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Application of Rainbow Trout CYP1 Gene Expression Patterns in Gill and Liver

for Haihe River Bio-monitoring
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Abstract: CYPI subfamily genes in gills and liver of rainbow trout as biomarkers were studied to establish methods for quantitative
mRNA expression analysis of these genes and to determine their expression pattern. Fish caged in various waters in the Haihe River
(Tianjin) were analyzed. The mRNA expression patterns observed in Machangjian River and estuary site of Haihe River were markedly
similar but at different levels, reflecting that those sites shared the similar pollution components but with different local pollution load.
CYPICI and 1C3 were only induced at Gegu site and estuary site of Haihe River, indicating different types of CYPI agonists in
Machangjian River. Response patterns of multiple CYPI genes in gills and liver could be applied in the monitoring strategy. The
response patterns of CYPI genes could be used for better understanding the relationship between complex mixtures of pollutants and
biological response of organisms in aquatic environments.
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Table 1  Aquatic parameters at different caging sites

(i 7K I AR o L3R
/C /mg-L~! /pS+em !
Wik 10.8 6.24 7.9 532
T E 11 7.84 7.9 513
B 10.6 7.06 8.0 9900
T 10.9 5.8 8.43 7920
YRR A 11 7.1 8.2 975
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Table 2 Sequences (5'-3") of the gene-specific real-time PCR primers used in the experiments
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CYPICI GCAGCACAGAGAAACCTTCAAC GTCCTTTCCGTGCTCAATCACA
CYPIC2 GAGCACAGGGAGACATTTGAC GGTATCACTGTCCGCCTTG
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Relative CYPIs mRNA expression patterns in gills and liver of rainbow trout

1
Fig. 1
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The mRNA expression patterns for CYPIA, CYPIB, CYPIC subfamily genes in gills of rainbow trout

T 3 T g P A I 7K 5 ¥ e B H A A sk g R
Wi, 76 E Br |, Abrahamson 2517+ 260 1] ] fit§ 71 1%
AT R PAHSs 15 4% W F1A ik 75 Yyl DX S
Ho . IR AE AR R . AT AR 22 CYPLA FET5
KIEFATE 1 d G RIN B35S, 78 PAHs WRIER &
(HETS FREE K Bl 35 1 52 0 B 68 22 CYPLA 7%
PeE TS O K 15 km &b X BE 20 A6 V6 1
FEFRTE B AT AR, S £ 0 R 65 #6688 22 EROD
T (7-2 5L Wy -O- i 2 LB, O P s
AIPEMRT CYPIAT BYEAE ) IS 3 s T B 4
BB ) SE R A s . AEFRIE, CYPIA FEH#E
I S HE M I FE K IR BE 15 e S A, W il i oz
PR AZ 3 )12 e, AR T Gl T A 41
JiF EROD P4 W TR 2145 PCBs 15 L IFEH 5 5K
FAEEPHGE T A I L PAHS 75 e X 48 & i
( Sebastiscus marmoratus ) I CYPIA FiRk 520, 4%
B RS R T R I ORLAR. EROD 335 1 W 7
AR A5 e T AT PR 4. kT WL, CYP1A
(5 S 2 18 AT AR Ry 98 7% 5 1 3R 85 b a2 e H:
PAHs A HLT5 YL WT5 Yo i A 56 it UG 9 A M b 2
Y. ARG S0 26 SR AL 2R B TR AN [R] W A7 3T
K AR 5 R 1 £ AR A 25 2R e [ A TS e,
¥ Jl— R (R RGN, 7 5| R A



