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Abstract; Samphng %1te% were located inl a wastewater treatment plant ( WWTP) wl{h a %equenblng batch reactor activated %ludge
process to, investigate e characteristics pf lfodrosol belissions. " The results fndfgatbdfthat bicaerofols were detected froufFeach

-3
. The coarse screen,

treatment bBCthn of thé WWTP, and Loncenjtrdtlons of bloderosols were in the range of 82-1525 CFU °m
aeration tank and sludge dewatering house wére the rlr_yaln squ-rces ‘of"bioaerosols. The dominant species in each treatment section was
Cyangbacteria and the other main bacterial taxa were™ Aeromonaa Peptostreptococcaceae, Moraxellaceae, Chroococcidiopsis,

Sphringomoﬁas, Arcobacter, and Acinetobacter. Among the identified bacterial genera, Aeromonas, Arcobacter, Acinetobacter, and
Sphingomonas were potential pathogens. Bioaerosol concentration and abundance decreased along the vertical and horizontal directions.
Appropriate temperature and relative humidity benefited the survival of bioaerosols in the air (P < 0.01), whereas a negative
relationship between bioaerosol concentration and wind speed was observed (P <0.05). Although exposure risks caused by bioaerosols
were negligible in this study, the accumulation of bioaerosols would increase potential health risks. The bioreactor for odor treatment
could effectively reduce bioaerosol emissions.

Key words : wastewater treatment; bioaerosols; emission characteristics; bioaerosol dispersion; risk assessment
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Fig. 2 Airborne bacterial concentration at each sampling point
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Table 2 Airborne bacterial taxa at each sampling point/ %

gl 71 72 73 74 VA 76 77 78 79 710
Cyanobacteria 85.62 84.42 76.33 69.55 80. 46 82.36 86.28 91.63 72.85 89. 61
Chroococcidiopsis 0.59 3.01 0.44 0.29 2.97 1.74 0. 84 0.72 0.37 1.91
Peptostreptococcaceae 0.23 0. 08 0.91 6.58 0.20 0.27 0.09 0.05 0.50 0.07
Sphingomonas 0.00 1.04 1.09 0. 46 0.83 0.82 0. 62 0.57 0.35 0. 60
Moraxellaceae 0.44 0.02 0.01 0.01 3.68 1. 14 0.39 0.13 0.59 0.01
Massilia 0.61 1.04 0. 80 0.54 0.32 0. 62 0. 63 0.44 0.24 0. 46
Arcobacter 0.07 0. 06 2.37 2.93 0.28 0.11 0.03 0.01 0.22 0. 05
Aeromonas 0.03 0.01 1. 06 2.11 0.11 0.12 0. 04 0.01 0. 05 0. 04
Acinetobacter 0. 06 0.01 1. 00 1.33 0.23 0. 14 0.07 0. 08 0.31 0. 06
Haliangium 0. 00 0.00 0.02 0.01 0. 06 0.02 0. 04 0. 00 2.06 0. 00
Ferribacterium 0.00 0.01 0. 06 0. 00 0.07 0.01 0.01 0.01 1.04 0. 00
others 11.46 10. 31 15.90 16. 20 10. 80 12. 65 10. 96 6.36 21.42 7.18
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Table 4  Inhalation risks for bioaerosol exposure

HQ
T LB -
HE kS
71 1.29 x 10 72 2.91 x1072
72 1.51 x10 2 1.44 107!
73 5.78 x 10 73 7.38 x10 72
74 1.26 x 10 72 6.02 %1072
75 5.03 x10 2 1.11 x10"~!
76 2.76 x10 2 5.59 x 102
77 1.22 x10 72 5.50 x 102
78 4.21 x1072 8.78 x 10 72
79 8.97 x 10 2 2.26 x10"!
710 2.16 x 10 72 3.05 x10 2

b 55 S R B A RGN, AR IR I R G ) 2 R XL
B 2x it — 2 FAAR.  Uhrbrand 28" 78 W 3 35 K 4b B
A0 A IR BT AT B 2R AR R S5 2. EAS
WFoerh, SRR R RTE 8 h RS2 A &40 B
T LB A S e 2 88 K 8 /N(HQ < 1), fH
JEXT TR IAFETS KAL) TAERYER T, 5 hY 2
TS HE IR K. L, V5K a8 TAEKD 7E

