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Screening of the Reduction/Stabilization Reagent for Cr( VI) Contaminated Soil

in a Planting Site and Reaction Process Monitoring

LI Pei-zhong', LU Xiao-jian®, WANG Hai-jian', YANG Su-cai', WEI Wen-xia', SONG Yun'"

(1. Beijing Key Laboratory of Industrial Land Contamination and Remediation, Environmental Protection Research Institute of Light
Industry, Beijing 100089, China; 2. College of Exploration Technology and Engineering, Hebei Dizhi University, Shijiazhuang 050031,
China)

Abstract; There are lots of problems in the domestic remediation of Cr( VI) contaminated soil field, such as lack of the key processing
parameters, poor long-term effect and so on. The Cr( VI) heavy polluted surface soil was sampled from an electroplating site in North-
China, and then treated with five different reducing reagents. At the same time, the on-line ORP probes and interval sampling test were
chosen to monitor the reaction process, and to explore the reaction rate and effect. The results showed that No. 4 reagent had the
highest Cr( VI) reduction effect, reaching up to 99.5% , and the minimum soil Cr( VI) concentration could reach 2. 4 mg-kg™'. The
No. 1 and No. 4 reagents had relatively faster reducing rates. There were obvious difference in ORP and pH monitoring values between
different reductants, for example, the No. 1 reagent kept the ORP value stable at around - 400 mV. The No.4 reagent gradually
increased the value from —200 mV to 100 mV since 30h, and then kept stable. According to the pH difference among different
reductants, the No. 4 reagent was the best and kept the pH value at around 7. Taking together the final effect and process key
parameters, the No.4 reagent was the best. The scale-up experiment was operated with process monitoring, and the ORP and
conductivity values showed that the reduction reaction took about 160 h. This work would provide theoretical basis for controlling the
maintenance condition and reaction process in soil Cr( VI) remediation.

Key words : heavy metal ; hexavalent chromium; reduction; stabilization; soil remediation
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Table 1 ~ Physiochemical properties and heavy metals contents of the tested soil

g Nk Pb C Z Ni
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Table 2 Key parameters of Cr®* -contaminated soil reducing stabilization experiments
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Fig. 1 Schematic diagram of the Cr®* -contaminated soil

reducing and operation monitoring system
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Fig. 2 Variation of ORP in the reducing process

with different reagents
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Fig. 3 Variation of pH in the reducing process with different reagents
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Fig. 4 Variation of Cr( VI) concentration in the

reducing process with different reagents
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Fig. 5 Variation of key indexes in the Cr( VI) reducing process
3 g

(1)5 230 Jaa ) i) e g o 2 1) 1 I 4 B e BT
A IE Y ORP Fl pH {H 55 i 72 S 80 LR 1Y) 22
S0 T A RIERE SR IR ORP IR AL T
-400 mVZAT; 55 4 AW AE 30 h LA, #1 - 200
mV Z AT R ETE 100 mV 247, 1 it 3 Y
RN ZR Y pH DA PER IR EE & 2 11 2247, il 5
2 RN 5, Bfdi 0% pH HFRAR SR 5 A4, ME—fif )%
pH TRFFFE 7 24 2L 4.

(2) NI 7S 0 4% 19 38 IR e e AL RCR K R
FE A 2R 0 30 D 80 R 2 5 B R, gl 4 %
AR IR IR e AR A v, BE A B IITE 99. 5% LA

B SRR B R AR AT IR B 2.4 mg-kg ™', HEAENE

{6 A2 T 9 XU 2 (L S A P b A v FRAEL (30

me-kg ) Bk y FUCH AL 1,6 IR AR 1

T 99% VA L, SRR AR B TRR 1 AT 4 SR 4

IRt A& AL RN IS 1 A b S o 8 R B Y R

1 000 mg-kg ™' ZeAT , i JEARAE AL AR AR XS HAR.

(3) ZRATRANRCR | B RS RS,

B AR 4 ( 2L S A kR & L)) M 2E &R

SRR A, 5l T P LSRRI AR E B R
(4) LG 4 by BE R AT B ik Rl (] i

R A 9 S vy i R P Y pH . ORP I HE 2 38 45 5¢

SESH AR, S BB A3 T S 7 ol P R

2160 h A BEUSEEA ¢ W, IRl B AT LL3d ik ORP FlHY

SR S R T N R MR 8 55 S

s - A8 A2 et R rp A S I R RN AR TR P A

B2k

[ 1] XEs, 250, E3, % MG TS g iy Ts Yokt 5
CREEEIAXTRL ). FREERIABITE, 2009, 22(2) : 248-253.
Liu Y Q, Li L, Wang Q, et al. Study on pollution situation at
typical chrome residue contaminated sites and corresponding
integrated remediation plan [ J]. Research of Environmental
Sciences, 2009, 22(2) . 248-253.

