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Effects of Light Quality on the Growth Characteristics and Biochemical

Component of Chlorella pyrenoidosa

TANG Qing-qing, FANG Zhi-guo, JI Wen-wen, XIA Hui-long

(College of Environmental Science and Engineering,Zhejiang Gongshang University , Hangzhou 310018, China)

Abstract: Effect of light quality, including red light, blue light, white light, red and blue mixing light with ratios of 8:1, 8:2 and 8
13, on the growth characteristics and biochenmical composition of Chlorella pyrenoidosa was investigated based on light emitting diode
(LED). Results showed that Chlorella pyrenoidosa grew best under blue light, and the optical density, specific growth rate and
biomass of Chlorella pyrenoidosa was about 2.4, 0.10 d™' and 0.64 g-L™', respectively, while the optical density of Chlorella
pyrenoidosa was between 1.0 and 1.7, the specific growth rate was between 0. 07-0. 10 d ' and the biomass was between 0.27 and
0.38 g-L™" under other light quality after 30 days of cultivation. Under blue light, the optical density, specific growth rate and
biomass of Chlorella pyrenoidosa was approximately 2. 05 times, 1.33 times and 2.06 times higher than red light, respectively.
Moreover, red and blue mixing light was conducive to the synthesis of chlorophyll a and B-carotene of Chlorella pyrenoidosa, and blue
light could promote the synthesis of chlorophyll b. Chlorophyll a and carotenoids content of Chlorella pyrenoidosa was 13.5 mg+g ™" and

5.8 mg-g~" respectively under red and blue mixing light with a ratio of 8: 1, while it was 8.4 mg-g™" and 3.6 mg-g~"' respectively

under blue light. Red and blue mixing light was more conducive to protein and total lipid content per dry cell of Chlorella pyrenoidosa.
Protein and total lipid content was 489.3 mg-g ™" and 311.2 mg-g ™" under red and blue mixing light with a ratio of 8:3, while it was
400.9 mg-g~"' and 231.9 mg-g~" respectively under blue light.

Key words: Chlorella pyrenoidosa; light emitting diode( LED) ; light quality; growth characteristics; red and blue mixing light
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Growth curve of Chlorella pyrenoidosa

under different light quality

2.1.2 AFEDGETE A%/ EE 0 A
R Z 555 12 ~30 d, A[EDE 08 A% /IR i
(A KR TE 0.07 ~0.10 d "2 8], Hrh g s T
HHA K # R, A00.10 d7' 2D R, 4
H0.07d7' (K 2).
2.1.3 ARDGRE A% /K 0 A
A/ NBREE R TR S 35 5% 30 d, AN [EDE B
YRR EFER, OHES: 1, 4i8:2, 41
W 8:3 . 2106, FIOGTN &R A/ NEREEAE W) i A3 il
$70.27.0.36,0.32 . 0.31,0.38 g-L™", %
TEAZNREEY R’ K, 55 0.64 g- L'
(BE3) , A NS 1, LI 8:2, 4L 8: 3,
6. ACA R 2.4 5. 1.8 f%. 2.0 1%,
2.1 f5FNL. 7 £

s 4R friiEs:s ik ak Bk
ENGE A
2 AEStREEZMKERLLERKER
Fig. 2 Growth rate of Chlorella pyrenoidosa
under different light quality

0
LS 4TiUES2 LTS3 W T =54
DB

B3 AEtREERNMNGENENE
Fig. 3 Biomass of Chlorella pyrenoidsa under different light quality

2.2 DGR AR NEREDL A AR F R RSN
2.2.1 AFRDGRE /NSRBI 2R =

B AL /NIRRT S ZEAS DG BT 45 140 T 15 5%
30 d, ANTF) 05 5 40 L N 2 3 R Ak e ]
4. WNHATLIE I AL TR SRR o i
Tt A, 290 8.4 mg-g ™" AT WEIRCAS 20 8: 1,
LIWER:2, ZIE 8: 3R a TR MA N 13.5,
12.8 . 13.2 mg-g ™', MEZIIEN 1.5 mg-g~'. P4
T E R I4EER b SRRk LA k4.8 mg-g_1 s
HEmsa B LS a1, 401582, 4
8:3, WOLFHINGH SR b FETHIN 6.3, 6.1,

» O #0581 o 401582 = Z0:WE8:3
" 20 | o #E¥ @ 203 LREh {»