3882 o

B 306

SCE IR K I CYPIA FE T IE b i) 3235 &
8 Hp AR, R BK AR AT BB A 2 5 R R 5
il PAHs. I A BY S5 59 I B — 46 PAH BE 2
CYPIA/IB Wi T2 HAEH W IKY). Jonsson
A 200 vl Y WA 840 WS AR I [ ] B AR SR LH 2
WS A B RN, B A — 3 A S A R O
[a] BE AT DL B3k BFAE2H 28, 55 — J7 11, Brammell
L1300 B Ay 7 AR P PCB LT K R T 5 4 ) 5
M. 2SR B FE 5 B EL MR i i e B8 PCB T
HEVS F1 2 km X3 57 19 37 0 68 46 JE CYP1 AL
FeIR G X REZE 1 30 TR 22 CYPLAL By 3R3A
BARMK. nTLAE W 16 PR ) 4 37 10 52 3 0 £ 2 50
T T AL TR PCB, 1T 78 1 3% 5% 57 X s 1) %
T 610 AR R T PAH, fy e mT DAHENT, 62z 5
JHF I H AN T 1 2 g A5 X2 R 75 0 B AR ) 2 5
T ALY

Wt CYPIC B& R 2 3 47 O & P40 i 5 %
PASO FR5 F 0 37 18 5% (H AR 5G40 3 1 fF 55 F e
b, HETEASBE B oAb 3 Ff ik 7B A cDNA JIT 45
MY E H 1R CYPIA —FA %5 EROD 1Y =41
Kot DU AN W S50 () 25 S R B, B8 22 CyPICI
5 CYPIAI Wik w4 & R AR . CYPICI
5 cyr1c3 RikEAAHLIMER T CYPICI/C3 5
CYPIC2 Z [a) AL, Jonsson 25120 ) Fir fitf £ 3k
1T PCB126 154 W)k {R 22 @ S W 55 & B, CYPIA
5 CYPICI M FkAaCAR F AL (HEA T B A W
SEIGI RIAE] CYPLC W R Rk XA 1
ARl ARSI 2 R R AEAS R I s, B
HAMHAR 6 F cyPl FEH R AR, HFE
KA, A AT RESE Tk TS el £ g AS TR i AR,
FEEH TN T A2 U5 Y R O . b AF,
CYPICI/C3 FEE 1 5 A 1 52 2B B SAEH (A
FEIL T U AIANER 3 B I ] T AR TS )
FPAN ) 3T W DA

4 Zig

S5 L TIR | A S0 ) FH 6 £ 68 22 55 AE 22 A
CYP1 SR F2b A T 3 K 38005 G Wi v, ok
FRA 15 G W A W T AR W T — B 1
P I XA Y 6 S CYPT PR AE AR W X
B mRNA WD, A& BT A S R Y ) gk &, Hiorp
CYPIAL | 1A3 F 1C1 PR A S5 0 fe BBUR% 1 3 A e
e 5 S R AR A T Ak 7R S T ] K 3
CYPI mRNA 1) 52 )i KRR S 35 AN () 1 7 HC A P 1 A5

SR EE S UL AE X AL AEA TR B CYPT 75577/
Wiz, AR S IR R IR A Y R S A

Wy R AL S 2R, o SR LA R 245 15 e A

A8 A= SR HEAT VA A, Ry A [ K 38835 G B0t J7

AR AL PR R

B2k

[ 1] Denison M S, Pandini A, Nagy S R, et al. Ligand binding and
activation of the Ah receptor [ J ].
Interactions, 2002, 141(1-2) : 3-24.

[2] Williams T D, Wu H F, Santos E M, et al. Hepatic

Chemico-Biological

Transcriptomic and Metabolomic Responses in the Stickleback
( Gasterosteus aculeatus ) Exposed to Environmentally Relevant
Concentrations of Dibenzanthracene [ J]. Environmental Science
& Technology, 2009, 43(16) : 6341-6348.

(3] VFAW, SKIELL, JKvE, 5. X2 @R USRI KA s A4
YibrE [T]. JK7=Rk2, 2015, 34(1) : 66-70.

[ 4] Mandal P K. Dioxin: a review of its environmental effects and its
aryl hydrocarbon receptor biology [ J]. Journal of Comparative
Physiology B, 2005, 175(4) . 221-230.

[ 5] Whitlock J P Jr. Induction of cytochrome p4501A1 [J]. Annual
Review of Pharmacology and Toxicology, 1999, 39. 103-125.

[6] Mk, Bk, L% RAKINEFRAE D B-ZE 20T XS
CYPIA B EEHIFES [J]. K24k, 2010, 34(6) ; 885-
890.

