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Metabolic characteristics and community diversities of airborne microbes at

different functional regions in Qingdao in winter
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College of Environment and Municipal Engineering, Qingdao Technological University, Qingdao 266033, China

Abstract: Airborne microbes are major biological components of the ecosystem that have important ecosystem functions,
affect human health and air pollution, and are key indicators of air quality. To determine the metabolic characteristics and
community diversity of airborne microbes in different functional regions of Qingdao in winter, sampling sites were set up in
five different functional regions (urban streets, a coastal area, drinking water source area, municipal landfill, and artificial
wetlands ) . Airborne microbes were then collected using an SAS 1SO100 air sampler in January 2013 and their carbon source
metabolic characteristics, functional diversity, and relationship with environmental factors were systematically analyzed by
the BIOLOG method. The results revealed significant differences in carbon metabolic profiles of air microbial communities
from the five locations. When metabolism was stable, the average well color developments of samples from the coastal area
and drinking water source area were 0.302 and 0.21, respectively, whereas those of artificial wetlands, urban streets, and
municipal landfill were 0.063, 0.025, and 0.034, respectively. Therefore, the levels of carbon metabolism in the coastal

area and drinking water source area were higher than those at other locations. The Shannon indexes and Simpson indexes at
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the five different functional regions were similar. However, the MclIntosh indexes at the coastal area and drinking water
source area were higher than those at other locations. Overall, the microbial diversity and dominant species differed among
functional regions, but microflora was distributed more evenly in the coastal area and drinking water source area. Among the
five locations, carbon catabolic types and levels in the coastal area and drinking water source area were richer and higher
than those in the artificial wetlands, urban streets, and municipal landfill. Overall, the airborne microbes in various
functional areas had high carbohydrate and carboxylic acid metabolism, and air microbial communities in the coastal and
drinking water source areas had better ability to metabolize polymers, carbohydrates, carboxylic acids, and amino acids
than those in the artificial wetlands, urban streets, and municipal landfill. The characteristics of carbon metabolism revealed
regional differences that were mainly caused by carboxylic acids. Specifically, urban streets, municipal landfills, and
artificial wetlands had similar metabolic characteristics, and could be classified together. Additionally, coastal and drinking
water source areas had different characteristics, and could be classified respectively. Environmental factors such as wind
speed, temperature, and humidity may affect carbon utilization to a certain degree ; however, the dominant factors will differ
among environments. The results of canonical correspondence analysis ( CCA) showed that wind speed and the carbon
metabolism of the coastal area and drinking water source area were positively correlated, while they were negatively
correlated with temperature and humidity. However, urban streets, municipal landfill, and artificial wetlands were positively
correlated with temperature and humidity and negatively correlated with wind speed. The BIOLOG method could provide a
large amount of multi-dimensional data, compare carbon metabolic characteristics of the microbial community between
samplers, and reflect characteristics of the carbon metabolic diversity of airborne microbes objectively and generally, making

it an ideal method for studying functional diversity of airborne microbes.

Key Words: Qingdao City; city functional regions; airborne microbial community; metabolic characteristics; microbial

diversity ; BIOLOG method
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1 MRMXERARFTE

1.1 SEBo s

PEPETT BT X A3 (PO 5 B TR B )RR DX I (WA Bl ) AR K T s (b A 2 ) | ey 3
M7 (/NP A TSR EEA AN BT ) N TR (s N TR 5 /KA BE R 58 ) 5 AN TIRE XAE A R 5, H
o () SRR T35 BT A, 2 5 B AL, A MR R, RE R A 4G e ™
() B AR TH SR X, m A KM, K2 1 km, SHEE 0.04 km®, ZRAL L 75% L) I, &7
5y 4A QiR b, & NI EE/D s (3) BRILME K N, T8 B bH X, 251 83 TRME—EE KR, FEIX
TR 14.4 km® | 27 5T FEARHK IR, (L0 75 57 50% DAL JE R AK, B RUEAR A0 (4) 7Nl
POAE TG S R 2 A AL B T 5 TSR BH X, 2 5 T PN 7S DX — B A 36 b B BT Y 7.1x10° m?, /Y
HE AL 0.66 km* | I X AN 0.27 km® , 2R3 41.25% , SEPr H B 3500 v/d, B335 98 4 76 K- I
B RGUEEHEATG KA IR A TAEE ; (5) N TR i5 /KA ER R Ge 0 T8 B 1 55 X, 75 pg 1 X AR iM%
FHH BRI SR T2, 99 M IFBGE TR R ITAU, B0 K/ 140 mx32 m, & 5 Hi L 76.7
km® , Kb BEFIAR 3% 10% m*/d , {5 K R IFE AAIG 15 /K ATV IR K (29 1:1)
1.2 W5k
1.2.1  FESLRAE

SKEERFEIN 2013 45 1 H 1 H—5 H 2R SAS IS0 100 25 S Al 4= W) R AR 2 R S a5 AW RE B, 28 SR
100 L/min, RAERS[E] 30 min, SRAESGHCT B, N3] 100 mL KA BER K H  F2 R 10 min, BEREHEE
VAR SR AR, SRR A TASI-620 £ SRR 10 a2 SR PR BT IR B AR B, R TASI-641 XGE
A E K (K1) o

