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Influences of Biochar on Pollutant Removal Efficiencies and Nitrous Oxide

Emissions in a Subsurface Flow Constructed Wetland

DENG Chao-ren'*, LIANG Yin-kun'*, HUANG Lei'**, FANG Dan-dan"?, CHEN Yu-cheng'”, DU Gang’

(1. College of Resources & Environment, Southwest University, Chongqing 400715, China; 2. Chongging Engineering Research Center
of Rural Cleaning, Chongqing 400716, China; 3. School of Urban Construction and Environmental Engineering, Chongqing University,
Chongqing 400045, China)

Abstract: Biochar, pyrolyzed from agricultural biomass wastes, has been widely used as an improver in wastewater treatment to
regulate the oxygen distributions and microbial communities because of its extended surface area and porous structure. In addition,
biochar has been shown to play a role in enhancing the porosity, adsorbing ammonium (NH, -N) , and reducing nitrous oxide (N,0)
emissions. In this paper, five groups of constructed microcosm wetlands (CW) were built in a greenhouse with different biochar doses
of 40% , 30% , 20% , 10% , and 0% ( named as BW-40, BW-30, BW-20, BW-10, and CW-K, respectively) to investigate the
influences of biochar on pollutant removal efficiencies and N,O emissions. The results showed that the concentration of effluent
dissolved oxygen (DO) was less than 0.5 mg-L™", and the pH was stable at around 7.2 in every CW. Additionally, the effluent
oxidation-reduction potential ( ORP) was found to have moderately increased with the increases in the quantity of biochar, and the
conductivity (Cond) test results showed the opposite trend. However, the effects of biochar on DO, pH, ORP, and Cond were not
significant (P > 0.05). The chemical oxygen demand ( COD) removal rates were up to 90% in all CWs. On the other hand,
significantly higher removal efficiencies for NH, -N and total nitrogen (TN) were found in CWs filled with biochar (P <0.05). The
average NH," -N removal rates were (57.96 +10.63)% , (51.12 £11.74)% , (48.55 +8.75)% , (43.95+£9.74)% , and (34.76
+14.16)% in BW-40, BW-30, BW-20, BW-10, and CW-K, respectively, while the total nitrogen (TN) average removal rates
were (80.21 +10.63)% , (78.48 £5.73)% , (76.80 +4.20)% , (75.88 +5.85)% , and (70.92 +5.68)% , respectively.
Nitrate (NO; -N) was not detected in the CWs for there were sufficient carbon sources and suitable denitrification environments.
Moreover, the average fluxes of N,O ranged from 13.53 mg-(m’-d) ' to 45.30 mg-(m’-d) ™' in the experimental systems.
Compared with the control, the reduction rates of N,O in the BW-40, BW30, BW20, and BW10 were 70. 13% , 68.26% , 50. 83% ,
and 37.90% , respectively, and the ratios of N,O emissions to the removed nitrogen in CWs with biochar were significantly lower than
those in the CW without biochar. Positive correlations were observed between the N,O fluxes and nitrite (NO, -N) concentrations, and
the lower N,O emissions could be attributed to the higher oxygen transfer and lower NO, -N accumulation rates in response to the
biochar addition. These results demonstrate that biochar could be used as an amendment to strengthen the nitrogen removal and reduce
the N,O emissions in CWs.

Key words :subsurface flow constructed wetland; biochar; organic matter removal ; nitrogen removal; N,O emission
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Fig. 1 Scheme of the experimental microcosms
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DO, COD, and N,O emissions in a typical operating period