14 \/
5 /
T /

%
%

(]
=

Chl-a

4 TERAXREBEEZNKENMHEZSE
Fig. 4  Chlorophyll content of Chlorella pyrenoidsa

under different light quality



1140 P 5458 . OB 1/ INERHE ( Chlorella pyrenoidosa ) M KASE J4 A A SRS SIS 4215

6.6.6.4F16.4mg-g™". RFEDEFMLEE a+b &
AR G MR a W IEASAH R, B 40 A T
TR LRE a +b TR ECHRAL, 40 14.8 mg-g ™',
CLETR GRS L4105 8: 1, £14E 8:2, £LK 8: 31 4¢
Ra B4 H19.8,18.8, 19.8 mg-g ™', ML
HHh16.4 mg-g .
2.2.2 ARDEREPZ/NREED B N R A8
AEDCR AT B-HE MRS E
mE s, P TE R B-IHE MR & EELCR
fi%, 2 3.6 mg-g™" IMLLHA 8: 1 FIZL A 8: 311 BT
NESEDMNZH]S5.8 mg-g ' F15.7 mg-g™" 416
N4 4.9 mg-g™".

S b #EAE i /mgg!

ENThAN

Bs5 AREAREAZNKENBAZ MESE
Fig. 5 The B-carotene content of Chlorella pyrenoidsa under

different light quality

2.3 DERONER /N AR I BRI B R
2.3.1 AREDGEEFAZ/NKEERE E RS &

AN TR T 25 AT AR o Y 28 Ak R A n [R]
6. FRAANME T E A AR RS LR 8 3 DAL
5300k 489.3 mg-g ™' Fil 488.5 mg-g ! LT
B A EBAK, N 400.9 mg-g™, MLE FEH
S A 456.7 mg-g .

600

g

g

g

A S it/me.g !

g

ksl FLE82  Lr:iEs3 Wik % B
A [ ¥

6 TRXRFHEAZNKENEARSE
Fig. 6 Protein content of Chlorella pyrenoidsa

under different light quality

2.3.2  A[FEDERE FAR/NERE R S & R
AFDEFAE T AR/ NG & A2 e

MUARNE 7. BAESEL0W 8: 15im, N 31 1%, ik
AR N 23.2% , LT M 25.2% .

40
s
30
=
& 25
0
20
15 ¢
10
B7 AREXRFGEARDMKENSESE
Fig. 7 Total lipid content of Chlorella pyrenoidsa
under different light quality
3 i

AR RS B2 B 9 ) o i A R A2
B I XL RE R M | 1538 R AR L RERE 1 A
SR EHIOL /I R =k s N & TR
TR R 2R 20 SRS 52 e, i e ) e SRR T ik, £,
RO MR a, B MR BIER | B
R RGFLZMOR,; ST ORIRFI SR
L IR R L ROIR | PRAREE 2 A [ Y €4
EXUNGIRER S DL RO TR 7 N o ] R
Aidar 255 R I/ INER B ( Cyclotella caspia ) 15 ¥ -4
W A KR B, WO B B ( Tetraselmis
gracilis ) TELLG N AR B Wang %1 & BLLTHE
AN HRE =) il TUMELUE 348 ( Spirulina platensis ) b A K
AW O e A W i R IR
Das %50 #F 58 & B W5 % A8 65 $2 & B L Bk o
( Nannochloropsis sp. ) B b A= 3 2006 R 3
BREEA LA KRR AR s Shu 452 FERFFE P & BLAT
YA B F /N BR B ( Chlorella sp. ) F1 R T8 1%
(Saccharomyces cerevisiae ) IR 15 F- 1 Z2 L 1) & (R
B URAREAECIRE T WG R AR A B ( Richelia
sinica) K18, TH B PRSI EEANET
(AN H B8 e K, BRI Z s BRHE T R
8 LED SGIRAN 2 AT MR F G 2P A £ BEAHE 9T
TGRS XA /NER E ( Chlorella vulgari ) 155 i
49 (Isoch rysis galbana Parke 8701 ) H: 4 IFZMN , K&
WSS e S 2 i e R A KA e i A= Ky
KRR, P 2 R 08 A g b e T 280 3 A 6.
DL BRI G R UL, AN R e 9 68 3R RS A
A, HAE AR B X i 7 RN [F]. Gkl
T e v A K T A [ 330 mol - (m?-s) '] YOG



