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Abstract ;, In the presé_nt study, techniques by rferobyidl gulture enumeration, 165 DNA gene sequencing for bacterial identifiéation
high-}]’lroughput sequencing for the multidrug-resistant bacteria (MRB) communities andwhigh-throughput quantitative PCR detection
for+the prevalencesand abufidance of antibiotic Tesistande genes™( ARGs) were conducted to investigate the distribution characteristics of
MRB/and ARGS'in chicken and swine maritires. The xesilts showed that the rates of MRB that were resistant to tetracycline,,
ciprofloxaein, and gentamycin simultaneously were from 7. 96% to 12.40% for the different manure samples. The dominant genera of
p & Y y p &

cultivable MRB were Escherichia, Acinetobacter, and Proteus, both in the chicken and swine manures. High-throughput quantitative
PCR results indicated that, compared to the antibiotic free swine manure, the total enrichment of ARGs increased by 1. 96 x 10*-1. 54
% 10° times that in the swine manure samples, with different antibiotics following the sequence of tetracyclines > B-lactams > MLSB
(macrolide, lincosamide, and streptogramin B) > aminoglycosides > FCA (fluoroquinolone, quinolone, florfenicol, chloramphenicol,
and amphenicol ) > sulfonamides > vancomycins.
Key words: livestock manure; multidrug-resistant bacteria; antibiotic-resistant genes; high-throughput quantitative PCR; mobile
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Fig. 1 Rates of multidrug-resistant bacteria to total cultural

heterotrophic bacteria in livestock manures
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Table 1  Enrichment multiple of antibiotic-resistant genes in swine manure samples

i 25 3L PR 28 7Y s1 S3 SFH{E
M 6.59 x 10? 4.74 x10% 5.94 x 10? 5.75 x 10?
FCA 3.36 x10° 2.45 x 10? 9.11 x10? 4.97 x 10?
MLSB 1.64 x10° 1.53 x10° 4.09 x10° 2.42 x10°
fitf i 2 2.19 x 10? 3.43 x10? 5.36 x 10? 3.66 x 10?
[UEZS S 1.35 x10* 2.63 x10* 9.23 x10* 4.40 x10*
N EEE 2.75 x 10! 3.63 x 10! 4.80 x 10" 3.73 x 10!
B-NIkREE 3.19 x 103 2.17 x 10* 5.56 x 10* 2.68 x10*
Bt 1.96 x 10* 5.06 x 10* 1.54 x10° 7.47 x 10*
3 Wi 45 Rt — 25U T BEAL PR H A 2 F W 25 40 B,
T y -
SCRIU X U R | ANV R R K R B 2
ZWME CAESE, B 2P m A EDAER M, I EaX ] GBI AL 5 AR A I A T I BT 24

TR 254 ER 7. IR R — 7 1 PR R 2 Pk B
A RN A IR TR A TR, VIR T — bR R
TR M s 53— T, shi 2 K A T A R
R AT A e B AR R e B T E ad 28 A
FEAR TR ZESY . ARG b, R OSSR B XS
% RPN R N 2 E I 20, XS 7R
S AR R R R AR A G R XSS h 2
ﬂﬂ*’i%ﬂ@ﬁﬁttfﬂi%ﬁ?%i’f#mp <0, 05) A%

%%$%ﬁ@m%ﬁﬁm ERAEMIP ) &mﬂ”
n%mﬁnq £ a2 Cife ﬁ¢
MR DT R S 0 A gl

PR | LR R TR
R NN ﬂﬁ'ﬁ%ﬁﬂ%i’quﬁﬁhi%ﬁ%% AR
it 2 2598 0 AR s . 950
FLANPIAILL X9 10T fL R G R s 58 38 | 1 B T G
e TR T TR IR 5 B, A S 2 20 1 2 K
MEFHELHE T RUFAY A A7 554
PO R S AR S M o AT O ES SRR &

BRI AAZE AW EEE P
Escherichia . Acinetobacter 11 Proteus . H ¥, & BE
JE1Y Escherichia spp. B85k 2 R I8 3 AL 1, H AL a]
RERLA 5| DR i 2% e 0 i 3 9 s 1 2% A SO
B TR, R A A RPN . coli R R
%f’fﬁqj%ﬁﬁ%ﬁ]ﬁ,%ﬁm%%ﬁ 1) 2 P T 245 7k
PR AR IR T B A A AU 4 5 R 2
FHM. Acinetobacter spp. AW 1Z A AEAKIAR . 145
S5 H ORI T o g BE RN AR I PR T Bl Sy
&L Bl A Y Acinetobacter baumannii BN K & —
PR BE SRAGPENG A 04 < TR 1, w] LA [ B PRIk
P PR | I E DR B SRR AR LAt Y
HARFERIE Z R0 25 0L AR5, 251050

