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Abstract. Bioaerosols are one of the main types of aerosols originating from the Earth’s biosphere and are widely found in the 

atmosphere. They possess both biological attributes and aerosol characteristics, thereby exerting significant influences on 10 

climate, the environment, ecosystems, and public health. However, their regional-scale distribution, influencing factors, 

climatic and environmental impacts remain unclear due to the scarcity of observational data. This study firstly establishes an 

integrated bioaerosol dataset based on a large-scale dust–bioaerosol field campaign conducted across East Asia using unified 

sampling and analytical methods. The dataset systematically integrates atmospheric bioaerosol number concentrations and 

bacterial community structure at multiple taxonomic levels across 45 sites in China, Japan, South Korea, and Mongolia. In 15 

addition, meteorological variables (e.g., air temperature, relative humidity, wind speed and direction), air quality parameters 

(e.g., PM10 and PM2.5), and Normalized Difference Vegetation Index (NDVI) data during the sampling period were 

incorporated from multiple sources. Further analysis of this integrated dataset indicates that bioaerosol number concentrations 

are negatively correlated with local NDVI. Moreover, there is a clear relationship between bioaerosol number concentration 

and air temperature, with a peak observed at approximately 10–15 °C. A pronounced diurnal variation in bioaerosol 20 

concentrations is also found, which is strongly associated with Aerosol Optical Depth (AOD) and particulate matter 

concentrations. In addition, substantial differences in community structure were observed across different underlying surface 

types, and the α-diversity indices (Shannon and Chao1 indices) were negatively correlated with NDVI. This dataset provides 

a robust foundation for advancing research on atmospheric bioaerosol processes, as well as their implications for climate, the 

environment, public health, and interdisciplinary studies. The dataset generated in this study is openly available via Zenodo 25 

(https://zenodo.org/records/19605145)(Huang et al., 2026). 

1 Introduction 

Bioaerosols are defined as living aerosol particles, biologically active components, and metabolic products of organisms, with 

particle diameters ranging from 0.001 to 100 μm (Fröhlich-Nowoisky et al., 2016; Després et al., 2012). For coarse-mode 

particles with diameters greater than 1 μm, these particles typically account for approximately 30% of both number and mass 30 
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concentrations in urban and rural atmospheres, and their contribution can reach up to 80% in pristine rainforest regions 

(Fröhlich-Nowoisky et al., 2016). Bioaerosols are transported through the air, due to their small size and low density, can be 

readily dispersed across different environments (Van Leuken et al., 2016). Because they exhibit both physical and biological 

properties, they play important roles in public health, climate processes, and ecosystem functioning (Du et al., 2018; Huang et 

al., 2024a). 35 

Most bioaerosols fall within the respirable size range (Bulski, 2020; Estillore et al., 2016), which allows their entry into the 

human body via the respiratory tract or penetrate compromised skin and mucous membranes, thereby posing potential health 

risks (Bulski, 2020). Deposition in different depths within the respiratory system may induce allergic or toxic responses in 

both humans and animals (Hofmann, 2011; Eriksen et al., 2023). Bioaerosols also play critical roles in modulating climate 

change. As airborne particulate matter, they absorb and scatter solar and terrestrial longwave radiation, thereby exerting direct 40 

regional and global radiative forcing (Huang et al., 2024a). Furthermore, bioaerosols can act as nuclei for cloud condensation, 

ice crystals, and precipitation, thereby influencing hydrological cycles and climate systems (Fröhlich-Nowoisky et al., 2016; 

Huang et al., 2025). A unique property of airborne biological components is their ability to produce ice-nucleating proteins 

(INPs), which can promote ice developing when subzero temperatures are relatively high (Hoose and Möhler, 2012). These 

biological INPs are active above −15 °C, whereas mineral dust particles typically are not (Morris et al., 2013). In addition, 45 

atmospheric microorganisms can influence the photochemical and chemical reactions of aerosols, thereby altering their 

composition (Péguilhan et al., 2025), with consequent feedbacks on climate processes (Meinander et al., 2022). Both viable 

and inactivated microbial cells exhibit comparable oxidative potential and may even enhance the oxidizing power of chemical 

species in the atmosphere (Samake et al., 2017). 