[2] James B R. Peer reviewed: the challenge of remedialing
chromium-contaminated soil. The complex chemistry of chromium
compounds presents unique measurement and regulatory
challenges[ J]. Environmental Science & Technology, 1996, 30
(6): 248A-251A.

[ 3] Markiewicz B, Komorowicz I, Sajnég A, et al. Chromium and its
speciation in water samples by HPLC/ICP-MS-technique
establishing metrological traceability; a review since 2000 [ J].
Talanta, 2015, 132 814-828.

(4] ¥EE, T, Wk, S Bk R e 250 e ks

(1. BREERL2EWESE, 1998, 11(1) ; 30-31, 35.
Jiang ] G, Wang W, Fan H, et al. Study on the chemical
stabilization in treating with arsenic waste and chromium waste
[J]. Research of Environmental Sciences, 1998, 11 (1) 30-
31, 35.

(5] W5, F20H. #KikTs Ris JeRER 518 2 BoR

[J]. PREE A2, 2009, 3(8) : 1493-1497.
Cao Q, Wang X R. Study on pollution characteristics of
contaminated sites with chrome and discussion on common
remediation technologies[ J]. Chinese Journal of Environmental
Engineering, 2009, 3(8) : 1493-1497.

(6] X4, B, §HHT, % BREESRM T KKANEE

SRR UL [ J]. M TR, 2013, 7(7): 2523-
2528.
Wang X R, Zhai Y L, Shu X Q, et al. Selection of permeable
reactive  barrier media for remediation of contaminated
groundwater with chromium [ J ]. Chinese Journal of
Environmental Engineering, 2013, 7(7) ; 2523-2528.

(7] FiE, PR, Kk, % 55 L HMERUE (kb i K% H
RIIBGEVERTSE[ 1], FFEERHE, 2013, 34(10) ; 4036-4041.



14

PR AE . BERLBET SO BT T b A DR R AR B S A M 373

(8]

[10]

[11]

[12]

[13]

[14]

[16]

Wang J, Luo Q S, Zhang C B, et al. Stabilization and long-term
effect of chromium contaminated soil [ J ]. Environmental
Science, 2013, 34(10) : 4036-4041.

sk, 2RI, VAR R A MR LR AR S e 3
AR PSS [1]. BB, 2013, 34(9) : 3684-
3689.

Zhang J R, Li J, Xu W. Research on the application of in-situ
biological stabilization solidification technology in chromium
contaminated site management [ J ]. Environmental Science,
2013, 34(9) . 3684-3689.

Ze3L R, RILE, AR S ESANTE IR SR A L A
FRIRE[T]. AR, 2014, 35(4) : 1602-1612.

Li D, Zhao Y C, Song L Y, et al. Advances in molecular
mechanism of bacterial reduction of hexavalent chromium [ J].
Environmental Science, 2014, 35(4) : 1602-1612.

ML, skEse, XFEE, . 15 Y oS 8 0 R 6
AEPtaE [ 1]. BRI, 2014, 35(10) : 3882-3887.
Zheng J C, Zhang J R, Liu X W, et al. Bioremediation of
chromium ( VI') contaminated site by reduction and microbial
stabilization of chromium[ J]. Environmental Science, 2014, 35
(10) : 3882-3887.

Dhal B, Thatoi H N, Das N N, et al. Chemical and microbial
remediation of hexavalent chromium from contaminated soil and
mining/metallurgical solid waste; a review [ J]. Journal of
Hazardous Materials, 2013, 250-251; 272-291.

Di Palma L, Gueye M T, Petrucci E. Hexavalent chromium
reduction in contaminated soil; a comparison between ferrous
sulphate and nanoscale zero-valent iron[ J]. Journal of Hazardous
Materials, 2015, 281 70-76.

