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Pollution Characteristics of Volatile Organic Compounds from Wastewater

Treatment System of Vitamin C Production

GUO Bin', LU Guo-li', REN Ai-ling', DU Zhao', XING Zhi-xian®, HAN Peng', GAO Bo’, LIU Shu-ya'

(1. Institute of Environmental Science and Engineering, Hebei University of Science and Technology, Shijiazhuang 050018, China;
2. Hebei Province Environment Monitoring Centre,, Shijiazhuang 050021, China)

Abstract ; Using a portable gas chromatography and mass spectrometry ( GC-MS) , the volatile organic compounds ( VOCs) pollution in
each unit of the wastewater treatment system for vitamin C production was studied, and the species characteristics of volatile organic
compounds ( VOCs) were analyzed and summarized. The results showed that 32 kinds of volatile organic compounds were identified,
and the total mass concentration range of volatilizing VOCs was 0.9629-32.097 0 mg-m . The most species and the largest
concentration (25 and 32. 097 0 mg-m ) of volatilizing VOCs were found in grit chamber, which was located in the most front-end of
the wastewater treatment system and was in semi-closed state. The proportion of molecular sulfide in the grit chamber was as high as
30. 02% ; Higher proportions of aromatic hydrocarbons were monitored in the subsequent processing units, with percentages of
21.06%-31.48% . The main types of VOCs monitored were chlorinated hydrocarbons and ketones, accounting for 6.39% -55. 80%
and 10. 40% -58. 08% of the total amount, respectively; 14 kinds of VOCs were detected in every unit of the wastewater treatment
system: acetone, 2-butanone, n-hexane, chloroform, chlorobenzene etc, among which, vinyl chloride, styrene and 1, 3-butadiene
belong to the highly toxic substances. The vinyl chloride concentration exceeded the standard of “atmospheric pollutants emission
standards” (GB 16297-1996 ) , while 1,3-butadiene and other pollutants have no national standard limits. The results of this study
provide a scientific basis for the revision of China’s pharmaceutical wastewater VOCs emission standards.

Key words : portable GC/MS; volatile organic compounds ( VOCs) ; vitamin C; wastewater treatment system
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Fig. 1 Flow chart of Wastewater treatment system for vitamin C production
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Tablel  Concentrations of VOCs in each unit
5 VoCs 1 ___ _ \ A (TR mgrm S ——
Db WVl Al UASB Rt ZEefih SBR MRl i V5 UK