Pl e M e T 25 AR, H AT, 22 5 2 20 R R
e NI BB AE BRI N B 258, 2
FR < B TR R C 238 B T TE 2 AR R T
Wit , EEBAEA WA A E i%iﬂﬁf%ﬁlﬂ’]”ﬁ
e, s B AT A BR523 000 A 5 l:wllt%ﬁ
25 000 \BETF 25 7 i 24 ek e (4041 Hllt SN}
%%@Tﬂﬁ¢mﬁfﬁ%ﬁa%mﬁ%ﬁﬁﬁw
E’Jﬁ?lﬂ@ 1@112%" @ﬂ:/\iﬂﬁﬁkfﬁff‘ﬂﬁgi
[DEST:) J‘Eﬁzsﬁﬁdfﬁ ié’])&*ﬁlﬁﬁ@ﬂﬁﬁfﬁ‘ﬁ%l--
et || P
mﬁ”’iﬁlﬂ'ﬂﬁ qPCR 6 1 22 1 | R 16 36 SUYRL
S e CPUERER IS i A B- P BT 2
TnéE%?EﬁﬂﬁTi’iﬁﬂ%BTEﬂPjtﬁﬁf,ﬂﬁf il
SEFETTI . WA L TS5 AORA A B AR ER R ok
Kﬁ%‘é’)ﬁﬁfﬁ%l%%ﬂ“‘“‘“ AR AR ARG
YL A T 24 355 R TR BRI P R 75 e [n) i 2 28 ke ik &2
M5 RN T, WA FE AN, i 245 38 AR 3R
RS FEUE R T & G2 NEAE R Sk 1y 1
FHM . EASTE R AR A ST RGN () R b AT RS 3T
#fﬂfﬁz'f@ﬁnnﬂlﬂi’a%ﬁ 100% % th. 1 2 A A
UESE, AT B Bl T i il 40 1 =22 1) 5 2= [ e 2
(i) 35 PR 2 B 1) i 2 PR 3R —— Tt 245 3 PR mT DL S T #% 3
TCAEAF T SE B A B RS FA% 3 | A k35 28 B
oA i 24 3L DR (4 W] B8 B o A BE S 5 AL B AR AL AR TR

FER I . Zha 51 FERF T B R L3R 5
(A3 | HE AT R it fin 25 1 1)+ 398 f s e B T 2 3

PR e e 2 i) S BRAR g B IE AR SG PR, IR, A B
FEHP A ZEMERE AL TR Al B ShoC AR R oR T &
B S AL R 24 BE R B XUBS: . B — 2 LU 28 i I
A BT AR B R B, BRI R BT AR R A % 2 5 R IR T BT
AR AR AT HE 25 it 28 5 TR A SR A R . I



14 (SN

SF BB EOE P 2 T 24 40 1R L% 24 B D B 20 A A 465

TSN T oA 72 10 (0 P 0 20 B 24 5
BB, SCRR I, o T FR 0 o3 2
Lt AR Y, DR A T 3% 0 i 2 2
HI LR L 208 2 T 2 1 4 T

v B £ 2R 75, o T DU SR e
FRAGGAAO PR AR P
L 26 K T 243 1 AR A B
ST

B, B HA O 2 AN T 26 4 O 24
ST T B B RS T 1, 25
ST 245 4RI 2506 05 72 - M ) 5 40, A AE Tt
24 5 A A8 IO 25 (2 20 5 T 2 2

R, i1 25 5 60 e 25 3 R 0 05 3, R PR
A ML A S B 2 T2
.

