SRAKBRDRE . FRIRK IR

AIpSC ', FFER |, EWEEE Y, M H 2, Timothy P. Jones 3, JRE ST 4, E3CHE S, Z4 6
ALLE 7, XIMS2E 8, Kelly BéruBé®

LR CIER0) BB 52 TR, Jbat 100083

2R T B R REIR S P A B, AN 450007

3 School of Earth and Environmental Sciences, Cardiff University, Cardiff CF10 3YE, Wales,
UK

IR RGHERI S N A E E AR, PER AR R ST R R, s
101408

SRR R2BRET SRR, R25 066004

6 HEPSREETT TR, L5 100012

T IR R MRk 5 TRE 2R, HEHE 056038

$ PRI T e b ] [ X S S, BRI R, LA, 100084

% School of Biosciences, Cardiff University, Cardiff CF10 3AX, Wales, UK

*JEIAFEH: ShaoL@cumtb.edu.cn; caoyaxinxin@126.com

RE: PORMERRL A8 — TR AR, A7 R A RO, AT
TRHF U e Ji 1 B AR5 e IRl L, v, KA R UL 72 24 i
BB TEA R o KR BRI 2 Fi8 & T 2 T OR GO R 4 ROk,
FERIET AR EMANNIES), B URE, SENMER, FNEES
ARG I AR A R PR S B (1 FH o HEBA TR 50 U R R ) RN
FEO) BRI B SRR VA BRI G R OR 7 23 AR fil e 22 56 B 8 A SCHEA T
RGP I ERAG 2 RFAIE , 55 T ARSRAS I A AT HeoR, VEARIE)A 1 U
BT, TR T S MRS A T AR AR PR R 08 AR
RN oS S BRI ER AL A A S5 (U2, foeJa R B T KU oK AR (1 i
o HIREE PR KRG KBOR T 7 ¥ A JE -

KB KGR, BACRHE, RIEWNT, TRHROAL,  SERALZA0E3E,
i R R



Atmospheric micro- and nano- particles: characteristics, sources, and
environmental behavior

Longyi Shao ' *, Ziyu Guo !, Yaxin Cao ' *, Shushen Yang 2, Timthy P. Jones *, Yiwen Ju ¢,
Wenhua Wang °, Hong Li °, Hongya Niu’, Pengju Liu %, Kelly BéruBé®°

! College of Geoscience and Surveying Engineering, China University of Mining and
Technology (Beijing), Beijing 100083, China

2 School of Smart Energy & Environment Engineering, Zhongyuan University of ~ Technology,
Zhengzhou 450007, China

3 School of Earth and Environmental Sciences, Cardiff University, Museum Avenue, Cardiff,
CF10, 3YE, UK

4 National Key Laboratory of Earth System Numerical Modeling and Application, College of
Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing 101408, China

3 School of Resources and Materials, Northeastern University at Qinhuangdao, Qinhuangdao,
066004, China

% Chinese Research Academy of Environmental Sciences, Beijing 100012, China

7 Key Laboratory of Resource Exploration Research of Hebei Province, Hebei University of
Engineering, Handan 056038, China

8 State Key Joint Laboratory of Environment Simulation and Pollution Control, School of
Environment, Tsinghua University, Beijing, 100084, China

9 School of Biosciences, Cardiff University, Museum Avenue, Cardiff CF10 34X, Wales, UK

*Corresponding author: ShaoL@cumtb.edu.cn; caoyaxinxin@126.com

Abstract: Atmospheric particulate matter (PM), composed of suspended solid and
liquid particles, is a complex mixture that varies in size, morphology, and chemical
composition. With growing recognition of their environmental and health impacts,
research has increasingly focused on micro- and nano- particles such as fine particles
(PM..5), and ultrafine particles (<100 nm). Since 2013, China has implemented a series
of clean air actions, leading to notable improvements in air quality. However, as PM:.s
mass concentrations decline, the relative contribution of ultrafine and newly formed
particles has gained attention due to their higher number concentrations, larger specific
surface areas, and stronger bioavailability. These properties enable them to penetrate
deep into the respiratory system and interact with biological tissues, posing potentially
greater health risks.

