
    
      Figure 2 
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        Physical characteristics of bioaerosols in the atmosphere.

      

    

  
    
      Table 1 

      Concentrations and taxonomy of airborne bacteria, fungi and pollen in cities distributed in different continentsa)

      
        
          
            
            
            
            
            
          
          
            
              	
              	Continent
              	City
              	Concentration
              	Taxonomy composition (phylum)
            

          
          
            
              	Bacteria
              	Asia [9]
              	Beijing
              	102–105copies/m3
              	Proteobacteria, Firmicutes, Actinobacteria, Cyanobacteria, Bacteroidetes
            

            
              	
              	Asia [16]
              	Beijing
              	105–106cells/m3
              	Proteobacteria, Firmicutes, Actinobacteria, Bacteroidetes, Cyanobacteria
            

            
              	
              	Asia [17]
              	Ji’nan
              	6.8×105±1.3×104cells/m3
              	Firmicutes, Proteobacteria, Bacteroidetes
            

            
              	
              	Asia [18]
              	Harbin
              	6.0×101–3.4×105copies/m3
              	Proteobacteria, Firmicutes, Bacteroidetes, Planctomycetes, Epsilonbacteraeota
            

            
              	Asia [9]
              	PRD
              	103–104copies/m3
              	Proteobacteria, Firmicutes, Actinobacteria, Cyanobacteria, Bacteroidetes
            

            
              	Asia [19]
              	Weihai
              	104–105cells/m3
              	Proteobacteria, Firmicutes, Actinobacteria, Bacteroidetes, Deinococcus-Thermus
            

            
              	
              	Asia [20]
              	Xi’an
              	104–105cells/m3
              	Proteobacteria, Firmicutes, Deinococcus-Thermus, Bacteroidetes
            

            
              	Asia [9]
              	YRD
              	102–104copies/m3
              	Proteobacteria, Firmicutes, Actinobacteria, Cyanobacteria, Bacteroidetes
            

            
              	Asia [21]
              	Seoul
              	103–108copies/m3
              	Firmicutes, Gammaproteobacteria, Deltaproteobacteria, Betaproteobacteria, Bacteroidetes
            

            
              	Europe [10]
              	Puy de Dôme
              	2.2×105–6.2×106copies/m3
              	Firmicutes, Bacteroidetes, Proteobacteria, Actinobacteriota
            

            
              	Europe [22]
              	Pic-du-Midi
              	1.5×105±1.3×105copies/m3
              	Proteobacteria, Firmicutes, Actinobacteria, Bacteroidetes
            

            
              	North America [22]
              	Colorado
              	1.6×106±1.2×106copies/m3
              	Firmicutes, Proteobacteria, Bacteroidota, Actinobacteriota
            

            
              	North America [23]
              	Nuuk
              	101–103cells/m3
              	Alphaproteobacteria, Rubrobacteridae, Acidobacteria, Firmicutes, Actinobacteriota
            

            
              	
              	South America [22]
              	Chacaltaya
              	1.6×105±1.4×105copies/m3
              	Bacteroidetes, Firmicutes, Actinobacteriota, Chloroflexi, Proteobacteria
            

            
              	Africa [3]
              	Bamako
              	5.9×104–5.3×105copies/m3
              	Proteobacteria, Firmicutes, Actinobacteria
            

            
              	Antarctica [24]
              	Antarctic coast
              	––
              	Proteobacteria, Bacteroidetes, Actinobacteria, Firmicutes
            

            
              	Fungi
              	Asia [13]
              	Beijing
              	103–104copies/m3
              	Ascomycota, Basidiomycota
            

            
              	
              	Asia [25]
              	Ji’nan
              	102–104copies/m3
              	Ascomycota, Basidiomycota, Zygomycota
            

            
              	
              	Asia [18]
              	Harbin
              	1.6×102–7.9×103copies/m3
              	Ascomycota, Basidiomycota, Nematoda, Vertebrata
            

            
              	
              	Europe [10]
              	Puy de Dôme
              	7.4×102–2.8×104copies/m3
              	Ascomycota, Basidiomycota
            

            
              	
              	North America [22]
              	Colorado
              	8.8×104±6.5×104copies/m3
              	Basidiomycota, Ascomycota
            

            
              	
              	South America [22]
              	Chacaltaya
              	1.1×103±1.0× 103copies/m3
              	Ascomycota, Basidiomycota
            

            
              	
              	Africa [22]
              	Cape Town
              	1.7×103±1.2×103copies/m3
              	Ascomycota, Basidiomycota
            

            
              	Pollen
              	Asia [26]
              	Tokyo
              	326±324–813±529 pollen/m3
              	Poaceae, Plantaginaceae, Araceae, mosses: Hylocomiaceae, Funariaceae
            

            
              	
              	Europe [27]
              	Cordoba
              	Peak: (1287±898 pollen/m3)
              	Quercus pollen
            

            
              	
              	Europe [28]
              	Munich
              	0–1800 pollen/m3(101–103)
              	Betula, Carpinus, Urticaceae, Poacea,Tilia
            

            
              	
              	Europe [29]
              	Vinnytsia
              	8×103–3 ×104pollen grains/m3
              	Betula, Alnus, Fraxinus, Juglans, Acer
            

            
              	
              	North America [30]
              	Iowa
              	0–1100 pollen/m3
              	––
            

            
              	
              	Africa [31]
              	Mornag
              	0–1400, 0–1900, 0–270, 0–80 pollen/m3
              	Olea europaea , Cupressus, Urticaceae, Poaceae
            

            
              	
              	Oceania [32]
              	Queensland
              	789–3945 pollen/m3
              	Poaceae, Fabaceae, Asteraceae, Myrtaceae, Cupressaceae
            

          
        

      

      
        
          a) YRD: Yangtze River Delta region; PRD: Pearl River Delta region; “––” indicates data not available. Only data obtained with microscopy or PCR (unit: cells/m3, pollen/m3, copies/m3) were provided here.

