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Atmospheric Pollution Characteristics and Inhalation Exposure Risk of Nitrated
Polycyclic Aromatic Hydrocarbons in PM,. at the Ningdong Energy and

Chemical Industry Base, Northwest China

LIU Pan-liang' , JU Yuan-li*, MAO Xiao-xuan' , HUANG Tao', GAO Hong'* , MA Jian-min'"

(1. Key Laboratory for Environmental Pollution Prediction and Control, Gansu Province, College of Earth and Environmental Sciences,
Lanzhou University, Lanzhou 730000, China; 2. Shijiazhuang Banknote Printing Co. , Ltd. , Shijiazhuang 050031, China; 3. College
of Urban and Environmental Sciences, Peking University, Beijing 100871, China)

Abstract: Atmospheric PM, ; samples were collected by using the active sampling method to investigate the pollution characteristics of
nitrated polycyclic aromatic hydrocarbons ( NPAHs ) at the Ningdong Energy and Chemical Industry Base, Northwest China.
Furthermore, the primary sources and the contributions of secondary formation sources as well as the inhalation exposure risks were

identified. The main results were as follows. The concentration levels of z IzNPAHS in PM, ; ranged from 2.06 ng+m~’ to 37. 14

ng+m > at the Ningdong Energy and Chemical Industry Base. The average concentrations of Z 12NPAHS were (25.57 £5.76)

ng-m ™ in winter and (6.22 +1.74) ng-m ™ in summer for the Baofeng sampling site associated with the energy industry. The
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average concentrations of Z 12NPAHs were (7.13 +1.44) ng-m ™ in winter and (2.58 £0.39) ng-m > in summer for the Yinglite

sampling site associated with chemical and electricity industries. The levels of Z 12NPAHs in PM, ; were higher in winter than those in

summer because of the increased heating in winter. Atmospheric pollution levels of NPAHs at the Baofeng sampling site were generally
higher than those at the Yinglite sampling because of the higher primary NPAHs emissions from coal mining and coke production in

Baofeng compared with those from the chemical industry in Yinglite. The calculated nocturnal/diurnal ratios revealed that the
concentrations of Z 12NPAHs in PM, ; during the summer season were higher in the daytime than those in the nighttime, but the

opposite trend occurred in winter, thus indicating that secondary formation processes made more contributions to NPAHs during summer
in the daytime. The congener profiles of NPAHs were mainly composed of primary emission markers such as 2-nitrofluorene (2N-FLO)
and 6-nitrochrysene (6N-CHR) , which were the predominant ones in winter and summer for both the Baofeng and Yinglite sampling
sites. Total proportions of 2N-FLO and 6N-CHR were 46% in winter and 73% in summer for Baofeng and 59% in winter and 55% in
summer for Yinglite, respectively. Meanwhile, 3N-PHE, which is a marker compound of secondary formation processes, accounted for
a higher percentage in summer especially at Yinglite. This finding revealed that the chemical production at Yinglite was associated with
higher precursor emissions than that of Baofeng, and thus, more NPAHs were derived from secondary formation processes. Moreover,

Z 12NPAHs / Z K’PAHS ratios were calculated to identify the potential sources of NPAHs across the city. The results indicated that

higher environmental temperatures in summer promoted the degradation of PAHs and secondary formation of NPAHs, and thus,

secondary formation contributed more to NPAHs in summer than in winter. Furthermore, lung cancer risks induced by inhalation

exposures to Z iN PAHs were assessed based on the BaP equivalent toxicity factor. The results showed that the lung cancer risk values

of Z SNPAHs were (3.06 x107° £1.36 x 10™%) in winter and (1.79 x 107> +0.80 x 10™°) in summer for the Baofeng sampling

site, while the risk values were (2.85 x107° £1.20 x10™°) in winter and (1. 86 x 107> +0.83 x10™) in summer for the Yinglite
sampling site. Notably, the lung cancer risk values in our study for both sampling sites were higher than the standard limit value (1. 00
x107%) of the California Environmental Protection Agency, which indicates that the local population at the Ningdong Energy and
Chemical Industry Base has been subjected to potentially elevated lung cancer risks due to inhalation exposures to PM, - bound
NPAHs.

