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Pollution Characterlstlcs and Rxsk Assessment of Nltrated ‘Polycyclic Arofhatic

Hydrocarbons in the Atmosphere of Guangdong Hong Kong Macao Greater, Bay- Areax

LI Yankxi, XIE Dan- plng, 1 Yu- -qing, JIN Meng, DING Zi- rong, YAN Ya-nan, ZHAO Bo* i el v '
(Soulh China Tnstitute of Environmental Science, Ministry ;)f Ecologv and Env1ronment Guangzhou 510655 ,“Chiha )

o

Abstragt: To investigate thé_pollution characteristics and sour¢es of nllrated polycyelic atomatic hydrocarbons (NPAHS) in Guangdong-Hong Kong-Macao Greater Bay Area

(GBA)], 4 artbidht air samples/fvere collected using the active sa,mphng.me‘thoc_{,--“’whl(h were then determined via gas chromatography-triple quadrupole tandem mass
-

spectromeiry. /The main results showed that filters, polyurethdne foam, and:XAD-2 resin were the essential materials for sampling NPAHs in ambient air in order to characterize

the pollution Status accurately. The levels of p( Z 18NPAHs ) in ambient air at GBA ranged from 162 pgem ™ to 2094 pgem >, and the average levels of

p ( Z 18NPAHs ) were (675 £430) pgem > in summer and (637 £349) pgem > in winter. NPAHs were widely found in the ambient air of GBA and were dominated

by I-nitronaphthalene (220 pg+m ) , 2-nitronaphthalene (146 pgsm ~) , 9-nitroanthracene (105 pg+m ), and 2-nitrofluoranthene (72 pg+m ). The congener profile
characteristics of NPAHs in summer and winter were similar. The gas/particle partitioning characteristics of NPAHs revealed that dicyclic and tricyclic NPAHs tend to occur in
the gas phase, and tetracyclic NPAHs tend to be adsorbed in the particle phase. The fraction of NPAHs concentrations in the particulate fraction of their total atmospheric
concentrations increased with the increase in their molecular weight. In winter, NPAHs tend to be adsorbed in the particle phase,, whereas in summer, NPAHs tend to exist in
the gas phase. Based on the ratios of characteristic pollutants, in both the summer and winter season, photochemical reactions were the main source of NPAHs in the
atmosphere of GBA and were primarily generated by the reaction of the hydroxyl radical in the daytime. The carcinogenic risk value calculation showed that the current
carcinogenic risk of NPAHs in the ambient air of GBA was controllable.

Key words: nitrated polycyclic aromatic hydrocarbons (NPAHs) ; Guangdong-Hong Kong-Macao Greater Bay Area (GBA) ; atmospheric pollution characteristics; gas/particle

partitioning; source appointment; carcinogenic risk
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Table 1  Retention time, quantitative ion pairs, and collision energy for each NPAHs

