR ) 26 SAH+TSP 140 1-AHHEZE (27.4) | 2-IHAEZE (21.6) , 2-AHIEIRTR (19.3)

Ly PG T 3K 7 9 SHM+TSP 640—830 9-HEEIE (71.1—75.0) . 9-FHFETE (25.0—28.9)

Ly P AR 7 9 SAA+TSP 160—2400 9-Y AL (81.3—87.5) ., 9-Fl#TE (10.0—14.6)

YRR CHEREF, ng-ke")

T 23 TSP 100 2-FEEE+2-MY LD (27.0 )| 1-AHBEDE R (25.0)
Aken 9 SAH+TSP 140—550 9-fi AL (33.6—60.0) . 9-FHFEETF (30.0—32.7)
ALY 9 SAH+TSP 322 2-HHEZE (31.6) . 1-AFLZE (28.4)

AFFN 9 SH+TSP 8.27 2-fiAEZE (34.5) . 1-Ai3E25 (31.2)
FRFEFFE 6 SM+TSP 6.50 2-HHEZR (32.0), 1-AH3EZE (30.0) ., 9-fifHER (22.0)

FRIEEFNAE W) TR e 1 EFs A2 18 22 TR 2 A2 i), 91, SRR T (HERR SR B L K/ B 45 ) | Ik
BBkt 2RI SE ) R BERAS (IR ARG ) 25 RIS 2 [ A ORI BE 1) EFs FZH 23 RRAEAT) FT REAFAE
BRI 22 5 32 2 rh R B P A S 25 RS 25 NPAHS 1 EFs YE [ 0.16—2.40 mg-kg ™', NPAHs

SAHECEE LU BORLAS B 20 2 D8 9%, Shen SF17 HRIE T AR FBE K | AL FIAR A BR S 7 NPAHS
) EFs 73 % & 0.64—0.83 mg-kg”'. 0.16—2.40 mg-kg™' Hl 8.27 pg-kg™', 9-fili 4 B 7¢ NPAHs 4 43
i 9 S 47 (0.040—2.10 mg-kg ™). A=W PR BEAH O NPAHs 1Y EFs Ju [l 6.50—550 pg-kg'H465¢7,
Horp 2-RE 2R (31.6%—34.5%) . 1-AHHEZE(28.4%—31.2% ) 1 9-filf KL (22.0% ) g 5 L 2H 43515497,
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NPAHs #) ¥R A ik 12 £ 36 B 7K PAHs A1 OH-, NO5- 5 AH [ 7, DL FkE 25 PAHs Al N,Os,
HNO; ) 2 A0 SN . SAH SN PR R B pR, A PR B A Sl J& K0 NPAHSs (9 2 ZUOR TR, 2 A F5E
eI 19 B2 B [ A% o8« OH-B) NOs- 96 fil PAHs 2R 30 | 06 JiL 7 Mg, 88 J5 H 18] 7= 4 OH-PAHSs % NOs-
PAHs [ &R 34 i — AR 3, e 2k R — /K F 3RS TR 4 FIE i NPAHS'. Y HEGR & T T+ 2538 in kK
SAEPEY) BT (AN, OH-F1 NO5-45 ) M B, £ 5 AU N %, AT {2 #F NPAHSs f AR 52707, 7 3% Tl H
X, IR JE X NPAHSs [F4E Y STHRRAE 10%—47% =22 82270, 378 5 7[R i 5 Fn s o B g 2 B, il dn
b5t (76%) . 1iHE(84%) . T (60%) FLHR (64%) 1.

