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Degradation Process of Exogenous Naphthemc Ac1gis and Their Effects on
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Abstract:, Ndphthenft duds (NAs) are al natural component of petroleum, which account for about 2%¢of severe ecological toxicity in

-

addition to polycyélic aromatic hydrocarbons. With the growth Al “demand for energy, a large number of NAs have leaked into soil
envitonihents through oil industry processes, which have @tsed enormous potential threats to human health and ecosystems. However,
there are'few studies about the degradation process of exogenous NAs and their effects on microbial community structures in soil. This
research’ explores the degradation process of NAs and their dynamics in microbial communities in soil by adding a high concentration of
180 mg-kg ™' of NAs to natural, clean soil with the aid of liquid chromatography and high-throughput sequencing technologies. This
study found that: @ Natural clean soil has a strong capability to degrade high concentration of NAs with about 50% of the NAs
degraded within 5 days, which stabilized at 80% after 30 days of the experiment; @ Pollution with NAs obviously alters the microbial
community structure as the number of specific OTU increased and were mainly distributed in phylum of unidentified Proteobacteria and
Bacteroidetes; 3) Under high concentrations of NAs, the content of Bacteroidetes and Acidobacteria phylum and the y-Proteobacteria of
Proteobacteria phylum all increased swiftly and were speculated to be a potential agents for NA degradation, with the relative abundance
ratio of Bacteroidetes and Acidobacteria increasing from 4.2% and 2% to 20.3% and 5. 5% , respectively, while a 24. 8% decrease
was found in Actinobacteria phylum; @ This study revealed the degradation process of exogenous NAs and their effects on microbial
community structure in soil, which provided scientific support for the ecological restoration of petroleum pollution and further study in
this area.

Key words : naphthenic acids; soil; natural degradation; high-throughput sequencing; bacteria community structure
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Fig. 1 Degrdddtion of exogenous NAs in soil

2.2 NAs F%’ixﬁzﬂlﬂﬂﬁllzlﬁ%zﬁ
2,21 [NAs, A I T AT R 7 4 1"1_, f / .-*ff
GRBIRBCIES 0.5, 30 d T 1] kel 1R
(F53C W day 0, day 5 FI day 30) E’J DNAJ*FH
Mupina i_ﬁml_i{ﬂ'“? S HT. f?ﬁ'ﬁ’” 976 M P/
#ﬁ%‘%%,;@ﬁiu 826 /> OTU, 5} RAF 251 1477
A, 161 ANJE. TETTH MK | éﬂilﬂéﬁﬁf 24
/I\E%ﬂ:éﬂfl_'[il‘ﬂ. oA 4 171 ( Actinobacteria ) |
FE 1] ( Proteobacteria) . AT T ( Bacteroidetes) N
28755 ] ( Chloroflexi) . FRATH 1] ( Acidobacteria) |
o T R OW (]
( Planctomycetes ) . TM7 F1J5 BE 5[] ( Firmicutes ) 9
PR OEFTI2E A X 42 B 2 FI7E 3 A e 1
B AP SR Y 98% LA L. K b R R
TR AN ( Actinobacteria) . ZAFEH T THHY o 28
JE 1 29 ( a-Proteobacteria ) UL S $UFF 12 1+ B4 55 Ag AT
8 44 ( Sphingobacteriia) &7 3 FPOEF B . 111 & K-
b R R R Y 3 R TR ) A3 ) Sl R M T
AT 1] W Y Skermanella J& UL B i 28 B 1] )
Blastococcus J&.
TEXBEOLH e, IRAF BT PEROE T T
RTINS TR 1] e BRI PR R E S
N ST R AR A AL 2 — 11

( Verrucomicrobia ) .