&4 7% CAS & PREAEFE]/min BEEF B L TR M L REERER/V
1-f42£Z% (1-nitronaphthalene, 1-NNap) 86-57-7 13.76 173.1 115.1 15
2-ff%EZE (2-nitronaphthalene, 2-NNap) 581-89-5 14. 61 173 127. 1 15
3-AHFEEEAS (3-nitrobiphenyl, 3-NBip) 2113-58-8 18.01 199. 1 153.1 10
5-ff%E)E (5-nitroacenaphthene, 5-NAce) 602-87-9 23.27 199. 1 152 20
2, 2/-HEFEHKIE (2,2 -dinitrobiphenyl, 2,2'-NBip) 2436-96-6 24.22 198. 1 115.1 15
2-fili 54 (2-nitrofluorene, 2-NFlu) 607-57-8 26. 40 211.1 165. 1 10
9-fi§ B (9-nitroanthracene, 9-NAnt ) 602-60-8 26. 80 176. 1 150. 1 20
9-fi§3£3E (9-nitrophenanthrene, 9-NPhe) 954-46-1 29. 30 177. 1 176. 1 5
3-fHHEFE (3-nitrophenanthrene, 3-NPhe) 17024-19-0 30.91 223.1 177. 1 15
2-ff%3E (2-nitrophenanthrene, 3-NPhe) 17024-18-9 21.89 223.1 177.1 15
2-fi§ B (2-nitroanthracene , 2-NAnt ) 3586-69-4 32.61 223. 1 177.1 15
2-ffHLDEE (2-nitrofluoranthene, 2-NFlt) 13177-29-2 40.92 247.1 201. 1 20
3-fifIEDE . (3-nitrofluoranthene, 3-NFlt) 892-21-7 41.07 201. 1 201. 1 20
1-fi§HEE (1-nitropyrene, 1-NPyr) 5522-43-0 43. 66 247. 1 201. 1 25
2-fil§ L LE (2-nitropyrene, 2-NPyr) 789-07-1 44.86 247.1 201.1 20
7-THEA I [ a] B (7-nitrobenz(a) anthracene, 7-NBaA) 20268-51-3 48.12 273. 1 215.2 5
6-fili 5 (6-nitrochrysene, 6-NChr) 7496-02-8 49.95 273.1 2152 #1297
6-THFEEATF[a] (6-nitrobenz( a) pyrene, 6-NBaP) 63041-90-7 57.47 297 239 : “--.‘_,".‘ 30:
1-fi§3£25-d7 (1-nitronaphthalene-d7, 1-NNap-d7) - 80789-77-1 13.70 134.1 82.1 ul,r'“‘ 15...
5-HEAE-d9 (S-nitroacenaphthene-d9, 5-NAce-d9) L 23.06 4 208} 1 178.1 4710
2-filiH4j-d9 (2-nitrofluorene-d9 , 2-NFlu-d9) 128008-87-7 26/18 22001 Y 174. 1 ¥ 10/ 4
9-fil§ 3£ #-d9 (9-nitroanthracene-d9, 9-NAnt-d9), .220381-38-4 26.65 |/ 23211 202.1 o 0§
9-fHHETE-A9. (9-nitropHenanthrene-d9, 9-NPhe19) . | o/ et 243 . ¥ 7 20
3-ftf -9 (%..—,n'itroﬂuoranlhene—d9, 3-NFli-d9) / / ‘J_,é" 350820-11-0 40: ga' =1 %6 198. 1 25 0
L-ZEEE 9 (1-nitdpyrede-d9, 1-NPyr-d9) | &/ & /7 93487-20-8 43/42 | 2261 198.1 20
6-MR-d11 (6:nitrothiysene-d11, 6-NChr-di1) " 17203805-92-9 4. 83’ 284. 1 226.1 20

,,6'-N-BaP-dy1 ' 352431-12-0 57007 278. 1 250. 1 258
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Doy s, & A wFgE bl s A 2 + 3-NFlt & AR 2-
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NChr H1 6-NBaP, Hi4x 15 Fl NPAHs ¥4 # H ( W32
2 M 3) . FEE AWk #3478 100% /) NPAHs
A9 B K H R T 70% 19 NPAHs $iht 5 35 s 85
72% , W] NPAHs 538 777F T 5 s O XY PR
fw’* q:

20 PSR p (3 NPAHS )6

162 ~2 094 pg-m K v B 5 v B SRR AR UK
A7: 1-NNap[ (229 +148)pg-m ], 2-NNap[ (152
108) pg'm ], 9-NAnt[ (109 * 68 ) pg-m ] Fl 2-
NFIt[ (74 £59) pg-m > ]. 43 9 F' NPAHs AYF ik
F*F/J\ﬂ: 10 pg-m . RWFFTH 1-NNap F1 2-NNap AY

BEdi > NPAHSs 1) 56.7% E%%%{ﬁik/%t
HFE - NPAHS u%ﬁlﬂﬁrﬁ%%ﬁEW

HIEMAFT 1 p( > NPAHs )éj\ ijc675

+430) pg- m**%n<637 +349) pg-m” Ef&ﬁ%m%’é
15 ﬂ‘*"tﬂlﬁﬂ NRAHs LR B T8 NBlp\ 2.
NFlt, 1-NPgr f I-NBaA K ﬁ NPAHs %MWE@E@
%fmqr“iqm%ké 22 ANBFGE 15 (B T
A ffT&iJIIS'{ R N S35 R R
5 ) 84 JRIERFT A NASE S1. NPAHS T

