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Community Characteristics of Cultivable Bacteria in Fine Particles (PM, ) of
Beijing and Baoding
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3. School of Chemical & Environmental Engineering, China University of Mining and Technology ( Beijing) , Beijing 100083, China)
Abstract: Fine particles(PM, 5) collected by two middle volume air samplers in the suburbs of Baoding and the urban area of Beijing
during Jan 10" to 17", 2015, were used to compare the community characteristics of cultivable bacteria in the two sites. In this study,
we observed the particle morphology of PM, 5 using a field emission scanning electron microscope (FESEM), analyzed the air mass
transportation source of the two sampling sites by the NOAA/ARL HYSPLIT- 4 backward trajectory model, and measured the
concentrations of the major water-soluble ions and heavy metal elements in the PM, ; samples using ion chromatography, continuous
flow analyzer and ICP-MS. The results indicated that, the cultivable bacteria of PM, ; contained three phyla, which were Firmicutes,
Actinobacteria and a-Proteobacteria. Nine genera and 17 species of cultivable airborne bacteria were isolated and identified. The most
abundant phylum was Firmicutes. The Gram-positive bacteria accounted for more than 90% . The spore-forming Bacillus which was the
dominant species contributed 68. 15% and 75% to the total bacteria in urban Beijing and the suburbs of Baoding, respectively. The
difference in the community structure of PM, ;s cultivable bacteria in the two sampling areas may be affected by PM, ;’s physical and
chemical properties and air mass transportation.

Key words: PM, ; ; cultivable bacteria;spore ;air mass transportation ; correlation
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1.1 FEACRE

2015 4F 1 H 10 ~17 B, 726 5030 X AR 2 B
XA 2 A RAFEuE A5 O E R B A S B AT
ruO R T AR S R Al (RCEES, 40°00751”
N,116°21'3"E , i &5 i i 1 5 FF 2529 12 m, B0 5 i
AT 1.2 km) , JR IR S RIX R K2 HH
X, PEANZ) 150 m Rl £4 100 m 4b 43 5] Sk 38 113 1
% JE B 322275 YL U, BEAS ZRAF At b DX 30k 11 34
PM, TS GG B, @ [ Bb 2 B AR A SR B 53
L EEER I3 (WD ,38°40/23"N, 115°15'15"E, BH 5
M TR L RE B2 4m) | R B T A e T,
SRFES SR A PEMZY 140 m AR R R IX,
PEILANZ 730 m A 5 B i A B, T A & Tl is g
U, BEAE FRAF AR b My DX 3R X35 1 PM,, 5 1975 YLt b
AU DX AR A0 DX SR A 3l b B 2508 176. 1
km. SREE(UES K851 2034 F i S E AR K
FEAL (AT PM, s VDB, 75 5 065 110 07 B B R F 5%
JE L A ED) L WEHE R 100 Lemin =", PSRAESS & R4 R
FE B H RAEI ] N T4 15.00 2R H T4 1430
(23.5 h). REEEEN 90 mm MK360 £ 4 £ 4k 1§ i
(Munktell Filter AB 2], Bl ) | SRAE BIRE 18 R CLE
g 500°C 4Bk 6 h AL B K AEH , A akBebea

(8 I FH JE A AR A L IR T A B b & .
F 5 48 i A feft P 9 T 5L 38 7% 75 % B S A 5%
R R ZEVRR DA, SRAE 05 B SR F I8 PR 2 () A
B TR 20°C | HHXHREE <45% MEREEH DLk G
WEEYTG Y™ ) AR HY 618-2011 (FREEZSS PM,,
FLPM, (RO L), T PM, . B PM, |
JEE T —4°C T HRAERH.
1.2 HWHEEHESYEE