[ 7] Abrahamson A, Andersson C, Jonsson M E, et al. Gill EROD in
monitoring of CYP1A inducers in fish-A study in rainbow trout
( Oncorhynchus mykiss) caged in Stockholm and Uppsala waters
[J]. Aquatic Toxicology, 2007, 85(1) ; 1-8.

[ 8] Leaver M J, George S G. A cytochrome P4501B gene from a
fish, Pleuronectes platessa [ J]. Gene, 2000, 256 (1-2) . 83-
91.

[9] Godard C A J, Goldstone J V, Said M R, et al. The new
vertebrate CYP1C family: Cloning of new subfamily members and
phylogenetic analysis [ J ]. Biochemical and Biophysical
Research Communications, 2005, 331(4) : 1016-1024.

[10] Goldstone J V, Jonsson M E, Behrendt L, et al. Cytochrome
P450 1DI: A novel CYPlA-related gene that is not
transcriptionally activated by PCB126 or TCDD [ J]. Archives of
Biochemistry and Biophysics, 2009, 482(1-2): 7-16.

[11] Jonsson M E, Jenny M J, Woodin B R, et al. Role of AHR2 in
the expression of novel cytochrome p450 1 family genes, cell
cycle genes, and morphological defects in developing zebra fish
exposed to 3,3’,4,4", 5-pentachlorobiphenyl or 2,3, 7, 8-
tetrachlorodibenzo-p-dioxin [ J]. Toxicological Sciences, 2007,
100(1) . 180-193.

[12] Rabergh C M I, Vrolijk N H, Lipsky M M, et al. Differential
expression of two CYP1A genes in rainbow trout ( Oncorhynchys
mykiss) [J]. Toxicology and Applied Pharmacology, 2000, 165
(3): 195-205.

[13] Berndtson A K, Chen T T. 2 Unique CYPI genes are expressed

in response to 3-methylcholanthrene treatment in rainbow trout



10 4

e B S SRR I 22 CY P B PR R U S A b

I K5 GepR 3883

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[J]. Archives of Biochemistry and Biophysics, 1994, 310(1) .
187-195.

Denison M' S, Nagy S R. Activation of the aryl hydrocarbon
receptor by structurally diverse exogenous and endogenous
chemicals [ J].
2003, 43(1): 309-334.

Jonsson M E, Orrego R, Woodin B R, et al. Basal and 3,3",4,

Annual Review of Pharmacology and Toxicology ,

4", 5-pentachlorobiphenyl-induced expression of cytochrome P450
1A, 1B and 1C genes in zebrafish [ J]. Toxicology and Applied
Pharmacology, 2007, 221(1) : 29-41.

Wang L, Scheffler B E, Willett K L. CYP1Cl messenger RNA
expression is inducible by benzo [ a ] pyrene in Fundulus
heteroclitus embryos and adults [ J]. Toxicological Sciences,
2006, 93(2) : 331-340.

Zanette J, Jenny M J, Goldstone J V, et al. New cytochrome
P450 1B1, 1C2 and 1D1 genes in the killifish Fundulus
heteroclitus ; Basal expression and response of five killifish CYPIs
to the AHR agonist PCB126 [ J]. Aquatic Toxicology, 2009, 93
(4):234-243.

Uno Y, Uehara S, Murayama N, et al. CYPIDI, pseudogenized
in human, is expressed and encodes a functional drug-
metabolizing enzyme in cynomolgus monkey [ J]. Biochemical
Pharmacology, 2010, 81(3) . 442-450.

Livak K J, Schmittgen T D. Analysis of relative gene expression
data using real-time quantitative PCR and the 2 2T Method
[J]. Methods, 2001, 25(4) . 402-408.

Schmittgen T D, Livak K J. Analyzing real-time PCR data by the
comparative C, method [ J]. Nature Protocols, 2008, 3 (6) :
1101-1108.

Ramakers C, Ruijter ] M, Deprez R H L, et al. Assumption-free
analysis of quantitative real-time polymerase chain reaction
(PCR) data [J]. Neuroscience Letters, 2003, 339 (1) 62-
66.