IRTE K AL BT B AR *%mgmrm%
. Rk, TEiGkAt P R
Wﬁ%%ﬂwﬂgﬂﬁﬁ i%#ﬁ#mﬁﬂ?ﬁ
mﬁ&ﬁﬁi%ﬁi%mﬁh P H'/

3 i - ‘”? y

«umﬁiﬁ%laaﬂﬁ% @h@ﬁ
(821525 @FU-m~") , HL# I, A R
JK T R o B R, AN B A Y 3 e A
Cyanoblacteria (69.55% ~91.63% ). Hl#&M= < b
K 21 14 40 1 38 1055 Chroococcidiopsis . Massilia F1
Sphingomonas; Wg < UL b W 40 W KB K & A
Arcobacter | Peptostreptococcaceae I
Acinetobacte &g B, Moraxellaceae il
Chroococcidiopsis 15 AL ML) 5 HeA i, 15 U i 7K [a]
i K W F] Ferribacterium M1 Haliangium. H:
Aeromonas .
P Sphingomonas %5 A 805 4.

(2) 4 TR B IR OS2 R R | AR | K
PRAF I ZR A, TR | R R i R LT 2 X
B/NE R 15K T2 B P i A T <O
JReAGr Y B 2.

(3) BIRA AL T2 B A= R I E’J%Eﬁﬂ
SN (HQ < 1), fHIRT5 Yy iy B2 3 i 2%
JRUBS:.

Aeromonas .

Arcobacter . Moraxellaceae . Acinetobacter

Hﬁl_ﬂﬂ’ﬁ?/f “

(4) ARG IR, AR R B S s A A 3 B IR
SRR, BB A RS0 Ul T A A P R 7 A A L
G 7/

Sk
[1] HanY P, Wang Y J, Li L, et al. Bacterial population and

chemicals in bioaerosols from indoor environment; sludge
dewatering houses in nine municipal wastewater treatment plants
[J]. Science of the Total Environment, 2018, 618 . 469-478.

[2] Fathi S, Hajizadeh Y, Nikaeen M, et al.

microbial aerosol emissions in an urban wastewater treatment

Assessment  of

plant operated with activated sludge process[ J]. Aerobiologia,
2017, 33(4); 507-515.

[ 3] Katsivela E, Latos E, Raisi L, et al. Particle size distribution of
cultivable airborne microbes and inhalable particulate matter in a
wastewater treatment plant facility[ J]. Aerobiologia, 2017, 33
(3):297-314.

[4] Vilavert L, Nadal M, Figueras M J, et al. Volatile organic
compounds and bioaerosols in the vicinity of a municipal waste

human health n%k,s[ J].

Environmental Science_and Pollution Research, 20‘1'2.-, 19€1) :

96-104. | j =/

[ 5] Dueker M| E, O'Mullan, G D, Juhl A 'R, e['. al.” Local

environmental pnllullon strongly influences culturablf;. baéterial

organic fraction treatment plant.

aerosols at an urban aquahc superfund site [ (1. Ef{vuonmental
Science, & Technalogy, 2012,'46(20) : 10926- 10.933 -_.-"'J

[6] LilJ, 7hou LT, 7hapg X Y, tet al. Bioaerosol emISsmna and
detecuon of airhorne aﬂtlblOtIC‘, Tesistance genes from a wa%tewaler.
lreatmenl planl[]] At-il"nosphenc Environment ,,2016.,.124 : 404-__.--
412. 5 a'

[7] Benaml M'{Busgang A Glllor 0, et al. Quantlflcatlon andjp%k%
dbbo(,ldted w1t}}_ bacterial aerosols near domestic gréywater-
treatmént systems|[ J]. Science, of The Total Environment, 2016,
562 . 344-352.

[ 8] Uhrbrand K, Schultz A C, Koivisto A J, et al. Assessment of
airborne bacteria and noroviruses in air emission from a new
highly-advanced hospital wastewater treatment plant[ J]. Water
Research, 2017, 112 110-119.

[9] AR/NE, X8, BLOT, 4. [AJEKEES SBR Ab B4 TH R 1 KL
FRBLAMERE[ ], FREERLY, 2016, 37(5) : 1873-1879.