TETCHE ST LI xR B X #055 3/8 PM, |
DEREAE S0y, F T A b 855 5. P 8 RS SRA: 1T 1)
W3 50 mL B0 N, LA 40 mL 1 x PBS 2%
MR, TE4°C 200 remin T R ELD 1 h BUBBSL AT
EATEEILNAE 10°C |, T3 40% TR 15 min,
AR TEM A B 1 RS BUR L
(EE T R o3 T A Uik UID VA /b S SR S SR R e o
B LB K323 I 78 37°C R AN K F7 48 h, 435l 7E
AR SR E 0T 40 TR P v BT IR, e B alifk.
25 YUK O A A D AT YR UE S TR ARSI, AN HEAT
SR RETEAR [R5 18] B P ik 23. 5 h, %8 bR EEA T4
1R SRS EE AR BT

7E RCEES F1 WD SR A 3 5 45 126 B2 R A 1) 15
A HEA 3 d(1 A 13 H 15.00 ~16 H 14.30)
PM, B & A7 RE X 19 Hb 25 -3 1k 5 PV, | o RT RS
FANFEVATHIIE. 3 d 36 DREFRIL (R 2 NS
B VEAT A0 TR B TR U PRI, A s A alifb, SR AR T
16S rRNA 3t oM os ¥ (27F: 5'-
AGAGTTTGATCCTGGCTCAG-  3', 1492R: 5'-
GGTTACCTTGTTACGACTT-3") #£47 PCR ¥ & .
J¥, 915 NCBI £5040 2 L X 3577 4 P 5
1.3 REGEKEWIHE

FIFH NCBI 04 e 0 A% R LE XS D Rg , %F PM,, 5 AT
KR FRANTR16S rRNAJEPRI 7 25 S U647 95 9 L X,
FELEE KT 97% 19)¥7 513 — 4> OTU, —4~ OTU
RFE—FPUNTE. MEE—A OTU PAJC 1 3k £ — Kk 40
FI16S yfRNAJE K 751 5 NCBI B 1 b A9 AR AL B
Fr (AERLEE >97% ) JF AN HEST fasta SCHF, FIH MEGA
6.0 T RELEW.
1.4 YRGS

ST HEHL RCEES SRAE 3 25 PM, JAE 5175
KB BE (field emission scanning electron
microscopy, FESEM) W% WEAE S 40 ET H 1500
FMH 14,30 ricERET. LA 1L HAL A
17 HARAEIE R, T FLA% 50 B 76 B 7K R RR I 1
BHCEAE D =1 em [WUEME 2 {7, Wi 4 1T FESEM
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noaa. gov/HYSPLIT _traj. php) %} RCEES Fl WD
b 240 TR 85 35 A 1) S i 16 R IR A T A, TR 48
h AR 5 T 050 -0 300 2R 2K 43 B ) 36 W s [] 4 1
H 15 H P b i = B 100 m AL S AR5 1) #0
AT, FIWTBORL ) VAR TR IX P2 R i
I8 A 2Bk PR L R 48 (GDAS) ffi i UTC B ).
1.6 FIHEMEEFS&EITRENIE

BIH 1/8 JEEAE S UL HNO, + H,0,(6:2) T fi#
AR R RE S AT SO T A 2 K S BT R
M2 25 mL AR ES, H0.45 pum EALUENE
of uE A5 B AF I UE W, R A ICP-MS Y #% ( Optima
8300, PerkinElmer 23 &), JE[E ) M & PM, ;1 Al Zn
Fe, V., Cr, Mn, Co., Ni, Cu, As. Cd F1 Pb £ 12 Ff
JCE. BYH1/8 JEMEAE M E T 15 mL B0 N, N
A 10 mL BZAK FEZRES 1 h, 11 0.45 pum f#AL
TRt Uk A 2 D T R B T gAY
(1CS-1000, DIONEX A &, 3 [#) #ll 22 SO;~ . NO,
A CL™, L 3143 BT ( AA3, SEAL Analytical 2
AR W E NH, . e A ] 20 B8 i & I I 8

