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Abstract: In SBR reactor, the mature granular sludge fed with sodium acetate was gradually cultivated with different carbon sources
(sodium acetate/glucose ratio was 1: 0, 3: 1, 1:1, 1:3 and 0: 1, in terms of COD, respectively). During the five stages, the
physical, biochemical properties, extracellular polymeric substances ( EPS), phosphorus fractions and nitrogen and phosphorus
removal efficiency of granular sludge were studied. 705 days’ experimental results were showed as follows. At stage IV, the granular
sludge had the smallest diameter of 0. 5 mm; moreover the phosphorus release/uptake rate, denitrification rate and the total phosphorus
(TP) content were the lowest. While at stages I and I, the phosphorus release/uptake and denitrification rates were the highest,
meanwhile, the TP content reached up to 72.36 mg-g ™', and the EPS content was about 350 mg-g~', as a result, the nitrogen and
phosphorus removal efficiencies were both over 94% . Nevertheless at stage V , the biochemical rates were slightly slower than values of
stages 1 and Il , simultaneously the TP, glycogen and EPS contents in sludge were maintained at 69. 60 mg-g ™", 224. 18 mg-g~" and
200 mg-g~', respectively, while high nitrogen and phosphorus removal efficiency was obtained. During all stages, Ca-P was the main
phosphorus fraction, and inorganic phosphorus(IP) was closely related to phosphorus removal of granular sludge.

Key words: carbon source; granular sludge; nitrogen and phosphorus removal; phosphorus fractionation; extracellular polymeric

substances ( EPS)
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Fig. 1 Schematic diagram of the sequencing batch reactor
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Table 1  Ingredients for the synthetic wastewater
11 % 97 % p/mg-L~! MEEICE A p/mg-L~!
COD 400 ~440( L4 O 1) MgSO, -H,0 50
CaCl, 60 ~70 (LA Caif) FeCl; -6H,0 4.5
NH, -N 40 EDTA 30
PO3~-P 15 H;BO, 0.45
HE M 26 CuS0, -5H,0 0. 09
MITE  SmL-(13 L) KI 0.54
MnCl, -2H,0 0.36
CoCl, -6H,0 0.45
ZnS0, -7TH,0 0.36
Na, MoO, -2H,0 0.18
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Fig. 3 Morphology of the granular sludge in stage |
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Fig. 4 Performance of nitrogen and phosphorus removal at stage [
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UK e A B i i TR RE.
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HE 6 (a) il 1, B TR BV, P, H 110
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Table 2 Physical and biological characteristics of aerobic granular sludge
F-HpRifz I 3 2 . ”
et L PN kA v EEAR SHme WY
/mm /mL-g

11 (180 d) T i[5 1.5(+0.2) 43.34 BOL LN BRE . 2R
M (153 d) # i Bl 1.8( £0.3) 58.15 B G BRE, 224K
IV (124 d) HHE ANFEI 0.5(£0.2) 44. 89 R LN BRI, 22 RH
V(125 d) Ei W1 1.7( £0.3) 31.3 S, B W Lo BRUA, 22K AT

(a) el fkR( < 40)

& 5

Fig. 5 Morphology variations in different stages under carbon source stress

I FEE 1,04 mg- L', 2 )5 H 2 B IV R B 52
TR, FE Tk 21, 34 mg- L7 BrBEV PP,
8.23 mg-L™' &£ 18 I 75 45.58 mg-L ™' I 4R fR
i€, K B R Rk, B 644 d FEARCH 0. 86
mg-L~". BRI P HEWTH R G AE K & PAOs,
A FF Bk

Kle(b)F il BrEe TRIFMEV, HH7KNH, -NAl
NO, -NIEARLEREAE 1.0 mg-L ™" LAF, Hi7KNO, -NZ§
LR BB TR BBV 2 T BB IV &S
F, HAB I 21,75 mg- L' BrBEV 2 0 P
PO 21,75 mg- L7 FREE] 0.50 mg-L~". M B
IR BEIV , RS R BRBEEREZ L 2 | AR
BV G Zad — g fa e i ), 2 45 W) 25 10 280 B o 1k il
B