1 P 1.3621  0.1638  0.2602 0.593 4 0.6175 0.6205 0.6057 0.6114 0.706 0
2 2-THH 1.8900  0.0530  0.0482 0.054 6 0.0464  0.0396 0.0403  0.0374 0.047 1
3 WESTE 0.056 0 — — — 0.0270  0.0288  0.0267 — 0.0259
4 2-C 0.029 3 — 0.0272 0.0283 0.028 6 — — 0.0285 0.0285
5 1,3-T 2k — — — 0.0550 0.0830 0.0413 — 0.0321 —
6 E Mk — 0.0123  0.0126 0.0022 — — — — —
7 IEkE 0.1865 0.0387  0.0201 0.023 1 0.0271  0.0234  0.0225 0.0319 0.0322
8 Mok 0.0102  0.0013  0.0016 0.002 2 0.0054 0.0026 0.0013  0.0031 —
9 Pk 0.0105  0.0054 — 0.005 8 0.007 6 — — 0.007 9 0. 006 6
10 A<M 17.7209  0.0777  0.0508 — 0.1438 0.0751  0.0499 — —
11 &by 0.0968  0.0243  0.0160 0.007 2 0.0117  0.0254 0.0139  0.0229 0.0121
12 &K 0.0478 0.0480 0.0474 0.0477 0.0479  0.0478 0.0474  0.0481 0.0479
13 1,3-—4% — 0.0142  0.0140 — — — — — 0.0138
14 1,4-—5% — 0.0361  0.0361 0.0360 — — 0.0360 — 0.0360
15 1,2-"4% — 0.0864  0.0862 — — — — — 0.086 0
16 SR — — — — 0. 0007 — — — —
17 1,2,4-Z5% 0.0346 0.0356  0.0346 0.0348 — — 0.034 8 — 0.0346
18 1,12-=524%% 0.005 3 — — — — — — — —
19 =&k 0.002 4 — — — — — — — —
20 1,2-“FAAkE 0.0035 0.0014  0.0014 0.0029 0.003 3 — 0.0043  0.0036 0.003 5
21 “hifbh 9.6345 0.0126  0.0059 0.014 1 0.0224 0.0177 0.0103  0.0142 0.009 8
22 POk 0.0527 — — 0.024 2 0.0307  0.0197 — 0.0193 —
23 FESRUT ik — — — — 0.007 3 — — — —
24 R 0.0511  0.0430 — — — — — — —
25 LMW 0.3742  0.0088  0.0078 0. 008 2 0.0075 0.0042 0.0063  0.0057 0.007 6
26 % 0.1110  0.0113  0.0080 0.0122 0.0144  0.0108 0.0134  0.0125 0.0101
27 HR 0.026  0.0259  0.0196 0.0165 0.0216 0.0193  0.0147  0.0207 0.0158
28 LA 0.0196 0.0140 0.0131 0.0135 0.0151 0.0129 0.0125 0.0131 0.0129
20 A HIZE X HIE 0.0746  0.0141  0.0138 0.0121 0.0138  0.0109 0.0090 0.0105 0.0114
30 WM 0.0680 0.0367 0.0350 0.0369 0.0451 0.0419 0.0401 0.0435 0.040 8
31 AP HIZR 0.0857 0.0756  0.0753 0.0752 0.0758 0.0750 0.0746  0.0749 0.0751
32 1,3,5-=HI3EH% 0.1272  0.1268  0.1279 0.1279 0.1270 0.1267 0.1266  0.1268 0.1267
> TVOCs 32.0970 0.9670  0.9629 1.2340 1.4303  1.2438  1.1904  1.1679 1.3904

1) “ =" JgAA
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wastewater treatment system
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Table 4 Kinds and concentrations of the main VOCs in each unit of the combined process