4 it

(1) i 8 3468 o i 17 7 7 % 22 e 3% i
L WA, b s Ak s8owm.
(2) BB 300 h4h A A7 Lo B 250 9 L 5 3k
i 2 p
WgRm.
;ﬁ%&'ﬁ'ﬁ | f y
R, EKW% *;@ME . EPEI%@*@E‘J B 5

‘ﬂﬁi‘*%#lﬂﬁin&,hm?“ﬁ?ﬂ[ﬂ :&wam ‘?ﬁ‘ 2014,
33(3) 435-445""

Zhu Jcy Zl}lpng Z.Q, Fan'Z M, et al. Blogaq pOtE‘Dtli?}.g (‘ro_p.land ___.-r"

load and fotal amount control of animal manure in Chinaf=J ]‘

Journal of Agro- -Environment Science, 2014, 33(3) : 435-445.

[2] K7, DB P A SR A i R R e e
B[] RILEE, 2014, 10(1) ; 46-48.
Zhu N, Ma J. Changes and outlook about production amount of
livestock and poultry manure in China[ J]. Agricultural Outlook ,
2014, 10(1) : 46-48.

[3] Sun W, Qian X, GuJ, et al. Mechanisms and effects of arsanilic
acid on antibiotic resistance genes and microbial communities
during pig manure digestion[ J].
234. 217-223.

[ 4] Sarmah A K, Meyer M T, Boxall A B A. A global perspective on

the use, sales, exposure pathways, occurrence, fate and effects

Bioresource Technology, 2017,

of veterinary antibiotics ( VAs ) in the environment [ J ].
Chemosphere, 2006, 65(5) ; 725-759.

[ 5] Hamscher G, Sczesny S, Hoper H, et al. Determination of

persistent tetracycline residues in soil fertilized with liquid

manure by high-performance liquid chromatography with
electrospray ionization tandem mass spectrometry[ J].
Chemistry, 2002, 74(7); 1509-1518.

[6] FhHI, , G BEIME DA R R e
Eﬁﬁvﬁi%[ ]. %P‘ 'ﬁ&%lidw 2009, 26(3) : 277-279.

Sun G, Yuan S J, Ji F, et al.

Analytical

Environmental impact of

AL YL, 2 25T 25 1 3 i

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[17]

antibiotics contamination from livestock and poultry dejecta; a
review of recent researches [ J]. Journal of Environment and
Health, 2009, 26(3) : 277-279.

Yang Q X, Ren S W, Niu T Q, et al. Distribution of antibiotic-
resistant bacteria in chicken manure and manure-fertilized
vegetables[ J ]. Environmental Science and Pollution Research,
2014, 21(2): 1231-1241.

Brooks J P, Adeli A, McLaughlin M R. Microbial ecology,
bacterial pathogens, and antibiotic resistant genes in swine
manure wastewater as influenced by three swine management
systems[ J |. Water Research, 2014, 57 96-103.

Chee-Sanford J C, Aminov R I, Krapac 1 J, et al. Occurrence

and diversity of tetracycline resistance genes in lagoons and

groundwater underlying two swine production facilities [ J ].

Applied and Environmental Microbiology, 2001, 67 (4) . 1494-
1502.
McKinney C W, Loftin K A, Meyer M T, et al. Tet and sul

antibiotic resistance genes in livestock lagoons of various operation

antibiotic

type, configuration, and occurrence | J ].
Environmental Science & Technology, 2010, 44 ( 16) _6102-
6109. -~

Mu Q H, L], Sun'Y X, et al. O((urrence 0f§%ﬂfonam1de-

tetracycline-, pldsmld mediated  quinolone-"" dnd macrolide-
resistance | genes in hvestnck feedlots in nnrlhe.m C ina | J].
Envmmmbnta’l Science dnﬂ Pollution Research’, 20}5 22( 9)
6932- 6940 J ’ - -_‘_.-'
RE, B, DL, G ABPHUE R ﬂ%!ﬁ’]?ﬁ¥
ﬁ?%?}“%ﬁu I LS :éfﬁ 2013, 24(10) : 2993-3002.

Yang F X Mao D QJ" Luo Y, et al. Horizontal transfer of L

antlblotic résistance genes in the environment [ ] ]. Chlnese
Journal of Applied E(folo!gy, 2013, 24(10) : 2993-3002. )
Blair! J M A, Webber M A, Baylay A J, et al. Molecular

mechanisms of antibiotic resistance [ J ]. Nature Reviews
Microbiology, 2015, 13(1) . 42-51.
Yang Q X, Zhang H, Guo Y H, et al.

manure fertilization on antibiotic-resistant bacteria in soil and the

Influence of chicken
endophytic bacteria of pakchoi [ J]. International Journal of
Environmental Research and Public Health, 2016, 13(7) : 662.
Qu A N, Brule J] M, Wilson M K, et al. Comparative
metagenomics reveals host specific metavirulomes and horizontal
gene transfer elements in the chicken cecum microbiome [ J].
PLoS One, 2008, 3(8) : €2945.