R, R, ZERW, & BEREEBE SR S
LHERIATIE[ ], TR, 2015, 9(2) : 951-958.
Huang Y, Xu M M, Li S P, et al. Remediation of hexavalent
chromic-contaminated  soil by

reduction and stabilization

technology at pilot-scale studies [ J ]. Chinese Journal of
Environmental Engineering, 2015, 9(2) . 951-958.

Kz, ZEh, S, R L A/ f e AR R B0
R[], BB, 2015, 43(15) ; 28-33.

Song Y, Li P Z, Hao R Q. Analysis on the application status and
advice of solidification/stabilization in China[ J]. Environmental
Protection, 2015, 43(15) ; 28-33.

Ferreira D R, Johnston C P.
polysulfide treatment of Cr( VI) -contaminated soil[ J]. Journal of
Hazardous Materials, 2010, 179(1-3) : 650-657.

Moon D H, Wazne M, Dermatas D, et al. Long-term treatment

Chrysochoou M, Calcium

issues with chromite ore processing residue ( COPR): Cr®*
reduction and heave[ J]. Journal of Hazardous Materials, 2007,
143(3) : 629-635.

Apte A D, Tare V, Bose P. Extent of oxidation of Cr( Il ) to
Cr(VI)
environment[ J|. Journal of Hazardous Materials, 2006, 128 (2-

under various conditions pertaining to natural

[19]

[20]

[21]

[25]

[26]

[27]

(28]

[30]

3). 164-174.

Wadhawan A R, Stone A T, Bouwer E J. Biogeochemical
controls on hexavalent chromium formation in estuarine sediments
[J]. Environmental Science & Technology, 2013, 47 (15):
8220-8228.

X ROG. T A 5 e A Y 25 A Ak I 8 vk B R [T ]
+ 3, 1983, 15(5) : 198-200.

iz, X6, AL AL 5 AL Ak A Bh g
RG], BT, 1987, (3): 16-19.
Velasco A, Ramirez M, Hemdandez S, et al. Pilot scale
treatment of chromite ore processing residue using sodium sulfide
in single reduction and coupled reduction/stabilization processes
[J]. Journal of Hazardous Materials, 2012, 207-208: 97-102.
Palmer C D, Wittbrodt P R. Processes affecting the remediation
of chromium-contaminated sites [ J ]. Environmental Health
Perspectives, 1991, 92, 25-40.

US EPA. In situ treatment of soil and groundwater contaminated
EPA/625/R-00/
005. Washington DC: Office of Reasearch and Development,
2000. 5-8.

LiJ H, Yao C L, Liu Y B, et al. The hazardous hexavalent

chromium formed on trivalent chromium conversion coating: the

with chromium: technical resource guide[ R].

origin, influence factors and control measures [ J]. Journal of
Hazardous Materials, 2012, 221-222; 56-61.
Graham M C, Farmer ] G, Anderson P, et al. Calcium
polysulfide remediation of hexavalent chromium contamination
from chromite ore processing residue [ J]. Science of the Total
Environment, 2006, 364 (1-3) ; 32-44.

Chrysochoou M, Johnston C P. Polysulfide speciation and
soil [ J]. Journal of

Hazardous Materials, 2015, 281 . 87-94.

reactivity in chromate-contaminated
Garham A M, Bouwer E J. Rates of hexavalent chromium
reduction in anoxic estuarine sediments: pH effects and the role
sulfides [ J ].
Technology, 2010, 44(1) . 136-142.

Su C M, Ludwig R D. Treatment of hexavalent chromium in

of acid volatile Environmental Science &

chromite ore processing solid waste using a mixed reductant

solution of ferrous sulfate and sodium dithionite [ J J.
Environmental Science & Technology, 2005, 39 (16) . 6208-
6216.

Chrysochoou M, Ting A. A kinetic study of Cr( VI) reduction by
calcium polysulfide [ J .
2011, 409(19) ; 4072-4077.

W, A3, 2, S LS R e A R K hoR
WA MFSEIE R (1], WEE TR, 2015, 9(7): 3077-
3085.

Zheng J Z, Shi M, Li J, et al. Reductive immobilization of

Science of the Total Environment,

hexavalent chromium in contaminated soil and groundwater
systems: a review [ J]. Chinese Journal of Environmental

Engineering, 2015, 9(7) : 3077-3085.



