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Abstract: Background, aim, and scope Environmentally persistent free radicals (EPFRs) have received
significant attention due to their longer lifetime and stable existence in various environments. The strong
environmental migration ability of particulate matter allows EPFRs to migrate over long-distance transport,
thereby impacting the quality of the local atmospheric environment. Additionally, EPFRs can also adhere to
atmospheric particles and interact with typical gaseous pollutants to affect atmospheric chemical reactions. EPFRs
can produce some reactive organic species, promoting oxidative stress in the human body, damaging biological

macromolecules and ultimately affecting the organism health. EPFRs are considered as a novel type of pollutant
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that affects human health. Despite their significance, there are few literatures available on the characteristics and
fate behaviors of EPFRs up to date. Therefore, supplemental reviews are crucial for providing comprehensive
understanding of EPFRs. Materials and methods This review summarizes the characteristics of EPFRs in
particulate matter, outlines the generation mechanism and influencing factors of EPFRs, and the impacts of
EPFRs on environmental quality and organism health. Results The content of EPFRs in particulate matter ranges
from 10" to 10* spins- g '. Due to the strong mobility of atmospheric particulate matter, the long-term exposure
to high levels of EPFRs may aggravate the impact of particulate matter on human health. The interaction between
EPFRs and typical gaseous pollutants can alter their fate and influence atmospheric chemical reactions. EPFRs
are mainly produced by transition metal elements and substituted aromatic hydrocarbons through electron transfer.
Additionally, the chemical bond rupture of organic substances through heat treatment or ultraviolet radiation can
also produce EPFRs, and heterogeneous reactions are capable producing them as well. The production of EPFRs
is not only influenced by transition metal elements and precursors, but also by various environmental factors
such as oxygen, temperature, light radiation, and relative humidity. Discussion EPFRs in atmospheric particulates
matters are usually rich in fine particulates with obvious seasonal and regional variations. They can easily
enter the human respiratory tract and lungs with inhalable particulates, thereby increasing the risk of exposure.
Additionally, EPFRs in atmospheric particulates can interact with some typical gaseous pollutants, impacting
the life and fate of EPFRs in the atmosphere, and alter atmospheric chemical reactions. Traditionally, EPFRs
are generated by transition metal elements and substituted aromatic hydrocarbons undergoing electron transfer
in the post-flame and cool-zone regions of combustion systems and other thermal processes to remove HCI,
H,O or CO groups, ultimately produce semiquinones, phenoxyls, and cyclopentadienyls. Recent studies have
indicated that EPFRs can also be generated under the conditions of without transition metal elemental. Organics
can also produce EPFRs through chemical bond rupture during heat treatment or light radiation conditions, as
well as through some heterogeneous reactions and photochemical secondary generation of EPFRs. The presence
or absence of oxygen has different effects on the type and yield of EPFRs. The concentration, type, and crystal
type of transition metal elements will affect the type, content, and atmospheric lifetime of EPFRs. It is generally
believed that the impact of transition metal element types on EPFRs is related to the oxidation-reduction potential.
The combustion temperature or heat treatment process significantly affects the type and amount of EPFRs.
Factors such as precursor loading content, pH conditions, light radiation and relative humidity also influence
the generation of EPFRs. EPFRs can interact with pollutants in the environment during their migration and
transformation process in environmental medium. This process accelerates the degradation of pollutants and plays
a crucial role in the migration and transformation of organic pollutants in environmental media. The reaction
process of EPFRs may lead to the production of reactive oxygen species (ROS) such as - OH, which can induce
oxidative stress, inflammation and immune response to biological lung cells and tissues, leading to chronic
respiratory and cardiopulmonary dysfunction, cardiovascular damage and neurotoxic effects, ultimately impacting
the health of organisms. Conclusions The interaction mechanism between EPFRs in particulate matter and
gaseous pollutants remains unclear. Furthermore, research on the generation mechanism of EPFRs without the
participation of transition metals is not comprehensive, and the detection of EPFRs is limited to simple qualitative
categories and lack accurate qualitative analysis. Recommendations and perspectives Further research should
be conducted on the generation mechanism, measurement techniques, migration pathways, and transformation
process of EPFRs. It is also important to explore the interaction between EPFRs in atmospheric particulate matter
and typical gaseous pollutants.

Key words: particulate matter (PM); environmentally persistent free radicals (EPFRs); formation mechanism;

influencing factors
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Four decay modes of EPFRs in atmospheric particulate matter (cited from Gehling and Dellinger (2013))
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