ZSH.
2 HFRESW

2.1 JbEURIX R ERBIX. PM, 5 HH AT RSS2 40 B Fp R
SERFFIE

TEILHUE X (RCEES) FIPR AR X (WD) PR FE
M(E 1), F 201541 H 10 H 15:00 ~17 H
1430, R FH RSN BURL ) R AR A SR A5 51 PM,
oL EECL A 13 H 1500 ~16 H 14:30 %-55 ™ & i}
WICE2), % PM, S HEAT AR 35 9% r 8 5 4%
SE LA 76 BRIL 17 Fhas AN, 43 VA 26 TR R B
["T( Firmicutes ) . H{ZE T '] ( Actinobacteria ) Fll a-7%
JE ] (a-Proteobacteria ) = R ] A 4 B8 B BE. M
YRS R TR I B R (3R 1) R F LT
g JEEBE R 1] ( Firmicutes ) , 43 % 5 RCEES #1 WD %
B PM, 5 B & A 0T 5 % 40 B R 72. 7% A
87.5%. TEALHE T, WM X 2 6 FF W s
( Bacillus) /5 L YR BN HEBE 119 90% L L. PM, |
FE AT 5 SR A TR KA B 2= IGBHE R (G )
X5 SCHR[ 28 ~ 30 ] X AT KT 37 45 S 40 B A 5T 4 R —

§ﬁ[28~30} . ARWFEAL S FEARE] P provencensis i S.

dokdonensis PP & 2= RFAPERE (G ™) , 4@ T
ZEZE AT T B ( Paenibacillus ) F1 85 24 55 5 i 59 )&
( Sphingomonas) . PM, s FRA% B AT 55 352 240 B K HB 43
K HF I ARG R S Cao 55 XL HITT PM,
TR P A W RS AR BT 5T — 20

E1 JtWEK (RCEES) FIREIX (WD) REFERSHTE
Fig. 1 Location of the sampling sites in RCEES and WD

600

—a— BUERYS (WD)
—— Jbnid (RCEES)
- - WHO#E

[ 5 — bk

500

400

300 ¢

200 ¢

PMo s i fik 7 g ug-m ™

100

0

M-13~01-14
11-14~01-15

01-16~01-17

R HM (H-H)
B2 dJemHX (RCEES) #IfREXBX (WD) PM, K BT
Fig. 2 Variation of concentrations of PM, 5 in RCEES and WD

M E BRI R (3R 1), JL Rt IX
(RCEES) R 261X (WD) 75 P 3504 I 147 1 2
5. ALRUKIX (RCEES ) PM, o 4 fiy 55 5745 21 (19 110 #
AR IR il R ZE AT TR (B, subtilis) . H R ZE A
FFi# (B. megaterium) FBEFE AT 3 (B, cereus) ,
30 31.82% . 13.64% F1 9.09%. 4 & & X
(WD) PM, #5774 2 B PL 352 B AR oy LR 2
AT B (B, megaterium ) . W FE ZF 8 FF H ( B.
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Table 1 ~ Community characteristics of cultivable bacteria in PM, 5 samples
i ROEES 5% WD 3% FeerriaRe B 4)/B (=) T
Firmicutes 72.70 87.50 +
Bacillus atrophaeus 4.55 6.25 + +
Bacillus cereus 9.09 18.75 + +
Bacillus endophyticus — 6.25 + +
Bacillus kochii 4.55 — + +
Bacillus licheniformis 4.55 12.50 + +
Bacillus megaterium 13. 64 18.75 + +
Bacillus niabensis — 6.25 + +
Bacillus subtilis 31.82 6.25 + +
Lysinibacillus manganicus 4.55 — + +
Paenibacillus xylanilyticus — 6.25 + +
Paenibacillus provencensts — 6.25 - +
Actinobacteria 22.75 12. 50 +
Arthrobacter oxydans 4.55 — + -
Brevibacterium frigoritolerans 4.55 12. 50 + -
Microbacterium sediminis 4.55 — + -
Streptomyces kurssanovii 4.55 — +
Streptomyces silaceus 4.55 — +
a-Proteobacteria 4.55 — -
Sphingomonas dokdonensis 4.55 — - +

