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Optimization for Microthrix parvicella Quantitative Processing of Fluorescence in

situ Hybridization ( FISH)

WANG Run-fang'? ,ZHANG Hong' , WANG Qin’ ,WANG Juan',GU Jian®,QI Rong' ", YANG Min'

(1. Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 2. Water Quality
Testing Center, Beijing Drainage Water Environment Development Co. , Ltd. , Beijing 100022, China; 3. College of Chemistry and
Environmental Science, Hebei University, Baoding 071002, China)

Abstract ; Precise quantification of Microthrix parvicella, which is identified as a dominated filamentous bacterium of bulking sludge in
the worldwide, is essential for bulking investigation and related control strategies. However, quantitative processing based on
fluorescence in situ hybridization ( FISH) is prone to interference due to the specific characteristics of Microthrix parvicella
(hydrophobic surface with thick cell wall). Our study focused on pretreatment and process optimization to show that the proportion of
Microthrix parvicella was increased from 1. 12% to 96. 70% benefited by lysozyme (36 000 U-mL~ '), high probe concentration (4.5
ng+wL™") and longer hybridization time (4 h) employed, mapping with the results of q-PCR method and Eikelboom & Jenkins
Observation.
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Fig. 1 Dominant filamentous bacteria in activated sludge
FETE M. parvicella 41 €6 ( TRITC) , 1% 41 B A &% 2
(FITC) , 24 18 >0 #5 €8 ( DAPL) , B AL P41 45 3 4,
10 ASEF R A Tmage J THECREE.

HF M. parvicella 7 5 1924 BURRAE | 135 RSB
L2 DOCME AR, ARERE " EEXT A AL 2
(1 mol-L™" HCL, ZBINHR | IWHIAG) | K5k
JE(1.5,.3.0, 4.5 ng-pul ") A2 g B[]0 (2
3.4 h) AT T RGEAALITFT.

1.3 Real time-PCR EE &

3@ PCR Fl q-PCR H AR BR S % S0k [ 23 ~

25]. SIWME B AN 2 P,

F1 REHERE
Table 1  Probes used in this study
PREF H RE 75 ZRPEE/% 5 -BE Sk
. . GGATGGCCGCGTTCGACT
xiigzg() MPAGO + MPA223 + [Z ' ”5.’5‘26”. “ ];; id + GCCGCGAGACCCTCCTAG 20 TRITC  [19]
andidatis. A canda +CCGGACTCTAGTCAGAGC
EUB338mix (Bact338) Most bacteria GCTGCCTCCCGT AGG AGT 35 FITC [17]
*2 SIUHERE
Table 2 Primers used in this study
H T LB S BEHFHI(57-37) SCHk
. . . M1 GGTGTGGGGAGAACTCAACTC
M. parvicella + Candidatus. M. calida M2 GACCCCGAAGGACACCG [26]
g 341F CCTACGGGAGGCAGCAG 1277
- 534R TTACCGCGGCTGCTGGCAC
LR A sk k=2 o7&
ZeAZITE] (2, 3. 4 h) X S g5 R A2 45 8
2 HBRESHW '

2.1 A[FEHREFHEE TR E BRI
BEE PRET Ve L3 o IR B 5 B AR A4S SRR
AR, B bR 2655 W R, W 2 fr
%,‘é’[ﬁ%ﬂiﬁfﬁj@ 4.5 ng-}LL_IHTJ‘,M. parvicella s
B A EE B ( MPAmix/EUB ) M 1.12% 2 & 3
12.36% .
2.2 R[EIZRAEmIE] T A E AR
AR ET W E N 4.5 ng-ul ™' 5, B AR

3 . ZR3CHT RIS E5R BE AN M. parvicella T 254
W IR | B 2 sS s B A SE K 4T B35 1 1
B, 5 BARE S S 15858 4, Hbs YO CECR
YNGR EEHR 25 K, HL AR B R R A e
M. parvicella 5O B B B 13.30% 2 & F
33.30% (¥3).
2.3 R[EIHTAL BT € 4 RS
FEm 2 B K [ J5 , m] LASR BOA [) 69 07 32 647
AL PR DA PR (325 5 3505 R A B AT LAl 241 i
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(a) TREF M E M 1.5 ng-uL "' BF, B 2= FAK K A MPAmix,
MPAmix/EUB, MPAmix/EUB &Il DAPT (& -5 (b) 441 B
H93.0 ng-pL "B, [ EE R KKK MPAmix, MPAmix/EUB,
MPAmix/EUB &Il DAPT B 5 () AT R 4.5 ng-pul ™!
i, H 2= F KA MPAmix, MPAmix/EUB, MPAmix/EUB &
Jin DAPT B9 € A

