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Abstract: [Background]| Airborne microbes are a key component of the urban ecosystem, the
concentration of which has great significance for monitoring urban air quality, controlling
environmental pollution, and preventing disease. [Objective] To analyze the distribution
characteristics of airborne microbes in Lhasa of China and explore the effects of meteorological
factors and air particulate matter on the distribution of airborne microbes. [Methods] The
airborne microbes were stained by SYBR Green I and observed under an epifluorescence
microscope. The seasonal concentrations of the microbes from October 2019 to October 2020
were determined. Furthermore, the correlations of the concentration of airborne microbes with
meteorological factors and environmental indicators were studied. [Results] The airborne
microbes appeared bright green, oval, with a diameter of 0.5—1.0 pm and attaching to the organic
matter and black carbon. The concentrations of total microbes in Lhasa ranged from 3.10x10° to
2.38x10* cells/m’. The concentrations of airborne microbes in two forms (free-floating and
particle-attached) were the highest in winter. The concentration of free-floating microbes was the
lowest in autumn, which was significantly different from that in winter (P<0.05). The
concentration of particle-attached microbes showed no significant difference among four seasons.
Furthermore, the concentration of airborne microbes was not significantly correlated with
meteorological factors, while it had a significant positive correlation with the concentration of air
particulate matter (P<0.05). [Conclusion] The concentration of airborne microbes in Lhasa was at
a low level compared with that in other cities and affected by air pollutants.

Keywords: airborne microbe; filter membrane sampling; fluorescence microscopy; concentration
characteristics; influencing factors
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Table 1  List of the sample information

FE TT 1 it 1] SE T A] E3EINRS i v Js 2=
Sample Start time Stop time Sampling time (min) Flow (L/min) Season
LS1 2019-10-7 2019-10-13 8 564 2.75 Autumn
LS2 2019-10-17 2019-10-20 4 843 2.00 Autumn
LS3 2019-11-3 2019-11-6 4320 2.50 Autumn
LS4 2019-11-10 2019-11-13 4320 2.50 Autumn
LS5 2019-11-17 2019-11-20 4320 2.50 Autumn
LS6 2019-11-27 2019-11-30 4320 2.50 Autumn
LS7 2019-12-1 2019-12-4 4320 2.50 Winter
LS8 2019-12-8 2019-12-11 4320 2.50 Winter
LS9 2019-12-15 2019-12-18 4320 2.50 Winter
LS10 2019-12-23 2019-12-26 4320 2.50 Winter
LS11 2020-03-8 2020-03-11 4320 2.50 Spring
LS12 2020-03-15 2020-03-18 4320 2.50 Spring
LS13 2020-03-22 2020-03-25 4320 2.50 Spring
LS14 2020-03-29 2020-04-1 4320 2.50 Spring
LS15 2020-04-5 2020-04-8 4320 2.50 Spring
LS16 2020-04-12 2020-04-15 4320 2.50 Spring
LS17 2020-04-19 2020-04-22 4320 2.50 Spring
LS18 2020-04-26 2020-04-29 4320 2.50 Spring
LS19 2020-05-3 2020-05-6 4320 2.50 Spring
LS20 2020-05-10 2020-05-13 4320 2.50 Spring
LS21 2020-05-15 2020-05-18 4320 2.50 Spring
LS22 2020-05-25 2020-05-28 4320 2.50 Spring
LS23 2020-06-1 2020-06-4 4320 2.50 Summer
LS24 2020-06-5 2020-06-9 4320 2.50 Summer
LS25 2020-06-8 2020-06-11 4320 2.50 Summer
LS26 2020-06-14 2020-06-17 4320 2.50 Summer
LS27 2020-06-21 2020-06-24 4320 2.50 Summer
LS28 2020-06-28 2020-07-1 4320 2.50 Summer
LS29 2020-07-12 2020-07-15 4320 2.50 Summer
LS30 2020-07-19 2020-07-22 4320 2.50 Summer
LS31 2020-07-26 2020-07-29 4320 2.50 Summer
LS32 2020-08-2 2020-08-5 4320 2.50 Summer
LS33 2020-08-9 2020-08-12 4320 2.50 Summer
LS34 2020-08-17 2020-08-20 4320 2.50 Summer
LS35 2020-08-20 2020-08-23 4320 2.50 Summer
LS36 2020-08-23 2020-08-26 4320 2.50 Summer
LS37 2020-08-30 2020-09-2 4320 2.50 Summer
LS38 2020-09-24 2020-09-27 4320 2.50 Autumn
LS39 2020-10-7 2020-10-10 4320 2.50 Autumn
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Samples

Spring Summer Autumn Winter

1 HRERA)RXHESEB)
Figure 1 Sample information (A) and sampler (B).
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Figure 2 Epifluorescence micrograph of airborne microorganisms and particulate matter. A: Free-floating
microbe, black carbon (black particles). B: Organic matter (yellow particles). C: Black carbon-attached

microbe. D: Organic matter-attached microbe.
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Figure 3 Concentration changes of airborne microbes and particles in different months (A) and seasons (B).
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Figure 4 Concentration characteristics of airborne microbes in different forms. A: Relative abundance ratio.
B: Monthly concentration changes. C: Seasonal concentration changes.
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Figure 5 Relationship between meteorological factors and concentration of microbes. *, ** and ***

indicate P<0.05, P<0.01 and P<0.001, respectively.
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Figure 6 Relationship between human activity and concentration of microbes. *, ** and *** indicate