(b) P BRESF (X5 000)

BB T BT RS
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A EEIOKEIR  ERIES LA T BEZE, R
il miEAE 13 2% Rl A 5 PR RARAE /N, AN DO 335
PR IURL 5 U P 38 i ik S0 PR 58, I A Ak e 7 AR,
UG AT DL BRI RSO R .
2.3 AN[EIBYBOR S Ve Al BE S AR
2.3.1  JokiiE IR AR Ak RN P RE
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Table 3 Biochemical reaction characteristics of granular sludge
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I 34.83 +2.87 14.55 +2.64 8.25+3.71 17.12 +£3.26 3799 2515
v 4.27 0. 68 1.27 £0.98 7.17+1.78 8.25 +1.67 3455 2933
A% 23.53 +2.69 9.88 +2.85 7.39 +1.87 18.78 +2.65 9253 6990
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Fig. 6 Phosphorus and nitrogen changes in different stages under carbon source stress
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Table 4 Total glycogen and total phosphorus of granular sludge in different stages/mg-g~

1

4= I I ii| v \
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Table 5  Different phosphorus fractions of granular sludge

detected by SMT protocol/ %
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Fig. 7 Changes of EPS in granular sludge under carbon source stress

3 it

(1) S5 BURLAE B DR B30 T, 35 Je 1 BEE 25 R0
BRRRES A A A T B B AL, 2R BRI N BR TR )2 A
TE, U H LU %00 0 5 Bk IR 2R 48 b, R iR

(2) ABSRREN N T8I R e, 15 Ve R/ Wl it
F 1506 TP HEGE, RERI M RIFHIBRBERCR ;
B8 TR K A L B R, V5 8RR W T R AR
FEROEE 5Peh TP R3] 21. 88 mg-g*1 LR GiH
SR BRBERE 1 5 14 A0 A M — BRI , T DR R R
HARFNTG U8 TP B2 I W T, R GEAR A5 B4 1 B



2468 E7 5 7 2 38 %
e 1029.

(3) RIRZ 1T B BT e A 4k S 1 R 3 B B
UEASRE MRS AR S, 1T LA AT B8 T 25 A7 78 1) J2 i 1k
[ R TR T ol R A T L = s 8
NO; -NA&G i Bk 2175 mg-L™". My5 R MERER
R A ME— B IS, 5 e AT S D R A R
S AEAL R = 3] 18. 78 mg-(g-h) - SRIER S
BABENA LR,

(4)759RH IP &5 TP B 65% VA I, Hirf Ca-P J2
PR 1P 1 =25 005 o5 A, B TR 4N 8 B IR R 40
o ORL TS e EPS B ey, B 2 K R OB A 3
EPS SZ WA, >4 55 7 5 Ry B — B R I EPS A%
PN/PS £ 4 L)L LB BokL5 e 45 i Ae e .

SOt B DR TR 2R 45 HE K S 0 3 AR
H MO 45 TR .

BE

[1] DengS, Wang L. X, Su HJ. Role and influence of extracellular

polymeric substances on the preparation of aerobic granular sludge
[J]. Journal of Environmental Management, 2016, 173 ; 49-54.
Pronk M, de Kreuk M K, de Bruin B, et al. Full scale
performance of the aerobic granular sludge process for sewage
treatment[ J |. Water Research, 2015, 84 207-217.

Liu W, Zhang J S, Jin Y J, et al. Adsorption of Pb(1II), Cd

(1) and Zn(1I) by extracellular polymeric substances extracted

(2]