2 ANERETRET M. parvicella & FISH B

Fig. 2 FISH analysis of M. parvicella under different

probe concentrations

(a) Z43AFE 2 h B, A 1 2 F RS MPAmix, MPAmix/EUB |
MPAmix/EUB & /il DAPL B )15 (b) 2258t 3 h if, A B &
TRy MPAmix, MPAmix/EUB, MPAmix/EUB & il DAPI
EIR; (c) Z3chtiE 4 b i, [ B2 FAKKCH MPAmix, MPAmix/
EUB, MPAmix/EUB il DAPI # &

B3 AREHZEIET M. parvicella ¥ FISH B K
Fig. 3 FISH analysis of M. parvicella at different hybridization time
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N-CBRAEPRRE 0 B-1,4 WE B 5, (o 20 i BE A DL Y
PN G B A T R R 1 R A i

Y N- I HLEE RN N- S H I 2 (0] 64 B-1 ,4
BT B, ol 0 0 BN T IR R 20 W 0 R S T A R MR B
TR B9 55 20 FERBOUR [ (Y R Ab B vk
J5 A 4 Fs  BRAR O R 51 B AR AL AR
TR 2R | A T R A DU 2 R T SO0ME S, H ML
parvicella G B EBERIFIR. 1 B AT AL B )5 1%
T M. parvicella ST LA ZE T SRS oW A
BOtH. Wik, 7R T 4544 T , M. parvicella
P9 A7) e AR AR YR hy 145 TR I > 8V TR T > 1 mol - L7
HCIL.

(a) HIALFE ) 4 1 mol-L~" HCI B, [ 12 FHKK N MPAmix
MPAmix/EUB, MPAmix/EUB & Jill DAPI & Ji; (b) Bi4b#E5
PN AW ER, A L E TR A MPAmix, MPAmix/EUB,
MPAmix/EUB &/l DAPI 91 J5 (¢ ) i b B 7 326 Ay 4 T Tl
M b 2 F4&K K MPAmix, MPAmix/EUB, MPAmix/EUB & il
DAPI &

El4 ARERTAIET M. parvicella 1 FISH B F

Fig. 4 FISH analysis of M. parvicella with different

pretreatment methods

2.4 FISH E®4HR S q-PCR &=L 1IN

FEFNE AR 2T 5545, M. parvicella ¥ 15 1
TR A AL L B R . T R A
K g Ak S5 4 AR B AS TR AR 2SR /9 FISH
ERERY q-PCR A5 RIAT T g, a5 Rk
3 FIZk 4 Fis.

AHER H, q-PCR E 545 528 7F 80% A 47,
TR 75 PR 25 R0 I T I 1) O A 485 1 mT LA 43 03] 3k 3
91% F196%. T Ik J7H# A, FISH & &5 q-
PCR & 545 5 10 2 X 22 8] AR A7 78 805 A 3
SC. B TS YRR B ATE 5T 0 71 R & R i) g 2 T R
XG0 % UL L 1], A 22 W88 5 & | FISH & i} q-
PCR JE f = & Z [H] () LU A9 BU1E N K 345 A — 2
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Rl , NEE Z2 00 AR BE Sl M. parvicella 25308 H AU £ 44t
BORVEBC A ] LB, S A i B9 W5 4 3t By v
AR s ST
#*3 TFISH EE#E
Table 3 Quantification of M. parvicella by FISH

XA M. parvicella/EUB/ %
1.5 1.12 £0.36
OF4EHE/ng - pL ! 3.0 8.22£1.10
4.5 12.36 £1.79
13.30 £1.96
@ZAE ] /h 3 20.24 +2. 10
33.30 +2. 14
1 mol-L~! HCI 31.64 £2.39
@i TR H 91.43 +3.21
Y R il 96.70 +3. 08

1) QIEHTALEE , 2438 H] 2 by @TCHTALPE , HRET M 4.5 ng-pl ="
OBREVERE 4.5 ng-pul ™', 24554 h