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Ruijter J M, Ramakers C, Hoogaars W M H, e al
Amplification efficiency: linking baseline and bias in the analysis
of quantitative PCR data [ J]. Nucleic Acids Research, 2009,
37(6): ed5.

TKEA, KRR, BRUG MR, 1 E AT CYP 1A /RN A Ydr ks
VI T B i Bk (U], AR, 2011, 31
(19) . 5851-5859.

Mdegela R, Myburgh J, Correia D, et al. Evaluation of the gill
filament-based EROD assay in African sharptooth catfish ( Clarias
gariepinus ) as a monitoring tool for waterborne PAH-type
contaminants [ J]. Ecotoxicology, 2006, 15(1) ; 51-59.
Jonsson E M, Abrahamson A, Brunstrom B, et al. Cytochrome
P4501A induction in rainbow trout gills and liver following
exposure to waterborne indigo, benzo[ a | pyrene and 3, 3, 4, 4,
5-pentachlorobiphenyl [ J]. Aquatic Toxicology, 2006, 79(3) :
226-232.

Abrahamson A, Brandt I, Brunstrom B, et al. Monitoring
contaminants from oil production at sea by measuring gill EROD
activity in Atlantic cod ( Gadus morhua) [J]. Environmental
Pollution, 2008, 153(1) . 169-175.

BAerR, T, EPR, 5. Mk EROD 5 MExT £ Ik
RRIFERAER (1], WREERERLE, 2002, 21(1) : 5-8.
AR B il ( Sebastiscus marmoratus ) JFFAICRL AR 40 it {6 &
P-450 ISR 1 BIF 5T ——3h 7 2 S A L 5 A5 R
(D], BEIT. FEZMERRE =WRPIFET, 2003, 1-63.

Jonsson M E, Gao K, Olsson J A, et al. Induction patterns of

new CYP1 genes in environmentally exposed rainbow trout [ J].
Aquatic Toxicology, 2010, 98(4) ; 311-321.

Brammell B ¥, McClain J S, Oris J T, et al. CYPLA expression
in caged rainbow trout discriminates among sites with various
degrees of polychlorinated biphenyl contamination [ J]. Archives
of Environmental Contamination and Toxicology, 2010, 58(3) :
772-782.



HUANJING KEXUE Vol.36  No. 10

Environmental Science ( monthly) Oct. 15, 2015

CONTENTS

Source Contribution Analysis of the Fine Particles in Shanghai During a Heavy Haze Episode in December, 2013 Based on the Particulate Matter Source Apportionment Technology «++++++++

.................................................................................................................................................................................... LI Li, AN Jing-yu, YAN Ru-sha (3543)
Transformation Mechanism and Sources of Secondary Inorganic Components in PM, s at an Agriculture Site (Quzhou) in the North China Plain in Summer »+++++++++--
............................................................................................................................................................ CHEN Shi-yi, ZENG Li-min, DONG Hua-bin, et al. (3554)
Pollution Level and Sources of Organic Phosphorus Esters in Airthorne PM, s in Chengdu City w+v+sereerereserereresneeneneees YIN Hong-ling, LI Shi-ping, YE Zhi-xiang, et al. (3566)
Simulation Study of the Emission of Polycyclic Aromatic Hydrocarbons and Sugar Alcohols from Biomass Burning HUANG Shuai, HUANG Xin-yi, WU Shui-ping, et al. (3573)
Characteristics and Parameterization for Atmospheric Extinction Coefficient in Beijing CHEN Yi-na, ZHAO Pu-sheng, HE Di, et al. (3582)
Photocatalytic Degradation of Gaseous Toluene by a Photo-Fenton Reaction — ++«+seseeeresrererenenenenenninincniininesene ZHENG Si-can, CHEN Tian-hu, LIU Hai-bo, et al. (3590)
Emission of PCDD/Fs from Crematories and Its Influencing Factors ««+seseereeseseserensineneneinenne YIN Wen-hua, YU Xiao-wei, HAN Jing-lei, et al. (3596)
Odor Emission Characteristics from Biochemical Treatment Facilities of Kichen Waste in China ZHANG Yan, WANG Yuan-gang, LU Zhi-giang, et al. (3603)
Temporal and Spatial Characteristics of Lake Taihu Surface Albedo and Its Impact Factors «++eeseeeeseererersrmeneniinnnine CAO Chang, LI Xu-hui, ZHANG Mi, et al. (3611)
Remote Sensing Inversion of Diffuse Attenuation Coefficient in Lake Taihu Based on the GOCI Tmages ««++++eesresreeeresnesnersenennenens WANG Shan-shan, LI Yun-mei, WANG Qiao, et al. (3620)
Porewater Dissolved Methane in Cyperus malaccensis Marshes Along Salinity Gradient in the Minjiang River Estuary «+«+eseeseereeeseere YANG Ping, ZHANG Zi-chuan, DU Wei-ning, et al. (3633)
Stable Isotopes Characters of Soil Water Movement in Shijiazhuang City «+:++sseeeveessssssssssisnismensnimnn CHEN Tong-tong, CHEN Hui,HAN Lu, et al. (3641)
Seasonal Variations in Vertical Profile of Hg Species and the Influential Factors in Changshou Reservior BAI Wei-yang, ZHANG Cheng, TANG Zhen-ya, et al. (3649)
Nutrient Characteristics and Nitrogen Forms of Rhizosphere Soils Under Four Typical Plants in the Littoral Zone of TGR -+ WANG Xiao-feng, YUAN Xing-zhong, LIU Hong, et al. (3662 )