, W ST
P2 Vocs #i2s W[ — o : —
Pibis  R0UTH R UASB KNI Zefdh  SBRIL  hENE yiih ISYRMIKE
| Atk W /mgem™3  17.9113 0.3237 0.2865 0.1286 0.2074 0.1483 0.1863 0.0746  0.2339
B/ % 55.80  33.47  29.76 10. 42 14.50  11.93 15. 65 6.39 16. 82
) K W /mgem™3  3.3374 0.2168 0.3356 0.676 3 0.7195 0.6889 0.6727 0.6773  0.8075
IS
H B/ % 10.40  22.42  34.86 54.81 50.29  55.40  56.52  57.98 58.08
3 NTRAY WP /mgem™>  9.6345 0.0126 0.0059 0.014 1 0.0224 0.0177 0.0103 0.0142  0.0098
3 WIL
B/ % 30. 02 1.30 0.61 1.14 1.57 1.42 0. 87 1.22 0.70
4 R WP /mgem™3  0.5287  0.3044 0.2927 0.294 3 0.3128 0.2975 0.2909  0.302 0.2928
J S
e A5/ % 1.65 31.48  30.40 23.85 21.86  23.92  24.44  25.85 21.06
s Rk Wl /mgem™3  0.3742  0.0088 0.0078 0. 008 2 0.0075 0.0042 0.0063 0.0057  0.007 6
HI<
e A5/ % 1.17 0.91 0.81 0. 66 0.52 0.34 0.53 0.49 0.55
6 ek W /mgem™3  0.2072  0.0577 0.0343 0.088 3 0.1231 0.0673 0.0238  0.075 0.0388
=] S
e A5/ % 0.65 5.97 3.56 7.16 8. 60 5.41 2.00 6.42 2.79
7 kg W /mgem 3 0. 0527 — — 0.0242 0.0307 0.0197 — 0.0193 —
e A5/ % 0.16 — — 1.96 2.15 1.58 — 1.65 —
8 Rk W/ mg-m 3 — — — — 0.007 3 — — — —
H il % — — — — 0.51 — — — —
o Mtk W /mg-m™>  0.0511  0.043 — — — — — — —
H il % 0.16 4.45 — — — — — — —
£S5 VOCs Willik E 5HE KR EMRTEE
Table 5 Comparison of the concentrations monitored for VOCs and the relevant standards
VOCs ¥ I 5 ESE [ TA-Luf®
0 /mgem ™3 (GB 16297-1996) T A e S A HAkwsR (2002 4FhiR)
TVOC(TC) 0.9629 ~32.0970 5.0(IEH L EfE) 50
ES 0.0080 ~0.1110 0.5 2 4ol 2 I
R 0.0147 ~0.0426 3 FRULHG S OCHT A HAPs 7€ Y 1 II
ZHIR 0.0836~0.1603 1.5 M E S B HAP HHE (o) < I
A 0.047 4 ~0.048 1 0.5 HE i KT 1 1300x10°6 I
el
RN 0.0499 ~17.7209 0.75 t-a HAPs 138 2% m
Atk 0.0059 ~9.6345 0.5 =99% |
PRI 0.1638 ~1.362 1 — 1
2- T 0.0374 ~1.8900 - BEAML BRI AT HAPs 76 W5 1 Il
KN 0.0350 ~0.068 0 — JERHE AR R (w) < Il
1,3-T =% 0.0321~0.0830 — Tlra™ 10000 x 10 ¢ m
1,3,5-=H 3R 0.1266 ~0.1279 — I

1) Frh HAPs #5358 [ (i 24520 77 i A & SUATS B W) A S 2 HERCER R ) vh 81 4 19 57 AR BILA B 25 TS 065 2) P E b b 20 11 /9
P BHHECRIE 0. 1 mgem =, 4000 T (949 BHCHE R BR (64 0. 15 mgem —

REAIG. SR T, S0 B K Ab B R SE b VOCs $5&
AR R T2 BOK AR | s K AR BT Y
RO RPN | b i MO URSE.
3 &ig

(1) WK AL B R GErf VOCs 17 A
LT R T 4 A | LB 33 iR 4 | BR
VLA A ST 2R G0 A 5 A J LA T THT Y
JEIH. 5k S A AR AR/ NS i 25 4 = il AR

A BT LB ORI I R/ | K R A7 A LA
BB KRR = A 1) VOCs 49 5 i R Ak M T A G,
35N A ERG S RYE 175 30 B Bl 2 R
VOCs P A f S = e R

(2) \NHEAEZR C ROKAL PR S8 VOCs HY AN 45
FORF KIS 32 B VOCs ) A 8 SRR 2
P N T T S SN \U s e B T R AN 7/ I TSI LS
S5 BIRRERSr VOCs Wy Btk B2 AT A 16 ML RE 14 e
e SUVFHERCRE LA (EL A R AR 75 B DA 7+ v



4660 wom B % 34 %
BENDLE . KO 13T 3 fREA (1] i, Raks, TR, 5. RINEGHIX T VOCs K
B A PR, K 0 AV B 5 ) R S 2, RUTHBAHAELT]. HEFRHE, 2011, 31(11) ; 1776-
ke s 3 oy e 1781.
gingig?g%iwggﬁi;f;ifZg [12] WA, BB, BOEA, . ok ST L R HE B
P o ’ (VOCs) HEWCRFAEBFFE [J]. FREERL 4= 5 & #, 2007, 32

AR RO IE SR, 75 B XA 35 Ye i) 3T (10) ; 37-41, 44.