Song X Y, Liu R, Shui Y, et al.

nitrification nitrogen removal in digested piggery wastewater with

Stability of short-cut

an intermittently aerated sequencing batch reactor [ J ].
Environmental Science, 2016, 37(5) . 1873-1879.

[10] Wang Y J, Li L, Han Y P, et al. Intestinal bacteria in
bioaerosols and factors affecting their survival in two oxidation
ditch process municipal wastewater treatment plants located in
different regions [ J ]. Ecotoxicology and Environmental Safety,
2018, 154 162-170.

[11] Sanchez-Monedero M, Aguilar M, Fenoll R, et al. Effect of the
aeration system on the levels of airborne microorganisms generated
al wastewater treatment plants[ J]. Water Research, 2008, 42
(14): 3739-3744.

[12] Li L, Gao M, Liu J X. Distribution characterization of microbial
aerosols emitted from a wastewater treatment plant using the Orbal
oxidation ditch process [ J ]. Process Biochemistry, 2011, 46

(4):910-915.



woooH

il

2% 39 #

[14]

[15]

[16]

[17]

[18]

[19]

120

f.l:l BMC lufectlous Diseases, 2010, 10. 196

Szytak-Szydlowski M, Kulig A, Miaskiewicz-Peska E. Seasonal
changes in the concentrations of airborne bacteria emitted from a
[J1]
Biodeterioration & Biodegradation, 2016, 115. 11-16.
Niazi S, Hassanvand M S, Mahvi A H,

large  wastewater  treatment  plant International

et al. Assessment of
bioaerosol contamination ( bacteria and fungi) in the largest
urban wastewater treatment plant in the Middle East [ J].
Environmental Science and Pollution Research, 2015, 22(20) :
16014-16021.

IR, ARG, AR, SF. ST TR AL AR U AR
YRR RS Qe (1], REERL, 2012, 33(7): 2191-
2196.

Qiu X H, Li Y P, Niu T J, et al. Pollution characteristics of

microbial aerosols generated from a municipal sewage treatment
plant[ J]. Environmental Science, 2012, 33(7) : 2191-2196.
Parker J L, Shaw J G. Aeromonas spp. clinical microbiology and
disease[ J]. Journal of Infection, 2011, 62(2) : 109-118.
BEOKE, dFul. BORYE S IBAT B S LW R RS oY
HRELT]. BREMFHE, 2013, 29(1) : 211-214.

Bi S L, Meng H C. Biological characteristics and diagnoses of
pathogenic Arcobacter species [ J]. Modern Food Science and
Technology, 29(1) ; 211-214.

Ryan M P, Adley C C. Sphingomonas paucimobilis; a-persistent
Gram-negative nosocomial infectious organism[ J].
Hospital Infection, 2010, 75(3) : 153-157.
Dent L L, Marshall D R, Pratap S,

lhe“,]‘(_)_:umal of
et dl Multidtulug resistant

Acinetobacter baui'riannii a descriptive study in a thy hoe‘pltdl

[21]

[22]

(23]

treating domestic wastewater and meat processing industry wastes
[J]. Clean-Soil, Air, Water, 2013, 41(5) ; 429-436.

Gao M, Yan X, Qiu T L, et al. Variation of correlations between
factors and culturable airborne bacteria and fungi [ J ].
Atmospheric Environment, 2016, 128 10-19.

Ding W J, Li L, Han Y P, et al. Site-related and seasonal
variation of bioaerosol emission in an indoor wastewater treatment
station: level, characteristics of particle size, and microbial
structure[ J]. Aerobiologia, 2016, 32(2) ; 211-224.

Elgig, FAH Montana O F, . JbRPE K XX T4 Z
R R ()], BB, 2017, 38(9): 3561-
3568.

Yan W Z, Wang B Y, Montana O F,
northwesterly winds on biological particles in winter in Beijing
[J]. Environmental Science, 2017, 38(9) : 3561-3568.
T, BN, T E ARE R R ST (A )
[M]. dbat: HEFREREE L R, 2013.

Zhao X G, Duan X L. Exposure Factors Handbook of Chinese
Population[ M].