®1 REARERTF

Table 1 Environmental factors of sampling sites

A AT R/ (m/s) R/ C TR/ %
Regions Wind direction Wind speed Temperature Humidity
i X8 Urban streets L[ 0.55 -0.1 30.4
PR K JE M Drinking water source area [liiE]d 1.80 -6.0 30.1
TFIEIX I, Coastal area k4 2.48 -8.4 28.1
173 211 3% Municipal landfill (g4 0.55 -6.0 31.0
A TR Artificial wetlands [UE[4 2.45 -2.5 37.7

1.2.2 BIOLOG-GN #:4E )7k

FEAMR AT BHERNR T BIOLOG-GN A B FLIEFIR 125 wl, #F0 )5 9 BIOLOG-GN i E T 25 °C fH 1
FERIPRE SR R 24 h T BIOLOG {458 LS8, UK 590 nm , T 265 BE (AR 2 A 1k, B o g ad A
FF2k 8d,
1.3 tEE
1.3.1  GUE IR K

SPGB (AWCD) HHE 712 AWCD = X (C-R) /n, 3 € RN FLOGE A, R X B FLOG 3 i
{H,n NIKPECE X T BIOLOG fFAR n (AR, BIOLOG-GN #H 95,
1.3.2 GUEM RT3

Ve 72 h B EEITE 5 DARINRE X a3 S YRR ZREMEFE R . Shannon F8%5X(H') MclIntosh 1§
B(U)F Simpson 5% (D) , THHEAXIE 2,
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R2 EEHEVEESHEEERITESRE
Table 2 Computational methods for diversity index of airborne microbial community
ZREPEFE S Index of diversity H38 Function A3 Formula %1 Remarks
Shannon $5 44
Shannon indexes H' pi A LA R (C-R) 5
Ml b s 0= /(5) w dR S AR

Simpson Fa¥ C:-R)

Simpson indexes D

PPAG R H =- Y PlnP,

B R O R b D=1-3P

1.33 Stttk
TEHL 72 h SEHEE M (AWCD) A SPSS 17.0 4t 47 £ 8043 50 #r (PCA) , FIL I CANOCA i {4k 17
B XT3 (CCA) P

2 FHRE5S

2.1 AWV RS oIS R B

SRR FEH ( AWCD ) RE S i 1t 25 S W) R TS [RIB R A B AR R 07, R ARl A= 0 26 BT A AR 7K
V- BiERA RME RS DR E . B ST 5 ADNTIRRIX AWCD il i) [) ZE 4 73 K, fie ) 48 h P £ 37
Z,72 h AWCD {HHE AR BRI, 192 h IXBIREARES (181 1) o T7 2270 Hr 2R W, T DXCSURT BRI K 5 2= <
WA WA K - 5 AR A DI BE A AE B & P22 5 (P<0.05) o Figad fe v, NI | iy DX 18 Az I diT
728 SAE D EIRAR K AR, 76 192 h B AWCD (AT /INT 0.1, 177 VU DX S8l R 2R FH 7K U b 25 A2k Wk
DA KA B R o 5 AN EHREIX. AWCD (HZARfEEaFAR] 3 W] 4% D RE IX 2= A Wil A e 0 L =F i 4%
FAEZE S
2.2 AR BRI K23 A

BIOLOG-GN H & 95 il , AR P mn i B 68 A vl A A 6 28, Hidfi2E ( Carbohydrates ) 30 Ff R R 2
( Carboxylic acids)24 Ff 2 FE R 2 ( Amino acids) 20 FF %/ 23S ( Amines/amides ) 6 ' 2R 525 ( Polymers ) 5
Fip HoAth (Miscellaneous ) 10 #1205 ANDREIX 43 S AW 6 ZEBR R R F R 8 77 76 22 5, TV X BRI AR R /K
Pt 2 SR W BR IR A 5 T HABT REIX. . 28 U MRk IR A U SR AR YO IR IR IS ATV Bl 26
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Fig.1  Average well color development ( AWCD ) changes of A%t F A =

airborne microbes at five city functional regions in Qingdao City Fig.2 Relative utilization ratios of carbon sources in BIOLOG
plate by the airborne microbes at five city functional regions in
Qingdao City
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2.3 R MAEYREE R Z R S T

K H Shannon 5%  Simpson F84UH1 McIntosh $840 70471 5 D IIfE X 2 A WA Is e 2 e 3 R 24
PEFR B ML T 25 S E MR EVE DI RE Z AR MEAS IRl TiT , e, Shannon 48 B0 V)R 1 6 R WA BCR, R e 1
TR DR A AN E R 8] A~ PR 23 Tic B9 2 20 P 5 Simpson $8 B0 W 1 BE 95 B R WL AP B, R OTAS R B RE
TEARFEFE 5 ; McIntosh F8 B B2 S VR WA 1 — BE A9 46 FR . W LAt Shannon 8 B0 H /K 5 b 5 1%
FLUR Ayt X3, AR 3 AT REIX FE AR ], Simpson 48 £ R R K IR b A AR AN, FoA4y 4 DR X LA AH [R]
Melntosh F88025 580K, KR 7K U5 AN AR VEe X Ja B & i3 T L4y 3 N IREIX (£ 3)
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Table 3 Diversity index of airborne microbial community at five city functional regions in Qingdao City