cereus ) . HiA ZEAUFT I ( B. licheniformis ) T 5E 45
FFEE (B. frigoritolerans) , 53315 18.75% | 18.75% .
12.50% Fl 12. 50% . AFWFFE AL Al B 2F fL AT
B (B. subtilis) BERS TS Y B 1. W5 BF 25 JAT 18 ( B,
cereus) 52 e PURRYY . K2R | R v e ik A9
AT . DOERB IR EE T )2 MR w5 R
L, AR SE AT B (B, cereus ) TE25 S, W 4341 A
W AE, R T HEZ R R 2R AR
YA I B TRV 2 I R AR A i R B T B
MUFAAE, R Y rhag | WPIRE B | R AR e
SRl RAE AR ; W5 RE 25 fUAF 18 (B, cereus ) 5 ARIHFF 16
(B. anthracis) (5E 25 Z FIG R R, 51 HAA A
AR RS — P 7 I A A

HHRERR X (WD) # L, JL 53K X (RCEES)
PM,  "PAG 3 By n] 55 3R 4 i PR AL 2 | A R PP S 22 S
FEEIAE LR ] ( Actinobacteria ) Fl o-Z8 B
I"]( a-Proteobacteria) . JLETIRIX. (RCEES) PM,  H1 43
AR oI 1 R AR
( Sphingomonas ) ; L £ W '] 4 J&. & % W )8
( Streptomyces) . KT 15 J& ( Microbacterium ) , F8FT
J& ( Brevibacterium ) F1775 ¥ 55 J& ( Arthrobacter ). .
AN (A, oxydans) e PR AL U 0 B 45 5
(8, ARG TR m R i v o3 e AR 25, mT AR Ry
FEMRIE R AR ERBIX (WD) PM, ¢ AL 43 25 75

B 1 )& BT R & ( Brevibacterium ). At
T X (RCEES) FI{RE RB X (WD) PM, s 1 73 545
PN A A S R (B 3) thoal A db s X
(RCEES) A E XL X (WD) PM, 5 H1 3545 ¥ [7] Fl
AT REFRAN PR 2 (A R AR B R 2 G R FE [ HAh
TR 1] v (9 40 TR A L, 43 A5 2 G R AT TR R
( Brevibacterium) 5 2 # 4T B J& ( Bacillus ) W) 3 2 %
AT, TFERFTE (B. frigoritolerans) Zk A T+
HE AR , ot M i DR KB X (WD) SR A
SRR EE A 3 -3 AAE SN PM, I
BRI Z — LR ERE X (WD) PM,, 5 H i 58 KL AT 7
TR ATRE. O HOE R YT R AT N —
Foft L RO TR, X P A AR
2.2 RO ASRREXT PM, 0 55 SR A A R S5
A

BT BEBAL B3R X (RCEES ) SRAE S 5 PM,
FESH AT FESEM WLES (4Nl 4) W52 & 3L PM,, ;i
S S R R A S A L R A A S B 2T A 1H]
BRI, OR 2 IR FNDER. 0Bk K 4 (a)
~4(b) PRI R R WAL B, BAA AN
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Fig. 3 Neighbour-joining phylogenetic tree of PM, 5’s cultivable
bacteria in Beijing urban( RCEES) and Baoding suburbs( WD)
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Fig. 4 FESEM images of PM, 5 samples
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o Ca
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r S
r Al K C
Na ¢ Pd KK Ca Cr Mn KS Na Alf P|SPd Cr
Na AIMP.S Cdpdpd Cd Cr Mn Fe Fe Kig Na @ P 1 cdPpdrdic Cr Mn Fe  Fe
FeAs A Pd Pd Cd Cg Cr Mp Fe Fe i S NjFe Na Pd Pd € Cr Mg Fe  Fe .
2 4 6 8 10 2 4 6 8 10
HitrfBkeV HitrfikeV
JLH & C 0 Na Mg Al P S K Ca Cr Mn Fe As Pd Cd
[A-7 ht/wt. %] 30 86 3.82 50.41 0.51 0.29 0.61 0.79 0.49 0.18 0,32 042 0.53 0 9,94 0.35 0.47
B-f fit/wt.%]| 2.27 1.3 38.61 0.37 0 1.63 0.24 4.26 1.68 32.1 0.74 0.62 1.2 13.64 0.79 0.54