Kalogerakis N, Paschali D, Lekaditis V, Indoor air
quality—bioaerosol measurements in domestic_apd office premises
[J]. Journal of Aerosol Science, 2005, 3'6(5—6)'_-,‘-:73‘5—7-61.
Liu H, Zhang Z,W, Wen N J, :
assessment of alrbome endotoxm con(entratlons 4n a’__,umv'ersny
(,dmpus[” !‘J()urnal of Aér()sol Science, 2018, 115" 146- 157
Ly P, 7hangHF" Qiu X H,

assessment of ¥ bd(,teq‘al ae,rosols emitted from' rotdt}:ng -brush

et al. Impact of gusty

Beijing: China Environmental Press, 2013.

et al.

et al. Detf-rr'nina‘tf‘on and risk

et al. Dlsperswn_,and _,ﬁsk

aeralor durmg summer in a waSlewater treatment plant of X1’ an, .«

Chlnd[]} Aerosol an& A1r Quality Research 2013, -13(6-3 ,__.‘

1807- 181? J A !
/ 1 e L

i e



HUANJING KEXUE Vol.39  No. 11

Environmental Science ( monthly) Nov. 15, 2018

CONTENTS

Emissions Inventory and Characteristics of NO_ from Cement Induslry «eseessereesesesemensnmmmeneninin JIANG Chun-lai, SONG Xiao-hui, ZHONG Yue-zhi, et al. (4841)
Emissions Inventory of Smoldering Chinese Kangs and Their Contribution to PM, s Pollution in Lanzhou City «+e+eesereeressesmeseneenssnennenens GUO Wen-kai, LIU Xiao, ZHU Yu-fan, et al. (4849)
Size Distributions of Water-soluble Components in Ambient Aerosol of Befjing «+«+esereereeesesserensimmininis DU Xiang, ZHAO Pu-sheng, SU Jie, et al. (4858)
Size Distribution Characteristics of Water-Soluble Inorganic Tons During Summer and Autumn in Zhengzhou + ZHAO Qing-yan, JIANG Nan, YAN Qi-she, et al. (4866)
Diurnal Variation of Dicarboxylic Acids and Related SOA in PM, s from Heze City in Winter MENG Jing-jing, LIU Xiao-di, HOU Zhan-fang, et al. (4876)
Chemical Source Profiles of PM Emitted from the Main Processes of the Tron and Steel Industry in China — «e=sesseeesessemmessenssemennsnsinsnsnen WEN Jie, YANG Jia-mei, LI Pu, et al. (4885)
VOCs Emission Inventory of Anthropogenic Sources in Jiaxing s-«+«ssssstsseesessesesssiunisnensiinininiiniis i HAO Huan, WAN Mei, RONG Yu, et al. (4892)
Pollution Characteristics and Health Risk Assessment of VOCs in Areas Surrounding a Petrochemical Park in Shanghai SHENG Tao, CHEN Xiao-jia, GAO Song, et al. (4901 )
Characteristics of Bioaerosols Emitted from WWTP with SBR Treatment Process ANG Kai-xiong, HOU Hong-xun, WANG Ying-zhe, et al. (4909)
Response of Chromophoric Dissolved Organic Matter Composition to Different Hydrological Scenarios in Large Futrophic Lake Taihu -+ SHI Yu, ZHOU Yong-qiang, ZHANG Yun-lin, et al. (4915)
Spatial and Temporal Dynamics of Floating Algal Blooms in Lake Chaohu in 2016 and Their Environmental Drivers —«eseeseeeeeeseereeees HU Min-qi, ZHANG Yu-chao, MA Rong-hua, et al. (4925)
Dynamic Changes of Nitrogen-Transforming and Phosphorus-Accumulating Bacteria Along with the Formation of Cyanobacterial Blooms —««+sessesreserssressenneneininineininsisnss s