[3]

from aerobic granular sludge; efficiency of protein[ J]. Journal of
Environmental Chemical Engineering, 2015, 3 (2). 1223-
1232.
[4] Jang HM, HaJ H, Park J M, et al. Comprehensive microbial
analysis of combined mesophilic anaerobic-thermophilic aerobic
process treating high-strength food wastewater [ J ].  Water
Research, 2015, 73 291-303.
Franca R D G, Vieira A, Mata A M T, et al. Effect of an azo
dye on the performance of an aerobic granular sludge sequencing
batch reactor treating a simulated textile wastewater[ J]. Water
Research, 2015, 85 327-336.
Ealb, BRUb, I, A iR SUBURE TS U8 P IR K
BRBEvERRAREIR[T]. P EZKHK, 2007, 23(5) ; 85-89.
Wang D, Yang F L, Zhou J, et al. Influence of carbon source on
physical characteristics and phosphorus removal performance of
aerobic granular sludge[ J]. China Water & Wastewater, 2007,
23(5): 85-89.
Fortela D L, Hernandez R, French W T, et al.

inhibition and utilization of volatile fatty acids as carbon sources

[7] Extent of
for activated sludge microbial consortia dedicated for biodiesel
production[ J]. Renewable Energy, 2016, 96 11-19.

FIF, TDEE, 3R, 5. HERBR IR b S BUR T e 5 1
R [T]. REREIIT, 2005, 18(2) : 84-88.

Wang F, Yu HY, Zhang X W, et al. Influence of carbon source
on the characteristics of aerobic granules [ J |. Research of
Environmental Sciences, 2005, 18(2) : 84-88.

PR BRI, SREL, AF. RIAB IR R B SUNORL IS PR B
BT BN B RS [ 1], BRIRALE, 2010, 31(4): 1021-

(9]

[14]

[15]

[17]

[18]

Gao J F, Chen R N, Su K, et al.

mechanism of simultaneous nitrogen and phosphorus removal by

Formation and reaction

aerobic granular sludge[ J]. Environmental Science, 2010, 31
(4):1021-1029.

Jeon C O, Park J M. Enhanced biological phosphorus removal in
a sequencing batch reactor supplied with glucose as a sole carbon
source[ J]. Water Research, 2000, 34(7) : 2160-2170.

B, BRIERT A4 S SBR(SOA-SBR) Bk B M Ak
M2 D). Kb HIE R, 2014, 34-37.

FESCHE, ABGE, B, AF. BT A POE R AR LR B
PERFFELT]. MBI 5 B5IR, 2012, 34(6) : 31-36.

Lu W J, Yang D H, Guo Y, et al.

polyphosphate accumulating organisms and its characteristics of

Rapid enrichment of

phosphorus removal [ J]. Environmental Pollution and Control,
2012, 34(6) : 31-36.

Henriet O, Meunier C, Henry P, et al. Improving phosphorus
removal in aerobic granular sludge processes through selective
microbial management[ J]. Bioresource Technology, 2016, 211,
298-306.

Zengin G E, Artan N, Orhon D, et al. Population dynamics in a
sequencing batch reactor fed with glucose and operated for
removal [ J ]. Bioresource
Technology, 2010, 101(11) ; 4000-4005.

Cech J S, Hartman P. Glucose induced break down of enhanced

enhanced biological phosphorus

biological phosphate removal [ J ]. Environmental Technology,
1990, 11(7) : 651-656.

gy, ZEfEA D FRET, S ORFENREE Nk IEXT AOA-SBR
T2 PAO 5 GAO ZE4+BERERGR N[ 1], fkMEhiwl, 2015,
34(8): 2274-2280.

Zhang L H, Li D S, Wang X M, et al. Effect of carbon sources
on the competition about phosphorus release between PAO and
GAO by AOA-SBR process under different temperature [ J ].
Bulletin of the Chinese Ceramic Society, 2015, 34 (8) . 2274-
2280.

WOKER, BEEERY, WG, SF. AR N ERIE ) EBPR KM
BATHCR RRBEE M R IR (1], Rl R (A AR
2£RR) , 2013, 43(1) ; 136-141.

Peng Y Z, Xue G S, Miao Z ], et al. Long term effect of glucose
as sole carbon source on EBPR and PAOs enrichment [ J].
Journal of Southeast University ( Natural Science Edition ),
2013, 43(1): 136-141.

She Z L, Zhao L T, Zhang X L, et al. Partial nitrification and
denitrification in a sequencing batch reactor treating high-salinity
wastewater|[ J]. Chemical Engineering Journal, 2016, 288 207-
215.