2 K T NPAHS [t 9 32 B 38 4%, NPAHSs 0 f# 3 3 L B K PAHS B P72 Hayakawa %529
R T ONERY 18 TE | 1,3-08 A28 | BEARTT [a] BEIR W | 282 T 254 nm YT SR AME ARG
BT 3h, KB 1A FEEE TN 1,3- 6 R T 00 [ i U LU BER PAHS HR 1—2 B 9. 40 55 A S 50k ]
NPAHs 7& O5 £ T ny k40 &4k 272 8] NPAHSs 1Y 58 B [ fi ik 427 -7, 530 NPAHs 1 O, ) 15525
AR FE AR ()38 2 ol 2 SR D), S S S A T OB A NPAHSs 2GR A O3 AR XA AL ERTT
A3 B3 5 29 1 h FNZy 29 WL 546, T MR DTRE I B A BB A RS A a0 22 B RS NPAHSs! 77,
42 AR T

KATG UG AT 0 H R T ARG Y BB | PR HERCE 503 B A 32 AR B . 3 BB R L T R HE
TR AR R LR BT YL ) B S AT 5 WRHE IO B v e T A RN T R I A HE
i PR 7 G Bl K SEA B T5 YL R Y BT RRR 32 AR AR B vk A LA A B g O RN IR 2
FETE TR RTY. | T H AT A 837 58 A9 NPAHSs YRI5 B, JEHERCE SRy SO R 5 125 (14 iy FH 52 IR
il © A TR A TG T B NPAHs SEATIRARHT, =2 HG M SCIE AT . FRfiE Lo A 32 AR R k.
421 FXMESH

NPAHSs ¢ & ARG T 5 (A, NOy. OH-FIl Oy 25 ) ¥ BE I/ 4 0F (B4, 3R | 48 5 IR
S5 ) B AH S R 0 DRI R (A A7 T . R ATE E  JB 1 B UK O i NPAHSs 78 £ 3tb 522 5 3% 1 A
5. BN, 2 E AR KA -3 ZE L 23 ZE L 6-fl 3T Al NO,. NO. CO ¥k i (40 56 R $dh # it
0.60(P<0.05)"). {HJ2&, NPAHs Fll NO, ¥ B fr) 5 AH OGP W] G 16 A1 =35 8] 19 [ 5 1 A DGR R I, Lin 2507
PE AR HE 1g NPAHSs Hl 1g NO, FYZRMH: 5¢ R X 40— UROR R, 38 4k [l E il 28 R R AE <1 Fi>1 15T
A3 e s — URHETBOR R AR R R R A R T A R AR ) AR NPAHSs 9k B2 R B | R ) R
(A e 3 (7=0.35—0.38, P<0.05), Tfii B} PAHSs (14 55 R BE | 4 560 8 B 20 522 474 56 (/=—0.47—
—0.47, P<0.01) ™2\ 3 J2& A o4 (1L B2 ] PAHSs 7E 2858 25 S P vk B2 T+, HOG Ak 27 SR i #F T NPAHS (1)

NPAHSs ¥ & Fl 35 7R R Pk B sl N Ry 376 3 8 R 5G4 W FH T4k T NPAHS (19— . H AR KRG T
PAHs. NPAHs ¥ J& F152 1 & (040 ¢ 25045 52 0.78 1 0.82, = BAML SN ZEHEHCE I 1 /< b NPAHSs (1)
L YE I WA IRV KA 9-fiF JE BURT 1-Ai 35 18 (TN ZEHEBOUR BR Y ) 19 5 R S P4 156 B 2% L DX 1 9-fiF
FE AR R TR T S AL Bl ZE HE . SR 2R 7 i, i S AR T A S B Y 2-f8 B2 N 6-A A e
(r=0.97—1.00, P<0.05) 9% TA 4 Fi 5 i AL B0 2 HEICA SE 00, S48 Qn e, AH S& P 43 AN e 45 B iR 1) 2 —
FEHEROR A AFAE, Jo3 % A IR Tk dE A7
422 FHEHE