FEE B HETBRAFL. [13) M. TR AHIR BT RYEA B (VOCs) HERCH:

SEk: fEMFFE[I]. T ARALT, 2012, 39(1) ; 45-46, 76.

1] L TR AL I NI VOC G Mokt [14] T EDRIMLEER(PCB) IR AT LY (VOCs) HERCHS
WgE[)]. FERE, 2011, 32(2) ; 305-312. RPITEEL)]. BREERLE, 2012, 33(9) : 2967-2972.

[ 2] Dechapanya W, Eusebi A, Kimura Y, et al. Secondary organic [15] Gostelow P, Parsons S A, Stuetz R M. Odour measurements for
aerosol formation from aromatic precursors. 1. Mechanisms for sewage treatment works [ J]. Water Research, 2001, 35(3):
individual hydrocarbons [ J ]. Environmental Science and 579-597.

Technology, 2003, 37(16) ; 3662-3670. [16]  EFHI, ZRMtk, MK, S )N RIS K b BT #E%

[3] WuBZ, Feng T Z, Sree U, et al. Sampling and analysis of LAY L BR R 2 P RIHERC (D] FREEARE, 1999,
volatile organics emitted from wastewater treatment plant and 18(2) : 157-162.
drain system of an industrial science park[ J]. Analytica Chimica [17] Chou M S, Cheng W H. Gaseous emissions and control in
Acta, 2006, 576(1) . 100-111. waslewaler treatment plants [ J ]. Environmental Engineering

[4] ParaM A, Elustondo D, Bermejo R, et al. Quantification of Science, 2005, 22(5) : 591-600.
indoor and outdoor volatile organic compounds ( VOCs) in pubs (18] I, Bk, FFM. FET5K) BTl VOCs SR B R
and cafés in Pamplona, Spain[J]. Atmospheric Environment, W [)]. RRAESTEOR, 2011, 33(10) ; 18-20.

2008, 42(27) : 6647-6654. (19]  JABK, TR, &R, % TG Kb Bl ) % B & M Bk

(5] AR, KE, KT AR TS R AR R[], 3 SEAAGHERCRIE 1], FREERL, 2011, 32(12) : 3571-
BBl 5B, 2010, 35(4) ; 90-93. 3576.

[ 6] Xiang Y, Delbarre H, Sauvage S, et al. Development of a [20] ARUR. TR VRURAE 7 405 SO 60 1% - ik 15 I s 25 <rp
methodology examining the behaviours of VOCs source FEAAEARLYIT]. I EEREEUEI, 2008, 24(1) : 17-20.
apportionment with micro-meteorology analysis in an urban and [21] AR SRAEHERAE A W O 0 - T i 0 U 52 P 3 25
industrial area[ J]. Environmental Pollution, 2012, 162. 15- PIREPEA L[ 1] Sk E, 2008, 25(3) : 409-
28. 411.

(7] X4, TEEE, 297, & Kk vocs Bge[]. B [22] BR¥, FFHH, 20, & M GC-MS 168 S Wi b Y
BRLSE ) 2011, 32(12) ; 3543-3548. MFLT]. S EFREEWM, 2010, 26(6) ; 36-41.

[8] XUMEEE, Bk, HEM, 2 HHARSEEEELY (23] Bfads, P, Ah. S0 OM @S- B A0 E =<k
(VOCs) V5 Y 45 AiE [ 1], F BB, 2011, 32(9) . 2777- HBERMAE VISP MERRPEL )], @5, 2010, 28(5) : 470-
2785. 475.

[9] :RmME, GRet, Mal, % TSP Vocs 151 (24] i, RVFG, AW, 5. MU G RE- Bk iy s
RO ARSI ). T E RS IAIN, 2012, 28(5) ; 24- SRR IR T]. HEREEST], 2008, 27(2) : 94-
28. 96.

[25] fidu, Hihds, BORME, S5 JURCT 908 BRI E R h i

[10]

T, ARIREE . FhERI, 25 LT Tk X R PR
ALY ROR B[], P EPREEEW, 2011, 27(2) .
45-47.