&4 q-PCR EEHIRE
Table 4  Quantification of M. parvicella by q-PCR

g M. parvicella M. parvicella/ N
x 108/ copies- L ™! x 108/ copies- wL ™! /%
1.77 £0. 02 1.42 £0.03 79.88 +0.52
3 #Hig

(1) AT ER 3T M. parvicella 7% 5 A= PRFE P
SEEOCAF 2, FISH 5E =45 R I RAY L H 4,
AT RET R EE | A A N ) K i Ak B T R AR AL,
HRE T EES R MR KA 4.5
ng- L™ 2B AT IR 4 h, SR FH A B AR R A B
RN RASOUFE T E N e R SREER T M.
parvicella TEIEYETS Je H R LB .

(2) fE k)5 i FISH J7 ik i 10 4 (M
parvicella/EUB) SEY A SRR M. parvicella SE R
H IR B 7E 96% , q-PCR 45 A2 E7E 80% . JR4E X
PR 5 25 B T I AN — | TevE AT B i (H
BB W2 A S 2238 T B R Y R
PSR R 55 HA o B 5 s — 2, W LU A R
T 5 S L B A A () B2 e A
SRR
[1] ZhengSK, SunJ Y, Han H. Effect of dissolved oxygen changes

on activated sludge fungal bulking during lab-scale treatment of

acidic industrial wastewater [ J ]. Environmental Science &
Technology, 2011, 45(20) ; 8928-8934.

[2] Mielczarek A T, Kragelund C, Eriksen P S, et al. Population
dynamics of filamentous bacteria in Danish wastewater treatment
plants with nutrient removal [ J]. Water Research, 2012, 46

(12): 3781-3795.

[3]

(7]

[8]

[11]

[12]

[13]

[15]

[16]

[17]

Graveleau L, Cotteux E, Duchéne P. Bulking and foaming in
France: the 1999- 2001 survey [ J ].
Hydrobiologica, 2005, 33(3) : 223-231.
T, AR, TR, G LRANTEIS VEREIK Y FISH BREHIF
FEUERLY]. R SESA YR, 2012, 18(4) « 705-712.
Noutsopoulos C, Mamais D, Andreadakis A. A hypothesis on

Acta Hydrochimica et

Microthrix parvicella proliferation in biological nutrient removal
activated sludge systems with selector tanks [ J ]. FEMS
Microbiology Ecology, 2012, 80(2) : 380-389.

Hamit-Eminovski J, Eskilsson K, Arnebrant T. Change in
surface properties of Microthrix parvicella upon addition of
characterized by atomic force

microscopy[ J]. Biofouling, 2010, 26(3) : 323-331.

polyaluminium chloride as

Noutsopoulos C, Mamais D, Andreadakis A. Long chain fatty
acids removal in selector tanks: evidence for insufficient
Microthrix parvicella control [ J ]. Desalination and Water
Treatment, 2010, 23(1-3) : 20-25.

Xie B, Dai X C, Xu Y T. Cause and pre-alarm control of
bulking and foaming by Microthrix parvicella-a case study in triple
oxidation ditch at a wastewater treatment plant[ J]. Journal of
Hazardous Materials, 2007, 143(1-2) . 184-191.
Rossetti S, Tomei M C, Nielsen P H, et al. “ Microthrix
parvicella” , a filamentous bacterium causing bulking and foaming
in activated sludge systems: a review of current knowledge[ J].
FEMS Microbiology Reviews, 2005, 29(1) . 49-64.

Andreasen K, Nielsen P H. Growth of Microthrix parvicella in
nutrient removal activated sludge plants; studies of in situ
physiology[ J]. Water Research, 2000, 34(5) : 1559-1569.
Eikelboom D H. Filamentous organisms observed in activated
sludge[ J]. Water Research, 1975, 9(4) . 365-388.

Jenkins D, Richard M D, Daigger G L. Manual on the causes
and control of activated sludge bulking, foaming, and other solids
separation separation problems (3rd ed) [ M]. London, UK:
IWA Publishing, 2003. 17.

Vanysacker L, Denis C, Roels J, et al. Development and
evaluation of a TagMan duplex real-time PCR quantification
method for reliable enumeration of Candidatus Microthrix [ J].
Journal of Microbiological Methods, 2014, 97, 6-14.