SR b A5 Shannon $5 %% MeclIntosh 541 Simpson $§ %%
Sampling site Shannon indexes H’ McIntosh indexes U Simpson indexes D
PR 7K JEH Drinking water Source area 3.03 + 0.0523 3.11 + 0.7843 0.88 + 0.0939
X IR Coastal area 3.79 + 0.0448 2.43 + 0.1995 0.96 + 0.0013
AT Artificial wetlands 4.32 + 0.0250 0.69 + 0.0062 0.98 + 0.0002
T X #7i8 Urban streets 4.26 + 0.0282 0.72 + 0.0123 0.98 + 0.0004
B35 Municipal landfill 4.25 + 0.0283 0.69 + 0.0067 0.98 + 0.0002

2.4 ZRBAEYREEAC I RE T BT (PCA)

U RS 3 Hr (PCA) /0T 5T 5 ANTHREIX 23 S W i v5 AR T 8, L 2 A o, Hop 32
B4 1(PCL) 5 22 TR 3R 37.6% , F 51 2(PC2) J5 22 TR EE 23. 0% , BRI H7 22 TR 3R 60.6% , REfS i B I AT 22
EREAESR, 7E PClL L3R KT 0.9 BIETA 15 Fl, FEIR RIS A IEM M, Hoh D450 iR 4k
e K (0.968) ;76 PC2 _E#AT KT 0.9 BFETA 9 Ff, TR E LR ANESS , Horh D-5 40 4 6-BEBR 47 Bt K
(0.984) (£ 4), PC1 PC2 FARFTART 0.9 A% 3 5 S I FIFI ] 248 i A B S 70— 3

F4 5PCLPC2HXZRHEKAT 0.9 HER

Table 4 Correlation coefficients greater than 0.9 between carbon substrates and Principal component 1( PC1) or Principal component 2 ( PC2)

ST FHAT 1 9514 FHIY 2
Carbon source Principal component 1 PC1(r)  Carbon source Principal component 2 PC2(r)
D-H % FE R 0.968 D-A k- 6- W 0.984
J- 0.960 - AR 0.978
L- B3R 0.959 L-J3 24 R 0.976
N-Z.Bt-D-2f- 7Bl iz 0.958 L-5 %R 0.972
L-N&ER 0.955 L-22 5418 0.966
L-fifi %2 0.954 D-Fa[ F A B 0.965
i 80 0.953 E 0.963
- R 0.948 PR 0.939
L 0.944 L/ 0.900
a-D-FLAE 0.931

DT %] 4% 0.925

% TR AN 0.914

v-FRTRR 0.904

L-T6 0 0.902

N3 0.903

MRIEF By 5 D IBEX 2 TR R E IR QAR RUPE ol LUKE 5 ST REXIH O 3 28, i X473 A
TR e BRI A Sy — 28 W XA S — 2 ORI o —26 . 78 PC1 L, 3 2R KA U Wik

http ; //www.ecologica.cn



2282 JAE = 35 %

WA 22 5 35 B UEURI I 2 50 IX 0% o 28 o 8 er AR R TR R RZRAE PC1 38T, SRR IR 22
St DI Y T B0 SR IR (1 3)
2.5 AR F XA S U B ALK A R

BRI AR R IR GRS TRk KGRI 25 ) 368 2 S0 A W e e DA g 2 R B — i 5 A1)
FIRE A AR RREE M 27 CCA SRS I 43 BT RE S IAGE T2 BE 3BT PRI A 1 0 2 SR W i v e AR
AN 3 /R A RIS T BUE RSB N . NE BT 5 DS TIRE X 28 A Wi v i DA iR
JEE RGN T CCA Z3H P a] LU R BB 5 N TR BRI g iy XA = A P e v ik
DA AP S IE AR OG5 e DX R K T B SR 5% 5 KU -5 N Tt B SRRy i X3 = A )
FEVE i PR QK P B2 AR G, 59 DX K PR S B AR G (18T 4)

[}
1.0 .
0.40 | KRk BRI
030 - bR
' AT i R
B o
S 020+
A
H
0.10 FA T{EH XA VTR [X 3
o ° o o
BRI, X HiE ;kﬁaykvm
0 1 1 1 1 1 1
0.05 0.10 0.15 0.20 0.25 0.30 -1.0
PCI
-1.0 1.0

B3 5SAEERESKMEMEE BIOLOG W ER P EMBRIER

WHER S
Fig.3 Principal Component analysis (PCA) of BIOLOG plate
data profiles revealed the patterns of microbial communities at

five city functional regions in Qingdao City
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Fig.4 A two-dimensional graph analysis of canonical
correspondence analysis ( CCA) coordination for AWCD of five

airborne microbial community and environment factors
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