Exchange Fluxes and Coupling Relationship of Dissolved Inorganic Carbon and Dissolved Organic Carbon Across the Water-Sediment Interface in Lakes —«ereeseseserenenmienneininicnennn

WANG Wei-ying, LU Chang-wei, HE Jiang, et al. (3674)

Mass Transport in Porous Sediments During a Turbulent Disturbance LI Shao-long, CHEN Dao-yi (3683 )

Characterization of Pollutant Wash-off in the Urban Stormwater ++«++ssessseerrssmrsmmimmnimnniii e WU Jun-liang, REN Yu-fen, WANG Xue-mei, et al. (3691)

Research of the Stormwater Runoff and Pollution Characteristics in Rural Area of Yuhang District, Hangzhou «+veeeeereeeveseseseeneees DUAN Sheng-hui, ZHAO Yu, SHAN Bao-ging, et al. (3697)
Formation and Variation of Brominated Disinfection By-products in A Combined Ultrafiltration and Reverse Osmosis Process for Seawater Desalination «++++seeseseeseererseseseneneniniinicnenn

........................................................................................................................................................................ YANG Zhe, SUN Ying-xue, SHI Na, et al. (3706)

Effect of Natural Organic Matter and Electrolytes on the Aggregation of C, Nanoparticles in Aquatic Systems +«+eseseseeresesersssinsicinenens FANG Hua, JING Jie, YU Jiang-hua, et al. (3715)
Efficiency of Sediment Amendment with Zirconium-Modified Kaolin Clay to Control Phosphorus Release from Sediments in Heavily Polluted Rivers —««+eseereeseseserenenmennenninienenen

............................................................................................................................................................ \kANc Hong‘ LIN Jlﬂ,n"‘vel ZHAN Yan'hul el al (3720)
JIN Peng-kang, JIAO Ding, REN Wu-ang (3730)
Application of Micro-aerobic Hydrolysis Acidification in the Pretreatment of Petrochemical Wastewater ZHU Chen, WU Chang-yong,ZHOU Yue-xi, et al. (3738)
Ffficacy of A%/0-MBR Combined Process in Wastewater Treatment and the Characteristics of Membrane Fouling — «++++evevevseesevsemsenenenns WANG Xu-dong,MA Ya-bin, WANG Lei, et al. (3743)
)
)

Transformation of Nitrogen Nulrients in the Urban Sewage Pipe Network

Effect of High Ammonium on Nitrogen Removal in an Partial Nitritation-ANAMMOX Process with Reflux System LI Xiang, CUI Jian-hong, YUAN Yan, et al. (3749
LI Jiang-wei, YANG Xiao-yong, HU An-yi, et al. (3756