KBNS AL T]. 3RBEfka%, 2008, 27(6) ; 826-
829.



HUANJING KEXUE Vol.34  No. 12

Environmental Science ( monthly) Dec. 15, 2013

CONTENTS

Proflic +++e++sesessesessessesesset ettt R LRt HAO Zheng-ping (4503 )
Variation Characteristics of Ambient Volatile Organic Compounds ( VOCs) in Nanjing Northern Suburb, China «+r+ressseerersersressisnmeninnnsnnesns AN Jun-lin, ZHU Bin, LI Yong-yu (4504 )
Pollution Characterization of Volatile Organic Compounds in Ambient Air of Tianjin Downtown ««+s«sssseesseesrserenmmnenensnncnenenes ZHAI Zeng-xiu,Z0U Ke-hua, LI Wei-fang et al. (4513)
Source Apportionment of VOCs in the Northern Suburb of Nanjing in Summer —«++++esseseereessesenenenennininni YANG Hui, ZHU Bin, GAO Jin-hui, et al. (4519)
Estimation of the Formation Potential of Ozone and Secondary Organic Aerosol in Shanghai in Spring «+++vesesesrersersssnsnsnsisiininii CUI Hu-xiong (4529 )
Inventory and Environmental Impact of VOCs Emission from the Typical Anthropogenic Sources in Sichuan Provinge «+«eseeessesresrerseesenenneens HAN Li, WANG Xing-rui, HE Min, et al. (4535)
Study on Volatile Organic Compounds Emission of Straw Combustion and Management Countermeasure in Wuhan City «+«esseeeseeressessessssssmsnnmninsnneee HUANG Bi-jie (4543)
Spatial Distribution Characteristics of NMHCs During Winter Haze in Beijing — «++seeeseseerserseessemenenssnenensnnininnsiens DUAN Jing-chun, PENG Yan-chun, TAN Ji-hua, et al. (4552)

Pollution Characteristics and Health Risk Assessment of Atmospheric VOCs in the Downtown Area of Guangzhou, China LI Lei, LI Hong, WANG Xue-zhong, et al. (4558 )
Health Risk Assessment of VOCs from a Furniture Mall in Tianjin - «oeeoveseeesremensensmnemenensnininiii s ZHANG Yin, WANG Xiu-yan, GAO Shuang (4565 )

Characterization of Volatile Organic Compounds (VOCs) Emission from Recycled Waste Polymethyl Methacrylate (PMMA) Industry -+ WANG Zhe-ming, XU Zhi-rong, YE Hong-yu, et al. (4571 )

Pollution Characteristics and Health Risk Assessment of Atmospheric Volatile Organic Compounds (VOCs) in Pesticide Factory TAN Bing, WANG Tie-yu, PANG Bo, et al. (4577)