Bioaerosol sampling has been conducted worldwide, yielding data on their distribution, composition, sources, and atmospheric 50 

roles, thereby advancing our understanding of their behavior and influencing factors (Huang et al., 2024b; Zhang et al., 2022b; 

Petersson Sjögren et al., 2023; Jabeen et al., 2023). However, existing studies lack standardized sampling and analytical 

protocols. Even when operated simultaneously, different sampling instruments may produce varying bioaerosol signals and 

exhibit differences in collection efficiency for different types of microorganisms (Mainelis, 2019; Mescioglu et al., 2021; 

Mbareche et al., 2018). The pore size and material of filter membranes can influence results of airborne microbiome studies 55 

(Guo et al., 2024; Jeong and Kim, 2021). Differences in sampling flow rate can also affect results, as high flow rates increase 

the risk of adverse effects (Boifot et al., 2024). Following collection, temperature conditions during sample transport and short- 

or long-term storage, can influence DNA degradation and alter sample composition (Clasen et al., 2020). These factors 

collectively reduce sample comparability and affect downstream analyses. During molecular analysis, significant differences 

in taxonomic richness, community composition, and diversity may arise from the selection of different 16S rRNA variable 60 

regions (Larsen et al., 2015; Lin and Ju, 2023). The application of different reference databases for taxonomic classification 

can also yield divergent results due to inherent database discrepancies (Balvočiūtė and Huson, 2017; Ramakodi, 2022). 

Together, these factors complicate cross-study comparisons. Although many studies aim to link environmental, meteorological, 

and chemical factors with bioaerosols, variations in sampling and analytical methods may lead to contradictory conclusions 
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and hinder the development of robust findings, as it is often unclear whether discrepancies arise from environmental variability 65 

or methodological heterogeneity (Sajjad et al., 2023; Mainelis, 2019; Pogner et al., 2024).  

At present, the spatial and temporal coverage of bioaerosol sampling remains sparse (Zawadowicz et al., 2019). Many 

observations are restricted to isolated field campaigns or single-site stations, with particularly limited coverage in arid regions 

and developing countries (Shammi et al., 2021). In addition, long-term continuous records are scarce, and standardized time 

series spanning multiple years and sites are largely lacking. This limitation not only constrains the detection of long-term 70 

trends and interannual variability but also hampers the use of observations for model calibration and the assessment of climate-

scale impacts (Huang et al., 2024a; Safatov et al., 2022). Furthermore, methodological heterogeneity across studies complicates 

data integration and limits large-scale analyses (Alfaro-Perez et al., 2025). Given the highly dynamic nature of the atmosphere, 

bioaerosol concentrations exhibit substantial spatial and temporal variability (Šantl-Temkiv et al., 2019), and conclusions 

derived from studies with limited spatial or temporal coverage may therefore be inconsistent (Jiang et al., 2022). Together, 75 

these factors further reduce the robustness of integrated assessments of bioaerosol impacts on climate, the environment, 

ecosystems, and human health (Gashi et al., 2025).  

To accurately quantify bioaerosol-related effects, there is an urgent need to expand observational network coverage, establish 

long-term continuous monitoring records, and advance methodological standardization to enable regional and transregional 

data integration and sharing (Huang et al., 2024a). Therefore, establishing a bioaerosol dataset with broad geographic coverage 80 

and unified sampling and analytical methodologies is of great importance for advancing scientific research and applications 

(Sajjad et al., 2023; Gashi et al., 2025; Boifot et al., 2024; Jiang et al., 2022). Such a dataset would enable improved 

characterization of the geographic distribution, spatiotemporal variability, and environmental and health impacts of bioaerosols. 

Under ongoing climate change, drought conditions are projected to intensify (Araujo et al., 2025; Xu et al., 2023), with East 

Asia expected to be strongly affected (Qi et al., 2024). Dust generated during sandstorm can promote the long-range transport 85 

of bioaerosols (Maki et al., 2019; Zhou et al., 2024). Considering the extensive arid and semi-arid regions of East Asia and the 

large populations residing downwind (Yu et al., 2023; Jin et al., 2022), the potential risks associated with bioaerosols in this 

region are relatively high. Establishing such a dataset will support improved assessment of public health risks under climate 

change and provide a scientific basis for mitigation and policy development. 

2 Sampling sites and methods  90 

2.1 Sampling sites 

The DuBi (Dust–Bioaerosol) field sampling campaign was conducted over an extended period and across a broad spatial 

domain. From 2011 to 2021, sampling was performed at multiple sites across East Asia, including China, Japan, South Korea, 

and Mongolia (see Table 1 for details). These sites encompass a wide range of surface types and climatic conditions, providing 

strong regional representativeness and ensuring comparability among observations (Fig. 1). 95 
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This field observation campaign substantially enhanced the temporal and spatial coverage of bioaerosol measurements in East 

Asia. As a result, the compiled dataset enables a more comprehensive characterization of bioaerosol distributions across diverse 

environmental settings, thereby improving our understanding of the regional features and evolution patterns of bioaerosols in 

East Asia. 

