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Compositional Variation of Spent Mushroom Substrate During Cyclic Utilization

and Its Environmental Impact

LOU Zi-mo, WANG Zhuo-xing, ZHOU Xiao-xin, FU Rui-qi, LIU Yu, XU Xin-hua *
( Department of Environmental Engineering, Zhejiang University, Hangzhou 310058, China)

Abstract: Nutrition components and elements analysis of spent mushroom substrates/composts (SMS/SMC) during a cyclic utilization
were performed to state the compositional variation during reutilization and composting process. Environmental risk assessment of heavy
metals and other pollutants were also taken into consideration. The results showed that the water consumption during reutilization
reached 13. 8% ; while the protein and polysaccharide contents increased by 32.9% and 20.4% , respectively, suggesting that SMS
still had a lot of nutrients. After composting disposal, however, the protein and polysaccharide contents decreased by 50% and 79% ,
respectively, while the lignin, cellulose and hemicellulose contents didn’t show a significant difference; the C/N ratio decreased; the
total humic acid content increased by 18.6% , all of which means that the composting process made great contributions to organic
degradation. The heavy metal analysis showed that As, Hg, Pb, Cd, Cr concentrations in organic compost met the requirement of limit
standard (NY525-2012). In addition, the results of column leaching test showed that N, P and organics in both SMS and SMC had a
possibility of leaching loss, and the accumulation of TN and COD in SMC leachate decreased by 15.0% and 62. 8% , respectively,
compared to SMS group.

Key words : spent mushroom substrate ; nutrients; elements content; heavy metal content; leaching loss of organics
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Fig. 1 Flow diagram of cyclic utilization
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Table 1  Physico-chemical characteristics and nutrient contents of spent mushroom substrate/compost

W AU TS R __ HiEER A

il TR A e
K&/ % 56. 1 42.3 41.6 — 66. 7%
pH 5.8 6.2 7.2 5.28061; 7.98; 8. 25[%) 6.8[20),; 65022
TDS/mg-L " 21.8 22.5 18.2 — —
Z i/ mg-g ! 7.3 9.7 2.0 — —
FHB/mg-g™! 18.6 22.4 11.2 5~1101 —
KA/ % 11.0 14.3 12.7 27.5171 —
KRIFEZ/ % 14.8 11.6 12.1 — 250201, 24, 43121
FHE/ % 34.7 29.1 29.8 — 38[20]
L UERE /% 7.1 7.3 7.0 — 19120]
BEPER/ %o — 11.8 14.0 — —
C/% 37.1 32.1 15.3 30.5; 43.2018], 29, 516 31. 502
H/% 5.2 4.4 2.1 — —
N/% 2.6 1.7 1.1 2.18; 1.16!"); 1.8, 0.6/%1; 1.1051; 2.2, 1. 8[%] 2,120
C/N 14.6 18.4 13.6 13.8; 40.61"8); 15; 86/°7; 17. 617 181201, 17,2022
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Fig. 2 FT-IR spectra of spent mushroom substrate/compost
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Table 2 EDX analysis of spent mushroom substrate/compost

. SRR % WCFACET A %

o AU R T i A LA AL HE A i AT LI
C 60.60 +0. 80 a 52.78 £0.39 b 40.50 £1.45 ¢ 67.80 +0.81 a 62.36 +0.51 b 50.03 +1.62 ¢
N 4.31+0.08 a 3.86+£0.20 b 3.76 £0. 15 be 4.13£0.07 a 3.91+0.21 b 3.98 0. 15 be
0 31.95+1. 13 ¢ 34.03+1.02 b 43.22+£1.72 a 26.83 +0.98 ¢ 30.18 +0.89 b 40.09+1.72 a
Na 0.25+0.05 a 0.11 +£0.06 b — 0.15+0.02 a 0.07 £0.04 b —