Key words: Ningdong energy and chemical industry base; PM, ¢ ; nitrated polycyclic aromatic hydrocarbons ( NPAHs) ; atmospheric
pollution characteristics; source appointment; lung cancer risk derived from inhalation exposure
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Fig. 1 Locations of the sampling sites
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2N-FLO) . 2-fif £ B ( 2-nitro-anthracene, 2N-ANT) .
9-fili & B (9-nitro-anthracene, 9N-ANT) | 9-fiff 3£ JE
(3-nitro-phenanthrene, 9N-PHE) | 3-fif &3 ( 3-nitro-
phenanthrene, 3N-PHE ) . 2-fi§ & %¢ & ( 2-nitro-
fluoranthene, 2N-FLA ) . 1-fif 3& £ ( 1-nitro-pyrene,
IN-PYR) ., 7-fif 3 %X 3 [ a] B ( 7-nitro-benz [ a ]
anthracene, 7N-BaA ) F1 6-fi§ 3£ j# ( 6-nitro-chrysene ,
6N-CHR). 16 3 [& [ 5 B8 08 Jay fE e 2 1 9 B A5
PAHs U1 F: %% ( napthalene, NAP ). J& /i
(acenaphthylene, ACY) . J& (acenaphthene, ACE) .
% (fluorene, FLU) . FE ( phenanthrene, PHE) ,
(anthracene, ANT) . %¢ B (fluoranthene, FLA) | ¥
(pyrene, PYR) ., ZJf [ a] & (benz[ a ] anthracene,
BaA) | 3§ ( chrysene, CHR) . ZKJf- [ b] %¢ & ( benzo
[ b] fluoranthene, BbF) . ZEIF [ k] % B (benzo[ k ]
fluoranthene, BkF) . ZXJf-[ a ] ¥ (benzo [ a | pyrene,
BaP) ., Bi %K [1,2,3-cd] ¢ (indeno [ 1,2, 3-cd ]
pyrene, IP) . 2K Jf [a, h] B (dibenzo (a, h)
anthracene, DiB) F1 7 Jf [ ghi ] & ( benzo [ ghi ]
perylene, BghiP).

1.5 Juafrib/ Bl (QA/QC)

(1) BEahREB Be Bt R/ 0 B UCRHE
ZHIHEYIRIGS , R R AR SR F R AL
KR BT I A XA, SR R T AUE B, A
VKAEVR RIAAE.

napthalene ,

() FEdn IR FEREIHR T HMA L A&
NPAHs M PAHs (R #6 45750, DL E AR
an P ELSOK . A WE S8 B B A R & [BLCR 4 78
60% V) L.

G EPbE SR ES M B A R
I AR R SR B A, SR AR 4 RIS Al (] S 0
GC-MS W5E I 10 NS —2H, R A —
LR M. AU a R R, 2 A T NPAHs
K PAHs i BRTAEG S Y 10% .

(AR R S kA R SR R R
FE—E M BRI, RBAS 5 {CAR MR 75 AH DX 3 4 K
DUAE5 BT I 9 e /N VR B, 38 GC-MIS A Y BR Oy
E MR LE A 32 LI O ARAE VR B, ASAIFSE 1Y) 12 A
NPAHs AL #R KL BRAE 0.5 ~5 ng-mL ™' Z [H]. 16
Fff PAHs {XA G BRYEE R 5 ~ 30 ng-mL™". Jyik
R BR Ry i SR 3 A4, SF X2 VR EE RN
FL3 A5 hnfE 22 B0 o J5 i e R AR FE Y 12 A
NPAHs J5 i HBR & 2.1 ~9.6 ng. 16 fl PAHs J5
AR 3.5 ~20 ng.