 100 

Figure 1: (a) Spatial distribution of sampling sites from 2011 to 2021; (b) spatial distribution of the mean aerosol optical depth (AOD) 

from 2000 to 2020. 

Table 1: Summary of land surface characteristics, number of samples, locations, sampling period (local standard time, LST), and 

sampling duration throughout the DuBi field campaign conducted between 2011 and 2021. 

Sampling 

Site 

Land 

Surface 

number 

of 

samples 

Latitude & Longitude Sampling Period 
Sampling 

Duration 

Dunhuang - 13 （94.5° E, 40.1° N） 
2011/9/9-2011/9/10 

2021/7/11-2021/7/19 
1-12h 

Kanazawa - 47 （136.7° E, 36.5° N） 

2011/3/22-2011/5/1 

2017/4/21-2017/5/15 

2017/9/5-2017/9/28 

6-15h 

Hakui - 2 （136.8° E, 36.9° N） 
2013/4/28 

2014/3/28 
1h 

Tsogt-Ovoo - 14 （105.2° E, 44.2° N） 
2014/3/16-2014/3/18 

2017/4/29-2017/5/4 
2-18h 

Namie - 59 （140.8° E, 37.6° N） 2015/8/19-2018/3/22 - 

Erlianhot Sandy land 111 （111.9° E, 43.7° N） 
2016/3/30-2016/5/25 

2017/8/17-2017/8/19 
2-24h 

Zhangbei 
Sparse 

grassland 
140 （114.7° E, 41.2° N） 2016/3/29-2016/5/31 2-15h 

Jinan Urban 121 （117.1° E, 36.7° N） 2016/3/23-2016/6/4 7-34h 
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Dalanzadgad Road 5 （104.4° E, 43.6° N） 2017/5/1-2017/5/3 - 

Bayannur Urban 2 （107.4° E, 40.8° N） 2017/8/4 3-6h 

Ulanqab 
Sparse 

grassland 
2 （113.1° E,41.1° N） 2017/8/4-2017/8/5 3-8h 

Xilinhot Urban 1 （116.1° E,44.0° N） 2017/8/5-2017/8/6 8h 

Arxan Urban 4 （119.9° E,47.2° N） 
2017/8/6-2017/8/7 

2017/8/14 
3-9h 

Ewenki 

Autonomous 

Banner 

Urban 7 （119.8° E,49.1° N） 2017/8/7-2017/8/8 4-11h 

Ergun Urban 3 （119.9° E,51.3° N） 2017/8/9-2017/8/10 3-9h 

Labudalin Wetland 2 （120.1° E,50.2° N） 2017/8/10-2017/8/11 4-10h 

New Barag Left 

Banner 

Sparse 

grassland 
3 （118.3° E,48.2° N） 2017/8/13-2017/8/14 4-9h 

East Ujimqin 

Banner 

Sparse 

grassland 
2 （117.0° E,45.5° N） 2017/8/15-2017/8/16 4-9h 

Abag Banner 
Sparse 

grassland 
2 （115.0° E,44.0° N） 2017/8/16-2017/8/17 4-9h 

Baotou 
Sparse 

grassland 
2 （110.1° E,42.5° N） 2017/8/19-20174/8/20 4-11h 

Urad Middle 

Banner 

Sparse 

grassland 
2 （108.5° E,41.6° N） 2017/8/20-2017/8/21 4-9h 

Urad Rear 

Banner 
River dam 2 （107.0° E,41.1° N） 2017/8/21-2017/8/22 4-11h 

Alxa Left 

Banner 
Grassland 2 （105.5° E,38.9° N） 2017/8/22-2017/8/23 4-10h 

Yongin - 68 （127.16° E,37.2° N） 2018/3/9-2018/7/4 - 

Lhasa - 11 （91.0° E,29.6° N） 
2018/5/7-2018/5/8 

2018/5/27-2018/5/31 
9-13h 

Everest Base 

Camp, Xigaze 
- 28 （86.9° E,28.1° N） 2018/5/11-2018/5/24 7-14h 

Tazhong Desert 40 （83.7° E,39.0° N） 2019/7/7-2019/7/30 9-22h 

Minfeng Grassland 31 （82.7° E,37.1° N） 2019/7/11-2019/7/31 11-12h 

Tazhong–

Minfeng route 

Desert 

Cropland 

Desert 

8 

（82.9° E,37.5° N） 

（80.1° E,37.1° N） 

（80.1° E,37.4° N） 

2019/7/23-2019/8/1 2-3h 
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Desert 