2,4 6-Trichlorophenol Mineralization Promoted by Anaerobic Reductive Dechlorination of Acclimated Sludge and Extracellular Respiration Dechlorination Pathway «++v+esereeseesresseseneees

Reductive Dechlorination of Trichloroethylene by Benzoate-Enriched Anaerobic Cultures -+

SONG Jia-xiu, LI Ling, SHENG Fan-fan, et al. (3764
Short or Long Term Influence of Phenol on Nitrogen Removal Efficiency of ANAMMOX Sludge - * YANG Peng-bing, LI Xiang, HUANG Yong,et al. (3771
Process Optimization of Aerobic Granular Sludge Continuous-Flow System for the Treatment of Low COD/N Ratio Sewage «+++++xtseeeseeeresnesrssssseneens LU Lei, XIN Xin, LU Hang, et al. (3778
Long-Term Inhibition of FNA on Aerobic Phosphate Uptake and Variation of Phosphorus Uptake Properties of the Sludge MA Juan, LI Lu, YU Xiao-jun, et al. (3786
Performance and Factors Analysis of Sludge Dewatering in Different Wastewater Treatment Processes **+* * LIU Ji-bao, LI Ya-ming, LU Jian, et al. (3794
Effect of Residual Hydrogen Peroxide on Hydrolysis Acidification of Sludge Pretreated by Microwave -H,0,-Alkaline Process = «+«+++eseeseeeet JIA Rui-lai, LIU Ji-bao, WEI Yuan-song, et al. (3801
Vertical Distribution Characteristics of Typical Forest Soil Organic Nitrogen in Dawei Mountain —+-veeeseeeesrersessseseneneinienennens DING Xian-ging, MA Hui-jing, ZHU Xiao-long, et al. (3809

* QI Xin, JIANG Chang-sheng, HAO Qing-ju, et al. (3816
Control of Soil Nutrient Loss of Typical Reforestation Patterns Along the Three Gorges Reservoir Area +++--- WU Dong, HUANG Zhi-lin, XIAO Wen-fa, et al. (3825
Effects of Slope Position and Soil Horizon on Soil Microbial Biomass and Abundance in Karst Primary Forest of Southwest China »«+++«++++-- FENG Shu-zhen,SU Yi-rong,ZHANG Wei et al. (3832
Effects of Different Plantation Type on the Abundance and Diversity of Soil Microbes in Subtropical Red Soils - HEN Bing-jie, ZHU Zhen-ke, YUAN Hong-zhao, et al. (3839
JI Xiao-feng, ZHENG Na, WANG Yang, et al. (3845

Effects of Different Modifier Concentrations on Lead-Zinc Tolerance, Subcellular Distribution and Chemical Forms for Four Kinds of Woody Plants — ««+eeseereeresseserenenmiennenninicnennn

Effects of Different Land Uses on Soil Active Organic Carbon and Nitrogen Fractions in Jinyun Mountain

)
)
)
)
)
)
)
)
)
)
)
)

Accumulation of Mercury in Soil-maize System of Non-ferrous Metals Smelting Area and Its Related Risk Assessment

Isolation, Purification and Identification of Antialgal Activity Substances of Ethyl Acetate Extracts from the Submerged Macrophytes Potamogeton crispus «++«+++sssereeresreserersenesencnenens

SUN Ying-ying, SU Zhen-xia, PU Yin-fang, et al. (3860)