HaNO, -NFEAUAL PN B, 15 % 7 A 540 Al 1R 348
fitf, FINO, NP7 KR AYN,07 .
2.4 A[EAY 5 RN O R URFAE

TR N,O RFVE AN 5 Fizs, S5 4108 Mo JE 4]
N0 EBUB R 7E 27. 06 ~90.59 mg-m > Z [A]
DL (48 h) BRI N,0 3 18 1 BW-40 ~ CW-
K H1N,0 H V2 HE i & 53 51 4 13.53, 14.38,
22.27,28.13 F145.30 mg- (m>+d) ~'. Wu %" H#f
FEANIAIR AL L 45 14 T 1 b N, O HE JiCE 2 76 0. 03 ~
134.2 mg- (m*-d) "SRRG R -8 BRI
Jom . 2 e /D IR M 2R SEN,0 REBURR R, BW-40 ~
BW-10 5% BEIR HoAH H 4371 SEEEN, Ok HE 70. 13%
68.26% . 50. 83% F137.90% .

d
—_T
80 |
&
=1 "
E 60 - IL
= b
=
= 40 F
£
2 a a
z
20 + ‘ ‘
0
BW-40  BW-30 BW-20 BW-10  CW-K

Es5 BittthN,ORENE

Fig. 5 Accumulation emissions of N,O in different CWs

AW BN ) I AT DA S 2 AR e AN, O
HERCB L TN BRI LG (B 6) , FEX HEVR H
N,OHERL A7 3 TN £8:019 1.5% Lh E, %5 S Li
RIS ST (1. 449% ) B Zhang 5578 O 5T 45
R(1.0% ~2.1% ) —3. FEE LY RBMEIE N,

B 6 ARERMAPN,OHH G TN EBRLLHI( LERIT)
Fig. 6 Ratios of N,O emissions to TN removal

in different CWs ( calculated with nitrogen )



6 3] AR . AW AL TR BT B 22 B BN, O HE TR i)

2845

N,OHER & (5 TN 22 B 1 Eb % 8 F 1%, Hodb 10%
B A= Bl (5 FUFE 28 1% LLR, T 40% H130% By
AW HRERE T 7 L R 2 0. 5% LA

AP RGP, N0 3 EAE Ry i ki A A Rl
P R A A S R R e A AR AT AR Ry
TETERR IR, 2 3 S A Ak 2 72 1 0k 28 R 48 pH (H A4S
b | A 2 B 1) SR AR S E RS | R HEN, O i
HN,, BN OHE . IR R R A A AR
AR ], 78R BB UR AR DO K fiff 74378
b R G A B R A AE ™ AR NLO B A R 4414,
S Bl A A R X H N, O HE i Y BTk A /N m Ak
b AR B A R RN O HE B . TS
YL 5N, O 1y BT Ji) A A0 4 B T, i Ak AR
HFNO, NFLEESHNO™ENEERNR. £Y
TN B IR M 2R G2 P NO, -NF B o BAE ), 52
PN, O HE.

3 i

(D) ERRA TR, AP BN A LY
A2 BRE A B35, (H AT LR R T AL R
FERAEST, o AR W o BN L ) B S B A i B

(2) A=W me et N T8 b op N, O HE i 4 4 i 4 FH
W, 10% ~ 40% 1 A4 B 35 hn a] 52 BN, O I8 HE
37.90% ~70. 13% , I Z W /DN, OHE 5 TN 2B
SRR =

(3) 1B R 45 T NO, -N 25 N, O HE ik 2 Y A
X, WA el DL o j b NO, -N B FBSZEEIN,O
WHE.

S E
[ 1] Zhang X W, Hu Z, Ngo H H, et al. Simultaneous improvement
of waste gas purification and nitrogen removal using a novel

aerated vertical flow constructed wetland[ J]. Water Research,

2018, 130 79-87.
[2] FuG P, Huangshen L K, Guo Z P, et al. Effect of plant-based
carbon sources on denitrifying microorganisms in a vertical flow
constructed wetland [ J ]. Bioresource Technology, 2017, 224.
214-221.
[3] LiuF F, Fan J L, Du J H, e al.

transformation in intermittently aerated constructed wetlands:

Intensified nitrogen

removal pathways and microbial response mechanism [ J ].
Science of the Total Environment, 2019, 650 . 2880-2887.