2 HR5ITR

2.1 PM, #' NPAHs ¥k /K
2.1.1 PM, " NPAHs ¥ & /K- 1) 25 (8] 4345 Fi 22
RE=22

2 o 2016 455 IS HE 2 ASRAE AP,
> NPAHs YR BEK P 5 FAE. B rm O,
FELF D NPAHs VREEEH N 17.79 ~37. 14
ng-m " [ FEIURE A (25.57 +5.76)ng-m > |, B
% > NPAHs [ {4 5.21 ~8.18 ngem ™’
[ R (6.22 +1.74) ng-m ], BEH LT
> NPAHs (¥R 4. 76 ~9. 24 ng-m ™ [
Bue Bl (713 + 1.44) 2 %
> NPAHs IR 2. 05 ~3. 15 ng-m ™ [
Prue B R (2.58 £ 0.39) ngem ™). FEXKZE
> NPAHs PEJREER Y 4. 11 4%, 34
% > NPAHs FHPREEREIF 2. 76 ff. FAM
YESHE PM, ot D NPAHSs Wk B 2 3 9 1 4 2
e TR R RAAE 0 AT R4 S5 R S 4 22 BUDE 325
NPAHs — R HE 3 2. EFE R RLEF
> NPAHs & BEK P38 5 T 360045, Hill 5
T IIRIRITR S B 5 7 W RE TR AL Tl
3 S R A NPAHs — YO AR G, T3 A T

ng'm~ ],
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Fig. 2 Seasonal characteristics of concentration levels

of z 12NPAHS in PM, 5 at Baofeng and Yinglite for 2016

2.1.2 S5ENIMETT PM, o NPAHs ) KX
1N TARAEIC T AR PM, 1 > NPAHS

e HE 55 [ A A T S X PM, s > NPAH
WREXTHLEE R, el DUE T ARBRIEAL T 551
PM, 't > NPAHs ¥ BE /K- HA 8 T [ P APt i
Bz, s FRM A RREmIREL N E AW
BT AR MR AR 3 %, AR EZ N Y
By e A LS T A R e e e VR B Y 2. 8 . B RER
FEAATREWRE(9.24 ngmﬂ)g$%ﬂ£:]:£ﬂél
W 4 e VR EE (11,70 ngem ™), ELFdi i

BE(3.15 nge-m ) BLRY & T PG B A HLUS T 2=
e (2,90 ng-m 7). 5= RN SRR RE RN
] A A T G T T2 175 YKo R A
A TR REE RNV e R R BE R 7 5. TR
RSN & T %, (HERAL T— M EaE g
KOV, G SRR A AT A 2R L [ e Bk &
K21 ~2 MY, MEFE s, RS
1 ~2 MRS, BT, TARREIRAL T Hb Y BE

F1 FREFLTEMPM, B > NPAHs iRESERIMITR I

Table 1 ~ Concentration comparisons of z 12NPAHS in PM, 5 at the Ningdong energy and chemical industry base

with available data for PM, s-bound NPAHs domestically and overseas

IR EHX AL ] PM, > NPAHs Helt /ng-m =3 3CHR
P 2008 4E4 K PM, >, NPAHs 1.96 ~5. 16 [14]
; 2010 4E4 K 0.187 ~1.57
: < PM NPAH;
Lt 2010 4EH F 25 2 i 0.037 ~0. 285 [15]
bt 2008 4 5 F PM, > NPAHs 0.068 ~1.72 [16]
g, Yo 2014 4EE R PM, 5 > NPAHs 0.078 ~11.70 [17]
s )y T 2010 44K PM, 5 > NPAHs 0.223 ~0. 665 (18]
AN, 2010 4EF K PM, > NPAHs 0 ~0.001 [19]
‘ 2006 4E4 K 0. 650 ~4. 58
E L = PM NPAHs
PP e A% B, TG 2008 45 F 25 Zs s 0. 400 ~2.90 [20]
2016 4F4 K 17.79 ~37. 14 ,
5 ) PM NPAH: 5
o 2016 FHF 25 2 ® 5.21 ~8.18 AT
e 2016 4F4K ™ NPAHs 4.76 ~9.24 e
ki 2016 4EHF 25 2 : 2.05 ~3.15 AL

PRAL Tl 3% Bl i T 8 1 NPAHSs HERL. A BiF
FEANJE Z A AE VA N T 7R B U Jk 1l J] 300 4 DX
T3 5 R IX s AT RS , R RS L
] PR Bl T sl it XA 3 X 5030 X R AR A T T
XF .
2.2 PM, " NPAHs ¥ /KRS 257