        

      

    

  
    
      Figure 3 
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        Natural and anthropogenetic emission sources of bioaerosols. 

      

    

  
    
      Table 2 

      Publications (2016–2022) that investigated the bioaerosols under haze air pollution in Chinaa)

      
        
          
            
            
            
            
            
            
            
            
            
          
          
            
              	Sampling period
              	Type [refs]
              	Sampling time;
duration
              	Sampler type;
flow rate
              	Size range
              	Sampling height
              	Location
              	Abundance
analysis
              	HTS
            

          
          
            
              	2013.01–2013.02
              	Bacteria, Fungi [151]
              	––;
8 h/ (haze);
12 h/ (non-haze)
              	Biosampler;
12.5 lpm
              	––
              	22 m
              	Beijing
              	––
              	√
            

            
              	2013.01–2014.01
              	Culturable bacteria 
& fungi [152]
              	8:00, 13:00;
10 min/sample
              	Anderson six-stage sampler; 28.3 lpm
              	Size-resolved
              	20 m
              	Beijing
              	Culture
              	––
            

            
              	2013.06–2014.06
              	Viable microbes [4]
              	Real-time
              	UV-APS
              	Size-resolved
              	20 m
              	Beijing, Wangdu
              	––
              	√
            

            
              	2013.10–2014.08
              	Total
microbes [153]
              	8:00–8:30;
30 min/sample
              	Filter sampler;
28.3 lpm
              	Size-resolved
              	Roof
top
              	Qingdao
              	DAPI staining
              	––
            

            
              	2013.12–2014.03
              	Viable microbes [154]
              	Real-time
              	UV-APS
              	Size-resolved
              	22 m
              	Beijing
              	––
              	√
            

            
              	2014.01–2014.03
              	Bacteria [155]
              	9:00–08:00 +1 d,
23 h/sample
              	Filter sampler;
30 lpm
              	PM1
              	20 m
              	Jinan
              	qPCR
              	√
            

            
              	2014.07–2014.11
              	Fungi [156]
              	12:00–12:00 +1d,
24 h/sample
              	Filter sampler;
5 lpm
              	PM2.5,
PM10,
TSP
              	Roof
top
              	Beijing
              	––
              	√
            

            
              	2014.08–2015.07
              	Culture bacteria 
& fungi [157]
              	––;
20 min/sample
              	Anderson six-stage sampler; 28.3 lpm
              	Size-resolved
              	40 m
              	Xi’an
              	Culture
              	––
            

            
              	2015.10–2016.01
              	Bacteria [16]
              	––;
1–2 h/sample
              	Filter sampler; 
16 lpm
              	Total
              	22 m
              	Beijing
              	Live/dead viability kit staining
              	√
            

            
              	2016.04–2016.05
              	Bacteria [158]
              	9:00–9:00 +1 d;
24 h/sample
              	Filter sampler;
100 lpm
              	PM2.5,
PM10
              	22 m
              	Beijing
              	––
              	√
            

            
              	2016.04–2017.02
              	Bacteria [159]
              	––;
50 min/sample
              	Filter sampler;
5 lpm;
              	Total
              	20 m
              	Xi’an
              	DAPI staining
              	√
            

            
              	2016.10–2017.01
              	Bacteria [160]
              	––;
75 min/sample
              	Filter sampler;
16.7 lpm
              	PM2.5,
PM10,
TSP
              	1.5 m above roof top 
/above ground
              	Xi’an
              	DAPI staining
              	√
            

            
              	2017.01
              	Culturable bacteria,
total bacteria [161]
              	Every 2 h; 
10 min /sample
              	Anderson six-stage sampler; 28.3 lpm
              	Size-resolved
              	15 m
              	Xi’an
              	Culture
              	√
            

            
              	2017.08–2017.12
              	Total bacteria [17]
              	8:00;
10 min/sample
              	Liquid sampler;
10 lpm
              	––
              	1 m
              	Jinan
              	Flow cytometry
              	––
            

            
              	2017.08–2018.04
              	Fungi [162]
              	––;
24 h/sample
              	Filter sampler;
1 m3/min
              	PM2.5,
PM10
              	Roof
top
              	Harbin
              	––
              	√
            

            
              	2017.09–2018.01
              	Pathogenic bacteria [163]
              	––;
24 h/sample
              	Filter sampler;
16.7 lpm
              	PM2.5,
PM10
              	Roof
top
              	Xi’an
              	––
              	√
            

            
              	2018.01
              	Fungi [164]
              	9:00–17:30, 8 h;
17:45–8:45 +1 d, 
15 h/sample
              	Filter sampler;
1 m3/min
              	PM2.5
              	15 m
              	Wuhan
              	––
              	√
            

            
              	2018.03
              	Archaea [51]
              	––;
3 h/sample
              	Biosampler;
12.5 lpm
              	––
              	29 m
              	Beijing
              	qPCR
              	√
            

            
              	2019.09–2020.01
              	Total microbes [20]
              	––;
1–2 h/sample
              	Filter sampler;
16.7 lpm
              	PM2.5
              	20 m
              	Xi’an
              	DAPI staining
              	√
            

            
              	2019.12
              	Bacteria, fungi,
archaea [165]
              	––;
Every 4 h
              	Filter sampler;
100 lpm
              	PM2.5
              	4 m
              	Xi’an
              	––
              	√
            

          
        

      

      
        
          a) “––” indicates data not available; HTS: high throughput sequencing; “√” indicates that this study applied the HTS technique.

        

      

    

  
    
      Figure 5 
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        The impact pathways of bioaerosols on the climate system.
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