4216 AN 5%

B % 35 %

SR, T WD HAT B DG T AU A RCR, It
R B TR o 1 A P T £ BB A R
T JELAR AT 1 R AP G 2 2R 431, s HO G 5 4E
FNARM 3 2L A A2 R IE W O T2 R S A0 N
LOEAE

LG A E Th POt EEE DA AR T

B, BT UOGENE (BLAR G, St A ) A el
SHUEOE G ORI A mE R WS AR
PELWECA R T 8 /N ER B4 R a FI B-11 &
NERAYE R, EEAT R IE 2R b WG L. SR, X
FrpAEAE A 5 ( Richelia sinica) , W5 6T A A F -4
R a1 B-HIE PRGSO T KB K
PISELL R S N, 2000 N PRLL R & i R R, o
RO, P, T s R AR O B AR Ry AR
S5 EIDEG AR ST RMNE. MEEHETHOLEE
FHRYRE SRR 2206 R MR OGRE, Fr LG
HERGEMNEIR, 5REERLE E R R UG
LGP TR oK BT AR E A E Sk
(LHC) i 1, 11 G R 48 S0 6% 5 & 4 FH i
P2, FEAE TSR o3 AL RS B DL TS
VE G055 rh AR AR 6 G il o S AR LA
BOLF DGR, At DG E N 5L, s
VEFHARXT RS > 206X TR 3 IO A 1 s A
TR P 8 't XT38 288 40 A= KA 400 okl R 40 4R
R R e R R TR, HO & 8 R 4S LG 2
AFDCETRYE B 22 5 W 3. YR SR QDB RS
PERVE FRER SR ) MU I 23 B SO G MR A
ORI 5 AL (LI 2E s N RG56) , A
M HEHRCE BRIE. RGBT P %
KRB TS AR S =R, TR TA
[FGRT AR TS0 1 20 1 N DG 6 68 3% 04 JR 5 Fn
A, DT S T 35 200 B €0, 2% 1) ik 15 .

D5 Y T ) Gl 3 4 L PN ) o ) AR R AT
EiRS A I NCIPAaE A SE 2= & % o S Py DSy
WG MR R 2 5 . AR, W6 B AR A A
THREZ/NKI A S A i AR R E A 40
T H A A BT R AR R TR I A O B A A
AR T2 A TR DY BE A ) T 2 R/ N BRSO
FREORLR. A R OCRENS U2 ik 1R &P
IS B, TTELG T Bk G4 &3 hn, J5 28
TR LR A BT R You %1V BfF 9 & PR
2T CAN W G e A 25 BR ¥ ( Porphyridium cruentum)
HYG A RCR A /b Z B FL 2 Korbee R
GRLLHE L% W 55 5 O X 41 8 45 2% ((Porphyra

leucostict ) RIS J B, 'G5 A #) T H AR
W PIR S S IR DO REAE JE 28 T i R R
porphyra-334 | palythine il asterine-330 [ 22 | 1M4L
FLFE DA F T shinorine FIFH 2 Shu & 198 &
TR EEIAT 1/ INER G FIBRI 1o RR TR B SR 1A 2
FIIAE I BLR 5 Das 500 & B OGRE A U AU BR
BENRITIR H R (FAME) iR 2. LA EBFFE8 & A
() BT A5 A At 200 B 1 A A 2H WA [] T G B %
Tl An LA 106 LAY S BT e 2 — 2D i AT
R

4 i

Ph LED JGUE A 3T BE5E T Bt G AU [R) L L
TR B AN BR AR R AIE e A A 2 43 152 )
g R, OPEEREE B A R T8 A/ NER B
AR AR A YRR, QA AT E A
/RS R a 1 B-BH 8 DR A B, 1T
RUE S E b 1A @ EIRGEA FI T E A
/NER SR 1 TORLE IS A B SR PR 40 B T R A B
G IDSN RS T ) o ol NE L

SE Lk

[ 1] Figueroa F L, Aguilera J, Jiménez C, et al. Growth, pigment
synthesis and nitrogen assimilation in the red alga Porphyra sp.
(Bangiales, Rhodophyta) under blue and red light [ J]. Scientia
Marina, 1995, 59(1): 9-20.

[ 2] Aguilera J, Francisco J, Gordillo L, et al. Light quality effect on
photosynthesis and efficiency of carbon assimilation in the red
alga Porphyra leucosticta [ ]J]. Journal of Plant Physiology,
2000, 157(1) : 86-92.