Mg 0.37+£0.04 a 0.38 +0.06 a 0.36 £0.03 a 0.20+0.02 a 0.22+0.03 a 0.22+0.02 a
Al 0.16 +0.02 a 0.22+0.02 a 1.86 £0.24 b 0.08 +0.01 a 0.11+0.01 a 1.03 £0.14 b
Si 0.29 +£0.01 ¢ 0.60 +0.07 b 5.97+0.12 a 0.14 £0.01 ¢ 0.30+0.04 b 3.15+0.06 a
p 0.16 £0.03 b 0.26 +0.03 a 0. 14 +0.04 ab 0.07 £0.01 b 0.12+0.01 a 0.07 £0. 02 ab
S 0.14+0.02 b 0.40 +0.03 a 0.14 +£0. 00 be 0.06 +0.01 b 0.18+0.02 a 0.06 +0. 00 be
Cl 0.13+0.02 b 0.21+0.03 a 0.11 +£0.02 be 0.05+0.01 b 0.08 +0.01 a 0.05 +0. 01 be
K 0.42 +0.01 ¢ 0.47 £0.03 b 1.08 £0.03 a 0.15+0.01 ¢ 0.17£0.01 b 0.41 +£0.01 a
Ca 1.38£0.32 ¢ 6.75+0.28 a 1.70 0. 18 be 0.46 £0.11 ¢ 2.39+0.10 a 0.63 +£0. 07 be
Fe 0.20 £0.00 ¢ 0.31+0.02 b 1.24£0.07 a 0.05 +0.00 ¢ 0.08 +0.01 b 0.33+0.02 a

1) RPEHE I £ bifE2E (n=4) 5 a, b, ¢ FRARIFEMICR & A BEM2E (P <0.05)

(a) WHIZEEHE; (b) FIERHE; (o) AR HLAL
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Fig. 3 Scanning electron microscopy of the surface of spent mushroom substrate/compost
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Table 3  Heavy metal contents of spent mushroom substrate/compost/mg - kg

. . . . P =T
JLE A 0 485 TR B - 2 PR A A P NY525-2012 — —————
i B AL

As 2.3 2.5 3 15 — —
cd 1 2.6 2.8 3 0.5032] 6. 2120
Cr 15.7 12.8 15.2 150 — 0.21%1
Cu 19.7 25.7 25.3 — 29[%3] 54120
Ni 6.2 10. 4 7.9 — — 5. 8201
Pb 47.7 48.9 49.4 50 93] 10. 41201
Zn 124.9 127.7 97 — 14502 220126




1] BT 8855 . TRIT BBR BT IR A b A4 AL A L B RS 401

mg-kg 'y BF:400 mg-kg "), (I AT 2 B b
7&(%@:25 mg'kgil; %579:75 mg'kg”); BRI T B
fRFRE (8710 mg-kg ") . PFLZHI5EEEL B T
FEPM L T B/ A HLIE Hh A B 5 i AR
TR T AR B P TR FP 26 B F2 B 0D 4R 1T LA R
ARTA] 4 JE ) A 2 IR [R]K -
2.4 THERGESRT AR B UIEXT PR R
Xof YA L T I E Y VAL, B, LA &% COD 5 &
AT R A EIE 4. XF A H AR R B3 AR R
R A KR BT, RV ERREA HLIE T i R
RBERULA IS STEMBE S TR, A

R, Vuh 2 A 00 25 s i - Tt 6% , - TC B
2500 5 WA ALIE LT 25 RBE T B 15% , D6 HE AT
HEARFTFREA TP YEE. XFHER, Bit
VR BRI Sy A5 60 20 TR MR > V- 2 TRBE > TR AL
JIE, 56 B PR P o A 98 25 5 28 Sl AN ) b 2 R
A. COD MMk e 2230 K, bk as FAUR , P-4 B
BRZELATS L A 60 7% OB 4H LT 111, 5% , 3% Al GEIH A
TV e A K R A ML B AR R 5 TR K
B/NrF 28 A PLELL R coD BRI
-1 BB ZH T % 62. 8% , it WA HE N At A5 BIL4 (A
FHEA 5.

