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Impacts of firework emissions on PM, s composition and reactive nitrogen species in Zhengzhou. TAO Jie', SHANG Xin-hao™”,
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Center of Henan Province, Zhengzhou 450046, China; 2.School of Ecology and Environment, Zhengzhou University, Zhengzhou
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Zhengzhou 450001, China). China Environmental Science, 2026,46(2): 657~665

Abstract: A comparative analysis of air quality in Zhengzhou before and after the Spring Festival from 2020 to 2023 was conducted,
and high time-resolution observational data on PM, 5 chemical components and reactive nitrogen gases were utilized to systematically
evaluate the impact of fireworks during the 2023 Spring Festival on PM, 5 concentrations, its chemical composition, NH;, and HONO.
The results indicate that PM, 5 concentrations in Zhengzhou around the Spring Festival decreased by 67% from 2020 to 2022. However,
following the relaxation of fireworks restrictions in 2023, PM, s concentrations increased by 123% year-on-year, with concentrations
during the peak fireworks-burning period surging to 8.7 times those of previous periods. Fireworks contributed to 49.6% of PM, 5
concentrations during the 7-day Spring Festival holiday, with the most significant increases observed in the concentrations of K, SO,%,
and CI'. Simultaneously, concentrations of toxic and hazardous heavy metal elements, including Al, V, Cr, Cu, Zn, Ba, and Pb, increased
significantly during the fireworks-burning period. Furthermore, NH; concentrations reached (18.4 + 8.9)ug/m’ during this period, 1.7
times higher than during non-festival periods, a change that promoted an increase in aerosol pH values. Additionally, HONO
concentrations rose to (1.26 % 0.83)x10™° during fireworks burning, representing an increase of 72.6%. This is likely because fireworks
led to elevated atmospheric concentrations of NO, NO,, particulate matter, and nitrates, which in turn promoted the heterogeneous
conversion of NO,, nitrate photolysis, and homogeneous reactions, thereby facilitating HONO formation.

Key words: fireworks; PM,s; chemical components; heavy metals; reactive nitrogen compounds
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Fig.1

Time series of PM, 5 and gaseous pollutant concentrations in Zhengzhou during the thirteen—day periods surrounding the

Spring Festivals from 2020 to 2023
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Comparison of PM, 5 chemical composition concentrations and proportions during non—Festival, Spring Festival, and

firework periods
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Table 2 Concentrations and enrichment factors of metals in
PM, s during non—Festival, Spring Festival, and firework

periods in Zhengzhou in 2023
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Al 1.934 1 16.116 1 3.748 1
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v 0.002 1 0016 08 0.008 17
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Cd 0003 12263 0005  197.6 0004 6977
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Table 3 Impact of fireworks emissions on gaseous ammonia
(NH3), particulate ammonium (NH,"), and associated

statistical parameters

Yrfh e G JHAE I B
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Fig.5 Diurnal variation characteristics of HONO, NO, NO,, HONO/NO,, PM, 5, and Oj ratio during firework burning and
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