[ 3] Aidar E, Gianesella-Galvio S M F, Sigaud T C S, et al. Effects
of light quality on growth, biochemical composition and photo
synthetic production in Cyclotella caspia Grunow and Tetraselmis
gracelis (Kylin) Butcher [ J]. Journal of Experimental Marine
Biology and Ecology, 1994, 180(2) . 175-187.

[4] Kebede E, Ahlgren G. Optimum growth conditions and light
utilization efficiency of Spirulina platensis ( = Atrhrospira
fusiformis) ( Cyanophyta ) from Lake Chitu, Ethiopia [ J].
Hydrobiologia, 1996, 332(2) . 99-109.

[5] DasP, Wang L, Aziz S S, et al. Enhanced algae growth in both
phototrophic and mixotrophic culture under blue light [ J].
Bioresource Technology, 2001, 102(4) . 3883-3887.

[6] You T, Bamett S M. Effect of light quality on production of
extracellular polysaccharides and growth rate of Porphyridium
cruentum [ J]. Biochemical Engineering Journal, 2004, 19(3) .
251-258.

(7] #NPIE, Bkl REEPEAOCALBORE[)]. S
I, 2006, 15(3) : 461-464.



11

R H S RO A%/ NERYE ( Chlorella pyrenoidosa ) M K ARFAIE I A A 2H 1Y 52 I AIF

4217

(9]

[10]

[16]

Liu J H, Yuan C, Hu G R, et al. Effects of light intensity on the
growth and lipid accumulation of microalga Scenedesmus sp. 11-1
[J1.
Biotechnology, 2012, 166(8) : 2127-2137.
Jeon Y C, Cho C W, Yun Y S.

under nitrogen limitation Applied Biochemistry and
Measurement of microalgal
photosynthetic activity depending on light intensity and quality
[J]. Biochemical Engineering Journal, 2005, 27 (2): 127-
131.

Yeh K L, Chang J S, Chen W M. Effect of light supply and
carbon source on cell growth and cellular composition of a newly
isolated microalga Chlorella vulgaris ESP-31 [J]. Engineering in
Life Sciences, 2010, 10(3) : 201-208.

MW PG, #4575, FET LED SGIARR: i1 S0k BRI BB 5
KIE[T]. MR TR, 2012, 23(1) : 1-6.

Katsuda T, Shimahara K, Shiraishi H, et al. Effect of flashing
light from blue light emitting diodes on cell growth and
astaxanthin production of Haematococcus pluvialis [ J]. Journal of
Bioscience and Bioengineering, 2006, 102(5) ; 442-446.
B%H. LED SGIREIEREE A KMIISE[D]. 58 . hEE
K2, 2007.

Lababpour A, Shimahara K, Hada K, et al. Fed-batch culture
under illumination with blue light emitting diodes ( LEDs) for
astaxanthin production by Haematococcus pluvialis [ J]. Journal
of Bioscience and Bioengineering, 2005, 100(3) ; 339-342.
Wang C Y, Fu C C, Liu Y C. Effects of using light-emitting
diodes on the cultivation of Spirulina platensis [ J]. Biochemical
Engineering Journal, 2007, 37(1) : 21-25.

REes, Boade, JaE, 5. BT 5 REEARMHNES

[17]

[18]

[19]

[20]

[21]

[22]

[24]

[25]

W /NER I ( Chlorella pyrenoidosa ) 5 2 WF5E [ J]. HIERL2F,
2013, 34(2) . 621-628.

WITEE, TR, Bogkl, . AR RIS X A R A A
SRS SR ], AR, 2009, 29(6) : 3288-
3294.

Agrawal S C. Factors controlling induction of reproduction in
algae-review ; the text [ J]. Folia Microbiologica, 2012, 57(5) :
387-407.

REMR, AR, BRA, 5. MORERMFRIERIT]. T
Bl 2012, 31(23) : 395-400.

Shu C H, Tsai C C, Liao W H, et al. Effects of light quality on
the accumulation of oil in a mixed culture of Chlorella sp. and
Saccharomyces cerevisiae [ J]. Journal of Chemistry Technology
and Biotechnology, 2011, 87(5) : 601-607.

WARR, RiZZ, XKFE. ANIEDE X b A A8 A 3 1) 52 0
[J]. KAEAEYE, 1999, 23(3) ; 285-287.