TNeum . 0.6 - TPeum
35 -

0.5 -

30 -

04 -

20 03

Fiit/mg

0.2

10~

0.1 H

(‘0 I )L'IJI\!
2000 =

1 500

1 000

"
%
XK
2554
|

7
5
KRRRK
SRRHHR

TS
("
0.:.0

Z
&
55
etetelels!
JoSetetetele!

"
%5
%
%
5

500 —

--vv.
SRR
Py tetetel
ototele!
otetetel
AL

5%

*
s

*
X

>

-
-

"
X
otel
55
%

v
o
o%!
odel
2505
55
oke

vv
5
%
%
255

LA

0

CK SMSI SMS2  SMC CK SMSI

o0 L= \ S5
SMS2  SMC CK SMS1  SMS2  SMC

CK:Z5 4 ; SMS1 . A B 45 R B4 ; SMS2 . V- as HilEZH ; SMC. A PLIEZH
B4 HEBRPRSRITE

Fig. 4 Cumulative components in leachate

25 b BB/ B MLAC P B & e A Rk
bR RPN R0 A T AR P R A2
SR & IR Y . R R A ALAE 7l
PR A WL A TRDREATS 1 it e, AT B Ik
R A SRR

3 it

(1) V-2 th# J5 , BB 7K 20 T BB &) pH
B 5 TDS MIZEAN K, i 20 . S S AL
TGN, SMELE WA PUILET & 20, EH
BTl TR R TR R, AR | 4R
DYSE ST SAPY ST e N R T

(2) £LAMGE , 434 L B B RE 15 A I HIE 5 T 4
NE TR A ML R >, NRE S &, TR
AHUER R I AL Wk, MOTER M5
Mr, BB A HLAEAY €. O, Si, K L& & &

e P LS
(3) e il I, BUO s o AT R0, TR TR A
MU As. Hg, Pb, Cd. Cr %55 Wi 4 )& & 15k
F NY525-2012 A LR EHRZK i B i HIASfF
T 4 V5 e XU
(4) IR 5 0 3% WA R B BRDRE A AILIE Hh i
RWEICR 5AVY A B a3 e 52 bt v A7
TEREOTS Gy vl e, (H BB HLIE () &R A HLY
ESARiNItE - edn] 3aRTE NN ¢
S AR
[ 1] WImely, moets:, BUGZR, 45 745 Bt K b sl B 71y
Y EEREL ). PREERLE, 2014, 35(2) : 669-677.
(2] 4pflRh, wilise, #35, % WMREMMEALI]. vk
21,2010, (19) . 182-185.
[3] EHE. FRERBA R0 0T S SR EIPE[ D], W
IR ZRbAalk K2, 2013, 1-2.
[4] Curtis J, Suess A. Report: Value-added strategies for spent

7



402 T S R 7%
mushroom substrate in BC [ R ]. British Columbia; British [J]. Communications in Soil Science and Plant Analysis, 2009,
Columbia Ministry of Agricultural and Lands, 2006. 12-13. 40(1-6) . 150-161.

[5] Medina E, Paredes C, Pérez-Murcia M D, et al. Spent [19] ZhuH J, Sun L F, Zhang Y F, et al. Conversion of spent

[6]

(9]

[10]

[11]

[13]

[14]

[15]

[16]

[18]

mushroom substrates as component of growing media for
germination and growth of horticultural plants[ J]. Bioresource
Technology, 2009, 100( 18) ; 4227-4232.

Zhang R H, Duan Z Q, Li Z G. Use of spent mushroom substrate
as growing media for tomato and cucumber seedlings [ J ].
Pedosphere, 2012, 22(3) ; 333-342.

Ribas L. C C, de Mendonga M M, Camelini C M, et al. Use of
spent mushroom substrates from Agaricus subrufescens ( syn. A.
blazei, A. brasiliensis) and Lentinula edodes productions in the
enrichment of a soil-based potting media for lettuce ( Lactuca
sativa) cultivation: growth promotion and soil bioremediation
[J]. Bioresource Technology, 2009, 100(20) ; 4750-4757.
LiX Z, Wu Y C, Lin X G, et al. Dissipation of polycyclic
aromatic hydrocarbons (PAHs) in soil microcosms amended with
substrate [ J ].  Soil
Biochemistry, 2012, 47(2): 191-197.