KA NPAHSs (W08 B 25 55 m DL Sk w25 41
Wi R IR AR O R ok, 1B 3 BOR T E
TSI FEPIRAE AL S PM, 1 > NPAHS
TR IR1V B 5 H A0 B 1 A (RO BE ) REAiE. IR ]

DI 2 PM, > NPAHs W FE 9B 1L 1
EAE R A RAERBUE T 1 (H IR E FRa) , ik
KW F V(R T H D, N 320 T
B2 H IR &, RO 2% RN B B B3 BK
AT BT Mk T B £ H ] R JE B A NPAHs. {H
2016 4Ef7 H 28 HAI7 H 30 HixX 2 d A%
JFFE A NPAHs B 2 H IR AR T, 7] fg
Pl PR 850 77 16 3h A9 H ) NPAHSs HE RS T 7% 8]
MIHEROIT S 34, Do R R B L NPAHS
2K H AR B T AE], A ZE 55 45 45 2017 4R 1
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H 13 HA1 A 14 HiX 2 d () PM, ;- NPAHs ¥ &
W HEYIE M 0.7 F10. 85, KA HRR X P
K H B RS, B A KAl REAE 7R Z IRE AL
NPAHs 5Tk, 23X WK% F PM, 5 H 8] ) 5 &
WA 2.49 mg-m ™, RCIE] ) =R E R 2. 11
mgem . & TAZFEFEMHE (0.3 mg-m ™), HEAHK
ST S : KR NPAHs 7] 4 41 J50A 40 Jr o B, ek
BEK SRR /NT 2.5 o B4 200 50K 9 (1 55 2k ik B
BT R R MY ) T2 R BT AR AR
TR H [E) NPAHSs ¥ B 5 T 1] 4 i A
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Fig. 3 Noctumal/diurnal concentrations ratios of >  NPAHs

in PM, 5 from Baofeng and Yinglite

2.3 JET NPAHs WIEHRAE AR 500 BT

AFFRRY . —RHE AR R N-PYR (1-f
FEEE) 5 2N-FLO(2-fif %7 ) Fil 6N-CHR (6-fi§ 358 )
R ) 7 7 B 5 B AH SE P, R I 2N-FLO . 6N-
CHR JRA] LAYE A NPAHs — IR HET AR IR B 122 -2
I 2N-FLA, R HAEH KA KR > >,
T O R AR Y. Tomaz' ™! BUBFSE
FW] 3N-PHE (3-fi§ 3£ 9E ) /2 —Fh K< PAHs % ik
HRRAFRIRYT, I 3N-PHE 35 NPAHs — KB
FIFRIRY).

Kl 4 R4 528 T AR RE TR AL T 6 b R R A 55 5
FHIBE ST 4R PM, T NPAHs B9 IEARAE. rdal LA
Filh, EFEMIETFERE AL T PM,  H L —
WHERTHY) 2N-FLO . 6N-CHR iy =% 5 1, Hrps$
KR E 2 2N-FLO f1 6N-CHR B /7 el 73% , &
T 46% , FIFERE A R N 55% , 4
59% . HABTTRREL KWL 5384 TN-BaA , HEZA
kAT —WRHERL . 52 T R AR R AR IR 2N-
FLA B2 5 IR 0.75% , 420 5.5%.
3N-PHE H Rk V4 LK 5.5%, & FH

2.5%. JEIPRERMEAL, ZIRPRIEY 2N-FLA & Z=ik
B R 1.3% , 420 6.7%. HAFERR
J&, WAEERAE S E S PM, T ROE AR IR
3N-PHE (58 (21% ), T T4 ZF (4% ). 1
DT B8 T PR R 2 R FE R 2 B DL AR T R
VOCs HEE &, Iz B 2k 2s i B, 0, W
FERs e, ISl & NPAHs —WIEEY. s MMk
FIFERAE AR AR IR 2N-FLA ¥ -3 (5 L
B4 Zm TR ZE, Xk A ZE RIS 45 18 %
RIS NO, HER s 2/ 0C, B F e I 4F
2N-FLA B2 5 NO, e BE RIS T &85 i A OCHE (r
=0.63, P<0.01), Arey 252/l Lin 2 (905
WEW], NO, 7£ PAHs 74k NPAHs & #2 Hld 22
YERL. HHEAT UL 2 A SRAE A4 5 2% NPAHs F 85K
AT — W HE, B4 =2 25847 78 Z 8 BUR 1)
DTHR.