FAR LB AR EIE A K R AR s [T ], 2RI
FWFIE, 1999, 17(3) ; 197-200.

Korbee N, Figueroa F L, Aguilera J. Effect of light quality on
the accumulation of photosynthetic pigments, proteins and
mycosporine-like amino acids in the red alga Porphyra leucosticta
(Bangiales, Rhodophyta) [J].
Photobiology B: Biology, 2005, 80(2) : 71-78.

FEMZR, Sven H. JEui DG BTN A B HE TR S 1. BE %
FIFRHERY 5 ROE AL [ T]. BS54, 2001, 21(12) .
2057-2066.

FHIEE, SRR, A EEOLA VLB SRR
AU B, 2003.

Journal of Photochemistry and

M]. db



HUANJING KEXUE Vol.35  No. 11

Environmental Science ( monthly) Nov. 15, 2014

CONTENTS

Variation Characteristics of Surface Ozone and Its Precursors During Summertime in Nanjing Northern Suburh ««+eeseereeeseserenseinienenennnnes SHAO Ping, AN Jun-lin, YANG Hui, et al. (4031)
Distribution Characteristics of Pollution Gases and Water Soluble lon in Aerosol During the Asian Youth Games of Nanjing, China -+ 70U Jia-nan, AN Jun-lin, WANG Hong-lei, et al. (4044 )
Aerosol Concentration Variation in Nanjing During Asian Youth Games and the Relationship Between Aerosol Concentration and Visibility = «+-++++=+++++ YUAN Liang, YIN Yan, LI Qi, et al. (4052)
Characteristic Analysis of a Multi-day Pollution Event in Chang-Zhu-Tan Metropolitan Area During October 2013 «++eseeseeeeseseereeneeees LIAO Zhi-heng, FAN Shao-jia, HUANG Juan, et al. (4061 )
Application of On-line Single Particle Aerosol Mass Spectrometry (SPAMS) for Studying Major Components in Fine Particulate Matter **+*+ FU Huai-yu, YAN Cai-qing, ZHENG Mei, et al. (4070)
Establishment and Application of Replaceable Source Profiles of PM «+rerereerresreesrersiennensnsscineiisi e CHEN Qiang, JING Yi, WU Huan-bo, et al. (4078)
Distribution, Flux and Biological Consumption of Carbon Monoxide in the East China Sea and the South Yellow Sea in Summer +++++++++: WANG Jing, LU Xiao-lan, YANG Gui-peng, et al. (4085 )
Spatial and Temporal Distribution of Mercury in Water of a Small Typical Agricultural Watershed in the Three Gorges Reservoir Region «+++++ WANG Ya, ZHAO Zheng, MU Zhi-jian, et al. (4095 )
Fluorescence Characteristics of Fractionated Colloidal Organic Matter in Freshwater from Hunhe and Taizihe Watersheds ««+:«+«eseeoveseesereeneesnncnens LIU Na-na, LI Bin, LIU Rui-xia, et al. (4103 )
Variations of Annual Load of TN and TP in the Deep Bay Watershed, Shenzhen —+«+«+seseesessessensssmenensinnininniinsncnen ZHAO Chen-chen,ZHANG Shi-yan, MAO Xian-zhong (4111 )
Characteristics and Bioavailability of Organic Phosphorus from Different Sources of Sediments in Dianchi Lake —+eeesereereereeererenees XIONG Qiang,JIAO Li-xing, WANG Sheng-rui, et al. (4118)
Heavy Metals Distribution Characteristics and Ecological Risk Evaluation in Surface Sediments of Dammed Jinshan Lake «-«+:t-seoseeeeeeees ZHOU Xiao-hong, LIU Long-mei, CHEN Xi, et al. (4127)
Vertical Distribution Pattern and Ecological Risk Assessment of Heavy Metals in a Sediment Core from Pumoyum Co, Tibet + XIE Ting, LUO Dong-xia, YANG Rui-giang (4135 )
Heavy Metals Pollution and Analysis of Seasonal Variation Runoff in Xi'an +:eeeeeeressersssnniniin YUAN Hong-lin, LI Xing-yu, WANG Xiao-chang (4143 )
Distribution and Source Apportionment of Polycyclic Aromatic Hydrocarbons (PAHs) in Urban Rainfall Runoff ~«+reseseeresesseremssnnsennsisninnenns WU Zi-lan, YANG Yi, LIU Min, et al. (4148)
Influence of the Substrate Composition in Extensive Green Roof on the Effluent Quality ««+«sseseersereesersenenenniminniinine CHEN Yu-lin, LI Tian, GU Jun-qing (4157)

