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

ZHANG Guo-zhong'?, PAN Yue-peng”, TIAN Shi-li*, WANG Yong-hong®, XIONG Qiu-lin’, LI Guang', GU
Meng-na’, LU Xue-mei*, NI Xue’, HE Yue-xin’, HUANG Wei’, LIU Bo-wen’, WANG Yue-si'"*"

(1. College of Foresiry, Gansu Agricultural University, Lanzhou 730070, China; 2. State Key Laboratory of Atmospheric Boundary
Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China;
3. Faculty of Geomatics, East China University of Technology, Nanchang 330013, China)

Abstract: To characterize the dry and wet deposition of atmospheric trace elements in urban Beijing, both active and passive samplers
were used to collect bulk and wet sedimentation samples between May 2014 and April 2015. The concentrations of 19 trace elements
(Na, Mg, Al, K, Ca, V, Cr, Mn, Fe, Cu, Zn, As, Se, Mo, Cd, Sh, Tl, Th, and U) in the samples were analyzed by inductively
coupled plasma mass spectrometry (ICP-MS). The results show that the concentrations of metals in bulk deposition samples [ 7 160. 68
pg+L™" (Ca)-0.02 wg-L™" (Th)] were generally higher than those in wet deposition samples [4237.74 pg-L™" (Ca)-0.01
pg+L™" (Th) ], but the enrichment factors of each metal in the two kinds of samples were less different. Of note, the enrichment
factors of Cu, As, Tl, Zn, Cd, Se, and Sb were all larger than 100, thus indicating that these heavy metals were mainly from
anthropogenic sources. The statistical analysis of the air mass trajectory shows that the precipitation chemistry in urban Beijing is mainly
affected by southward air flows. The air mass originating from the southwest region always had higher concentrations of Ca, Mg, Fe,
Al, Cu, Mo, U, and Th, whereas the air mass from the south had higher concentrations of K, Zn, Mn, Sb, Cd, and Tl. During the
observation period, the bulk deposition fluxes of metals varied from 3 591. 35 mg+(m*+a) ' (Ca)-0.01 mg+(m*+a) ™" (Th), and
wet deposition fluxes varied from 1 847. 78 mg-(m*-a) ~' (Ca)-0.01 mg-(m*-a) ' (Th). The dry deposition fluxes of the 19 metals
varied from 1743.57 mg+(m’-a) =" (Ca)-0.01 mg-(m*-a) =" (Th). The particle size has important implications in the evaluation
of the relative importance of dry deposition versus wet deposition during the scavenging of trace elements in air.

Key words : atmospheric pollution; heavy metal; dry deposition; wet deposition; bulk deposition
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Fig. 1
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Concentration of trace elements in precipitation by different sampling methods

R1 AAXRBEARNTHEERERRESLITE pe- 1!

Table 1  Statistics for precipitation trace elemental concentrations in bulk and wet depositions/pug+L ™!
- wleahik Fghk
- I Wk /M I E KA /M
Ca 7 160. 68 +16 179. 02 70 630. 00 1.379. 00 4237.74 +6 831.48 29 920. 00 833.90
Mg 1148.6 £2266.2 9577.00 189. 30 619. 56 +965.74 3862. 00 131. 10
K 889.5+1957.73 8531.00 81.45 641. 17 +£2390. 09 11930. 00 68. 81
Na 619.26 +1784.03 9410.00 101. 20 324.29 +750.03 3520. 00 65. 67
Fe 82.78 x416. 1 2205.00 5.76 75.33 £223.37 949. 90 12.04
Al 79.69 +£419.42 2 167. 00 3.02 80. 39 £245.25 909. 10 2.48
Zn 41.49 +201. 47 1116.00 13.16 40.39 +£57. 86 294. 00 4.16
Mn 14. 88 +91.99 497.10 1.69 14.4 £23.23 98. 36 1.30
Sh 12.57 +7.42 40.95 2.05 11.82 £6.09 24.07 3.31
Cu 4.94 £18.74 93.63 0.78 3.57 5.5 23.39 0. 66
As 2.3£3.23 17.48 0.97 2.32+3.42 14. 46 0.85
Se 1.95+4.18 22.49 0.49 1.78 £1.92 8.50 0.67
\ 1.46 £2.38 10. 61 0.34 1.13 £2 10. 14 0.23
Cr 1.29 +£3.33 17.20 0.15 0.9+1.18 4.61 0.18
Mo 0.41 £0.96 4.37 0.12 0.3 +0.46 1.97 0.09
Cd 0.27 +0.44 2.11 0.07 0.3 £0.31 1.39 0.08
Tl 0.18 £0.2 1.01 0. 05 0.17 £0. 15 0. 66 0.06
U 0.03 0.1 0.55 0.002 5 0.03 +£0. 07 0.29 0.0010
Th 0.02 +£0.07 0.36 0.0009 0.01 £0.03 0.13 0.001 4
R T R UTRERR i b 4% 4 8 R G e ZKqZ LI Al EF (i) = (Ci/CAl>precipilaliun/<ci/CAl)crusl (3)