FRAIE LOARL I R T A ] £k 2 28 23 v B 1) L f81) G 3R BT JHE 32 9ok TR 3% 4 B T NPAHSs A S B ARRAE
U AE | F8 7 V5 R S AR A L JER B T 1 R R[] Y 2-fi 2 9% J80/1-6iF 3% B8 (2N-FLT/IN-PYR) 53 %l 24
4.36 F1 0.89(<5), [A It ] 1 W i b X NAPHSs (9 HE il i — U 325, H 7oK VR 9 BT ik 49 o 1),
2010 4 LA 2 1) (5—10 H ) BT /™ 4% 19 25 000 i 4 ¥ 4 iti, 2N-FLT/IN-PYR 3§ K % 1131,
VBT NPAHs BRI T 008 o #2529~ 3 B /1-A 25 EE (ON-ANT/IN-PYR) A] 1 2k X 43 A=
Y R B B AL 30 45 HEAL 2 S AR 3 Ma 2502 F 2017—2018 AFAEM JRIETT R T 82 /> PM, s BE 5L T
I3H5 T NPAHs 2H4%, &I JLFFrA B ) ON-ANT/IN-PYR {E3 55 T 10 CEXIME Hy 34.6), Wi 4K 2=
Y T BR e e SR U (B B0RE 2 NPAHSs B 3 ZER .
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Fz 4 JHT NPAHs R IHEHT BYEFE LU AE

Table 4 Characteristic ratios for NPAHs source analysis

IIfe B o . R .
FRAE LA gial R LN ST E BTN
Diagnostic ratios . Sources Rationale Reference
point
LA RE S —UCHRR o e A B R RINO M BT A, 1R S5 1 5 B [8,19,26,81 —
(2N-FLT/IN-PYR) 5 — W OH-FINO; 5 | &, I 1-fil i AR F — U HERL 82,84 - 87]

OLELpuLE >l EUITE
O-HE /- EE PR o AR 1 A RS T LR B TR [1422.84]

(9N-ANT/IN-PYR) <10 PLEh 4 HE
o TRHOHGTE
2-f D 2t SR WSAHRN,  2-RHZEEEAN t OH - RS A SR S N AR I, T 2- il B¢ B4 mT H OH - Al

(IN-FLT/2N-PYR) B HINO, Bl NO, B 90 HS A [8,14,26,68,84]
~100 s
~10™ Joksit TR IALE T AP AHS ZENO (7 ZE RSB 6 NP A HS I 7 H 25

NPAHs/SPAHs B TRLEE TR AR, SEIMBLBN AP IR (2700°CH I i TR [22,83]

=013 SIS AR JE(900°C), 227"k H NP AH

2-Fil§ F ¢ B /2-A FE EE (2N-FLT/2N-PYR) A Fi F X 43 OH- il NO5-5| % (1Y) NPAHs JE W6 4%, H [
AT e X (4G5t . R drdb . AR . Ii S A g ) 5 AKZE KU 2N-FLT/2N-PYR #1{H K 4.5, B
OH- 5| & IS A0 S X NPAHSs A9 57 ik 1 T NO5AH 2 A8 AR 52 R . 78 2 [ 5 52 Je LA RN S 3] 45
ZHAEEE 2 (0—80) it i T4 2 (0—10) ™, 8 B 5 2= 7% [A] i NOy-5| & 1 A A S b 2 1% b X
NPAHSs A9 3= B . i T2 B ML 3 4= HEIC A NO 23 14 FE NO5-, 35 X il 52 i i B 3T A9 2N-FLT/2N-
PYR {f [t £ A b IXAR®. 5541, NPAHSs 9 HE Rl A4 be T 28 1 5. R S99 42 PR PILIR B2 (2700 °C) i
T A (900 °C), B3l 42 B2 < NPAHSs 1 PAHs 19 ¥ B [ {8 (YNPAHs/Y PAHs, 0.13) H A B
(0.0001) /55 2—3 PELIE L P, AT AR P52 S rh Y NPAHSs/Y PAHSs F9 0B DX 73 A M RN 5 1 22 HE k.
TR S BT 2L, FRAF HUAEA BB S Bl M4 Wt NPAHs 32 5ok U, Jo ik i AL ok,
423 AR