Grassland 

Grassland 

Grassland 

（81° E,38.6° N） 

（75.2° E,37.8° N） 

（76° E,39.5° N） 

（82.8° E,37.1° N） 

Ngari  50 （79.7° E,33.4° N） 2019/7/7-2019/7/31 11-12h 

Namtso 
Alpine 

meadow 
80 （91.0° E,30.8° N） 2020/8/3-2020/8/24 9-13h 

Qinghai 

Urban 

Alpine 

meadow 

Sparse 

grassland 

Urban 

Cropland 

and 

urban 

Cropland 

8 

（101.8° E,36.6° N） 

（99.8° E,36.7° N） 

（99.1° E,36.8° N） 

（100.1° E,37.3° N） 

（100.3° E,38.2° N） 

（101.5° E,37.5° N） 

2020/7/16-2020/7/20 2-12h 

Yuzhong Grassland 62 （104.1° E,36.0° N） 2020/10/31-2020/11/19 2-6h 

Yadong Forest 141 （88.9° E,27.4° N） 2021/6/22-2021/8/30 11-13h 

2.2 Sampling methods 105 

A custom-designed bioaerosol sampler was employed for field collection to ensure operational stability and methodological 

consistency across sites. Instruments of this type have been widely used in bioaerosol research (Maki et al., 2010; Qi et al., 

2023). To construct the sampler, a 13-mm polycarbonate membrane with 0.2 μm pore size (Whatman 111106 and GTTP01300) 

was inserted inside a 13-mm Swinnex filter holder (Millipore SX0001300) fitted. Polycarbonate membranes offer advantages 

such as high chemical resistance, high thermal stability, and a low tendency to adsorb proteins or extractable substances 110 

(Ferguson et al., 2019). Their optical transparency also enables accurate microscopic detection. A micro air pump (AS ONE 

MAS-1, Japan) with a standard flow rate of 12 L min⁻¹ was connected to the sampler to draw atmospheric microorganisms 

onto the filter membrane (Fig. 2a, b). 

Prior to sampling, both the filters and filter holders were sterilized. The assemblies were first rinsed with 75% ethanol, followed 

by ultrapure water to remove residual detergent. Subsequent processing of the filters and holders was conducted in a laminar-115 

flow hood, where they were immersed in absolute ethanol and ultrapure water to further remove adhered organic residues. The 

dried filters and holders were then assembled and sterilized by autoclaving at 121 °C for 20 min, followed by ultraviolet 

irradiation for 30 min (Xue et al., 2024; Qi et al., 2021). The sterilized components were sealed in pre-sterilized collection 

tubes and sterile bags until use. During sampling, operators wore masks and sterile gloves, and the samplers were mounted at 
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a height of 1.5 m above ground level. Real-time flowmeter readings obtained immediately before the micro-pump was turned 120 

on and immediately before it was turned off were recorded as the initial and final sampling flow rates, respectively. After 

sampling, filters were labeled with the sampling location and time, stored at −20 °C during transport, and subsequently 

transferred to −80 °C freezers for long-term preservation. 

2.3 Fluorescence microscopy analysis 

Bioaerosol particle concentrations were determined using DAPI staining (4,6-diamidino-2-phenylindole; D9542, Sigma), 125 

followed by fluorescence microscopy. 4% paraformaldehyde (250 μL) was introduced to each filter holder containing the 

membrane to fix the samples for 1–2 h. The filters were then rinsed with sterile ultrapure water to remove residual fixative. 

Under light-protected conditions, DAPI solution (10 μg mL⁻¹, 250 μL) was introduced to stain the samples for approximately 

15 min (Maki et al., 2014), followed by a final rinse with sterile water. 

During slide preparation, the membrane was treated with non-fluorescent immersion oil (IMMOIL-F30CC, Olympus) for 130 

wetting. The coverslip was then pressed firmly, and excess immersion oil was removed using a dust-free wipe. Samples were 

examined using a fluorescence microscope (BX53 and DP72, Olympus) with an excitation wavelength range of 340–390 nm 

A fluorescence microscope (BX53 and DP72, Olympus) providing a 340–390 nm excitation wavelength range was employed 

to examine the samples. (Tang et al., 2018). 

As shown in Fig. 2e–g, four categories of particles were distinguishable under the fluorescence microscope based on their 135 

emitted colors: blue, yellow, white, and black. DAPI-stained microbial cells produced strong blue or blue-green fluorescence, 

whereas mineral particles appeared white (Maki et al., 2013). Black particles were attributed to black carbon (Liu et al., 2023). 