/3'{44: Y&

NAs, 75 [ R -3 v HA Kkl A FIZ ) BT i 2
2.2.2  HHEAABEREE Y OTU 431
Gt ZAFEA T T A 1Y OTU 20 H | v]
DA EOULHE 26 B BE A OTU %0 H 20 AR B4 AR L
KMEBFH. R, 5T 3 A EEETE 97% WA RIKFE
i g (E 2) AR E] 826 4~ OTU, Hp it
OTU %t H K 653,250 79% ,1E OTU sk 4l 17
Y XP R A AN F L REREA OTU % H 23 48
K2R WEMITA (day 0) , HREFPHA OTU %k HAY
4 RS d(day 5) 5 OTU %0 H M 4 it
BB T 37 Fh 5 M OTU B0 4. 5% |, B4
W (day 30) , EFEFHEA OTU 0 H k> h 8 Fi.
X+ FE R AEA OTU #E— 2407 & B day 0 4
o T RRE OTU J& THIFFE 146, HAy 3 Fhdy
KASFERT ] W day 5 EAREH, B OTU 43 fE &
SRETT WATRETT, ABRIT] TMT | JEEERTT | T
TR BRFFEETT . ﬁﬁ%rj(}ﬂlusimlcroma") A
T ( Cyanpbaeteria ), E OB ﬂ@ O]
(Gemmdtlmonddetes) ODl PL & BDI1-5 /\,1'2 %fFI—J
oo, LK 5 18 A OTU) | LR 1 06
OTU) A 1 (6 & OTU) FF - & HOHEAT QT0, %
HiRZ; ddy 30 ﬂﬂﬂ HH OTU f%/\%ﬁfﬂiz%'
E17, ETJ%J@IZLi’J)@iEKEE ‘ "
%Wﬂzﬁ’ﬂ% 59, HHEFH NAs {D@ 103
mg-kg ™' K&ﬁ’%%&ﬁ 50% |, FEMLIIE], 4 FE R 2
AR ATLETT . AT E T TE 2126054 OTU $okt
DU 3 K, B SCEG 5 30 d, NAs R E 42
mg-kg I X ERMEA OTU MW | s th £k #a T
-G, P S T A 4N R AR AT BE LA NAs Ay ifE—
TR, JE VAR Y NAs PR A
2.2.3  PRSABRE A B 284k
FARBIGRAE YA, N TKE HEE(E 3) [
A SR N R v e = MBS ) €5 1| I
A S d, S — RIS AR IR 1), S R T
U AR G, SR S d, IR BT TR S B A
K, IR =0 24, 8% |, T ASTE BT 1 MISEACAAS . [ figt
SEU R T TRVARTE B 1 IA G 2 4 T .
X BT TR TR & T THE N7K T AR R
T 1% W REREHE— 22000 (L 4)  BEREE 5 d, itk
BRI TAE T A AWK L AR 2 B A AR, sk v
SR 2 B IR A 2 i B 2 P 1 5 R )
FFLFA 5 BRSO, B B AT 2 TR
R LR KT, HoAh 445 & A AN R R B A 3 K
ARSI B 1A = BEAE A 26 5 d BEAR IR B AR AR,



Fl 38 &

A,
=

4760 O
E2 OTU %% Venn E
Fig. 2 Venn diagram showing the distribution of OTU
{LER w2 R AR S v W Bt o S Al W B S 2

KT b, B o 28T B A0 AH X =F B R AR AL, i A
TE AT FEEIG . FEMRES R, o 2B TR AN y
AR B 2W (y-Proteobacteria ) A0 X%F = & 7+ 55 'ﬁﬁﬁ AR
E % 4 ( B-Proteobacteria ) il & 7% 1 %éﬁf ( 0-
Proteobacteria ) 75 WP AR, 25T B 7T AR % 2 52 4% A
THE T 6.8%. ., ) 7