[ 4] Maucieri C, Barbera A C, Vymazal J, et al. A review on the
main affecting factors of greenhouse gases emission in constructed
wetlands[ J]. Agricultural and Forest Meteorology, 2017, 236 .
175-193.

[ 5] Paranychianakis N V, Tsiknia M, Kalogerakis N. Pathways
regulating the removal of nitrogen in planted and unplanted
subsurface flow constructed wetlands [ J ]. Water Research,
2016, 102 321-329.

[ 6] KizitoS, Lv T, Wu S B, et al. Treatment of anaerobic digested

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

effluent in biochar-packed vertical flow constructed wetland
columns: role of media and tidal operation[ J]. Science of the
Total Environment, 2017, 592, 197-205.

Fan J L, Liang S, Zhang B, et al. Enhanced organics and
nitrogen removal in batch-operated vertical flow constructed
wetlands by combination of intermittent aeration and step feeding
strategy [ J |. Environmental Science and Pollution Research,
2013, 20(4) : 2448-2455.

Wu HM, Zhang J, Ngo H H, et al. Evaluating the sustainability
of free water surface flow constructed wetlands: methane and
nitrous oxide emissions [ J ]. Journal of Cleaner Production,
2017, 147, 152-156.

Huang L, Chen Y C, Liu G, et al. Non-isothermal pyrolysis
characteristics of giant reed ( Arundo donax L.)
thermogravimetric analysis[ J]. Energy, 2015, 87 31-40.
FT, WA, PR, S ARSI I BN T B A
FACWRBERN L) ]. PR, 2018, 39(10) : 4505-
4511.

Wang N, Huang L, Luo X, et al. Impact of biochar on nitrogen

using

removal and nitrous oxide emission in aerated vertical flow
constructed wetland [ J |. Environmental Science, 2018, 39
(10) : 4505-4511.

Cayuela M L, Sanchez-Monedero M A, Roig A, et al. Biochar
and denitrification in soils; when, how much and why does
biochar reduce N,O emissions? [J].
3. 1732.

He S, Ding L L, Wang X, et al. Biochar carrier application for

Scientific Reports, 2013,

nitrogen removal of domestic WWTPs in winter; challenges and
opportunities [ J ]. Applied Microbiology and Biotechnology,
2018, 102(22) . 9411-9418.

Zhou X, Jia L X, Liang C L, et al. Simultaneous enhancement
of nitrogen removal and nitrous oxide reduction by a saturated
biochar-based intermittent aeration vertical flow constructed
wetland ; effects of influent strength[ J]. Chemical Engineering
Journal, 2018, 334 . 1842-1850.

W, BREIN, BEET, 55 AW s in X AR ) AR K K
AT R BRI ()], FREEREE, 2018, 39(6) : 2904-
2910.

Huang L, Chen Y C, Zhao Y Q, et al. Influence of biochar
application on growth and antioxidative responses of macrophytes
in subsurface flow constructed wetlands [ J ]. Environmental
Science, 2018, 39(6) : 2904-2910.

AR SR, ARAUE K I Ay Bror s [ M), (41
). et RS R, 2002.

Wu J, Zhang J, Jia W L, et al. Impact of COD/N ratio on
nitrous oxide emission from microcosm wetlands and their
performance in removing nitrogen from wastewater [ J ].
Bioresource Technology, 2009, 100(12) ; 2910-2917.

Lyu W L, Huang L, Xiao G Q, et al. Effects of carbon sources
and COD/N ratio on N,O emissions in subsurface flow
constructed wetlands[ J]. Bioresource Technology, 2017, 245,
171-181.

Saeed T, Sun G Z. A comparative study on the removal of
nutrients and organic matter in wetland reactors employing organic
medial J]. Chemical Engineering Journal, 2011, 171(2) ; 439-
447.

Sun Y F, Qi SY, Zheng F P, et al. Organics removal, nitrogen
removal and N,O emission in subsurface wastewater infiltration
systems amended with/without biochar and sludge [ J ].
Bioresource Technology, 2018, 249 . 57-61.