Herrero-Hernandez E, Andrades M S, Marin-Benito ] M, et al.

mushroom cultivation Biology and

Field-scale dissipation of tebuconazole in a vineyard soil amended
with spent mushroom substrate and its potential environmental
impact[ J]. Ecotoxicology and Environmental Safety, 2011, 74
(6): 1480-1488.

Finney K N, Ryu C, Sharifi V N, et al. The reuse of spent
mushroom compost and coal tailings for energy recovery:
Comparison of thermal treatment technologies [ J]. Bioresource
Technology, 2009, 100(1) ; 310-315.

Kapu N U S, Manning M, Hurley T B, et al. Surfactant-assisted
pretreatment and enzymatic hydrolysis of spent mushroom compost
for the production of sugars[ J]. Bioresource Technology, 2012,
114(3) : 399-405.

Masuko T, Minami A, Iwasaki N, et al. Carbohydrate analysis
by a phenol-sulfuric acid method in microplate format [ J].
Analytical Biochemistry, 2005, 339(1) : 69-72.

Sedmak J J, Grossberg S E. A rapid, sensitive, and versatile
assay for protein using Coomassie brilliant blue G250 [ J].
Analytical Biochemistry, 1977, 79(1-2) ; 544-552.

BB Raefefb s M]. desT. s EgOL R, 2000.
438-440.

Ju X T, Xing G X, Chen X P, et al. Reducing environmental
risk by improving N management in intensive Chinese agricultural
systems[ J]. Proceedings of the National Academy of Sciences of
the United States of America, 2009, 106(9) : 3041-3046.

Li X J, Pang Y Z, Zhang R H. Compositional changes of
cottonseed hull substrate during P. ostreatus growth and the
effects on the feeding value of the spent substrate [ J ].
Bioresource Technology, 2001, 80(2); 157-161.

Guo M X, Chorover J. Solute release from weathering of spent
mushroom substrate under controlled conditions [ J ]. Compost
Science & Utilization, 2004, 12(3) . 225-234.

Paredes C, Medina E, Moral R, et al. Characterization of the

different organic matter fractions of spent mushroom substrate

[20]

[21]

[22]

[24]

[25]

[27]

[29]

[31]

[32]

[33]

mushroom substrate to biofertilizer using a stress-tolerant

phosphate-solubilizing Pichia farinose FL7 [ ] ]. Bioresource
Technology, 2012, 111(5) ; 410-416.

Jordan S N, Mullen G J, Murphy M C. Composition variability of
spent mushroom compost in Ireland[ J]. Bioresource Technology,
2008, 99(2) : 411-418.

Sharma H S S. Compositional analysis of neutral detergent, acid
detergent, lignin and humus fractions of mushroom compost[ J].
Thermochimica Acta, 1996, 285(2) . 211-220.

Stewart D P C, Cameron K C, Cornforth I S, et al. Release of
sulphate, potassium,

calcium and magnesium from spent

mushroom compost under laboratory conditions[ J]. Biology and
Fertility of Soils, 1997, 26(2) : 146-151.

Medina E, Paredes C, Bustamante M A, et al. Relationships
between soil physico-chemical, chemical and biological properties
in a soil amended with spent mushroom substrate[ J]. Geoderma,
2012, 173-174 . 152-161.

Cao Y, Tan H M. Effects of cellulase on the modification of
cellulose[ J]. Carbohydrate Research, 2002, 337 (14). 1291-
1296.

Toptas A, Demierege S, Ayan E M, et al. Spent mushroom
compost as biosorbent for dye biosorption[ J]. CLEAN-Soil, Air,
Water, 2014, 42(12) . 1721-1728.

Law W M, Lau W N, Lo K L, et al. Removal of biocide
pentachlorophenol in water system by the spent mushroom
compost of Pleurotus pulmonarius[ J]. Chemosphere, 2003, 52
(9): 1531-1537.