NEW, A SEWEERF(EF) "™, A
WP

A, BFG) MEE i EER T, (€/€51) precipitation
RUTKERES 4R i 5 Al U INACE Y ik 5 2 1,
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B2 FEAREAXMREREEEEET

Fig. 2 Enrichment factors of trace elements in bulk and wet deposition
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Fig. 3 Seasonal variation of elemental concentrations in bulk and wet deposition
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Fig. 7 Bulk and wet deposition fluxes of trace elements
through rainfall in Chinese natural terrestrial ecosystems:
3 gE'L/[': evidences from national-scale network monitoring [ J ].

(1) TRADURERE i A 45 i Ve B30 i e T I 0 o
Fedh. PIFPRES & &R B K1 22 578U, BR Fe,
Al Th F1 U SR AN, Hop @B A AR R TS
s 4R, FRAIDE As, Cd, Se il Sh 46 42 & 2 8™
iy

(2) b a it B AR A DR S R TOREAE i
g RV, TR 2 RS, AR
FE T AR TTRERE S v 42 B T YRR 22 S B 8
F 5 S gt i XA SC (T G4 CORTR])

(3) [F)20 WL Al B b 5t R i T IR &Yl
Bl & 1743.57 mg-(m’-a) ™" (Ca) ~ 0.0l
mg+(m’+a) "' (Th). T/ARTIFEXFRAEE M
BRAEH] 5 ORI RS G, R AR 8/ IN 1Y) 46 g B 25
Gy VIRRITRE 7 BTH BR.

Bt B R R B R B ST X))
S AR S 55 LN S T 2t 1 55 B
SH Ak
[1] LeiY, Zhang Q, He K B, et al. Primary anthropogenic aerosol

emission trends for China, 1990- 2005 [ J ].

Chemistry and Physics, 2011, 11(3) : 931-954.
[2] Zhu]J X, Wang Q F, Yu H L, et al. Heavy metal deposition

Atmospheric

Chemosphere, 2016, 164 . 128-133.

[ 3] Al-Khashman O A, Jaradat A Q, Salameh E. Five-year
monitoring study of chemical characteristics of Wet atmospheric
precipitation in the southern region of Jordan[ J]. Environmental
Monitoring and Assessment, 2013, 185(7) : 5715-5727.

[4] Connan O, Maro D, Hébert D, et al. Wet and dry deposition of
particles associated metals ( Cd, Pb, Zn, Ni, Hg) in a rural
wetland site, Marais Vernier, France [ J ].
Environment, 2013, 67 394-403.

[ 5] Muezzinoglu A, Cizmecioglu S C. Deposition of heavy metals in a

Atmospheric

Mediterranean climate area[ J]. Atmospheric Research, 2006,
81(1). 1-16.

[6] GrantzD A, Garner ] H B, Johnson D W. Ecological effects of
particulate matter| J ]. Environment International, 2003, 29 (2-
3).213-239.

[ 7] Breuning-Madsen H, Awadzi T W. Harmattan dust deposition
and particle size in Ghana[ J]. CATENA, 2005, 63 (1) 23-
38.

[ 8] Paode R D, Sofuoglu S C, Sivadechathep J, et al. Dry
Deposition fluxes and mass size distributions of Pb, Cu, and Zn
measured in Southern Lake michigan during AEOLOS [ ] ].
Environmental Science & Technology, 1998, 32 (11). 1629-
1635.

[ 9] Sakata M, Marumoto K. Dry deposition fluxes and deposition
velocities of trace metals in the Tokyo metropolitan area measured
with a water surface sampler [ J]. Environmental Science &

Technology , 2004, 38(7) : 2190-2197.