Vymazal J, Kropfelova L. Removal of organics in constructed



2846

w

2 40 %

[21]

[22]

[23]

wetlands with horizontal sub-surface flow: a review of the field
experience[ J ]. Science of the Total Environment, 2009, 407
(13):3911-3922.

Zhou X, Liang C L, Jia L X, et al. An innovative biochar-
amended substrate vertical flow constructed wetland for low C/N
waslewaler (reatment; impact of influent strengths [ J ].
Bioresource Technology, 2018, 247 . 844-850.

De Rozari P, Greenway M, El Hanandeh A. Nitrogen removal
from sewage and septage in constructed wetland mesocosms using
sand media amended with biochar[ J].

2018, 111. 1-10.
LiJ, Fan J L, Zhang J, et al. Preparation and evaluation of

Ecological Engineering,

wetland plant-based biochar for nitrogen removal enhancement in
Environmental Science
and Pollution Research, 2018, 25(14) . 13929-13937.

Maltais-Landry G, Maranger R, Brisson J. Effect of artificial

surface flow constructed wetlands [ J].

aeration and macrophyte species on nitrogen cycling and gas flux
in constructed wetlands[ J]. Ecological Engineering, 2009, 35
(2):221-229.

Li M, Wu H M, Zhang J, et al. Nitrogen removal and nitrous
oxide emission in surface flow constructed wetlands for treating
sewage treatment plant effluent; effect of C/N ratios [ J].
Bioresource Technology, 2017, 240 157-164.

[26]

[27]

(28]

[29]

[30]

Sanchez-Monedero M A, Cayuela M L, Roig A, et al. Role of
biochar as an additive in organic waste composting [ J].
Bioresource Technology, 2018, 247 . 1155-1164.

XIFLL, HIR, REJK, 5. KNEEKEYRA T ZTN,0k
WO MGERKZR[T]. RS, 2006, 26 (12) : 1940-
1947.

Liu X H, Yang Q, Wu C Y, et al. N,O emissions from different
biological nitrogen removal processes and factors affecting N,O
production[ J]. Acta Scientiae Circumstantiae, 2006, 26 (12) .
1940-1947.

Zhang SN, Liu F, Xiao R L, et al. Emissions of NO and N,0 in
wetland microcosms for treatment [ J .
Environmental Science and Pollution Research, 2015, 22(24) .
19933-19939.

Feng Z J, Zhu L Z. Impact of biochar on soil N,O emissions

swine wastewater

under different biochar-carbon/fertilizer-nitrogen ratios at a
constant moisture condition on a silt loam soil[ J ]. Science of the
Total Environment, 2017, 584-585. 776-782.

Zhu X, Burger M, Doane T A, et al.

pathways and nitrifier denitrification are significant sources of

Ammonia oxidation

N,0 and NO under low oxygen availability [ J]. Proceedings of
the National Academy of Sciences of the United States of
America, 2013, 110(16) : 6328-6333.



HUANJING KEXUE Vol.40  No.6

Environmental Science (monthly) Jun. 15, 2019

CONTENTS

Concurrent Measurement of Wet and Bulk Deposition of Trace Metals in Urban Beijing

+ ZHANG Guo-zhong, PAN Yue-peng, TIAN Shi-li, et al.

