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Pollution Characteristics and Risk Assessment of Nltro Polycycllc Aromatlc

Hydrocarbons in PM, ; of Nanjing, Chlna

FU Y1n—y1n ? . WEN Hao- zhe' | WANG Xlang hua . YU Nan-yang'* | El Blng WEI S1 y
(1. State Key Ldbordtory of Pollutlon Control and Reigurce -Reuse School of the Envlronment l&dn]l.rlg University, Ndn]mg 210023 g
China; 2. ]1anvsu rAcademy of Environmental dirclastrysand, Technology, Nanjing 210019 China) =

Abstract; Nitro polycych( aromatic hydrocalbonq (NPAHS) are, important pollutants with (arcmogemc effects present in PM2 54 o
analyZe the pollution characteristics and sources of NP , 14 samples of PM, L were collected in Nanjing from November 2017 to
Mdrub 2018 The results showed that, 2, 8- dinitrlldibenzothwphene (743 pgem™>), 2, 7- dinitrofluorene (331 pg-m 3,
nitahithificdnd (;26 pg'm™), 3- n1tr0ﬂu0ranthene (217 'pg*m 2%, and 1,8-dinitropyrene (193 pg-m™) were dommant, and the
detection concentrations notably varied between seasons jithe hlghf‘bl concentrations occurred in winter (3082 pgem ™) followed by
autumn (l 553 pgem ) and spring (1218 pg-m~*). The ratio of nitrofluoranthene and I-nitropyrene concentrations, and 9-
nitroanthracene and 1- -nitropyrene concentrations, indicated that the main sources of NPAHs in the PM, ; of Nanjing were photooxidation
of polycyclic aromatic hydrocarbons and biomass burning. NPAHs were more typically associated with smaller particles, which further
indicated that secondary formation is an important source. The current carcinogenic risk of NPAHs in PM, ; in Nanjing is controllable,
and dinitro-polycyclic aromatic hydrocarbons represent the highest level of risk. The data presented in this study provide important
baseline information that can inform the management of risks associated with NPAHs in PM, 5 in Nanjing.

Key words: 1 ,8-dnitropyrene (1, 8N-Pyr) ; 9-nitroanthracene (9N-Ant) ; 3-nitrofluoranthene (3N-Flt) ; secondary particles; biomass

burning; carcinogenic risk
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ng-m 7 RS AN T PAHs, PM, ' NPAHSs
v B ZEAE 1 ~2 e ! H PM,
NPAHs K42 5345 45 % ¥ NPAHs 32 20 A5 78 /)
T0.49 pm F10.49 ~0.95 um B ok 4y I, F
KRR} 0.06 ~0.12 pm"'® YLHI T NPAHs ¥
Sy 38 1k W % E N\ 2 g N HE

HBiA BT % B8 NPAHs 163 [ 5 KA 3 )
AR A D RS RGE T PM,
NPAHs S0 A P02 (X SR 5T 32 B 0GB 3
WARZ IR T5 ¥, AR it BT S5008 20500 B 5 fr) — i SE AR
ZINT5 & W R AF 7K S AR WF 5% 38 & f# BT PM, 5 P
NPAHs 75447k, 3558 NPAHs (19 F 2R, PEAL T
TERIEUR XU, DL R PM, o A JXURS: 8 2 45 (L B3
HFE