Stokes H W, Gillings M R. Gene flow, mobile genetic elements
and the recruitment of antibiotic resistance genes into Gram-
negative pathogens[J]. FEMS Microbiology Reviews, 2011, 35
(5): 790-819.

Hall R M, Collis C M. Mobile gene cassettes and integrons:
capture and spread of genes by site-specific recombination [ J].
Molecular Microbiology, 1995, 15(4) . 593-600.

Willetts N, Wilkins B. Processing of plasmid DNA during
bacterial conjugation [ J]. Microbiological Reviews, 1984, 48
(1):24-41.

WA, AL, Z2ER, 5. BHEFMEETZEIER
PUEABRATIEL )], AR, 2013, 33(13) : 3970-3977.
QiSY, RenSW, Li X L, et al. Multidrug-resistant bacteria in
livestock feces [ J]. 2013, 33 (13):

3970-3977.

Acta Ecologica Sinica,



- 2

466 A 39 %

[20] BERFE. e FERENRESR M), b5, hELI Science of the Total Environment, 2010, 408(5) : 1069-1075.
H AL, 1995. 179-184. [33] Van Houweling C D, Gainer J H. Public health concerns relative

[21] Clinical and Laboratory Standards Institute. Performance to the use of subtherapeutic levels of antibiotics in animal feeds
standards for antimicrobial susceptibility testing: twenty-sixth [J]. Journal of Animal Science, 1978, 46(5) ; 1413-1424.
edition, M100S [S]. Wayne, PA. CLSI, 2016. [34] Lanyasunya T P, Rong W H, Abdulrazak S A, et al. Factors

[22] JHEMERG, 2R3, REME, 45, BEVE PCR A KU 3L R 41 il limiting use of poultry manure as protein supplement for dairy
g [T, Ytk S5y PR, 2002, 29(2) cattle on smallholder farms in Kenya[ J]. International Journal of
316-318. Poultry Science, 2006, 5(1) . 75-80.

Tang Y S, Li Y, Zhu J J, et al. Colony PCR apply to the rice [35] Ronald A. The etiology of urinary tract infection: traditional and
genome sequencing [ J ]. Progress in Biochemistry and emerging pathogens [ J|. Disease-a-Moutu, 2003, 49 (2): 71-
Biophysics, 2002, 29(2) : 316-318. 82.

[23] Patel J] B. 16S rRNA gene sequencing for bacterial pathogen [36] Jiang H X, Lii D H, Chen Z L, et al. High prevalence and
identification in the clinical laboratory[ J]. Molecular Diagnosis, widespread distribution of multi-resistant Escherichia coli isolates
2001, 6(4): 313-321. in pigs and poultry in China[J]. The Veterinary Journal, 2011,

[24] Kim H C, Kim Y T, Kim H, et al. Development of broad-range 187(1) : 99-103.
and specific 16S rRNA PCR for use in routine diagnostic clinical [37] Doughari H J, Ndakidemi P A, Human I S, et al. The ecology,
microbiology[ J]. Journal of Life Science, 2014, 24 (4) . 361- biology and pathogenesis of Acinetobacter spp. ; an overview[ J].
369. Microbes and Environments, 2011, 26(2) ; 101-112.

[25] Bauer A W, Kirhy W M M, Sherris J C, et al. Antibiotic [38] Dent L L, Marshall D R, Pratap S, et al. Multidrug resistant
susceptibility testing by a standardized single disk method [ J]. Acinetobacter baumannii; a descriptive study in a (’itv_hospital
American Journal of Clinical Pathology, 1966, 45 (4 ). 493- [J]. BMC Infectious Diseases, 2010, 10:_196.