JIRIFEFIGE S d, LT T
NASCAT 103 kg ™) 15 4l T ot e g
AT, H - b3 1228 e gl 1, i

fift 55 30 d, NAs V5 44 i 9855 B (42 mg-kg ™) , HAH
Sl = 2 ST I T W 4 — DR BT, Wk
BT IR o dik NAs 75 YT 32 58 2% , T 76 416 45 ik
NAs 5 Yt 0T LLIE 3 2 K0l MR AR S5 d,
AFTE R IAE T 1K E AR 2 JE A RS F 7 407k
I B ARG EAR v AT A0 & Rk T . Ho,
B AT B AN S NAs it (KT 103 mg-kg™') FE
FEFFES AT (42 mg-kg ™) FIUREAR, %11 B 5T
BAUTE R i NAs V5 YL F o LS s, it
NAs V5 YL T,y 725 15 147 40 000 52 B 413 = R
WFH O Ra B. JBT NAs WA 3ot B2 - BE oh (4547
OTU R HL, Mefitsfs 5 d LREP h B T IR Ty &
BT OTU. W58 B,y 25T B A0 40 1 LA
NAs WEARAE ST ) RTS8 Btk — B3] T,y 75
T AR i o NAs 175 Y LA 40 o2 P A
IR A RE ). _ o
5B R R TR 1T s TR (AT
BT SR I Dot o] L SRR T AT
T SEBHTJABILH BT IR A0S NS %
K 103 fmg kg 21T, AR =2 B2 343 o (P 39
TP (R L) AL (A5 5 T
T3.5% %ﬂﬁlﬁ. 1% . ﬁf@%’u:ﬁi&s IR 42 mg"} ke~
I 4% 1 TR 5 HE SRR I B PP
Ger R R P 240 A K g

Acidobacteria Actinobacteria Bacteroidetes Chloroflexi Firmicutes
] 50 -] 20 |- ] al — —
£ al = dor = st £ 4L 2 ol
=] = s - o
# # 30 - i i 1
= = Z 0k =z | =
= z , = g - z
2 20 05
5+ 1 -
Nl ]
O — = 00— — — 0‘.._|.:‘ 0= — Y= O/ — =
0 5 30 0 5 30 0 5 30 0 5 30 0 5 30
other Planctomycetes Proteobacteria ™7 Verrucomicrobia
_ S wl _ _ —
1 M 15 | 1.5
s 10 S = = =
"JE'I'-.'{ =l 1.0 g 30+ = =
e # H# # #
=4 = =4 Z 10 | = L0
g7 z E 205 z Z
0.5 0s |- )
ol 05 —I:I 0.5 —|:|
0 = B I 0 5 1 ] O =/ - 0 1 1 |:I| 05 1 ]
0 5 30 0 5 30 0 5 30 0 5 30 0 5 30
[ A 1 [ g e v W fg s i) d [ g e v [ g e v/ d

3 IKEREBEEMEST

Fig. 3 Bacteria community structure and distribution at phylum level



11 44 XUFERK A ; HMIIRGE R T - 3 v B A A o e B0 ol A R P 245 K 1) 2 ) 4761
Actinobacteria Proteobacteria
30 F M Day 0
Day 5
Day 30
20
n
=
=
10 =
L L Il 1 Il L 1 L
2 5 8 £ g g g
=4 ] o~ [=3 2 9 151 o
2 £ < 3 5 < 2 £
: 2 = B £ Z g i
= & a ~ b a
H4 WARIMEREIIENKE ERARER | ey aa
P
Fig. 4 Bdctcrld Lumpusmun of Actinobacteria and Ploteobdctena at thc ddss fevel ] “.f" i

FIERT 1% W5 i3 2 Pros. w?@nﬁﬂ%n
JEACE k-, 1‘HXJ’$F KTF 1% B I8 Y, 4y %) @NT
1 ﬂ'@a*?li]éﬂ(f\cldobacterla) =1 F Bl
. ool R QAR AR S IR RN T T

tocg,tellg

F
".

feg A R R . U
K b6 TR R 0 0 2 4
( Cytophagia) 2, FR4Y, PLAFEREfRES S dARRXT L R4
5 T 1060 1 4789 BT L 4 SR g

3/%% 5 (WL T AT 141 49 1 Blastocatella B JURIXE |\ I TERRAREE Sad BN, JETHRE T 6. 8% , I
$J#Tﬁgfﬁ’$ 5 d LS T 1. 4% Jﬁ.%iﬁ* f"" o TR T TR T B AR B i
e 2 EH ARG L EE
Table 2 Bacteria composition of Acidobacteria and Bacteroidetes at the class and genus level
AR FBE/ %
AR I A
w% N o day 0 day 5 day 30
Acidobacteria AT % 1.93 5.31 1.71
Sphingobacteriia FFIET] 4 2.28 12. 84 1.51
Cytophagia FFFRT] 4 1.76 6. 54 0.74
Blastocatella FRFFIR ] J& 0.17 1.58 0.34
Ferruginibacter WFFEE ] & 0.52 2.48 0.16
Chryseolinea UFFH ] & 0. 80 3.31 0.38
Flavisolibacter AT & 0. 44 1.94 0. 36
Ohtaekwangia FFFRRT] J& 0.39 1.25 0.17