HUANJING KEXUE Vol.38  No. 1

Environmental Science ( monthly) Jan. 15, 2017

CONTENTS

Source Apportionment of Volatile Organic Compounds and Health Assessment of Benzene Series in Northern Suburb of Nanjing in Winter »+++++-+: ZHANG Yu-xin, AN Jun-lin, LIN Xu, etal. ( 1 )
Size Distribution and Mixing State of Black Carbon Aerosol in Nanjing During a Heavy Winter Pollution Event JIANG Lei, TANG Li-li, PAN Liang-bao, et al. ( 13 )
Interactive Effects of the Influencing Factors on the Changes of PM,, 5 Concentration Based on GAM Model HE Xiang, LIN Zhen-shan ( 22 )
Particle Size Distribution and Diffusion for Simulated Cooking Fume +:++«+sseseeesserererssimmienenenniniii e LI Shuang-de, XU Jun-bo, MO Sheng-peng, et al. ( 33 )
Greenhouse Gas Fluxes at Water-Air Interface in Small Pond Using Flux-Gradient Method Based on Spectrum Analyzer —««+:+ssesseeesessesseneens ZHAO Jia-yu, ZHANG Mi, XIAO Wei, et al. ( 41 )
Diurnal Variations of Concentration of Porewater Dissolved CH, and CO, in a Brackish Marsh Dominated by Cyperus malaccensis and Phragmites australis During Neap and Spring Tidal

Days in the Minjiang River EStuary «-«+«ssessessesseemsensensstnenensein ittt TAN Li-shan, YANG Ping, HE Lu-lu, et al. ( 52
Comparisons Between Seasonal and Diurnal Patterns of Cave Air CO, and Control Factors in Jiguan Cave, Henan Province, China «+eeeeeereeee ZHANG Ping, YANG Yan, SUN Zhe, et al. ( 60
Fluorescence Spectral Characteristics of Fluorescent Dissolved Organic Matter (FDOM) in the Surface Sediments from Lihu Lake «+++++- CHEN Jun-yi, WANG Shu-hang, JIANG Xia, et al. ( 70

HAN Xiu-xiu, HUANG Xiao-hu, YU Li-yan, et al. ( 78
ZHANG Wet, TANG Xiang-yu, XIAN Qing-song ( 87

Sedimentary Characteristics and Sources of Organic Matter in Sediments of Dianchi Lake
Seasonal Variation of Colloid Particles in the Shallow Well Water of a Small Watershed of Purple Soil -

............................................................................................................................................................ QI Chuang, WANG Guo-xiang, WU Xin-ting, et al. ( 95
Correlation Between LDI-based Land Use Types and Water Quality in Sanshan Island of Taihu Lake National Wetland Park, Suzhou -+ YANG Zhao-hui, SU Qun, CHEN Zhi-hui, et al. ( 104 )
Response Characteristics of Algal Chlorophyll-a to Nitrogen, Phosphorus and Water Temperature in Lake Erhai Based on Quantile Regression —«+v+reresrererresrerenensisnsenneinnscinnneee

......................................................................................................................................................... CHEN Xiao-hua, LI Xiao-ping, QIAN Xiao-yong, ef al.

(113)
Seasonal Succession Characteristics of the Morphologically-hased Functional Groups (MBFG) in Deep-water Reservoir «+«+«ssxssessesseesneereneenneniens YANG Yu,LU Jin-suo,ZHANG Ying ( 121 )
Change and Influencing Factors of Dissolved Carbon and Dissolved Nitrogen in Water of the Three Gorges Reservoir FAN Zhi-wei, HAO Qing-ju, HUANG Zhe, et al. ( 129 )
Characteristics of Nitrogen and Phosphorus Emissions in the Gufu River Small Watershed of the Three Georges Reservoir Area  «+++++++++ HUA Ling-ling, LI Wen-chao, ZHAI Li-mei, et al. ( 138 )
Characteristics of Nitrogen Transport and Its Source Trace in Loess Plateau’s Dam Watershed in Alternating Wet and Dry Seasons; A Case Study of Yangjuangou Watershed +++eseeeeereeeees
.................................................................................................................................................................. JIA Jundie, GAO Yang, CHEN Wei-liang, et al. ( 147 )
Comparison of Nitrogen and Phosphorus Uptake and Water Purification Ability of Five Submerged Macrophytes ««+:«+stssssseeesessenveeens JIN Shu-quan, ZHOU Jin-ho, BAO Wei-hong, et al. ( 156 )
Pollution Level,, Distribution Characteristics and Risk Assessment of 32 PPCPs in Surface Water of Luomahu Lake ««++-xsseveereveeneees ZHANG Qin, ZHANG Sheng-hu, WANG Zhen, et al. ( 162 )
Distribution, Sources and Risk Assessment of the PAHs in the Surface Sediments and Water from the Daye Lake =~ ««+esseeeereeeeseeees ZHANG Jia-quan, HU Tian-peng, XING Xin-li, et al. ( 170 )
Effects of pH and Complexing Agents on Sh( V') Adsorption onto Birnessite and Ferrihydrite Surface ++- WANG Hua-wei, LI Xiao-yue, LI Wei-hua, et al. ( 180 )
Effects of UV Radiation on the Coagulation Process of Kaolin and Involved Mechanisms WANG Wen-dong, WANG Chang-xin, LIU Hui, et al. ( 188 )
Effect of Dissolved Humic Acid on Thyroid Receptor Antagonistic Activity of Zinc in Aquatic Environment -+ Al Yang, KONG Dong-dong, YU Chang, et al. ( 195 )
Optimization and Validation of the Analytical Method to Detect Common Illicit Drugs in Wastewater =~ «+«+seeseesesereeressnessenennensenees ** GAO Ting-ting, DU Peng, XU Ze-qiong, et al. ( 201 )