Characteristics of Volatile Organic Compounds (VOCs) Emission from Electronic Products Processing and Manufacturing Factory —«+seesseseesesenenensiensicnennnen CUI Ru, MA Yong-liang (4585 )
Emission Characteristics and Safety Evaluation of Volatile Organic Compounds in Manufacturing Processes of Automotive Coatings *+»+++++* ZENG Pei-yuan, LI Jian-jun, LIAO Dong-qi, et al. (4592)
Index Assessment of Airborne VOCs Pollution in Automobile for Transporting Passengers ««+:«ssessesressesesenensssninsisininiinsenenns CHEN Xiao-kai, CHENG He-ming, LUO Hui-long (4599 )
Study on the Chemical Compositions of VOCs Emitted by Cooking Oils Based on GC-MS  «eseereersenesessmensimmeniniiinininsisi e HE Wan-qing,NIE Lei, TIAN Gang,et al. (4605 )
Health-based Risk Assessment in the Excavating Process of VOCs Contaminated Site «+xseseeesrsesssemssssineniniin FANG Zeng-qiang, GAN Ping, YANG Le, et al. (4612)
Characteristics of Gaseous Pollutants Distribution During Remedial Excavation at a Volatile Organic Compound Contaminated Site *++- GAN Ping, YANG Yue-wei, FANG Zheng-giang, et al. (4619)
Factors Affecting Benzene Diffusion from Contaminated Soils to the Atmosphere and Flux Characteristics +«+«+ssssesseesssessssenseinnienens DU Ping, WANG Shi-jie, ZHAO Huan-huan, et al. (4627)
Effects of Soil Compositions on Sorption and Desorption Behavior of Tetrachloroethylene in Soil +«++vteveeeeeessssressimnsniisininiien HU Lin, QIU Zhao-fu, HE Long, et al. (4635)
Occurrence and Distribution of Volatile Organic Compounds in Conventional and Advanced Drinking Water Treatment Processes «++e+essvseeseers CHEN Xi-chao, LUO Qian, CHEN Hu, et al. (4642)
Characteristics and Evaluation of Volatile Organic Compounds Discharge in Typical Enterprise Wastewater in Hangzhou City +++++++++++++- CHEN Feng, XU Jian-fen, TANG Fang-liang, et al. (4649)
Pollution Characteristics of Volatile Organic Compounds from Wastewater Treatment System of Vitamin C Production ««+:+++sseseessessesssesereneees GUO Bin, LU Guo-li, REN Ai-ling, et al. (4654)
Performance Evaluation of Three Novel Biotrickling Packings ««+x++sesveseesesesensnmmsniniiimiii e MEI Yu, CHENG Zhuo-wei, WANG Jia-de, et al. (4661 )
Performance of Trace Ozone-augmented Biological Trickling Filter in Toluene Degradation ZHANG Chao, ZHAO Meng-sheng, ZHANG Li-li, et al. (4669 )
Removal Characteristics of DCM by Biotrickling Filter and Biofilter «+«+essereerseerersenenemienienenninenenninincssnenee PAN Wei-long, YU Jian-ming, CHENG Zhuo-wei, et al. (4675)
Removal of Toluene from Waste Gas by Honeycomb Adsorption Rotor with Modified 13X Molecular Sieves =«««+ssssesserseressesennenens WANG Jia-de, ZHENG Liang-wei, ZHU Run-ye, et al. (4684 )
Treatment of Organic Waste Gas by Adsorption Rotor ««+«+sseseeessessererssssiinenninnniininiinis s ZHU Run-ye, ZHENG Liang-wei, MAO Yu-ho, et al. (4689)
Study on Adsorption Properties of Organic Vapor on Activated Carbons «+:essesseseesesemenenssinienimniniisis e CAI Dao-fei, HUANG Wei-qiu, WANG Dan-li, et al. (4694 )
Degradation of Styrene by Coupling Ultraviolet and Biofiltration ««+«+s«ssesserserssssaenensssninsnnnintncnstn s SHA Hao-lei, YANG Guo-jing, XIA Jing-fen (4701 )
Adsorption Characteristics of Acetone and Butanone onto Honeycomb ZSM-5 Molecular Sieve ««+:«+stsstssesesesssssesmssssninniensnenniinenens DU Juan, LUAN Zhi-giang, XIE Qiang, et al. (4706)

Analysis of the Distribution of VOCs Concentration Field with Oil Static Breathing Loss in Internal Floating Roof Tank WU Hong-zhang, HUANG Wei-qiu, YANG Guang,et al. (4712)