A5 kB, BRAF T 1] 2 AR 55 1Y A T B
BRI ADURT BT I RT AR R R A A O R
g, BRI S NAs S5, SURF B 1) AR AT 1
I T = B e ] A R 8 i 0 B 2
TR RS HE NAs 5%, DL NAs /R i k17
A NG AE. U HAE - BE P NAs & & s 103

mg-kg B ARIR I TG B AR K, WoR T RO B

NAs M 324k, BA TR A E. FE#es 5 d Lk
o BRAT T TAAUAT TP AR A OTU /9 1 B, ik
WX — .

3 g

AR SCGE ) AR TS G RN 180 mg ke T
S NAs 154 FR97 T /ME NAs 75 133 b () B 1



4762

woooH

il

2% 38 &

FE MRV sh 545k, WEoR & 8. A AR+
HEXT o i NAs HAA BRI R EE 11,15 d J5 [

A ETE 80% /ity ,{H NAs &
XELIBE AR =

HAKT 42 mg'kg_l}a
it NAs V5 LB I ek 1 0

TR RETR A, LR OTU K0 H 58 hm, 0UFF
1 BRAT BT VAL A TE T Yy 22T T 49 AR X
PRI N W TR SR TR NAs A iRl

S 30k

(1]

(2]

ra 'Bloremedldtlon [ J].

Clemente J S, Fedorak P M. A review of the occurrence,
analyses, toxicity, and biodegradation of naphthenic acids[ J].
Chemosphere, 2005, 60(5) : 585-600.

F M, M D, Fedorak P M.

Characterization of naphthenic acids in oil sands wastewaters by

Holowenko Mackinnon

gas chromatography-mass spectrometry [ J |. Water Research,
2002, 36(11): 2843-2855.

Wan Y, Wang B L, Khim J S, et al. Naphthenic acids in coastal
sediments after the Hebei Spirit oil spill: a potential indicator for
oil contamination [ J ]. Environmental Science & Technology,
2014, 48(7) : 4153-4162.

Jie W, Cao X F, Chai L. W,
characterization of naphthenic acids in soils from oil éploration
areas in China by GC/MS[J]. Analytical Methods,! ;615 , 7
(5):2149-2154.

Demeter M A, Lemire J, George I,

et al. Quantification and

i~ ."“. :
et al Harnessingoil sands

microbial commumtles for use in exl sitit naphthenic / amd i

Chemosphere, 2014, 97./78-85 1 7 4

Scarlett A C Rplna,rdy H C, Henry T B et al _A(y({f tos!%-:ity of

| aromatic anﬂ npn- aromallc fractions of” naphtthlc acids E-ﬂrac,ted

from oil [gands p_mcess -affected water to laryal zebmfﬁh [J
(,hemobphere 2013, 93(2) . 415-420. J‘"I )

[ 7 ].ﬂ Melvm S D, deedu V L. Growth, development dnd 1n01dence_.

L of deformm,és in dmphlbldrl larvae exposed as e'ﬁrlbryus to =

(8]

(9]

[10]

[11]

[12]

[13]

i naphﬂrlemc acid_concentrations detected in the Canadian oil sands

reglon[]]. Envlmnmenlal Pollution, 2012, 167 178-183.
Gliesy.] P, Anderson J C, Wiseman S B. Alberta oil sands
development [ J ]. Proceedings of the National Academy of
Sciences of the United States of America, 2010, 107(3) : 951-
952.

Clemente J S, MacKinnon M D, Fedorak P M. Aerobic
biodegradation of two commercial naphthenic acids preparations
[J]. Environmental Science & Technology, 2004, 38 (4) .
1009-1016.

Yue S Q, Ramsay B A, Wang J X,
detoxification of naphthenic acids in oil sands process affected
waters| J . Science of the Total Environment, 2016, 572. 273-
279.