W TR RART5 Y B 32 AR IR 40 45 2 B 4373 M7 (principal component analysis, PCA ) . 1F & i B
F43 M7 (positive matrix factorization, PMF) 14k 2% Jii 1 “F- 572 ( chemical mass balance, CMB) 5. £~ %]
F M IX 25 S PAHs Fll NPAHs 1Y) PCA 73§17 25 42 38 B 30 42 HE ORI AE 9 o0k b 43 ol 2 3 X R & A 1)
TR YE, T Z A MR YA RS B, CMB A4 /D B F NPAHS (148 AT iF 58 . PMF A5 7Y S —
P ELAT 3R £ 20 oA B - o A AR, IS A7 AN T B VR HE BN , i s 25 SR v 25 DXL 19 4 R R B iR S A A
FE S BED. B A BF7E T PMF JEf#R AT 09— K NPAHSs 78 B2 WA 1-RlFE 25 A O-fil§ RE 180, — R IFUR i
YA - KL 28 . 2-Rl L ZE TN 2-Af 2L 96 B, K2 T PMF W A 45 01, Ma 2602 % IS JR IR RSP Y
NPAHs H1 — W HE = 5 (EAEBE I 77%, HEBE I 81%) . Jb 5 i 22 HE Ao NPAHS (1) 57 Bk 76 {1 18 11
it 5 T M (58%) , T AE AEA R 13 — Y IR 1) Uik (.35 B T (64% ) 1) 1 71 NPAHs 43 5C 19t i &
Z FLIE FH )7~ BR300 45 FH MR 20 BT RIVRRAE A 55 22 b D7 1 00 S IE 22 PSS R 058 it T &4 S 114) 7 3L
PE(E 4).

(a) dL 5 Beijing (b) 4 /R #EHarbin
HEfERE I Nonheating period A2 i Heating period
64%

JEAEEE I Nonheating period {ERE i Heating period

444t Coal combustion H:H Rk HECoal burning — K HEAPrimary emission
XX A HEH Traffic emission [ — Ik 42 pSecondary formation ¥k Secondary formation

B 4 LT PMF AT H 1 () A6 50 AT (b) A /R IE ) KA NPAHS (115 5Tk 431
Fig.4 Source contribution distributions of ambient NPAHs in (a) Beijing"*' and (b) Harbin® based on PMF modeling



4146 7N 54 1t 2 42 %

5 ﬁ%g%%ﬁmﬁﬁf(Toxicity of NPAHs)

JL4F NPAHSs 76 KA T B e B LB R PAHS IR 1—2 4S50 9, H 3058 48 M R0 3O 7% H B 1k
PAHs i 1—5 A B 9. i 4, 1,8- M 3 v A BOA AL 16 P LR IT [a] B 3 4Bt 4¢19; 50 nmol- L™
3=l LR I R Yo AR JFF 9 2 L OB J R DNA 4584528007 46 ] F 50 wmol- L 2R [a] B AP E
J& NPAHs #E A ARSI Y)Y 25547, 5 PR 90 3 W PR il AT B2 B8 TR >0.5 mgrm™ 1Y 1-fil§
FEEEVUG, 23 R ERIR - e A A= R B o ek A8 45N RO, D A, BT R R L R (840, S&
J 7N 2 7 NPAHSs W B4 = i FR vy, A AT DIV Fn R 2 rh NPAHSs (4 C I Ar i (AN 36 7 ) &
IR T AR

NPAHs % A AR 5 4 785 78 XU ] 5d o 480 [a] B8 55 R0 FE 1% 24 it (benzo[a]pyrene equivalent, BaP,) |
BEETE 24 i (toxic equivalents, Y TEQ)  ZeA4: FUJa XK 14 i (incremental lifetime cancer risk, ILCR) Al i1
ZFfir s 2k (loss of life expectancy, LLE) 8548 KGR AE. 8T [a] P8 A5 RCTE I 5 1 A& A S50 IXURG 3 4 19
SR,