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" CHEN Zi-juan, SONG Xian-fang, ZHANG Ying-hua, et al. (4946)
Effect of Silver Nanoparticles on Denitrification and Functional Gene Abundances of Sediment in Dagu River Estuary and Northwest of Jiaozhou Bay «++e+seereeerererereesmienensnniinennn
.................................................................................................................................................................. BAI Jie, TIAN Yan-zhao, SUN Peng-fei, et al. (4956)
Spatial Difference and Causes Analysis of the 3N of Suspended Particulate Matter in the Lancang River Basin «+-esessesseesesseesees TANG Yong-chun, XU Piao, YANG Zheng-jian, et al. (4964 )
Vertical Spatial Distribution of Denitrification Intensity in the Vadose Zone of Typical Sections of Chaobai River Alluvial Fan ~-«++++:++++- GENG Hong-zhi, HUAN Huan, LI Ming-xiao, et al. (4972)
Major lonic Features and Possible Controls in the Groundwater in the Hamatong River Basin +«++eteeeseressssenienenieimennenninneninenens ZHANG Tao, HE Jin, LI Jing-jie, et al. (4981)
Concentration Variations and Flux Estimation of Dissolved Carbon in Karst Spring of a Typical Karst Area =««-«+esseseesereeereneneen XIONG Bai-lian, ZHANG Jin-zhong, PENG Tao, et al. (4991)
Effect of Different Multi-pond Network Landscape Structures on Nitrogen Retention Over Agricultural Watersheds — «+esseoreseeresesnennenseennes LI Yu-feng, LIU Hong-yu, LIU Jun-zhi, et al. (4999)
Characteristics of Phthalic Acid Esters Pollution in Urban Surface Runoff in Shanghai, China LIU Yu-tong, LI Tian, PENG Hang-yu (5007 )
Impacts of Vegetation on Hydrological Performances of Green Roofs Under Different Rainfall Conditions +-«++«++++seeeeee GE De, ZHANG Shou-hong ( 5015 )
Adsorption of Phosphate from Aqueous Solutions on Sediments Amended with Magnetite-Modified Zeolite +++++++xesveeeevenesnsensnseens WANG Dan-he, ZHANG Hong-hua, LIN Jian-wei, et al. (5024)
Reduction and Oxidation of Mercury by Dissolved Organic Matter Under Anaerobic Conditions — «++s+ssssessrssesssmsessnsnnsenenenseneniens BIAN Yong-rong, GU Bao-hua, ZHU Bo, et al. (5036)
Photo-assisted Degradation of Sulfamethazine by Ferrocene-catalyzed Heterogeneous Fenton-like System —«ereeeseessereesesesneneens ZHANG Biao-jun, ZHAO Yao-yun-chuan, FANG Qi, et al. (5043 )
N, 0 Production Pathways in Partial Nitrification Based on Isotope Technology »«+«+++esrerereereersessrensnsisnneninssie s YANG Yu-bing, YANG Qing, LI Yang, et al. (5051)
Effect of Substrate Ratio on Removal of Nitrogen and Carbon Using Anaerobic Ammonium Oxidation and Denitrification ++«+:+++eseeeeee: AN Fang-jiao, HUANG Jian-ming, HUANG Li, et al. (5058 )
Simultaneous Nitrogen and Phosphorus Removal Characteristics of An Anaerobic/ Aerobic Operated SPNDPR System Treating Low C/N Urhan Sewage «++eereeeeeeseresesremenensnninennn
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" YU De-shuang, YUAN Meng-fei, WANG Xiao-xia, et al. (5065 )
Lab-scale SNAD Process in Wastewater Treatment Plant = ++««esveerressseessnsennsminieninimininiiiis s » LI Dong, CUI Ya-gian, ZHAO Shi-xun, et al. (5074)
Effect of Salinity on Nitrogen Removal Performance of a Pilot-scale Anaerobic Ammonia Oxidation Process and lis Recovery Kinetics -
............................................................................................................................................................ TANG Jia-jia, YU De-shuang, WANG Xiao-xia, e al. (5081)
Suppression and Recovery Characteristics of Pilot-scale ANAMMOX-ASBR System Treating Desulfurization and Denitrification Tailings from Thermal Power Plant ««+«+«sesserseseeseneneenees