Concentration and Ecological Risk Assessment of Heavy Metals in PM, 5 Collected in Urban and Suburban Areas of Beijing «-+++reeeeereresvreerers XU Jing, LI Xing-ru, ZHANG Lan, et al.
Secondary Aerosol Formation in Urhan Shanghai: Insights into the Roles of Photochemical Oxidation and Aqueous-Phase Reaction «+++++++++ GAO Jie, QIAO Li-ping, LOU Sheng-rong, et al.
Secondary Inorganic Pollution Characteristics During Heavy Pollution Episodes of 2017 in Tianjin = +-«+sxesessessersesesssennensssnsnsnnsinsnnenns XU Hong, XIAO Zhi-mei, CHEN Kui, et al.
Characterization of PM,, and PM, 5 Source Profiles for Emissions from Nonmetal Mineral Products Manufacturing Processes ++++++++++ ZHAO Xue-yan, YU Gao-feng, WANG Xin-wu, et al.
Characteristics of Component Particle Size Distributions of Particulate Matter Emitted from a Waste Incineration Plant -+ *+ YU Zhuo-jun, WU Jian-hui, ZHANG Yu-fen, et al.
Characteristics and Source Apportionment of Carbon Components in Road Dust PM, s and PM,, During Spring in Tianjin Derived by Using the Quadrat Sampling Method ++e+esseeeeeseeseseeeees

MA Yan, JI Ya-qin, GUO Ji-liang, et al.

YANG Su-ying, TIAN Zhi-jie, ZHANG Tie-ning, et al.

Atmospheric Pollution Characteristics and Inhalation Exposure Risk of Nitrated Polyeyclic Aromatic Hydrocarbons in PM, s at the Ningdong Energy and Chemical Industry Base, Northwest
China LIU Pan-liang, JU Yuan-li, MAO Xiao-xuan, et al.

Urhan Aerosol Hygroscopicity During Haze Weather

Health Benefit Evaluation for PM,, and PM, 5 Pollution Control in Zhengzhou, China, 2014-2016 HAN Shi-jie, WANG Jia, YAN Qi-she, et al.
Spatial-temporal Distribution of Aerosol Optical Depth and Its Main Influence Types in China During 1990-2017 «+sxtereeesersserennsessnenneees LIU Ying, LIN Ai-wen, QIN Wen-min, et al.
Research on the Pollution Characteristics and Causality of Haze-sand Air Pollution in Beljing in Spring +-«»«+sresresrereseerenneneeens WANG Yao-ting, LI Qing-chun, ZHENG Zuo-fang, et al.
Vessel Emission Inventories and Emission Characteristics for Inland Rivers in Jiangsu Provinge «+:ereeseeeserersmsenienensininenennenns XU Wen-wen, YIN Cheng-qi, XU Xue-ji, et al.
Atmospheric Nitrogen Dioxide, Nitric Acid, Nitrate Nitrogen Concentrations, and Wet and Dry Deposition Rates in a Double Rice Region in Subtropical China -+
............................................................................................................................................................ OUYANG Xiu-gin, WANG Bo, SHEN Jian-lin, et al.
Characteristics of Stable Isotopes in Precipitation and Moisture Sources in the Headwaters of the Yangtze River «+:+reeseeeeerereeeeees WANG Shao-yong, WANG Qiao-li, WU Jin-kui, et al.
Historical Trends of Atmospheric Trace Metal Pollution in Northern Guizhou Province as Reconstructed from Alpine Lake Sediments ««+«+seseersenseeseneneninimniensnnininisne
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ LIANG Meng-yao, LIU En-feng, ZHANG En-lou, et al.

- LUO Ya-dan, LIN Qian-hui, JIA Fang-li, et al.
Pollution Characteristics of Microplastics in Migratory Bird Habitats Located Within Poyang Lake Wetlands LIU Shu-li, JIAN Min-fei, ZHOU Long-yin, et al.
Use of the Nitrogen/Carbon Ratio (N/C) and Two End-Member Sources Mixing Model to Identify the Origins of Dissolved Organic Matter from Soils in the Water-Level Fluctuation
Zones of the Three Gorges Reservoir  +«+seeseeessssrersersetntntneninin ittt JIANG Tao, JOERI Kaal, LIANG Jian, et al.
Effects of Photosynthesis of Submerged Aquatic Plants on CDOM in a Karst Water System: A Case Study from Xueyu Cave, Chongging, China »«esseesesserseresemenensnneninininns
............................................................................................................................................................ FAN Jia-xin, JIANG Yong-jun, HE Qiu-fang, et al.
Indicators of Groundwater Evolution Processes Based on Hydrochemistry and Environmental Isotopes: A Case Study of the Dongyuan Drinking Water Source Area in Jiman City «++vesveoveeeee
ZHANG Ya, SU Chun-li, MA Yan-hua, et al.
ZHOU Jin-mei, JIANG Zhong-cheng, XU Guang-li, et al.