2500

w

2 40 %

[10]

[13]

[16]

[17]

[18]

Omrani M, Ruban V, Ruban G, et al.

atmospheric trace metal deposition in urban environments using

Assessment  of

direct and indirect measurement methodology and contributions
from wet and dry depositions [ J]. Atmospheric Environment
2017, 168 101-111.

Lee D S, Longhurst ] W S. A comparison between wet and bulk
deposition at an urban site in the U. K[ J]. Water, Air, and Soil
Pollution, 1992, 64(3-4) . 635-648.

Tsai Y I, Kuo S C, Young L H, et al. Atmospheric dry plus wet
deposition and wet-only deposition of dicarboxylic acids and
inorganic compounds in a coastal suburban environment [ J].
Atmospheric Environment, 2014, 89. 696-706.

Tian S L, Pan Y P, Wang Y S.

apportionment of particulate matter in urban Beijing during haze

Size-resolved  source

and non-haze episodes[ J].
Discussions, 2015, 15(6) ;: 9405-9443.
Pan Y P, Wang Y S. Atmospheric wet and dry deposition of trace

Atmospheric Chemistry and Physics

elements at 10 sites in Northern China [ J ].
Chemistry and Physics, 2015, 15(2) ; 951-972.
NI, BREE TR, B0 05, 45 JLEUF IR X T ER I RS TR
Wit [J]. HOTGER, 2008, 27(2) : 257-264.

Cong Y, Chen Y L, Yang Z F, et al. Dry and wet atmospheric

Atmospheric

deposition fluxes of elements in the plain area of Beijing
Municipality, China[ J]. Geological Bulletin of China, 2008, 27
(2):257-264.

Balestrini R, Arisci S, Brizzio M C, et al. Dry deposition of
particles and canopy exchange: comparison of wet, bulk and
throughfall deposition at five forest sites in Italy[ J]. Atmospheric
Environment, 2007, 41(4) . 745-756.

Sparks J P, Walker J, Turnipseed A T, et al. Dry nitrogen
deposition estimates over a forest experiencing free air CO,
enrichment [ J]. Global Change Biology, 2008, 14 (4): 768-
781.

Duce R A, Hoffman G L, Zoller W H. Atmospheric trace metals

at remote northern and southern hemisphere sites: pollution or

[20]

[21]

[24]

[25]

natural? [J]. Science, 1975, 187(4171) ; 59-61.
Hernandez L., Probst A, Probst J L, e al.

distribution in some French forest soils: evidence for atmospheric

Heavy metal

contamination[ J ]. Science of the Total Environment, 2003, 312
(1-3) . 195-219.

Wang Y Q, Zhang X Y, Draxler R R. TrajStat: GIS-based
software that uses various trajectory statistical analysis methods to
identify potential sources from long-term air pollution
measurement data [ ] ].

2009, 24(8) : 938-939.
Tian HZ, Zhu C Y, Gao J J, et al. Quantitative assessment of

Environmental Modelling & Software,

atmospheric emissions of toxic heavy metals from anthropogenic
China
uncertainties, and control policies[ J]. Atmospheric Chemistry
and Physics, 2015, 15(17) : 10127-10147.

Desboeufs K, Bon Nguyen E, Chevaillier S, et al. Fluxes and

sources in historical trend, spatial distribution,

sources of nutrient and trace metal atmospheric deposition in the
northwestern Mediterranean [ J ]. Atmospheric Chemistry and
Physics, 2018, 18(19) : 14477-14492.

Kyllonen K, Karlsson V, Ruoho-Airola T. Trace element
deposition and trends during a ten year period in Finland[J].
Science of the Total Environment, 2009, 407 (7) : 2260-2269.
Theodosi C, Stavrakakis S, Koulaki F, et al. The significance of
atmospheric inputs of major and trace metals to the Black Sea
[J]. Journal of Marine Systems, 2013, 109-110; 94-102.
Wong C S C, Li X D, Zhang G, et al. Atmospheric deposition of
heavy metals in the Pearl River Delta, China[J].
Environment, 2003, 37(6) : 767-776.

Wu Y C, Zhang J P, Ni Z X, et al. Atmospheric deposition of
trace elements to Daya Bay, South China Sea: fluxes and sources
[J]. Marine Pollution Bulletin, 2018, 127 ;. 672-683.

Staelens J, De Schrijver A, van Avermaet P, et al. A comparison

Atmospheric

of bulk and wet-only deposition at two adjacent sites in Melle
(Belgium) [ J]. Atmospheric Environment, 2005, 39 (1) 7-
15.



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




