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Abstract; Nitrated phenols are a group of nitrogen-containing organics ubiquitously present in ambient air, which are also important components of atmospheric light-absorbing
organic matter ( brown carbon) that have significant impacts on climate change, air quality, and human health. In this study, we collected a total of 265 daily filter samples
of fine particles (PM, ) in northern suburban Nanjing from March 2019 to January 2020. We used ultra-high performance liquid chromatography-mass spectrometry
(UHPLC-MS) to detect and quantify eight nitrated phenolic species. The results showed that the average annual concentration of total nitrated phenols in the sampling site was
18.77 ng*m —, and the average concentrations in spring, summer, autumn, and winter were 16. 82, 8.59, 17.28 , and 44.79 ng*m ~ , respectively. Such concentrations
were obviously higher than those determined in other countries but were similar to those in domestic cities, such as Jinan. 4-Nitrophenol was the most abundant nitrated
phenol, followed by 4-nitrocatechol and 2-methoxy-5-nitrophenol. Correlation analysis showed that 3-nitrosalicylic acid was from a specific source different from that of other
species. Finally, we used a positive matrix factorization model to quantify the source contributions of nitrated phenols. The major sources were vehicle emissions (32% ),
mixed coal and biomass burning emissions (44% ), and industrial emissions (24% ). The mixed coal and biomass burning emissions were dominant in autumn and winter.
The mass fraction of 3-nitrosalicylic acid in the factor of industrial emissions was >90%, consistent with the results of the correlation analysis. Overall, this study provides
valuable insights into the understanding of concentrations, characteristics, and sources of atmospheric nitrated phenols in ambient air.

Key words: nitrophenols; ultra-high performance liquid chromatography-mass spectrometry (UHPLC-MS) ; PM, 5 ; positive matrix factorization( PMF) ; pollution sources
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Table 1  Molecular formula, molecular weight, retention time, correlation coefficient, and method detection limit of targeted compounds
R o3 F= AEX 537 T i {4 F st ]/ min HXRE(P) K B/ ng + mIL !

4l TR 1 CeHsNO, 139. 11 20.53 0.999 8 5
3-FH Jk- 4R SR 1y C,H;NO, 153. 14 22.9 0.999 0 2
2-F - 4R LR T C,H,NO, 153. 14 23.9 0.9992 6
4-fif LRy CgHsNO, 155. 11 18.4 0.999 0 3
2,6~ Jk-4-fg SR Ty CgHgNO,4 167. 16 25.5 0.999 0 1
pRUIE-§ SRR SN} C,H,NO, 169. 13 20.7 0.999 4 8
A-fi B A AR By C;H,;NO, 169. 13 21.2 0.998 2 6
3-T IR R C,H5NO; 183.21 21.7 0.999 8 3
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Fig. 1 Time series of nitrated phenols in atmospheric fine particles in north suburban Nanjing
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Table 2 Seasonal average concentrations of eight nitrated phenols and their total concentrations/ng-m~

3

WH = ES B G AEH
p(4-fiH AL ) 7.32 +5.50 2.29+1.23 5.66 +4. 31 14.89 +8. 69 6.54 £6.38
p(3-FHL-4-fil IRy ) 0. 63 +0. 56 0.13 0. 10 0.37 +0. 46 1.45 +1.09 0.54 +0.71
p(2-F Jk- 4Rl IR ) 1.70 +1. 06 0. 66 +0. 60 0.87 +0.75 2.51 +1.34 1.30 1. 13
p(4-TFE LR ) 2.83 £2.02 2.10+1.73 6.14 £4. 14 13.85 +18. 05 5.19 +8.30
p(2,6- " He 4G IR ) 0.61 +0.49 0.30 0. 65 0.36 +0.34 1.00 0. 57 0.52 +0.56
p(2-F S k-5 -E LR B ) 1.67 +1.28 1.11 £1.20 2.46 +2.01 7.28 £9.70 2.56 +4.43
p(4-fiHHEABIAR: ) 0.90 +0. 59 0.77 +0.73 0.73 +0. 67 2.54 +3.38 1.06 +1.56
p(3-fiH KA IR ) 1.15 +0.94 1.23+1.21 0. 69 +0. 90 1.28 +0. 64 1.06 +1. 00
p (D NPs) 16. 82 +10. 16 8.59 +5.97 17.28 +10. 61 44.79 £41.19 18.77 £21.92
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Fig. 2 Time series of the mass fractions of total nitrated

