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« We used 20-year of observationally

constrained modelled data and ground-
based observations covering 13,160
urban areas.

« We estimated the city-level trends of

urban population exposure to O3, PM, s,
and NO..

 Global PM2.5 exposure declined (— 0.2 %

year ') with 65 % of cities showing rising
levels.

* The annual NO, mean concentrations in-

creased at 71 % of cities (+ 0.4 %
year 1).

* Global exposure of urban population to O

increased at 89 % of stations (+ 0.8 %
year ).

Global exposure of urban population
to O3, PM,s, and NO;
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Pierre Sicard et al, Science of the Total Environment 858 (2023) 160064
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SCIENCE ADVANCES | REVIEW

ATMOSPHERIC SCIENCE

The fuel of atmospheric chemistry: Toward a complete
description of reactive organic carbon

C. L. Heald"** and J. H. Kroll'3*1

The Earth’s atmosphere contains a multitude of emitted (primary) and chemically formed (secondary) gases and
particles that degrade air quality and modulate the climate. Reactive organic carbon (ROC) species are the fuel of the
chemistry of the atmosphere, dominating short-lived emissions, reactivity, and the secondary production of key spe-
cies such as ozone, particulate matter, and carbon dioxide. Despite the central importance of ROC, the diversity and
complexity of this class of species has been a longstanding obstacle to developing a comprehensive understanding
of how the composition of our atmosphere, and the associated environmental implications, will evolve. Here, we
characterize the role of ROC in atmospheric chemistry and the challenges inherent in measuring and modeling ROC,
and highlight recent progress toward achieving mass closure for the complete description of atmospheric ROC.
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Fig. 1. The sources of key reactive emissions into the atmosphere that lead to secondary products of interest for air quality and climate. Bottom: Emission sectors
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R VOCs are precursors of both SOA and O,

\‘ Observed
%VOC S Consumed Aromatics
20.4%
- ) /—\Iliancs Alkynes -
. Aromatics ~ 6.2% 1% Alkanes
Photochemical initial 13.3% o 62.1%
concentration Alkynes Ikenés 16.5%
Aromatics <0.1% 80.5%

18.8%
glslgncs Alkanes
. A‘;kcnc 49.2% About 23%

31.3%

About 77%
Zhan, J et al, EP, 2021
As an important contributor to PM, SOAs are formed through the photochemical oxidation of VOCs and
condensation of subsequent organic compounds of low volatility (Han et al., 2017). Tropospheric O3 is
produced via complex photochemistry between VOCs and NOx, during which RO, and HO radicals
efficiently convert NO to NO,, subsequently leading to the net accumulation of O; (Chameides et al., 1992).
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Schematic of major emission sectors and primary emissions, meteorological and chemical processes, impacts to air quality and climate,

and measurement and analysis tools used to analyze the effects of emissions changes. DOI: https://doi.org/10.1525/elementa.2021.00176.f1
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Air pollutants 2019

Premature deaths (person)

Contribution (%)

2020

Premature deaths (person)

Contribution (%)

PM; 5 10,290 (8419-12,151) 11.3 9267 (7581-10,943) 11.4
PMjo 13,162 (9390-17,308) 14.5 10,910 (7777-14,359) 13.5
SO, 5151 (3443-6284) 5.7 4375 (2923-5340) 5.4
NO2 29,609 (23437-33,672) 32.7 24,439 (19325-27,811) 30.1
CcO 17,113 (13380-20,767) 18.9 15,452 (12077-18,759) 19.0
05_8h 15,274 (11510-19,003) 16.9 16,746 (12623-20,829) 20.6
Total 90,599 (69579-109,185) 100 81,189 (62306-98,041) 100
R e ==e Air pollutants 2019-2020
& I H "H IE—'I El\:’ 1&% 1:5”575& e 2 Eﬁ:ﬁﬁ?’g:m Avoided deaths (person) Contribution (%)
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PM,. PM,, SO, NO, CO/100; 8h
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PM, s 1023 (838-1208) 10.9
PMo 2252 (1613-2949) 23.9
S0, 776 (520-944) 8.2
NO 5170 (4112-5861) 54.9
Co 1661 (1303-2008) 17.7
04_8h -1472(-1113-1826) -15.6
Total 9410 (7273-11,144) 100

(Nie et al. Atmospheric Research, 2021)
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