496. [39] Fournier P E-, Richet' H, Weinstein R A. The epl_dfmmlogy and

[26] Caporaso J G, Lauber C L, Walters W A, et al. Global patterns control of Acmetobacter baumannii in health ¢are f,'auhtws[ 1]
of 16S rRNA diversity at a depth of millions of sequeﬂ,eés per Clinical Ir}fectmm Dlsease% 2006, 42(5) : 692-699{__,.—
sample[ J]. Proceedings of the National Academy of Sciences of [40] Hampton T¢# ‘Report rcve'als scope of US a.mlbwjic resistance
the United States of America 2011, 108 @hppl 1. 4'%[6—4522 threat[l]. JAMAS 2013,'310(16) ; 1661- 1663. | -_‘_.I"'f

[27] RER, {ujfn’gf‘ ﬂa@ﬁﬁ =R f‘ﬁ}ﬁ DNA ;&%H}(EJ’H@_; [41] Laxmin‘;irayan -"R Dlﬁlse A Wattal C, et “al. Anﬁlibiulic

-ﬁ’JXTm—FHZI ﬁlaﬁ]gf/ T’]ﬁ%[.}] ﬁi%??& 20'16,_,58 “(.:_,lﬁ, resmtance*vthe_,-need for glqbal solutions [ J ]. The;"[@nc_fztﬂ,‘
130-142. .+ 4 | & " .Jf'f Infectlous Dlseabeb 20#3 13(12) ; 1057- 1098 e
: 1 Wen C Q,p He Y'Y, Xue M, et a'[ Blases on' commumnty [42] LuZ H‘ Na G'S, ‘GaodH, et al. Fate of sulfonamlde resmance
structure (during DNA extraction of shrimp 1nj,e%t1nal microbiota genef in eﬁidry environnient and effect of dnthropogenm activ, jltles
L~ revealed hy high- lhroughput aequencmg[]] HAct‘a Ml(m{lqlool(a [J]. Smence 0f the Total Enyironment, 2015, 527-528'; 429-
7 glmda, 2016, 56(1) 130-142. / 438. :
[43] Wang F H, Qiao M, Lv Z E, et al. Impact of reclaimed water

[287 | (,ordslem C.,llee M'D; Sanchez S, et al. Inmdence-"bf C-l-aSS l _.-"".

[29]

[30]

" oand 2 1ntegra%es in clinical and commen%al bacteria~ 'ﬁrnm
and exotics [ J]. Antimicrobial
Agents and Chemotherapy, 2001, 45(3) ; 723-726.

Liu M M, Ding R, Zhang Y, et al. Abundance and distribution

of Macrolide-Lincosamide-Streptogramin resistance genes in an

hVeblOLk companion animals,

anaerobic-aerobic  system  treating  spiramycin  production
wastewater[ J ]. Water Research, 2014, 63; 33-41.
AR, 2R, BiAE, L KD EEOKRE P E Ryt

SR TFYAIFLI]. BRI, 2014, 35(10) : 3869-3873.
Huang F Y, Li H, Wei B, et al. Long-term manure application
induced shift of diversity and abundance of antibiotic resistance
genes in paddy soil[ J]. Environmental Science, 2014, 35(10) .
3869-3873.

Heuer H, Schmitt H, Smalla K. Antibiotic resistance gene
spread due to manure application on agricultural fields [ J ].
14(3) : 236-243.

Zhao L, Dong Y H, Wang H. Residues of veterinary antibiotics

Current Opinion in Microbiology, 2011,

in manures from feedlot livestock in eight provinces of China[ J].

[44]

[45]

[46]

[47]

irrigation on antibiotic resistance in public parks, Beijing, China
[J]. Environmental Pollution, 2014, 184 247-253.
Byrebailey K G, Gaze W H, Kay P,

sulfonamide resistance genes in bacterial isolates from manured

et al. Prevalence of
agricultural soils and pig slurry in the United Kingdom [ J].
Antimicrobial Agents and Chemotherapy, 2009, 53 (2): 696-
702.

Allen H K, Donato J, Wang H H,
antibiotic resistance genes in natural environments[ J].
Reviews Microbiology, 2010, 8(4) . 251-259.

Zhu'Y G, Johnson T A, SuJ Q,

antibiotic resistance genes

Call of the wild:

Nature

et al.

et al. Diverse and abundant
in Chinese swine farms [ J ].
Proceedings of the National Academy of Sciences of the United
States of America, 2013, 110(9) : 3435-3440.

LiY W, Wu X L, Mo C H, et al. Investigation of sulfonamide,
tetracycline, and quinolone antibiotics in vegetable farmland soil
southern China[J].