Enhanced Treatment of Petrochemical Secondary Effluent by Biological Aerated Filter (Fe®*)-Ozonation Progess +++veeeeeeeuevenenens XU Min, WU Chang-yong, ZHOU Yue-i, et al. (229 )

Specificity of Intact Ladderane Lipids in Anaerobic Ammonium Oxidizing Bacteria from Four Reactors +«+sesessessessessersnenmmieniinsnsincnenens WANG Han,FANG Fang, LI Kai,et al. ( 238 )
Characteristics of Perchlorate Reduction and Analysis of Consortium Structure in a Sulfur-Based Reactor at a High Perchlorate Concentration «++++«ssessesserseresemenienssnmininininenn

ZHANG Chao, TAO Hua-qiang, SONG Yuan-yuan, et al. ( 247 )
Fast Start-up of SBAF System Assisted CANON Process and the Microbial Analysis «+:+-eeessereereersesesismenenmmninis LIU Zhu-han, YUE Xiu, YU Guang-ping, e al. ( 253 )
Mechanism for Effects of High Free Ammonia Loadings on Biological Nitrification =~ ««+«sesssesesssssesssssnenmimninsnsnneeis s JI Min, LIU Ling-jie, ZHAI Hong-yan, et al. ( 260 )
Impact of Biodegradable Organic Matter on the Functional Microbe Activities in Partial Nitrification Granules seeeeesss WANG Shu-yong, QIAN Fei-yue, WANG Jian-fang et al. ( 269 )
Process of Enrichment and Culture of PAOs on a Novel Biofilm Process of Dephosphorization ZHENG Ying, PAN Yang, ZHOU Xiao-hua, et al. ( 276 )

Identification of Efficient Strain Applied to Mining Rehabilitation and Its Rock Corrosion Mechanism; Based on Boosted Regression Tree Analysis «+x«+eessereesersesenensenenienennsiiniinsnne
WU Yan-wen, ZHANG Jin-chi, GUO Xiao-ping, et al. ( 283
SHI Guang-yu, CHENG Yuan-yuan, SHI Wei-lin ( 294

)
Effect of Cadmium on Biodegradation of Nonylphenol by Pseudomonas aeruginosa )
Effects of Different Agricultural Practices on Soil Carbon Pool in North China Plain «+«eeeseereeresesssenensnminiiniiinnne SHI Xiao-xia, ZHAO Yi, ZHANG Lin, et al. ( 301 )
Seasonal Variations of Soil Microbial PLFAs and Soil Enzyme Activity Under the Citrus Plantation in Mt. Jinyun, Chongging -+ LI Nan-jie, ZENG Qing-ping, HE Bing-hui, et al. ( 309 )

)
)

Composition and Environmental Adaptation of Microbial Community in Shibahe Copper Tailing in Zhongtiao Mountain in Shanxi =++-«++++++seeeseeeees LIU Jin-xian, LI Cui, JING Ju-hui, et al. ( 318

Spatial Distribution and Source of Perfluorinated Compounds in Urban Soil from Part of Cities in Anhui Province, China «+sessseeseeeeseereeneees

LI Fa-song, NI Hui, HUANG Han-yu, et al.