Gunawan Y, Nemati M, Dalai A. Biodegradation of a surrogate
Water

et al. Biodegradation and

naphthenic acid under denitrifying conditions [ J ].
Research, 2014, 51 11-24.
Folwell B D, McGenity T J, Price A,

capacity for anaerobic biodegradation of polycyclic aromatic

et al. Exploring the
hydrocarbons and naphthenic acids by microbes from oil-sands-
process-affected waters [ J ]. International Biodeterioration &
Biodegradation, 2016, 108 . 214-221.

Yue S Q, Ramsay B A, Ramsay ] A. Biodegradation of

[14]

[15]

[16]

[17]

[22]

(23]

[25]

[26]

naphthenic  acid surrogates by axenic cultures [ J J.

Biodegradation, 2015, 26(4) ; 313-325.
Demeter M A, Lemire J A, Yue G, et al.

microbes as mixed species communities enhances ex situ model

Culturing oil sands

naphthenic acid degradation [ J ]. Frontiers in Microbiology,

2015, 6 936.

Islam M S, Zhang Y Y, McPhedran K N, et al. Granular

activated carbon for simultaneous adsorption and biodegradation of
toxic oil sands process-affected water organic compounds [ J].
Journal of Environmental Management, 2015, 152. 49-57.

Toor N S, Franz E D, Fedorak P M, et al. Degradation and
aquatic toxicity of naphthenic acids in oil sands process-affected
2013, 90

waters using simulated wetlands [ J ]. Chemosphere,

(2): 449-458.

Yen T W, Marsh W P, Mackinnon M D, et al. Measuring
naphthenic acids concentrations in aqueous environmental
samples by liquid chromatography [ J ].  Journal of

Chromatography A, 2004, 1033(1) . 83-90.

McMartin D W, Headley J V, Friesen D A, et al. Photolysis of

naphthenic acids in natural surface water [ ] ]. Jouma] of
Environmental Science and Health, Part A 20.04 39.(6):
1361-1383, | = ’,.‘

An X J, Xiao BH, Di XY, et al. Research progless on aging of
organic pollutants a I"E’VIE‘W' [ .LA 4 Acta
Geochimica | 2017, 36(1) 27-43. 4
2 RER TR, . S EIG l%ﬁﬁ%ﬁ@?
j:ia%tl-ﬂlwﬁéé BRI )| SRR, 2012, 33(12)1 4400-
44051 Jf & @t & / :
Song N H Shan 'Z J'I" SB1 L L, et al Eﬁects of- mulllple___.
envm)ni‘nen | factors ongtriflulsulfuron- methyl degrdddtl()n in 5011-5
[J]. aniéjnmental SCIeInce 2012, 33(12): 4400% 4405
Han X M Scott A C, Fedorak/P M, et al. Influence of mole(,uldr
structure on lhe biodegradability of naphthenic acids [ J ].
Environmental Science & Technology, 2008, 42 (4). 1290-
1295.

Misiti T M. Fate and effect of naphthenic acids in biological

in geosorbents

systems[ D]. Georgia: Georgia Institute of Technology, 2012.
Janfada A, Headley J V, Peru K M,
evaluation of the sorption of oil sands naphthenic acids on organic
rich soils[ J].
A, 2006, 41(6) : 985-997.

YuS L, Li SG, Tang Y Q, et al.

community along with the removal of heavy crude oil pollutants by

et al. A laboratory

Journal of Environmental Science and Health, Part

Succession of bacterial

multiple biostimulation treatments in the Yellow River Delta,
China[ J]. Journal of Environmental Sciences, 2011, 23(9) .
1533-1543.

Janssen P H.
libraries of 16S rRNA and 16S rRNA genes[ ] ].
Environmental Microbiology, 2006, 72(3) . 1719-1728.

Wagner M, Horn M. The Planctomycetes,

Identifying the dominant soil bacterial taxa in

Applied and

Verrucomicrobia ,
Chlamydiae and sister phyla comprise a superphylum with
biotechnological and medical relevance[ J].
Biotechnology, 2006, 17(3) . 241-249.

Johnson R J, Smith B E, Rowland S J, et al.
alkyl  branched
Pseudomonas putida KT2440[ J].
& Biodegradation, 2013, 81; 3-8.