1 #MRE7H*E

L1 BEACREE

2017 411 H 22018 4F 3 H e i KRR
BERETIUR 5 PM, JBEfh. 76 100 L-min ™' (SRR 33
T PP SR A AR AR B I AT AR DR RS 48 h
RARFE i, HRAE 14 4> PM, A Hod 3 ARAERT
] B[R] SR A PM Bl (36 1) . 22 R AR 3 2 15 3
g1, 11 H ek R4 4 A4 PM,  FESVFT T A
PM, e 12 A BIRAE 2 A & dR4E 6 4>
PM, JFEEAT T AN PM MR 3 H O ESE, R E 4
A PM, AL TS PM A 5 iR E R IR S X
FiAnifE, 14 DR XTI 2 R E A 5 AR
T ARG YR 2 NS (F ).
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Table 1  Particulate sample information and air quality parameters during sampling | . "f:'. )
) AR __ o~ iEB RS S pgem =
2.5 10 f A /m PM, 5 PMy, | S0, O NO, 0, i\q‘rﬁ:ﬂi‘
2017-11-04 ~2017-11-06 2.5-1 — 7269 22 57 | 6 500 35 1 & R |
2017-11-06 ~2017-11-08 2.5-2 —F 260 61 125 | L 4 1500 26 49 & G U
2017-11-08 ~2017-11-10 2530 | — 258 48 118/ 0 . 700 41 73 RV YL
2017-11-23 ~2017-11-25 2.5-4 10-4 s J* 2658 39 13 g 12, %100/ J 75 89 LY
12017-12-05 +2017-12-07 255 B/ LB ;-2"'74 75 1274 7 2F° 1 1300.4° 76 27 BBV -
¢ 2017-12-07'~2017-12-09 2.5 Y Wi F s 63 109 / 20 | 1300, 65 3 - R T
"2017-12-09~2017-12-11 2.577 777 W 260 55 107/ 422 ' 1400 63 32 REER
2018-01-29-~2018-01-31 2.5-8 iy 4281 160 187 fr 15 1200 71 79 rmg?ﬁg;,é
_2018-01-31 ~2018-02-02 2.5-0 '/ o9 W) 273 125 168 “16 000 1200 88 63 T
[ 2018-02-27 ~20§803-01 2500 7 = 265, 49 74 8 700 37 75 =
[#2018£03-02 ~ 2018-0304" 2.5-11 10411 264 md 40 58 7 600 ¢ 32 60 B
2018-03-05/2018-03-07 2.5-12 4f 9\ T ogf* 19 38 7 400 29 68 B
2018503-09 ~2018-03-11 2.5-13 — 66 73 111 14 800 58 97 RS U
2018-03-12 ~2018-03-14 2.5-14 — 257 47 90 17 800 63 100 £

1) RBEFi A 100 Lomin =", SRAEERTIE] 48 h
1.2 {5 iG]

GC-MS(GC: Trace GC; MS: DSQ-1II , Thermo,
% H); & W 1L ( N-EVAP112, Organomation
Associates, FEH) ; BEHF L (X025-12T, /7§ 7 5
Wi, ) 5 R TR B 0 ML ( Biofuge Primo R,
Thermo , 3¢ ) ; fied%7& %X (R-215,BUCHI, Fii £) ;
figi i oI 4% (MX-S, IKA, f8[H) ; (A3 4F >4 DB-5HT
(30 m, 0.25 mm, 0.1 um, J&K,ZEHE) ; [EAHAH
$ 8 (WAT200609 , Waters , 58 [ ) 5 i i [ AH A€ HUR:
(Mega BE-SI, 2 g, 12 mL, Agilent,3[F).

TE (g4l ROE Science, E£[E) ; IEC
Be(OIE4l, MERCK, T8 [ ) ; i 5 22 2R 57 S b v i
) B 22 [ AccuStandard 23] (£ 2).

1.3 FEAhATALEE

PM, (JEBEBY B 1 em W7 MIER A, DA 15 mL
TN, FIFHIA 10 ng 9-fi 2 B 2R AR bR,
FEZE T TS 20 min. #8755 763 000 remin ~' AYFE
BN B 10 min, BV RS BIRUEH. HA A 1R

B3 R, A9 W B R BUR MR SR % 0.5 mL, A
4 mL IE SR 2 0. 5 mL. 5L b k4
EERS I BRI B AR ZE O A T A 6 mL 5K
FHGE HEA T DRI, VR M OB AR RS X R 1 7
RS W4 B+, EAZE 100 pL, B E ke
NS i R
1.4 {UEREAE
1.4.1 SMAEE