Investigation of the Microbial Diversity and Structure of Biological Activated Carbon from Different Sources in Drinking Water Treatment Process «+seseeseereereseserensineneniininenn
.................................................................................................................................................................. DU Er-deng, ZHENG Lu, FENG Xin-xin, et dl. (4163
JIANG Xin-yue, LUAN Qing, CONG Hai-bing, et al. (4171
+ WANG Xu-dong, ZHANG Yin-hui, WANG Lei, et al. (4176
CAO Fei, YUAN Shou-jun, ZHANG Meng-tao, et al. (4185

Microcystin Safety Study During Cyanobacteria Removal by Pressure Enhanced Coagulation Process

Membrane Fouling Based on Change of Membrane Characteristic Parameters During Ultrafiltration of Protein

)
)
)
Impact Factors and Degradation Mechanism for the Ozonation of Acetaminophen in Aqueous Solution )
Degradation of Benzothiazole in Electro-Assisted Microbial Reactor —«+-x+ssssssessessssenenmnienininnininensiss e LIU Chun-miao, DING Jie, LIU Xian-shu, et al. (4192)
Preparation and Evaluation of Fe-La Composite Oxide Nanoadsorbent for As(Il) Removal from Aqueous Solutions «+++++ssssssesesssssususssisnenes ZHANG Wei, CHEN Jing, ZHANG Gao-sheng (4198 )
LOU Ju-ging, YANG Dong-ye, CAO Yong-qing, et al. (4205)
)
)
)
)
)
)

TANG Qing-qing, FANG Zhi-guo, JI Wen-wen, et al. (4212
REN Yu-hui, WANG Ke, LI Xiang-kun, et al. (4218
) LI Xiang, HUANG Yong, WU Chuan, et al. (4224
Research on Change Process of Nitrosation Granular Sludge in Continuous Stirred-Tank Reactor ««+:«+sesserseseeesenenssininsinenisinnens YIN Fang-fang, LIU Wen-ru, WANG Jian-fang, et al. (4230
Effects of Salinity on N,O Production During Nitrification Using Aerobic Granular Sludge ++«+eseeseresseresesesssssninisinin WANG Shan-shan, LIANG Hong, GAO Da-wen (4237
Analysis of Microbial Community Variation in the Domestication Process of Sludge in a Sulfate-reducing Reactor ««++«+-«=sesseeeseees ZENG Guo-qu, JIA Xiao-shan, ZHENG Xiao-hong, et al. (4244
Quantifying the Influence of Different Matrices on Ph Accumulation in the Soil from Nanjing and Suspended Matter from the Lower of the Yangtze River with Ph Isotopic Technique «++++++++

.................................................................................................................................................................. WANG Cheng, XIA Xue-qi, ZHANG Yi, et al. (4251)
Contamination Characteristics of Fluoroquinolones in Different Kinds of Soil Profiles in Southeast Suburb of Beijing ««eseeeseeeresrerseesennenee SU Si-hui, HE Jiang-tao, YANG Lei, et al. (4257)
Effect of Environmental Factors on the Formation of Several Typical Tetracycline Resistance Genes in Soil =++«+ssssessessesssesensenens ZHANG Jun , LUO Fang-yuan, XIONG Hao-hui, et al. (4267)
Response of Nitrification/Denitrification and Their Associated Microbes to Soil Moisture Change in Paddy Soil *+ LIU Ruo-xuan, HE Ji-zheng, ZHANG Li-mei (4275 )
Microbial Community Abundance and Diversity in Typical Karst Ecosystem to Indicate Soil Carbon Cycle JIN Zhen-jiang, TANG Hua-feng, LI Min, et al. (4284 )
Effects of Variable Temperature on Organic Carbon Mineralization in Typical Limestone Soils «+x+sxeveseesessessesessenennsnneenns WANG Lian-ge, GAO Yan-hong, DING Chang-huan, et al. (4291 )
Influence of the Interaction Between Iron Oxide and Electron Donor Substances on 1,1, 1-Trichloro-2 ,2-bis( p-chlorophenyl ) ethane (DDT) Reductive Dechlorination in Hydragric Acrisols