59(13): 7268-7276.

in the Pearl River Delta area, Journal of

Agricultural and Food Chemistry, 2011,



HUANJING KEXUE Vol.39  No. 1

Environmental Science ( monthly) Jan. 15, 2018

CONTENTS

Variation of 05 Concentration in Different Regions of Beijing from 2006-2015 WANG Zhan-shan, LI Yun-ting, AN Xin-xin, etal. ( 1 )
Source Apportionment of Black Carbon Aerosol in the North Suburb of Nanjing «+«+-eeesrereereeresienienenmninininie XIAO Si-han, YU Xing-na, ZHU Bin, etal. ( 9 )
Seasonal Characteristics and Ecological Risk Assessment of Heavy Metals in PM, Around Electroplating Plants + ZHAO Zhen-li, ZHAO Wei-tuo, HUANG Ting, et al. ( 18 )
Characteristics of Organic and Elemental Carbon in PM; and PM, 5 in Yulin City, Guangxi «eeeseeeeseseeressennssnniinnin: HUANG Jiong-li, CHEN Zhi-ming, MO Zhao-yu, et al. ( 27 )

Concentrations and Compositions of Different Forms of Nitrogen and Phosphorus in Atmospheric Aerosols in the Qingdao Coastal Region and over the Yellow and Bohai Sea ++eeeseesreeeees
~~~~~~~~~~~~~~~~~~~~ ZHANG Rui-feng, QI Jian-hua, DING Xue, et al. ( )

ANG Liu-lin, LI Min-hui, LIAO Cheng-hao, et al. ( )
* WEN Shuang, WANG Qiao, LI Yun-mei, et al. ( )
-+ WANG Kang, RAN Ning, LIN Zhong-bing, et al. ( 68 )
(77)

(8)

(9)

Air Quality Subarea Management: A case study of Guangdong Province

Remote Sensing Identification of Urban Black-Odor Water Bodies Based on High-Resolution Images: A Case Study in Nanjing -
Simulation of Nitrate Isotopic (3'3N and 8'80) by Coupling the Hydrology and Transport Processes Described by the SWAT Model
Estimation of and Control Strategies for Pollution Loads from Non-point Sources in the Chenghai Watershed

-+ CHEN Xue-kai, LIU Xiao-bo, PENG Wen-qi, et al.
YU Cong-cong, ZHAO Wei-tuo, GAO Xiao-feng, et al.
-+ ZHANG Xin-bo, SONG Zi, ZHANG Dan, et al.
in the Southwest Hilly Area of China ««+sereereesesmserensnenimncnennnnes
""" WANG Qiong, LI Nai-wen, LI Lei, et al. ( 109 )
Health Risk Evaluation of Organochlorine and Organophosphorous Pesticides in Groundwater in Beijing ping, PENG Cheng-wei, YANG Yang, et al. ( 117 )
Pollution Status and Risks of Dioxin-like Polychlorinated Biphenyls in the Soil of the Yellow River - YAO Hong, LU Shuang, ZHANG Xu, et al. ( 123 )
Effects of Flooding and Drying on the Transformation of Soil Inorganic Phosphorus in the Water-Level-Fluctuating Zone of the Three Gorges Reservoir, China «+:eseeseeseeeseressenenienenenns
............................................................................................................................................................... ZHOU Jian, LI Chun-hui, ZHANG Zhi-yong, e al. ( 130 )

Distribution Characteristics and Health Risk Assessment of Metals in Drinking Water Sources from the Luhun Reservoir
Distribution Characteristics and Health Risk Assessment of Antibiotics in the Water Supply System in Tianjin
Organic Distribution Characteristics and Influence on Drinking Water Quality in the Typical

................................................................................................................................................ ZHUO Rlll-%huﬂng, HUAkNG Ting_lin, ZHAANC Rul-f?ng, el al' ( 137
Enhanced Photoelectrocatalytic Oxidation of Cu( CN) 2~ and Synchronous Cathodic Deposition of Cu by Peroxydisulfate ++* DANG Cong-zhe, LI Yi-bing, WANG Yan-bin, et al. ( 145
Using HKUST-1 as a Template for Copper Oxides Preparation to Activate Peroxymonosulfate for RhB Degradation +++«+seseseeseeereseerenneneeens PU Jia-yi, WAN Jin-quan, WANG Yan, et al. ( 152