Current Opinion in

Biodegradation of

aromatic  alkanoic  naphthenic acids by

International Biodeterioration



HUANJING KEXUE Vol.38  No. 11

Environmental Science ( monthly) Nov. 15, 2017

CONTENTS

Development of a Non-Road Mobile Source Emissions Inventory for Tianjin «++etsveeeseseessssrmsimmimiimiinn s ZHANG Yi, Andre Michel, LI Dong, et al. (4447)
Spatial Simulation of Black Carbon Concentrations Based on a Land Use Regression Model and Mobile Monitoring over Shanghai, China —+«essereeseeresemenenememeneninnninensincnenen
............................................................................................................................................................... PENG Xia, SHE Qian-nan, LONG Ling-bo, et l. (4454)
Characteristics and Sources of Elements of a PM,, Measurements from a Typical Industrial City in Eastern Hubei Province +++++ ZHAN Chang-lin, ZHANG Jia-quan, ZHENG Jing-ru, et al. (4463)
Characteristics and Source Identification of Carbonaceous Aerosols in PM, 5 Measurements During Summer and Fall in Changzhou ++ YE Zhao-lian, LIU Jia-shu, LI Qing, et al. (4469)
Characteristics and Sources of Water Soluble Inorganic lons in Fine Particulate Matter During Winter in Xuzhou — +vereeseseesresseeeeenes FAN Mei-yi, CAO Fang, ZHANG Yuan-yuan, et al. (4478)
Physiochemical Properties and Sources of Atmospheric Particulate Matter During Pollution Monitoring in Nanning, China ~ «++eseseeseerees LIU Hui-lin, CHEN Zhi-ming, LI Hong-jiao, et al. (4486)
Concentration and Size Distribution Characteristics of Culturable Bioaerosols at Various Air Quality Levels During Fall and Winter in Xi’an, China «erereereererememensnmenenenninennnen
.................................................................................................................................................................. LI Wan-xin, LU Rui, XIE Zheng-sheng, et al. (4494)
Distribution Characteristics of Chromophoric Dissolved Organic Matter and Nutrients from the Yellow Sea and Bohai Sea in Autumn «+++++ TANG Yong, SUN Yu-yan, SHI Xiao-yong, et al. (4501)
Characteristics and Risks of Heavy Metals Content in Surface Sediment of Tidal Flat Areas in Eastern China »««+«+esseseereereeercneens ZHANG Ming, BAO Zhen-yu, CHEN Guo-guang, et al. (4513)
Heavy Metals in Sediments from the Haizhou Bay Marine Ranching Based on Geochemical Characteristics LI Da-peng, ZHANG Shuo, ZHANG Zhong-fa, et al. (4525)
Major lonic Features and Their Possible Controls in the Water of the Niyang River Basin «+t+toveeeseeresersisineniiinn ZHANG Tao, CAl Wu-tian, LI Ying-zhi, et al. (4537)
Vertical Distribution Characteristics of Fe and Mn in Subtropical Reservoirs During Summer YANG Si-yuan, ZHAO Jian, YU Hua-zhang, et al. (4546)
Occurrence, Distribution, and Ecological Risk of Antibiotics in Surface Water in the Liaohe River Basin, China ««+-«+eseesveeereeees ZHANG Xiao-jiao, BAI Yang-wei, ZHANG Yuan, et al. (4553)
Effects of Optimized Fish Farming on the Sediment Nutrients of Eastern Lake Taihu «+xreereeresesrerenerninennins HE Xiao-wei, CHU Yu, ZENG Jin, et al. (4562)
Responses of the Benthic Diatom Community to Nutrients and the Identification of Nutrient Thresholds in Three Aquatic Ecoregions of the Huntai River, Northeast China ~«««esessessesreeenees

-+ ZHANG Li, LIN Jia-ning, ZHANG Yuan, et al. (4570)
Impacts of Environmental Conditions on the Soaking Release of Nitrogen and Phosphorus from Cynodon dactylon (Linn. ) Pers. in the Water-level Fluctuation Zone of the Three Gorges
- XIAO Li-wei, ZHU Bo (4580)

RC‘SCWOiI R(‘.‘gi()ﬂ ........................................................................................................................................................