F3~4 WoR 7E2015 41 H 10 ~17 HZ-5510[H],
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B 5 PM,  Bitistisa4r (EDS) B
Fig. 5 EDS images of PM, 5 samples
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Fig. 6 EDS images of PM, 5 samples
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Table 2 Characteristic markers of PM, 5 emission sources

HEMCIE S A FEIEAR IR

B4 HET NO, . Zn, Cu, Pb

SR S0, ., As, Cu, Cd

AW B BERE cl

etk Ni

wehT Fe, Mn, Zn, Cd, Cu, Pb, Cr
TR Al Fe, Mn

ZHFAL R NH, . NO; . S03~

BIOLRMKEEE TWHE ( pgem™) ZHW
Spearman AHCREL. U XK A =2 A
M A EICER S PM, (B R IUIEARDCH: , Horh —ik
YALIRAL 4 (NH, . NO; A1 SO;" ) 5 PM, , £ H
MR IEA & (r=0.964,P <0.01) , H =432
(6]t B SR AR G PE (- 4 0.893 ~1,P <0.01) ;4
FERBXANL NO, H1SO;™ 5 PM, ;iR 3 52 WL IE AH P
(r}0.786 ~0.821,P <0.05). X7 W% %50
WAL SR IX A 2 5B IX PM,, R T2 AL
LI X PM, 5 T R B AL UR 4 47 (NH, . NO; |
SO; ™) o LR B i i TR KB IX, AL U X PM,,
R AZ B Y AR IR 8 5 e B K 38 3 L ARAH G &R
BRI TR (R S5) , RIILE HLX PM, |
15 Y IR BEFNHL B 4 R SHE RO 2 A kTS
Yo PR DR R = BORUE. bR XN 2R T 3
FER A SRR Z B CR BT, . Zn 5
Cu, As, Cd, Pb HISC R E r 1 0.964 ~0.991 (P <
0.01) ,Mn 5 Fe [JAHKE % r =0.893 (P <0.01),
Pb 5 NH, . NO; HUAHKCZR %L r 7 0.893 ~0.964 (P
<0.01) , ZHAJL G X PM, JEZ 3K (164 Tl