Distribution Characteristics of Microplastics in Qingdao Coastal Beaches

Water Quality Analysis and Health Risk Assessment for Groundwater at Xiangshui, Chongzuo

Chemical Characteristics of Groundwater and Material Sources Analysis in Buckwheat Field, Yunnan Provinge =~ «+eseseereereeesenee ZHANG Yong, GUO Chun-qing, ZHU Yan-guang, et al.
C and N Transport Flux and Associated Changes of Water Quality Parameters from a Multiscale Subtropical Watershed in the Poyang Lake Area -+++ LU Yao, GAO Yang, JIA Jun-jie, et al.
Pollutant Transport Analysis and Source Apportionment of the Entire Non-point Source Pollution Process in Combined Sewer Systems «++++++- FANG Jin-xiu, XIE Wen-xia, ZHU Yu-xi, et al.
Nitrogen Removal Efficiencies from Road Runoff by Dry Grass Swales with a Shallow Substrate Layer «+«+«ssetseeeresereneniencnennininenennenne DUAN Jin-kai, LI Tian, ZHANG Jia-wei
Migration Characteristics of Manganese During Rainfall Events and Its Impacts on Water Quality in a Drinking Water Source Reservoir  ++++ DENG Li-fan, HUANG Ting-lin, LI Nan, et al.
Potential for Phosphorus Uptake by Bed Sediments and Iis Response to Carbon Additions in the Shiwuli River, Chaohu Lake Basin «++++ LI Ru-zhong, BAO Qin, ZHANG Rui-gang, et al.
Sources and Distribution of Phosphorus in Sediments of the Jinpen Reservoir ««+s«sssosseresesenemsmntnennimninsnninn s MAO Xue-jing, HUANG Ting-lin, LI Nan, et al.

Water Quality Characteristics and Distribution of Bacterial Communities During Thermal Stratification in the Miyun Reservoir =+ WANG Yu-hing, WANG Xiao-yan, PANG Shu-jiang, et al.

Relationship Between the Vertical Distribution of Nutrients and Bacterial Community Structures in Sediment Interstitial Waters of Stratified Reservoirs with Different Water Temperatures

..................................................................................................................................................................... WANG Shen, ZHANG Si-si, XU You, et al.
Accumulation Characteristics and Release Regularity of Nutrients in Sediments of a Surface-flow Constructed Wetland After Long-term Operation ++«+«++s+ssssessessessensssnenensnniencneennes

------------------------------------------------------------------------------------------------------------------------------------------------------------ ZHU Yi-meng, JIANG Cui-ling, ZHU Li-qin7 et al.
Application of Goethite Modified Biochar for Arsenic Removal from Aqueous Solution —««+s++s+sssessereersensnmmenensininensnnineniens ZHU Si-hang, ZHAO Jing-jing, YIN Ying-jie, et dl.

Effects and Mechanisms of Methyl Orange Removal from Aqueous Solutions by Modified Rice Shell Biochar ««+s«+ssssereeseseeserenenienicnenininnenn SHI Yue-yue, SHAN Riu, YUAN Hao-ran
Performance and Membrane Fouling Properties in an Anaerobic Membrane Bioreactor for Salty Wastewater —««oeseeeeressressennssiineen YAN Huan-xi, XU Zhen-yu, JIN Chun-ji, et al.
- WANG Xiao-dong, WANG Zi-wen, CHEN Ming-fei, et al.
WANG Rui-xin, CHEN Jing, WANG Xiao-jun, et al.
GUO Yao, LI Zhi-hua, YANG Cheng-jian, et al.