{340 DB-5HT(30 m, 0.25 mm, 0.1 um) &
NEAFERE , PERE R 280°C , AAM i HEAE, JERE &L 1
pL, 2R 1.5 mLe-min ™' fHIRE L, S @S
i AL AR IR B 4 280°C . THEFEFE N  WIIATE
& 60°C , 4E+F 1min, LA 45°C - min ™' THE, TF & 150°C
J& , 4E3F Tmin, FELL 5°C +min T THE , THE Z 280°C , H
L 20°C -min ™' THE , THE 300°C , 4EHF 5 min.
1.4.2 Jpkseff

KA A 2E B R TR EE R 180°C , WA H
H B, 2 mL-min ' WA S R pE 5 8 74
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Table 2 Retention time, quantitative, and qualitative ions of 27 kinds of nitro polycyclic aromatic hydrocarbons ( NPAHs)

B S 2757 CAS %5 £ B8 B 6]/ min ERET FEPER T
2-fi§ 325 (2-ntronaphthalen, 2N-Nap) 581-89-5 7.16 173 174
2-fi§ FE B FE (2-nitrodiphenyl , 2N-Bip) 86-00-0 8.06 199 200
3-flFE B (3-nitrobiphenyl, 3N-Bip) 2113-58-8 11.28 199 200
4-THHEBRAE (4-nitrobiphenyl, 4N-Bip) 92-93-3 12. 00 199 200
5-fi§ 3L ( 5-nitroacenaphthene, SN-Ace) 602-87-9 15. 64 199 200
2-fi§ %25 ( 2-nitrofluorene, 2N-Flu) 607-57-8 17.72 211 212
1,5-fif§ 22 (1,5-dinitronaphthalen, 1,5N-Nap) 605-71-0 14.97 218 219
1,3-fi§3£25 (1,3-dinitronaphthalen, 1,3N-Nap) 606-37-1 14.27 218 219
1,8-fi§3£Z5 (1,8-dinitronaphthalene, 1,8N-Nap) 602-38-0 18.76 218 219
9-fi§ 3£ B4 (9-nitroanthracene, 9N-Ant) 602-60-8 18.33 223 224
9-fifi2£4E (9-nitrophenanthrene , 9N-Phe) 954-46-1 19.74 223 224
3-Af#EFE (3-nitrophenanthrene,, 3N-Phe) 17024-19-0 20. 54 223 224
2-fi§ 3 B4 (2-nitroanthracene, 2N-Ant) 3586-69-4 21.35 223 224
2-fil§ 3 K FHEBEW) (2-nitrodibenzothiophene , 2N-Dbt) 6639-36-7 20. 20 229 230
2,2"- Rl IR (2,2  ~dinitrobiphenyl, 2,2"N-Bip) 2436-96-6 16. 96 244 245
3-fil§ 3% B (3-nitrofluoranthene, 3N-Flt) 892-21-7 25.38 247 248
4-fil§HE L (4-nitropyrene , 4N-Pyr) 57835-92-4 26.20 247 248
1-fl%EEE (1 -nitropyrene, 1N-Pyr) 5522-43-0 25.61 247 -
2,7-Fl325 (2 ,7-dinitrofluorene, 2, 7N-Flu) 5405-53-8 27.22 “ 256
9,10-_fi§3E ¥ (9,10-dinitroanthracene, 9,10N-Ant) 33685-60-8 22.18 268
7-THEEHE I [ a] B (7-nitrobenz( a) anthracene, 7N-BaA) 20268-51-3 29. 17 273
6-1i§ 3R (6-nitrochrysene , 6N-Chr) L 7496-02-8 30. 37 | 273
2 8-~ﬁﬁi_4;#ﬂ2§%}(2 8-dinitrodibenzothiophene, 2 ,8N- Dbt) 109041-38-5 28162 1 274