Oerther D B, de los Reyes Il F L, de los Reyes M F, et al.
Quantifying filamentous microorganisms in activated sludge
before, during, and after an incident of foaming by
oligonucleotide probe hybridizations and antibody staining [ J].
Water Research, 2001, 35(14) . 3325-3336.
Bradford D, Christensson C, Jakab N, et al. Molecular
biological methods to detect “ Microthrix parvicella” and to
determine its abundance in activated sludge[ J]. Water Science
and Technology, 1998, 37(4-5) . 37-45.

Nielsen P H, Daims H, Lemmer H, et al. FISH handbook for
biological wastewater treatment; identification and quantification
of microorganisms in activated sludge and biofilms by FISH[ M ].
London, UK; IWA Publishing, 2009. 74-84.

Daims H, Brithl A, Amann R, et al. The domain-specific probe



2270

woooH

2% 37 %

[18]

[19]

[21]

[22]

[24]

EUB338 is insufficient for the detection of all bacteria:
development and evaluation of a more comprehensive probe set
[J]. Systematic and Applied Microbiology, 1999, 22(3) ; 434-
444.

Marneri M, Mamais D, Koutsiouki E. Microthrix parvicella and
Gordona amarae in mesophilic and thermophilic anaerobic
digestion systems [ J ]. Environmental Technology, 2009, 30
(5):437-444.

Erhart R, Bradford D, Seviour R J, et al. Development and use
of fluorescent in situ hybridization probes for the detection and
identification of “ Microthrix parvicella” in Activated Sludge[ J].
Systematic and Applied Microbiology, 1997, 20(2) : 310-318.
SR, MR, RAER. FISH HOAE B Al ML R L Ak Te
BIAAEOLARL T]. BREERLE2A4R, 2009, 29(4) : 716-722.
KB, R, B4R, 5. FISH SAGI A= 9 B il 1b 40 B i
TRIEE ST M ARAR[ )], FRBERHE, 2009, 22(4) : 34-37.
TR, RWGF . DGR A AE A I S5 I 45 v SR W TR S 6 A%
PRI BRI )] . FRBERb A EL, 2008, 33(2) : 126-129.
Lienen T, Kleybscker A, Verstracte W, et al. Foam formation in
a downstream digester of a cascade running full-scale biogas
plant; influence of fat, oil and grease addition and abundance of
the filamentous bacterium Microthrix parvicella[ J]. Bioresource
Technology, 2014, 153 1-7.

Zhang V X, Zhou H D, Theodoulou M, et al. Quantification of

[25]

[26]

[27]

[29]

[30]

Microthrix pavicella and Gordonia species using quantitative real-
time PCR ( qPCR) in submerged membrane bioreactors for
municipal wastewater treatment [ A ]. In; Proceedings of the
Water Environment Federation[ C]. [S.1. ] WEFTEC, 2010.
5614-5629.

Kumari S K S, Marrengane Z, Bux F. Application of quantitative
RT-PCR to determine the distribution of Microthrix parvicella in
full-scale activated sludge treatment systems [ J]. Applied
Microbiology and Biotechnology, 2009, 83(6) ; 1135-1141.
Kaetzke A, Jentzsch D, Eschrich K. Quantification of Microthrix
parvicella in activated sludge bacterial communities by real-time
PCR[J]. Letters in Applied Microbiology, 2005, 40(3) ;. 207-
211.

Koike S, Krapac I G, Oliver H D, et al. Monitoring and source
tracking of tetracycline resistance genes in lagoons and
groundwater adjacent to swine production facilities over a 3-year
period[ J]. Applied and Environmental Microbiology, 2007, 73
(15) . 4813-4823.

X%, BRSCHk, REER. R B & (Mutanolysin ) HF 5% 7 52
A RRTFELT]. MR, 2000, 40(2) ; 224-227.
Whi, TLOIEE, mHERE, S IREBBMBTRUERLT]. AW
ZRiE, 2009, 26(2) ; 64-66.
MPE, R BRI [ T].
67-70.