Study on the Quantitative Estimation Method for VOCs Emission from Petrochemical Storage Tanks Based on Tanks 4. 0. 9d Model -«+:+++++eee LI Jing, WANG Min-yan, ZHANG Jian, et ol. (4718)
Oxidation Behavior and Kinetics of Representative VOCs Emitted from Petrochemical Industry over CuCeO , Composite Oxides -+ CHEN Chang-wei, YU Yan-ke, CHEN Jin-sheng, et al. (4724 )
Direct Photolysis of Methylamine Gas by KrBr * Excilamp +++s+sesssesesesesesssissimimimimiiiiii ZHAO Jie, LIU Yu-hai, WEI Lian-mei, et al. (4734)
Study on the Relationship Between Odor Intensity and Components Concentrations of Odor Mixture «+«+«+«sssssessesssesesensieninnieneninenns YAN Lu-chun, LIU Jie-min, FU Hui-ting, et al. (4743)
Study on Key Technical Problems in the Development of Volatile Organic Pollutants Emission Standards ««+:++eseeseeserereressienienennnnes JIANG Mei, ZHANG Guo-ning, REN Chun, e al. (4747)
Establishment and Improvement of Emission Control Standard System of Volatile Organic Compounds in Industry »++-++-- JIANG Mei, ZHANG Guo-ning, ZOU Lan, et al. (4751)
Characteristics and Countermeasures of Volatile Organic Compounds (VOCs) Emission in China —+++ssereseeressssnemsisnnnmnminiis WANG Tie-yu, LI Qi-feng, LU Yong-long (4756 )
Status and Needs Research for On-Line Monitoring of VOCs Emissions from Stationary Sources +««+«+«+«ssessesssssesssnsnnsinsininnsssnens WANG Qiang, ZHOU Gang, ZHONG Qi, et al. (4764 )

Evaluation of Treatment Technology of Odor Pollution Source in Petrochemical Industry -+ MU Gui-gin, SUI Li-hua, GUO Ya-feng, e al. (4771)
Research Advances on Volatile Organic Compounds Emission Inventory of Plants «eovesseseeresessssssemeneninniniiini s XIE Jun-fei, LI Yan-ming (4779)

Study of VOCs Emission Prediction and Control Based on Dynamic CGE  +xereesersersrsremesnsnsmsmnintnssnsnssn e LIU Chang-xin, WANG Yu-fei, HAO Zheng-ping, et al. (4787)



E % K

(CAEMEFEYE 6 BREZERS

FH H i

BIES: B RE BN

o
%OE. (REREEHT)
3 N iy -
TENL  FAERE FIE F44r H O N H O OF L
s ¥ S V7 AR g P,
AoKE XEER BlE BET & B RS ke
— =g N N N -
PRFHAZT  BAE 22 Ak AR WEE Bokd &
ya ¥ Y o
WO 6 s O W W W MR
-
w3 ENVIRONMENTAL SCIENCE
( H};J'AJ‘NJINC;: KE)ﬁ(JUJE) (Monthly Started in 1976)
(HT 1976 4F- 8 1))
013FE12A15H 34% H12HHER Vol.34 No.12 Dec. 15, 2013
e ESp 5 Superintended by Chinese Academy of Sciences
G i
* i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e I ( [))\;ﬁ;%j]ﬂflﬁ)’éj@f?) 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 % Bk A School of Environment, Tsinghua University
. —;rﬁ (TR BT %) 40 B2 Editor-in -Chief OUYANG Zi-yuan
. - s . Edited by The Editorial Board of Environmental Science ( HUANJING
sl 2871 5 A AL y (
TN 5} H
18 5, MR 4% : 100085 ) KEXUE) )
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1"53:010—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 hitp . //swww. hjkx. ac. cn
H KR 44 3 " " m Published by Science Press
LBt 5 Mo AR AL i 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
BN R 23T dvsdbAkenil)— 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 1 & 2ELHARER)S Domestic All Local Post Offices in China
EsEET PEERERRS BAF Foreign China International Book Trading Corporation ( Guoji

(L5t 399 f546)

Shudian) ,P. O. Box 399, Beijing 100044 , China

ERRATIS
B E N

ISSN 0250-3301 o

= ) B:2-
CN 11.1895/X ERBEZNKS: 2-821
90. 00 J© ES&EITRS: M 205

BRSNS FET



	1.pdf
	封面.pdf
	中ml.pdf

	20131223.pdf
	3.pdf
	英ml.pdf
	封底.pdf