Yellow particles were generally interpreted as non-DNA-containing particles (Kepner and Pratt, 1994). However, other studies 

have shown that water-soluble salts (Liu et al., 2023) and organic matter (Mostajir et al., 1995) can also exhibit yellow 

fluorescence. In this study, most yellow-green particles were associated with mineral dust and were therefore considered to be 140 

mineral particles enriched in water-soluble salts and organic material. In this study, bioaerosols were defined as particles 

exhibiting cellular morphology and emitting blue-green fluorescence after DAPI staining. For each filter membrane, 20 

randomly selected microscopic fields were imaged, and all particles belonging to the four categories were manually counted 

using the Cell Counter plugin in ImageJ. 

Bioaerosol number concentrations, C (particles m⁻³) were calculated using Eq. (1): 145 

𝐶 =
𝑆1×𝑁0

𝑆0×𝑉
 ,            (1) 

where S1 is the filtration area of the filter membrane (μm²), S0 is the field-of-view area of the microscope (μm²), V is the 

sampled air volume (m3), and N0 is the average number of microbial particles observed per microscopic field of view (Maki 

et al., 2019). 

https://doi.org/10.5194/essd-2026-338
Preprint. Discussion started: 18 June 2026
c© Author(s) 2026. CC BY 4.0 License.



8 

 

 150 

Figure 2: (a) Bioaerosols sampler used during the DuBi field sampling campaign; (b) power supply and sampling pump; (c) 

fluorescence microscope; (e–g) fluorescence micrographs of samples after DAPI staining. 

2.4 16S rRNA gene sequencing 

The 16S rRNA gene has been widely used to characterize microbial community composition and diversity (Giles et al., 2023; 

Nagarajan et al., 2023). The UltraClean Soil DNA Kit (MoBio, San Diego, CA) was employed to extract bacterial DNA in 155 

this study. Sequencing was performed on Illumina NovaSeq 6000 and Illumina MiSeq platforms in PE250, PE150, or PE300 

modes. The bacterial 16S rRNA gene V4–V5 hypervariable region was amplified using the 515F/907R primer pair (forward:  

GTGCCAGCMGCCGCGGTAA; reverse: CCGTCAATTCMTTTRAGTTT) (Fang et al., 2017). Paired-end sequencing 

produced reads exceeding 250 bp for each sample, which were subsequently sorted according to their unique barcode 

sequences. Blank controls were processed alongside the samples during both DNA extraction and PCR amplification. No PCR 160 

amplicons were detected in these controls, demonstrating that the entire experimental workflow was free from detectable 

contamination (Qi et al., 2023; Karstens et al., 2019). 

The Quantitative Insights into Microbial Ecology pipeline (QIIME2; version 2024.2) was used to assign taxonomic identities 

to the raw sequences (Bolyen et al., 2019). High-quality sequences were denoised and resolved into amplicon sequence variants 

(ASVs) at single-nucleotide resolution. Taxonomic classification was assigned using the SILVA v138 reference database (Pin 165 

et al., 2021). ASVs classified as chloroplasts, mitochondria, archaea, eukaryotes, or unassigned were removed prior to 

downstream ecological analyses. 
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In this study, the Shannon and Chao1 indices were used to quantify the alpha diversity of microbial communities. These indices 

were calculated using the vegan package in R (v4.4.4). Differences in alpha diversity among surface types were assessed using 

the Wilcoxon rank-sum test to evaluate statistical significance (Loos et al., 2024). 170 

2.5 Meteorological and air quality Data 

 

Figure 3: Schematic overview of the integrated database construction workflow and data sources. 

The integrated dataset compiled in this study includes the following data products (Fig. 3): 

Meteorological variables, such as air temperature, dew point, wind speed, wind direction, were obtained from surface 175 

meteorological observation stations. Because relative humidity (RH) is not directly reported at these stations, RH was derived 

using the Magnus formula based on temperature and dew-point measurements. (China stations: 

https://www.ncei.noaa.gov/pub/data/noaa/isd-lite/；stations outside China: https://www.ncei.noaa.gov/data/global-summary-

of-the-day/access/)； 
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Air-quality data were obtained from automatic monitoring networks. For China, mass concentrations were retrieved from the 180 

China National Urban Air Quality Real-Time Publishing Platform (https://air.cnemc.cn:18007). For Japan and South Korea, 

data were obtained from https://soramame.env.go.jp and https://www.airkorea.or.kr/; 