............................................................................................................................................................... 11 Kun, ZHAO Gao-feng, ZHOU Huai-dong, et al. (3866)
Application of Whole-cell Biosensor ADP1_pWHIux for Acute Toxicity Detection in Water Environment «-«+-esetoseeeesessessesssenenensimnenenneees TANG Hui,SONG Yi-zhi, JIANG Bo,et al. (3872)
Application of Rainbow Trout CYP1 Gene Expression Patterns in Gill and Liver for Haihe River Bio-monitoring GAO Kai, YAN Pei, TAN Cui-ling, et al. (3878)
Toxic Effect of Nano-Zn0Q in Liver of Zebrafish ++ LIU Lin, ZHAO Qun-fen, JIN Kai-xing, et al. (3884 )
Acute Toxicity of Coptis chinensis Rhizome Extracts to Daphiuia crinata »+++++++++++sereessssesesenssnsniminiiniiisisii i CHEN Ya-nan, YUAN Ling ( 3892)
Adsorption-desorption Characteristics of Fermented Rice Husk for Ferrous and Sulfur long +«eeeesseeeseessmsnmmimsineniiininnsiene XIE Xiao-mei, LIAO Min, HUA Jia-yuan, et al. (3896)
Application of Stir Bar Sorptive Extraction and Gas Chromatograph Mass Spectrometer to the Phthalic Acid Esters Analysis in Seawater +++++--* GAO Chen-chen, LI Feng-min, LU Lun, et al. (3906)
Experimental Conditions and Reliability Analysis of Results of COD Components —+«++«+ssssssessesserssenensenmsmmensnnsennese e LI Zhi-hua, ZHANG Yin, HAN Xing, et al. (3913)

Method for Simultaneous Determination of 11 Veterinary Antibiotics in Piggery Wastewater and Sludge and Its Application in Biological Treatment — ««+s«sseseesessesserensenemenensninencnenens
........................................................................................................................................................................ DING Jia_liy LIU Rui, ZHENC \VeiY el al, (39]8)
Research Progress in Technology of Using Soil Micro-organisms to Generate Electricity and Its Potential Applications «++v+»eesesseseeseess DENG Huan, XUE Hong-jing, JIANG Yun-bin, et al. (3926)



F &K
BlE%Hm. &

CGMEFRZFE)FE 6 RmEE

EREpr
S OMGEI B I

% F. (RUEKREIHET)

Ji

YL EARIE EULE
KE O XEER X B
AT Bt %2 A
OO S

w w #E

(HUANJING KEXUE)

T W Nl
Wi
B i B
WV B

=
A

AN
=

HE @ %
JEI Sl A
KFE WOE

ENVIRONMENTAL SCIENCE

(Monthly  Started in 1976)

(HTI 1976 4 8 HAIH)
20154E10 A 15 H 436% 10 Vol.36 No.10 Oct. 15, 2015
+ & P EPER Superintended by Chinese Academy of Sciences
* B P EBERE A S ETEE 0 Sponsored by Research Center for Eco-Environmental Sciences, Chinese
i g (LABINSeE ) Academy of Sciences
U BT 3 85 5 B B 2 WF 5T B Co-Sponsored by Beijing Municipal Research Institute of Environmental
WOk o 2% FROME 22 B Protection
* % ORI [ i School of Environment, Tsinghua University
% B O(IRBE R ) A E R A Editor-in -Chief OUYANG Zi-yuan
£ 1=
. e Sy N Edited by The Editorial Board of Environmental Science ( HUANJING
JLHCTT 2871 {5 A (T3UE DX XU ’
KEXUE
18 5, HBIBL T : 100085 ) ) _
LT .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1 .010—62849343 ’ Tel ;:010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn E-mail : hjlx@ 'rcees. ac. cn
http:/www. hikx. ac. en http : //www. hjkx. ac. ecn
i BR 44 3 " & i Published by Science Press
bR AR AL 1 6= 16 Donghuangchenggen North Street,
ZIN N B
MR B S . 100717 Beijing 100717, China
BRI 2 3T  dtatdbakepiin— Printed by Beijing Bei Lin Printing House
* 1T 4 4 & K ik Distributed by Science Press
135 .010-64017032 Tel:010-64017032
E-mail : journal @ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT W & 2ELHIHEE Domestic All Local Post Offices in China
EsE&RIT TEREFRERES BN Foreign China International Book Trading Corporation (Guoji
(b5t 399 f546) Shudian) ,P. 0. Box 399, Beijing 100044 , China
= ISSN  0250-3301 N
VETIS 5. 2-821
RERRATIS, Do o030 EREER S,
E M E fi:120.00 ESRITRS: M 205

EMWSRFET



	封面
	20151043
	封底