Effects of Biochar Pyrolyzed at Varying Temperatures on Soil Organic Carbon and Its Components: Influence on the Soil Active Organic Carbon -+

............................................................................................................................................................ ZHAO Shi-xiang, YU Xiao-ling, LI Zhong-hui, et al. (333 )
Effects of Different Water Managements and Soil Eh on Migration and Accumulation of Cd in Rice TIAN Tao, ZENG Min, ZHOU Hang, et al. ( 343 )
Mechanism of Soil Eco-Functional Stability Under Pyrene/Cadmium Simplex and Combined Pollution Stress CHEN Xin-yao, YANG Hui-zi, LI Min, et al. ( 352 )
Fractions Transformation of Heavy Metals in Compound Contaminated Soil Treated with Biochar, Montmorillonite and Mixed Addition -+ GAO Rui-li, TANG Mao, FU Qing-ling, et al. ( 361 )
Screening of the Reduction/Stabilization Reagent for Cr( VI) Contaminated Soil in a Planting Site and Reaction Process Monitoring *++* LI Pei-zhong, LU Xiao-jian, WANG Hai-jian, et al. ( 368 )
Cd( 1) Ton Adsorption and Sealing onto SBA-15 Mesoporous Particles and the Related Potential on Cd( I) Polluted Soil Remediation — +++++++ssssssssssssusussmsmnisiinininiiiins

............................................................................................................................................................... HUANG Hui, NING Xi-cui, GUO Zhan-yu, et al. (
HE Ming-jing, YANG Ting, LI Qi,et al. (
CHEN Zhi-liang, HUANG Ling, ZHOU Cun-yu, et al. ( 389
(
(

Bioaccumulation of Halogenated Flame Retardants in Fish of Dongjiang River

Characteristics and Evaluation of Heavy Metal Pollution in Vegetables in Guangzhou
Variation Characteristics of Vegetables Cadmium Uptake Factors and Its Relations to Environmental Factors «+-eeesereereerseresenenenennes YANG Yang, LI Yan-ling, CHEN Wei-ping, et al.

YU Ya-wei, YANG Yu-han, ZHANG Cheng, et al.
ZHAO Hui, ZHENG You-fei, CAO Jia-chen, et al. ( 412

Effect of Sewage Sludge Compost Products Application on Total Mercury and Methylmercury in Soil and Plants «+-++++++++

Influencing Mechanism and Spatio-temporal Pattern of Stomatal Ozone Flux of Winter Wheat Under Ozone Pollution



(MEFRZFENFE 6 RmBEE

£ & BA
BIES: B RE BN

=
A

AN
=

%OE. (REREEHT)
3 \ uy -
TEVL EAR EUE EZZE HON B OoE LEE
N, o < W N7 2z
FOKE KEE N s w0 RS ARE
RHEA B 2R R ORI Bk E W &
Ay N 3 =
WM W OE W MW A
-
w o a3 ENVIRONMENTAL SCIENCE
( H};J{AJ‘NJINC;;‘: KE)ﬁ(JLTJJE) (Monthly Started in 1976)
(HHl 1976 4% 8 UREID)
201741 B15H #38% H1 Vol.38 No.1 Jan. 15, 2017
F & hEPFERE Superintended by Chinese Academy of Sciences
* 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 B OB School of Environment, Tsinghua University
. . Editor-in -Chief ~ ZHAO Jin-cai
i N N == Ay
= # ft{::ﬁj_ﬂzjjl ;:;; (ﬁf&%ﬂ?ﬂ%ﬁ Edited by The Editorial Board of Environmental Science ( HUANJING
TN 5} H
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 Fi-mail : hjlx@ ‘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
ED Rl 34T dtaiR B R ARG RS R Printed by Beijing Baochang Color Printing Co., Ltd.
% 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 1 & 2ELHARER)S Domestic All Local Post Offices in China
EShE&IT  HE EPRE A S E R RA T Foreign China International Book Trading Corporation ( Guoji
(b5t 399 f54) Shudian) ,P. 0. Box 399, Beijing 100044 , China
— ISSN  0250-3301 s
mEHS ERERLE RS 2-821
RERENS: O Tioi805/X = ISSN 0250-3301
B A E fir: 140.00 T ES&EITRS: M 205 01>

BRSNS FET

9H

7702507330172




	页面提取自－环境科学
	页面提取自－环境科学201701电子书
	页面提取自－环境科学201子书