Pollution Characteristics and Enhanced Removal of Organic Phosphorus in Effluent from a Wastewater Treatment Plant

Effects of Alkalinity on Partial Nitrification in a Zeolite Sequencing Batch Reactor

Effects of the Physical Structure of Activated Sludge on Respiration Processes

Performance of an Aerobic Granular Reactor Treating Biogas Slurry from Pig Farm - e LIAO Jie, YE Jia-qi, ZENG Zhi-chao, et al.
Spatial-temporal Characteristics and Driving Factors of Greenhouse Gas Emissions from Rivers in a Rapidly Urbanizing Area «+-+ LIU Ting-ting, WANG Xiao-feng, YUAN Xing-zhong, et al.
Influences of Biochar on Pollutant Removal Efficiencies and Nitrous Oxide Emissions in a Subsurface Flow Constructed Wetland +++++- DENG Chao-ren, LIANG Yin-kun, HUANG Lei, et al.
Effects of the Veterinary Antibiotic Sulfamethazine on N,0 Emissions and the Associated Microbiological Mechanism in a Rice Field =~ «+eeeeerereeeees WU Jie, LI Zhi-lin, XU Jia-ying, et al.
Effects of Different Levels of Nitrogen Fertilization on Soil Respiration Rates and Soil Biochemical Properties in an Alfalfa Grassland -«+-+-++++++ HU Wei, ZHANG Ya-hong, LI Peng, et al.
Spatial Distribution and Risk Assessment of Heavy Metals in Soils from a Typical Urbanized Area -+ - -+ HE Bo, ZHAO Hui, WANG Tie-yu, et al.
Accumulation of Heavy Metals in Agricultural Soils and Crops from an Area with a High Geochemical Background of Cadmium, Southwestern China »««+«+«sessessersesssmmeneneneniencneennes

............................................................................................................................................................... LIU Yi-zhang, XIAO Tang-fu, XIONG Yan, et al.
Spatial Distribution Characteristics and Source Apportionment of Soil Heavy Metals in Chinese Wolfberry Land Based on GIS and the Receptor Model = «+«+essessesserseeeemenensininnnnens

-+ BAI Yi-ru, ZHANG Xing, ZHAO Yun-peng, et al.

Spatial Distribution and Pollution Assessment of As at a Small Scale in Agricultural Soils of the Karst Region WANG Hua, LIU Xiu-ming, LIU Fang, et al.
Soil Aggregate Stability and Its Stoichiometric Characteristics in Robinia pseudoacacia Forest within Different Vegetation Zones on the Loess Plateau, China «+:«ssessesseseeesenesssenenenenes

........................................................................................................................................................................ QU Qing, XU Hong-wei, WU Xuan, ef al.
Straw Returning Plus Nitrogen Fertilizer Affects the Soil Microbial Community and Organic Carbon Mineralization in Karst Farmland -+ XU Xue-chi, SU Yi-rong, WANG Gui-hong, et al.
Effects of Biochar Application and Ageing on the Adsorption of Antibiotics in Purple Soil YIN Wen-min, GUAN Zhuo, LIU Chen, et al.
Ammonia Oxidation in a Neutral Purple Soil Measured by the I30-DNA-SIP Method — ++eveesereseressemmsessmsmninniciensiniiciens s LIU Tian-lin, WANG Zhi-hui, YAN Xiao-juan, et al.
Effects of Silver Nanoparticles and Silver lons on Soil Nitrification Microorganisms and Ammoxidation +««+ssssesseseesesremresssesenennenisinnenns WU Ling-li, ZHANG Xu, SHU Kun-hui, et al.

Insight into the Process of Mn-ANAMMOX in Soils of Agricultural Drainage Ditches
Effects of Different Concentrations of Tetracycline in Sludge on Ammonia Oxidizers During Vermicomposting

CHEN Shi, LI Zheng-kui, QIN Yun-bin, et al.
WU Ying, HUANG Kui, XIA Hui, et al.




	封面
	封面
	中文目录