BB, 2003, 21(3) :



HUANJING KEXUE Vol.37  No.6

Environmental Science ( monthly) Jun. 15, 2016

CONTENTS

Application of a Two-stage Virtual Impactor in Measuring of PM, and PM, 5 Emissions from Stationary Sources —+:e+eseeeeseseereseseeenenees JIANG Jing-kun, DENG Jian-guo, LI Zhen, et al. (2003
CHEN Hui, YANG Su-ying, LI Yan-wei, et al. (2008
MIAO Hong-yan, WEN Tian-xue, WANG Lu, et al. (2017

Hygroscopic Properties and Closure of Aerosol Chemical Composition in Mt. Huang in Summer -+

)
)
Characteristics of Water-soluble Inorganic lons in Atmospheric Aerosols in Shenyang )
Characteristics and Source Apportionment of Water-soluble Ions in Dry Deposition in the Summer and Autumn of Nanjing «+-«eeseeerereereseneneens QIN Yang, ZHU Bin, ZOU Jia-nan, et al. (2025)
CAO Run-fang, YAN Yu-long, GUO Li-li, et al. (2034)
)
)
)
)

Distribution Characteristics of Water-soluble lons in Size-segregated Particulate Matters in Taiyuan
Characteristics of Ozone over Standard and Its Relationships with Meteorological Conditions in Beijing City in 2014 CHENG Nian-liang, LI Yun-ting, ZHANG Da-wei, et al. (2041
Chemical Composition of Alkanes and Organic Acids in Vehicle Exhaust «+«sereessesesseremensimenenninii s YUAN Jia-wen, LIU Gang, LI Jiu-hai et al. (2052
Effect of DOC/CCRT Aging on Gaseous Emission Characteristics of an In-used Diesel Engine Bus «+++++- LOU Di-ming, HE Nan, TAN Pi-giang, et al. (2059
Studies of Dynamic Adsorption Behavior of VOCs on Biochar Modified by Ultraviolet Irradiation LI Qiao, YONG Yi,DING Wen-chuan, et al. (2065
Absorption Spectral Characteristic Dynamics of Dissolved Organic Matter (DOM) from a Typical Reservoir Lake in Inland of Three Gorges Reservoir Areas: Implications for Hg Species in Waters

-+ JIANG Tao, LU Song, WANG Qi-lei, et al. (2073)

SUN Zhe, YANG Yan, ZHANG Ping, et al. (2093)
Spatial Response of River Water Quality to Watershed Land Use Type and Pattern Under Different Rainfall Intensities ««+«eeseereerseneeenenenes JI Xiang, LIU Hong-yu, LI Yu-feng, et al. (2101)
Determination of Background Value and Potential Ecological Risk Assessment of Heavy Metals in Sediments of the Danjiangkou Reservoir +««ssesseseereserereremeniensniininenininns
.................................................................................................................................................................. ZHAO Li, WANG Wen-wen, JIANG Xia, et al. (2113)
Spatial Distribution Characteristics and Risk Assessment of Polychlorinated Biphenyls (PCBs) in Sediments and Soils from the Dishui Lake and lts River System ««+«teseeserersenessscnennnnens
......................................................................................................................................................... WANG Xue-ping, HUANG Xing, BI Chun-juan, et al. (2121)
Pollution Characteristics and Ecological Risk Assessment of Organochlorine Pesticides in Water Source Areas of Guangdong and Guangxi +++++eseeseesessessersersmmmenensinininiiniens
YANG Yu-xiang, LIU Xin-yu, ZHAN Zhi-wei, et al. (2131
LIU Xia, LIU Bao-gui, CHEN Yu-wei, et al. (2141

)
Responses of Nutrients and Chlorophyll a to Water Level Fluctuations in Poyang Lake - )
Influence of Periodic Temperature Disturbance on the Succession of Algal Community Structure ««=««+«+ssssessesserseesemenenneeninennenes GONG Dan-dan, LIU De-fu, ZHANG Jia-lei, et al. (2149)
WANG Zhi-wei, LIU Dong-mei, ZHANG Wen-juan, et al. (2158)
L1 Jie,ZHANG Si-fan, XIAO Lin (2164)

TANG Qian, LIU Bo, WANG Wen-lin, et al. (2171)

++« MENG Xiao-rong, LU Bing-xue, FU Dong-hui, et al. (2179)
XIE Jing-ru, CHEN Ben-shou, ZHANG Jin-zhong, et al. (2187)
)

)

)

)

)

)

Effects of Bromate on the Growth and Physiological Characteristics of Chlorella vulgaris