AOD data were obtained from two satellite-derived products. The M2IMNXGAS dataset, based on MODIS and AVHRR 

retrievals, provides monthly AOD at a spatial resolution of 0.5° × 0.625°(Gelaro et al., 2017) 

(https://disc.gsfc.nasa.gov/datasets/M2IMNXGAS_5.12.4/summary?keywords=M2IMNXGAS_5.12.4). The MAIAC Land 185 

AOD Level-2 product (MCD19A2, Version 6.1) provides daily aerosol optical depth (AOD) data at a spatial resolution of 1 

km × 1 km and is generated by applying the Multi-angle Implementation of Atmospheric Correction algorithm to observations 

acquired from the MODIS Terra and Aqua sensors. (https://www.earthdata.nasa.gov/data/catalog/lpcloud-mcd19a2-061); 

 NDVI data were obtained from the CDR product generated from AVHRR, VIIRS, and related sensors. Data are provided on 

a 0.05° × 0.05° spatial grid with daily temporal coverage. (Vermote and Program, 2019) (https://www.ncei.noaa.gov/data/land-190 

normalized-difference-vegetation-index/access/). 

3 Results and discussion 

3.1 Correlation of bioaerosol concentrations and NDVI & air temperature 

We analysed the relationships between bioaerosol concentration, NDVI, and air temperature across East Asia at a large spatial 

scale under non-special weather conditions (e.g., dust events). As shown in Fig. 4a, bioaerosol concentrations exhibit a 195 

significant negative correlation with NDVI. In regions with low NDVI, sparse vegetation cover and dry, loose soils facilitate 

the entrainment and emission of microorganisms into the atmosphere under wind forcing (Qi et al., 2023). In contrast, regions 

with high NDVI are characterized by stronger vegetation-mediated particle interception, which enhances dry deposition and 

consequently leads to lower atmospheric microbial concentrations (Zhai et al., 2022). 

Figure 4b indicates that the relationship between temperature and bioaerosol concentration is non-linear. When temperatures 200 

are below approximately 15 °C, bioaerosol concentrations show a positive correlation with temperature. However, as 

temperature increases further, microbial concentrations decline markedly. A possible explanation is that, within an optimal 

temperature range, warming enhances atmospheric mixing and air movement, thereby promoting the dispersal of 

microorganisms into the atmosphere and resulting in higher concentrations (Cavicchioli et al., 2019). At excessively high 

temperatures, however, conditions become unfavorable for microbial growth and reproduction, and the abundance of 205 

microorganisms from certain sources may decrease accordingly (Zhang et al., 2022b). 
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Figure 4: (a) Relationship between bioaerosol concentration and NDVI during the DuBi field sampling campaign. The green points 

represent mean bioaerosol concentrations calculated by binning NDVI into intervals of 0.1 and averaging all samples within each 

interval. (b) Relationship between bioaerosol concentration and air temperature. The orange points represent mean bioaerosol 210 
concentrations calculated by binning temperature into intervals of 2.5 °C and averaging all samples within each interval. The shaded 

areas indicate the 95 % confidence intervals. 

3.2 Diurnal variation of bioaerosol concentration 

Figure 5 shows the temporal variations in bioaerosol concentrations in Yuzhong, China, on 6 and 15 November 2020. As 

illustrated, bioaerosol concentrations on both days exhibit pronounced diurnal patterns rather than random fluctuations. 215 

Concentrations are lowest in the early morning (07:00–09:00), followed by a gradual increase, reaching a peak in the afternoon 

(15:00–17:00), and then decreasing thereafter. This pattern suggests that bioaerosol concentrations are governed by well-

defined diurnal processes. 

The concentrations of NO₂ and CO also display clear temporal variations with similar overall trends, suggesting that these two 

trace gases may share common sources. However, the temporal variations of NO₂ and CO on the two sampling days are not 220 

fully consistent with those of bioaerosol concentrations. This discrepancy implies that short-term variations in bioaerosol 

concentrations during the sampling period were not primarily controlled by anthropogenic emissions or changes in the 

atmospheric boundary layer height (Li et al., 2022). Instead, they are more likely associated with surface biological emissions 

and atmospheric dynamical processes. These processes include daytime increases in surface temperature that enhance 

microbial activity, intensified release from soil and vegetation surfaces, and strengthened surface turbulence that facilitates the 225 

entrainment of particles into the atmosphere (Gashi et al., 2025; Sharma et al., 2022; Zhang et al., 2022a; Kulmala et al., 2023). 
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Figure 5: Temporal variations in bioaerosol concentration, NO₂, and CO in Yuzhong on 6 and 15 November 2020. 

