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Abstract :
matter (PM, ) in Xinxiang. Methods

Objective  To study the iodiversity and distribution characteristics of bacteria in atmospheric particulate
PM, 5 samples in four seasons were collected and its bacterial biodiversity and
community structure were analyzed by using high throughput sequencing technology. Results PM, s concentration was highest
in the winter, followed by the spring, autumn and summer. At bacteriophyta level, Proteobacteria was the most abundant phylum
in PM, 5 samples in the four seasons. Lactobacillus was higher in relative abundant in PM, s samples in the spring and summer,
and unidentified mitochondria, unidentified chloroplast were relatively higher in abundance in the autumn and winter. The order
of bacterial abundance of PM, s in the four seasons were spring > winter > summer > autumn , while the bacterial biodiversity of
PM, 5 in the four seasons were summer > spring > autumn > winter. There was statistic difference in the Beta diversity index of
bacterial community in PM, 5 among spring, summer and autumn ( P < 0. 05) ; there was no statistic difference in the Beta
diversity index of bacterial community in PM, s between the spring and winter ( P > 0. 05). Conclusion  The bacterial
biodiversity of the PM, 5 samples significantly varies with season. The bacterial abundance in spring and winter are relatively
higher than summer and autumn.
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1.1 {UgF TE-6070 Ky & Uk 9 R 4 i (36 [
Tisch /A ) , 1o 20 B 35 27 24 i A (b 5t 84 5 PR}
A RAW) , A8 AmL o X 431 F ALY o3 A
1481 — 2 Ak A3 AT A 491 BL 4 43 A . 1405-BEF
PM, UKL $7 1 0 A% | 1405F-BVE PM, ;UKL 47 1 )
i¢ 146i-DT3BEAA Z L SR HEY 111-B2R X
K 4R, WS500-umb % T & R (FF &
HermoScientific 23 5] ) ,810H 8 % 4 (R ££
BRERHE) , YQTS-711 JaiHs 8 ( E L)) o

1.2 PM, BEmRE RSN & BEE Rk &
PR T CRAE D FE RS Hb T 29 22 m) o SRAFI [A] 3L 4
B2 A4 ADEE RN, B ERES J,
B H KT A ZERAER R 430 0 2017 4 4
H 2017 49 A 2017 4£ 11 A 2018 41 A, &K
KA 24 h(24H 10:00 2K H 10:00) . 5K RS
WG B E T - 20 C N RAF, BAZ 1 RAEL R
E%_‘%EX PMzsﬁFﬁlém%éﬂ DNAo

1.3 4N FEPHEEFEMREE/HEMUE 55T
BRI C s i 1. 1 IR s B S i) 28 <5
R bR(PM, 5 \PM,, SO, ,CO NO, ,0;) I L4815
15 & (temperature , T ) FIAH X2 B (relative humidity ,
RH) , ¢ 24 h F3591HE,

1.4 PM, HmAEEREZE DNA RS EEN
F R ke kit = W LR AL B2 (cetyl trimethyl
ammonium bromide, CTAB) X} PM, ; # 40 & 2 K 41
DNA AT, 57 2 538500 1% Byt g w6 e v Dk A )
DNA 4 i, F ] 168 V4 X F§ 5514 515F (5'-
GTTTCGGTGCCAGCMGCCGCGGTAA-3") F1 806R
(5’-GCCAATGGACTACHVGGGTWTCTAAT-5") # 47
A WSV ( polymerase chain reaction, PCR) 3™
RN AR 98 C AR 1 ming98 CAZPE 10 s,
50 C3B 2k 30 5,72 CHEM30 5,3t 30 ANEFF:72 C

FEAf 5 min, fii ] TruSeq™ DNA PCR-Free Sample
Preparation Kit #2100 &%) PCR 7947 SCAEAE
@, £ 3 Qubit I 3£ BF £ H PCR ( real-time
quantitative PCR, Q-PCR) & &, X E &5 1% )5 f# A
[umina HiSeq 2500 PE250 #47 W&, bt
WARBR AW E DR FRA A 58 .
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Gold %4k J7E LU X 22 BR itk 5K 2 41, 5 F ] Uparse K
XA SOBE AT RS, $ B 97 % HOARHERS 7 51 5
2 h — 0] B AE 43 25 B8 0 (operational taxonomic
units, OTUs ) , [A] i 44 OTUs H H AR EC b 5 1Y 1 971
YEHiZ OTUs 1A 7 91, I 0 kAT ) Fh i B
FENLH] Qiime #1155 Alpha ZHEE (Chaol 54K
ACE 48 %% . Shannon #5 %% . Simpson §%%) , Chaol I
ACE SR R RE 7 42 B2, HAE 5 40 B P A A = B2
1F H 2 &, Shannon 1 Simpson #8805 41 i 1 7% 2 £
PERREE R LG o ] RO B2l A B il £k, #i Rt
2 m] LTI Y S ) B AT S B A
FE o b AR b ) F- 22 i, Ul R 22 iy = R
S AT I R R e R L e A
Fr OTUs 1 %CE H B AT Sz WA al v i i) =8 5 2
JZo Beta ZREMES MR TR AL RETS 4540 22 OS¢
T HT TR NTTXEAS 6] 2575 PM, S i o ) 40 BT
& 25 ST LT T o N T SPSS22. 0 Bt s
ABTRAEIR IR IG RS IR TG TH S8, S5 3 L
BIE £ 22 (x £5) R, 5T wilcox BRI 55 73
Br 4 5T PM, P AHTERETS Beta ZAEMER A 22
SRR K a =0.05,
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2.1 ANSFTEHERENKKEN FRWNEK L
4 AT P, IR & T dy , KON B S Bk
MEZF;PM, s (5 RAEA TG TR H, EF
O, W Z foe i, HRIRUON BT A FHKE; 0, 15
PAER T N, F T T MK IR R
FZEANK, 2 Z RIS I L e o