Tsui L, Juang M A. Effects of composing on sorption capacity of
bagasse-based chars[ J]. Waste Management, 2010, 30 (6) :
995-999.

Yan T G, Wang L J. Adsorptive removal of methylene blue from

aqueous solution by spent mushroom substrate;

Bioresources, 2013, 8(3):

equlibrium,
kinetics and thermodynamics [ J].
4722-4734.

Ngo P T, Rumpel C, Ngo Q A, et al. Biological and chemical
reactivity and phosphorus forms of buffalo manure compost,
vermicompost and their mixture with biochar [ J]. Bioresource
Technology, 2013, 148 401-407.

Ko H G, Park S H, Kim S H, et al. Detection and recovery of
hydrolytic enzymes from spent compost of four mushroom species
[J]. Folia Microbiologica, 2005, 50(2) : 103-106.

2B, XIS, ENANSETAHUILE T 4 8 22 4 R AR
HERBUIR S 3T [J]. Al PR ERE 2R, 2006, 25 (35 T))
777-782.

Gerrits J P G. Composition, use and legislation of spent
mushroom substrate in the Netherlands[ J]. Compost Science &
Utilization, 1994, 2(3) : 24-30.

Guo M X. Groundwater quality under the influence of spent
mushroom substrate weathering [ J ]. Journal of Environmental

Monitoring, 2005, 7(10) : 1007-1012.