Figure 6 illustrates diurnal-scale variations in bioaerosol concentrations and related physical parameters in Yonago, Japan, 

from March to June 2018. As shown, bioaerosol concentrations exhibit pronounced high-frequency fluctuations on the diurnal 230 

timescale, indicating strong modulation by short-timescale processes. Within each month, concentrations consistently increase 

and then decrease, forming a recurrent “single-peak, within-month” pattern throughout March–June. This suggests that 

bioaerosols do not behave as random background noise but instead represent an aerosol component characterized by a well-

defined temporal structure.  

During the sampling period, a prominent concentration peak occurred in mid-April, substantially exceeding levels observed in 235 

other months and persisting for several consecutive days rather than representing a single-day anomaly. Given that no 

corresponding extreme peaks are observed in the other variables shown in the figure, this event is unlikely to have been driven 

solely by particulate matter (PM) or gaseous pollution. Instead, it more plausibly reflects a regional-scale, concentrated release 

from biological sources. 

AOD at 550 nm reaches near-maximum values during the major bioaerosol concentration peaks and varies largely in phase 240 

with bioaerosol concentrations. The temporal variations in PM10 and PM2.5 concentrations are broadly consistent with those of 

bioaerosol concentrations, with PM2.5 exhibiting a slight lag. This indicates that, during this event, bioaerosols and non-

biological particles were influenced by shared controlling processes rather than varying independently. 

In contrast, the variations in NO2 and O3 concentrations are substantially smaller than those of PM and bioaerosols and do not 

show pronounced increases or decreases concurrent with bioaerosol peaks. This indicates that the observed bioaerosol 245 

concentration variations during the sampling period were not primarily controlled by gaseous pollutant emissions. 
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Figure 6: Daily variations in bioaerosol concentration, aerosol optical depth (AOD), PM2.5, PM10, NO₂, and O₃ in Yonago, Japan, 

during March–June 2018. 

3.3 Bacterial community structure 250 

To investigate the dominant taxa at different hierarchical levels across varying underlying surface types, this study selected 

the five taxa with the highest relative abundances for each surface type for analysis. The underlying surface was classified into 

six categories based on NDVI: NDVI < 0.1 was defined as very low vegetation cover; 0.1 ≤ NDVI < 0.2 as low vegetation 

cover; 0.2 ≤ NDVI < 0.4 as medium–low vegetation cover; 0.4 ≤ NDVI < 0.6 as medium vegetation cover; and 0.6 ≤ NDVI ≤ 

0.8 as high vegetation cover. In addition, because the sampling campaign included aircraft measurements, an additional 255 

category representing the upper atmosphere was included. 

Figure 7a presents the bacterial community composition at the phylum level. Proteobacteria dominate the community, with a 

relative abundance of 60.1%, followed by Firmicutes (24.8%). Among the identified phyla, Chloroflexi are primarily 

associated with areas of low vegetation cover (43.0%) and very low vegetation cover (33.2%). Actinobacteria and 

Acidobacteriota exhibit similar distribution patterns, occurring mainly in low-vegetation (33.9% and 35.3%, respectively) and 260 

very low vegetation cover regions (31.3% and 28.0%, respectively). These three phyla represent dominant bacterial groups in 

soils under varying vegetation conditions (Zhou and Wang, 2023). As soil and vegetation are important sources of airborne 

microorganisms, contributions from soil sources to atmospheric microbial populations become more pronounced under 

conditions of low vegetation cover (Archer et al., 2023; Xie et al., 2020). 
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Figure 7b shows the bacterial community composition at the genus level. The dominant taxon at the genus level is Lactococcus, 265 

with a relative abundance of 23.4%. Among the identified genera, Staphylococcus (87.8%), Alcaligenes (67.3%), and 

Enterococcus (49.6%) are predominantly distributed in the upper atmosphere. Paraburkholderia (61.6%) is mainly distributed 

in areas with high vegetation cover. The pronounced enrichment of Staphylococcus, Alcaligenes, and Enterococcus in upper-

atmosphere samples may be attributed to their strong environmental tolerance and diverse source characteristics, which 

facilitate survival during atmospheric vertical transport and under selective filtering processes in upper-atmosphere 270 

environments (García-Solache and Rice, 2019; Onyango and Alreshidi, 2018; Machado et al., 2023; Pedrosa-Silva and 

Venancio, 2023). Paraburkholderia, a genus typically associated with plants, receives sustained and stable biological inputs 

in regions with high vegetation cover, making it more likely to accumulate in near-surface air over densely vegetated areas 

(Esmaeel et al., 2018; Eberl and Vandamme, 2016). 