RAT - i\%z Eé}’—ﬁq:mgus At R R /e
= o Table 2 Detection concentlallon GFNPAHs in summer atmospheric samples/pg-m ~3
y : REERAL o
AT Ase Ase e SO 7O O T B AR W0 W W O] VO] O] B B MM Bhl Bl *ff
St 82 st 2 St 82 83 s st os2 St 0S2 83 st 2 s3 oSt S2 St S22 Sl S2
1-NNap 224 250 68.4 125 782 281 192 124 276 169 85.3 129 316 526 160 155 200 360 251 304 452 493 100
2-NNap 158 149 48.6 44.9 599 204 111 94.6 137 143 23.3 74.1 156 361 88.6 91.1 111 250 144 153 153 252 100
3-NBip  12.8 13.2 5.08 4.41 65.8 24.9 14.0 23.9 12.7 39.4 2.70 4.19 10.6 32.4 12.4 9.48 15.8 26.4 25.1 22.5 20.6 30.7 100
5-NAce 16.9 14.8 5.84 8.45 36.6 16.2 10.3 12.9 8.43 13.0 3.17 8.63 7.45 10.3 6.40 5.63 11.3 11.5 24.4 5.95 9.31 13.1 100
2,2'-NBip 1.52 15.1 0.63 0.88 4.02 1.51 2.38 1.56 1.38 1.13 3.55 2.03 2.40 1.00 2.30 2.69 0.75 1.28 5.28 1.39 5.29 L.14 100
2-NFlu  5.21 5.52 3.17 3.66 12.3 6.15 4.01 4.29 2.77 3.65 2.15 2.92 3.54 4.23 2.43 2.43 5.65 4.36 7.08 2.53 3.65 5.33 100
9-NAnt 180 148 68.8 73.7 282 191 94.5 35.6 166 182 41.7 60.7 102 247 29.8 33.4 146 82.3 135 23.5 68.5 84.1 100
9-NPhe  5.97 9.37 1.27 3.78 12.1 7.28 6.38 8.44 3.90 3.28 5.82 2.54 2.02 3.49 1.92 2.18 0.25 9.10 13.3 3.55 4.20 11.3 100
3-NPhe  20.1 15.0 8.00 3.66 50.9 26.5 8.51 21.8 19.6 29.2 1.52 4.95 12.4 28.3 12.0 15.5 11.8 17.3 25.0 12.5 10.0 15.6 100
3-NPhe  2.92 2.57 0.76 0.63 10.9 3.39 1.75 3.12 3.27 5.29 0.25 0.76 2.15 5.36 1.41 1.79 2.51 2.95 4.63 1.27 1.46 3.04 100
2-NAnt  0.89 0.51 0.13 0.13 1.63 0.50 0.25 0.39 0.38 0.76 ND 0.13 0.25 0.75 0.38 0.64 0.63 0.51 1.03 0.25 0.37 0.13 95
2-NFlt 42.7 32.3 18.2 4.79 171 56.7 12.0 102 50.9 101 6.46 17.1 55.7 159 30.7 31.2 48.3 80.7 165 30.0 21.5 79.6 100
3-NFlt ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
I-NPyr  2.67 2.05 1.52 1.39 19.7 3.64 1.75 2.47 4.15 2.77 0.76 1.52 4.67 6.48 1.02 2.56 4.52 3.59 3.60 0.76 2.01 2.28 100
2-NPyr 10.7 8.34 4.32 1.76 29.7 12.3 3.38 7.02 12.3 20.0 1.65 2.66 20.5 48.6 3.84 7.04 42.5 11.4 12.2 4.05 6.57 11.7 100
7-NBaA  6.22 6.42 1.52 ND 15.7 9.17 0.88 ND 4.02 5.54 ND 1.14 9.47 27.5 0.26 ND 7.53 0.90 2.70 ND ND ND 68
6-NChr ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
6-NBaP ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Z o VPAHs 691 672 236 278 2094 845 464 443 704 718 178 312 705 1461 354 360 609 862 819 565 758 1002 —

1)ND /R AAE H
ZE RN B T TE FRAE ULIE 3,

AT B & a5k 62% Fil 53%

1-NNap #1 2-NNap 7E

9-NAnt

TEE A ZM 5 R 16% , 2-NFIt 78 2 ZFHI4
Z 5 9 9% i 14% ; 1-NNap, 2-NNap ., 9-



14

FERT : BRI X R 2 IR 5 e 19 YR e S5 XU

97

NAnt 1 2-NFlt 4 F 3% NPAHs BA{R7E H TR Z
(R 7 L2 91k 87% i1 83% . NPAHs 1F 5 2 fl 4
G RAE R EHIE , vTRESZ O NPAHs £ 5 2
FIACZE () AR BT HRAR L.