Evaluation of Performance of an Aminated Rosin-based Resin for Adsorption of Norfloxacin from Aqueous Solutions «+++++++=+++++++ MA Ya-hong, HUANG Wan-ting, DIAO Kai-sheng, et al. ( 161
Arsenic(V) Removal by Granular Adsorbents Made from Backwashing Residuals from Biofilters for Iron and Manganese Removal -+« ZENG Hui-ping, LU Sai-sai, YANG Hang, et al. ( 170
Arsenic Adsorption and Iis Species on Ferrihydrite and Ferrihydrite Colloid =~ +x«+sessersereesessersenseneneniensnininiss s MA Yu-ling, MA Jie, CHEN Ya-li, et al. ( 179
Comparison of Amphoteric-Cationic and Amphoteric-Anionic Modified Magnetic Bentonites; Characterization and Sorption Capacity of Phemol — +++«ssesserserseneresienenisinininiininsnen
++=+ REN Shuang, MENG Zhao-fu, WANG Teng, et al. ( 187
ZHAO Xue, ZHANG Zi-feng, ZHU Fu-jie, et al. (

XU Wen-jia, CHENG Xiao-ying (

DAI Qi, LIU Rui, SHU Xiao-ming, et al. (

CAO Te-te, WANG Lin, LI Yong-mei (

GU Cheng-wei, CHEN Fang-min, LI Xiang, et al. ( 227
(

(

(

Pollution Characteristics of Parabens in Typical Sewage Wastewater -+

Influence of Hydraulic Retention Time on the Treatment of Polluted River Water by an Activated Carbon Rotating Biological Contactor

Removal and Influence of Ciprofloxacin in a Membrane Bioreactor

Operation of the AAQ Process Under Low Dissolved Oxygen Conditions and Its Simulation

Inhibitory Effects of Phosphate and Recovery on a Nitrification System )
Effect of Carbon Source on Lab-scale SAD Process in a Wastewater Treatment Plant »+= LI Dong, ZHAO Shi-xun, WANG Jun-an, et al. ( 232 )
Effect of Volume Loading Rate ( VLR) on Denitrifying Phosphorus Removal by the ABR-MBR Process LU Liang, YOU Wen, WEI Jia-min, et al. (239 )
Combined Process of DNBF-0;-GAC for Nitrogen and Phosphorus and Metabolite Advanced Removal = +:eoeteereseseesssescnsseinnien: ZHONG Li-yan, HAO Rui-xia, WANG Wei-dong, et al. ( 247 )
Influence of Operating Modes for the Alternating Anoxic/ Oxic Process on Biological Nitrogen Removal and Extracellular Polymeric Substances of Activated Sludge —+«+eeseseerserseresenennees
.............................................................................................................................................. SUN Hong-wei, CHEN Cui-zhong, WU Chang-feng, e al. ( 256 )
Effects of Nanoscale Zero-valent Iron (nZVI) on Denitrifying Performance of an Upflow Granular Sludge Bed Reactor ZHOU Feng, WANG Fan-fan, QIAN Fei-yue, et al. ( 263 )
Influence on Desulfurization Efficiency and Interactions of Fe/S and pH During H,S in situ Depression of High Solid Anaerobic Digestion -+ HAN Yun, CAO Yu-gin, ZHUO Yang, et al. ( 269 )
Analysis of Storage Sludge Composition Characteristics and Evolutionary Regularity in the Hunhe River Basin «+ee-eeesererenesiesienenes LIU Tian-tian, CUI Chong-wei, HE Jun-guo, et al. ( 276 )
Enhancement of Anaerobic Methane Production by Removal of Organic-bonding Metals from Sewage Sludge +«+«++sevseereeresmsereneneninienenennes LU Yi-qing, XU Ying, DONG Bin, et al. ( 284 )
Comparison of Different Leaching Methods for Heavy Metals in Sludge Fly Ash and Comprehensive Toxicity Evaluation - »+ WANG Feng, LI Run-dong, LI Yan-long, et al. (292 )
Diurnal Variations of CH, and N, O Fluxes from the Drained Aquaculture Pond in the Minjiang River Estuary During Early Winter -+ YANG Ping, TAN Li-shan, HUANG Jia-fang, et al. ( 300 )
Effects of Three Soil Amendments on Greenhouse Gas Emissions From Corn Fields in the Hetao Irrigation District «+:eseeseereeesererereseneneens WU Yan, HONG Mei, LIN Li-long, et al. ( 310 )