phenols (eight compounds) to PM,
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Fig. 3 Correlations between each nitrated phenol and temperatures
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Table 3 Average concentrations of total nitrated phenols measured in PM, 5 at different sampling sites, categories,
types of sites, sampling periods, and analytical techniques
SR b Hh gAY SRAE ] T =X MHFEEFE D NPs/ng - m™>  SCHk
Great Dull Fell, 3 [ i 32 b [X. 1993 4 2 GC-MS 4 21.52 [36]
K2 AR 75 Y (19 ST 1 X 1998 4%, 5 7 RP-HPLC 1 300 [37]
Wrshib e | T L X 2002 ~2004 4 GC-MS 11 8.1 [38]
Wrshl e | 2B X X 2002 ~2004 4 GC-MS 11 9.2 [38]
WrRrpi e vk A b X 2002 ~ 2004 4E GC-MS 11 5.58 [38]
B KA IR M X 2003 4, HZE GC-MS 6 39.6 [39]
FEATIRAEAS | 30736 3 0 IR L X 2010 4F, H 7 LC-MS 12 1.16 [26]
JEAR RBETIR , i SR T L X 2010 ~2011 4, &2 LC-MS 12 150.59 [26]
R R Y AT X 2012 47, 47 MOVI-HRToF-CIMS 5 20 [40]
E g N E| IR L X 2014 4F &7 CE-ESI-MS 6 16.28 [41]
MR B o, AT X 2014 4F &7 CE-ESI-MS 7 12.07 [41]
TU/R M | fli ] FRMHL X 2014 45, H 7 CE-ESI-MS 2 0.4 [41]
YN E/ | AT H X 2014 4F, B % CE-ESI-MS 5 0.39 [41]
A, AT X 2013 4F 5 % CE-ESI-MS 8 3.59 [41]
vrmd, T L X 2013 4F, &7 UHPLC-MS 9 48.4 [42]
v, WX 2014 4, H 7 UHPLC-MS 9 9.8 [42]
HES R E AT H X 2014 4F B % CE-ESI-MS 8 8.44 [41]
YR, AT Hh X 2014 4 5 % UHPLC-MS 9 5.7 [42]
A, T E AT HiL X 2014 45 2 7 UHPLC-MS 9 5.9 [42]
U, E 11 3t X 2014 4F K 2 UHPLC-MS 9 2.5 [42]
SR X3 3t A 2016 4F , K% LC-MS 5 6.63 [43]
vrm, T IX 2016 4F , &% UHPLC-MS 12 105.4 [30]
v, T E T i X 2016 4, H % UHPLC-MS 12 34 [30]
erg, T M X 2016 4, H % UHPLC-MS 12 13.5 [30]
M, P ZBIX b IX 2019 4F K% UHPLC-MS 8 16. 82 LN
mMa, P E ZRIX X 2019 4F 5 % UHPLC-MS 8 8.59 N S
M, hE 2 X i1 [X. 2019 4F, Bk 7 UHPLC-MS 8 17.28 ENIIEN
g AL, RBIX X 2019 ~2020 4,42 UHPLC-MS 8 44.79 ENGIN
R4 WHEFEBELEYHEXMESFD
Table 4  Correlation analyses among nitrated phenols (Pearson’s r)
pstm T4 2-HULA- 4k 2,6-—HlJL- 2- L 4-fil 3k 3-fif
AR RIERRY LA 4-T BT 5T LA WA KB
4-E SR 1
3-H -4 SR 0. 940 ** 1
2-HI - 4-f 3R B 0. 894 ** 0.923 ™ 1
A-fif A LR 0. 682 0.672* 0.517* 1
2,6- " H -4 YRR 0.705 ** 0.752* 0.742* 0.377 ** 1
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Fig. 4 Mass percentages of various substances in each resolved factor
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Table 5 Average mass percentages of three sources

in 2019-2020 and in four seasons/%

i H 223 YA WREAEYITRAIE Tl HERR
BE 46 30 24
eSS 23 31 46
hZE 20 68 12
pES 35 54 11
i 32 44 24
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