............................................................................................................................................................ ZHANG Jun, YU De-shuang, WANG Xiao-xia, et al. (5090)
Impact of C/N Ratio on Nitrogen Removal Performance and N,0 Release of Granular Sludge CANON Reactor +#+-+eeereresreneeersencnennenes FU Kun-ming, JIANG Shan, SU Xue-ying, et al. (5101)
Impacts of Sludge Characteristics on Anaerobic Digestion with Microwave Pretreatment and Archaeal Community Structure Analysis *+++++*+ FANG Ping, TANG An-ping, FU Xing-min, et al. (5108 )
Determination of Heavy Metal Baseline Values and Analysis of lis Accumulation Characteristics in Agricultural Land in Chongging ««++eeereeeeeee WU Fu-lin, CHEN Li, YI Ting-hui, et al. (5116)
Characteristics of Organochlorine Pesticides (OCPs) in Soil Samples of Hanjiang River Basin, Southeast China = «++x+ssereeessesnerenssenencnneennes LIU Jia, DING Yang, QI Shi-hua, et al. (5127)
Occurrence and Distribution of the Organophosphate Esters in Soils of Mixed-land Use Area in Chongging City =«+«+sessessessesenessensenens YANG Zhi-hao, HE Ming-jing, YANG Ting, et al. (5135)
Degradation of a-HCH in Soil Washing Solutions with nZVI and Ca0, YAO Jing-bo, ZHOU Jie, WANG Ming-xin, et al. (5142)
Microbial Communities in Soils of Qingshuitang Industrial District in Zhuzhou - SHEN Li, LI Zhen-hua, ZENG Wei-min, et al. (5151)
Effect of Biochar Addition on the Diversity and Interaction of Rhizosphere Fungi in Manure-fertilized Soil + WANG Dan-dan, YANG Ze-ping, ZHAO Yuan, et al. (5163)
Effects of Returning Nitrogen by Biochar Loading on Paddy Growth, Root Morphology, and Nitrogen Use Efficiency ««++++essessereereen YU Ying-liang, WANG Yue-man, HOU Peng-fu, et al. (5170)
Effect of Particulate Organic Matter on Cadmium Uptake and Transport in Rice «+reeresrereeresemenensssniensiiininiii GUO Yi-xuan, ZHAO Xiu-lan (5180)
Effect of Fertilizers on Cadmium Uptake and Accumulation by Sunflowers -+ CAO Liu, YANG Jun-xing, GUO Jin-jun, et al. (5189)
Accumulation of Heavy Metals in Different Rice Varieties ++ LIN Xiao-bing, ZHOU Li-jun, WANG Hui-ming, et al. (5198)
Intercropping Arundo donax with Woody Plants to Remediate Heavy Metal-Contaminated Soil ZENG Peng, GUO Zhao-hui, XIAO Xi-yuan, et al. (5207)
Daily Variation of CO, Flux at Water-Air Interface and Analysis of Its Affecting Factors in a Typical River of the Three Gorges Reservoir «+:esveoveseeesesennesseennes LUO Jia-chen, LI Si-yue (5217)
CH, Emissions Characteristics and Its Influencing Factors in an Eutrophic Lake «+reereerereeersrernnermiinees SHANG Dong-yao, XIAO Qi-tao, HU Zheng-hua, et al. (5227)
Short-term Effects of Different Grazing Intensities on Greenhouse Gas Fluxes in Semi-arid Grassland +««sveoveseeesseressisenenenninn SHEN Yan, SUN Jian-ping, LUO Yu-kun, et al. (5237)
Effects of Plastic Film Mulching Patterns and Irrigation on Yield of Summer Maize and Greenhouse Gas Emissions Intensity of Field -+ LUO Xiao-qi, ZHANG A-feng, CHEN Hai-xin, et al. (5246)
Effects of Elevated Ozone on Biogenic Volatile Organic Compounds (BVOCs) Emission; A Review ererereresesesessnssinsissesiecncceeees FENG Zhao-zhong, YUAN Xiang-yang ( 5257)
Research Progress on the Sources of Inorganic Nitrogen Pollution in Groundwater and Identification Methods »«+«+sessereereeresenenensincncnneennes DU Xin-giang, FANG Min, YE Xue-yan ( 5266 )
Mechanisms and Influencing Factors of Antibiotic Removal in Sewage Biological Treatment ++«+«+xeeresseresesrsrssssnniniinies ZHANG Xiang-yu, LI Ru-ying, JI Min (5276 )



	组合
	封面
	中文