Effect of Water Bloom on the Nitrogen Transformation and the Relevant Bacteria

Effect of Carbon and Nitrogen Forms on Decomposition of Organic Matter in Sediments from Urban Polluted River
Interfacial Property of Amphiphilic Copolymer Blending PVDF UF Membrane and Protein Anti-fouling
Adsorption of Hg( 1) in Water hy Sulfydryl-Modified Sepiolite

Adsorption Behavior of Low Concentration Phosphorus from Water onto Modified Reed Biochar

TANG Deng-yong, HUANG Yue, XU Rui-chen, HU Jie-li, et al. (2195

Adsorption Characteristics of 2,4-D on Ui0-66 from Wastewater e ++++ REN Tian-hao, YANG Zhi-lin, GUO Lin, et al. (2202
Mechanism and Surface Fractal Characteristics for the Adsorption of p-nitrophenol on Water-quenched Blast Furnace Slag — «+«++++++++++ WANG Zhe, HUANG Guo-he, AN Chun-jiang, et al. (2211
Adsorption Characteristics for Humic Acid by Binary Systems Containing Kaolinite and Goethite NIU Peng-ju, WEI Shi-yong, FANG Dun, et al. (2220
Effects of Sulfur/sponge Iron Ratio for Deep Denitrification and Phosphorus Removal of Reclaimed Water ««+:«ssesseeesessessemenescnnens ZHOU Yan-qing, HAO Rui-xia, WANG Zhen, et al. (2229
Effect of Element Sulfur Particle Size and Type of the Reactor on Start-up of Sulfur-based Autotrophic Denitrification Reactor «w+:++seseeveeseereess MA Hang, ZHU Qiang, ZHU Liang, et al. (2235
Influencing Mechanism of Titanium Salt Coagulant Chemical Conditioning on the Physical and Chemical Properties of Activated Sludge Flogs +«++x+esseseerserseresenieneneininensiniinsnne
................................................................................................................................................... WANG Cai-xia, ZHANG Wei-jun, WANG Dong-sheng, et al. (2243 )
Distribution Characteristics of Methanogens in Urban Sewer System «+e«+sssessessesssssnsesnsnsnsnininninensinn et SUN Guang-xi, JIN Peng-kang, SONG Ji-na, et al. (2252)

Long-term Performance and Bacterial Community Composition Analysis of AGS-SBR Treating the Low COD/N Sewage at Low DO Concentration Condition =~ «++++seseeseeresesenmenssnesenenen
........................................................................................................................................................................ XIN Xin, GUAN Lei, YAO Yi-duo, et al. (2259)

Optimization for Microthrix parvicella Quantitative Processing of Fluorescence in situ Hybridization (FISH) ~+veereeeerereensivsscnennnens WANG Run-fang, ZHANG Hong, WANG Qin, et al. (2266)

Influence of Carbonization Temperature on Bacterial Community of the Biological Carbon Electrode Based on High-throughput Sequencing Technology —««+«eseseseessersesenemenennsninenennnnen