Effect of Organic Manure Substitution of Synthetic Nitrogen on Crop Yield and N,0 Emission in the Winter Wheat-Summer Maize Rotation System
...................................................................................................................................................... HOU Miao-miao, LU Feng-lian, ZHANG Hong-tao,
Dynamics of Rice Photosynthesized Carbon Input and Tts Response to Nitrogen Fertilization at the Jointing Stage: '3C-CO, Pulse-labeling ++eveesersevsemsemsenniiiiiiiiie
............................................................................................................................................................ CHEN Shan, ZHU Zhen-ke, YUAN Hong-zhao, et al. ( 331')
Profile Distribution of Soil Organic and Inorganic Carhon Under Different Land Use Types in the Loess Plateau of Northern Shaanxi  *+* LAN Zhi-long, ZHAO Ying, ZHANG Jian-guo, et al. ( 339 )
Effect of Biochar on Ammonia Volatilization from Soils of Different Surface Conditions —++«++sxesssresssrerneenimsmnmennimnnnienees Z0U Juan, HU Xue-yu, ZHANG Yang-yang, et al. ( 343 )
Effects of Straw and Biochar Return in Soil on Soil Aggregate and Carbon Sequestration XU Guo-xin, WANG Zi-fang, GAO Ming, et al. ( 355 )
Assessment of the Availability of Soil Copper and Related Influencing Factors at a County Scale «+:«+ssseereereeeserensenenienenennineneenenns LI Jin-fen, QU Ming-kai, LIU Gang, et al. ( 363 )
Application of the LUR Model in the Prediction of Spatial Distributions of Soil Heavy Metals «+e+eeseeererenessenennennssnennens 7ENG Jing-jing, SHEN Chun-zhu, ZHOU Sheng-lu, et al. ( 371 )
Pollution Characteristics and Source Apportionment of Polycyclic Aromatic Hydrocarbons in Soils of Shenyang North New Area «+:++++++ LI Jia-kang, SONG Xue-ying, WEI Jian-bing, et al. ( 379 )
Passivation of Simulated Ph- and Cd-Contaminated Soil by Applying Combined Treatment of Phosphate, Humic Acid, and Fly Ash + ZHAO Qing-yuan, LI Xiao-ming, YANG Qi, et al. ( 389 )
Distribution and Accumulation of Cadmium in Paddy Soil and Rice Affected by Pollutant Sources Control and Improvement Measures FENG Wen-li, GUO Zhao-hui, SHI Lei, et al. ( 399 )
Differences in Cd Accumulation in Typical Soils Under the Double Rice System + LI Xin-yang, LONG Jian, WANG Shu-bing, et al. ( 406 )
Distribution Characteristics of Mercury in Reed Leaves from the Jiapigou Gold Mine in the Songhua River Upstream +=++ ZHANG Man-yin, LI Meng-jie, CUI Li-juan, et al. ( 415 )
Effect of Nitrate Amendment on Soil Denitrification Activity and Anthracene Anaerobic Degradation DAI Jun-shuai, ZUO Xiao-hu, WANG Ming-xia, et al. ( 422)
Effects of Long-term Fertilization Regimes on Microbial Biomass, Community Structure and Activity in a Paddy Soil ««+stseeoreeerereesneeees WANG Wei-hua, LIU Yi, TANG Hai-ming, et al. ( )

Analysis of Sulfate-Reducing and Sulfur-Oxidizing Prokaryote Community Structures in Marine Sediments with Different Sequencing Technologies -+

++ ZHANG Yu, MI Tie-zhu, ZHEN Yu

YUAN Li-juan, LIAO Qie-gen, ZHANG Li, et al. ( 450 )

+++ ZHANG Hao, WANG Pan-liang, YANG Qing-xiang, et al. ( 460 )

Influence of Air Pollution Control (APC) Systems and Furnace Type on the Characteristics of APC Residues from Municipal Solid Waste Incinerators «+«++sssssrerssssssmsisnunssinnnisninnnin
............................................................................................................................................................... ZHANG Hua, YU Si-yuan, SHAO Li-niing, et al. ( 467 )

Distribution of Multidrug-Resistant Bacteria and Antibiotic-Resistant Genes in Livestock Manures «+:+=s+xsseeseeees