B , Bef gL g e, S ORI IR M TS U6 R Ak
RED A IATST[T]. BREE TR, 2013, 31(5) ; 127-131.
Zhao Q B, Bi X J, Zang H L, et al. Effect of different carbon-
sources on denitrification of the activated sludge system [ J].
Environmental Engineering, 2013, 31(5) ; 127-131.

P EEEN. AR 0 T P52 4 Al A= 4 8 T Y 8 AT 5
[D]. K. #IREK%, 2015, 27-29.

Ye F X, Peng G, Li Y. Influences of influent carbon source on
extracellular polymeric substances ( EPS) and physicochemical
properties of activated sludge[ J]. Chemosphere, 2011, 84(9) .
1250-1255.



6 M

TV AR R IPE T S SR B URE 15 Y 1 R A TE S AL

2469

[22]

[23]

[24]

[25]

[26]

[27]

XS, TR, Bukit, 5. MION RGP L Y R ACR
SEMARTFELT]. W R Tl K224, 2005, 37(5) : 623-
625.

Liu Y N, Yu S L, Zhao B J, et al. Study on the role of
extracellular exopolymers in biological phosphorus removal [ J].
Journal of Harbin Institute of Technology, 2005, 37 (5): 623-
625.

B, R, BRI, 5. ORFEEBUR X WA A TS JE A
REWRREM[T]. RRE Tl K224, 2015, 47(4) -« 81-
86.

Li D, Wu Q, Liang Y H, et al. Effect of substrate concentration
and type on the content of extracellular polymeric substances in
the nitrification sludge [ J ]. Journal of Harbin Institute of
Technology, 2015, 47(4) . 81-86.

TR, T, R, 5. A/0 SBR P RB AL SRS bR
BoRs R £ LT]. R KHEK, 2006, 22(17) : 100-
104.

Wang J F, Wang X, Ji M, et al. Enrichment of granular sludge
for simultaneous nitrification, denitrification and phosphorus
removal in anaerobic-aerobic SBR [ J ]. China Water &
Wastewater, 2006, 22(17) : 100-104.

Huang W L, Cai W, Huang H, et al. Identification of inorganic
and organic species of phosphorus and its bio-availability in
nitrifying aerobic granular sludge[ J]. Water Research, 2015,
68 423-431.

Xie C S, Zhao J, Tang J, et al. The phosphorus fractions and
alkaline phosphatase activities in sludge [ J ]. Bioresource
Technology, 2011, 102(3) ; 2455-2461.
Frglund B, Palmgren R, Keiding K, et al.
extracellular polymers from activated sludge using a cation
Water Research, 1996, 30 (8 ). 1749-

Extraction of

exchange resin [ J ].
1758.

Frglund B, Griebe T, Nielsen P H. Enzymatic activity in the
activated-sludge floc matrix [ J ].
Biotechnology, 1995, 43(4) ; 755-761.

[ RIS Ry, AR K W I 4 A7 7 vk [ M)
J) . bRt PEZRERRA AL, 2002.

Liu W T, Nakamura K, Matsuo T, et al. Internal energy-based

Applied Microbiology and

(%5

[31]

[32]

[33]

[37]

[38]

[39]

competition between polyphosphate-and glycogen-accumulating
bacteria in biological phosphorus removal reactors-Effect of P/C
feeding ratio[ J]. Water Research, 1997, 31(6) ; 1430-1438.
Liu W T, Mino T, Nakamura K, et al. Glycogen accumulating
population and its anaerobic substrate uptake in anaerobic-aerobic
activated sludge without biological phosphorus removal [ J].
Water Research, 1996, 30(1): 75-82.

Beer M, Stratton H M, Griffiths P C, et al. Which are the
polyphosphate accumulating organisms in full-scale activated
sludge enhanced biological phosphate removal
Australia? [ J]. Journal of Applied Microbiology, 2006, 100
(2):233-243.

Wang R D, Peng Y Z, Cheng Z L, et al. Understanding the role

of extracellular polymeric substances in an enhanced biological

systems in

phosphorus removal granular sludge system [ J ]. Bioresource
Technology, 2014, 169 307-312.