HUANJING KEXUE Vol.37  No. 1

Environmental Science ( monthly) Jan. 15, 2016

CONTENTS

Investigation of Carbonaceous Airborne Particles by Scanning Proton Microprobe —«+stsssvesesssssessssmsimmsneisinininiinneens BAO Liang-man, LIU Jiang-feng, LEI Qian-tao, et al. ( 1 )
Atmospheric Polybrominated Diphenyl Ethers in Eight Cities of China; Pollution Characteristics and Human Exposure «+:«+«sseseeeeerenseneeeenes LIN Hai-tao, LI Qi-lu, ZHANG Gan, et al. ( 10 )
Light Absorption Properties of Water-Soluble Organic Carhon (WSOC) Associated with Particles in Autumn and Winter in the Urban Area of Guangzhou «++++s+esseseeeressenenensinnscninnnnens
.................................................................................................................................................................. HUANG Huan, BI Xin-hui, PENG Long, et al. ( 16 )
Investigations on Sulfur and Carbon Isotopic Compositions of Potential Polluted Sources in Atmospheric PM, 5 in Nanjing Region «+++++++ SHI Lei, GUO Zhao-bing, JIANG Wen-juan, et al. ( 22 )
Pollution Level and Health Risk Assessment of Heavy Metals in Atmospheric PM, 5 in Nanjing Before and After the Youth Olympic Games «+eseseeressersossesenenssinnsenniiinennnee
......................................................................................................................................................... ZHANG Heng, ZHOU Zi-qiang, ZHAO Hai-yan, et al. ( 28 )
Enrichment Characteristics and Source Analysis of Metal Elements in PM, 5 in Autumn in Nanchang City »e+eereeeseeeresesssseinnesnn LIN Xiao-hui, ZHAO Yang, FAN Xiao-jun, et al. ( 35 )
Contributions of Factors That Influenced the Visibility In North Suburb of Nanjing In Winter and Spring —«+«+essessessessesssnenensssnensnnienens MA Jia, YU Xing-na, AN Jun-lin, et al. ( 41 )
A Case Study on the Rapid Cleaned Away of PM, 5 Pollution in Beijing Related with BL Jet and Its Mechanism — «+eeeseereesessenesesnnenees LIAO Xiao-nong, SUN Zhao-bin, HE Na, et al. ( 51 )
Characteristics of Chemical Components in PM, s from the Coal Dust of Power Plants +++eseseseseereesesmensseiemieisinisniini WANG Yu-xiu, PENG Lin, WANG Yan, et al. ( 60 )
Improvement of Air Quality During APEC in Beijing in 2014 «eeeseseesresresstsinnenisntisinintisss s CHENG Nian-liang, LI Yun-ting, ZHANG Da-wei, et al. ( 66 )
Evaluation on the Effectiveness of Vehicle Exhaust Emission Control Measures During the APEC Conference in Beijing ««+++++sesee+: FAN Shou-bin, TIAN Ling-di, ZHANG Dong-xu, et al. ( 74 )
Chemical Compositions and Sources Apportionment of Re-suspended Dust in Jincheng —+«+eeeeererrersesssmsinsnnininsiininiee WANG Yan,PENG Lin, LI Li-juan, et al. ( 82 )
Characteristic of Particulate Emissions from Concrete Batching in Beijing —«-«+eeeseessessesseemensnmmniniininsnnis XUE Yi-feng, ZHOU Zhen, ZHONG Lian-hong, et al. ( 88 )
Anthropogenic Ammonia Emission Inventory and Its Spatial Distribution in Chang-Zhu-Tan Region «+«+esesrereeessesenenseinenennenes YOU Xiang-yu, LIU Zhan, ZHANG Qing-mei, et al. ( 94 )
Seasonal Variability of Greenhouse Gas Emissions in the Urban Lakes in Changchun, China «++stssseseereesenssimneninmineninnicnens WEN Zhi-dan, SONG Kai-shan, ZHAO Ying, et al. ( 102 )
Absorption Characteristics of Particulates and CDOM in Waters of Chagan Lake and Xinlicheng Reservoir in Autumn «++seseeveeeseeseneesneenne LI Si-jia, SONG Kai-shan, ZHAO Ying, et al. ( 112)
Hydrochemical Characteristics and Influencing Factors in Different Geological Background; A Case Study in Darongjiang and Lingqu Basin, Guangxi, China «+:eseerseeeesemensenenenennes
SUN Ping-an, YU Shi, MO Fu-zhen, et al. ( 123 )
Community Structure of Aquatic Community and Evaluation of Water Quality in Laoyingyan Section of Dadu River = »«+sereseeeeseeseeeens HUANG You-you, ZENG Yu, LIU Shou-jiang, et al. ( 132)
Characteristics of Nitrogen and Phosphorus Losses in Longhong Ravine Basin of Westlake in Rainstorm Runoff YANG Fan, JIANG Yi-feng, WANG Cui-cui, et al. ( 141 )
Soil Phosphorus Forms and Leaching Risk in a Typically Agricultural Catchment of Hefei Suburban -+ -+ FAN Hui-hui, LI Ru-zhong, PEI Ting-ting, et al. ( 148 )
Concentrations and Distribution of Metals in the Core Sediments from Estuary and City Section of Liaohe River —+eseserereesesesenenes WANG Wei-jie, ZHOU Jun-li, PEI Shu-wei, et al. ( 156 )
Distribution Characteristics and Pollution Status Evaluation of Sediments Nutrients in a Drinking Water Reservoir — «+«+«sseseesessessenseenenninnes HUANG Ting-lin, LIU Fei, SHI Jian-chao ( 166 )
Effect of Low Molecular Weight Organic Acids on the Chemical Speciation and Activity of Mercury in the Soils of the Water-Level-Fluctuating Zone of the Three Gorges Reservoir
........................................................................................................................................................................ YOU Rui, LIANG Li, QIN Cai-ging, et al. ( 173 )
Arsenic Content and Speciation in the Surficial Sediments of Liangshui River in Beijing WANG Xin-hui, SHAN Bao-ging, TANG Wen-zhong, et al. ( 180 )