Atmospheric micro- and nano- particles exhibit diverse physical and chemical

characteristics, such as size distribution, morphology, and mixing state. Their chemical



components are complex, encompassing secondary inorganic ions, secondary organic
aerosols, carbonaceous matter, heavy metals, and emerging pollutants such as
microplastics and engineered nanomaterials. Formation processes involve gas-to-
particle conversion, nucleation, condensation, and heterogeneous reactions. New
particle formation events contribute significantly to particle number concentrations and
typically occur under low pre-existing surface area conditions with high precursor gas
availability. After formation, particles undergo aging, coating, and mixing, which
modify their physicochemical properties and atmospheric behaviors.

Given their heterogeneity, individual particle analysis has become a powerful
approach for characterizing detailed particle properties. High-resolution microscopy
and spectroscopy, such as scanning electron microscopy (SEM), transmission electron
microscopy (TEM), atomic force microscopy (AFM), energy-dispersive X-ray
spectroscopy (EDS), and Raman spectroscopy, allow for the determination of
morphology, size, internal structure, and elemental composition of individual particles.
Based on these features, particles can be classified into sub-types such as soot
aggregates, mineral dust, fly ash, metal particles, and carbonaceous matter, providing
insights into their sources and atmospheric processing pathways.

Atmospheric micro- and nano- particles also participate in global biogeochemical
cycles through long-range transport and deposition processes. They can act as carriers
of carbon, nitrogen, sulfur, and trace metals, influencing nutrient deposition in remote
ecosystems such as oceans and polar regions. Interactions with clouds and precipitation
contribute to the redistribution of reactive species, thereby affecting atmospheric
chemistry and climate regulation.

The health effects of these particles are strongly linked to their size, surface
properties, and chemical composition. Smaller particles have greater potential to
deposit in the alveolar regions of the lungs, translocate into the bloodstream, and reach
extrapulmonary organs. Their large surface areas enhance the capacity to adsorb and
transport toxic substances such as heavy metals and persistent organic pollutants.
Inhalation exposure can induce oxidative stress, inflammation, and other adverse
biological responses. The presence of emerging contaminants, including microplastics
and engineered nanomaterials, further complicates risk assessment due to their diverse
physicochemical behaviors and potential for combined effects with conventional

pollutants.



Despite recent advances, major challenges remain in detecting nanoscale particles,
integrating number-based monitoring into regulatory frameworks, and linking
physicochemical properties with environmental and biological effects. Future research
should be focused on improving analytical sensitivity, refining source apportionment
techniques, and evaluating the combined impacts of emerging pollutants such as
microplastics with traditional atmospheric particles. A comprehensive understanding
of these aspects is essential for developing effective air quality management strategies
and mitigating the impacts of micro- and nano- particles on both the environment and

human health.
Keywords: Atmospheric micro- and nano- particles, physical and chemical

characteristics, source analysis, microplastics, geochemical cycles, health effects.
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Table 1 Comparison of atmospheric particulate bulk sample analysis methods
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Table 3 Classification of individual micro- and nano- aerosol particulates
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Figure 1 (Grayscale) Microscopic morphological characteristics of different types of single

atmospheric particles (a-d: Mineral particles; e: Fly ash; f: Metal particles; g-h: Sulfate particles; i:
Organic particles; j: Plastic micro-particles; k: Soot; I: Biological particles) Images a-f and i-1 were
captured using field emission scanning electron microscopy (FE-SEM) on polycarbonate filters,
with samples collected during a dust storm event in the winter of 2020. Images g-h were obtained
using transmission electron microscopy (TEM) on copper grids, with samples collected during a

haze episode in the winter of 2023.
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Table 4 Comparison of various methods in receptor models
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Figure 2 (Color) The geochemical cycling process of atmospheric micro-nanoparticles
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Figure 3 (Color) Health risks from exposure to particles in the atmosphere. Airborne particles with

different sizes can reach different tissues in the body and cause corresponding diseases!!
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