WU Yi-cheng, HE Guang-hua, ZHENG Yue, et al. (2271)
-+ HUANG Xue-jiao, YANG Chong, NI Jiu-pai, et al. (2276)
Variation Characteristics of Inorganic Phosphorus in Purple Soil Profile Under Different Conservation Tillage Treatments -+ HAN Xiao-fei, GAO Ming, XIE De-ti, et al. ( )
Effect of Different Organic Materials on Nitrogen Mineralization in Two Purple Soils ( )
Impacts of Biochar and Straw Application on Soil Organic Carbon Transformation ( )
Tracing Sources of Heavy Metals in the Soil Profiles of Drylands by Multivariate Statistical Analysis and Lead Isotope ++ SUN Jing-wei, HU Gong-ren, YU Rui-lian, et al. ( )
Landscape Patterns Characteristics of Soil Heavy Metal Pollution in a Town of Southern Jiangsu CHEN Xin, PAN Jian-jun, WANG Wen-yong, et al. (2313)
Assessment and Pollution Characteristics of Heavy Metals in Soil of Different Functional Areas in Luoyang LIU Ya-na, ZHU Shu-fa, WEI Xue-feng, et al. (2322)
Evaluation on Heavy Metal Pollution and Its Risk in Soils from Vegetable Bases of Hangzhou GONG Meng-dan,ZHU Wei-qin, GU Yan-qing, et al. (2329)
Fluorescence Spectroscopic Characteristics and Cu? * -complexing Ability of Soil Dissolved Organic Matter ++++ssvseesesesessisesininnnns TIAN Yu, WANG Xue-dong, CHEN Xiao-lin, et al. (2338)
Effect of Stabilizer Addition on Soil Arsenic Speciation and Investigation of Its Mechanism CHEN Zhi-liang, ZHAO Shu-hua, ZHONG Song-xiong, e al. (2345)
Effects of Human Gut Microbiota on Bioaccessibility of Soil Cd, Cr and Ni Using SHIME Model YIN Nai-yi, DU Hui-li, ZHANG Zhen-nan, et al. (2353)
Photosynthetic Characteristics and Ozone Dose-response Relationships for Different Genotypes of Poplar «+«+sesesrerseeeresenensniniinenenniinenens XIN Yue,GAO Feng, FENG Zhao-zhong ( 2359 )
Effects of Pyrene on Low Molecule Weight Organic Compounds in the Root Exudates of Five Species of Festucq +++«+r+sesreereeresnereneseseenees PAN Sheng-wang, YUAN Xin, LIU Can,et al. (2368)
N9% and S% in Leaves of Vascular Plants Cinnamomum camphora and Pinus massoniana Lamb. for Indicating the Spatial Variation of Atmospheric Nitrogen and Sulfur Deposition ~«++++++++
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" XU Yu, XIAO Hua-yun, ZHENG Neng-jian, et al. (2376)
Temporal and Spatial Dynamics of Greenhouse Gas Emissions and Its Controlling Factors in a Coastal Saline Wetland in North Jiangsu ~ +++++++* XU Xin-wanghao, ZOU Xin-qing, LIU Jing-ru (2383)
Preparation of Visible-light-induced g-C;N,/Bi,S; Photocatalysts for the Efficient Degradation of Methyl Orange ~«++++seeseereseereseeseeen ZHANG Zhi-bei, LI Xiao-ming, CHEN Fei, et al. (2393)
Estimation of Co-benefits from Pollution Emission Reduction by Eliminating Backward Production Capacities in Hainan Province «++++++++ GENG Jing, REN Bing-nan, LU Yong-long, et al. (2401)



(MEFRZFENFE 6 RmBEE

£ & BA
BIES: B RE BN

=
A

AN
=

%OE. (REREEHT)
3 \ uy -
TEVL EAR EUE EZZE HON B OoE LEE
= 2y Y7 3k ==y
FOKE KEE N s w0 RS ARE
RHEA B 2R R ORI Bk E W &
W ¥ N N V=3
BOW oMW R 4 W % B
-
w o a3 ENVIRONMENTAL SCIENCE
( HUANJING KEXUE) (Monthly Started in 1976)
(HT 1976 48 HAIT)
201646 H15 0 37% 6l Vol.37 No.6 Jun. 15, 2016
F & TEPER Superintended by Chinese Academy of Sciences
* i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e B (UBHEENFE) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
WOk o 2% IR OB 2% R Protection
* B OB School of Environment, Tsinghua University
. . Editor-in -Chief ~ ZHAO Jin-cai
i N N == Ay
= " ft{::ﬁj_ﬂzjjl ;:;; (ﬁf&%ﬂ?ﬂ%ﬁ Edited by The Editorial Board of Environmental Science ( HUANJING
TN 5} H
18 5, R4 : 100085 ) KEXUE) _
LT .010-62941102 .010-62849343 P. O. Box 2871, Beijing 100085 , China
1§E:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn Fi-mail : hjlx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn hitp . //swww. hjkx. ac. cn
H KR 44 3 " & m Published by Science Press
LBt 5 Mo AR AL i 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
BN R 23T dvsdbAkenil)— Printed by Beijing Bei Lin Printing House
% 1T 4% 4 & K i Distributed by Science Press
FE 35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT 1 & 2ELHARER)S Domestic All Local Post Offices in China
EsBEIT PEERER S BAF Foreign China International Book Trading Corporation ( Guoji
(b5t 399 f54) Shudian) ,P. 0. Box 399, Beijing 100044 , China
—erim  ISSN  0250-3301 s b O
7N | . - = 2-
RERETS: 1805 x EREZ RS 2-821
B A E fir:120.00 T ESEZITRS: M 205

BRSNS FET