Effect of UV Light Radiation on the Coagulation of Chlorella and Its Mechanism + WANG Wen-dong, ZHANG Ke, XU Hong-bin, et al. ( 187 )
Photocatalytic Oxidation of p-arsanilic Acid by Ti0, +«teeresreresesreresssnsnmennisie XU Wen-ze, YANG Chun-feng, LI Jing, et al. ( 193 )
Photodegradation of Ciprofloxacin Hydrochloride in the Aqueous Solution Under UV ++sssessessesssssssesmsnmmensnsnnincninsincnees DUAN Lun-chao, WANG Feng-he, ZHAO Bin, et al. ( 198 )
Adsorption of Phosphate by Lanthanum Hydroxide/Natural Zeolite Composites from Low Concentration Phosphate Solution - LIN Jian-wei, WANG Hong, ZHAN Yan-hui, et al. ( 208 )
Experimental Research of Hg( Il ) Removal from Aqueous Solutions of HgCl, with Nano-Ti0, «+++eeresessessssusssmsmssnsniniinians ZHOU Xiong, ZHANG Jin-yang, WANG Ding-yong, et al. ( 220 )
Development of Chemical Exposure Prediction Model for Aerobic Sewage Treatment Plant for Biochemical Wastewaters +-«+xesveeeeeresnesvenenes ZHOU Lin-jun, LIU Ji-ning, SHI Li-li, et al. ( 228 )
Degradation Characteristics of Three Aniline Compounds in Simulated Aerobic Sewage Treat System GU Wen, ZHOU Lin-jun,LIU Ji-ning, et al. ( 240 )
Advanced Treatment of Effluent from Industrial Park Wastewater Treatment Plant by Ferrous Ion Activated Sodium Persulfate «+-++++++++++ ZHU Song-mei, ZHOU Zhen, GU Ling-yun, et al. ( 247 )
Recent Distribution and Sources of Polyeyclic Aromatic Hydrocarbons in Surface Soils from Yangtze River Delta +«++xeeseeeereerseneeienieneneeienens LI Jing-ya, WU Di, XU Yun-song, et al. ( 253 )
Preliminary Study on Linear Alkylbenzenes as Indicator for Process of Urbanization seseneneess XU Te, ZENG Hui, NI Hong-gang ( 262 )
Pollution Assessment and Spatial Distribution Characteristics of Heavy Metals in Soils of Coal Mining Area in Longkou City «++++++xsseree2 LIU Shuo, WU Quan-yuan, CAO Xue-jiang, et al. ( 270 )
Effects of Reduced Water and Diurnal Warming on Winter-Wheat Biomass and Soil Respiration WU Yang-zhou, CHEN Jian, HU Zheng-hua, et al. ( 280 )
Effect of Recycled Water lrigation on Heavy Metal Pollution in Irigation Soil - -+ ZHOU Yi-qi, LIU Yun-xia, FU Hui-min ( 288 )
Effect of Biochar Application on Soil Aggregates Distribution and Moisture Retention in Orchard Soil «+:++steeeeerssessesnensseneneininieninnnns AN Yan, JI Qiang, ZHAO Shi-xiang, et al. ( 293 )
Effects of Three Industrial Organic Wastes as Amendments on Plant Growth and the Biochemical Properties of a Ph/Zn Mine Tailings «+«+«+«sesssessesessesenensnienienenininininsininsne
PENG Xi-zhu, YANG Sheng-xiang, LI Feng-mei, et al. ( 301 )
Effects of Arbuscular Mycorrhizal Fungi on the Growth and Ce Uptake of Maize Grown in Ce-contaminated Soils «+««+seeeseeeressenerssneeenenees WANG Fang, GUO Wei, MA Peng-kun, et al. ( 309 )
Distribution Characteristics and Risk Assessment of Phthalic Acid Esters in Agricultural Products Around the Pearl River Delta, South China — «eeesesesrereeresemeneneinenensininennse
........................................................................................................................................................................ LI Bin, WU Shan, LIANG Jin-ming, e al. ( 317)
Bioaccumulation and Biomagnification of Heavy Metals in Three Gorges Reservoir and Effect of Biological Factors «+weseeeesessesvervsereneenes WEI Li-li, ZHOU Qiong, XIE Cong-xin, et al. ( 325 )
Comparisons of Microbial Numbers, Biomasses and Soil Enzyme Activities Between Paddy Field and Dryland Origins in Karst Cave Wetland «««eseererrereeresenemesinsicnnesnsceneens
............................................................................................................................................................... JIN Zhen-jiang, ZENG Hong-hu, LI Qiang, et al. (335 )
Analysis on Diversity of Denitrifying Microorganisms in Sequential Batch Bioreactor Landfill = +«-vesererereererenensssienneinnsnneieens LI Wei-hua, SUN Ying-jie, LIU Zi-liang, et al. ( 342 )
Synthesis of Fe/nitrogen-doped Carbon Nanotube/Nanoparticle Composite and Its Catalytic Performance in Oxygen Reduction ++++sesseseeeees YANG Ting-ting, ZHU Neng-wu, LU Yu, et al. ( 350 )
Application of Microbial Fuel Cells in Reducing Methane Emission from Rice Paddy =~ +«+ereeereresrererrensienmennssinencnne DENG Huan, CAI Lii-cheng, JIANG Yun-bin, et al. ( 359 )
Effect of Aeration Strategies on Emissions of Nitrogenous Gases and Methane During Sludge Bio-Drying ««+etoveeeserseessesesessneneienienenns QI Lu, WEI Yuan-song, ZHANG Jun-ya, et al. ( 366 )
Treatment of Flue Gas from Sludge Drying Process by A Thermophilic Biofilter CHEN Wen-he, DENG Ming-jia, LUO Hui, et al. ( 377 )
Application of FCM-qPCR to Quantify the Common Water Pathogens ««+-++s+sstevesessssstsnssmssniminsiniiennn s WANG Ming-xing, BAI Yao-hui, LIANG Jin-song, et al. ( 384 )
Effect of Acetonitrile and n-hexane on the Immunoassay of Environmental Representative Pollutants —«+«+sxsseseeseseserensennnencnennenes LOU Xue-ning, ZHOU Li-ping, SONG Dan, et al. ( 391 )
Compositional Variation of Spent Mushroom Substrate During Cyclic Utilization and Its Environmental Tmpact — ++esvesveeeeeenesneneeeees LOU Zi-mo, WANG Zhuo-xing, ZHOU Xiao-xin, et al. ( 397 )