Effects of Soil Microbial Diversity on the Phosphate Fraction in the Rhizosphere of Phragmites communis in the Yeyahu Wetland in Beijing, China
........................................................................................................................................................................ TENG Ze-dong, LI Min, ZHU Jing, et al. (4589)
Nitrification and Denitrification Potential of Benthic Sediments in a Suburban Stream under Intense Human Disturbance Scenarios ««+++++++++++ LI Ru-zhong, ZHENG Xia, GAO Su-di, et al. (4598)
Distribution of External Phosphorus in the Sedimentary Phosphorus forms Under Different Disturbances »«+«+xssereereseserenesenineneinnes CAI Shun-zhi, LI Da-peng, TANG Xin-yu, et al. (4607)
Effect of Elodea nuttallii-Immobilized Nitrogen Cycling Bacteria on the Mechanism of Nitrogen Removal in Polluted River Water +=+ WANG Hao, LI Zheng-kui, ZHANG Yi-pin, et al. (4617)
)

)

)

Zero-Valent Tron (ZVI) Activation of Persulfate (PS) for Oxidation of Arsenic ( V') Form Aqueous Solutions - ZHOU Zi-mai, DENG Wen-na, YANG Yi-lin, et al. (4623
Removal of Antimony from Water by Nano Zero-Valent Iron/Activated Carbon Composites JIANG Ting, BAO Yue, LI Wei, et al. (4632
Effect of the Flow Patterns of Main-stream Reactors on the Efficiency of Nitrification Enhancement with Bioaugmentation =«++«++«+s+ssseeseeeess YU Li-fang, DU Qian-gian, ZHANG Ru, et al. (4641
Effect of Temperature on Nitrogen Removal Performance and the Extracellular Polymeric Substance (EPS) in a Sequencing Batch Reactor (SBR) +«+rersssereresssssssssimnsisninssininsiinins
...................................................................................................................................................... SUN Hong-wei, CHEN Cui-zhong, WU Chang-feng, et al. (4648)
Effects of Temperature on Shortcut Nitrification and Nitrification Activity of Nitrification in an Intermittent Aeration Sequencing Batch Reactor ««+«+sesserserseresemensnsiiniininnsininsnne
............................................................................................................................................................ LIU Hong, PENG Yong-zhen, LU Jiong-yuan, et al. (4636
Nitrite Type Denitrifying Phosphorus Removal Capacity of Cycle Activated Sludge Technology Processes Under Different Inducmg Patterns «++e+ee MA Juan, WANG Jin, YU Xiao-jun, et al. (4664
Laboratory-scale CANON Processes Applied to Wastewater Treatment Plants + LI Dong, ZHAO Shi-xun, WANG Jun-an, et al. (4673
XIN Xin, GUAN Lei, GUO Jun-yuan, et al. (4679

)
)
)
Effects of Magnetic Activated Carbon with Different Particle Sizes on Sludge Granulation in a SBR System -+ )
Storage and Reactivation of Anaerobic Ammonium Oxidation (ANAMMOX) Sludge at Room Temperature ««+++s+sssserereesssssuseennnensnnnnes HUANG Jia-lu, WANG Xiao-long, GAO Da-wen ( 4687 )
Microbial Population Dynamics During Sludge Granulation in a Simultaneous Nitrogen and Phosphorus Removal System GAO Jing-feng, WANG Shi-jie, FAN Xiao-yan, et al. (4696)
)
)
)
)
)
)

Anaerobic Reduction Process Characteristics and Microbial Community Analysis for Sulfate and Fe( I ) EDTA-NO/Fe( 1) EDTA «+rereeeevsesvevsvenenenen ZHANG Yu, WAN Fang, ZHOU Ji-ti (4706
Treatment Efficiency and Microbial Community Diversity in a Magnetic Field Enhanced Sequencing Batch Reactor (SBR) = «++esseeeeeees GENG Shu-ying, FU Wei-zhang, WANG Jing, et al. (4715
Molecular Research of Acid-Generating Microbial Communities in Abandoned Ores in the Waste Dump of an Iron Mine in Anhui Province -+ DU Ze-rui, HAO Chun-bo, PEI Li-xin, et al. (4725
YANG Hao, ZHANG Guo-zhen, YANG Xiao-ni, et al. (4733
WANG Dan, HOU Zhen, ZHANG Qi, et al. (4747

Microbial Community Diversity and Differences in Cellar water of Typical Rainwater Harvesting Area

