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Analy51s of Change Trend and Inﬂuencmg Factors of PM, .-O, Pollutlon in TlanJm
from 2013 to 2020 Y A

-
XIAQ Zh1 -mei’ , LI Yasfei® , GAO Jing-yun', LI Peng' , CAI Ziiy’ing3 , ZHENG Nai-yuan' , ZHANG Yu-fen>* | JI Yun-feng' *

(1. Tianjin' Eco-Environmental Monitoring Center, Tianjin 300191, China; 2. State Environmental Protection Key Laboratory of Urban Ambient Air Particulate Matter Pollution
Prevention and Control, College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China; 3. Tianjin Environmental Meteorological Center,
Tianjin 300074, China)

Abstract; The change trend, relationship, and influencing factors of PM,  and O, concentrations were analyzed by using a Kolmogorov-Zurbenko (KZ) filter coupled with
stepwise multiple linear regression analysis and the spatiotemporal resolution monitoring data of PM, 5 and O, and meteorological data observed in Tianjin from 2013 to 2020.
The results showed that a significant decreasing trend of PM, 5 concentrations by 50. 0% was observed from 2013 to 2020, whereas an increasing trend for O, concentrations
by 25.8% was observed from 2013 to 2020. Compared with that in 2013 to 2017, the monthly difference in PM, 5 concentrations gradually narrowed from 2018 to 2020,
whereas the concentration of O, had increased significantly since April, and the occurrence time of O, pollution was advanced. The correlation coefficient patterns of 0, and
PM, , showed obvious seasonal distribution characteristics. The correlation coefficients were negatively correlated in winter and positively correlated in the summer, and the
correlation coefficients in summer were generally higher than those in other seasons. The correlation coefficients between O, and PM, 5 in different seasons were positively
proportional to the fitting slope. The ratios of the fitting slope to correlation coefficients showed an increasing trend, which might reflect that the inhibitory effect of PM, 5 on O,
formation in the PM, -0, interaction mechanism might have been weakened due to the impact of emission reduction. A significant decreasing trend was observed for the long-
term trend components of the PM,, 5 concentration time series ; emission reduction played a leading role, and meteorological factors contributed -3 to 6 pg+m ™. The changes
in the relationship between the PM, 5/CO ratio versus NO, /S0, from negative to positive were observed from 2013-2017 to 2018-2020 in Tianjin, which could indicate the
enhanced contribution potential of nitrogen oxides to the main secondary component formation of PM, ¢ under the current emission reduction scenarios, and the main secondary
components of PM, . in Tianjin gradually changed from sulfate to nitrate. An overall upward trend was observed for the long-term trend components of the O, concentration time
series from 2013 to 2020, and the contribution of precursor emissions to the long-term component of O, increased from 2013 to 2018 and began to decrease after 2019. The
contribution of meteorological factors to the long-term component of O presented an obvious stage change, showing a downward trend from 2013 to 2016 and an upward trend
from 2016 to 2020. The O, concentration presented a non-linear relationship with NO, during the period of intense atmospheric photochemical processes ( 11:00-16:00) in
summer. Compared with that in 2013-2015, the fitting curve of O, and NO, showed an obvious offset to the low value of NO, from 2016 to 2020, which reflected that the NO
emission reduction in this period achieved certain results. Compared with that in 2018, the fitting curve of O, and NO, moved downward from 2019 t0 2020, which may reflect
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that NO, and VOCs emission reduction had a non-negligible effect on the O, decline at this stage.

Key words: Tianjin; PM,  ; ozone (05 ) ; change trend; influencing factors
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Table 1~ Curve fitting slopes and the correlation coefficient of O; and daily mean PM, 5 in different seasons from 2013 to 2020 in Tianjin
HE 2 F &7

CRCINE VEEF S S PEY UERE MHRRL WUERER HERL WARER MR

O I N N 0 N A © N 0 N A © N 0 N
2013 0.04 0.05 0.8 0.46 0.34 1.4 -0.04 -0.05 0.8 -0.10 -0.46 0.2
2014 0.15 0.14 1.1 0.51 0.34 1.5 -0.13 -0.26 0.5 -0.14 -0.63 0.2
2015 0.12 0. 08 1.5 0.89 0.53 1.7 0.11 0.14 0.8 -0.15 -0.59 0.3
2016  -0.05 - 0.06 0.8 0. 89 0.38 2.3 -0.19 -0.19 1.0 -0.16 -0.72 0.2
2017 0.07 0.07 1.0 1.36 0.50 2.7 0.11 0.07 1.6 -0.18 -0.50 0.4
2018 0.24 0.21 1.1 2.05 0.59 3.5 -0.15 -0.15 1.0 -0.10 -0.18 0.6
2019 0.30 0.22 1.4 1.32 0.43 3.1 0.04 0.02 2.0 -0.05 -0.14 0.4
2020 0.59 0.31 1.9 0. 80 0.27 3.0 0.19 0.15 1.3 -0.04 -0.11 0.4
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2013 ~2017 % PM, | 51COl LI 1B RO, & $0,
FAFT A T e Ut SRR (TR 38 ( 35 2) , 0600 1
PM, o9 K ALS 2 BL SO, WG TR R 415
(SO2™ ) FEmgE K81 2018 ~2020 4E & 1 L1
SRR IIEM (% 2) ,w‘#ﬁ PM, ;' R AL 5 B
ILFEEZ DL NO, FHEHAY) ) IR 53 (NOy ) 45,
AL PM, 5 1) 5T KA F 320 B 44 . A F R R
B R PM, o SO HEH 2011 4F 17. 0%
M2 2020 4E 4 6.6%, NO; 5 1 2011 4F
14. 6% T+ 2 2020 4FH 17. 1%, J2 e H K EHETT PM, |
H R R A S B TR 3% T T A R, U A
2013 ~2020 KEHTEFRF SO, WU HE R W2, W%
X NO, (8RBT AR,

F2 2013 ~2020 £XREHEA—LH PM, ;5 CO LL{EFI NO, 5 SO, LEEIKX R
Table 2 Relationship between the normalized PM, ;/CO and the NO,/SO, from 2013 to 2020 in Tianjin

AR P(Noz_)3 P(Soz) p(NO,)/p(S0,) P(PMz.s_i P(CO)_3 p(PM, 5)/p(CO)
/g m /pgem” /pgem /mg-m (IH—1k)
2013 54 59 0.92 96 3.7 0.99
2014 54 49 1. 10 83 2.9 1. 10
2015 42 29 1.45 70 3.1 0. 87
2016 48 21 2.29 69 2.7 0.98
2017 50 16 3.13 62 2.8 0.85
2018 47 12 3.92 52 1.9 1.05
2019 42 11 3.82 51 1.8 1. 08
2020 39 8 4. 88 48 1.7 1. 08
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