®1 ANFNESRENSEEH

Tab.1 Air quality and meteorological information in the
four seasons (xxs)
bt HE kS *E A%
T/C 17.5£0.5 28.5+3.5 10.2 4.6 -0.1+£3.8
RH/% 58.0+9.0 52.3+17.1 57.0£9.0 4.2+14.4
PM, /(pgem™3)  83.7:21.5  50.0£15.9  80.3+46.7  86.784.1
PM,o/(pg-m™3)  156.0£25.6  89.0£26.2 155.367.4  128.0+106.2
S()Z/(p.g-m'3) 61.7+7.8 54.3+11.0 74.7+18.5 60.0+35.9
CO/(pLg-m’3) 1.9+0.2 1.0£0.5 1.3+0.3 1.6+1.1
NOZ/(pLg-m’3) 32.7+4.9 21.3+11.2 29.3+6.7 28.3+24.1
03/(pg-m’3) 65.7+8.5 176.0£25.7 23.0+14.7 40.0£15.7
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Fig.1 Rarefaction curves of PM, ; samples in four seasons
2.3 44FFPM, FAFBFAR 4 1HFTK
P, RGNS ST ASZIE T, AR X 3 B2 JE R 10
BEA AT BT R B T] R BE B ] AU
N NN U R T R N B T e
BRI PR a b ] (6 2) o AT 4 N2 T TR 2
FEIAE5.24% DA I,

TE R /K b AR 941 AT , A% B2
i i 1O 37 B4 7 i 2 31) DA AR 8 T AR KO T
AR -ERL M BT R EURT BT A 5 2Ok R i e Ay
BRI E U 8 FUAT R B ER R B
WEREE(EI) . FE AT R
AR 20 D FUAT TR L FUAT TR B o 4 SO I
ARUETE WA o TR KPR R e BT o L il e
KR4 AT 28. 90% (42, 78% |
26.97% .29.49% |
R2 4NFTPM, FRPET 10 AR EENFE
Tab.2 Relative abundance of the top 10 bacterial phyla in

PM, ; samples in four seasons

YT FE R ®E X2
I 37.35%  34.23%  41.81% 28.65%
TR 24.26%  16.91%  13.88% 9.86%
JERER] 23.90%  17.76%  23.79% 26.63%
PIFFEE ] 5.24% 7.49% 12.01% 15.84%
WE] 3.44% 0.48% 2.96% 9.49%
FRFF ] 1.71% 6.90% 0.66% 1.66%
eI 0.47% 3.86% 0.43% 2.46%
TN 0.82% 2.46% 0.24% 0.85%
o 1| 0.89% 2.29% 0.35% 0.94%
el 0.39% 1.25% 0.22% 1.08%

R3 ANFETPM, HERPET 10 CAREENFEE
Tab.3 Relative abundance of the top 10 bacterial genera

in PM, ; samples in four seasons

YA R HE H= (&= A2
o W A 3.38% 0.33% 2.90%  9.27%
IKAW T 0.02% 0.46% 4.13%  0.02%
Tl Hf v 0.49% 1.10% 2.22%  5.30%
R 1 0.03% 0.10% 4.00%  0.20%
I s 1 AR A 1.18% 0.22% 4.57%  1.53%
Kipesn - EWEE  0.16%  0.97%  3.41% 2.01%
BB FF 1 I 0.05% 0.40% 3.11%  0.99%
A HR 7.01% 3.58% 2.74%  1.29%
RIBRTA S 2.89% 0.16% 0.73%  0.44%
Fif e 2 T I 0.01% 0.25% 0.29%  2.22%
oAt 84.80% 92.43% 71.88%  76.73%

2.4 4 A1ZF7 PM, ¥ Alpha ZHMESHT 45
W4 FFMZ T PV, b i A1 TR A 7 1 Chaol
BRI ACE f5 8000 T R B Mk, 4 D FAY PM,
FEah P AN A KON RS > &5 > 5 >
2,4 ADZETT PM, AL AR VS 2 RETE OO B
T>HE>LF>HE,
R4 4ANFWPM, HFREAEREN Alpha SRR
Tab.4 Alpha diversity index of PM, ; bacterial community

in four seasons

i Chaol 454k ACE f8%1 Shannon 541 Simpson 4541
H% 2 256. 746 2310. 121 8.638 0.989
ES 1 624.657 1618.569 9.191 0.996
Bz 1 320. 045 1330.172 7.067 0.939
P& 2090. 029 2080. 831 7.914 0.967

2.5 44FT PM, P E B % Beta SR MY
B 4R 2, FF HF KT PV, PR
VS Beta ZREMEIE BTN LLACZE R A G B
X (P <0.05) , FFHMETE PM, s F AR IR Beta £
PR 2E S g A B (P >0.05) .
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Fig.2 Box diagram of differences among groups in Beta

diversity of PM, . samples in four seasons
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