Impact of the Biodegradation of 6:2 Fluorotelomer Alcohol on the Bacterial Community Structure of Surface Sediment

Degradation Process of Exogenous Naphthenic Acids and Their Effects on Microbial Community Structure in Soil = «+«+eseeseereeeerersenens LIU Yan-qiu, ZHAO Yan-ran, LIU Meng-jiao, et al. (4756

Identification and Nitrogen Removal Characteristics of the Heterotrophic Nitrification and Aerobic Denitrification Bacterial Strain DKI — +xesseseereesserereneneninenenennnninensinnenen
......................................................................................................................................................... MU Dong-yang, JIN Peng-fei, PENG Yong-zhen, et al. (4763

Mercury Release Flux and Its Influencing Factors Under Four Typical Vegetation Covers at Jinyun Mountain, Chongging «+:«+«+sssssseseeseereeneeses YANG Guang, SUN Tao, AN Si-wei, et al. (4774

Short-term Effects of Nitrogen Deposition on CO, and CH, Fluxes from Wetlands in the Minjiang River Estuary ««+++-+- * LI Dong-dong, TONG Chuan, TAN Li-shan, et al. (4782
Effects of Plastic Film Mulching on Methane and Nitrous Oxide Emissions from a Rice-Rapeseed Crop Rotation SHI Jiang-lai, HAO Qing-ju, FENG Di, et al. (
Assessment of Pollution, Sources, and Risks of Polycyclic Aromatic Hydrocarbons in Soil from Urban Parks in Xi’an City, China ZHOU Yan, LU Xin-wei (
Spatial Distribution of Soil Particles and Heavy Metals Under Different Psammophilic Shrubs in the Ulan Buh Desert DAI Yu-jie, GUO Jian-ying, DONG Zhi, et al. (4809
Effects of UV-B Radiation on Soil Carhon and Nitrogen Transformation under Different Soil Moisture Contents from Two Paddy Fields +++ JIJANG Meng-die, WANG Qiu-min, XU Peng, et al. (
Various effects on the Abundance and Composition of Arbuscular Mycorrhizal Fungal Communities in Soils in Karst Shrub Ecosystems s
............................................................................................................................................................ LIANG Yue-ming, SU Yi-tong, HE Xun-yang, et al. (4828)
Remediation of Cd/Ni Contaminated Soil by Biochar and Oxalic Acid Activated Phosphate Rock «++eeseereesesresenenseneneniiiincnnnnn DUAN Ran, HU Hong-qing, FU Qing-ling, et al. (4836)
Effects of Repeated Freezing and Thawing and High Temperature Aging on the Solidification and Stabilization of Arsenic Contaminated Soil ~ «++++++- YANG Jie, QIAN Zhao-qiu, WANG Jing (4844)
Evaluation of the Combined Removal of Heavy Metals by Saponin and Citric Acid from Municipal Sewage Sludges and Metal Stability Features »«+«ssesereereeresemenensennenensnninennsne
YE Tao, HUANG Li, ZHANG Ke-qiang, et al. (4850
Interactions between Goethite and Humic Acid and the Stability of Goethite-Humic Acid Complex WANG Rut, ZHU Chao-ju, XIANG Wen-jun, e al. (4860
Contents and Health Risks of Organic Phosphorus Esters in Plastic Runway Products — «+«+sseseessesresssssmsnnmninssne YIN Hong-ling, LIU Qin, LIAO Lin-qun, et al. (4368
Effects on Physico-chemical Parameters of Glycoside Hydrolase Family 6 Genes During Composting of Agricultural Waste CHEN Yao-ning, GOU Yu, LI Yuan-ping, et al. (4874
Effect of the Food to Mass Ratio and Hydraulic Retention Time on Hydrogen Production from Fruit and Vegetable Waste ~ «+e+seeseseeveeenes LI Biao, KONG Xiao-ying, LI Lian-hua, et al. (4882
Comment on Sensitivity Analysis Methods for Environmental Models «+-e+sssserreressemenensssnsnsmnininn e CHEN Wei-ping, TU Hong-zhi, PENG Chi, et al. (4889

)
)
)
)
)
)



	Binder1.pdf
	封面.pdf
	中文目录.pdf