1,3-ZW43E ¢ (1,3-dinitropyrene, 1,3N-Pyr) fi 75321-20-9 f31.45 = 292

1,6- A3 (1,6-diniropyrene, 1,6N-Pyr) [ & L ~42397-64-8 ;32,190 292

1,8-Z {53 (1,8-dinitropyrene, 1,8N-Pyr) ro ) oy £12397-65-9 | (B2.88 .« ¥ 292
625 JF [ a ] é (6-virobens (a) pyrene, 6N-BaP)/' 1 f,-‘r':-f' 63041-90-7 ¢ 34 % | Y &2

Hi Eﬁ%ﬂ’]";ﬁﬂﬁ?i%?ﬁﬂ% 2 Fﬁ/ﬂ: “ %3_;,&7 WE‘%E%%%%’%@E%&%H% : ’

- A e 2z1) Ve

1,5 B SR R (oao) [ ) Y iR, 26 5EKE

. f}i)fﬁ‘ﬁﬁﬁ g}{ﬁ}x E’J* ,_L, BE 33 0. 07 3 5 Table 3° Limit of detection, blank, and recovery values

o . )

of 27 kinds of NPAHs by GC-MS

pgem ﬂ?ﬁ%ﬁéﬁﬁ/’ﬁfﬁh%@)ﬂ%ﬂ R ¥ykF P T TR AV
0. 99,1;515(1‘1}%3%@ +30% Z ). 7ERP 25 [, 2-fiF CEUE pgem ™ (n=3)  Hl/% AR
2R SRR o-MIER AT SN S o 5 oo

o

2N-Bip 0.07 0.02 92 0.031
HJ.,&#H{’&V F0.02 ~0.21 pg-m . FFEICE  3nBip 0.35 0. 14 87 0.058
e 2 - _ 4N-Bip 0.35 ND 72 0.013
WZE A2 5 e MR A T 70% ~ 117 % . A 000 oo D o5 o 087
FAE A UL 3. 2N-Flu 0. 69 ND 104 0. 048
1,5N-Nap 0.17 ND 83 0.017

2 Z£BRY5i4ig 1,3N-Nap 0.35 ND 95 0. 021
1,8N-Nap 0.07 ND 96 0.075

2.1 RAMBRY) TPl 3% 2 34 55 1 A7 7K ON-Ant 0.69 0.21 105 0. 081
) o 9N-Phe 0.35 ND 12 0.018

TE 14 > PM, JFES Y BR T S-AEFEE 40, Hifth  an-phe 0.35 ND 90 0.071

26 Ff NPAHs 4 . Horb 15 Fh NPAHs B9t ihg  20An v ND e 0y
X o e \ 2N-Dht 0.69 ND 115 0.053
4 100%, ¥ AR 5 T 70% ) NPAHs $0iE 888 2 2nesip 0.17 ND 84 0.029
ﬁﬂq 74%’1‘5‘6% NPAHs j&ﬁﬁﬁ? PMZ S [;P ,fyﬁ 4 3N-Flt 0.35 ND 75 0.017
: 4N-Pyr 0.35 ND 17 0.021

il NPAHs (4 KT 50% (% 4). IN-Pyr 0.35 ND 97 0.071
E27 *EF NPAHs ':F',ﬁépﬁr EPWEEX%E@WW\% 2 ,7N-Flu 3.5 ND 83 0. 056
o , 9,10N-Ant 0.17 ND 73 0.015
2,8-fiHE ORI EWY (P34 743 pgem T, 210 ~ 7N-BaA 0.35 ND 110 0.051
1471 pg.m—3’ 13%"‘64%)\ 2,7_:ﬁﬁ%%<¥i@ 6N-Chr 0.35 ND 75 0.078
_3 > g 2,8N-Dbt 1.7 ND 86 0. 089

331 pgrm ™, 0~3037 pgrm ™, 0% ~51% ) . 9-i§%E | 3Npyr 1.7 ND 90 0.083
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