 275 

Figure 7: (a) Distribution of dominant taxa at the phylum level across different underlying surface types; (b) distribution of dominant 

taxa at the genus level across different underlying surface types. 

3.4 Bacterial diversity 

As shown in Fig. 8a and Fig. 8c, the mean values of both the Shannon and Chao1 indices across different underlying surface 

types follow the same decreasing order: low vegetation cover > very low vegetation cover > medium–low vegetation cover > 280 

high vegetation cover > medium vegetation cover. This pattern indicates that α diversity and species richness are highest in 

areas with low vegetation cover, whereas areas with medium vegetation cover exhibit the lowest diversity. Variations in α 

diversity across vegetation cover gradients reflect the combined effects of source inputs, multi-source mixing, and ecological 

filtering processes (Mantoani et al., 2024; Lu et al., 2024; Gashi et al., 2025). Low vegetation cover areas integrate both soil- 

and vegetation-derived biological sources and are typically associated with stronger surface disturbance, resulting in the 285 

highest species richness and diversity (Nie et al., 2024; Mu et al., 2020; Archer et al., 2023). In contrast, medium vegetation 

cover regions suppress soil resuspension while not yet developing the complex phyllosphere-associated microbial sources 
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characteristic of highly vegetated areas. Consequently, these regions experience fewer source inputs and stronger 

environmental filtering, leading to the lowest α diversity (Zhai et al., 2022; Robinson et al., 2021). 

Figures 8b and 8d further show that both the Shannon index (r = −0.68, P = 0.015) and the Chao1 index (r = −0.818, P = 290 

0.0011) are negatively correlated with NDVI, with the Chao1 index exhibiting a stronger correlation. Based on the differing 

sensitivities of these two indices, it can be inferred that, under low-NDVI conditions, atmospheric microbial communities are 

more strongly influenced by external source inputs, leading to increased species richness. However, many of the newly 

introduced taxa occur at low relative abundances and therefore have a limited effect on community evenness, resulting in a 

smaller magnitude of change in the Shannon index compared to the Chao1 index. 295 

 

Figure 8: (a) Relationship between underlying surface types and the Shannon index; (b) relationship between NDVI and the Shannon 

index; (c) relationship between underlying surface types and the Chao1 index; (d) relationship between NDVI and the Chao1 index. 

Note: In panels (a) and (c), asterisks indicate statistically significant differences in diversity indices between sample groups based on 

the Wilcoxon rank-sum test, whereas the absence of asterisks indicates no significant difference. One to four asterisks denote P < 300 
0.05, P < 0.01, P < 0.001, and P < 0.0001, respectively. In panels (b) and (d), blue dots represent mean diversity indices calculated by 

binning NDVI into intervals of 0.05 and averaging all samples within each bin; error bars indicate the standard error of the mean 

for each bin. 

Data availability  

Interested researchers can download the integrated dataset from https://zenodo.org/records/19605145(Huang et al., 2026). The 305 

non-biological aerosol particle number concentration data and the bacterial community structure data at the domain, class, 
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order, family, and species levels during the sampling period are not currently publicly available. These data are available from 

the corresponding author upon reasonable request. 

Conclusions 

This study reports an integrated dataset of atmospheric bioaerosols obtained from a large-scale dust–bioaerosol field 310 

observation campaign conducted across East Asia using a unified sampling and analytical protocol. The dataset includes 

number concentrations of both biological and non-biological aerosols, bacterial community structure at multiple taxonomic 

levels, together with concurrent environmental variables and air quality parameters. The database enables the systematic 

analysis of correlations between regional-scale vegetation cover, temperature, and airborne microbial concentrations and 

community structure. The results indicate that bioaerosol concentrations exhibit a significant negative correlation with NDVI. 315 

Bioaerosol concentrations increase with air temperature below approximately 15 °C, whereas a decline is observed at higher 

temperatures. Temporal-scale analysis demonstrates that the diurnal variation in bioaerosol concentration exhibits a discernible 

intraday structure rather than random fluctuations. In addition, the daily evolution of bioaerosol concentrations shows a 

relatively high degree of synchrony with AOD and particulate matter concentrations. Community structure and diversity 

analyses further demonstrate pronounced ecological differentiation among regions with varying vegetation cover, with α-320 

diversity showing a significant negative correlation with NDVI. By integrating concentration data, community structure, and 

multifactor environmental information within a unified methodological framework, this database constitutes a consistent and 

comprehensive foundation for investigating land–atmosphere interface ecological processes and the spatiotemporal evolution 

of regional bioaerosols, with clear substantial scientific and applied value. 
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