£ .

CGrER=ZNE 6

K FH H

BIES: B RE BN

EHREZERS

%OE. (REREEHT)
3 N iy -
TENL  FAERE FIE F44r H O N H O OF L
S, o == 2z
AOKE KEE X s w0 RS ARE
v N N N -
PREFEIE BmAE 2 AR RS Rl Fokd w B
B B9 W N W W BIEK
-
w3 ENVIRONMENTAL SCIENCE
( H};J{AJ‘NJINC;;‘: KE)ﬁ(JLTJJE) (Monthly Started in 1976)
(HHl 1976 4% 8 UREID)
2016461 B15H #37% H1 Vol.37 No.1 Jan. 15, 2016
e & TEPER Superintended by Chinese Academy of Sciences
F i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e 7 (USSR RF) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
A = - - Protection
e % KK [ School of Environment, Tsinghua University
i Editor-in -Chief ~ OUYANG Zi-yu:
. BAREAE) G E RS Ed;t:(: } ) by The Editori ll}]l:omd f Envi tal Sci (HUANJING
L0l 2871 {2548 ( T D DL B y e Editorial Board of Environmental Science >
18 5, MR 4% : 100085 ) KEXUE) )
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1§E:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn F-mail :hjkx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn http://www. hjlex. ac. en
H KR 44 3 " " m Published by Science Press
It B A AR 7 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
EN Rl 3£ 4T dtmcdbAkEpRI Printed by Beijing Bei Lin Printing House
% 1T 4 4 & K i Distributed by Science Press
35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT M l 4> [E 44 M B HR, S5y Domestic All Local Post Offices in China
Eih 2L r ] [ B 52 5 VA ) Foreign China International Book Trading Corporation ( Guoji
(b3 399 f54H) Shudian) ,P. O. Box 399, Beijing 100044 , China
—erim  ISSN  0250-3301 s f =
nEHS ——————— X
RERETS: 1805 x EREZ RS 2-821
B A E fir:120.00 T ESEZITRS: M 205

BRSNS FET