P<0.05, P<0.01 and P<0.001, respectively.
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Table 2 List of air microbial concentrations in different regions in China

Hh X KA [B] KA REA LoRlEEE AN W B A I
Region  Sampling time Sampling Number of Detection Concentration Data
method samples indicator sources
PE4TT 2019.9-2020.1 ZR-3930 Ground: 17; B A Ground: 1.10+0.58x10° cells/m> [23]
Xi’an Middle layer: 15; Total airborne Middle layer:
Top layer: 17; microbes 1.00£0.52x10° cells/m?
Top layer:
0.82+0.25x10° cells/m’
P 2016.9-2017.10 frmOmni Hazy days: 25; R4 Hazy days: 1.71x10° cells/m*  [31]
Xi’an Non-hazy day: 43 Total airborne Non-hazy day:
microbes 8.06x10" cells/m’
FHiH 2013.10-2014.8  Anderson-6 BMEY 8.49x10*-2.11x10° cells/m? [33]
Qingdao Total airborne
microbes
AT 2005.5.13-15 HARTLRES 10 AIREFRZER 5.42x10° CFU/M? [46]
Hefei Fallen plate e
method Culturable
airborne
microbes
Jbati 2015.10-2016.1  GTTP4700 53 BMAEY 1.69x10°-4.19x10° cells/m? [30]
Beijing Total airborne
microbes
BEii 2019.12-2020.1  LY-2030A 54 SEY) TSP: [34]
Xinxiang Total airborne  1.65x10%-3.85x10° cells/m’
microbes PM,s:
4.74x10°-2.75x10° cells/m’
P2 2014.8-2015.12  Anderson-6 A[BE3R25X. Hazy days: 3.70x10° CFU/m®  [32]
Xi’an MEE) Non-hazy day:
Culturable 3.72x10° CFU/m’
airborne
microbes
FIEETT 2019.10-2020.10  ASONE, 39 BEY) 3.10x10°-2.38x10% cells/m®  This study
Lhasa MAS-1 Total airborne
microbes
2016, winter SRS 53PS A[BE3RZ5X. Bacteria: 160 CFU/m’ [37]
Fallen plate HEEY) Fungi: 190 CFU/m*
method Culturable
airborne
microbes
Hme  2001.5 BT 7 Al FEASR 1.21x10° CFU/m? [47]
Shigatse Fallen plate [y
method Culturable
airborne
microbes
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SCR A P 5 UG IR Sk i 25 2R AL B
HE T XAk
3.3 WMEMRENFWER

TR AR X 4 J3E e 52 W e A ) e 2 ) o
IR, Li IE0T 8 i X s UM E ik
JERFIE G B, fE—E RN, BES=
SR A P e A AR SR A AR S, FEAR XL
M2 18 Ao R B B e, A R AR UM TP R R
1% Jo USRI TE R WA X B X 2 S b ik
YAAIR RETT R R o . AR R, BES
AR X 8 JRE X T s R A A e SR R R SRR
520 . Kethley S RFSE 46 L 7EIRLEE 2%
RIS, SR O B 2 R H o =3 URUAE TG
FEiE s WIDAF SIS i, KB <
A AL T BRI, HL S KU SR LAY TE AR
KKF o

TEABTE R, AP 5k AR
JE . XGE AR IR F A, (ERARI A FE
AR HA BGRMS, AMTRAEYIEK,
XTI 7. 8 HRMAYwERAR, MAE 9.
10 ARG, A Gl A= 04 Bl HoAt 5
e S A W] R A

REWFFEC SRR, X T % K%<
A E R R E S TSR, AUTA
AR e JRE 5 HL A 30 A TR W ok P A
MG, SaBMBENELR, FRZNMED
WbE T RURY) b, X nlREAR = 1 AR IR
NG RE ST, HLME TA LY AR
Yrim 2 T W36 T Bk, TREEA UL b iA
AAEA BRI TSR, TR HRE N A W)
LM R 250, REA MRES A b A FEY R,
S5 IS5 A 1 14 ol A e R TP A o

4 Z

P =S A ) T2 B AT SO B 6 A

BRI E RS b hrgR A R
Yk FE AR AL YE N 3.10x10°-2.38x10° cells/m’,
5 HABI AR LA T 8ARKE, A R e
Wy v BE AR A Bt HSWBE SAIR Bk A7
TER EME2E 5, BHE TR0 LA ik B
AT, WELREWES . MAEDKRE
AR MR . RGO ARG, Uk
EHHEYSHENY . Bk, PMays. PMy, i A
K, AIRESR ORI N AR i A AE 4R At T R
Sl o PLE= T2 SCE W B9 Uk B 2R 4 A vl BB
HREWRTBERKEFR, M5 Y AKEsh R
55 5 EAHSC, BIFSEEE R AR Al 5 5T A
7595 s 12 4 B AR DG AR Al o
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