BESY, BEE, B, Sk M. debat: EER
£ AL, 2005.

Medeiros J ] G, Cid B P, Gomez E F. Analytical phosphorus
fractionation in sewage sludge and sediment samples [ J].
Analytical and Bioanalytical Chemistry, 2005, 381 (4 ). 873-
878.

Basuvaraj M, Fein J, Liss S N. Protein and polysaccharide
content of tightly and loosely bound extracellular polymeric
substances and the development of a granular activated sludge floc
[J]. Water Research, 2015, 82; 104-117.

Yan L L, Zhang S L, Hao G X, et al. Simultaneous nitrification
and denitrification by EPSs in aerobic granular sludge enhanced
nitrogen removal of ammonium-nitrogen-rich wastewater [ J J.
Bioresource Technology, 2016, 202: 101-106.

Zhu L, Zhou J H, Lv M L, et al. Specific component comparison
of extracellular polymeric substances ( EPS) in flocs and granular
sludge using EEM and SDS-PAGE [ J]. Chemosphere, 2015,
121 26-32.

Geyik A G, Cegen F. Variations in extracellular polymeric
substances (EPS) during adaptation of activated sludges to new
International ~ Biodeterioration &

feeding conditions [ J ].

Biodegradation, 2015, 105 . 137-145.



HUANJING KEXUE Vol.38  No.6

Environmental Science ( monthly) Jun. 15, 2017

CONTENTS

Comparison of Models on Spatial Variation of PM, 5 Concentration; A Case of Beijing-Tianjin-Hebei Region WU Jian-sheng, WANG Xi, LI Jia-cheng, et al. (2191)
Change of Atmospheric Pollution Diffusion Conditions in Beijing in Recent 35 Years —+«+eessesseseesesenssisnienenninincnsnninenenes GUO Chun-wei, SUN Zhao-bin, LI Zi-ming, et al. (2202)
Precipitation and Its Effects on Atmospheric Pollutants in a Representative Region of Beijing in Summer HAN Li-hui, ZHANG Hai-liang, XIANG Xin, et al. (2211)
Impact of Mountain-Valley Wind Circulation on Typical Cases of Air Pollution in Beijing DONG Qun, ZHAO Pu-sheng, WANG Ying-chun, et al. (2218)
Fugitive Dust Emission Characteristics from Building Construction Sites of Beijing XUE Yi-feng, ZHOU Zhen, HUANG Yu-hu, et al. (2231)
Characteristics of Volatile Organic Compounds Emitted from Biomass-pellets-fired Boilers «-«+«+seesrereeereseeenneneeens +»+ WU Chang-da, ZHANG Chun-lin, BAI Li, et al. (2238)

70U Yu, DENG Xue-jiao, LI Fei, et al. (2246)

Characteristic Study on the “Weekend Effect” of Atmospheric O in Northern Suburb of Nanjing WANG Jun-xiu, AN Jun-lin, SHAO Ping, et al. (2256)

Atmospheric Ammonia/ Ammonium-nitrogen Concentrations and Wet and Dry Deposition Rates in a Double Rice Region in Subtropical China «+«+=«+sseessersesssessnensimniniensinincneenns

,ebal. (2264)

WANG Qiang-xiang, TAN Zheng-ying, ZHAO Hui, et al. (2273)

DU Guo-yong, WANG Qian, ZHANG Shu-lin, et al. (2280)
)
)

Species of Iron in Size-resolved Particle Emitted from Xuanwei Coal Combustion and Their Oxidative Potential

Dioxin Pollution and Occupational Tnhalation Exposure of PCDD/Fs in Municipal Solid Waste Incinerator
Characteristics of Mercury Emissions from Modern Dry Processing Cement Plants in Chongqing ZHANG Cheng, ZHANG Ya-hui, WANG Yong-min, et al. (2287
Correlations of Light-duty Gasoline Vehicle Emissions Based on VMAS and CVS Measurement Systems ++:+eeeseesressessenseenennee WANG Hong-yu, HUANG Cheng, HU Qing-yao, et al. (2294
Emission Characteristics of Particulate Matter from Diesel Buses Meeting Different China Emission Standards Fueled with Biodiesel - -