ALY FHEROR S 2 HR R . fRERFIXeE
FES 22 [ A AR e B B T U X, G 5 AL
Zn(r 4 0.893 ~0.964,P <0.01) A& Cu, Cd. Pb
(r 4 0.847 ~0.857,P <0. 05 ) AYAH A2 A5 E B
X PM, s [Fil i 32 3] A 9 Jo a7 35 88 e A = 18 IRLvb 242 ok
PRI, DL 25 5 R et b 3 X AR 2 B X
X IR AE R R 2205, U 5T b X &2 4% () 30 855 41
fii PM, RVETE R 22 2 0F R AR IX B — [ 35 45 14
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LA 22 3 0] B2 2 P b X 3R BE (FEALIN 1) 22 57
BRI M)
2.4 SHMERIT PM, | TS I 40 B FRESS F4 52
BRI R FR AR T AR Ak
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PRERBIXTE 100 m F25 i 48 h A5 Uil - 2R 26
S0, W 7 B, N RT DA A s X
PM, s 1R IR 22k A WA 7 1) Bk 1 R A
AR 5 1) R BT A AR A v v e e P S A
B 2 5 A PGIE T I 5 M DX R B Rk
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PSR IR R 4%, 2 2R A 5 A7 <A
PERRZm. Bl 1R H P S E X, B
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Fig. 7 Backward trajectories and cluster means of air mass transport derived from urban Beijing and suburban Baoding
x3 PM, SR HEMABETRE pg-m?
Table 3 Concentrations of anions and cations measured in PM, 5 samplers/pg+m ~>
_ 01-10 ~01-11 01-11 ~01-12 01-12 ~01-13 01-13 ~01-14 01-14 ~01-15 01-15 ~01-16 01-16 ~01-17
" RCEES WD RCEES WD RCEES WD RCEES WD RCEES WD RCEES WD  RCEES WD
S0; ™ 7.910 12.547 12.372 13.641 20.271 15.937 27.373 22.919 31.891 22.681 32.442 24.734 7.369  12.700
NH; 3.149 8.983 1 9.068 9.167 12.916 12.627 13.688 15.698 15.732 13.070 13.066 12.942 2.178 8.301
NO; 5.370 15.553 12.542 10.986 20.735 13.672 32.489 24.949 39.132 17.740 25.560 16.799 3.149  10.593
Cl- 1.938  7.562 7.016 8.545 8.745 17.643 8.089 13.922 10.469 7.114 6.419 4.885 0.990 7. 889
*x4 PMZ,SK‘F—F‘I—'II:I':F‘5'—I.'.§ﬂ€f§'/p.g-m'3
Table 4  Concentrations of elements measured in PM, 5 samples/pg+m 3
S 01-10 ~01-11 01-11 ~01-12 01-12 ~01-13 01-13 ~01-14 01-14 ~01-15 01-15 ~01-16 01-16 ~01-17
JUAHR
RCEES WD  RCEES WD RCEES WD RCEES WD RCEES WD RCEES WD  RCEES WD
Al 0.398 0.366 0.527 0.659 0.593 0.878 0.519 0.784 0.498 0.294 1.253 0.391 0.582 0. 499
Zn 0.168 0.401 0.307 0.736  0.531 0.740 0.395 1.144 0.513 0.386 0.382 0.283 0.154 0.582
Fe 0.862 0.777 1.049 1.116 1.586 0.761 1.424 1.366 1.252 0.751 1.752 0.711 0.579 0. 872
\Y 0.001 0.001 0.003 0.006 0.003 0.00l 0.005 0.003 0.004 0.002 0.004 0.002 0.001 0. 001
Cr 0.073 0.033 0.090 0.070 0.052 0.039 0.060 0.048 0.044 0.070 0.070 0.051  0.069 0.034
Mn 0.022  0.035 0.044 0.035 0.053 0.045 0.059 0.049 0.055 0.040 0.069 0.030 0.019 0.025
Co 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.001
Ni 0.056 0.008 0.011 0.014 0.009 0.006 0.012 0.011 0.010 0.009 0.011 0.011 0.007 0. 141
Cu 0.021 0.023 0.035 0.035 0.076 0.080 0.045 0.123 0.049 0.021 0.033 0.011 0.014 0.013
As 0.007 0.018 0.012 0.011 0.018 0.015 0.013 0.029 0.014 0.012 0.013 0.006 0.003 0.013
Cd 0.001 0.003 0.003 0.012 0.006 0.006 0.003 0.009 0.004 0.003 0.003 0.002 0.000 0. 004
Pb 0.053 0.104 0.093 0.109 0.134 0.164 0.121 0.219 0.148 0.097 0.110 0.069 0.035 0. 095
x5 PM,HFHAMABFRESH/ %
Table 5 Mass fractions of anions and cations in PM, s/ %
| S0%- NH, NO; Cl-
RCEES 14.298 +6. 895 6.420 +1.247 11.581 +2. 005 3.898 +0. 960
WD 6.589 +3.045 4.367 £2. 125 5. 865 +2. 580 3.889 £2.422
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