Coap,, = Cpatts X TEFypups 4

2. BaP; X IRjupataion X EF X ED X cf
BW x AT

3 (4) T Cpopeq J A I [a] 6 55 25 24 B W & (ng'm™) , Cypans H NPAHs f ¥ £ (ng'm™) ,
TEFnpans A AH I NPAHs 49 45 850 8 4 . 20 (5) 1 CSFppnatation 1 78 BUE #H % N+ (mg-kg'-d™) 7,
YBaP., AR I [a] B 8RR PE 2 i B (ng'm™) , IRpypatasions EF ED I of 43 B 3R 25 SR A
(m*d"), BEgEMHF(da"), BREFIR ) FAEHRAE(10° mgng "), BW fl AT 4351 b 1A (kg) A
RPN F A (d).

Du 45 OR300 235 2R, TH AR 1L P R A B R R i X 6 Fft NPAHS Y Cgapeq 11 Hil 24 0.043—
48 ng'm”, AT E B ILCR F-3{E R 7.90% 107, /& FRRAA 107 A0 J5 T B R FF A8 be & 11 A 28
L3R 85 23 45 NPAHS 19 =228 U5, NPAHs AH 3¢ ILCR 8 A fE (1.81x107°) H 3 AE A 4H (30—70 %),
HRREL LA (1—6 %7, 5.69x107°), B H #EM: BFAZLN, NPAHs X} 30 47 LI (9 47 N 2 AT B8 /& 1 3
I KU COUNP AHs Yo A0 1 2 M 19 3 ik iz o JHL o e vk Bk 49 2, I R b X NPAHSs (1) 3135 1k
X i Y (PAHs+NPAHSs) 1 1.54%, {HEATXF Y TEQ Y B ik W) 15 51| 5.88%2. P4 % i X NPAHs #¢ J& AU /5
> (PAHs+OPAHs +NPAHs) 1Y 0.02%, % Cpopeq 1 TTHL A 0.07%.

ILCRInhalation = CSFlnha]ation X (5)

6 Z5EH (Conclusion and Prospect)

(1) 3 NPAHSs fy R AHK BEE H 7E pgrm™ 24, ST b IX ¥ NPAHSs i B2 55 T S 4. Z L3l 44k
TR A ) TR BRI, A 3T M 1X O-Fil 35 B X NPAHSs ¥ B 9 s ik o 9 5 S0z, il 580 R g Rk
P 1R R A, e R e R 1 BE K . 4 5 NPAHSs (1978 UK LU R SR AR R PAHS IR, AT BE 25
Gy USRS T AFAE, I 32200 A0 7E W HOK GUB0RLY) (D,<1 pm) . A5 UKL S BILAY W AL i
A 4y BB TR ) IRl NPAHSs (931 53 il R 4K

(2)NPAHs BE AT Ak A7 F A= 9 BRI AS 58 4R e L HEC, A AT 3d o B PAHs AR SUE ALY
(140 OH- . NO5-45 ) (8 S AR R A S A6 1. 11 R R DGR AE FRB (B FE O AR TR AR 44 48 1k 2
B2 S NPAHSs ) 2R RS, i Tk = BA RN NPAHS IEHRCE S, & A U158 R
RAE ST BT L FRAE LU B AN 32 AR AL NPAHS (149 5% I 2 17 43 T NPAHSs 1 2 58 748 M SO P o &) 14
PAHs {5 1—5 DM 2%, H IR EEE SRRV X 30 27 DL E A sAr N HLAT 3 = 1 80 KU

(3) 2 A WFFEATS F 26T NPAHSs Y FREERAE (10, I 25 22 5355 ), NPAHs 76 R B % 4k
FAIATERE . eAh, © A DFSEAEAE AU X B — B (i an, <R A0S, SeAb 7l B ) AT B AN SE S i 5%
B BN R W B A L R T A2 53 A, I PR N7 4 ] e o s X ) DR A L, R
SRR 78 PERCUF 9 NPAHS 78 BR 4. 3628 TARREA B T NPAHSs B P8 AME BRSO P, S 15 e il %f
TR 5 SR AR
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