............................................................................................................................................................ LIU Cui-ying, XU Xiang-hua, WANG Zhuang, et al. (4298 )
Continuous Remediation of Heavy Metal Contaminated Soil by Co-Cropping System Enhanced with Chelator «+«+«sssssssereessessenenennncnens WEI Ze-bin,GUO Xiao-fang, WU Qi-tang et al. (4305)
Spatial Heterogeneity of Soil Respiration in a Subalpine Meadow at Different Sampling Scales — «+sxsxteveeesssssensimsieneneininineisnne LI Hong-jian, GAO Yu-feng, YAN Jun-xia, et al. (4313)
Study on Regularity of Greenhouse Gas Emissions from Black Soil with Different Reclamation Years -+ LI Ping, LANG Man, XU Xiang-hua, et al. (4321)

Comparison Between Transgenic Insect-Resistant Cotton Expressing Cryl Ac Protein and Tts Parental Variety in Rhizospheric Fungal Diversity — »«e-eereseereerseresemenensnnenensnnincneen
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" PAN Jian-gang, JIAO Hai-hua, BAI Zhi-hui, et al. (4329)
Concentrations of Mercury in Ambient Air in Wastewater Irrigated Area of Tianjin City and Its Accumulation in Leafy Vegetables «++++-+ ZHENG Shun-an, HAN Yun-lei, ZHENG Xiang-qun (4338 )
Combined Effects of 1-Nitropyrene and 1,2-Naphthoquinone on Cytotoxicity and DNA Damage in A549 Cells ««eeerereesrerrenseesenennenens SHANG Yu, JIANG Yu-ting, ZHANG Ling, et al. (4345)
Influence of Organic Matter Evolution During Composting on the Bioavailability of Heavy Metals «+:+eesesresrereersssemensniinininiisee BU Gui-jun, YU Jing, DI Hui-hui,et al. (4352)
DOU Xiao-min, CHEN De-zhen, DAI Xiao-hu (4359)
TIAN Ying, WANG Shen, XU Qi-yong (4365 )
)
)
)
)
)

Carbonization of Heavy Metal Cu Implanted Sewage Sludge and Stability of Heavy Metal in the Resulting Char

Technological Characteristics of Bioreactor Landfill with Aeration in the Upper Layer

Impact of Nitrate Continuous Injection on N, O Releases from Bioreactor Landfill

BIAN Rong-xing, SUN Ying-jie, LI Jing-jing, et al. (4371

Research on Contribution Decomposition by Industry to China’s Carbon Intensity Reduction and Carbon Emission Growth —+eseeseeseeseeeserenees JIANG Jing-jing, YE Bin, JI Jun-ping, et al. (4378
Shifting Path of Industrial Pollution Gravity Centers and Its Driving Mechanism in Pan-Yangtze River Delta «+«+eseereereeererenenenencnenen ZHAO Hai-xia, JIANG Xiao-wei, CUI Jian-xin (4387
Method for Environmental Management in Paper Industry Based on Pollution Control Technology Simulation «:+«sessesesseseessssnssniniiinien ZHANG Xue-ying, WEN Zong-guo (4395
Research Progress and Direction of Atmospheric Brown Carbon — eseeseeesesssesssnnsiniine YAN Cai-qing, ZHENG Mei, ZHANG Yuan-hang (4404



E % K

(CAEMEFEYE 6 BREZERS

FH H i

BIES: B RE BN

o
%OE. (REREEHT)
TENL  FAERE FIE F44r H O N H O OF L
S 2 SE vzl 5B =z =q
AOKE  XER BWE BRET & S MEH
— = S - > =
PRFHAZT  BAE 22 Ak AR WEE Bokd &
ya ¥ Y o
WO 6 s O W W W MR
-
w3 ENVIRONMENTAL SCIENCE
( HUANJING KEXUE) (Monthly Started in 1976)
(HT 1976 48 HAIT)
2014411 H15SH %35% 114 Vol.35 No.11 Nov. 15, 2014
£ & TEPER Superintended by Chinese Academy of Sciences
* 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
. BAREAE) G E RS E:ﬁ:o‘:—in o b g:YE[?rll\ItG 'Zil-}]l:and f Envi tal Sci (HUANJING
. o e s . ite y e Editorial Board of Environmental Science >
JEHTTT 2871 FA (HFE X B It
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 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



	上.pdf
	20141124.pdf
	下.pdf