I 1 30 A F [ B iz 388 J0REAH FT0AH Y NPAHS
A TR AT LL B R B (UL R 4 ) |, [R] Al i 58 245 SR AH
L ASHFSE FPAS I B 1-NNap 1 2-NNap 420 48 &5 1)
15 YLK T H 4y NPAHs B4R Kb T4 19 75 e 7k

. 5 EA HiGE R = A S X 23 A4 NPAHSs ¥
AH , 1-NNap ., 2-NNap, 5-NAce il 9-NPhe A
AT T — 7K. T L AT 38 4 7 2 T X s S g
5 i NPAHs 75 4 /K S5 R T 24 M & 24 11
NPAHs V5 QLR U5, A4 4 Fh Tl | L3024 HE s A
S SN PR T ASBIF S 04 SR A a5 AV G 5 Tl X B
S BT X, 33t AT BE R AR 9T X 4 AR
Z 7l NPAHs ¥ B A S A

#3 KFASH NPAHs R HERED /pgom

Table 3  Detection concentration of NPAHs in winter atmospheric samples/pg-m ~

3

RRE ST .
WE RSE RSE b sl PO M N O RN D B B B TO0T O] O] BRE BRI UM BN BRiL Bhid h/if
SL 2 SISl 2 3 % SISl 2 $B Sl B sl 2 sl sl
[-NNap 371 460 250 167 124 90.7 330 313 283 245 134 68.8 242 129 58.8 65.3 98.9 106 109 217 226 82.9 100
2-NNap 308 351 135 135 87.6 70.4 249 248 264 180 119 55.8 165 108 21.7 50.6 86.9 60.7 73.8 153 164 68.3 100
3-NBip 105 98.3 80.3 81.0 59.3 39.3 146 123 143 61.7 68.3 29.8 44.0 49.7 25.9 30.6 47.2 47.8 31.6 52.9 43.2 32,27 100
5-NAce  5.95 9.67 2.18 4.18 6.99 1.81 10.2 6.87 ND 3.84 2.63 3.97 2.20 4.75 2.79 4.76 254 ND ND 4.46"3. %0 '7’.‘_89; “_§‘6
2,2'-NBip 1.03 3.91 0.99 0.40 0.40 0.20 1.02 1.01 0.86.0.40 0.40 0.20 0.40 0.20 ND ND 0.39/ND ND 0.20 0.40 TVD =77
2-NFlu 2,26 3.09 17.7 1.00 5.79 3.61 0.82 2.83 6.00s4.01 ND 1.59 11.4 ND 7/58/2.78 ND. 10.9 5.93 7.70 5.61..,.6';71‘ ~86
O-NAm 184 201 543 99.9 40.7 311 150 160 74.6 46.7 52.4 89.2 256 75.1 1l7.8-'65.1 1131547 80.9 167 201 9;;' 100
9-NPhe  5.54 4.53 2.58 5.37 1.20 1.81 510 5.25 A.07 3.64 4.25 2.38 3.40 1.78/ ND 1.5970:20 11.39 0.9 1.82 6.01 1, 58‘_‘--""55},;""
3-NPhe 12,3 11.1,3.97 5.57 3.9 2.61 17.3 12.7 8.57 5/06 3,84 1.79 7.40 4. 3(6 1.00 218 333 2,59 2.97 5.88 4.4074.14 5 100
3-yPhe 2.8 2,488 0.79 1.39 0.80 0.40'4. 08 /3,03 2 ;6-"'!}4-2"6.81 0.60 3.00 0. 79.#,10};0 79, 0,98 1.;93 0.79 1.62 1.40 1.18 #100
WA NDSNDND ND D 0.20 10.20 0.40#NDFND. ND ND 0.20 ND 6.40 0.20 NB ND ND ND ND-0.20— 32 &
PN 2007247 7.9 7.0 59.5 433 153 78.2/86.0°850%62.9 3.6 128 99.0' 172 57.6.55 348 48.6 9.7 13 448 Sl00
3NFl NOZOND LND ND ND ND | ND ND ND /XD ND ND ND ND ;(ﬁz N0 ND! ND ND ND ND ND- @
,u-r-N'Pyr 5.75 4.11.2.78 4.18 2.20 1.00] 6. % 626 B.22/3.24 3.0315.76 9.80 5.94p2.59 5,16 6.07 4.3 7.12 8.72 12.8 4.34 “100
| 24Py ;-" 16.0 14, 614.56 7.36 4.9 4.011 19.4 12,5 10.3 8.50_6.27.6.56 14.0 6.34 3.59 5.95 4.89 3.98 6.53 6.28 7.81 7.10 100
7‘-N..BaA‘ 18./5,/13.8 7.54'12.5 7.79 3.41 254 21.0°12.4 6."55_55_,5.*‘6’5 11.7 37.4 7.53 1.99 6.15 8.42 5.37 15.0 16.2 14.6 1.4 100
6-NCh‘r““'PND ND--ND ND ND ND ND ND ND' ND ND ND ND ND ND ND ND ND ND ND ND ND 0
6-NB## ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
>, (NPAHs 1298 1426 600 603 405 294 1118 995 895 653 464 312 924 492 162 299 428 334 383 741 84 366 —
1)ND FRAH: H
F4 BEBEBRAERASH NPAHs REMNEBRESERIMETXTEED /pgem 3
Table 4 Concentration comparison of NPAHs in ambient air at GBA with available data for NPAHs domestically and overseas/pg-m >
FFE X 35 iﬂi%bﬁ SRAF T [H] 1-NNap 2-NNap 5-NAce 9-NAnt 9-NPhe 3-NPhe 2 +3-NFlt 1-NPyr 2-NPyr  3Cik
L X el 2019 E%é 190 143 4.2 105 2.8 5.8 88.2 5.2 8.3 AR
2020 4FH 2 264 158 11.7 110 5.4 16.5 59.8 3.5 12.6
Tk = EZ1) 2013 4 317 277 5.83 820 2.12 39 1596 17 107 [7]
v 4 47 60 15 365 21 26 98 57 NA
BRI 108 115 20 448 4.7 26 142 35 NA
KIF 283 292 31 720 13 41 383 4 NA
Je5e i 2010 ~2011 4F 177 211 14 516 5.6 26 289 49 NA [35]
T 187 200 33 846 6.3 37 430 35 NA
& 107 113 11 256 6.6 11 123 35 NA
Ki% 75 72 6 127 1.0 8.3 100 13 NA
i e 2012 4EHF 4010 NA 600 300 820 NA 2640 1110 NA (33
2012 4EBk 2030 NA 840 690 1970 NA 1350 340 NA
528 ) I 2007 4EHEFE NA 15 NA 1.8 NA NA 0.2 ND ND [36]
et it 2008 4F NA NA NA 61 NA NA 14 1.6 NA [37]
VEHEF Wi 2008 ~2009 4 81 NA NA NA 53 41 29 52 NA  [38,39]