............................................................................................................................................................... LOU Di-ming, ZHAO Cheng-zhi, XU Ning, et al. (2301)
Spatial Variation and Environmental Significance of 380 and 8D Isotope Composition in Xijiang River «:+essesessesuesisnssnisinniiins XU Qi, LI Jian-hong, SUN Ping-an, et al. (2308)
Comparative Study of SWAT and DNDC Applied to N Leach and Export from Subtropical Watershed «+:«+«sxeeeeseeesessnenscinsiinien HAN Ning, CHEN Wei-liang, GAO Yang, et al. (2317)

)

Comparison of Relationship Between Conduction and Algal Bloom in Pengxi River and Modao River in Three Gorges Reservoir —«e-eeessesreseess JIANG Wei, ZHOU Chuan, JI Dao-bin, et al. (2326

Temporal and Spatial Variation Characteristics of Nitrogen and Phosphorus in Sediment Pore Water and Overlying Water of Dianchi Caohai Lake -+ -

............................................................................................................................................................ WANG Yi-ru, WANG Sheng-rui, JIAO Li-xin, ef al. (2336)

LUO Yu-hong, NIE Xiao-gian, LI Xiao-ling, et al. (2345)

ZHANG Jia-quan, TIAN Qian, XU Da-mao, et al. (2355)
Formation of Brominated Disinfection By-products in Low Temperature Multi-effect Distillation (LT-MED) Process for Seawater Desalination =«++«+«+sessessesseressesenenssimnenennsnininennens

- QI Fei, SUN Ying-xue, YANG Zhe, et al. (2364)

WANG Chen-ye, JIANG Kuo, XIE Wen-long, et al. (2373)

"""""""""""""""" JIN Jian-rong, LI Tian, SHI Zhen-hao ( 2379)

Removal of 2,4-dichlorophenol in Underground Water by Stabilized Nano Zero-valent Iron ««+sessesseseeeeesesneneens ZHANG Yong-xiang, CHANG Shan, LI Fei, et al. (2385)

: )

)

Distribution and Emission Flux Estimation of Phosphorus in the Sediment and Interstitial Water of Xiangxi River

Pollution Characteristics and Risk Assessment of Heavy Metals in Water and Sediment from Daye Lake

-+ WEI Hong, SUN Bo-cheng, YANG Xiao-yu, et al. (2393
JINAG Bo-hui, LIN Jian-wei, ZHAN Yan-hui, et al. (2400
Removal of Nitrogen in Municipal Secondary Effluent by a Vertical Flow Constructed Wetland Associated with Iron-carbon Internal Electrolysis =«+«+seseesserseesesenenssnineniensiniinsnne
............................................................................................................................................................ ZHENG Xiao-ying, ZHU Xing, ZHOU Xiang, el al. )
ZHANG Shi-yang, ZHANG Sheng-hua, ZHANG Xiang-ling, et al. )
+ ZHANG Ling, PENG Dang-cong, CHANG Die (2429)
FENG Li, YU De-shuang, LI Jin, et al. (2435)
444)

)

)

Enhancement of Sulfamerazine Degradation Under H,0,/KI System by Ultrasound and UVA Irradiation -

Comparison of Phosphate Adsorption onto Zirconium-Modified Bentonites with Different Zirconium Loading Levels «+++

2412
2419

(
(

Purification Efficiency and Influencing Factors of Combined Bio-filters for Aquaculture Wastewater

Effect of Temperature on PAO Activity and Substrate Competition

Enrichment and Nitrogen Removal Characteristics of Marine Anaerobic Ammonium Oxidizing Bacteria

Ammonia Removal Rate and Microbial Community Structures in Different Biofilters for Treating Aquaculture Wastewater ZHOU Hong-yu, HAN Mei-lin, QIU Tian-lei, et al. (2
ZHOU Zheng, LIU Kai WANG Fan, et al. (2453

MA Zhao-tui, et al. (2461

)