4 EEMENH PM,  F NPAHs WRiEETHER
Fig. 4 Congener profiles characteristics of NPAHs
in PM, 5 from Baofeng and Yinglite

2.4 T Y NPAHs/ > PAHs W ¥ He{H 1Y
NPAHs SR IE#IHT
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kS NPAHs B Wk B R PR,
> NPAHs/ > PAHs Ff i 2 20 T4 F N £
A 2% NPAHs #8402k B T OG0, #F5E
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>, NPAHs/ > PAHs ¥ FZ Ll 0.08 +0.01,
BN 0.10 £ 0.017, F S5 K R FE A4 F
>, NPAHs/ > PAHs ¥REEL{H N 0.13 £0.02,
HZ40.19 £0.024, HIAT L, T AR BE IR AL T3
MPRPEA > NPAHs/ > PAHs W BE HUAETY
NEZE T4 S, UL E 2 NPAHs W EHAR,
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M= B R, S BE R B oE
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Fig. 5 Ratio characteristics of > NPAHs/ > PAHs

in PM, 5 from Baofeng and Yinglite

2.5 NPAHs W0 2% &% fifi s XU

ARSCHIH BaP ([ a] ) R0 E N T VEMN
0 NHE NPAHs W0 5% 58 AU #6471 PEAL. %05
2 EEH A FHA PAHs s HAT A 90 00 S5 1
F (‘toxicity equivalency factors, TEFs) , ¥ A [6] A9
PAHs K HAT A= ) 55 20 AR T 88 M B K ) PAHS
() BaP #0218, HULFAG 5 PAHs M H AT AP0y
Wl i SRR XU ASBIFFE Y 12 Bl B AR NPAHSs o
105 A7 &30 B M H 7 TEFs %04 (5N-ACE | 2N-
FLO . 2N-FLA . IN-PYR F1 6N-CHR) , U5 2 iR,
I, ASWFSER A% S Fi NPAHs %t PM, ;H' NPAHs
(1R W 7 B 9 RS 464 T 17 Al

NPAHs FYSERCREME = TR AT .

BaP, = n x TEF

v, BaP, HAERORI[a] EEHREE, n % — NPAH
HITHE PM, 5 B AW, 47 Fyng-m ™, TEF Hi%
HM 30T BaP BYEEVEN T

%2 57 NPAHs %%(T BaP i) TEFs &
Table 2 BaP equivalent toxicity factors of five NPAHs

NPAHs TEF
5N-ACE 0.01
2N-FLO 0.01
2N-FLA 0.10
IN-PYR 0.10
6N-CHR 10. 00

NPAHs ™A -1 5% 523 1t 98 RIS i 04 1133 24 =X
mr.

KRB = BaP,, x ST x KUK R 5L
A, HBHET =0.001 pgong ™' KB RE=1.1
x10 7 (pg-m ™) 7'

PR TR (8 A A it RS (15 5 [ M 2
2% ( California Environmental Protection Agency, Cal/
EPA) LA Y JRUBS: B ( 45 224 2 A (A I W% 5 2 it 9
S BRAF g 1..00 x 10 7°) BV HETT HAR, DA 67 2%
AETRIEHL RS, PM, Y NPAHSs X 52 588 A B 7571
fat B L.
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> NPAHs & Ffifi i KUR 4 3.06 x 107> = 1. 36
x107°, &M 1.79 x107° +0. 80 x 10 . e S14F
AZH2.85x1077 £1.20 x 1077, EZH 1.86 x
1072 +0.83 x 107", PIREERL D> NPAHSs fififiE X
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Fig. 6 Inhalation exposure lung cancer risk values for z SNPAHS

in PM, 5 from Baofeng and Yinglite
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