1)ND R KA, NA FR AA
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. 7. | = 7 xF e
A UEBTTT OPUF O MIBE BB PUF MR

l—NN'dp 1.13 80.5 182 1.99 72.6 115
2-NNap 1.04 74.2 82.7 1.63 67.8 74.1
3.NBip  0.15 155 355 0.64 453 19.5
5-NAce 0.37 10. 8 0.57 1.07 2.49  0.59
2,2'-NBip 0.18 2.30 0.15 0.04 0.38 0.15
2-NFlu 0.11 4.12 0.07 0.14 0.79 3.82
9-NAnt 134 910 574 491 431 12.7
9-NPhe 0.21 5.03 0.18 1. 06 1.18 0.56
3-NPhe 1.17 15.2 0.16 1. 16 3.36 1.26
3-NPhe 0.31 2.31 0.16 0.52 0.70  0.30
2-NAnt  0.06 0.37 0.07 0.03 0.04 0.02
2-NFlt 21.6 38.1 0.02 63.9 17.5 6. 86
1-NPyr 1.92 1.50 0.03 4.56 0.54 0.13
2-NPyr  6.73 548  0.36 672  0.99 0.54
7-NBaA 3.07 1.25 0.01 12.1 0.19 0.00
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.35 4k Wy H 07 0 2 88 R & ADD,, 115 A X
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ADD., = ¢ x IR x EF x ED/(BW x AT)

inl

L, e HERHP B E mg-m 5 IR HIF
HAR m'-d'; EF HBRZEWAR d-a™'; ED N#5&

FREEmtA] a; BW NIKE kg; AT ﬁ%iﬁ%ﬂﬁﬁﬂm
a. ZRBIFGE I N I W 5 % 2 55038 FH Sk [43 ] i
FHE, LERZESHEN 6 P IILENREES
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Table 6 Inhalation exposure parameters of adults and children

, IR EF . -
N St ed=l Jdea-) ED/a BW/kg  AT/a
A 18.0 350 30 65.0 72.4
JLE 5.71 350 6 20.8 6

15 Yy P 1 B30 AU A AR 285X

R,, = ADD,, x SF,,

A, Ry, IR 88 B0 KUK, o 25 SF,, Wi
BB RPRA T kg-d-mg™'; ADD,, A5 4¥ H Y
-l 2 5 5 i, mg - (kg-d) ~' . 4RI 9E [ A48 A B
FEA 2 % R . 24 R, <10 CHF, KU AT Z 0% ; 4
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i, B B0 KUK
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Table 7 Cancer slope factors of NPAHs through inhalation
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