.................................................................................................................................................................. RhN Ll fel Y ANC Xll’l pingv ZHANG Wen -wen (2470)
Isolation, Identification and Characterization of the Filamentous Microorganisms from Bulking Sludge ZHANG Chong-miao, NIU Quan-rui, XU Li-mei, et al. (2477)
Applicability and Microbial Community Structure of Denitrification Suspended Carriers ««+s«+sxsseseesessessereeneees TAN Yang, LI Ji, XU Qiao, et al. (2486)
Effect of Thiosulfate on the Carbon Fixation Capability of Thiobacillus thioparus and Its Mechanism «esxeveessesressssssemeneneniini, LI Huan, WANG Lei, WANG Ya-nan (2496)
Characteristics of Fungi Community Structure and Genetic Diversity of Forests in Guandi Mountains ++ QIAO Sha-sha, ZHOU Yong-na, CHAI Bao-feng, et al. (2502)
Source Apportionment of Soil Heavy Metals in City Residential Areas Based on the Receptor Model and Geostatistics *++++ CHEN Xiu-duan, LU Xin-wei (2513)
Environmental Health Risk Assessment of Contaminated Soil Based on Monte Carlo Method; A Case of PAHs TONG Rui-peng, YANG Xiao-yi (2522)
Influencing Mechanism of Eh, pH and Iron on the Release of Arsenic in Paddy Soil ZHONG Song-xiong, YIN Guang-cai, CHEN Zhi-liang, et al. (2530)
Correlations Between Different Extractable Cadmium Levels in Typical Soils and Cadmium Accumulation in Rige «+weeseeseeeneesesenennsenennes CHEN Qi, DENG Xiao, CHEN Shan, et al. (2538)
Remedying Effects of a Combined Amendment for Paddy Soil Polluted with Cd for Spring and Autumn Rice «+reseereersereeesennenseneenes CHEN Li-wei, YANG Wen-tao, GU Jiao-feng, et al. (2546)
Effects of Two Amendments on Remedying Garden Soil Complexly Contaminated with Ph, Cd and Ag «reereereeereremenmenienennniniens TIAN Tao, LEI Ming, ZHOU Hang, et al. (2553)
Sorption of Phenanthrene to Soybean and Wheat Roots and the Bioavailability of Sorbed Phenanthrene ««+eseseereesesvseeneneisinencnnnes WANG Hong-ju, LI Qian-gian, SHEN Yu, et al. (2561)
Effects of Dissolved Organic Matter Fractions Extracted from Humus Soil on Sorption of Benzotriazole in Brown Soil and Black Soil YANG Ning-wei, BI Er-ping (2568 )
Effects of Topography, Tree Species and Soil Properties on Soil Enzyme Activity in Karst Regions — «+esereereereersmenenensincnensincniens LUO Pan, CHEN Hao, XIAO Kong-cao, et al. (2577)

Effects of Long-term Organic Amendments on Soil N, 0 Emissions from Winter Wheat-maize Cropping Systems in the Guanzhong Plain +-«w+seereseererresinsenneiinsnes e
............................................................................................................................................................ HAO Yao-xu, LIU Ji-xuan, YUAN Meng-xuan, et al. (2586)
YUAN Hao-dong, BAI Yao, LI Qiu-xu, et al. (2594)
Accumulation Characteristics and Health Risk Assessment of Heavy Metals in Wild Fish Species from Diaojiang River, Guangxi ««+-«+«+-ssssssssssrssssssnsnnininensininensisn s
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WANG Jun-neng, MA Peng-cheng, ZHANG Li-juan, et al. (2600)
GAN Rong, GE Ming-min, LIU Yong-di, et al. (2607)
WANG Hong-li, YANG Zhao-xun, JING Sheng-ao (2617)

Exposure Route of Dioxin-like Polychlorinated Biphenyls in Hair Based on Passive Sampling

Effect of Activated Carbon Addition on the Anaerobic Fermentation of Corn Straw in Mesophilic and Thermophilic Conditions

Volatile Organic Compounds(VOCs) Source Profiles of Industrial Processing and Solvent Use Emissions: A Review





